


NOTICE - READ CAREFULLY 
I. The comments and suggestions contained in this publication are based on 
the general observations of the author. As such, no endorsement or guarantee 
of any product mentioned herein is intended. In all cases of conflict betvveen 
manufacturers' instructions and the contents herein, the former should be ad-
hered to and followed. 
II. The author, IAC & EAA present this material for reference only, and ex-
pressly deny any and all liability, express or implied, which may result f rom the 
use of the suggestions or statements contained herein by any party. Any such 
party using the suggestions or statements herein, does so at his own risk and 
without recourse. 
III. As a condition of use of the information contained herein, and in considera-
tion of the furnishing thereof, the reader, for himself and for his ad-
ministrators, executors, heirs and assigns, agrees to forever hold harmless and 
defend the author, IAC and /o r the EAA (including any members, officers, 
directors, agents or employees thereof) from any and all liability or damage of 
any nature regardless of cause, to reader or any third person, which may result 
from the use of said materials. 
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Ironing out 
bugs in one 
monoplane 

Mention glitches and bugs these 
days and someone will probably think 
you're talking about computers and 
their programming. That is, of course, 
unless you're talking to one aerobatic 
pilot by the name of Lee Manelski. 

In an effort to tame his newly pur-
chased monoplane, a Z200, that he 
purchased back in November 1984, he 
found himself busily engaged in a 
maintenance nightmare for awhile. 
But at last, during Fond du Lac 86, 
he reported that he finally had all the 
bugs and glitches ironed out. 

"It's just a fantastic airplane now," 
he declared. "If you'd asked me last 
year though I would have had some 
reservations (about such a state-
ment)." Instead there he was stead-
fastly claiming he didn't have any re-
grets about getting rid of his "little 
SIS" and he was extremely pleased 
with his modified monowing aircraft, 
which he now calls a Laser. 

Why the name change? Well, as he 
put it, "Nobody knows what a Z200 is. 
Plus, it's not a 200. It's 230 horses. 
We also made some changes to it, like 
to the tail feathers, spades, cowling 
and canopy. And so, we just decided 
for simplicity sake to just call it what 
everybody thinks it is. And that 's why 

we call it a Laser." 
His Z200-turned-Laser was origi-

nally designed by a Czechoslovakian 
residing in Colorado, who also con-
structed the fuselage, tail section and 
cowling. The wings were built by a 
Texas fellow who crafted fiddles for 
singer Willie Nelson. Manelski be-
lieved this same Texan also put Leo 
Loudenslager's and Jim Roberts' 
wings together. Both Loudenslager 
and Roberts are former U.S. Aero-
batic Team members and Louden-
slager is a seven-time U.S. National 
Aerobatic Champion, as well as the 
1980 World Champ. 

The original gear was stock Pitts 
and the engine was done by Dick De-
Mars of Firewall Forward. Then the 
entire aircraft was assembled in 
Wyoming by Rich Bastian. 

After his purchase of it, Manelski 
— who resides in Ventura, California, 
and flies out of the Santa Paula Air-
port in Santa Paula, California — fer-
ried the aircraft home. Right away he 
discovered he had a rigging problem. 
He had had to hold right aileron and 
left rudder during the trip. 

Off came the tail for squaring up 
and then back it went into place, 
straight this time. Next Manelski 
beefed up the servo tabs on both tail 
feathers and installed a gap seal 
along with a little Lexan inspection 
window back there. 

He still wasn't done with the tail, 
however. The tailwheel was on 

crooked and it was castering forward, 
making turning on the ground quite 
inadequate he explained. "So, we had 
to bend that steel rod on the Haigh 
wheel," stated Manelski. 

Up front, he was having insufficient 
air flowing into the cockpit area. 
There wasn't any air vent. His solu-
tion here was to install NACA scoops 
which he picked up from Task Re-
search in Santa Paula. He noted they 
make parts for the VariEze. Cutouts 
were made, the scoops installed and 
the canopy gapsealed around for nice 
fit and airtightness. Now he reported 
having sufficient airflow in there. 
One thing he hadn't adjusted regard-
ing the canopy, however, was the lack 
of room for wearing a helmet. 

"I don't think I could ever do it 
either," he said. "I'm not a very big 
guy myself, but there's not a lot of 
headroom. And I find when I come 
down that I've got to wipe the inside 
of the canopy off from sweat stains 
and things like that. So, a helmet 
would be out of the question." 

But, this Unlimited competitor had 
seriously thought about wearing one 
for safety reasons. As a matter of fact, 
he was one of the first in our sport to 
wear Nomex fire retardant gear dur-
ing aerobatic flight, whether it's prac-
tice or actual competition. 

Text & Photos 
By Editor 
Jean Sorg 
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Next up on his agenda for revamp-
ing N10LM were the ailerons. These 
were taped to improve the roll rate 
even though they were and are sym-
metrical. Then he felt the spades were 
too small because his roll rate was 
slow and "it was very, very heavy on 
the ailerons. So, I messed with about 
two dozen different types of spades," 
he remarked. "Cutting and flying. 
Cutting and flying. And then, of 
course, rigging each time." 

The process naturally took a few 
weeks. Eventually he arrived at a 
spade he feels is adequate for the job. 
It's quite similar in dimensions to the 
one Henry Haigh has on his mono-
plane — or at least this was the case 
prior to Haigh's own modifications for 
the 1986 World Aerobatic Champion-
ships. Measurements weren't updated 
to reflect any possible changes. 

Although Manelski's aircraft in its 
original state already had Lexan side 
windows and a very small Lexan belly 
window, he opted to go with Lexan 
from side to side. "I don't think any-
body else has done this yet," he noted. 
"They don't realize how much view 
you actually pick up by extending the 
Lexan all the way from the sides and 
wrapping it around to the other side 
as opposed to just making a cut out on 
the belly. It opens up the box consider-

ably for you." 
Moving on to the gear, he revealed 

he had been having problems with the 
stock Pitts gear wheel pants and tire 
size. They were obstructing his view 
of the box too much. Consequently he 
decided to go with Lamb tires which 
are a lot smaller and silhouette wheel 
pants. These pants had to be reglassed 
and modified but he got what he was 
after — better visibility out of the side 
windows. He said he guesses that his 
smaller wheel pants are very much 
like Bob Davis' set, in dimensions 
that this, not necessarily in shape. 

As far as the engine goes, it's still 
a Firewall Forward/Dick DeMars 
pushed 10360 Lycoming. In other 
words, as he explained for the benefit 
of the editor and anyone else who 
wonders what pushed means, it's a 
standard Lycoming 200 horse, pumped 
up with 10:1 compression and de-
veloping 230 horses — more than for 
what it would normally be certified. 

He found he had some ring prob-
lems with the number three cylinder, 
necessitating his pulling it off and free-
ing up the rings. This done he ended 
up with some leaks all over the engine 
which were eventually rectified. 

Unfortunately he still experienced 
starting problems at that point he 
said, in spite of the 10:1 compression. 
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The hot climate of southern Califor-
nia and some difficulties with fuel in-
jection were no real help either. His 
solution proved to be an Ellison throttle 
body injector, but it wasn't an easy 
solution. It took a month of tinkering 
around and talking with the factory 
before things smoothed out. Now, he 
indicated, people aren't as adverse to 
propping N10LM. He also changed 
the plugs to a fine wire type. 

Along the way he discovered he'd 
be better off with only one oil cooler 
as the engine ran cooler with only 
one. "The second one was just pre-
heating the oil which was located be-
hind the number three cylinder," he 
explained. "Of course, besides run-
ning cooler, I'm saving all this weight 
with only one." He went on to change 
the intake scoop, did some glass work 
around the forward cowl and repaired 
some cracks. 

"Now," he commented, "we get 
into probably what I feel this year 
(1986) is the most significant change 
to the airplane and that is the prop. 
I've had leading edges come off and 
I've had to send the props back for re-
pair. That takes about a month and a 
half by the time you send it overseas 
and back. 

"In addition, we know from past ex-
periences of Amos Buettell and others 
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that we've been shedding counter-
weights on that particular prop. As a 
result each of us has got at least two 
of these props and we're rotating 
them. One is in the shop and the other 
we're flying. They're lasting about 50 
hours. 

"So, a friend of mine, Dan Rihn, 
who was quite concerned about me 
flying this thing with the MT props, 
took his prop off his airplane and sent 
it to me and said, 'Just put it on and 
fly it.' I was amazed! 

"It's a Sensenich 76-60 metal prop 
— what we call a hard prop or a fixed 
pitch prop. It's on most of the Pitts 
Specials around here. The vertical 
penetration is much better with it. It 
turns a tighter corner. It's placed the 
center of gravity further aft 'cause 
I've gotten rid of all the weight. And, 
by the way, when you get rid of a con-
stant speed MT prop you also get rid 
of the governor, the accumulator and 
all of the hardware. 

"The airplane weighed 952 pounds 
when I bought it. Right now it weighs 
just a little under 910 pounds, thanks 
to changes with the prop, fuel injec-
tion, wheel pants, tires and the like." 

He continued to rave about the Sen-
senich prop and claimed it is trouble 
free. He did have to get a spinner for 
it which he acquired from a Thorp 
T18. 

The symmetrical airfoil of the Z200 
attracted Manelski from the begin-
ning. He said it was the first Laser 
type airplane with the symmetrical 
airfoil. It's an NACA0015 symmetri-
cal airfoil at the root tapered to an 
NACA0012 at the tip. He pointed out 
that none of the Stephens Akros, in-
cluding Loudenslager's version, have 
a fully symmetrical airfoil. Such a 
configuration particularly appealed 
to Manelski from an inverted stand-
point, noting that was why the Pitts 
had gone to the symmetrical airfoil. 

As to this Laser's vertical penetra-
tion performance, its pilot/owner be-
lieved it's "much better than any of 
the Pitts Specials, considering its 910 
pounds. It's so clean," he stated. "It 
goes up so well." 

Then he cited examples by saying, 
"I can start the Known sequence (for 
1986) at seven or eight hundred feet 
and come down to no less than eight 
or nine hundred feet to finish the se-
quence. I have no problems. My Free-
style (1986) I start at a thousand feet 
and I never get below eight hundred 
feet in it. I have no trouble going up 
hills with this airplane. The little SI 
is pressed this year with 20 figures at 
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700K. This airplane doesn't display 
any problems with altitude at all. It 
just goes up a ton." 

When it comes to knife edge, it was 
and is a different story. "None of these 
airplanes (monoplanes) have any 
knife edge characteristics to speak 
of," he said, "although I have some 
knife edge work in my 4-Minute. I 
miss the Pitts in that regard because 
I could actually climb in knife edge 
with it whether it was a push or pull 
type knife edge flying. This airplane 
you can't. You're gonna lose altitude 
when you fly knife edge with it. 

"However, it seems very sufficient 
for Hammerheads, rolling turns and 
snap rolls so I know I've got sufficient 
amount of tailwork back there." He 
mentioned the rudder on N10LM is 
about a half inch less than the one 
Haigh has, about two inches less than 
Davis and maybe an inch less than 
Clint McHenry. 

We asked him, "Why the switch 
from biplane to monoplane and why 
this particular model?" 

He chuckled a bit and responded, 
"Well — uh — where do I start here? 
I had gotten about as good as I 
thought I could with the Pitts. I think 
I was fourth one year here at Fond du 
Lac with most of the big guns compet-
ing. And the little Pitts is having 
more and more difficulties as the 
CIVA people keep reducing the 
number of figures while keeping the 
K the same, especially this year 
(1986) with 20 figures and some of the 
Unknown combinations that we're 
getting. 

"The little Pitts is just at its limit. 
It's taxed. The guys in them are hav-
ing to go with bigger engines to try to 
make up for the 180s. You'll very sel-
dom ever see a Lycoming 180 in Un-
limited that does very well. It's just 
too lacking in performance. 

"So, I got this airplane hoping, just 
like everyone else in Unlimited who 
has gone to the monowing, that we 
could compete with the Russians on a 
level where the judges can see it and 
score it. I felt with practice that — 
yeah — I can fly the maneuvers well. 
Sure, if I make a mistake, they're 
gonna see it more readily than in a 
Pitts and I'm gonna pay the penalty. 
But I'm willing to gamble and lay it 
out there for 'em and if I fly well, I 
know I'm gonna get scored well. 

"And, to paraphrase Clint 
McHenry, 'The monowing is at least 
another point five to one point zero on 
the score card before it flies.' And I 
believe that 's true." 

"Why this airplane?" Manelski con-
tinued. "Primarily because of its sym-
metrical airfoil and its cleanness. I've 

always believed that the stock 
Stephens was just too dirty of an 
airplane and I didn't really like the 
airfoil on it. I don't have anything to 
base that on because I never flew the 
stock Stephens but I've always felt 
that an airplane that looks right is 
gonna fly right. This airplane just 
looked like somebody had paid a lot 
of attention to cleanup detail and I 
wanted something with a symmetri-
cal airfoil that wasn't too heavy. Also 
the workmanship was good." 

He first became aware of the Z200 
in 1980 while attending the regional 
contest in Kansas. Its Czech designer 
approached the Californian during 
the event and told him about plans 
for producing a Z200 kit. The more he 
talked about it the more Manelski be-
came interested — in fact, quite ex-
cited about what he was hearing. His 
enthusiasm waned temporarily 
though due to the fact he was so new 
to the SIS. He had just acquired it. 

"But by the time 1983 hit," said 
Manelski, "I realized that I had 
reached my capability with my SI and 
decided to look into the Zs." The first 
one that was built belonged to Jim 
McKinstry in Colorado until he sold 
it to Amos Buettell. It was the same 
aircraft in which Buettell met his 
fiery demise in 1985 in Arizona. The 
owner of the second Z200 at first 
turned down Manelski's offer of pur-
chase, but eventually changed his 
mind. 

In making a comparison of this 
Z200-turned-Laser and the Pitts in 
reference to the flying of various ma-
neuvers, Manelski chose the Hammer-
head family first off. He began, "With 
a Pitts, if you pull hard on the Ham-
merhead, it's just gonna stall and buf-
fet on ya. You can't pull too hard on 
that airplane. Otherwise, you're 
gonna run into problems. Without ex-
ception on all of the Pitts Specials, 
there's a very limited wing area, 
limiting its lifting capability." 

Then he continued, "This Laser you 
can pull until your eyes close. It will 
never let loose. It will never stall on 
you so you can turn an extremely 
sharp corner. From the standpoint of 
judging it's very appealing to have a 
nice tight radius pulling to the verti-
cal, stopping, and then a very nice 
tight radius out. That leaves no im-
pression in the judge's mind that 
there's any whimpiness in your abil-
ity to fly the Hammerhead with a 
good clean start and finish. 

"If we take snap rolls, I think the 
Pitts has a little bit of an edge on my 
airplane although it snaps very well. 
More muscle is needed to snap mine 
than a Pitts. The Pitts is a fingertip 
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operation. Remember the Pitts was 
originally built for Betty Skelton. 
From that time on, it's just a flick of 
the wrist as we see Bob Herendeen 
and others do continually. With my 
airplane, you're holding on to it pretty 
tight. 

"Humps. With mine, little bit easier 
around the top again, only from an 
aesthetic point of view, but it's got 
more lifting area so when you're slow, 
the wing is still creating lift both posi-
tively and negatively and doing its 
job. You're not gonna get caught with 
the wing low and out of energy and 
falling off the maneuvers with the 
Laser like you will with the Pitts. 

"Spins. I don't see any difference in 
the characteristics, except for one lit-
tle minor glitch with my airplane. 
When they set the wing on this 
airplane, it, like others, was supposed 
to be set on so that the airplane goes 
up and flies straight and will break 
straight ahead. This Laser will break 
off to the left and there doesn't seem 
to be anything I can do with it except 
to put a stall strip on it or change one 
of the spades around. And I'm not 
about to do that. It needs aileron to 
recover in the spin which most other 
airplanes do not." 

He noted that he had talked to Gene 
Beggs, whom we know has done ex-
tensive spin and emergency spin re-
covery research; experts at Langley 
Research; Sammy Mason, the first to 
loop a rigid rotor helicopter; and test 
pilot Tony LeVier about this aircraft's 
particular spin characteristics. All of 
them caution him against doing any 
flat spins. 

He enumerated on NIOLM's spin 
characteristics by saying, "If you go 
into a spin with it and try recovery 
with the hands-off, opposite-rudder 
technique advocated by Beggs, it'll 
just keep spinning in the opposite di-
rection until you apply some outspin 
aileron. Then it'll stop on a dime. I've 
gotten used to flying it that way and 
it hasn't been any problem for me." 

Was the warning against flat spin-
ning it related to structure or recov-
ery? He answered that it's recovery 
related. Apparently both Mason and 
LeVier, during their testing days with 
Lockheed, found they had trouble get-
ting out of flat spins whenever an air-
craft displayed the quirk of needing 
aileron to execute recovery. 

Moving on to rolling turns, Man-
elski unhesitantly praised his Laser 
here. "Now that I've got the fixed 
pitch prop on it," he commented, "I 
feel the rolling turn is an extremely 
easy maneuver to do." He clarified his 
reasoning: "It just seems to go around 
without hesitation and the roll and 



in the air. 
In spite of the fact that Manelski 

was quite pleased with his aero mount 
during Fondy 86, he did mention that 
he might do some more playing 
around with it over the winter 
months. For instance he was con-
templating extending the rudder a 
bit. "It's such an easy thing to do and 
I thought that since I have less rudder 
than the other monowings that I 
would try extending it to see if it does 
make any difference in the area of 
knife edge flight," he related. 

The horizontal stabilizer might end 
up being shortened a bit, too. Here his 
rationale concerned speed. But before 
he does it he'll be consulting his en-
gineering friends to see if that's a 
feasible modification, just like he did 
with all his other changes. 

When it comes to working on his 
airplane, he's self-taught and he also 
relies heavily on such persons as Rihn 
for his engineering and computer re-
sources, Jerry Deanda for his exper-
tise in fuselage work and Jim Smith 
for his engine expertise. 

"My whole outlook on this airplane 
is cleanness," concluded Manelski. "If 
I can clean it up and I've got an idea 
to clean it up, I go to the right people 
and ask, 'Now what's the best way to 
do this?' I'm always looking at it from 
an aesthetic standpoint, a flyability 
standpoint and a performance 
standpoint. And then I have them tell 
me what's the best way to go about it." 

turn rate seems to be just hanging 
right in there. I think that has a lot 
to do with the fixed pitch prop, not 
necessarily the airplane. 

"The fixed pitch prop is generating 
positive results from the engine right 
away where with the constant speed 
it takes time. The engine says I need 
this much power right now and the 
prop has to change pitch and continu-
ally changes pitch while you're doing 
rolling turns. 

"I've never been happy looking at a 
monowing doing rolling turns, but 
this one I think does beautiful rolling 
turns and it's because of the prop. I 
think I've picked up something over 
the Pitts Special or over anybody 
who's flying a constant speed." 

Rounding out the modifications to 
N10LM were some minor changes to 
the panel. Manelski rearranged the 
instruments to position the G-meter 
for easier reference. He said he uses 
it and relies on it frequently. Addi-
tionally, he felt the seatback was too 
upright for him. Hence, he adjusted it 
and the seatbelt arrangement. 

He chose to leave the original paint 
scheme intact — silver on the upper 
half and dark blue on the lower with 
large white accent stripes and tiny 
red striping for added detail. The jury 
was still out on its presentation before 
the judges as of Fond du Lac. When 
Nationals 86 rolled around, N10LM 
showed up sporting a new paint job 
with red replacing the silver areas. It 
was a beauty, both on the ramp and 
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Recounting mods, 
changes to one 
homebuilt Pitts 
SIS 

Modifications. Innovations. The 
changes, improvements and what all 
the competition aerobatic pilot makes 
in and to his or her aircraft are 
numerous and seemingly ongoing. 
Some are, of course, quite minor; 
others, major. 

Surely the most unique all out re-
structuring of features to date in an 
aerobatic biplane has been done by 
Kermit Weeks of Florida. A five-time 
member of the U.S. Aerobatic Team 
and the U.S. National Aerobatic 
Champion from 1983 through 1985, 
Weeks designed and built the Weeks 
Solution. It's an all powerful, impres-
sive biplane that looks like a very in-
timidating giant, mutant Pitts. 

There are many other craftsmen, 
too, in this art of modifying aero 
mounts for the sake of better perfor-
mance, aesthetics, and/or better pre-
sentation to the judges — all with the 
eye toward winning and making it 
easier to do so. The Editor of SPORT 
AEROBATICS asked one of them to 

talk about his aircraft and his par-
ticular mods and changes during Na-
tionals 86. 

The pilot/builder was Harold Chap-
pell, a member of both the 1984 and 
1986 U.S. Teams from Ortonville, 
Michigan. The interview went like 
this: 

EDITOR: "Let's start at the front 
of your Pitts SIS, N689HC, and go 
on from there. Tell me about any 
of the innovations and/or modifi-
cations that you came up with for 
it. Actually, let's begin with what's 
under the cowling and then move 
outside to the structure of the air-
frame." 

CHAPPELL: "The engine is a 
stock AEI0540 Lycoming six cylin-
der. The propeller is a Miihlbauer 
three-bladed with the high tech con-
cave back surface blade. It's the same 
engine that 's in the S2B and S2S I 
believe except that the magneto is an 
impulse mag." 

"It started out as a Pitts SIS. 
Now it's very modified. For lack of 
anything else you're still calling it 
an SIS. Right?" 

"Yes. Still calling it an SIS. I 
wanted to build a monoplane but 
didn't feel that any of the designs 
were truly adequate. So, as an interim 
airplane, I decided to build a six cylin-
der Sl-sized airplane. I selected the 

260 engine because of weight. I had 
planned to go to the 300 but, at ap-
proximately 70 pounds more, I felt 
that the total weight of the airplane 
would be too heavy for the wing plan-
form and I intended to stay with the 
SIS wing. 

"The powerplant, the propeller, uh 
— I would have preferred to have had, 
I think, a two-bladed prop on it. But 
the three-bladed is much better — 
easier for starting. The airplane has 
no electrical system, no starter. There 
is a small battery for a two-way radio 
and that 's the extent of the electrical 
system." 

"Why would you have preferred 
the two-bladed prop over the 
three?" 

"I think it's potentially more effi-
cient. It's somewhat lighter. I believe 
I could have gotten perhaps a little 
more performance and it's cheaper. 
But I'm happy with the three-bladed. 
The three-bladed prop on a six cylin-
der engine is a bulletproof combina-
tion and that 's one of my criteria in 
building airplanes. The airplane has 
to be reliable and above anything else 
I want a safe airplane. 

Text & Photos 
By Editor 
Jean Sorg 
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"In the fuselage, the fuselage 
started from SIS drawings. I copied 
the wing planform from Henry Haigh 
from an airplane that he's been build-
ing, a retractable gear Pitts that 
eventually will fly. I took a lot of the 
ideas for the wing tips, ailerons, etc. 
from him and modified them. He had 
already built his wings and told me 
some of the mistakes he had made or 
things he felt were mistakes. And I 
corrected those in my airplane or 
made it a little better or stronger." 

"Can you give me some examples?" 
"Both airplanes have Sparcraft kit 

wings. He had increased the number of 
ribs in the leading edge, nose ribs, and 
said to increase it even more than what 
he had. He has, I think, two nose ribs 
for each basic wing rib. The wing is a 
Sparcraft wing with diagonal bracing 
put on all of the ribs which makes the 
ribs beaming probably four to six times 
as strong as it is standard." 

"Are you using spruce or what?" 
"Yeah. It's spruce. The upper wing is 

pretty much a standard wing with the 
wing tips carried out at a 15-degree 
angle to make the ailerons approxi-
mately a foot longer than a standard 
Pitts — all outboard. I did not go in-
board at all with the ailerons because I 
consider it to be drag inboard and the 
airplane rolls extremely well. It has ex-
tremely good roll control at low speeds 
and does everything that I need from it 
and everything that I expected from it. 

"The lower wing is also swept at 6V2 
degrees — the same as Kermit 
(Weeks) has built both of his 
airplanes. But I did a couple things 
differently. I took two inches of stag-
ger out of the wings at the I-strut 
which combined with the sweep and 
the moving forward of the upper wing 
to compensate CG. The lower wing at-
tach point is approximately a foot for-
ward. The upper wing is mounted five 
inches forward from what a standard 
Pitts wing would be on an SIS. 

"The engine is built back in so that 
the magnetos are into the firewall. 
The engine mount is integral with the 
fuselage and is tied in to triangulate 
it back behind the gear and back to 
the rear cabane — so that the engine 
mount is extremely strong and results 
in about a 12-piece firewall in order 
to go around all the tubing and create 
the firewall." 

"Is this different from the way 
it's usually done on the standard 
Pitts then?" 

"Yes. A standard fuselage ends in a 
flat plate and the firewall is bolted 
onto the front of the fuselage and then 
an engine mount bolted through to 
the fuselage. You have a bolted join-
ing. And with a larger engine I 
wanted a stronger mounting. It was a 
flatter mount because I had to push it 
back in order to keep the CG right, 

N689HC 
and it made it much easier to make it 
as a one-piece unit 'cause you very, 
very seldom take the firewall or en-
gine mount off of an airplane unless 
it's broken. And mine's strong enough 
it should never break. 

"In the fuselage, additionally, I 
ended up moving every tube in the 
fuselage. The gear is mounted five 
inches forward from a standard loca-
tion and the seat back is tipped back 
an additional three inches from the 
SIS. The horizontal stabilizer was 
moved back I believe three inches 
which effectively makes the airplane 
look much longer when it's in the air. 
The vertical stabilizer was cut off 
either two or three inches with the 
two or three inches added to the bot-
tom of the fuselage so that the rudder 
is the same height. But more of it is 
below the stabilizer, giving better low 
speed upright control, rudder control. 

"The whole tail group was squared 
off, taking the radiuses of a standard 
Pitts out of it in order to make it look 
more appealing in the air. Reason for 
cutting the rudder off was to make it 
or the tail look better in the roll — 
that it wasn't swinging around so 
much so that it would look better. It 
also I believe makes it perform a little 
better to get some rudder down below 
the stabilizer in slow speed upright 
flight. 

"Landing gear is a shortened Pitts 
aluminum gear. I use Lamb tires on 
it because they're smaller and less 
drag. The tail wheel, of course, is a 
Haigh tailwheel which everybody 
should have on a Pitts." 

"Do you have a different config-
uration on the wheel pants at all?" 

"I use a Rattray wheel pant — 
they're in Wisconsin somewhere — 
and then mold an inside cuff on it to 
cover up the gear leg out of fiberglass. 
That makes a very small, low drag 
wheel pant. 

"The balance of the airplane was 
done — the majority of the paint 
scheme, the canopy, instrument panel 
and everything else — was all built 
identical to the old SIS I had built and 
completed about four years ago." 

"When was this particular air-
craft you're flying now completed?" 

"May of '86. This airplane was 
somewhat disappointing in top speed. 
It is very little faster in top speed from 
what the 200 horse airplane was. It 
has little or no more vertical penetra-
tion than the old airplane. But you 
can do a lot more on the line because 
you decelerate slower. 

"The heavier airplane does not get 
around a corner as well but it'll fly off 
and produce nice radiuses at the top 
half of square loops extremely nice. 
The power allows you to actually fly 
off at any speed where with the other 
airplane you'd enter — er — it accel-
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erates so fast that you never get into 
a stall condition. If you can get the 
nose over to about 60 degrees, or 30 
degrees vertical, it will finish, turn 
and fly off before the wing can stall. 
So it does make a lot of maneuvers 
easier to fly and makes them much 
prettier." 

"If I understand this correctly 
then, what you have done has in-
creased your maneuverability and 
controllability by having this ad-
ditional power." 

"Well, yes. Uh — the maneuver-
ability isn't — uh — the old airplane 
would turn a better corner and carry 
more speeds through a pullup. But in 
this airplane, there's no real disad-
vantage in getting around a corner. It 
doesn't carry quite as much speed be-
cause of the weight but it spends a lot 
of time on the line which allows you 
to do maneuvers more comfortably. 
Lines before and after maneuvers — 
or before and after rolls on vertical 
lines — have become more critical be-
cause I spend a lot of time on the lines. 
And adjusting the time before and 
after the rolls has been one of the big 
things that I've worked on this 
summer." 

"What I'm trying to get you to 
zero in on here is being as specific 
as you can on what the big advan-
tage was in going to the more 
horsepower. You're saying you 
didn't really gain any vertical pen-
etration. You didn't really gain 
any more top speed. What did you 
specifically gain?" 

"The thing that I gained was accel-
eration. It will accelerate off the top 
of a half square type maneuver ex-
tremely rapidly. If you're doing un-
knowns or if something happens dur-
ing a sequence and you lose speed for 
some reason — doing conventional 
end box, center box, end box — I can 
come out of a maneuver at 140 and 
accelerate to 180 before I start the 
next maneuver. So I have tremendous 
acceleration up to about 180 or 190 
miles an hour." 

"What are the seconds to get that 
kind of acceleration rate? And 
compare it to what it was before 
with the 200." 

"Beats me. It just wasn't as fast." 
"How about another way to put 

it? In your talking with John 
Gardner and Jim Rossi yesterday, 
Rossi said he has to dive for speed 
in order to get the acceleration. 
You don't have to do that. You've 
just got it through the throttle con-
trol. Is that correct?" 

"That's correct. There's almost no 
sequence that you can throw at the 
airplane that it can't accelerate be-
tween maneuvers to do any unknown 
maneuver." 

"So, to stress this, you do not 



have to dive to get the acceleration 
anymore. You have gained in that 
you simply use the throttle." 

"Yeah. If there are maneuvers such 
as rolling turns that in the other 
airplane I would come out at maybe 
120 to 140 miles an hour, I'm able 
with this airplane to come out at 160 
miles an hour if I want to. And if I 
come out at 140, I can accelerate to 
180 miles an hour. The other airplane 
would probably only get to 160. It has 
tremendous acceleration in level 
flight. 

"I've started to use a dive coming in 
to beginning sequences but I don't 
need to because the airplane will fly 
an honest 200 miles an hour straight 
and level. That's about the speed that 
I usually start a sequence now. But 
I've found that it's easier to dive com-
ing in to do the wing waggle a little 
lower, slower because the airplane 
has extremely high stick forces above 
about 160 miles an hour. That's a re-
sult of the change in the aileron 
mechanism in order to get more deflec-
tion with less stick travel, and the big 
ailerons have a higher stick loading." 

"You're having to work harder to 
move it. Is that what you're saying?" 

"Yeah. It takes much more force to 
move the ailerons." 

"Would a servo tab help you?" 
"Yeah. But what happens if you put 

servo tabs big enough to help in the 
160 to 200 mile an hour range then 
the ailerons become too light at the 
lower speeds where you do most of 
your rolling. You very seldom have a 
requirement to roll above 160 miles 
an hour. I can roll it at 200 miles an 
hour if need be but very seldom do 
you have to. I don't consider it a neces-
sity to roll at very high speeds. 

"As I flew the airplane I became 
happier and happier with it. I've 
found no disadvantages in the 
airplane. To run sequences, it uses 
marginally more fuel." 

"Define marginally more fuel as 
far as what it was in the old 
airplane to what it is now." 

"Well, it's probably a sequence 
would use two to two and a half gal-
lons and now I'm using two and a half 
to three — maybe a half a gallon more 
a sequence. Cross country though, it 
has not been an efficient airplane. I'm 
now, I think, 34 gallons total with a 
belly tank and the other airplane was 
32. I have two more gallons but my 
range is down from about three hours 
plus to about two and a half. It costs 
fuel consumption to run the two extra 
cylinders and the three-bladed prop 
and the cooling drag and everything 
else. 

"So, it's still a dirty Pitts and at 
high speeds they don't do real well 
cross country. But that 's a very minor 
part of the flying of the airplane. My 

N689HC 
old Pitts was a 200 with a Miihlbauer 
prop, two-bladed, which for the SI 200 
HP planform had exceptional vertical 
capability. But there's nothing that 
the old airplane would do better than 
the new airplane. It does everything 
at least as equally." 

"Now, wait a minute. There is one 
thing the old one did better and 
that is vertical penetration. But 
apparently that is not a necessity." 

"Right. Time on the line is more im-
portant. The new airplane rolls faster 
than the old airplane. So, given the 
faster roll rate plus spending more 
time on the line, it makes flying it 
more fun. 

"I use to start my freestyle with a 
Hammerhead with a four-point roll 
up followed by a full roll. In order to 
make a competition type quality ma-

neuver out of it, the timing was ex-
tremely critical on it to have it come 
right with the old airplane. With the 
new airplane I can start probably 20 
miles an hour slower and it's very 
easy to draw a line, do the four-point, 
draw a line, do the full roll, draw a 
line and then Hammerhead. 

"So it makes doing that maneuver 
much easier. The total vertical pene-
tration in the maneuver is very much 
the same. But the time is much 
greater and the rolling ability is 
higher." 

"Can you think of anything at 
this point that you would have 
done differently now that you've 
flown with the plane since May? 
Or are you totally satisfied thus 
far?" 

"I think by and large — for the wing 
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planform, the basic airplane — I'm 
very happy with it. The engine cowl 
and the exhaust system I'm not. I ran 
three exhausts out each side with in-
dividual stub stacks. I think from a 
power standpoint it's extremely effi-
cient but I'm not happy with the 
sound that it makes. And I probably 
will build a new engine cowl, a lower 
cowl, and run the stacks more conven-
tionally out of the bottom. I think that 
will make the airplane sound better." 

"Why is that important?" 
" 'Cause the judges like nice sounds. 

Judges like noise. It's not part of the 
criteria but they like airplanes that 
sound good." 

"Changing the cowling. Is sound 
the only reason for doing that? Or 
is it also a reason related to 
aerodynamic principles? Or to 
better visibility or anything like 
that?" 

"I believe I can pick up some speed. 
The stacks coming out the side are 
higher drag than going out the bottom 
and I did have some engine cooling 
problems. I would like to try to rear-
range the exit air from the cowl such 
that I can decrease some of the cooling 
drag. That'll allow the airplane to fly 
a little faster but I can't conceive of 
any reason I want to go any faster. 

"I built the airplane with the pri-
mary intention that it would be a bet-
ter 4-Minute airplane. (Chappell won 
the 4-Minute at Nationals 86.) The 
old airplane would kind of run out of 
steam in a 4-Minute because you were 
working the loading of the airplane 
all the time and you would bog down. 
With this airplane doing the same 
basic type 4-Minute that I was doing 
with the old airplane, I'm able to keep 
up speed and make the maneuvers 
look better as I fly a 4-Minute. 

"I haven't done any real good torque 
rolls with it yet. Ray Williams has 
flown the airplane and we've each got-
ten a total of 10 rolls out of it in the 
torque rolls and I think it's capable of 
much more than that. Videotapes I've 
seen of the torque rolls are extremely 
nice. The airplane presents itself 
well." 

"It's just a matter of practice 
then to where you'd be more satis-
fied with it. Is that what you're 
saying?" 

"Well, I get nervous. After you hang 
there and the airplane's spinning 
around 10 times — I've only done a 
half dozen of them — I thought I was 
going backwards further each time 
than I, in fact, was. Doing 10 turns 
the airplane moves back only percep-
tively. It really hasn't started to fall 
backwards yet after 10 turns. What I 
have to do is become more comfortable 
with exactly what's happening 
through the maneuver." 

"You want it to start doing some 



torque rolls as it falls back, aren't 
you?" 

"Yeah. You want to keep it going 
as the airplane starts going back-
wards. At 10 turns, because of the 
thrust of the airplane, it hasn't 
started to move very rapidly back-
wards. It's a question of if you can 
keep it straight that long, then start 
backward, you can get more turns. I 
just have to work on that a little bit." 

"I believe you indicated before, 
regarding the electrical system, 
that you do have a battery, but no 
starter and alternator. Why is 
this?" 

"I have a very small gell cell bat-
tery to run a communication radio — 
no starter, alternator, nothing else. 
It's all weight. The airplane total 
weight with oil is approximately 888 
pounds right now. In comparison to 
an SIT that runs between 850 and 
925 pounds depending on the equip-
ment in it, the wing planform is 
operating in a weight range that is 
very comfortable for it. 

"For the same reason that I 
wouldn't go to a 300 horse engine, I 
don't want the starter weight or any-
thing else in it. My opinion is the six 
cylinder engine is a much easier en-
gine to prop than the 200 HP four 
cylinders. A lot of people are wary of 
the three-bladed prop but I've found 
that it's a much easier airplane to 
prop than the old 200." 

"Were all your changes — mov-
ing around the wings, positioning 
of the gear, changes in your em-
pennage and the other areas — 
strictly as a result of adjustments 
that you had to do for CG after 
making your powerplant changes? 
Or were they for maneuver con-
trol? Or was it a combination? 
What was your rationale for doing 
it all?" 

"All of the wing movements were 
for CG purposes and shoving the en-
gine back into the firewall which 
made it much more complicated was 
to get the weight back. I felt that I 
wanted to keep the spread of the two 
large weight masses of the pilot and 
the engine as close together as I could 
keep them within reason of difficulty. 

"Using these numbers we worked 
on yesterday (comparing various Pitts 
models at Nationals), the airplane is 
approximately six inches longer in 
overall length from spinner to back of 
rudder than an SIT. It is slightly 
longer, but the distance from the prop 
flange to the leading edge of the upper 
wing is about 3 Vz inches more with 
the six cylinder engine. So, there's 
quite a bit of room that I've gained by 
pushing the back of the engine back 
into the firewall. 

"The two inches of stagger taken 
out of the I-struts was for strength 
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reasons, trying to get some of the 
stagger out of the I-strut. I felt if some 
of the stagger were taken out it would 
make it a stronger airplane. Almost 
everything I did in the airplane was 
an attempt to make it as strong or 
stronger than a standard Pitts and to 
end up with an airplane with me in it 
that would be just over 1100 pounds 
in aerobatic configuration." 

"The tail group. The changes 
that you made there were for what 
purpose?" 

"The tail group was modified all for 
aesthetics. The cutting off of the top 
of the vertical stabilizer, the change 
in shape and the additional length un-
derneath the fuselage, under the 
stabilizer, was all to create an 
airplane that looked longer, that 
looked straighter than the banana 
belly of a Pitts. It's extremely impor-
tant that the judges have an airplane 
that doesn't confuse them." 

"To get away from the football 
shape, in other words." 

"Right. Right. The other airplane I 
got half way there and I think this 
airplane I got all the way to creating 
a biplane that looks better in the air. 
So far people critiquing and judging 
have said that it does have a good pre-
sentation in the air. It was designed 
to do that." 

"Landing gear." 
"Landing gear is fairly conven-

tional except I cut the Pitts gear off 
about two inches and used the Lamb 
tires in order to reduce drag and to 
keep the drag of the gear as close to 
the fuselage as I can get it and still 
be able to take off and land. It puts 
the prop fairly close to the ground and 
normally I don't do wheel landings or 
raise the tail on takeoff. I simply take 
off in more or less a three-point at-
titude, but the airplane has so much 
acceleration on the runway that 
there's hardly time to lift the tail. 

"The landing of it is a little more 
difficult. With the Team's work on for-
mation landings and stuff, I was gen-
erally blind. But on all of our flights, 
Linda Meyers was the flight leader 
with Kermit and I and Linda would 
look out for me and tell me what was 
in front of me. I'd simply land three 
point and roll it out from there. It's 
good to be flying with someone you 
can trust." 

"Flutter. I know Kermit had to 
do certain things to his wings after 
he got done and I know they had 
the testing to avoid flutter. How 
did you address avoiding flutter 
with the changes that you made? 
Or did you make any kind of 
changes that you feel would be 
posing such a problem?" 

"The ailerons have the same config-
uration in build of the old airplane. I 
don't use the slave strut. I have a tor-
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sional tube running up through — uh, 
torque tube — up through the I-strut 
with linkage in and . . ." 

"Have you incorporated your 
slave strut inside your I-strut?" 

"Yeah. But it's a torque tube, not a 
push/pull. I have linkage in the lower 
wing to drive the torque tube and 
then, off from the torque tube at the 
top, linkage going to a bell crank for 
the upper ailerons. This actually 
creates a potential for increased flutter 
because the counterweighting of the 
ailerons is not done by the slave strut. 

"So, in considering that — part of 
the reason that I did this was to get 
the nose of the aileron right up to the 
rear spar so that I could put a larger 
aileron on the airplane. It made it so 
there wasn't room to put a slave strut 
in. So, in order to compensate for not 
having the counterbalancing of the 
slave strut, I built ailerons with the 
spar in front of the hinge so that the 
aileron support brackets, hinge brac-
kets, go through the spar and attach 
behind the spar instead of in front of 
the spar. It makes it about a three 
hour job to get an aileron on and off. 
The other airplane I'd never had an 
occasion to take one off and when I've 
assembled an airplane I've only as-
sembled it once — each one, 'cause 
they're extremely difficult to get off. 

"I additionally addressed it by, in 
doing this, making very short or 
shorter than standard Pitts hinges 
and, particularly on this airplane with 
a larger aileron area, I've made much 
stiffer or stronger hinge brackets. 
And we also did some moving of 
the hinges to be in conjunction or 
closer to ribs to give the rear spar sup-
port from bending due to aileron 
loads, essentially stiffening up the 
whole system. 

"And if a system is stiff enough, it 
won't flutter because flutter is a func-
tion of the natural frequency of the 
system. And if you can make it stiffer, 
then the natural frequency goes up 
and the flutter speed goes up. If you 
make the system loose — either the 
rear spar, the hinge brackets or the 
aileron itself or get the weight back 
too far in the ailerons — then you 
create a situation of soft system that 
will flutter at a lower speed. 

"I have no indication with either 
airplane up to about 210 or 220 miles 
an hour of any tendency to flutter. 
But the ailerons without cover are al-
most balanced, 100 percent balanced, 
on the hinge point. With the fabric on 
them they become a little bit tail 
heavy. Almost all or about 60 to 65 
percent of the mass of the ailerons is 
in front of the hinge point. That's com-
pletely different than any of the other 
Pitts or any ailerons that I've seen." 

"These changes that we've just 
been talking about in relation to 

N689HC 
your compensations to avoid flut-
ter were for obvious reasons. But 
your idea of incorporating the two 
struts, one inside the other, was 
that simply forced upon you be-
cause of the changes you were 
making in the aileron and as a 
means of avoiding flutter? You 
said you'd made the aileron longer 
and moved its position. Or was 
this strut inside a strut just an idea 
that you'd dreamed up as one to 
try?" 

"No. It's probably most of the other 
things. I stole the idea from some-
body. I think where I saw it first was 
on an airplane that Gary Guilliat 
from California had out to one of the 
first contests I was at. They had done 
the same or similar. I'm not sure what 
their total mechanism inside was, but 
similar. It made the airplane look nice 
without the slave strut. But it also 
helped when I wanted to move the 
leading edge of the aileron forward. I 
could get away with it because I did 
not have to allow for a slave strut. 

"Gary had the first airplane that I 
saw that way. Of course, people who 
know him and remember his airplane 
know that it was a beautiful, meticu-
lously kept airplane. That's a far cry 
from mine which is not a show 
airplane. I have an airplane that is 
builder maintained strictly for doing 
competitive aerobatics and for judges 
view, not for any other aesthetic 
value. I don't do airshows. It's built 
100 percent for competition." 

"Hence, your paint scheme then 
is strictly for what you feel is going 
to be best for presentation. All 
your decisions then are based on 
that. Right?" 

"Yes. Everything on the paint 
scheme and a lot of the external di-
mensions and configuration of the 
airplane are done to present a better 
look to the judges." 

"Apparently you feel that the 
color of blue you're using is better 
than red for presentation then, 
also." 

"Yes. The blue, er, the darker the 
color — red doesn't quite become 
black in the air. I want the maximum 
contrast that I can get between the 
white stripe on the fuselage and wing 
and the black airplane. The airplane 
is actually blue, but in the air it looks 
black." 

"Why didn't you just go black 
then?" 

" 'Cause at times, when you're 
closer to the judges in certain lighting 
conditions, the white stripe shows up 
extremely well and defines the verti-
cal maneuvers better than just a 
black outline. It gives something for 
the judge's eye to look at. It doesn't 
always work. As lighting conditions 
get bad and the airplane moves away 
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it looks solid black. But for the times 
that the judge can see the stripe — 
and even when you don't perceptually 
see it, I think you subconsciously still 
see that white stripe as it goes into 
gray — it will define the maneuver 
and make it look better. Outline of 
the airplane, particularly a Pitts, is 
not a pleasing look to look at in the sky 
for determining vertical. But the white 
stripe at times defines that better." 

"Once again, this is number two 
as far as aircraft that you have 
built for aerobatics. Or were there 
others?" 

"No, this is the second one. I built the 
200 horse SI and now the 260. The 
next will be a 300 horse monoplane." 

"You've had this one since May 
1986 and the first one about four 
years. Does this mean you've only 
been in competition aerobatics 
five years?" 

"No, I had a factory SIS for two 
years and an S2A for two years before 
that. So this is the ninth year I've 
been in aerobatics." 

"Each time you switched to a dif-
ferent airplane, was it to increase 
performance or what?" 

"It was totally to increase perfor-
mance. I flew the S2A in Sportsman 
and Intermediate. I didn't feel the 
S2A was really capable of flying Ad-
vanced sequences so I bought a fac-
tory SI with the intention of modify-
ing it to fly Advanced and Unlimited. 
I ran into trouble with the local 
GADO about modifying it so I gave 
up very quickly and decided to build 
a complete airplane. So, the first year 
I flew Unlimited, in '81, I flew the 
stock SIS." 

"What are your credentials for 
building? Do you just have an in-
nate ability, Harold? Did you 
tinker around with cars, boats or 
what? Or is it because of your bus-
iness? Where did you pick up these 
skills?" 

"All of the above. I tinkered with a 
couple of boats — powerboat and sail-
boat — cars and a little with airplanes. 
I'm an engineer by training, mechan-
ical. I've always enjoyed structures 
and kinematics. Kinematics is the 
study of linkages and motions. Struc-
tures is the basic fuselage. So, struc-
ture and control parts have always in-
terested me. 

"From the time I started in aerobat-
ics I started designing airplanes and 
systems and things. The first airplane 
was a concept airplane to see that I 
could build one and I didn't want to 
get too far off from standard. This sec-
ond airplane I kind of turned loose a 
little bit. Then with the experience 
I've gained I hope to go into building 
a monoplane to really become com-
petitive in aerobatics. It's almost a 
necessity today to fly a monoplane." 



"What are those?" asked the 
SPORT AEROBATICS Editor. She 
was pointing to what appeared to be 
fin-like tapered metal strips. Five of 
them ran fore and aft, evenly spaced 
apart, both above and under each aile-
ron of a Pitts SIS parked on the ramp 
at Fond du Lac 86. 

"They're called straights or gates," 
replied Rogers Fassnacht of Michi-
gan, the pilot/owner of the Pitts with 
the gates. "They keep the air going 
straight over the ailerons so they're 
more effective or efficient than with-
out them," he explained. He further 
noted that if one looks on airliners one 
will likely see gates on the wings be-
fore the ailerons. The result is the 
same. 

The idea for installing such devices 
on an aerobatic aircraft originated 
with Doug Dodge of Aero Specialties, 
currently based in Oil City, Pennsyl-
vania. Fassnacht's Pitts, N3FW, was/ 
is the first airplane in our sport to 
have them as far as the editor, Dodge 
and Fassnacht know. They evolved as 
a result of Dodge's having employed 
stall fins or end plates on the end of 
the ailerons on his own competition 
Pitts years ago. It was a concept that 
was copied at that time but not with 
the success that Dodge had with it he 
believes. 

In a recent phone interview with 
Dodge he explained the gates help 

More improvements 
to an already grand 

machine — the 
Pitts — including 

the debut of 
aero gates 

control the vortices off the wing tips 
and added, "The theory behind all this 
is that the larger the vortices you 
have off the aileron, the more drag 
you induce. We want to keep the air 
traveling across the aileron as 
straight as possible especially at slow 
speeds to get a fairly high rate of roll. 
By stopping the air at the trailing 
edge from rolling, the vortice can't be 
generated to the degree that it would 
be if it were a full span aileron. 

"So, the straights just act to keep 
the air flowing across the aileron 
straight no matter how much you de-
flect the aileron and they help out the 
roll rate — but again particularly at 
slower speeds. They weren't designed 
to be a high speed item, just basically 
slow speeds." 

Text & Photos 
By Editor 
Jeon Sorg 

What precipitated Fassnacht to 
give these gates a try in the first 
place, along with several other special 
Pitts modifications developed by 
Dodge, was an accident in 1985. An 
Advanced competitor, Fassnacht had 
been airborne practicing his cate-
gory's Known sequence for the first 
time that year when his rudder cable 
parted during the first maneuver, a 
push down to a 45 snap roll. He man-
aged to recover the aircraft and land 
but, of course, brakes were no longer 
operational. 

As he went on to tell it: "I got the 
airplane on the ground and it was 
going down the runway real nice on 
one nine at Marlette when it started 
off the runway at about 10 degrees. I 
had no control. I was strictly a rider. 
Well, I ran into a VASI light, tore the 
lower left wing off and upon investi-
gation found that all the spars were 
cracked." 

The rest of that year was spent ef-
fecting repairs to N3FW, along with 
the first six months of 1986. After 
teardown, it was decided to scrap the 
wings and to make some extensive 
modifications to this particular SIS, 
the most radical of which concerned 
the wings themselves. They are en-
tirely different from the stock Pitts 
wing according to their designer, 
Dodge. 

First off the wing is sixteenth inch 
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mahogany plywood covered with 
point seven five ounce Sig fiberglass 
cloth, a lot like that used in model 
airplanes. There are no drag, anti-
drag wires inside the wing. All stress 
loads are carried through the skins. 
The spars are a little thicker as well 
as the airfoil, compared to a Pitts. 

In addition, Dodge's airfoil design 
has a larger radius nose and a 
squared off trailing edge. When asked 
about the purpose of the latter, he re-
plied that it was for drag reduction. 
The editor noted, however, that it 
wasn't as thick as the desktop-edge-
like one seen on the Extra 230 wing. 

Dodge responded with, "Yeah, be-
lieve it or not, I got that idea a long 
time before the Extras came out. I got 
it off a Messerschmitt Monsun. All 
the tail feathers on it had that." Then 
he explained how such a configura-
tion brings about drag reduction. 

"It just causes the air to contact or 
to come back together quicker in the 
slipstream than it does with the 
sharper trailing edge," he stated. 
"Walter Extra really exemplified it, 
you know, with his trailing edges 
being more blunt. But I don't know if 
that radical of a squared off trailing 
edge would fit the Pitts type airfoil. 
He has a rather different airfoil from 
what's on a Pitts and my design." 

Regarding the rib construction, 
they're sixteenth inch plywood, gus-
seted and with a cap strip on each side 
for gluing. Plus there are quarter inch 
vertical support members. "It's really 
a super strong rib in comparison to 
say a Pitts truss rib or something like 
that and weighs about the same," said 
Dodge. "Weight is about a quarter 
ounce more than a regular Pitts rib." 

Although the Dodge wing is basi-
cally the same span as a normal SI 
wing, the ailerons go out another bay 
outboard. For instance, N3FW's ailer-
ons end where normally on a Pitts SI 
the rounded wing tip bow begins. 
Dodge's design incorporates a 
fiberglass tip that is airfoil shaped. 
He detailed it this way: "See what 
happens with the normal Pitts wing 
is you go out and the last rib outboard 
is a thinner shaped airfoil than the 
rest of the wing. What we do is carry 
the same airfoil all the way out to the 
tip and then we have a fiberglass tip 
that goes on. The traditional Pitts has 
the wooden round wing tip bow." 

The ailerons themselves are 
Dodge's own design too. Their overall 
shape is thicker than the airfoil of the 
wing and each aileron is pushed in 
tighter towards the spar so it's 
maximizing the amount of aileron 
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space. Plus they're oversized. They're 
still symmetrical though. 

Dodge commented, "You know just 
because you go bigger they also hang 
aft of the trailing edge about 5/8ths. 
There are no parts in them that are 
compatible with say like buying a set 
of ailerons from the Pitts factory. 
They're totally different from the 
Pitts symmetrical aileron, plus they 
incorporate the square trailing edge 
also." 

The use of plywood stiffened the 
wings so they wouldn't warp when the 
ailerons were deflected. "It's the very 
smooth rigid structure which allows 
the airplane to go around a corner bet-
ter," stated Dodge. "It goes around a 
corner harder than a rag wing. Nor-
mally with a fabric wing, you know, 
the fabric sits there and does all kinds 
of things — uh, undulates basically, 
especially at high speeds. A ripple 
gets going in it. The air gets disturbed 
and it slows you down. 

"Like with Rogers' wing now, he's 
saying he hits about 205 MPH flat out 
with a fixed pitch prop. That's a pretty 
fast single seat Pitts. I don't think 
anybody can argue that for a 200 
horse, fixed pitch airplane it's proba-
bly the fastest one around right now." 

Both Fassnacht and Dodge con-
tended this particular wing design 
had increased the total effectiveness 
of the wing and its lifting properties. 
Also, it actually stalls a little slower 
than a rag wing Dodge pointed out. 
Wing loading is somewhat less than 
on a stock Pitts, not substantially 
though. 

Spades were a necessary addition 
according to Fassnacht. "At first I 
didn't have them, but I needed them," 
he said during Fondy 86. "It was tak-
ing too much muscle to move the aile-
ron. The aileron bites in so well that 
it was pushing back at me. I also get 
snatch on the aileron at the top of a 
cap at slow speeds like you do in a 
Stearman. That's where the stick is 
snatched out of your hand if you don't 
have a real good grab on it. It's be-
cause I'm getting so much effect out 
of the aileron." 

Dodge explained the only reason he 
didn't put spades on it to begin with 
is because one leaves them off in the 
beginning just to get all the rigging 
straight. Then once the airplane is 
rigged and trimmed out properly 
shovels are put on for the boost. 

"I didn't realize he had snatch with 
it," commented Dodge during our 
phone interview several months after 
Fond du Lac. "I think what he had 
was I had had some extra large 
shovels on it. He's trimmed them back 
to where he's happy with them now 
and I don't think he has any snatch 
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anymore." Fassnacht was able to con-
firm this supposition. 

He was quick to admit that he 
doesn't necessarily know or under-
stand, at least fully, what all Dodge 
has done technically. But he does 
comprehend enough he said to recog-
nize that Dodge's reasoning is sound 
and well researched. Hence, he (Fass-
nacht) has complete confidence in 
Dodge's work and designs. 

"He does a lot of research, working 
with one of the universities," related 
Fassnacht. "He never fails to surprise 

me with the background information 
that he has in his head and he's famil-
iar with most of the changes going on 
today — like he stays up with NASA 
and gets NASA information d i r ec t . . . 
I always had to agree with what he 
had to say, but sometimes I didn't 
know why. 

"But he'd always be able to reassure 
me with substantial information. For 
instance, one of our friends, Dr. 
Lesher at the University of Michigan, 
had his department run Doug's wing 
through the computer for analysis. 

The analysis said we could pull the 
spars out and throw them away. We 
didn't need 'em. Said the skin would 
hold everything that we had to deal 
with." 

Fassnacht chuckled a bit and 
added, "Naturally we weren't that 
brave. So we left them in." 

Dodge contributed the following ob-
servation regarding the analysis re-
sults: "You know you work every-
thing out on paper fine. But it gets 
down to the point that the thing's got 
to look beefy enough for me to be that 
confident in it. Sure we could come up 
with a much lighter wing planform 
and everything, but I don't wanna get 
too carried away here," he concluded 
with his own light laughter. 

When queried about it, he noted 
that flutter is always a worry at first 
with a new design. So naturally he 
did extensive flutter testing on 
N3FW, "up to about 250 MPH and ran 
it through all the standard procedures 
in flight." None turned up and Dodge 
is quite secure about this aspect. 

As a result of its accident men-
tioned earlier, this Pitts also had its 
fuselage completely disassembled and 
recovered again. Inspections took 
place to look for cracks and any other 
possible damages. During the process, 
it was decided to modify the empen-
nage, again in accordance with 
Dodge's concept for configuration. 
The vertical fin was shortened based 
on his basic premise that anything 
that sticks up in the air other than 
center line of the airplane slows one 
down. 

"I have a theory on the tail end of 
airplanes," remarked Dodge. "If it 
doesn't move you don't want it. If I 
had a way I'd put a stabilator on a 
Pitts. As far as the rudder, you know, 
some people — like in the monoplanes 
— put tall rudders on 'em and tall ver-
tical fins. But in the Pitts, as far as 
doing stuff like the Hammerheads, I 
found a little bit lower profile seems 
to help the airplane kick around fas-
ter. And as far as longitudinal stabil-
ity you still have about the same area 
because I just widen things out. 

"I went to a low aspect ratio rather 
than a high one. And as far as the 
shape of the tail, I squared it off. As 
to why, number one was for making 
it more geometric — uh, more eye ap-
pealing and hopefully more eye ap-
pealing to the judges. Also by going 
to the squared off area you pick up 
more area and still keep things about 
dimensionally the same. I did in-
crease some of the area on the 
elevator itself." 
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The cowling on N3FW repeated the 
design of one of the first type of Pitts 
modifications Dodge and his Aero 
Specialties came out with a few years 
ago. He makes cowlings for both 180 
and 200 HP engines. Unlimited com-
petitor John Gardner, also of Michi-
gan, is another of the Pitts pilots with 
this particular change. Both he and 
Fassnacht noticed a 10 knot increase 
in cruise with the very, very clean 
lines of this cowl. A pressure cowl, it 
provides quite adequate cooling and 
in fact they noted it's better than with 
a stock Pitts version. 

"Yeah, I guarantee anybody who 
runs these cowls to gain about 10 
miles an hour easy over a regular 
Pitts cowl," declared Dodge. In a de-
scription of it he stated, "Basically the 
whole frontal area has been cut down 
and back so the air can't pack up be-
tween it and the prop. That's the basic 
concept of it." 

Inside, Fassnacht had a 200 HP 
10360 Lycoming engine installed. 
Don George and crew in Florida bal-
anced, ported, and relieved it and put 
300 valves in it. These valves are a 
quarter inch bigger than the 200 ones 
and Fassnacht felt the engine was just 
coming into its own during the Fond 
du Lac contest. He reported it to be 
running "very, very well and cruising 
at about 170 at about 25 to 2550. Flat 
out I'm getting 200 IAS. And it feels 
friskier than it was before." The prop 
is a 76-62 fixed pitch. 

As to this aircraft's other perfor-
mance areas since its numerous mod-
ifications, Fassnacht revealed it actu-
ally rolls faster now than what he 
wants it too. But that 's his fault he 
pointed out, not the machine's. He 
simply hadn't had much time in it yet 
to be able to master it — about 15 
hours as of Fondy. 

"I'm just having trouble controlling 
it the way I would like to right now," 
he admitted, "but once I get a hold of 
it, it'll be great. You know a fast roll 
rate gives you an advantage." In spite 
of his lack of practice though he 
claimed it was still easy to fly and he 
had in fact won the Advanced at his 
first contest with only an hour and a 
half in the airplane. 

He felt N3FW does vertical full roll 
caps very, very well. "I can cap at zero 
airspeed without the airplane chuck-
ing or stalling off the top," he related. 
"You can stop a snap roll with aileron 
alone — just come off the rudder and 
ram aileron to it and it'll stop. Uh — 
spin stops — I know you're not sup-
posed to do this, but you can stop it 
with aileron." Dodge indicated it's the 
super slow speed efficient ailerons 
that make it possible. 

Turning to Hammerheads, Fass-

N3FW 
nacht said, "We went to zero incidence 
and one degree dyhedral which im-
proved the Hammerhead torque off a 
hundred percent. I don't experience 
that anymore. I can leave full power 
on all the way around and the 
airplane hammers like it's in a 
groove. There again I attribute that 
to Doug's changes in this airplane." 

Upon relating this to Dodge, he re-
sponded, "Well, I can't say that the 
dyhedral has caused that big of a 
change. The biggest thing is now you 
have so much more aileron going up 

that you can hold the thing without 
it twisting off on ya. A lot of it just 
gets back into the aileron again. And 
the gates are helping again, too." 

"Basically the whole wing planform 
just totally flies so much better than 
the old wing," he continued. "What it 
boils down to, Jean, is that I just 
haven't admitted that the Pitts is 
dead yet. You know you have all these 
people pushing monoplanes and ev-
erything else. True the European 
judges like to judge monoplanes. But 
what I'm doing basically is taking the 
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best out of the monoplanes and apply-
ing to biplanes. Like, why does the 
monoplane supposedly fly better than 
the biplane? They say the wing. Well, 
let's build wings similar to the mono-
planes and put them in the biplane. 
And after all, not everyone goes and 
gets judged before European judges. 

"You know, when Curtis Pitts de-
signed these airplanes — uh — the 
guy's a real genius. He came up with 
a very workable simple airplane that 
just goes. The only reason he probably 
hasn't come out with these changes 
himself is he's retired. All I've done is 
just try to take the basic concept and 
make it even better." 

The tailwheel is the Henry Haigh 
invention. "And that was a godsend 
for me," declared Fassnacht. "It 
helped me in the one crash that I had 
to control the airplane and not 
cartwheel it. I know some of the fellas 
who have S2Bs will allow students to 
solo with a Henry Haigh tailwheel 
compared to the stock tailwheel." 

The canopy and spring landing gear 
are stock items. The wheelpants, how-
ever, are a two-piece version that are 
quite easy to remove and install. They 
came from a firm in Florida, but 
Dodge's Aero Specialties will soon be 
making them as well. The tires are 
Lamb and the tire/pant combination 
have contributed to increases in speed 
in the opinion of both men. 

Another Dodge innovation to 
N3FW was the moving of the oil 
cooler to the aft section of the baggage 
compartment with special inlet and 
discharge using 5/8ths tubing. Of 
course CG was a consideration here 
to get away from a nose heavy situa-
tion with the 200 HP engine. But 
Dodge indicated one of the biggest 
reasons dealt with cooling drag. 

He explained as follows: "You've 
got to create so much cooling drag to 
cool the engine anyway and the 
further aft you put it back on the 
airplane the less damage it does to 
speed. I mean I've got to dissipate so 
many BTUs of heat through the oil 
system and the farther you move drag 
to the rear of the airplane the less it 
hurts the all out performance of the 
airplane. 

"Now what also happens is all the 
air going through the cowl is just bas-
ically to cool the engine and not the 
oil radiator. A lot of people put them 
in the cowls. They'll run the air 
through, over the cylinders and then 
they put an oil cooler underneath the 
cylinders. The air goes through that 
and it defeats some of the purpose of 
helping cool off the cylinders. 

"So what you're doing is having air 
coming across the cylinders on one 
part and then you have more air try-
ing to come in under the cylinders and 
just pressurizing the lower end of the 
cowl. Not only does it not make the 
cooler work that good but it also keeps 
you from cooling the cylinders as 
much as you might want to. By get-
ting it out of the cowling totally it 
cools amply well and all the air going 
through the cylinders does too." 

Then he added, "Another thing, I've 
always had problems with coolers 
mounted under the cowl. They get all 
banged and beat up from the engine 

Inlet and 
discharge areas 

for oil cooler 

bumpin' 'em and everything else. Now 
I don't have to worry so much about 
blowing an oil cooler up in the front 
end. And the way the oil cooler is run 
back there in its own little separate 
aluminum tunnel, if any of the oil 
lines ever blew up or anything, the 
pilot wouldn't get doused in oil. Also, 
where it sits up in the back of the 
turtledeck, it's all in its own sealed 
compartment so if the oil cooler itself 
blew up it's not going to go hosing the 
pilot down with any hot oil either." 

Since the aircraft ended up having 
to be completely recovered, the editor 
asked Fassnacht to comment on it and 

his paint scheme. "The wings like we 
said before are sixteenth ply covered 
with the glass cloth," he began. "The 
fuselage is dacron fabric with 
polyurethane cover," he continued. 
"The paint is Ditzler's polyurethane. 
Doug uses his own materials all the 
way through. He has his own formula 
for applying the paint and has talked 
to Ditzler about it and they've ap-
proved it. He uses flex agents in the 
paint that have been tested to below 
zero wherein we're able to still break 
the fabric and not break the paint. So, 
we feel we have a good job." 

Dodge expanded on this with the 
following: "It's just my own process 
I've developed. What it is is I take 
Stits HS90X fabric and what I do is I 
have my own little process that pro-
duces the high strength finish that I 
get. I put two coats of nitrate on. It's 
kind of like my own formula of Dac-
Proofer. It's a combination of fun-
gicide glue and nitrate dope. Then I 
do all my taping and everything with 
this stuff also. 

"Then I put on one very thin coat of 
butyrate. Then I go on top of that with 
a polyurethane filler that is loaded up 
with this flex agent. I put a couple 
coats of that on and sand it off and 
then put my color coats on with 
polyurethane." 

The paint scheme was not dreamed 
up by Dodge, however. It's the work 
of another IACer, Paul Deesen. An 
artist for General Motors, he came up 
with a scheme that employs a lot of 
striping in variegated sizes, going 
from red into black and then some 
tiny white ones finishing off into the 
black. Black and red are the dominant 
colors. It's quite attractive. 

The look was the same as before the 
accident. But at Fond du Lac, gone 
were the three chevrons placed verti-
cally on the vertical fin as well as 
Fassnacht's initials in old German on 
the top of the wing. He indicated 
they'll be back eventually though. 
There just hadn't been time to put 
those added details on before he re-
sumed his contest activity in 1986. 

Then he told a little anecdote about 
the three chevrons. "We had this big 
empty space on the vertical stabil-
izer," he recalled. "And Paul said, 'I've 
got something for ya,' and he put it 
on. It was the three chevrons in the 
vertical. I really liked the design and 
it made the airplane look good. 

"But every time I would see Paul 
he'd ask, 'How is that design? Do you 
really like the design?' And I'd say, 
'Yeah, I think it's great.' You know. 

"Finally, I became suspicious and 
asked him, 'What IS that design?' And 
he answered, 'Well, that 's wing com-
mander for the Luftwaffe.' " 
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Control Harmony 
Synonymous With 
Biicker Jungmann 

By Jean Sorg 
SPORT AEROBATICS Editor 

In Collaboration 
With Norm Petersen 

SPORT AVIATION 
Associate Editor 

Jose Martin's love affair with the 
Biicker Jungmann began in the late 
fifties when he entered the Spanish 
Air Force as an ROTC Cadet and 
learned to fly in one. Although his 
sentimental nostalgic attachment to 
the aircraft increased over the years, 
he really opted to buy one because "of 
all the airplanes I've flown this is my 
favorite." 

In fact he didn't just buy one, he 
bought 87 all at once! For that story 
we turn to Norm Petersen's writeup 
about Martin and his Biicker Jung-
mann, N131JM, after the two met 
during Oshkosh 85. Petersen's rendi-
tion — in part — of the history and 
restoration of N131JM as printed in 
the EAA Division publication, THE 
VINTAGE AIRPLANE, April 1986, 
follows: 

"Although he (Martin) also flew a 
Fieseler Storch and was copilot on 
Heinkell III, Junkers 52 and Douglas 
C-47 and C-54 aircraft, the delicate 
touch and supreme control qualities 
of the Jungmann were always in his 
dreams. 

"An unusual chain of events began 
when Jose Martin received a scholar-
ship to attend Cornell University in 
Ithaca, New York (high above 
Cayuga's waters). His goal was a mas-
ter's degree in mechanical engineer-

ing. Always a flier at heart, he sud-
denly discovered the United States 
was the land of the airplane — even 
the citizens owned them! (He had 
been born and raised in Spain.) Fol-
lowing graduation from Cornell, he 
became a U.S. citizen and decided to 
stay in the 'land of opportunity.' 

"After several years in construction 
work, he was hired by the duPont 
company where he has (continued to 
work). He is presently in charge of a 
group developing electronic medical 
diagnostic equipment. 

"Knowing that one day the Spanish 
Air Force would have to replace their 
aging Biicker Jungmann trainers, 
Martin kept in close contact with the 
situation through his old buddies 
whom he had flown with years ear-
lier. In 1978, a deal was struck with 
Martin buying 87 Biicker Jungmanns 
with 115 spare 'Tigre' engines, which 
are the Spanish-built copy of the Ger-
man Hirth four-cylinder, inverted en-
gine. Sixty-eight of the CASA-built 
131s were crated and shipped to the 
U.S. while 19 were sold throughout 
Europe. 

"Once the word got around that 
Spanish Btickers were for sale, it 
didn't take long to sell 66 of the 68 
airplanes to anxious 'aficionados.' 
(One was sold to fellow IACer George 

Andre of Kansas and was sub-
sequently featured in the April 1985 
issue of SPORT AEROBATICS.) Mar-
tin kept two for himself — the subject 
of this article, N131JM, and one more 
that is currently going through the re-
build process. 

"N131JM, S/N E3B-360, was Span-
ish built under license by CASA in 
1958 as a Bul31L using a 150 HP 
Tigre engine. The airplane was to-
tally disassembled and the airframe 
was sandblasted. Absolutely no corro-
sion was found so it was painted with 
metal prep and a two-part polyure-
thane finish. All wood was replaced 
in the fuselage and finished with a 
phenolic finish for long term service. 
In like manner, the wings, with their 
delicate wood ribs and spars, were 
carefully inspected and found to be in 
excellent shape. 

"The entire Jungmann was covered 
with Ceconite 102 fabric and finished 
with Randolph dope. An investigation 
of historical records in Europe re-
vealed that Carl Biicker had sold a 
number of Jungmanns to civilians 
prior to 1938 and the exact colors were 
faithfully reproduced on N131JM to 
come up with the beautiful green and 
white paint scheme. The name 'Es-
peranza' on the cowl is a Spanish word 
meaning 'universal hope.' The leather 
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around the cockpits is all original, 
just as it came from the CASA factory 
in 1958. 

"Once the Jungmann parts and 
pieces were all rebuilt, the airplane 
was assembled with its original 150 
HP Tigre engine and flown for some 
60 enjoyable hours. At that time, Joe 
Krybus, originally from Czechoslo-
vakia and now of Santa Paula, Cali-
fornia, was hired to convert the 
Biicker to a brand new AEIO-360-
B4A 180 HP Lycoming with Bendix 
fuel injection and an extended Chris-
ten inverted oil system. Krybus used 
a six-point suspension of his own de-
sign on the engine mount, which 
maintains the same C/L of thrust as 
the Tigre. In addition, his molded 
fiberglass cowl is most impressive and 
seems to flow into the total airplane 
design. Martin is most impressed with 
the resulting handling qualities, 
which are equal to or better than the 
original and noticeably better in in-
verted flight. The very shallow angle 
of attack while inverted allows hands 
off flight with forward trim rolled in. 

"A special wooden propeller was de-
signed by Bob Bristol, chief engineer 
of Sensenich in Lancaster, Pennsyl-
vania. Using a wide chord and plastic 
leading edge, the KZ76 x 60 prop is 
extremely smooth and light in weight. 

Tail group reveals closely 
spaced rib stitching and trim 
tabs on both elevator and rud-
der. Elevators are hinged sev-
eral inches behind the gap to 
give the pilot an almost ex-
quisite feel unlike any other 
airplane according to Martin 
and Petersen. 

Jose Martin stands by his favorite airplane (above) witn 
the Oshkosh control tower in the background. Expert 
cowling installation by Joe Krybus is displayed in photo 
below. Note smooth line to large spinner and Sensenich 
prop. Classic Biicker logo can be seen to the right. 

Biicker 
.lut'P"""" 
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The dampening effect of a wooden 
prop on the 0-360 is very beneficial 
considering metal fixed pitch props 
have a mandatory 500-hour overhaul 
due to the severe impulses of the large 
90 cubic inch cylinders. 

"The wheelpants on N131JM were 
molded from an original Swiss 
Jiingmeister wheelpant. They were 
widened just a bit to accommodate 
600 x 6 Cleveland wheels and brakes, 
yet maintain the classic Biicker look. 

"Besides the normal instruments, 
the rear cockpit has a Tomorrow 
Apollo II Loran C, a Terra 720 chan-
nel transceiver, a Communication 
Specialists 720 transceiver and a 
Terra Transponder with altitude en-
coder. The full electric system is pow-
ered by a 60 amp alternator. An inter-
com with voice activated mikes han-
dles communications from one cockpit 
to another — and it really works! 

"Just behind the firewall, a 22-gal-
lon tank feeds the engine and is good 
for up to three hours maximum. Nor-
mal cruise is 115 MPH at 65 percent 
power, burning seven to eight gallons 
per hour. All out aerobatics will con-
sume up to 10 or 11 gallons per hour." 
— End of VINTAGE AIRPLANE re-
print. 

Avid aerobatic competition en-
thusiasts will quickly pick up on the 
fact that Martin's Biicker sports a 
light color paint scheme — a combina-
tion of pastel light green and white. 
They know these color choices don't 
exactly jive with what is considered 
more advantageous, in the U.S. at 
least, for the best presentation for bet-
ter scoring from judges — dark color 
combinations, like reds, navy blues or 
blacks with white stripe accents. 

In her interview with Martin dur-
ing the 1986 Mid-Hudson Regional 
aerobatic contest in New York, the 
SPORT AEROBATICS Editor asked 
him why he elected his particular 
scheme. He responded that although 
he knew he was going to eventually 
compete with N131JM his first 
criteria was to have it wear the origi-
nal colors of the circa 1938 civilian 
models in keeping with his nostalgia 
sentiment. 

In spite of the fact that some of the 
alterations to his beloved Biicker 
Jungmann can be clearly linked to 
aerobatic competition needs — like 
the Christen inverted oil system — 
Martin claimed his foremost priority 
in all cases was reliability followed 
closely by performance. The ability to 
fly contests with it was a distant 
third. As he explained, "The airplane 

is a toy for me. That means when I 
am going to fly in the airplane I don't 
want to worry about it. I want to have 
performance and reliability. I want to 
be able to go on a cross country with 
piece of mind." 

About his prop, he first had two 
KZ76 Sensenich props, one a 60 pitch; 
the other, a 62. Sensenich's chief en-
gineer, Bob Bristol, is a good friend of 
Martin. So, when he was thinking 
about changing to a Lycoming engine, 
he talked to Bristol about it. The lat-
ter through computer analysis deter-
mined the two aforementioned props 
would be the way to go and Martin 
ended up with the 60 being on his air-
craft most of the time. Why? 

"The 60 is more of a climbing pro-

Interior of the rear cockpit shows 
this Biicker Jungmann's addi-
tional equipment. Note the 720 
CH. radio, Loran C, tailwheel lock 
on left, and trim handle on the 
right. 

peller and the 62, a cruising one," 
Martin replied. "Since I was going to 
be using the airplane for aerobatics 
as well as for cross country, I felt the 
60 would be the more appropriate pro-
peller to have on for overall perfor-
mance." 

Since then the SPORT AERO-
BATICS Editor learned, in a recent 
phone conversation with Martin to 
update her interview notes, that he 
spent last winter installing a new pro-
peller by Sensenich — KY76-60 
which is a new design developed re-
cently. It seems that Bristol had 
called Martin to see if he'd be in-
terested in doing some test flying of 

the prop. Martin agreed and noted a 
definite increase in performance and 
proceeded to buy the new prop. 

It took a little effort to install it 
Martin said as the chord is narrower 
and the cutouts for the spinner were 
different. He had to get a new spinner. 
This prop is also lighter. After about 
10 hours with it, Martin noted he was 
getting faster cruise and climb. Al-
though the diameter and pitch are the 
same, he believes the different chord 
and airfoil are giving him a 15% dif-
ference in performance — on the up-
side. He feels he really needs the addi-
tional performance in the 45 lines and 
half Cubans. 

Another project he engaged in over 
the winter was to, as he called it, 
"metallize the landing gear." Instead 
of using fabric covering for the legs, 
he covered them with aluminum 
covers of his own design. 

Martin does not use any special 
sighting devices like the popular Mas-
sey one sported on many an aero air-
craft. To aid him during his excur-
sions through the aerobatic competi-
tion box before the eagle-eyed IAC 
judges, he uses what he terms are his 
airplane's natural sighting devices. 
For instance, he pointed out that one 
has a 45-degree line over the cowl and 
a 60-degree line on the cabane struts 
or wires. Hence the 45s and 60s can 
be measured over the roll axis. Then 
he noted that for the zero line the top 
wing has the most zero angle of inci-
dence and consequently it's a good ref-
erence for the vertical lines. 

Now the Biicker Jungmann does 
not have symmetrical airfoils, but 
Martin didn't and still doesn't find in-
verted flight a problem with his flat 
bottomed airfoils. "The airplane han-
dles fairly well in inverted flight with 
not an excessive angle of attack," he 
stated, "and even outside maneuvers 
are fairly decent for the airplane." 

He attributed its pluses here in 
spite of the non-symmetrical wings to 
the Jungmann's "optimum design in 
biplane design. Even today the Jung-
mann is still copied as a design," Mar-
tin declared. "The airplane is very 
light; mine is just under a thousand 
pounds and with 180 horses. Then the 
way the center of pressure goes 
through the center of gravity the 
airplane design characteristics are 
such that even without the symmetri-
cal airfoil it just flies very, very nice 
inverted." 

Regarding other handling charac-
teristics, Martin cited the Biicker 
family of airplanes as having "proba-
bly the best harmonized controls of 
any airplane ever designed." In fact 
he went so far as to say that the Buck-
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ers are lighter on the controls with 
far more control harmonization than 
the Pitts. In addition, that 's one of the 
reasons he felt his Biicker Jungmann 
is easier to fly aerobatics with than 
the Pitts. The other in his opinion re-
volves around slower speeds. 

"You can do a very nice loop with 
the Jungmann at about 120," he said. 
"It will do a very nice roll at about a 
hundred whereas in the Pitts, of 
course, you know the entry speed is 
much faster. So, it's easier to fly in 
the box with the Jungmann because 
the speed is lower." 

He also indicated that because his 
aircraft is so very light on the controls 
that he can go out and practice seven 
or eight sequences without tiring. He 
concluded that his Jungmann is just 
as maneuverable as a Pitts in the 
three axes and although lighter on 
controls, he conceded it is outdis-
tanced however in climbs and vertical 
performance by the greater power of 
the Pitts. 

When it comes to competition 
categories, Martin felt the Biicker 
Jungmann is good in Sportsman and 
Intermediate — the latter in the 
hands of a competent pilot. "I would 
not say it's the airplane for Advanced 
and beyond," he commented. "But the 
way the Jungmann is used in Europe 
by airshow pilots it can do maneuvers 
that are even tougher than Inter-
mediate level." 

It can even do Lomcevaks. He was 
quick to correct the Editor when she 
noted her assumption that that would 
be a maneuver it wouldn't be capable 
of handling stress wise. As he in-
structed her, "One thing you have to 
keep in mind is that no Biicker has 
ever failed structurally — ever — in 
the history of the aircraft . . . The 
Biicker has been flown doing Lom-
cevaks in Czechoslovakia many, 
many times with no problems. As a 
matter of fact, the pilot who designed 
the engine installation I have — Joe 
Krybus who is formerly of Czechos-
lovakia and now of the U.S. — flew 
Lomcevaks repeatedly in the Jung-
mann in shows overseas." 

When queried about the concern 
over possible cracked prop flanges re-
sulting from such maneuvers, Martin 
quickly set the record straight again 
by reminding her that the cracked 
flange is a Lycoming characteristic as 
we know it. Krybus flew with the 
original German Hirth engine. 

As for himself, Martin readily ad-
mitted that he is still struggling to 
master competition style aerobatics. 
He laughingly quipped, "The plane 
has no problems with maneuvers, just 

Head-on photo shows landing gear that hinges from a center tripod with 
air-oil shocks in the gear legs. Large spinner and stout Sensenich prop make 
an excellent combo with the 180 Lycoming says pilot/owner Martin. 

the pilot!" Then he added, "I think it's 
more a matter of mechanical skills to 
learn to fly {he maneuvers the way 
the judges like to see them. It's also 
the mental attitude of going from free, 
happy aerobatics the way you want to 
do them, to the way judges want. I 
find that very challenging and dif-
ficult to be able to do it." 

But he swore and still swears that 
he's sure having fun as an IACer en-
gaged in competition. "It's a tremen-
dous sport and probably one of the 
most challenging ones," he related. 
"And the people are great! The EAA 
and IAC are very professionally run 
organizations. I feel comfortable the 

way the IAC runs a contest. I plan to 
continue." 

A member of IAC for about six 
years now, he first followed the sport 
through the magazine and then got 
involved with local IAC Chapter 94 
in the New Jersey area. He opted to 
become familiarized with the organi-
zation and its system before tackling 
a contest. But surprisingly a friend 
talked him into entering his first con-
test in England in 1985 in an event 
sponsored by the DeHavilland Tiger 
Moth Clubs. 

So using a British provided DH-82 
with all pilots flying the same air-
craft, Martin flew his first competi-

i " ' 

BUCKER BU-131 "JUNGMANN 

L U f T W A f f t i - W O R L D WAR II 

Owigned And Built By: Biicker f lug jeugtwu GMBH, Berlin. Germany 

(BU-131 A, 8. C, D} 

first Prototype Hew ir« 1934 

Basic And Aerobatic Trainer For The CermanAir force 

Built Under License In: 

SWITZERLAND (OORNItR-WfcRKf A.G.) I « BU-131 B 

SPAIN (CASA) 1938 1.131 H, t , I 
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1«>43, Kl-86a 

All German Airp lanes Were In Civilian Markings Unt i l About 1938 

Due To The Versai l les Treaty (Germany Was Not A l l owed To 

Build Anything That Could Be Used for Military Aggression). 

The lineage of the Bucker Jungmann and its license-built versions that were 
constructed in four other countries are shown here. This airplane was a 
CASA built Bu131L version. 
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tion aerobatics in August 1985 
against international contestants. He 
said it was sort of a combination of 
Sportsman and Intermediate levels. 
He finished last, partially because he 
decided to not fly the second day when 
ceiling levels were too low for his ex-
perience level. Most of the other con-
testants had quite a bit of airshow, 
low level flying exposure. 

Back in the States, he figured that 
since he had managed to fly in an 
international meet for the first time 
and even if it was a "lousy perfor-
mance," he'd better get busy and 
enter a U.S. contest. Chapter 94's con-
test in the fall of 1985 found him 
finishing in the middle of the pack in 
Sportsman. Since then he's entered 
just about every IAC sanctioned event 
within a three hundred mile radius of 
his home in Newark, Delaware, tak-
ing second place in Sportsman at the 
Ohio event in 1986. 

He seemed pleased with his perfor-
mance considering, as he put it, his 
lack of skills yet and the fact he's 
flying an airplane that magnifies his 
mistakes ten times. By that he meant 
that friends and judges have pointed 
out the airplane is "so pretty and sen-
sitive in the air that it just shows any 
flaws pretty readily." 

He said he's looking forward to the 
day when some of the individuals who 
purchased the Biicker Jungmanns 
from him complete the restoration of 
their machines and begin competing 
against him. All things being equal 
as far as the airplanes go he'd like to 
see who would emerge as the best. 

Martin's wife, Pat, herself a private 
pilot with over 300 hours to her credit, 
rides with him to the aerobatic con-
tests and usually does all the navigat-
ing. Their longest cross country jun-
ket to date was their trip to Oshkosh 
85, highlighted by their sights of the 
Chicago skyline from their biplane's 
cockpits. She helps critique him, too. 

Another highlight of their Oshkosh 
85 adventure, in addition to being in-
terviewed for the VINTAGE AIR-
PLANE magazine, was their meeting 
Albert Riiesch of Switzerland. 
Riiesch, who has been teaching 
aerobatics for fifty years plus in a 
Biicker Jungmann, was 76 at the time 
and still teaching. 

What is it about this sport of ours 
that one finds men in their sixties, 
seventies and even eighties still en-
gaged in this incredible testing of 
man and machine? Ah, but that 's 
another story! 

SUPERPLANE 
PARTS 

IAC members who operate Cessna 150/152 Aerobats 
may have seen advertisements in various aviation jour-
nals for "Superplane modification kits" for Cessna aircraft 
and wondered what was available for the 150 models. To 
find out exactly what parts were available for Cessna 
Aerobats, the IAC Tech Safety Committee contacted Paul 
Davids of Davids Aviation/Superplane (Calaveras County 
Airport, 3600 Carol Kennedy Dr., San Andreas, CA 
95249). Paul's reply to our inquiry and some excerpts from 
the literature he forwarded are as follows: 

"Enclosed is paperwork for our mods. All mods are 
FAA-PMA and require 337 and I.A. signoff. We have gap 
seals, wheel pants and cowl fairings to enclose the upper 
portion of the nose gear. No fixed prop will speed up 
through mods unless you fly at higher RPM or repitch the 
prop. You will, however, fly at lower manifold pressure, 
realize better takeoff, climb and increase in service ceiling 
and lower fuel flows. During the coming year we will have 
additional mods, such as strut cuffs, wing tips and perhaps 
nose cowl changes. We don't expect to sell much to many 
150 owners since an approved part is very expensive, but 
we went ahead with the S.T.C. in the hopes we could bene-
fit the airplane. We will offer 10% from retail to aircraft 
owners and members of your organization." 

(Paul Davids Photo) 
CLAM SHELL STYLE PANT 

STARDUSTER TOO 
The following is a short safety note related to Stardus-

ter Too ailerons that appeared in the Dec./Jan. 1987 EAA 
TECHNICAL COUNSELOR NEWS. 

"We had a problem with a Starduster Too when a party 
leaned on the ailerons on the ground and found they went 
to the locked position. The service difficulty states, 'The 
ailerons locked in the full deflect position due to absence 
of a suitable stop at the control surface.' 

"This condition was found quite by accident. The sub-
mitter stated that maneuvers such as tailslides, Ham-
merheads and wind turbulence might bring about this con-
dition. The Stolp Starduster Corporation — Bill Clouse, 
President — has taken quick action on this and sent out 
a drawing for control surface stops on the aircraft. 

"If you have a Starduster Too builder or flier in your 
area, you should have them contact Stolp Starduster Cor-
poration, 4301 Twining, Riverside, CA 92509. PHONE: 
714/686-7943." 
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If an airplane could just talk • . • 

... 
- -

Oh, if an airplane could just talk, 
the stories it could tell. 

Take N8028 for instance. It's an 
S2A that 's been around awhile. In 
fact, it was number three off the Pitts 
production line. Later, it went on to 
become the cause of an AD and to 
serve as the test aircraft for an STC. 
Eventually it evolved into the S2AM 
it is today. M? More on that later. 

Since airplanes don't talk, however, 
the story of this particular Pitts came 
from its current owner, Dan McGarry, 
IAC #30. One can see by his IAC 
number that he's been around awhile, 
too — our organized sport that is. His 
early competition days saw him at 
the controls of a J3 Cub. 

Presently an Advanced competition 

pilot, he acquired N8028 back in 1974. 
The original owner was well-known 
aerobatic ace, instructor and author, 
Bill Thomas, of FLY FOR FUN fame 
down Miami way. Unfortunately, dur-
ing his proprietorship the aircraft had 
a structural failure involving a stabi-
lizer. McGarry believes it was the left 
horizontal one. At any rate, he says 
that failure resulted in the Pitts AD 
that requires strut bracing from the 
stabilizer down to the fuselage. 

Well, after its mishap the airplane 
found itself back at the Pitts factory for 
a rebuild while its new owner in Min-
nesota had a local shop in his area pro-
vide "medical" attention to the engine. 
All spruced up and fit as a fiddle again, 
the little biplane then left the land of 

the lakes and headed for a new home 
with an FBO in Council Bluffs, Iowa. 
There it assumed the role of a trainer 
in dual aerobatic instruction. 

McGarry entered the picture when 
the FBO operators decided they 
wanted a less expensive airplane for 
giving dual aero. It seems there was 
this fellow with a Decathlon who 
wanted a single-place Pitts. McGarry 
had one and was wanting a two-place 
because his children were getting to 
the age where they wanted to go with 
Dad. Airplanes ended up being swapped 
and McGarry flew the rebuilt S2A 
home to Olympia Fields, Illinois, a 
suburb of Chicago. 

Factory stock at the time, the air-
craft remained that way for the next 

Text & Photos 
By Editor 
Jean Sorg 
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four years as the Chicago Irishman 
put it through its aerobatic paces, in-
cluding competition. And from the 
looks of his trophy case full of IAC 
awards earned over the years, he flew 
it winningly. 

As the year 1978 rolled around he 
decided it was time for a major over-
haul; the aircraft had chalked up a 
thousand hours total time. A deal fol-
lowed between him and Herb Anderson 
at the Pitts factory. McGarry was to 
deliver his machine in November for 
the overhaul and then leave it for a 
canopy installation and subsequent 
flight testing for obtaining FAA cer-
tification for the two-place canopy 
configuration. In exchange, the fac-
tory would give him a discount on one. 
Hence, N8028 became responsible for 
both an AD and an STC. 

During the overhaul, factory per-
sonnel also installed an auxiliary fuel 
tank in the top wing and filed the 
required 337 form when modifying a 
certified airplane. McGarry wanted 
the tank for extended fuel range — 
about five gallons worth or half an 
hour. Nevertheless he initially used 
it for smoke oil as he was doing a lot 
of airshows at the time. When he gave 
them up, he reconverted the tank to 
fuel and opted to use it during compe-
tition instead of his main tank. His 
motive here was, and is, to save fuel 
weight. 

When he goes to a contest, particu-
larly week-long events like Fond du 
Lac and Nationals, he frequently 
drains the main tank and only uses the 
auxiliary. Doing this is much more 
effective he said than just flying with 
a lower fuel load in the main. One 
avoids the problem of the flop tube 
ending up out of the fuel sucking air. 

Another 337 happened to be filed 
during the same overhaul. This one 
dealt with the use of metal to replace 
fabric along the sides of the cockpit 
areas. Owners were being plagued 
with cracking there. In the S2 series, 
the Pitts S2B comes direct from the 
factory with metal cockpit sides and 
then fabric continues to run to the 
tailpost. Metal does add a little 
weight but it's offset by elimination 
of cracking. Then, too, one no longer 
has to worry so much about an un-
buckled seat belt hitting and punctur-
ing the fabric. 

Like a lot of pilots engaged in this 
sport, when McGarry took it up he 
soon heard about several gizmos, 
modifications and/or enhancements 
other competitors were adding to 



N8028 
their aero mounts. Some of them 
seemed like pretty good ideas to him 
and little by little over the years he 
decided to try a few. One was a Mas-
sey sighting device to help nail down 
those lines. Another was the use of 
spades to lighten up the control sur-
faces or ailerons. They're on the lower 
wings only and he doesn't feel he 
needs them on the top wing. 

Still another was a crossover 
exhaust system which gets the engine 
breathing better as a result of the 
cylinders not firing into one another 
when the valves are open. In the orig-
inal stock exhaust systems on the 
early Pitts, one cylinder would be fir-
ing into the other. With crossover he 
said one more or less gets into the 
proper timing sequence on the firing 
of the engine for the exhaust dis-
charge. It was a good factor for better 
engine performance. 

McGarry also chose to move the 
brakes up and forward 90 degrees 
from the bottom of the wheel. Then he 
covered them with fairings and kept 
the stock wheel pants. He explained 
that rolling the brakes up and for-
ward took the calipers away from a 
very low position near the ground. 
This avoided damage from hard and/or 
bounced landings. With the fairings 
the area was also cleaned up for better 
airflow. He estimated an increase 
in speed of about 3 MPH. He eventu-
ally replaced his first set of hand-
crafted, metal brake fairings with 
the fiberglass ones later developed 
by the factory. 

In his opinion the single biggest 
speed improvement he made with his 
early modifications was the installa-
tion of streamline slave struts to re-
place the round tubing ones that were 
stock — about 6 to 7 MPH. Round 
tubing has significantly more drag 
than the streamline. 

He first played around with wood 
cuffs over the round tubing but didn't 
see any speed difference. Then he 
went to the same type of streamline 
tubes as the Pitts originally had but 
found he did have some vibration just 
like the factory had discovered. His 
occurred between about 125 and 138 
MPH. Next he tried adopting the Eagle 
style of construction using the 
streamline tubing; he made up struts 
out of 035 streamline tubing with IV4-
inch major access. His vibration dis-
appeared and he flew with those struts 
until his later modifications in 1986. 

Herb Anderson at the Pitts factory 
quickly cautioned that McGarry was 
just plain lucky to have eliminated 
vibration problems when making the 
tubing switch. The factory found the 
vibration to be inconsistent, appear-
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ing on some of the manufactured 
S2As and seemingly not on others. 
For obvious safety reasons, Anderson 
warns and stresses that round tubing 
is the ONLY TYPE APPROVED for 
the S2A — and the S2E models as 
well. Streamline tubes are used by 
the factory in the SI series, the SIS 
and SIT, and only in the S2S and S2B 
of the S2 series. 

The hypothesis is that the stream-
line strut vibration on some Pitts 
models is engine induced. Streamline 
slave tubes are used by the factory 
with a 260 HP engine and round tubes 
with 200 HP — as well as the 180 HP 
in the S2E. The reason streamline 
tubes can be used on the 180 SIS or 
the 200 SIT is because the slave tubes 
are shorter. The resonant frequencies 
would be different. 

Anderson added he wishes pilots 
would stop tinkering with Pitts air-
craft and just go out and practice their 
flying more. He's very concerned 
about their safety when they start 
becoming their own test pilots. 

Another early mod incorporated by 
McGarry was the use of SIT doors on 
a regular Pitts cowl. Then between 
the 1984 and 1985 contest seasons he 
had Doug Dodge install one of his 
Aero Specialties' cowls. Dodge's cowl-
ing proved to be much cleaner; the 
frontal area was smaller; and the 
lines were much prettier. McGarry 
said his speed increased by about 3 or 
4 MPH. At the other end of the air-
craft another early mod was a Haigh 
tailwheel which increased the stabil-
ity in ground handling. On the belly 
of N8028 he incorporated a glass 
panel in order to better see the com-
petition boxes and their boundaries. 

Turning to under the cowling, 
McGarry advised he had the engine 
overhauled at the thousand hour 
major. At sixteen hundred hours, he 
noted he had a "little metal showin' 
in the screen. So I tore it down and 
redid it. It's been flyin' fine since." 

Between the two engine overhauls, 
he put in high compression pistons 
and a helicopter cam. As he 
explained, such a cam will hold the 
valves open a little bit longer to pro-
vide better breathing for fuel intake 
and exhaust output. "The problem 
with the helicopter cam," he stated, 
"is it operates at a high RPM, and 
with the constant speed propellers, 
we just don't operate at that high 
RPM. I'm right at the bottom range 
where the helicopter cam starts to 
really come in but it was available 

when I was doing the engine. I had it, 
it really didn't cost anything to put it 
in and I decided to try it. 

"Of course, no benefit came from it 
at the lower RPMs being turned, and 
I think we'd have to turn up around 
2900 to get any. Although I don't feel 
that 's any problem for the engine, I 
wouldn't want to run the propeller at 
2900." 

He has a Hartzell constant speed 
aerobatic prop which he takes off 
every second season to have over-
hauled. "I don't fly by time on it," he 
commented. "I have it overhauled 
about every two years, which is about 

250 hours. I think their time between 
overhaul is 500 hours. I'm doing it 
about half that just to be sure because 
I really think that 's about the 
weakest part on the whole airplane." 

When asked if he'd ever had prob-
lems with any cracking around the 
flange, he replied no. Instead he gets 
cracked spinners — about four now. 
"Hartzell replaced two of them for me, 
but they're starting to get a little hard 
nosed about replacing them any-
more," he said. He described the prob-
lem as the bulkhead breaking in the 
front. So he just simply keeps a spare 
on hand and slips it on whenever a 

spinner fails. 
He used to have fluctuation in his 

oil pressure gage until he acquired 
Frame Up Engineering's induction 
and sump system. With it, the oil 
sump and the air induction injector 
servo are completely separate. Theo-
retically such separation keeps the 
air cooler going into the cylinders be-
cause it is not heated by oil around it, 
like in a regular sump setup from 
Lycoming. With cooler air one gets 
denser air into the cylinders and 
hence better power. "I've had Frame 
Up's system for a couple years now 
and it seems to work," he related. "I 
don't know if it is any better than 
Lycoming's, but my oil pressure likes 
it better." 

As to the cylinders themselves, he 
had them worked on by High Perfor-
mance Aircraft Engines, which re-
sulted in slightly lower cylinder head 
temperature and a smoother engine. 
He reported he did not gain any in-
crease in horsepower that he could 
see. But with all his mods up to this 
point — prior to 1986 — he did in-
crease his total speed by approxi-
mately 25 MPH over what it was with 
the aircraft in stock condition. "At 
first at 25 square — 25 inches of man-
ifold pressure and 2500 RPM — the air-
plane would indicate about 145 MPH," 
he said. "After all the modifications I 
did prior to 1986 and '87 it would 
indicate 170 at the same setting." 

In 1985 McGarry began thinking 
about doing another major overhaul 
to the aircraft itself. "You know when 
you fly 'em 900 to a thousand hours 
you want to look at 'em inside!" he 
remarked. "And there were a lot of 
changes that I was wanting to do in 
order to try to improve its flight 
characteristics . . . And I knew I had 
to do some recovering because the fab-
ric was aging and the paint was peel-
ing off in places. It needed a cover job 
for sure." 

During Fond du Lac 85 he met Gene 
Lamb from Brodhead, Wisconsin. 
Lamb revealed he was in the business 
of doing custom aircraft work and 
McGarry eventually arranged for 
Lamb to take on N8028 as a project. 
Most of 1986 and a portion of 1987 
were devoted to its transformation 
into an S2AM. That stands for an S2A 
modified. "Everybody told me I should 
not call it an S2A any longer with all 
its changes," he commented. 

Originally they started out to do 
just a fabric job and to install symmet-
rical ailerons. Well one thing led to 
another as the two brainstormed 
about the project. Dodge had inter-
jected some ideas too. They figured 
that as long as they were going to 
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open up the airplane and completely 
recover it, this would be the logical 
time to do any modifications they 
might conceive. 

"When we did open it up, we didn't 
find anything seriously wrong — a 
few minor things here and there," he 
indicated. "The spars and their attach 
fittings were fine. A couple of ribs 
were cracked — the nose ribs on the 
top wing. I believe when they over-
hauled it at the Pitts factory in '78 
they also found one or two cracked. 
And there was a crack in the attach 
point to the tailwheel which we also 
found at a thousand hours." 

Traditional metal leading edges 
still graced the wings with the atten-
dant problem of nails loosening up. 
"Nails always seem to work loose on 
the Pitts," he stated matter of factly. 
"I think it's just from the type of flying 
we do with 'em. They work a little 
loose and start popping through the 
fabric and you just push them down 
again." 

Such a nuisance therefore gener-
ated one of his recent changes — glu-
ing plywood leading edges on the 
wings. McGarry said that Lamb's 
workmanship with wood, and in fact 
with all his custom work, was excel-
lent. As to some of the details regard-
ing his work on the wings, McGarry 
recounted it as follows: 

"Gene put two stringers on the top 
side and two on the bottom from the 
spar forward on the ribs. It just makes 
a solid D section — very, very strong. 
You can take a regular Pitts and get 
in between the ribs and squeeze and 
you can see deflection in the leading 
edges. You can't do that on these. 

"In the center section area on the 
upper wing, Pitts uses screws to hold 
down the fabric, but we drilled holes 
through the plywood in that area for 
the stitching needle to go through. 
Then we stitched the fabric on to get 
away from the bumps that the Pitts 
have there. We also stitched the fabric 
on in the wing walk area on the lowers. 
That's a place where you'll see a lot 
of wear on Pitts with the finish start-
ing to crack from the fabric moving. 

"It took a little time but it worked 
out well. We used a one-inch stitch 
pattern on the whole airplane all the 
way out on all the ribs whereas Pitts, 
as they get further out, uses a wider 
stitch pattern." 

As mentioned the installation of 
symmetrical ailerons was one of their 
two original intentions when they 
began work on this Pitts. Then they 
proceeded to extend the ailerons one 
more bay inboard and increased the 
chord on them by about an inch to an 
inch and a half. Since they're fatter 

N8028 
they stick up over the aileron well. 
Asked about a gap seal, he responded 
by saying the ailerons are in very 
tight in the wells, but he was plan-
ning to insert the soft side of velcro. 
His premise was that the velcro would 
rub against the nose of the ailerons 
themselves and seal the slight gaps 
left after installation. 

One of the ideas they tried in rela-
tion to the ailerons didn't work out. 
They attempted to taper the trailing 
edges similar to that of a late model 
Mooney, but snatch developed at 
speeds over 130 or 140 MPH. Hence, 
they went right back to a straight 

trailing edge just like on a factory 
Pitts model. 

He didn't even attempt the squared 
off trailing edges incorporated by 
Dodge on another Advanced competi-
tor's Pitts, that of Rogers Fassnacht. 
(Refer to the article on Fassnacht's 
airplane in the March issue of SPORT 
AEROBATICS.) "It was indicated to 
me by some aeronautical engineers 
that that could induce flutter," he ex-
plained. "They suggested the Mooney 
type trailing edge which didn't work 
so I went back to the original Pitts 
type 'cause I know that works." 

Still more modifying of the wings 
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came in the form of changing the inci-
dence and the tips. Incidence is now 
at zero and it's supposed to help in the 
vertical maneuvers and possibly top 
end speed he said. He left the dyhed-
ral alone. 

"I had talked to Kermit Weeks 
(three-time U.S. National Aerobatic 
Champion and designer and builder 
of a one-of-a-kind biplane, the Weeks 
Solution)," recalled McGarry, "about 
the incidence and dyhedral and he 
said he'd definitely do the incidence, 
but he wouldn't bother with the other 
unless I was starting from scratch . . . 
A lot of guys who are overhauling 
and/or changing their wings now are 
taking the incidence out." 

As to the wing tips, those got squared 
off for appearance sake or flying pre-
sentation before the judges. "Every-
thing on a Pitts is round," he re-
marked. "There are just no straight 
lines. Squared wing tips give a better 
reference point for the judges. 

"We cut off the bow that a regular 
Pitts has, right at the last outboard 
rib. Then we built up a foam and 
fiberglass tip that we installed. The 
aileron comes out now and is actually 
part of the tip. We have reduced the 
width of the airplane by 12 inches — 
the wing span — by taking six inches 
off each side. Technically this should 
increase your rate of roll. 

"We tufted the area out there with 
yarn and tested it or Doug Dodge had 
done quite a bit of this and deter-
mined there was very little lift out on 
a Pitts tip. So, we didn't feel we were 
really losing anything by cutting 
them off. And after flying it, I still 
feel we haven't lost anything but we 
have picked up a little better rate of 
roll than I had before." 

Gone too is the little bar and cutout 
centered in the top wing that had pro-
vided a handy grip for climbing in 
and out of the front seat. McGarry 
elected to eliminate it and fill the area 
in straight across for smoother airflow 
over the top of the wing. On the other 
hand, he added something for the 
same reason on the lower wings — a 
fairing. Copied after a wing fairing 
on a Cessna 170 and just turned up-
side down, he installed it on the back 
of the trailing edge of the wing root. 
"How effective it is or isn't, I don't 
know," he admitted with a grin, "but 
it looks good!" 

Still another alteration to the wings 
came in the form of his once again 
making changes to his slave struts. 
This time around he made them inter-
nal. As he described, "We put in two 
new bell cranks on the I strut and put 
the slave strut inside the I. This was 
Gene's idea. It had been done on other 
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airplanes, but he did it a little differ-
ently. I looked at a Skybolt that he 
had built with internal slave struts 
and liked the way he had done it. It 
was all push, pull. There were no tor-
sional mechanisms — all push, pull 
and direct drive. I especially liked 
that idea because I thought there'd be 
less flop in it." Hence, he had further 
streamlined his slave strut setup. 

Besides eliminating the roundness 
in the wing tips, Lamb and McGarry 
also set out to straighten the lines of 
the fuselage to get away from the 
Pitts' traditional banana or football 
look, especially for doing vertical 
maneuvers. They elected to raise the 
turtledeck up in the back by 4V2 inch-
es, providing a straight line from the 
back of the headrest on the pilot's 
seat to the vertical stabilizer. They 
skipped playing around with the belly 
of the aircraft though as McGarry 
didn't want to go to all the work that 
would be involved there. "And I really 
did not like the way it would look," he 
commented. "We had laid it out." 

Next they attacked the round tail 
feathers, but their success here was 
slightly impaired. At first they 
squared both the rudder and the 
elevators while increasing the size of 
them as far as the chord areas. They 
took the furthest point aft and 
squared the entire surface from there. 

"It didn't work out too well for us 
in flight testing," revealed McGarry. 
"If you'd go over 200 MPH there was 
some shudder from the back tail sur-
faces. So we took off the square rudder 
and put the original Pitts round one 
back on. I still had the shudder so we 
tufted everything and found that on 
the outboard squared edges of the 
elevators there was a disturbance in 
the air at that point. It looked like 
vortices hitting on the tail surface 
itself on the very outboard tips while 
the rest flowed smoothly." 

Then they re-rounded the elevators, 
starting at the servo area and pro-
ceeding outboard. This way they 
maintained the larger squared servos 
that had been created while modify-
ing the elevators. McGarry's squared 
servos are about twice the size of 
those on a regular Pitts. "They're very 
effective and make the airplane 
lighter," he commented. "They reduce 
the stick pressures for pushing out-
side or pulling inside." 

The elevators themselves are now 
back to within two or three square 
inches of what the original Pitt's con-
figuration is. Apparently their diag-

nosis that the vibration was coming 
from the squared elevators out in the 
tip area was correct because the vi-
bration has disappeared even up to 
230 MPH. 

Besides stock wheel pants, McGarry 
also kept basically stock Pitts gear. 
There is a change in the gear leg, 
however. He cut off the trailing edge 
which was round tubing and about 18 
or 20 square inches and made a truss 
similar to a truss in a roof with 
streamline tubing on the rear of the 
gear. "A lot of people think it's a 
spring gear when they first look at 
the airplane," he stated. "I think the 
airplane looks better this way and I 
thought we might save a little in 
speed, but I don't think we did." 

He's never had spring gear and 
explained why with all his modifica-
tions he had never done that one. 
"Well," he said, "the airplane didn't 
come that way from the factory and I 
never wanted to change over because 
they had a lot of trouble with the 
longerons cracking on Pitts with 
spring gear. I was never motivated to 
try the spring gear because of the 
problems others had." 

Returning to another of his devia-
tions from stock, he relocated the oil 
cooler in the right wing in the walk 
area or wing root and ran the plumb-
ing through the inside of the cockpit 
along the wall to the firewall and up 
into the engine. He cited two reasons 
for moving it out of the powerplant 
compartment — to get it away from the 
heat of the engine and to try and re-
duce the cooling drag on the airplane. 

The cooler can be removed from its 
new location through the bottom of 
the wing in about an hour in the event 
of a leak or failure. He had always 
figured that if he ever did redo his 
wings, he'd put in two coolers — one 
in each lower wing as a precaution 
against failure. But when Lamb 
pointed out he could install a remov-
able cooler, only one remained essen-
tial. McGarry had discarded Dodge's 
idea of installing the oil cooler in the 
aft section of the baggage compart-
ment like he did in Fassnacht's SIS. 
McGarry simply liked the wing loca-
tion better than the fuselage. 

The intake is on the bottom of the 
wing and discharge on the top. At 
first it was thought a scoop would not 
be necessary. McGarry and Lamb had 
assumed low pressure on one side and 
high on the other would be enough for 
airflow. Flight testing proved other-
wise. Hence, after experimenting with 
different sizes, there is now a one-inch 
deep scoop for intake. It's about five 
inches wide or the width of the oil 
cooler itself. Although they're not too 

sure how effective they were on elimi-
nating drag, they are convinced cool-
ing improved with the cooler no 
longer housed in a hot environment. 

A fabric job was that other original 
intention when the custom work was 
begun on N8028 by Lamb. Change 
occurred here once again in that 
McGarry decided to deviate from the 
customary Pitts type of factory cover-
ing, a Ceconite and dope process. As 
he explained it, "I had a lot of trouble 
with my fabric or the paint peeling 
away on it. After several years of fly-
ing, the finish started to separate 
from the Ceconite. The fabric was fine 
but the adhesion of the finish was just 
letting go. Some peeling sections on 
the wings were several inches square 
or round." 

He chose on this go-around to try 
the "Blue River process, a lighter 
weight plasticized Ceconite fabric. I 
had some sample sheets of it with 
finish on it," he stated. "And you 
could fold it down 90 degrees, crease 
it, snap it and bend it and still not get 
the finish to break or let go. It's very 
soft, very pliable and fairly easy to do 
repairs on. It's just a real easy fabric 
to work once you get used to working 
with it. It didn't take Gene long at all 
to cover the airplane. 

"The paint is also Blue River. It's 
water soluble and when you turn a 
screw into it, it's very pliable, almost 
like it has a rubber base to it. A poly-
urethane type of paint, we clear 
coated over it on the entire airplane." 

While he was at it, McGarry even 
scrapped the traditional red and 
white Pitts paint scheme. Instead he 
copied the latest trend of straight 
lines and bars on the wings. The tops 
are now all red with a long wide, 
white bar from tip to tip. The under-
sides are dark blue with white stripes 
on the outboard sections from leading 
to trialing edge. As a result judges get 
a definite contrast between upright 
and inverted. 

He also replaced his Snoopy near 
the tail section. Yosemite Sam now 
stares at ya with guns drawn and 
smokin'. "Yeah, no more 'Mr. Nice 
Guy,' " quipped the Irishman with his 
blue eyes twinkling. 

He estimated that the Blue River 
process also saved about 10 pounds in 
weight overall. He shed more pounds 
by taking out the standard Pitts 
metal front seat and replacing it with 
a removable Lexan type that holds a 
complete radio package on its back. 
Removal of the new front seat 
makeup with its -seat belt, cushions 
and radio equipment adds up to about 
a 22-pound savings. He got rid of 
about another four pounds by taking 
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out the front control stick, rudder ped-
als and connecting rods between the 
pilot's and passenger's pedals. 

Still more weight became spared 
with accessory changes involving the 
engine and related power components. 
He switched to B & C Specialty's light-
weight starter and alternator and 
changed the Hartzell prop governor 
to a Woodward. Although he did try 
Electro Marketing's lighter weight 
battery, he indicated he encountered 
hot start troubles and therefore went 
back to a gel cell. 

All in all he figured he shaved 
about 66 pounds with his various 
changes over the years and the con-
test conversions he makes like the 
removal of the seat with radio, start-
er, and battery and use of the auxilia-
ry top wing fuel tank instead of the 
main. He jokingly admitted it's easier 
for him to take weight off his airplane 
than himself. 

Although the heavier battery 
comes out, he does put in a very small, 
lightweight motorcycle one to run the 
fuel pump for emergencies and "to get 
a little juice to the mags for starting." 
"Since the Pitts is fairly easy to start 
cold," he continued, "and all of your 
contest flying is a cold startup, there's 
no problem with the smaller battery." 
The larger one is essential he believes 
for cross country hops where it's often 
difficult to find someone to prop and 
you have hot starts. 

He and Lamb further streamlined 
N8028 by burying the communication 
antenna inside the vertical stabilizer 
and by flushing all the screws on the 
airplane. Practice flights now show 
that his latest modifications coupled 
with those over the years allow him 
to hold speed going across the box. 

As he put it, "When I come out of a 
maneuver now and I have good speed 
of — oh, let's say a hundred ninety 
miles an hour — I can fly straight 
across the box and still have the 
hundred ninety when I get to the 
other side of the box. I don't lose the 
speed going across even though I'm 
flying in level flight. It doesn't bleed 
off as quickly as it used to." 

He concluded, "I'm really happy 
with the airplane right now. It's fly-
ing really well and is way ahead of 
me. I just have to catch up with it and 
get back into the groove. You know 
when you've been away from it for 
awhile (a little over a year), you lose 
your timing and coordination. It just 
takes a lot of practice to get your tim-
ing back but it will come. 

"The airplane is as good as I'm 
going to have it now. I don't intend to 
do anything more to it, but to fly it 
and keep it in flying condition." 

By Steven Lehar 
IAC #9646 

350 Marlborough St. 
Boston, MA 02115 

When I first started flying my S-l 
Pitts, I had thousands of hours of fly-
ing time including lots of taildragger 
time towing banners with L-19 Bird-
dogs, which of course involved land-
ings in vicious crosswinds on quite 
short strips and the like. Also, having 
served my time as a flight instructor 
I really felt I understood all the forces 
acting on an airplane. 

I had learned that the best way to 
get to know an airplane is to taxi it 
rapidly down the runway at different 
speeds and get the feel of her re-
sponse, especially at that critical 
transition speed when she's half fly-
ing but still firmly in touch with the 
ground. I was somewhat puzzled 
therefore when I was advised most 
vehemently by veteran Pitts pilots 
not to do so, but to pass through that 
transition speed as expeditiously as 
possible on takeoff so that I would 
have at least one good flight before I 
crashed! 

When the great day came my 
friends were waiting by the edge of 
the runway with a fire extinguisher 
as I pushed the throttle to the stop 
and the little machine accelerated 
rapidly with a roar. As expected, the 
rudder was exquisitely sensitive and 
little stabs with my feet made her 
lurch left and right but before I had 
time to get into trouble that big en-
gine had torn us from the earth and 
the Pitts became the sweetest flying 
machine I had ever flown! And after 
half an hour of sheer bliss doing loops 
and rolls and Hammerheads I turned 
her nose back to the airport and pre-
pared for landing. 

The major handicap during the ap-
proach was visibility — or lack of it. 
I had to corkscrew left and right to 
check for traffic and watch the run-
way. It was like flying a J-3 from the 
back seat with a big guy up front 
blocking the view — except the visi-
bility was worse! With the power 
back, on final approach, she dropped 
like a sewer cover and I held the rud-
der hard over to keep an eye on the 
numbers rushing up at me. 

I had spent some time before takeoff 
studying the perspective of the small 
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section of runway visible from the 
cockpit, and I now flared out and 
gently worked the throttle to re-
create that same perspective. To my 
complete amazement the touchdown 
was a perfect three-pointer and as I 
chopped the power and rolled along 
with the stick back I thought, "that 
wasn't so hard at all!" 

What took place next takes much 
longer to tell than it did to happen. 
The airplane lost all flying speed rol-
ling straight as an arrow and was 
firmly on the ground when her nose 
swung left just a little. No problem. I 
was ready with a little right rudder 
but no sooner had I applied it than 
she swung right a bit. Not getting too 
excited I applied a little left rudder 
and she swung firmly to the left. 

Before I knew what had hit me we 
were swerving madly left and right 
first up on one wheel then the other, 
all at a speed too low to warrant a 
go-around. The last crazy swerve to 
the left had us up on the right wheel 
so far that the right wing scraped the 
runway and pivoted us around to the 
right, coming finally to rest facing 
the traffic on final. 

A few evenings of dope and fabric 
work repaired the damage, and it took 
many more landings to master the 
plane. It was not until I had been 
flying the Pitts for a few months, how-
ever, that I finally figured out what 
had happened that first time and 
what I was doing instinctively to 
make successful landings now. What 
it amounted to was I had encountered 
a new force that in all my flying ex-

s-1 Pins 
perience I had never noticed nor read 
about. And I suspect that other Pitts 
pilots who advise against lingering in 
that transition speed are not fully 
aware themselves of the nature of 
that force or what it is they are doing 
instinctively to control the plane in 
those brief seconds on takeoff and 
landing. 

It is rather like riding a motorcycle 
and not knowing what makes it turn. 
Most motorcyclists know that you 
don't turn with the handlebars but 
rather you lean into the turn. Few of 
them are aware, however, that the 
way you lean to the right for instance 
is by turning the handlebar momen-
tarily to the left, then neutralizing it 
when the bank is established. The 
handlebar is your roll control, a right 
turn rolls left and vice versa. (If you 
find this hard to believe, try it next 
time. Just waggle the handlebar 
while driving straight and watch the 
bike "wag the wings.") 

I call this phenomenon "motorcycle 
effect" though many expert motorcy-
clists who ride by feel are blissfully 
unaware of what they are actually 
doing with the controls. Well the mys-
terious force that I had encountered 
in those fleeting moments on the run-
way was none other than this motor-
cycle effect. 

Picture the following situation. You 
are on the runway after touchdown 
and you have lost enough speed so 
that your ailerons can no longer pro-
vide roll control, but you are other-
wise still moving fairly fast. You are 

heading, let us say, somewhat to-
wards the right side of the runway, 
but have already started correcting 
back to the left with the left rudder. 

In a plane like the Pitts with its 
narrow track gear and high center of 
gravity, it is not at all unusual for it 
to respond to this left turn by leaning 
momentarily to the right and riding 
on the right wheel with the left wheel 
in the air, as a result of centrifugal 
force, or if you will, motorcycle effect. 
The pilot's instinctive response to this 
situation is to apply left aileron to 
attempt to bring the wings back to 
level and when that has no effect, to 
assist the aileron with some more left 
rudder. 

If we were in the air and at low 
speed this would be an appropriate 
response as the rudder would help 
provide lift on the stalling right wing. 
On the runway in a Pitts, however, 
more left rudder has the opposite ef-
fect — that is to roll the wings farther 
to the right. The proper response is to 
apply enough right rudder to bring 
the left wheel back in contact with 
the ground before continuing with the 
left turn. This allows you to use the 
left brake if necessary to help turn 
left or both brakes if desired. 

Having grasped the principle of 
motorcycle effect I would advocate 
that new pilots of narrow track gear 
taildraggers should taxi rapidly down 
the runway at motorcycle effect 
speeds — which in my Pitts is well 
below flying speed — and should prac-
tice holding the wings level by using 
the rudder as a roll control. 
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Take one man's dream to create 
what he considers to be the state of 
the art in an aerobatic biplane. Add a 
very good friend of his who just hap-
pens to be an aeronautical engineer 
and who enjoys helping close friends 
occasionally with their aviation proj-
ects. Then stir in his friend who's 
adept at building aero aircraft. 

Next, season with the advice of a 
gentleman who specializes in aircraft 
engine work. Finally simmer this 
mixture well for a couple of years. The 
result? The Goshawk — a unique bird 
which has joined other one-of-a-kind, 
prototype machines adding sparkle 
and zip to our sport. 

The dreamer or stimulus for this 
creation is the Goshawk's pilot/owner, 
Rory Moore of Phoenix, Arizona. Its 
designer is Dan Rihn of Long Beach, 
California; its builder, Rich Bastian 
of Burns, Wyoming, with the excep-
tion of the wings which were con-
stucted by Dan Beckman of Denver, 
Colorado. Another Colorado resident, 
Dick DeMars of Firewall Forward in 
Fort Collins, is the consultant behind 
the powerplant makeup. 

Moore relates that his dream 
machine evolved from both his desire 
for comfort and his hope of becoming 
very competitive at the world level in 
sport aerobatics. Although he doesn't 
have much time to devote to this sport 
and the intense practice of it pres-
ently, he's counting on that changing 
in the future. When that time comes 
he wants to be ready with equipment 
that he feels will be capable of doing 
a top notch job in world competition 
and he wants that equipment to be a 
cramped-free biplane. 

"I think we've designed one," he de-
clares, "that will judge like a mono-
plane and has a power-to-weight ratio 
in excess of any biplane now flying, 
as well as being comfortable for me to 
fly. I never was in my other airplane 
(a Pitts S-1T model) because of my 
shoulder width. One of the things that 
I wanted Dan and Rich to do right off 
was give me more space." 

The Goshawk accommodates his 
six-foot-two, broad-shouldered frame 
quite nicely. "It's basically like hav-

ing your own race car form fitted to 
you," he comments. "There are two 
more inches for my shoulders than I 
had before . . . In my opinion, the more 
comfortable you are in the airplane, 
the better you will fly — although 
that hasn't proven to be the case yet 
for me. But it sure is a comfortable 
airplane, especially on cross country." 

As is frequently the case with joint 
endeavors, much brainstorming comes 
into play. Early on Moore and Rihn 
determine what size engine they want 
to use and what size and shape the 
airplane will be. As Rihn tells it, "We 
obviously looked at other airplanes 
and Kermit's (the Weeks Solution, a 
one-of-a-kind biplane conceived and 
built by former U.S. National Aero-
batic Champion Kermit Weeks) cer-
tainly inspired us the most. But we 
felt we really wanted to just start with 
a clean sheet of paper and said to our-
selves, 'Okay, that's the direction we 
want to go, but we won't look at Ker-
mit's airplane anymore. We'll do it to-
tally on our own and then when we're 
done, we'll come back and compare.' 

"We also wanted an airplane that 
would fare as well as a Laser under a 
judge's scrutiny. In our opinion the 
Laser and other monoplanes like it 
are so successful as a result of their 
length and size, not to mention their 
nice streamline lines, especially in 
profile." 

Their thinking ultimately produces 
the Goshawk's particular dimensions. 
These include a fuselage length just 
under 20 feet long, from spinner to 
the end of the rudder. This in turn 
influences the length of the wings be-
cause Moore strongly believes it in re-
lation to fuselage length is quite im-
portant to judging presentation. 

"There are a number of prototype 
biplanes that have long fuselages, but 
short wings," he comments. "I think 
you have to have the long wing with 
the long fuselage like the Laser does." 
Hence the Goshawk wing checks in at 
a little over 19 feet, slightly longer 
than most single-seater aero biplane 
configurations but somewhat shorter 
than an S-2B's. 

The chord on the Goshawk wing is 
40 inches with a planform very simi-

lar to what Rihn has developed on his 
own airplane, a homebuilt Pitts S-1S, 
with the radius and leading edge 
dropping straight back to a squared 
off trailing edge. As to the wing load-
ing, it's also similar to Rihn's instead 
of the S-1T Moore used to fly. 
Rationale for this is predicated on the 
fact that Moore flies out of the 
Phoenix area where the density al-
titude is very high. 

"The 13 to 12 pounds per square 
foot loading on the T-model just 
wasn't cutting it," states Rihn. "Rory 
wasn't able to pull clean corners and 
get it up to vertical without running 
out of energy, stalling and falling out 
of figures. He was just having a lot of 
problems there. And we knew that my 
own airplane's loading of about 10 
pounds per square foot was maybe a 
little light, but we wanted to get it 
into that area. Then based on what 
we felt the airplane's weight would 
be, we decided to go with about 115 
square feet and the basically 19-foot 
span." 

Since they also decide at the outset 
that they want this new aircraft to be 
as symmetrical as possible, they opt 
to sweep both of its wings and to the 
same seven and a half degrees — 
whereas a Pitts Special only has one 
wing swept. In addition part of the 
reason for the dual sweep stems from 
their desire to improve the snapping 
characteristics of both wings. Of 
course, such sweeping produces still 
another benefit. It actually gets the 
wings' aerodynamic center further 
forward, according to Rihn. "Then," 
he says, "the nose can be loaded up 
with a heavier engine and prop combi-
nation if you sweep from the I strut 
forward." 

As to the ailerons, they're slightly 
fatter in the well area. Although sym-
metrical like the wings, they're more 
square than S2 ailerons as they don't 
taper down in thickness. They're 
about the same as Rihn's setup. "I'd 
been playing around a lot with the 
trailing edge design on my airplane," 
he states, "and that's how I came 
about deciding to go with the squared 
off trailing edge, very similar to an 
Extra although not nearly as thick be-
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GOSHAWK 
Named after a prized hunting hawk, the Goshawk aero biplane 
reminds its owner of some of its namesake's characteristics. 
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cause the Extra's chord itself is 
longer." 

The span of the Goshawk's ailerons 
differ from most Pitts. There's an ad-
ditional bay inboard. Rihn has also 
made sure they only slightly overlap 
the horizontal stabilizer as he doesn't 
want them shedding disturbed air 
over the tail. Likewise he has tried to 
keep them out of the wing tip vortices 
and therefore stopped the aileron 
span about five percent short of the 
tip. 

He comments, "I know Kermit 
(Weeks) and Harold (Chappell) and 
some others carry their ailerons clear 
off the tip with a counterbalance, but 
we didn't do that." Although there is 
no counterbalance device on the 
Goshawk as yet during our interview 
at Nationals 87, spades are planned 
for later. 

The tips themselves are squared off 
instead of the more traditional round 
configuration. This serves construc-
tion purposes more than aerodynamic 
ones. Rihn and Bastian indicate it's 
difficult to make the area strong 
enough because of the plywood sheet-
ing there. It's therefore easier to 
square the area off to increase the 
depth somewhat, thereby giving it 
some structural rigidity. 

Regarding incidence and dihedral, 
there is none of the former and only 

a tiny bit of the latter. Bastian ex-
plains it was necessary to incorporate 
a little dihedral since the lower wing 
is swept. "If you don't bring dihedral 
in it a little," he says, "the wing ap-
pears to droop when it's on the 
ground. However, it may seem there's 
none in it." 

Unlike some homebuilders who in-
corporate their slave struts inside 
their I struts, Bastian has not done 
this on Moore's aircraft. The tubes are 
round, not streamlined, which does 
produce more drag but avoids any vi-
bration problems that may otherwise 
occur. The trio all readily agree that 
there is more than sufficient horse-
power to compensate any little such 
drag increase. 

Moore defines prime criteria he 
seeks for his wings' construction as 
being as light as possible with a good 
roll rate. But he stresses the wings 
must also be strong. He believes he 
has gotten all he was after on 
N345RM, his Goshawk. "I knew a 
pilot at one time who was a very close 
friend by the name of Amos Buettell," 
Moore relates. "Amos had found a guy 
in Denver, Daniel Beckman, who had 
built all of his wings. And, in my opin-
ion, no one ever flew an airplane 
harder than Amos. Since Beckman's 
wings held up for Amos, I figured 
they'd hold up for me." 

Materials used in their construc-
tion are mahogany and spruce. 
Mahogany comprises the leading 
edges of both the wings and the ailer-

ons. The spars are made out of spruce. 
"It's probably one of the lighter woods 
around for strength," states Bastian. 
"The ribs are like Sparcraft's in that 
they're mahogany routed out with 
spruce cap stripping around them. 
There are a few extra nose ribs. The 
lightening holes are square with 
rounded corners." Rounding natur-
ally prevents cracking and breaking. 

Wing positioning reflects Rihn's 
idea of where he wants them to be in 
relation to the pilot. "One of the nice 
features of the airplane," says Moore, 
"is the location of where I sit. As I 
look out the side if we could put a 
sighting device on the wing tips, it 
gives you the same feeling that you 
have in a normal single seater air-
craft versus a two-seater like an S-2B 
where you're way back from the 
wings." 

With this positioning and that of 
the engine's, plus its and Rory's 
weight factored in, Rihn says he 
moved things around somewhat to 
make the weight and balance work 
out. "And, of course, I wanted it all 
very light and very good structur-
ally," he notes. "It's all just right out 
of the Pitts concepts with a virtual 
copy of a Pitts truss — just things 
moved around here and there." 

As far as the alteration of the en-
gine's location, that involves a change 
in its vertical placement although 
many get the impression that such al-
tering has occurred to the upper wing 
instead. It appears it has been low-
ered in comparison to a Pitts wing. 
"But we didn't really do that," reveals 
Rihn. "We raised the engine about 
two inches. This produces the effect of 
complete symmetry when you view 
the airplane straight on. The engine 
is centered between the wings which 
has a 40-inch gap separating them." 

Such an arrangement comes about 
as the result of discussions between 
designer and builder. It is Bastian 
who persuades Rihn to place the en-
gine's thrust line so that it lies 
squarely between the wings. Actually 
many phone conferences take place 
between them throughout the 
Goshawk project duration. Inciden-
tally Rihn never sees the Goshawk 
during any of its construction period. 
The first he views the end result of 
his part in Moore's dream machine is 
after Moore has ferried it home and 
flown aerobatics with it awhile. 

During their consultations, Bastian 
also convinces Rihn to forego the idea 
of two fuel tanks. "My first layout 
called for two, but Rich talked me out 
of it, mostly because of weight," Rihn 
confesses. "But it really is a better 
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structural layout. I had originally 
wanted one big tank in for cross coun-
try and a small tank for aerobatics. 
Later I agreed with Rich that it would 
be better to just have one tank for aer-
obatics and local flying with a header 
tank and then have a removable bomb 
for cross country. 

"That changed somewhat our loca-
tion of some of the stations just in 
front of the cockpit. We also added 
some depth back to the tail to get 
away from the potbelly look of the 
Pitts. You just drop the tailpost down 
a couple of inches . . . The turtledeck 
is custom designed, but the canopy 
and nose bowl match a Pitts." 

Esthetic considerations play a 
major role in the ultimate shape of 
the Goshawk's tail feathers, espe-
cially the rudder. Thinking once 
again centers on achieving an angu-
lar look such as that found in the 
Laser monoplane instead of round or 
elliptical as in the Pitts biplane. 

"The monoplane's shape has so 
many advantages," remarks Rihn. 
"The Pitts has got one wing swept, 
one wing straight, a round rudder and 
elliptical tail feathers. What in the 
heck is the judge to look at? It's very 
difficult. So, I was trying to just keep 
the look clean and simple with very 
sharp defined lines and complete 
symmetry." 

He has accomplished this in the em-
pennage by doing away with the 
round rudder. Now one spies definite 
angles in its shape. He has also 
matched the sweep of the horizontal 
stabilizer and elevators to that of the 
wings and made all the edges corres-
pond in their shapes. Furthermore, he 
has given the rudder more chord 
length and slightly more vertical 
height than that found on an S-2B. 

As he explains, "I wanted a big 
enough rudder for doing pinwheel and 
spin figures while at the same time 
being very safe. I also wanted it to 
adequately handle any of the torque 
problems when you're very slow and 
capping off or pushing over the top. I 
don't feel that an S-2B sometimes has 
quite enough rudder when going over 
the top. It could just use a little bit 
bigger one and we were going to be 
roughly the same in size and power 
with the Goshawk." 

He and Bastian estimate the servo 
tabs to be about the same as those 
found on a two-place Pitts. When it 
came to such details as this, Rihn ad-
mits he pretty much deferred the deci-
sion to Bastian's judgment. "You have 
to remember I designed this airplane 
fairly rough or crude," he notes. "Once 
Rory and I decided we were on the 

same track, I sent copies to Rich and 
he liked what we wanted to do and 
then away we went. I relied on Rich 
a lot for his expertise not only as a 
builder but also as a past aerobatic 
pilot — a darn good one." 

Then he interjects a bit of humor 
about Moore's relying on them both. 
"Rory wrote the checks," he says. 
Moore adds, "Big ones. Big checks." 

However, the mood next turns seri-
ous as he states, "Speaking as the 
owner, I think it's only fair to point 
out we did have this one problem with 
the tail area — a broken tube in the 
vertical fin. We determined that it 
was probably due to the fact that we 
needed another support wire, similar 
to the Eagle with it running from the 
vertical fin down to the horizontal. 
With a new fin and wires we don't 
think we'll have a problem there 
anymore." 

Moving on to other aspects of the 
Goshawk's makeup, we discover that 
it has gap seals on the control sur-
faces, naturally, to enhance perfor-
mance by reducing drag and improv-
ing control effectiveness. Rihn not 
only subscribes to the usefulness of 
these, he also manufactures them for 
some aero models. The tailwheel is 
the popular Haigh tailwheel for all 
the pluses it brings to ground handling. 

We learn the gear is the spring 
variety. Moore is relieved though that 
Bastian has devised a method of fab-
ricating it that avoids the all too com-
mon problem of cracking which others 
have encountered with this type of 
gear. Bastian elaborates on what he 
does: "Years ago I talked to Curtis 
Pitts 'cause back then we were mod-
ifying the Pitts a lot with the spring 
gear. On the earlier ones we had a lot 
of trouble with longerons cracking. 
Curtis advised the ideal way to solve 
this would be to bolt the gear, have 
the longerons drilled and bushed with 
the gear bolted on right there. 

"So we cut the longeron, slide a 
piece of square tubing over it and drill 
and bush it with the gear sitting flat 
on that. In the center of the gear we 
run another piece of square tube, bush 
it and then bolt the gear solid in the 
center. This eliminates all the twist-
ing on the longerons." 

Rihn adds, "Basically what Rich is 
doing is making the gear rigid 
whereas in the past when the gear 
would flex, the middle would bow out 
where it was attached to the longe-
rons. And with all the rocking and 
rolling there, they would break. The 
rigidness of the gear where it con-
nects allows the gear itself to flex 
outside of the airplane." Included in 
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the gear package are regular 500 x 5 
tires and Cleveland wheels and brakes. 

A special engine that is presently 
unique in competition aero aircraft 
provides the Goshawk with around 
360 HP. An I0-540-P1A5 from out of 
a Piper Aerostar, it was a stock 290 
HP engine until modified by Dick De-
Mars of Firewall Forward. According 
to Moore it is one of the lightest big 
cylinder 540 engines Lycoming ever 
made and DeMars recommended 
using it. 

"When we decided to start this proj-
ect," Moore recalls, "I contacted Dick 
and told him what we were trying to 
achieve. Upon his recommendation of 
this particular engine, we then began 
searching for one. They're not that 
easy to find. But we did find two. The 
other one is being used by its owner, 
Frank Sanders of Chino, California, 
in his Marchetti which he flies in for-
mation air show aerobatics. Although 
Dick did the work on both engines, 
mine is different in that it has a more 
exotic cam and high compression pis-
tons." 

Moore goes on to explain or define 
what he considers exotic by saying, 
"It's a Crane cam and the last one 
manufactured by that company for 
aircraft. They no longer do so because 
they're afraid of the product liability 
aspect of it. This cam is more of a rac-
ing type. It in conjunction with the 
high compression pistons add greatly 
to the output of the engine." 

Although the engine has a separate 
mount rather than being bolted di-
rectly on to the firewall like Harold 
Chappell did in his S-l, it is still back 
as far as it can get without actually 
being on the firewall. Its final location 
is based on maintenance factors and 
a joint desire by designer and builder 
to keep the weight aft. 

"The sump," Moore continues 
speaking, "is the new Lycoming mag-
nesium sump. In fact I think we got 
the first one that came off the line at 
Lycoming. Its biggest advantage in-
volves the fact that air going into the 
engine is cool versus being heated by 
oil." He believes Kevin Murray spe-
cially manufactured this type of sump 
with Lycoming now producing it. 

He judges the weight of the engine 
to be somewhere around 430 pounds 
and Rihn points out it's putting out 
far more power for its weight than a 
stock 540. "This particular engine is 
one that will become more popular as 

the people start to buna tne new 
Glasair III, where they're looking to 
save some weight on a 540 engine and 
still use a big cylinder one," states 
Moore. "We have about a hundred 
hours now on it and we've had abso-
lutely no problem with the engine per 
se. 

"However," he observes, "the prop 
has been a problem. We spent months 
trying to solve it. I now have a three 
blade MT propeller produced by Gerd 
Mtihlbauer in Germany. MT man-
ufactures their own blades while 
utilizing a hub manufactured by 
McCauley. 

"The first propeller we tried on the 
plane was a Hoffman three-blade and 
we found the engine ran too hot. A 
viscosity problem develops with high 
oil temperatures preventing you from 
utilizing a high pressure propeller 
such as the Hoffman. When the oil 
temperatures in my particular engine 
approach 200 degrees Fahrenheit in-
dicated, the oil becomes too thin to 
move the small piston that's in the 
Hoffman hub. Hoffman produces their 
own with very small pistons requiring 
an enormous amount of pressure to 
operate — about 600 psi." 

Rihn quickly interjects, "Re-
member too that Rory's flying out of 
Phoenix which is obviously extremely 
hot. So oil cooling is very difficult 
there." 

Moore picks up the story once again 
regarding his propeller troubles: "I 
had two Hoffmans and I desperately 
wanted to solve the problem we were 
having. Our first solution was to try 
to make the engine run cooler. We did 
this by doing certain changes to the 
oil system — relocating the oil coolers 
and changing the cowling somewhat 
to provide more airflow in and out. 
However, the end result was only 
minor success and not sufficient 
enough for me to run with the 
Hoffman prop. 

"And by the way, this problem with 
the Hoffman propeller is not one I had 
alone. I know of several others with 
high performance 10-540 engines who 
are experiencing similar problems. In 
fact, Hoffman acknowledges the diffi-
culty with their hub and they're doing 
their best to work it out. 

"For the time being, though, it's 
necessary for me to run with the MT 
propeller which operates with no 
problem whatsoever at high oil tem-
peratures — simply because of its 
large McCauley hub piston. Although 
I'm not an engineer, it was pretty ob-
vious to me that with the smaller pis-
ton it took more pressure to move. The 
MT setup only requires about 310 

pounds of pressure to move the piston 
controlling the blades." 

A wooden/plastic composite propel-
ler with brass leading edges, the three 
blade MT prop on the Goshawk has 
circular counterweights. They are not 
the type that has caused difficulties 
and mishaps in the past. Those were 
not MT counterweights. MT now pro-
duces their own, correcting the former 
hazard. 

"The MT propeller we have on the 
plane now is an excellent propeller," 
Moore avows. "Its only drawback that 
I have found is the fact it does weigh 
about 17 more pounds than a Hoffman, 
which is understandable since the 
McCauley hubs are much larger. This 
increase in weight is noticeable in the 
handling characteristics of the air-
plane although it's not a disadvantage." 

Rihn clarifies that Moore is talking 
about feel and a CG change here, not 
weight of the airplane. The CG 
change makes the nose heavy but, as 
Moore puts it, "It's minor." He adds, 
"It's a very acceptable tradeoff, hav-
ing the propeller work even at high 
oil temperatures versus having the 
propeller go into course pitch. In a 
very hard aerobatic sequence where 
you're running oil temps right to red-
line, it's nice to have the propeller 
stay in pitch setting versus going to 
course pitch once the oil gets thin." 

He gives an example, saying, "In 
layman's terms, and most pilots 
would understand this particular 
problem, I'd pull vertical and about 
half way up I'd see my RPMs drop off 
from 25 to 2600 all the way down to 
1900, thereby losing RPM on the ver-
tical or anytime basically I'd put a 
load on the blades whether it was 45 
up or vertical. Anytime the counter-
weights would try to move the blades 
the oil pressure wasn't able to resist. 
Or in other words, with the Hoffman 
there just wasn't sufficient oil pres-
sure against the piston in the hub for 
proper resistance against the counter-
weights in my particular engine and 
cooling system. I want to be fair to 
Hoffman, however, and point out that 
it is a good propeller and that I know 
of people running other engines in 
their aircraft with it with no problems." 

Cowling changes that are incorpo-
rated on the Goshawk include a larger 
opening for air dispersion on the bot-
tom with the addition of a lip around 
it to aid in sucking air through it. "As 
far as original design, we went with 
double contour-shaped doors or what 
a lot of people refer to as a pressure 
cowl which has kept the airplane nar-
rower," comments Rihn. "Kermit 
(Weeks) mentioned when he looked at 
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the airplane that it seemed so much 
narrower at the firewall. It's all due 
to the shaping of the cowl doors, very 
similar to the S-1T." 

Another cowling feature incorpo-
rated on the Goshawk is the addition 
of louvers which, Bastian indicates, is 
done in hopes of improving the cool-
ing. An additional cooling effect was 
attempted by attaching one of the two 
oil coolers to the rear baffle. Now that 
cooler rests up in the nose bowl and 
this has served to reduce temperatures 
slightly they feel. There's also a little 
lip around it. The second cooler is 
mounted horizontally in front of the 
number two cylinder. 

Why haven't they removed the cool-
ers from the powerplant area entirely 
away from engine heat like a few 
others have done? Rihn responds, 
"Mostly to save on plumbing which 
reduces weight." "And," Bastian adds, 
"we've tried oil coolers in the back in 
the fuselage on other airplanes and 
have had heating problems with the 
engine and hot lines running through 
the cockpit. So we would prefer to 
put them up in the engine cowling 
somewhere." 

In the cockpit, the instrument panel 
is just a pure basic setup found in 
most competition aerobatic aircraft 
with a minimum of instruments. Vis-
ibility is excellent according to its 
pilot/owner Moore. Lexan is installed 
on the belly only. The wings would 
obstruct any view through Lexan side 
panels. 

Turning to the paint scheme, Moore 
repeats one of his prime considera-
tions in the design of the Goshawk. 
He says, "I felt the most important 
feature on the airplane had to be the 
way it would be perceived by the 
judges. I wanted a biplane — and this 
is something that a lot of people have 
sought in the last few years — de-
signed that would judge similar to a 
monoplane. And I think we've come 
as close as anybody to doing that. I'll 
be the first to admit that I feel a 
monoplane judges better than any 
biplane, at least at the world level." 
(Of course, Gordon Price at Ultimate 
Aircraft in Canada feels the same way 
about his aircraft design.) 

Moore continues, "The side view of 
my aircraft with its particular paint 
job simply resembles a monoplane in 
that you can't really see both wings. 
It's even difficult to tell it's a biplane 
from the top and bottom views with 
its paint scheme and overall design or 
shape, including its length of the fuse-
lage and wings." 

The schematic he has developed is 
not as simplistic as it appears to the 
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average observer. "I spent probably 
six months working on it," Moore 
proclaims. "I didn't just have it 
painted plain dark blue with stripes 
thrown on it. There's an optical illu-
sion created with the striping on the 
top wings." 

When the plane is going vertical, it 
appears there are two whole white 
horizontal bars. But there really 
aren't. White bars on each bottom 
wing converge with a partial second 
white bar on the ends of the top wing 
to form what looks like a separate sec-
ond bar all the way across. The 
staggered wings come into play here. 
On the underside there is a single 
white bar from wing tip to wing root. 

"Regarding the colors," he tells us, 
"I chose white obviously for its visibil-
ity. For the background, I didn't want 
black, but a dark blue. One of the 
nicest shades I'd ever seen was on a 
Bearcat owned by a fellow in Texas. I 
called him and he told me he had used 
Aluma Grip flag blue. It's the same 
dark blue you saw on some of the 
Navy planes during World War II. 
Then there's a red accent stripe by the 
white for a nice look on the ground. 

"Back on the tail, the striping cor-
responds to that on the wings, both 
top and bottom. And I gave a lot of 
thought to the width of the stripes, 
too. If you get too narrow with them, 
they can't be seen. If they're too wide, 
the white overwhelms the dark color." 

Bastian supplies details regarding 
the fabric, rib stitching, dope and 
paint. He says, "We started out with 

2.7 ounce Stits fabric and then used 
Randolph nitrate dope, Super-seam 
mix. The first three coats were the 
nitrate and Super-seam. Then we 
went to clear butyrate followed by 
about 12 coats of silver butyrate and 
finally the Aluma Grip polyurethane 
paint. On the rib stitch we used the 
flat rib stitch cord and reinforcing 
tape with about an inch and a quarter 
spacing between the stitching." 

When it comes to the Goshawk's 
general performance, Moore declares, 
"First of all this plane was built with 
a big guy in mind. It's roomy and it's 
powerful. I currently weigh about 210 
pounds and I shed about 30 pounds since 
the project started to do my part in 
reducing the weight on this airplane." 

"Yeah, it was all out of his wallet!" 
quips Bastian with a grin. 

Moore grins too and resumes his 
narrative: "I promised them I would 
work at losing if they worked hard at 
reducing weight in the aircraft itself. 
Now as far as performance goes, I've 
never flown anybody else's modified 
super biplane, nor have I flown a 
monoplane, frankly. So I can't make 
any comparisons there. But I can tell 
you from the experience of flying my 
own S-1T and my hangar mate's S-2B 
that, in layman's terms, it's twice as 
good as anything I've ever flown. 

"In speeds across the box at straight 
and level with everything screwed in, 
I can get 200 indicated and hold it 
with an MT propeller. That's figure to 
figure, no diving, nothing — coming 
out of a maneuver and into another 
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with fair lines. It'll also hold 200 with 
everything screwed in cross country 
at about 1500 AGL on a decent day. 

"I did find that with my hangar 
mate's two-blade Hartzell propeller it 
ran even faster, as much as six MPH 
indicated. The two blade prop is a lit-
tle more efficient than the three 
blade. This airplane will even outrun 
my V-35B Bonanza." 

If the two blade is more efficient 
than a three blade prop, why have 
Moore and his builder and designer 
elected to go with the three blades? 
Rihn answers, "The gyroscopic pre-
cession is less. This is better to have 
and is a factor with figures like the 
tailslide and humpty bumps where 
you're at a very slow airspeed and 
you're not looking for a lot of torque 
and gyroscopic precession." "It's 
easier on your crankshaft," Bastian 
interjects. 

Moore then returns to his com-
ments about performance by stating, 
"It's a fast airplane and it accelerates 
very quickly with either the MT or 
the Hoffman propeller — that is when 
the Hoffman's working properly. The 
airplane also slows down very quickly 
because of the propeller; we're run-
ning one with an 80-inch diameter. 

"It's not really fair to discuss roll 
rate at this point (during Nationals 
87) because I don't have any spades. 
As a result it handles like a truck. Its 
roll characteristics are very stiff and 
hard on the controls. I cannot do a 
wing wag coming into the box at any-
thing above 190 indicated. I mean it's 
hard to get full deflection. We're going 
to have to add spades, of course, or 
we're going to do some damage to the 
wings if we don't lighten the load in 
that area." 

Rihn sheds more light here with 
these remarks: "When you watch him 
fly, his first roll rate is not as fast as 
the second one because by that time 
he's decelerated enough in the verti-
cal line going straight up that he can 
get the stick over even further. So, the 
spades will really help to give him ad-
ditional roll rate and it should be very 
fast." 

We ask him about the premise of 
designing the aileron to aid in light-
ening the controls and Rihn replies, 
"Yes, you can do that. But one of the 
things we did by having the blunt 
trailing edge is to create a very strong 
stick centering effect. In other words, 
it makes the ailerons very stiff with 

that thick trailing edge which is good 
for doing point rolls. With it, when 
you deflect the stick, it'll come right 
back to center once you've released 
pressure on it. It'll stop very clean 
without any bobble back and forth 
like you see some guys having trouble 
with. Therefore, it's an advantage for 
an aerobatic pilot to have a strong 
stick centering effect. 

"On the other hand it takes more 
force to deflect it. As a result you kind 
of have to balance the good and the 
bad. The spade will then help lighten 
up the controls thereby reducing the 
effort needed to deflect them and any 
damage possibilities as well, but you 
can get it a little too light. We'll be 
going as small as possible on the 
spades and on the lower only." 

Moore concludes, "I prefer having 
to muscle the controls a little bit. In 
my previous airplane, they were too 
sensitive." 

Besides all the design, performance 
and paint considerations, much think-
ing has taken place on the selection 
of this aircraft's name. Moore ac-
knowledges he's no different than 
many individuals who want their 
airplane named after a bird even 
though the better choices have been 
used he feels. He tells the story be-
hind his selection this way: 

"It is one of the more interesting 
names that hasn't been used for some 
time. Curtis Aircraft Co. produced a 
biplane with that name back in 1936 
or '37. And about a year ago, I learned 
the U.S. Navy in conjunction with 
McDonnell Douglas and British 
Aerospace are producing a Navy jet 
trainer that they've also named 
Goshawk. However, I had already 
chosen the name before they did. 

"I was also involved in the sport of 
falconry where I trained several 
hawks to hunt. One of the most highly 
prized hunting hawks that exists is 
the Goshawk; it's the largest short 
wing hawk and probably the fiercest. 
It can rapidly accelerate from a stand-
ing start. 

"To give an example, it'll be 
perched on a tree or fence post some-
where and then literally overtake its 
prey by flying faster, somewhat like 
a dragster. This is versus how a falcon 
hunts by circling around on its long 
slender wings and then diving down 
and killing its victim by a forceful im-
pact. When the Goshawk overtakes 
its prey it grasps it. 

"The name Goshawk just seemed to 
be a natural then since the charac-
teristics of my aircraft and this par-
ticular hawk were going to be so 
similar." 



Aero Sport II 
Modifications 
By Neil Sidders 

IAC #11177 

In the building of our Aero Sport 
biplanes, we discovered what we felt 
were some serious shortcomings in 
the control system. As it turns out, 
this is the way things have been done 
for years and it seems to have been 
sufficient. 

With the new wave of competitive-
ness, we are now flying our airplanes 
harder than ever. What was once good 
enough may not cut it any more and 
with safety being an ever present and 
growing concern, it's time we take a 
good hard look at how we build 
things. 

See photo number one. In the Aero 
Sport plans all the idler fittings in the 
elevator push-pull tube assembly 
swing on a W' AN bolt that is pushed 
through a short length of bushing 
stock that is welded into the airframe. 
If these bolts are torqued to their 
proper values, it will lock the system. 

What it should have is a bushing 
within the welded bushing stock with 
the inner bushing about .020" longer 
than the welded bushing material. 
We used heat treated steel bushing 
stock in the idlers and the system is 
very smooth and has no slack at all. 

See photo number two. The second 
point of concern was the control 
torque tube thrust area. The drawing 
calls for a .058 x 1% tube collar on 
either side of the torque tube pillow 
block. We felt that the thrust area 
provided by the edge of this collar was 
inadequate and our fix was to make 
thrust faces for the collars from .090" 
4130 flat stock. The inside diameter 
is 1.505" and the outside is 2". This 
provides 1.373 square inches per side 
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versus .292 square inches. These 
thrust washers were silver soldered in 
place to minimize warpage. 

See photo number three. The third 
improvement was on the stabilizer 
spar carry thru tube assembly. As de-
signed, the stabilizer slides on over 
the carry thru tube and is held in 
place by a bolt passing through both 
tubes. The problem here is when the 
tail brace wires are tightened the bolt 
is placed in double shear. 

To eliminate the shear condition we 
enlarged the holes in the uprights of 
the carry thru assembly to 7/s". We 
then cut a length of 7/s x .058 4130 
tubing the proper length to span the 
gap in the stabilizer spars. The carry 
thru spar tube passes through the % 
tube. (Do this before you weld.) When 
assembled the stabilizer spar seats 
against the 7/s tube rather than the 
bolt. The only function the bolt has 
now is to prevent the stabilizer from 
falling off when the brace wires are 
removed. 

See photo number four. The fourth 
area of concern was with the elevator 
and rudder hinges. Most designs use 
a small piece of flat stock bent in a V 
shape for a seat for the hinge bushing. 
This provides only two small areas of 
contact for the bashing. In anticipa-
tion of a bunch of blown maneuvers 
or figures, we wanted a little more se-
curity in these areas. 

Solid steel blocks were machined to 
accept the stabilizer spar in front and 
the hinge bushing out back. These 
were silver soldered to the stabilizer 
spar and they provide a very strong 
and secure seat for the hinge. 

See photo number five. The last 
change we made was to the front land-
ing gear attach fitting. The fitting 
was designed with a sharp 90-degree 
bend which makes it very weak at 
this point. The Aero Sport newsletter 
brought this out some time ago, but 
recently I was looking at a Skybolt 
with the same problem so I felt it was 
worth mentioning again. 

The newsletter shows a small trian-
gular gusset. This is plenty good but 
we went one step further and made a 
wrap around type gusset that gives 
even more support. The rear attach 
point serves only to stabilize the gear 
and does not require the modification. 

SPORT I I M O D S 
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Remember the TopCat? Now 
there's the AcroCat. And the AcroCat 
II is on its way. 

The AcroCat is the fourth design of 
Custom Aircraft by Tomalesky or 
CAT, which is where a portion of the 
name comes from for these airplanes. 
Their designer and builder, Peter 
Tomalesky, is a long-time EAA 
member, #8348, and holds IAC 
number 9244. 

A licensed A and P who has been 
involved in aviation for nearly 40 
years, he specializes in custom work 
on homebuilt aircraft including weld-
ing fuselages and building various 
components on an as-ordered basis. 
His TopCat is a two-place biplane that 
strongly resembles a Pitts and Sky-
bolt. It was featured in the November 
1983 issue of SPORT AEROBATICS. 

Although an ardent lover of bi-
planes, he finally tackled a monoplane 
project after being urged to do so by 
his son, Michael, who is IACer #3007. 
The end result is a new single-place 
aero aircraft designed especially for 
competition and airshow aerobatics. 
Michael advises this machine is capa-
ble of being used in any category, but 
his original intent is for Unlimited. 

He estimates his total investment for 
the AcroCat to be about $25,000, in-
cluding a used engine and a new prop. 

Power at this time comes from an 
unmodified 200 HP Lycoming engine 
which is driving a Hartzell constant 
speed prop. The elder Tomalesky is 
currently working on the design of the 
AcroCat II which will feature 300 HP. 
AcroCat's cruise is about 160 MPH ac-
cording to Michael. He calculates the 
never exceed speed to be at 250 MPH. 
He says dive tests have reached the 
210 level with no problems. 

A self-professed, avid aerobatic nut, 
he relates he is most eager to share 
information about the AcroCat. Al-
though his father built it, Michael did 
have some design input. He explains 
the design is the result of several 
years of thinking about the ideal aero-
batic configuration. Their design 
goals included: "(1) develop a unique 
airframe; (2) generous fuselage side 
area with the wing in a location to 
use as a sighting reference (hence the 
shoulder-wing location); (3) stress 
snap roll ability (hence the highly 
swept wing); (4) stress roll rate (hence 
the full span ailerons and tip plates); 
and (5) reduce twisting loads on the 
monoplane wing configuration (hence 
the strut-braced wing)." 

"The wing location allows for excel-
lent sighting references," Michael 
states. "And with the wing swept 
back, there is an optical illusion offer-
ing a straight line appearance as you 
turn your head back to the wing tip. 
This design is really great for spotting 
the point of reference as it comes up 
during vertical rolls. You can look be-
hind the trailing edge of the wing and 
see the point of reference easily." 

He declares that safety is the major 
criteria in the AcroCat followed 
closely by performance and maneuver-
ability. "I want a safe aircraft so a 
starter was important to me," he com-
ments. The AcroCat features a full 
electrical system complete with start-
er and battery. Its instrument panel 
sports the usual basics plus a com-
munication radio. 

"Safety was also the reason behind 
the struts for the wings, instead of 
using a cantilever setup," he remarks. 
He and his dad want a monoplane 
that is more structurally strong than 
the conventional designs. So besides 
the support gained from the struts, 
the wing also sports a flat trailing 
edge that is akin to that of the Extra 
230. The AcroCat's is 5/s inches thick. 
"The rationale behind this is the re-
duction of flutter of the ailerons," he 
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explains. "We have balanced the wing 
110%." 

As one can see from the front cover 
and accompanying photos, the Acro-
Cat is not a typical looking aerobatic 
mount. Perhaps the most obvious de-
viation from the norm is the tricycle 
gear. Michael acknowledges their de-
sign did not start out as such, but was 
initially a taildragger. However, taxi 
tests revealed, he says, that the for-
ward position of the wing root made 
really safe ground handling difficult. 

Michael points out the steering and 
handling were okay and they had 
used a Haigh tailwheel. But he felt 
the forward visibility was poor, incon-
venient and unsafe while taxiing. He 
had to open the canopy and look side-
ways and down under the wing. 

"You could not look over the wing 
to see where you were going," he 
notes. "So after some debate, Dad got 
out the hacksaw and changed the gear 
to tricycle. This has solved the prob-
lem with only a total additional 
weight gain of seven pounds over the 
taildragger configuration." 

A fringe benefit of the tricycle gear, 
of course, is the extra ease in ground 
handling that makes the airplane a 
more docile, earthbound high perfor-
mance, easily maneuverable aero-
batic aircraft. As a result he feels 
entry level persons into the sport will 
be especially pleased with the Acro-
Cat — especially those with no tail-
dragger time. 

"It's an Unlimited machine for a be-
ginner," he states. "It's in the same 
vein as a Pitts. It's very sensitive for 
maneuvering, but easier on the 
ground. It has more horsepower than 
I've ever flown." 

The AcroCat's first flight was con-
ducted by Peter on July 12, 1987. 
Since then the father-son team have 
been fine tuning it. Finally around 
the end of April when they had 
achieved the flight characteristics 
they wanted, the final painting of the 
aircraft took place. They note the 
photos were all taken on a rainy April 
30th. 

Although, as Michael indicates, it 
is not easy to see in the pictures, each 
aileron has two spades. One is located 
near the tip and the other is inboard 
near the root. The inboard spade is in 
the prop blast. Roll rate appears to be 
at least 360 degrees per second he be-
lieves. He acknowledges they have 
not timed the rate as yet. 

He avows the vertical performance 

is very good. "Snap rolls are quick 
with excellent recovery," he says. 
"Spins are very nose down with rapid 
recovery. There is good visibility from 
the cockpit and Lexan panels in the 
sides and floor. 

"All in all the AcroCat appears to 
have potential to be a very competi-
tive aircraft. The only limiting factor 
to the success of the design is my pilot-
ing skill. I'm looking forward to a 
summer of intensive practice and then 
it's into competition!" He plans to 
compete at the Fall Sebring 88 regional. 

The AcroCat II which will sport 300 
horses will also be a monoplane with 
strut-braced wings. But they will be 
in the center line position to allow a 
taildragger configuration. 

If one would like additional infor-
mation about the AcroCat, Michael 
says to feel free to contact him. His 
address is 2052 Indigo Dr., Dunedin, 
FL 34698; phone, 813/734-5147. In ad-
dition, he has provided for now the 
accompanying specification data. 

ACROCAT 
Designed by: Custom Aircraft by Toma-

lesky (Michael and Peter Tomalesky) 
Built by: Peter Tomalesky 
First Flight: July 12, 1987 
Design Description: The AcroCat is a 

single-place monoplane designed speci-
fically for competition and airshow aero-
batics. Unique features include a highly 
swept shoulder located wing and tricycle 
landing gear. 

SPECIFICATIONS 
Length 18'-0" 
Wingspan 20'-3" 
Chord 4'-0" 
Wing Area 81 SQUARE FEET 
Height 6'-l" 
Empty Weight 950 LBS. 
Useful Load 350 LBS. 
Gross Weight 1300 LBS. 
Engine 200 HP LYC. 
Propeller Hartzell C/S 
Power Loading 6.5 LBS./HP 
Wing Loading 16 LBS./SQ. FT. 
Stress Factors + /- 10 Gs 

PERFORMANCE 
Cruise Speed 160 MPH 
Never Exceed Speed 250 MPH 
Stall Speed 60 MPH 
Rate of Climb 3000 FT./MIN. 
Range 300 MILES 



"All my life I guess I've kind of been 
a guy who likes to have strange and 
different things from anybody else," 
said Ray Williams during Nationals 
87. "If there's an oddball car in the 
community, I would be the one driv-
ing it. So about six years ago I got the 
idea to build a retractable gear Pitts, 
mainly because nobody else had one. 
And I thought it would take a lot of 
drag off the airplane." 

Thus, N300RW began to evolve 
from the head of its creator, designer, 
builder and pilot — Ray Williams of 
Springfield, Tennessee. An aerobatic 
competitor in the Unlimited category, 
Williams first started competing in 
1974 even though he had been doing 
aerobatics all his flying career. 

He was first introduced to the com-
petition side and a Pitts by an aero 
ace and instructor, Bill Thomas, and 
the current U.S. National Aerobatic 
Champion, Clint McHenry. It seems 
they had stopped at the airport where 
Williams' business was based while 
en route to Oshkosh in the early 
seventies. He said that neither he nor 
his wife, Charlene, had seen a Pitts 
before. When she first spied it, she re-
marked to him, "I don't know what 

Ray Williams' 
one-of-a-kind 
aero biplane 

surpasses all the 
others when 
it comes to 

uniqueness — 
its gear 
retracts! 
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that is but we've got to have one!" 

Well, Williams did acquire one and 
soon began progressing through the 
IAC levels of competition. Later on he 
became a mechanic on the 1982 U.S. 
Aerobatic Team and then chief 
mechanic on the 1984 and '86 Teams. 
And he and his wife arranged for the 
Team to practice at their home field 

in the world contest years of 1976 
through '86 with the exception of 
1980. The Williamses own and oper-
ate Williams Aviation there which 
engages him in agricultural flying or 
crop dusting, the brokering of pre-
owned aerobatic aircraft, and the re-
building or modifying of such aircraft. 

Modifications certainly came into 
play on this particular biplane which 
he now classifies as a Pitts S-2S-RG. 
He elected to modify the two-place 
versions of the highly popular Pitts 
for his purposes, instead of any of the 
S-l models, because he had always 
had a particular fondness for the 
two's. 

"I always seemed to fly the big Pitts 
better than the single-place," he com-
mented. "I had had an S-lS and I had 
instructed in an S-2A. Due to the fact 
that I was instructing in it all the 
time, it seemed to me that I could fly 
that airplane better than I ever could 
my S-1S. So I decided to build myself 
a high-powered two, more or less an 
S-2 airplane. Then I got the idea of 
the retractable gear." 

He bought S-2S plans and delved 
into the project. At first he opted to 
use a 300 HP Continental, but he 



changed his mind and switched to a 
300 HP Lycoming since a lot of ag 
airplanes were having crankshaft 
problems with the Continentals. He 
also purchased a wrecked S-2A which 
he used as the basis for his fuselage, 
at least from the rear cockpit back. 
From there forward he built N300RW 
by the S-2S plans with the exception 
of the firewall and the gear. 

He designed all the truss work for 
the gear retraction himself, figuring 
out the means for raising the gear 
into the belly of the airplane. As a 
result, this machine is definitely dif-
ferent from any other Pitts around — 
and any other aerobatic mount for 
that matter. 

ing this airplane fast and hard. And 
there had been some problems with 
leading edge skins on some of the S-l 
airplanes and maybe some of the S-2's 
also. With my intentions I wanted 
that area beefed up quite a bit. I also 
put in heavier drag and antidrag 
wires." 

The ailerons at the time of our first 
interview were not that much differ-
ent from most on the competition cir-
cuit — symmetrical and a little 
thicker on the leading edges. Airfoils, 
wing tips, and metal for leading edges 
pretty much checked in as standard 
per Pitts plans. And wing positioning 
in relation to the tailpost ended up 
matching a regular S-2S. Although 
his slave struts were still outside the 
I strut, they were thinner or smaller 
than the norm. This reduced drag and 
offered about a seven mile an hour in-
crease in cruise speed. 

The tail of his creation from the 
cockpit back is basically all stock he 
maintained except that he did lower 
the belly of the fuselage at the rear 
about three inches. This was done to 
straighten out the football shape of 
the underside. He also constructed a 
bigger rudder than normally found — 
with a balance tab, making rudder 
pedal operation less of an effort. 

At its premiere appearance at a 
contest during the 1987 National Aer-
obatic Championships in Denison, 
Texas, N300RW wore what Williams 
described as more or less stock S-2S 
wings. Although he fashioned them 
from an S-2S wing kit from the fac-
tory, he did increase the number of 
ribs — doubling up the nose ones, put-
ting one false rib between each one. 
He explained his rationale for this by 
stating: 

"I had intentions at all times of fly-

But Williams had another concept 
for his wings cookin' around in his 
head, stating that he hoped to have 
an altogether new design and makeup 
installed by the spring. Sure enough, 
at the regional contest at Marlette, 
Michigan, during the fourth of July 
weekend, there he was with the new 
set of wings. 

Inside, the wooden ribs and spars 
were derived from a Pitts factory kit. 
Outside, however, Williams went to 
fiberglass. He molded the skins and 
affixed them onto the wooden struc-
ture. As to the tips, he squared them 
off. They sport a different sort of 
shape from that seen on other wings. 
They resemble a streamlined tear-
drop with a curved surface that dips 
as it proceeds inward onto the wing. 

Foam and glass comprise the 
makeup of the tips as well as the aile-
rons which have a large area outboard 

for a balance tab. Their span runs 
completely to the end of the wing and 
their airfoil is different in that it's 
thick with egg-shaped leading edges. 
Williams explained he utilized this 
configuration so that when the aile-
ron was deflected, the leading edge 
would come up, hit the skin of the 
wing and totally seal the gap. 

Unusual shape wasn't the only eye-
arresting aspect about those wing 
tips. The lowers appeared to possess a 
fin resting on them. Williams called 
it a flow divider. "I found out with the 
wing tips shaped like they are, the air 
was trying to slide off the end of the 
ailerons," he stated. "So with this flow 
divider on there it stops the air from 
flowing away and kind of straightens 
it out. It also made a good holder for 
a trim tab." 

Trim tabs for the ailerons he noted 
allow one to fly pretty much hands off 
on a cross country. As he put it, "It's 
hard to get an airplane rigged and to 
keep it in rig to where it will fly with 
a little bit of aileron pressure. Con-
sequently you put a little metal tab 
on to make the aileron trim out and 
get you where you don't have to hold 
the stick pressure on it. It's the same 
principal as the trim tabs for rudders." 

Further inspection of the wing tips 
turned up some holes in them. These 
were the result of the wing tip smoke 
system Williams had designed for his 
aircraft when he flies it in airshows. 

The slave struts had disappeared 
from view since the Nationals meet. 
They are now incorporated inside the 
I struts. Said Williams, "Now I have 
a torque tube inside the I struts like 
some of the other airplanes do. Put-
ting the slave struts inside the I struts 
has eliminated quite a bit of drag." 

Like a lot of the features on this 
aircraft, the cowling is of Williams' 
own design. He declared, "With me 
being a mechanic, I built this airplane 
to make it easy to work on." Then he 
cited some examples. For instance the 
cowl opens up with just a quick flick 
of the fingers on some little pins. 

"You don't have to have a screw-
driver or anything," he said. "Just 
move the quick pins with your fingers 
and the side doors open and hang 
down on hinges. You can just open the 
doors up to let the engine cool. The 
bottom cowl comes off with only four 
nuts. The turtledeck opens on hinges, 
and the canopy and windshield and 
all come off in mere seconds to let you 
see down all throughout the tail for 
easy cleaning, inspection or whatever." 

"This airplane's actually quite a bit 



N300RW 
different in a lot of respects from any 
Pitts," he continued. "The sheet metal 
on the sides are one-piece metal all 
the way from the firewall to the rear 
cockpit with no screws. Everything's 
flush riveted. There are very few ex-
ternal screws showing. Any that are 
external on the airplane are also 
countersunk, just like the rivets are 
countersunk or dimpled and flush ri-
veted. Consequently, all these things 
I've done to it make the airplane fast." 

How fast is it, would he say? He 
stated he was achieving cruise speeds 
last fall of about 180 MPH as com-
pared to 160 in a stock S-2S. Now with 
the new wings he said, "I'm getting 
185 indicated with it truing out at 
about 200 at altitude." 

Did he do anything to the basic 
Pitts' lines around the turtledeck or 
canopy? He chose to leave the turtle-
deck standard size and shape, but he 
did employ an optical illusion with 
paint in that area. White paint behind 
the cockpit tapers back to the vertical 
fin with the hope it'll produce the ef-
fect of a straighter, more streamlined 
look there. 

As to the remainder or overall paint 
scheme employed on N300RW, it's 
primarily what Williams described as 
plum (sort of a brownish burgundy). 
He achieved the shade by mixing 
some paint he already had in stock — 
a lot of Santa Fe red and some Dakota 
black, all Stits urethane paint. Strip-
ing is done in Daytona white. He 
created different patterns of stripes to 
distinguish between upright and in-
verted while in the air. 

He definitely monkeyed with the 
canopy lines, crafting it about half the 
size of an S-2's and quite a bit lower, 
too, to eliminate the bubble effect. 
The rear portion opens from the left 
side, swinging open to the right, and 
the front part just lifts off by releasing 
two quick pins. 

It would seem head room might be 
a problem then unless he changed the 
seat positioning. "Not really," he re-
sponded to such a supposition. "The 
seats in the S-2, of course, sit real low 
anyway." He did cut down or lower 
the canopy skins to provide somewhat 
better visibility than that offered in a 
stock S-2. 

Inside the cockpit, the instrument 
panel is decidely varied from a Pitts. 
All but two of the gauges — the 
airspeed indicator and altimeter — 
are small, basically automotive ones. 
They're mounted in a narrow section 
in the front of the cockpit down below 
the top longeron level. "You kind of 



look down at the gauges," he said. 
"There's nothing right in front of your 
face as far as a normal instrument 
panel. I only have the gauges required 
to be in an airplane. I didn't want a 
big setup, mainly in an effort to keep 
weight down." 

As mentioned earlier the rudder on 
this one-of-a-kind biplane is bigger 
than that on an unmodified S-2S al-
though Williams conceded it's not 
that much bigger. He added three 
inches on the bottom of it to line up 
with the lowered rear fuselage. To re-
peat again, that change helped straight-
en out the belly line of this aircraft's 
original configuration. Then on the 
rudder's top end, he extended it for-
ward, cutting into the vertical fin 
with a balance tab. In all he estimated 
he had gained approximately a foot in 
rudder area. 

He revealed the purpose of the rud-
der balance tab was for more flying 
ease. He elaborated, "I flew the S-2S 
a lot and, of course, the S-2B. The big-
ger Pitts are all really hard on rud-
ders. When you're doing rolling 360's 
or a lot of figures where it takes a lot 
of rudder, it's really hard on your feet, 
pushing the rudder so hard. As a re-
sult I wanted to make the rudder 
easier on my airplane and this bal-
ance tab does make the rudder real 
easy to push now with the rolling 
360's or whatever." 

Servo tabs on his elevators are bas-
ically the same as a Pitts he pointed 
out, but they're hooked up slightly dif-
ferent "to give a little bit quicker 
throw and more sensitivity. Actually 

the linkages are different," he re-
marked. "The change makes the servo 
tab move quicker and a farther dis-
tance with less travel of the elevator." 

A Haigh tailwheel completed the 
empennage alterations from stock. He 
stressed, "I might add that's the only 
tailwheel to have on any Pitts or Pitts 
type airplane. And not just because 
Henry Haigh and I have been friends 
a long time. That tailwheel really 
works good on these airplanes. It's got 
a long life and it locks, making the 
airplane handle very well in cross-
winds. In my opinion it's the best tail-
wheel for this type of airplane." 

Speaking of Haigh (a seven-time 
pilot member of the U.S. Aerobatic 
Team who took second twice in the 
individual titles at the world con-

above, rudder mod 
below, instrument panel 

tests), he's been working on the de-
sign and building of a retractable gear 
modified Pitts himself. However, his 
work on it became delayed by his 
monoplane projects. Williams noted 
that Haigh's retractable gear biplane 
is smaller than N300RW and will un-
doubtedly have a 260 HP engine, in-
stead of 300. "But it'll be a screamer!" 
declared Williams. "Henry's air-
planes always are." 

Now about Williams' retractable 
gear itself — when Williams initiated 
work on it about six years ago, he first 
constructed a mock-up system. Next 
he hung it in the belly of his develop-
ing bird and began experimenting 
with it. He had none of the trusses 
and cross members welded into the fu-
selage at that point. He had to plan 
around the gear system in order to 
beef up the aircraft's belly for it and 
naturally there had to be a hole to 
accept the gear. 

Eventually he fabricated mechani-
cal gear, the operation of which en-
tailed the use of two levers — one for 
lifting the gear up and lowering it and 
the other for opening and closing the 
gear doors. "It's a very simple gear 
and operation," he avowed. "My 
biggest problem was having enough 
room to allow the gear to come up into 
the belly and then having the room to 
operate the gear after I get into the 
airplane. Everything had to be 
positioned just right in order to ac-
complish it. It's kind of tight in there." 
A glance at the accompanying photos 
of this bearded individual will show 
he's a big guy. 

To prevent the gear from falling out 
while in flight, and especially during 
aerobatics, he devised a double lock 
system. There is also one for securing 
the down position. In either up or 
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down mode, the gear lever goes over 
center and holds the gear in place. 
Then closing the gear doors automat-
ically pulls in and locks the gear up, 
too. A spring-loaded down lock han-
dles the locked-down backup. 

Gear makeup includes 4.8 x 5-inch 
Lamb tires on regular 500 x 5 Cleve-
land wheels and brakes. The brake 
calipers are on the back of the axle 
and as the gear retracts up into the 
fuselage, the calipers end up on top. 

Would Williams be interested in 
providing the parts or the entire re-
tractable system for others desiring 
this type of modification? He didn't 
believe so and explained that it's 
quite a major alteration to an 
airplane. In the first place, he felt the 
only way to incorporate the retracting 
system would be to build an aircraft 
from scratch, installing it in the be-
ginning. He had at one point consid-
ered trying to design a bolt-on system, 
but shelved the idea as he thought it 
would be practically impossible on a 
stock fuselage. 

With weight being a prime consid-
eration of persons engaged in compe-
tition aerobatics, it was only logical 
to ask Williams how much poundage 
this system added to his bird. He re-
plied that the gear itself only added 
about 20 pounds over what a standard 
gear would weigh. He was quick to 
add that with his bigger engine, of 
course, and some of his other changes 
N300RW finally checked in at about 
38 pounds heavier than a stock S-2S. 

"But I have somewhere in the area 
of 60 to 80 more horsepower," he 
pointed out. "And I'm running a 
three-blade prop and the retractable 
gear eliminates a lot of drag as does 
some of my other modifications that 
helped in streamlining this machine." 
Included in this grouping were his 
means of fairing the wing roots and 
his more aerodynamic shaping of the 
cowling He used fiberglass for the 
fairings. 

His three-blade prop is a Miihl-
bauer with a McCauley hub. He said 
it's basically the same prop several 
others are running on the bigger aer-
obatic engines. Did he have any con-
cern about counterweight problems 
such as slippage or loss like a few 
have encountered a couple years ago? 

"No," he responded. "This particu-
lar prop has got the new counter-
weights and pins. Supposedly it won't 
give us any trouble. Then again, the 
one involved in Amos Buettell's acci-
dent was a two-blade one. There have 
been more problems with the two's 
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N300RW 
than the three's and I don't think any-
body's really had any problems with 
the three-blade props." 

Joining forces with the prop to drive 
N300RW all over the skies is a 
Lycoming IO-540-K1J5 engine. It's 
mounted on a firewall that rests 
farther back than a typical S-2S due 
to the heaviness of the engine. Wil-
liams noted it has a heavier 
crankshaft, too, which is a quarter 
inch larger in diameter on the crank 
journals than most of the 540 engines. 

"It came off of an Aerostar and sup-
posedly has 300 HP," he said. "I re-
built it and incorporated a few 
changes here and there. For instance 
it's got a different camshaft than nor-
mal; the lobes are set up differently 
to where the engine should develop 
its most horsepower at a constant 
2800 RPM's. I also made it a dry sump 
engine with its own, separate oil tank. 
It uses a scavenger pump to get the 
oil to the tank. This way the engine 
has constant oil pressure in any at-
titude of the airplane, and you don't 
have a problem with the prop surging 
and all, like you do on the ones that 
don't have a dry sump. 

"I've also put in high compression 
pistons, a different valve setup, 
polished ports, a cold air intake sys-
tem, and tuned exhausts. All the 
exhaust stacks are the same length 
with three converging into one from 
each side. Frame Up Engineering 
(now known as Sky Dynamics Corp. 
and based in Virginia but still under 
the expert guidance of Kevin Murray) 
helped me build this system. They 
bent the pipes and then I welded it all 
up." 

Williams felt last fall and still does 
this summer that the engine performs 
beautifully for him. He estimated it 
puts out about 340 HP now. One other 
aspect of engine operation got 
changed, too. He's running a Piper 
Navaho oil cooler which is seventeen 
veins and which he has positioned 
under the engine. It's quite effective 
he maintained and there's an air in-
take from the nose of the cowling to 
the cooler. 

Then in his ever, laidback style of 
conversation with his Tennessee ver-
sion of a southern accent, Williams 
added, "I put a little heater box on the 
back of the oil cooler so in the winter 
I can have warm air coming back 
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N300RW 
through the cockpit, instead of sitting 
there freezing to death." 

After all his work and inventive-
ness with modifications to the basic 
S-2 format, just how does N300RW per-
form? "It's definitely faster than any 
of the two-place Pitts, but it handles 
quite similarly to them," was the way 
Williams described the performance. 

"You can hold 190 MPH easily 
going across the box where the S-2's 
are normally down around 175 or 
180," he stated. "Then you can very 
easily hit up to 220 or 230 MPH with 
this airplane by just extending the 
downline at least a little bit. It'll ac-
celerate super fast as a result of the 
gear being up and all the other drag 
elements gone that I aimed at. I can 
also gain altitude pretty easily with 
it." 

How does it handle specific figures? 
He described some this way: "The en-
gine has got so much torque that you 
have to throttle back on top of Ham-
merheads or it'll torque off — where 
with a normal S-2 you don't have to. 
I really haven't perfected torque rolls 
very well yet. I think it's really a mat-
ter of learning to fly the airplane be-
cause I've only got about 20 hours in 
it so far." That was at Nationals 87 
last September. At the Michigan con-
test this July, he now had about 75 
hours with 25 since his recent 
changes to the wings. 

Continuing with individual figures, 
he said, "The rolling 360's are not 
really any different than in a stock 
S-2S. But there is the advantage that 
if you start into one slowly you can 
accelerate all the way through and 
get your speed back up pretty quick 
while you're doing this figure. And it's 
definitely easier to maintain altitude. 
Tailslides are really no different, but 
snap rolls are a little easier. This air-
craft rolls quicker because the gear is 
up in the center, getting that weight 
off of that arm. It'll also start to roll 
quicker and it'll snap much faster 
than the S-2 does." 

A possible drawback to all its rapid 
agility with snap rolls would be it 
could very easily put more stress on 
the airplane. Like Williams admitted, 
"You could hit the snaps really going 
a lot faster than you intended to." But 
he just keeps that in mind and relishes 
in the pluses he's gained with this re-
tractable gear aerobatic biplane, like 
speed and vertical performance. 

Then he quipped with a twinkle in 
his eye and a mischievous grin, "The 
big thing is that peope like to see it 
fly!" 

With all the clamor being raised 
about the affordability of competition 
aerobatic aircraft becoming out of 
reach for the enthusiast and would-be 
participant in our sport who has a 
very limited/low income, it is pleas-
ingly new and different to hear from 
an IAC member who is having the 
time of his life aerobatically on low 
bucks with a stock, unmodified bi-
plane. He has won a trophy, too, and 
in his first contest, no less. 

Ed Ruhl of Washington Depot, Con-
necticut, has owned a Baby Lakes bi-
plane for four years. In his first ap-
pearance before IAC judges at the re-
gional contest sponsored by IAC 
Chapter 35 at Jaffrey, New Hamp-
shire, in 1986, he placed second and 
earned the best, first-time com-
petitor's award. He writes: 

"I believe I was the only competitor 
with no inverted system. The first and 
third place winners flew Pitts and I 
was only one point below first. There 
were ten competitors in my class, 
Sportsman. Most were Pitts with a 
couple of Decathlons and one 150 HP 
Smith Miniplane. 

"There was a lot of good natured 
kidding about the size of the airplane, 
of course, but by and large everybody 
was very happy to see another type of 
plane in competition, especially one 
that was so inexpensive both to ac-
quire and operate. Everyone seemed 
truly impressed, too, by the perfor-
mance with 85 HP. I flew in my sec-
ond contest in October, 1987, in New 
Jersey where I placed ninth out of 
twenty-two, but I hadn't practiced 
much and was really cold going into 
it. 

"I find the Baby Lakes to be a de-
lightful airplane to fly. It is 
straightforward and honest with no 
bad habits. It is quick on the ground 
but never tricky. No reasonably good 
taildragger pilot would have trouble 
in a Baby Lakes. 

"In flight it is very light and quick 
in pitch. It is a little slower in roll 
than one might wish but not exces-
sively. It snap rolls very quickly and 
does all the Sportsman maneuvers 
with ease. 

"My airplane was built with a 
canopy which was removed when the 
photo was taken. 
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I seldom remove it since I started com-
peting because the large windshield, 
built to match the canopy, causes a 
lot of drag when the canopy is off. I 
first realized just how high a perfor-
mance penalty that was when I found 
I could not complete the half roll at 
the top of an Immelmann due to the 
loss of speed in the pullup. This prob-
lem does not exist in the Baby Lakes 
with its normal windshield or in mine 
when the canopy is in place. 

"Although I didn't build mine, 
others who have built them tell me it 
is a relatively simple design to build. 
I bought mine and, even today, a good 
Baby Lakes can be had for about the 
same money as an Aeronca Champ." 

Harvey Swack, another IAC 
member and President of the Barney 
Oldfield Aircraft Company which de-
veloped and markets the plans for the 
Baby Lakes, the Super Baby Lakes 
and the Buddy Baby Lakes, estimates 
the cost at less than $5,000, excluding 
engine — for the Baby Lakes that is. 
He says, "The Baby Lakes can be built 
for under $5,000 using all new mate-
rials and not including the engine and 
prop. Of course, if you are a good 
scrounger this cost could be reduced. 
The plans include full size drawings 
of the wing ribs and aircraft fittings. 
A complete set of drawings sells for 
$125 and consists of nineteen sheets, 
many 36" x 48" in size. They were 
drawn by professional engineers." 

Swack indicates that the cost to 
build is "moderate because there is ac-
tually only 136 feet of tubing in the 
fuselage proper. And since there's not 
much airplane here in the first place, 
less materials are needed." He adds, 
"It can be built in a minimum of time 
— about 650 to 750 hours — because 
it is as simple as I know how to make 
it and it's easy to maintain since I left 
all the control wires exposed. The 
elevator wires are exposed up to the 
cockpit and provision is made for a 
cover over everything that needs to 
be inspected. You can pull all the 
covers off, but yet the interplane strut 
fittings are exposed which makes it a 
simple matter to actually pull a check 
every time you fly the aircraft." 

There are a series of sub-kits avail-
able to ease the building process of 
this aircraft that features a welded 

tubular fuselage and empennage with 
predominantly wooden wings. Kit 
packages include spruce and plywood, 
tubing, metal materials, and cover-
ing. The company also sells parts like 
the Cleveland wheels and brakes, 
canopies, gas tanks, cowlings, spin-
ners and propellers, plus miscellane-
ous decals and clothing items. 

Ruhl is especially fond of another 
financial boon that comes with the 
Baby Lakes. This is the operating 
cost. He states, "I can practice hard 
for half an hour and when I land I've 
only burned about two to three gal-
lons of auto fuel. Being on a rather 
tight budget, if I were flying a 180 HP 
Pitts, I would have to limit my prac-
tice time for financial reasons. But in 
the Baby Lakes I never have to be con-
cerned about what it's costing me to 
fly. 

"I concede that other aircraft cer-
tainly have some advantages over my 
airplane in performance and some 
handling characteristics, but none of 
them are required for Sportsman level 
flying. When forced to choose, I would 
rather give away some performance 
advantages to allow me to spend 
many more hours practicing." 

Then he points out that the Baby 
Lakes has some advantages of its 
own. Although it maneuvers slower 
than most other airplanes, he consid-
ers that to be a plus in that the figures 
are then smaller and it's easier to stay 
in the box. "No small potatoes, that!" 
he quips. 

It's definitely not an Unlimited 
category aircraft. Nor is it designed 
for Advanced, but besides Sportsman, 
Ruhl feels it can do well in Inter-
mediate at the hands of a competent 
pilot and maybe with the added factor 
of the Super Baby configuration with 
the 0-235 engine. "But it wasn't 
meant to fit in such a niche as Ad-
vanced or Unlimited," says Ruhl. 
"Also the Baby Lakes is not meant for 
your average NFL lineman. It will ac-
commodate people of average size and 
even larger, but it does have its 
limits." 

But Swack avows he has provided 
a means for accommodating even a 
big pilot. "Several years experience," 
he relates, "has taught us that people 
are of different shapes and sizes. We 

know that the tall fellows (over six 
feet with long legs) need to add three 
inches to the cockpit area. For those 
with well endowed torsos, you can 
widen the fuselage up to two addi-
tional inches. Both mods are easy to 
make; it's like custom fitting the 
cockpit to you. The Baby Lakes will 
take pilots with weight of up to 230 
pounds and height of up to 6' 5". Not 
only can you get in and out of the 
cockpit easily, but you can stretch 
your legs out perfectly straight and 
relax on cross country flights." 

Empty weight of a Baby Lakes av-
erages about 480 to 500 pounds; gross, 
850. It is fully aerobatic and stressed 
for nine Gs positive and negative. Its 
basic plans call for it to be powered 
by a 65 HP Continental. Its span is 
16'8"; height, 4'6"; and length, 13'6". 
The performance varies considerably 
with engines used. Sixty to 70 HP 
ones give 110 to 115 MPH cruise and 
1200 to 1500 FPM climb. Seventy-five 
to 100 HP engines permit 1500 to 
2000 FPM climbs and a cruise of 118 
MPH. The Super Baby Lakes uses 108 
to 125 HP and climbs over 2500 FPM 
and cruises at 138. Range for all is 
250 miles and stall is 55 MPH power 
off. 

Swack is quite adamant about in-
sisting that builders of the Baby 
airplanes adhere strictly to the ap-
proved company plans. As he puts it, 
"We've gone to great lengths to test 
this aircraft. With all the testing 
we've done ourselves, we have not 
been able to improve the design, ex-
cept in minor ways over the years. In 
plain English, I doubt if anyone has 
our equivalent experience and exper-
tise with this design. 

"If you decide you want to build this 
airplane, you must build it exactly as 
shown in the plans; otherwise, don't 
order them. We don't even want you 
to have our plans in sight if you decide 
to use your own new design. We are 
not smart alecks but people who care 
for your well-being . . . We have an 
excellent aircraft design and an excel-
lent reputation for honesty and integ-
rity which we intend to keep . . . Your 
safety means a lot more than the 
airplane. That is the most important 
reason we can give for not changing 
anything if you to decide to build one 
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of the Barney Oldfield designs." 
In short, Swack and the Barney 

Oldfield Aircraft Company won't 
allow any modifications. If someone 
pursues the route of tinkering with 
any of the Baby models anyway in 
hopes of improving them with special 
modifications, that someone is asked 
to call the resulting aircraft by some 
other name. Swack cites one such 
builder's ultimate fatality as a prime 
example of why he's so hard-nosed on 
the subject. He says the unfortunate 
pilot-builder had greatly increased 
weight and ended up with the rear CG 
six inches aft of where it should have 
been. He was killed during the mod-
ified aircraft's maiden flight. 

From the vantage point of decades 
spent perfecting the design and plans 
for this low cost aero mount, Swack 
reveals, "I now know how ol' Barney 
felt when we would ask him about 
changing something or doing it 
another way when we were building 
our Baby, and he always had a good 
reason for NOT making any changes. 
He always said you could make 
changes but followed that with a 'why' 
because in most cases the modifica-
tion didn't make the Baby any lighter, 
stronger, easier to make or less costly 
or improve its performance." 

Furthermore, Swack has a pretty 
impressive written commentary on 
why not to do such things as: change 
the gear position, put on a steerable 
tailwheel, substitute a Pitts-type 
turtledeck or headrest or ground ad-
justable trim setup, raise the top 
wing, or use anything other than an 
N-strut. 

For the history buffs, Barney Old-
field was considered an expert in the 
field of optics, automotive engineer-
ing and aviation, including the Great 
Lakes Sport Trainer. He passed away 
at age 52, losing in a struggle with 
cancer. His real name was Andrew, 
but everyone called him Barney after 
his uncle Barney Oldfield, the famed 
race car driver. 

Originally the Barney Oldfield Air-
craft Company carried the moniker, 
Great Lakes Aircraft Co. Formed in 

the mid-sixties, its purpose was to 
share information about the Great 
Lakes Sport Trainer. Swack, who 
spearheaded the formation and the 
company's operations, recalls it was 
"a hell of a job redoing many of the 
old drawings and having others done 
from existing parts, plus salvaging 
many from the FAA files." 

During the arduous search for 
plans, a Cleveland FAA inspector 
suggested that the researchers should 
check out an airplane he had origi-
nally signed off and flown, the Baby 
Great Lakes designed by Oldfield. 
This didn't generate much en-
thusiasm at the time. But later when 
Oldfield's completed questionnaire 
with its performance figures was care-
fully scrutinized and compared to the 
other information they had accumu-
lated, Swack and team sat up and 
took notice. At first they couldn't be-
lieve the figures, so they queried prior 
owners of the first Baby Lakes and 
discovered everything to be verified. 

Then they proceeded to descend on 
Oldfield to urge him to get plans 
drawn up for up to that point he didn't 
have any drawings, just measure-
ments jotted down in a "little black 
book." Says Swack, "Barney thought 
it was a big lark and never believed 
many others would want to duplicate 
his Baby. He was wrong, because by 
1980, more than 760 sets of drawings 
were in builders' hands with approxi-
mately 50 projects completed and 
another 250 actively being worked 
on. 

In the mid-seventies the Great 
Lakes Sport Trainer design and com-
pany name were sold to an Oklahoma 
firm. By then the Baby Lakes and 
Sport Trainer had been distributed for 
about a decade as homebuilt designs. 
With the sale of the Sport Trainer de-
sign rights, the original company in-
dividuals decided to continue with the 
distribution of the Baby Lakes and to 
develop other versions of it. 

"As a result," comments Swack, 
"we've been the Barney Oldfield Air-
craft Company since 1974 and the 
name, Great, has been dropped from 
the aircraft's name since we no longer 
own the Great name. Also it causes 
some confusion with the new produc-
tion Great Lakes Sport Trainers." 
Every effort is now made to not refer 
to the older name even though some 
literature does. 

Recognizing that the cockpit di-
mensions in both the Baby Lakes and 

Super Baby Lakes models, even with 
the allowed modifications available to 
them, was still a drawback in some 
instances, Swack and his company 
have now come up with the Buddy 
Baby Lakes. It can accommodate two 
people weighing up to a total of 380 
pounds or one oversized pilot. Seating 
for two people is similar to that of a 
motorcycle with a single instrument 
panel and only one stick located in the 
forward part of the cockpit and 
mounted on pivots. This allows the S-
shaped stick to swivel from front to 
rear position easily. 

Swack notes the challenge to design 
a larger cockpit for one or two turned 
out to be "a surprisingly easy one to 
resolve. We knew," he tells us, "that 
Baby had 100 pounds of payload that 
it never used. Designed to nine Gs at 
an 850-payload, it rarely gets loaded 
beyond 750 pounds. With 10 more 
square feet of wing area, we could 
handle 100 more pounds. Increasing 
the wing span from 16 to 18 feet and 
lengthening the fuselage by 11 inches 
and widening it by four inches, we 
could then enlarge Baby to handle 
two regular size people or one extra 
large person. 

"We now have a 'single-place' bi-
plane that we can get two people in. 
Now an aerobat can take his or her 
son, or daughter or spouse along for a 
ride in the Baby Lakes." 

Summing up his fondness for the 
Baby Lakes and its place in the sport 
of aerobatics, Swack wholeheartedly 
declares, "I have said, over the years, 
that this airplane is for the guy with 
champagne taste and a beer pocket-
book. Here is the poor man's way to 
get into participating in this sport. It 
has much the same ease in handling 
of the Pitts but without its price tag. 
That is the way Barney Oldfield de-
signed it. An inexpensive 65 HP Con-
tinental engine will handle this 
airplane quite nicely. Put inverted 
systems in it and enter a contest with 
even better results." 

Then Ruhl concludes, "I would like 
to stress there are a lot of potential 
Sportsman level competitors out 
there who are stopped in their tracks 
because they see the sport as outside 
their financial reach. We all know 
about the need to get more people in 
at the grass roots level and certainly 
the availability of a more inexpensive 
Sportsman mount would aid in that 
effort. I think the Baby Lakes is one 
aircraft that fills this need admirably." 
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Rebel — "one who resists or defies 
convention." 

That kind of says it all for this new 
version of the aerobatic monoplane. 
Since the introduction of the mid-
wing monoplane in the 1960's, there 
have been many versions and varia-
tions. Currently, on the aerobatic cir-
cuit, we have the Laser, the Z-250, 
and the Extra 230 to name a few. 
Some have different airfoils; some are 
narrower, wider, lighter or heavier; 
some have larger engines or smaller 
ones or what have you. 

Then along came Jones, Bob Jones, 
that is! 

Bob, aged 50, learned to fly in 
Chicago in 1956. In 1959, he 
graduated from Kansas University 
with a degree in mechanical engineer-
ing. To date, Bob has accumulated 
some 11,000 hours of flight time, 
mostly single engine. In 1976, he built 
a Pitts S-1E and soon afterward mod-
ified a Chipmunk. He flew both 
planes extensively. After having 
worked in several different indus-
tries, he decided on a career in private 
aviation. He began with a job in sales 
in 1976 and continued in the sales 
division until the bottom dropped out 
of private aircraft sales. 

About 1983, Jones became in-
terested in the monoplane concept 
and soon discovered what so many 
others have, that parts to build one 
are hard to come by. He decided to do 
something about it. Why not a kit? 
After having studied all the current 
monoplanes and questioning those 

who owned one, he decided what 
was needed was a craft tha t was 
light, strong and powerful. The light 
and strong part was what led to his 
looking into composites. 

Today, composites are being used 
increasingly in light plane construc-
tion so it seemed to Bob the route to 
go for the wing, due to the greater 

New version 
of monoplones 

to charge 
onto aero 

scene soon! 

strength and lighter weight. The 
monoplane has a history of wing prob-
lems and when building a wing of 
wood with sufficient strength for Un-
limited aerobatics and big engines, 
the weight sometimes gets out of 
control. 

Jones had had no previous experience 
with composites so he began looking 
for professional help. He found Marty 

Hollman of Cupertino, California, 
who has quite a reputation in compo-
site engineering. Hollman has writ-
ten his own programs for his personal 
computer for the design and layout of 
wings. 

He proposed a wing with a 
fiberglass box spar with carbon fiber 
caps and ribs of fiberglass. There 
would be a leading edge spar and a 
trailing edge spar. The wing would be 
covered with a skin made of Nomex 
honeycomb sandwiched between 
layers of Kevlar. 

Jones decided on the near-symmet-
rical 21012 airfoil as it appears to 
work in competition as well or better 
than any in use today. The thicker 
wings seem to give too much drag for 
good vertical penetration. Also, the 
21012 corners very well. 

Now, things began to take shape in 
Bob's mind. The plane would be a 
quite conventional monoplane with a 
composite wing and steel tube fuse-
lage with a molded shell of composites 
for cover. Only the tail section would 
be covered with fabric and the gear 
would also be of composite to save 
weight. The bubble canopy would 
hinge forward to give easy access to 
the instruments for maintenance. An 
emergency release would be part of 
the canopy hinge. The big feature of 
the Rebel 300 would be its strong, 
light, rigid, flutter-resistant wing. 

Engines would be available in two 
sizes — the 325 HP, six-cylinder 
Lycoming or the popular 10-360 
Lycoming rated at 230 HP. The seat 
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would be molded of Kevlar. The fuel 
tanks would consist of a wet leading 
edge with each wing to hold about 20 
gallons and a nose tank of about 16 
gallons, with a flop tube for inverted 
flight. 

And so Akro Designs was born! 
In mid-1987, Bob and a friend, who 

is a professional welder, began weld-
ing fuselages in the Jones' garage. 
Word soon spread and orders began to 
come in from people interested in 
monoplanes. Jones soon needed more 
space. So Akro Designs was relocated 
to an 11,000 square foot building in 
far south Denver, near the Centennial 
Airport (P.O. Box 460123, Aurora, CO 
80015-Ph: 303-680-6709). 

Next came the problem of molding 
the composites and an agreement was 
made with High Tech Composites in 
Oxnard, California. The parts are now 
shipped to Denver where Bob's 
rapidly expanding crew of composite-
experienced persons assembles them 
in Akro Designs' jig. When it was de-
cided to build the fuselage covers in-
house, a crew of professional 
moldmakers was brought in. A large 
oven was constructed and soon nose 
cowls and fuselage covers began to 
appear. 

One of the last molds being built is 
for the landing gear. Originally, this 
was farmed out to a supplier but the 
first few were not satisfactory so Akro 
Designs built its own mold and is now 
producing gears from fiberglass and 
carbon fiber. Brake lines are imbed-
ded in the gear legs. The legs are de-
signed with length for the standard 
15-degree fuselage angle when sitting 
on the ground or can be cut for a lower 
profile. 

A few other items are being built to 
be sold to those who want them, such 
as the center fuel tank. A wheel cover, 
made of Kevlar, will also be manufac-
tured. The tailwheel spring is a steel 
rod with an all aluminum wheel as-
sembly. Both the lock type and the 
full swivel, steerable are available. 

So far, the wing has been sand-
bagged to a 15 G loading but, at that 
point, the steel jig that held the wing, 
began to show signs of collapse so 

Rick Massegee's Rebel 300 project, featuring titanium fuselage. 

Above, 10-540 on Massegee's Rebel is reportedly developing 325 HP. The firewall 
is made of Kevlar. Below, lightweight, computerized instrument group is found 
on right of Massegee's panel. Small computer is behind panel. 



REBEL 
further testing will continue later 
when a stronger jig is built. Jones 
wants to take the load up to 20 G's as 
the computer shows the wing to be 
well over 20 G's strong. According to 
him, there is a static test for flutter 
planned before the first plane flies 
and all ailerons will be static bal-
anced before shipment to assure it is 
properly done. 

All Rebel parts are built from pro-
fessionally built molds and jigs so that 
any parts later needed will fit. 

At this time, a number of Rebels 
are under construction. Rick Mas-
segee of Albuquerque, New Mexico, 
has one of the more interesting ones. 
He is going all out to save weight. He 
had the fuselage constructed of 
titanium thus, Jones says, saving 
some 35 to 40 pounds. Rick has hung 
a 325 HP 10-540 built up by Firewall 
Forward of Ft. Collins, Colorado. He 
is using a three-blade, constant speed 
prop. 

He is also paying particular atten-
tion to detail to save weight such as 
using special lightweight, electrical, 
computerized instruments. He has 
run his engine and is well along. He 

John Bianco and helper in composite de-
partment build a belly pan. 

Above, Sandra Hatchel and John Bianco get fuselage parts ready for oven where 
they'll be cured at 250°F. Below, Kevlar fuselage skins are laid out for the Rebel 
200 and 300. 

John Zimmerman from engineering department works out location of access 
doors in the cowling. 



will soon install the wing and bubble 
and be ready for paint. If all goes ac-
cording to plan, he should fly his new 
plane yet this season. 

The majority of the Rebels under 
construction are using the six-cylin-
der Lycoming but one builder is fit-
ting his with a 360 HP Continental 
Tierra. 

Akro Designs also offers a two-place 
version. Two of these are being built. 
It is a side-by-side version of the 
Rebel. The 23-inch-wide fuselage was 
widened 20 inches. It is designed for 
the same engines. 

All in all, the Rebel kit is off to a 
good start. It appears to be a very 
good way to cut down one's building 
time and to get the important safety 
items done professionally. Best of all, 
it offers an affordable way to get an 
aerobatic monoplane. 

I hope to be flying mine by spring! 

EDITOR'S NOTE: Gerry Zimmer-
man, as one might surmise from his 
IAC membership number, 88, has 
long been active in this sport. Most of 
his experience has been as a veteran 
judge, including a former U.S. Team 
Judge. He first entered competition 
as a pilot in 1987, flying his Stephens 

Akro monoplane which he con-
structed himself He did a superlative 
job as a contestant, too, as evidenced 
by his victory in the Intermediate 
category at Fond du Lac 87 coupled 
with his earning the Pitts Cup there 
for the highest percentage of possible 
points. 

Besides him aild Rick Massegee, 
whom he named in his above article, 
it is my understanding that some 
other very active IACers are among 
those building, or having built, this 
new Rebel aerobatic mount. They in-
clude Bill Larson of Edmond, OK, 
who competes in Intermediate; Steve 
VanEck of Holland, MI, Advanced; 
and Herb and Lorraine Hodge of 
Overland Park, KS, in Advanced/ 
Unlimited and Unlimited. 

Incidentally, Akro Designs, Inc. 
also manufactures a Rebel Sportsman 
kit for $18,950. It is designed espe-
cially for Sportsman through Ad-
vanced competition aerobatics. Ac-
cording to a firm spokesman, "It was 
developed as a solution for those pilots 
who have requested a more affordable 
aircraft and don't require a plane 
manufactured for Unlimited competi-
tion." Printed specification data on 
the Rebel Sportsman can be found in 
next month's magazine in the adver-
tising section; data for the 200/300 is 
on the adjacent page. — Jean Sorg. 

Above, Rebel fuselages in welding de-
partment. Below, wing under construc-
tion in jig. 

(All Photos/Gerry Zimmerman) 

Cross section of main spar. 
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DESCRIPTION 

The Rebel 200/300 is a single seat mid-
wing monoplane manufactured in kit form 
using the latest technology to ensure high 
performance and ease of construction. This 
design takes advantage of the newly re-
leased FAA guidelines regarding the 51% 
rule for kit built aircraft. Consequently, 
total construction time has been reduced. 

FUSELAGE 
The fuselage is constructed of TIG 

welded, mil. spec, quality, 4130 chrome-
moly tubing. It is jig built to assure parts 
conformity. The construction includes 3/4" 
x .049, 3/4" x .035 and 5/8" x .035 tubing 
as appropriate for the stresses of aerobatic 
performance. 

EMPENNAGE 
The empennage is constructed of mil. 

spec. 4130 steel tubing and sheet metal 
ribs. Tube sleeve hinges are employed to 
minimize the gap between the horizontal 
stabilizer and elevator as well as the verti-
cal fin and rudder. The rudder has an 
aerodynamic balance and the elevators 
have dual trim servo tabs for balance. All 
empennage surfaces are covered with fab-
ric and blend to composite fairings. 

WING 
The wing is the unique feature that sets 

the Rebel apart from other Unlimited 
category aircraft. It encompasses the latest 
technology in composites. It has a carbon 
fiber spar and Kevlar skin in a sandwich 
construction with Nomex honeycomb core. 
The wing is stressed to a 10G design and 
working load limit with a 200% safety 
margin built in, i.e. 20G's ultimate. It 
utilizes the tried and proven 21012 airfoil 
with a symmetrical aileron 101 inches in 
length. The ailerons are actuated by push, 
pull tubes, fully counterbalanced and de-
signed for speeds above 250 MPH. 

A primary objective in the wing design 
was simplicity of kit construction. Con-
sequently, the builder has only to install 
four aileron hinges, one bell crank, two 
push rods and bond the lower skin panel 
on the wing from the main spar aft, left 
and right side, respectively. The leading 
edge cavity of the wing has a capacity of 
22 gallons of fuel per side. Each wing tank 
feeds into a fuselage sump tank which 
holds approximately 6 gallons and is de-
signed for aerobatic use. The composite 
engineering on the wing was done by Mar-
tin Hollman of Aircraft Designs, Inc., in 
Cupertino, California. Martin Hollman is 
one of the world's foremost composite en-
gineers with numerous other aircraft to 
his credit, such as the LancAir. 

The wing is constructed of prepeg epoxy 
materials, vacuum bagged and oven cured 
for improved structured characteristics. 
The wing is fabricated in our molds at 
High Tech Composites of Oxnard, Califor-
nia. High Tech Composites is one of the 
leading companies in aircraft composite 
technology. 

POWER PLANT 
The power plant is not included. How-

ever, the customer's choice of power plant 
can be accommodated as the aircraft is 
furnished with either a Lycoming 10540, 
10360 or 0360 motor mount and cowling. 

FUSELAGE COMPONENTS 
CONTROLS — Controls are conven-

and horizontal stabilizer. 
SPECIFICATIONS ARE SUBJECT TO 

CHANGE AT MANUFACTURER'S 
OPTION 

TECHNICAL DATA 
Wing Span 24' 6" 
Length 20' 0" 
Height 6' 0" 
Airfoil NASA 21012 
Incidence: 

Wing 0 degrees 
Stabilizer 0 degrees 

Control Movement . . ±26 degrees ALL 
Power Plants Lycoming 10-360 

Lycoming 10-540 
Maximum Design T.O. Weight . 1250 lbs 
Design Empty Weight 

10360 774 lbs 
10540 846 lbs 

Design G Load ± 10 Gs 
Safety G Factor 200% or 20 Gs 
Fuel Capacity 38 Gallons U.S. 
Airworthiness and certification of all kits 
is SOLE responsibility of buyer/builder. 

TOTAL KIT PRICE: $26,950 U.S. — 
Includes fuselage (welded), controls, wing 
(partially assembled), empennage, landing 
gear (no axles — drilled for 5.00-5), tail-
wheel (Haigh), turtledeck, canopy, fuse-
lage skins, cowling, and wheel pants. 

TITANIUM FUSELAGE: $9,000 addi-
tional, requires $5,000 deposit, no refund. 
Prices on titanium vary from month to 
month. These prices are subject to market 
fluctuation and availability. 

DELIVERY TIME: Kits in stock for 
immediate delivery. 

High performance aircraft engine NOW 
made especially for the Rebel 300 at 389 
pounds with starter and alternator, 325 
HP Lycoming 10-540. Available from: 
Barrett Performance Aircraft, 2870-B N. 
Sheridan Rd., Tulsa, OK 74115 (918) 835-
1089 or Dick DeMars-Firewall Forward, 
Ft. Collins, CO (303) 484-0871. 

CONTACT: Bob Jones, President, Akro 
Designs, Inc., (Competition Aerobatic Air-
craft), 14824 E. Hinsdale Ave., Englewood, 
CO 80112 (303) 680-6709. 

REBEL 210/310 
SPECIFICATION DATA 

FORMSNER OY 
AKRO DESIGNS, INC. 

tional torque tube with push, pull tubes to 
the elevators and ailerons and conven-
tional aircraft cables to the rudder. 

COWLING — The cowling is a two-
piece design for improved aerodynamic 
cooling efficiency and low drag coefficient. 
It is made of a Kevlar/Nomex honeycomb 
sandwich with local reinforcements of car-
bon graphite where needed for stiffness. 
The cowling separates along the horizon-
tal axis. 

FUSELAGE PANELS AFT OF 
FIREWALL — Fuselage panels aft of the 
firewall are constructed from Kevlar and 
Nomex honeycomb for lightness and weigh 
about half that of comparable aluminum 
construction. The canopy is a blown 
canopy which hinges forward. It is locked 
down in closed position by four 1/4-inch die 
pins insuring solid locking. It is designed 
for quick release with a simple pull and 
twist handle. The turtledeck is of similar 
construction and fairs into the vertical fin 

Bob Jones 
President 
Akro Designs, Inc. 



H A N G A R TALK 
S-2A With Turbo 

By Editor Jean Sorg 

In the July 1987 SPORT AERO-
BATICS, I featured a technical article 
I had written about the background 
on one Pitts S-2A that had had a 
rather interesting, if not colorful, his-
tory and the numerous modifications 
its pilot/owner had done to it. This 
particular S-2A model, N8028, had 
been number three off the Pitts pro-
duction line. 

Under its original owner, Bill 
Thomas of Miami, Florida, it became 
the source of the AD requiring strut 
bracing from the stabilizer down to 
the fuselage. A few changes of owners 
later and N8028 eventually wound up 
as the property of Dan McGarry of 
Olympia Fields, Illinois. Well, 
McGarry as we soon discovered sure 
likes to fiddle around with an 
airplane — teenagers who are per-
petually tinkering around with their 
cars, hot rods, bikes, etc. have nothing 
over him. 

Anyway, that July article de-
lineated, along with pictures, all the 
mods McGarry had incorporated in 
his machine and the STC's involved 
over the years. But finally it was so 
modified that it could no longer be 
identified as an S-2A. Hence, it be-
came an S-2AM. Now, however, it's 
an S-2AMT with the T representing 
turbo. 

I caught up with him on the contest 
circuit early this summer and quizzed 
him about this latest development for 
N8028. Our interchange went like 
this: 

EDITOR: "Why a turbo, Dan?" 
MCGARRY: "I have to go back a 

little ways to explain that. For years 
I've been working with G & N Air-
craft in Griffith, Indiana, to get more 
power out of the engine and they've 
always been a big help to me. The fel-
low who runs the plant kept telling 

me for years to turbo it every time I'd 
come to him with a new mod, pistons, 
cam, different things. He'd just keep 
shaking his head and say, 'Why don't 
you just turbo the (darn) thing and 
have it over with.' So I did finally 
when after the Nationals (in 1987) I 
had a bad valve in one of the cylinders 
and had gone to G & N to get it fixed. 
He started in about the turbo again. 

"G & N designed the system for me 
and told me how to build it — all the 
details. Kevin Murray at Sky 
Dynamics (the eastern firm formerly 
known as Frame Up Engineering) did 
the exhaust system for me. I made the 
mount and turbo and sent him the 
sump, mount, turbo and some dimen-
sions and pictures. 

"At first there was a glitch with the 
system where it was hitting on one of 
the mounts. After some modifying of 

it, I sent it back to Kevin for repair. 
With the installation of the turbo all 
done and everything else, we put the 
engine on a dyno, running it to see 
what we'd get out of it and actually 
de-rating the engine to accommodate 
a turbo." 

E: "What is de-rating?" 
M: "To de-rate we lowered the horse-

power in the normal configuration by 
putting different cylinders on it and 
lower compression pistons. We went 
from 10:1 down to 7.3:1." 

E: "Why?" 
M: "Because when you turbo, you're 

packing air in and if you do it with 
high compression pistons you have a 
tendency to pack too much in and you 
could blow the cylinder heads off. It's 
the same setup they use on all of the 
10-540 Lycoming turbo engines and 
it's on this engine here. 

With the cowling removed from Dan McGarry's Pitts S-2AMT, one can view 
his turbo setup. At left is the air intake and lower center is the turbo itself. 
To the right of it is the manual waste gate area. Although he did most of the 
work himself on his turbo project, McGarry received a lot of assistance and 
advice from G & N Aircraft and Kevin Murray of Sky Dynamics who designed 
the customized exhaust system. 
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"After we designed and built it, we 
put it on the dyno and at 42 inches of 
manifold pressure and 2700 RPM, we 
got 257 HP out of it. That's good." 

E: "How does that compare with 
what you had?" 

M: "On my engine with the high 
compression pistons and other extras 
I had prior to putting on the turbo, we 
were getting 220 horse. So we picked 
up 37 in horsepower." 

E: "What's an advantage of having 
it — just more horsepower?" 

M: "The advantage to the turbo is 
that I can have that power at all al-
titudes. With the normal Lycoming 
engine, every thousand feet you go up 
you lose an inch of manifold pressure, 
which is power. 

"If you have an airport you're flying 
out of that has an elevation of say 
3,000 to start with like at Red Deer 
(in Canada) and then you go up 
another 3,000 feet for your box, you're 
losing six inches or more of manifold 
pressure. I won't lose that. I can re-
tain it all the way, giving me power 
at all times. 

"It's made a big difference in the 
airplane. The vertical penetration 

went up 300 feet. It hangs on a lot 
longer. It's got better vertical. But it 
uses quite a bit more fuel when you're 
doing aerobatics because of the 
turbo." 

E: "For example?" 
M: "My fuel gauge and manifold 

pressure gauge are a split gauge com-
mon in the Pitts. The fuel flow goes 
to 20 gallons and then on the other 
side is the manifold pressure which 
goes from 0 to 35 inches. I had to put 
a different manifold pressure gauge 
in that went to 50 inches, so I could 
get proper readings. I just don't use 
the manifold pressure side of the Pitts 
gauge. But when I'm running at full 
turbo and almost full rich, the fuel 
flow needle will go past the 20 and up 
to 20 inches on the manifold pressure 
side. It's going all the way around up 
into the other gauge. I think it's about 
38 gallons an hour, compared to about 
14 or 15." 

E: "Describe step-by-step the tech-
nical aspects of what was involved to 
go turbo on your engine." 

M: "The first thing we had to do 
was build a mount where we could 
mount the turbo on the engine and 
get the least amount of obstructions 
to everything else while still getting 
clearance and cooling. As a result I 
went back to a standard Lycoming 
sump which had a boss pad on the bot-
tom of it for a fuel servo." 

E: "Like a cool induction system or 
do you need that with this?" 

M: "There's no coolant for the turbo 
other than the air blowing over it. 
There is oil cooling that goes into the 
turbo onto the bearing in it." 

E: "You don't need to have a cool 
air induction system because your 
turbo takes care of the density al-
titude problem." 

M: "Yes. Cooling is being handled 
adequately so far. Our temperatures 
have been very good in hot weather. 
It gets up at the high end of the cylin-
der head temperature and oil temper-
ature, but not where it's critical. 

"First we had to determine where 
to put it. So we put the standard 
Lycoming sump back on because it 
has a boss pad on the bottom of it 
where you could drill and mount the 
turbo mount on that. I took a Seneca 
mount for a Continental 10-360, 
which is a 210 HP engine that has a 
Ray-Jay turbo on it, then I modified 
it to fit on the bottom of the sump to 
hold the turbo. Once I got that done, 
I just sent the turbo mounted on the 
sump to Kevin. 

"After several phone conversations 
with him, he made up an exhaust sys-
tem that would fit on this — he had 

turbo oil scavenger pump 

pop off valve 
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an engine that he just mounts this 
stuff to and uses for a jig to make up 
an exhaust system." 

E: "What's different from what's 
standard?" 

M: "Well, you have a waste gate 
with a turbo that directs the flow of 
the exhaust. It's like a couple of pipes 
that have a gate valve in them that 
you can open or close to direct the flow 
of the exhaust gases. 

"What you're doing is you're direct-
ing the flow of the exhaust gases into 
the turbo to get it to spin and then 
there's a little, sort of air compressor 
on the other side that 's compressing 
the air and packing it into the cylin-
ders. So you have to have an overflow 
or waste gate where you can open it 
to let the exhaust go out when you 
don't want to have the turbo engaged. 
Or you may want to reduce the 
amount of turbo you have in or in-
crease it. I have a manual waste gate. 

"The whole exhaust system is com-
pletely different — a one-of-a-kind for 
this particular airplane. It was cus-
tom made to fit exactly where the 
turbo and waste gate are located." 

E: "Describe its appearance or 
setup." 

M: "Four cylinders go into one col-
lector. It goes into the waste gate 
which in turn goes into the turbo — 
making all four cylinders come to-
gether in one line going into the waste 
gate. Then there is a three-inch 
exhaust system out of the turbo. 
Kevin did all the engineering for it. 
As I mentioned we had one pipe that 
was hitting on the motor mount at 
first and I just marked it up, sent it 
back to Kevin and he modified it to fit. 

"I've had no trouble at all with the 
exhaust system to date and I've got 
about 35 hours on the airplane at this 
time, most of which is practice. 

"To finish up here, when you put a 
turbo on you've got to enclose every-
thing for the air from the turbo into 
the fuel servo. You have a pipe that 
runs from one to the other and we had 
to build the pipes out of aluminum 
ones." 

E: "Again, you did that yourself, 
right?" 

M: "Yes, but over at G & N. They 
did the welding for me. I'd make the 
pipes, cutting, fitting and everything, 
and then they'd tack weld. If it all fit 
well, then they'd complete the weld-
ing. 

"We also have a blow door on there 
which, in the event the turbo were to 
seize up and not operate, the fuel 
servo would suck enough air to force 
this door to open up to get air in. It's 
a safety door." 

S-2A With Turbo 
E: "Would you say a shut-down sys-

tem?" 
M: "Yeah. If the turbo shuts down, 

this door will suck open and allow air 
into the engine to work just like a reg-
ular one. We also have what's called 
a pop off valve on there which when 
you reach so many inches of boost, to 
prevent the engine from overboosting, 
this will pop off. It's like a relief valve 
or a safety valve on there. By opening 
it won't permit the turbo to overboost 
the engine where you could do some 
damage to it. 

"It's a super system and it's work-
ing well. We had to do a little modifi-
cation on the cowling though which 
isn't the prettiest." 

E: "In what respect?" 
M: "We had to build a dam ramp 

Turbo installation necessitated 
change in cowling shape. 

for the turbo to fit in there for clear-
ances. And we had to drop the center 
of the cowl down about 16 inches wide 
and three inches down from the front 
of the cowl all the way to the back. 
Next year, if everything works out 
well, I'll probably be able to reduce 
that slightly and fiberglass it to get 
the contours back." (After all, he has 
to find something to do to N8028 over 
the winter.) 

E: "What was your rationale for 
going to turbo? I'm sure it wasn't just 
because the gentleman at G & N kept 
bringing up the idea." 

M: "I did it purely for power. Flying 
in Advanced with an S-2A even 

though it may be highly modified like 
mine was, you're still on the low end 
of the ladder with some of these 
airplanes in Advanced — the 260's 
and some of the guys with 300's. But 
this helps an awful lot and like I said 
I have that power now at all altitudes." 

E: "Again, you've gone from a 200, 
modified to a 220 and now you're get-
ting 257." 

M: "257 on the dyno, which is actu-
ally a little bit more once you put it 
in an airplane. So, it's over 260 HP 
now." 

E: "Then you've got the advantage 
regarding density altitude. You don't 
have to worry about it anymore." 

M: "Right." 
E: "As far as the vertical stuff, you 

were telling me earlier something 
about your Hammerhead. What was 
that again?" 

M: "On the Hammerheads, I'm hav-
ing to reduce the throttle a little bit 
going up. The Lycoming has a ten-
dency with this propeller setup to lose 
oil pressure on long vertical lines and 
then you start to lose your propeller 
because of the lack of oil. The propel-
ler goes flat and the engine lugs down. 

"If I go long on the vertical, the pro-
peller's getting oil starved and going 
into different pitch. So what I do is 
get my line established and then I'll 
pull the throttle back to about half. It 
works out fine — as long as I keep the 
oil level high prior to starting a se-
quence, it's less apt to do it." 

E: "How do you do that?" 
M: "I just put seven or eight quarts 

in prior to flying. It blows it right out. 
By the time you come down, you'll be 
down five and a half or six." 

E: "I'm sure you're also having to 
pull back the throttle as far as keep-
ing in the box at times. You know, I 
was wondering about you fellows get-
ting all this extra power in order to 
have additional vertical performance 
and then you have a tendency to just 
fly out of the box, horizontally included." 

M: "You can start lower. And the 
lower you start, the better you look to 
the judges. I've brought it (a se-
quence) down 500 to 600 feet this 
year. I'm starting a little lower and 
I'm not having the trouble I used to 
have when I get down by the bottom 
of the box. I can go back up." 

E: "I know you've done a lot of your 
modifications, including this turbo 
bit, to increase your competitive edge, 
but don't you also do these mods be-
cause you just plain like to work on 
your airplane?" 

M: "Oh sure. I enjoy it. And I like 
to have something that 's different. 
This is different." 
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VARIOUS PITTS MODELS 
By Drew Detsch 

Contributing Editor 

Q — What is the difference between 
the various models of the Pitts Specials? 

— To those new to aerobatics this 
is a reasonable question indeed. After 
all, they are all seemingly similar 
looking little biplanes. Many are even 
painted alike. The most obvious dif-
ference is that between the one and 
two-place versions. Does this mean 
that all models that begin with the 
designation S-l are single place and 
S-2, two-place? Not exactly. Maybe 
we'd better start at the beginning. — 

A — S-1C — This is the original 
Pitts Special made available as plans 
for homebuilders in the early sixties 
by Curtis Pitts. The S-1C used an M-6 
airfoil, known as the flat wing, with 
two ailerons and powerplants ranging 
from 85 HP Continentals to 180 HP 
Lycomings, depending on the version 
of the plans. Lycoming 125 HP and 
150 HP engines are most common. 

S-1S — In 1966, the Pitts was mod-
ified by enlarging the cockpit and 
most importantly the introduction of 
a symmetrical airfoil with four ailer-
ons. This greatly increased the roll 
rate and inverted performance. The 
180 HP Lycoming engine became 
standard. 

This airplane, flown by members of 
the U.S. Aerobatic Teams, finally 
broke the domination of the Soviet 
block in world competition. The S-1S 
won its FAA type certificate in 1973 

with no aerobatic restrictions and 
began being produced as a complete 
production aircraft. 

S-1T — First introduced in 1976, 
the S-1T went into production in 
1981. The T-model differs from the S-
1S by coming equipped with a 200 HP 
Lycoming and swinging a Hartzell 
constant speed prop. Other changes 
included the use of symmetrical ailer-
ons and servo spades to increase the 
roll rate. The rudder was enlarged and 
canopies became standard equipment. 

S-2 A — The S-2 A, when introduced 
into production in 1971, became the 
first open cockpit biplane certificated 
in the U.S. since the 1930s — a testa-
ment to the tenacity of Curtis Pitts. 
The S-2A is a two-seat version of the 
Pitts Special. Developed from the S-l, 
the S-2A is considerably larger with 
a 20-foot wingspan (vs. 17'4"), a 
length of 17'9" (vs. 15'6"), and an 
empty weight of 1,025 lbs. (vs. 750 
lbs.). It is powered by a 200 HP 
Lycoming with a constant speed prop. 

S-2S — The S-2S was based on the 
airframe of the S-2A with a single 
seat configuration and a 260 HP, six 
cylinder, Lycoming and constant 
speed prop. 

S-2B — The S-2B is a two-place air-
craft with a 260 HP Lycoming and a 
constant speed prop. 

Designated Models — 
S-1D-EW (S-1D)* — Plans built S-l, 

similar to S-1S but using the orig-
inal M-6, non-symmetrical airfoil 
with four ailerons. (Slower roll rate 
and more docile handling.charac-

teristics than the S-1S). 
S-1S-E (S-1E)* — Kit built S-1S. 
S-1S-EW — Plans built S-1S. 
S-1T-E — Kit built S-1T. 
S-2S-E — Kit built S-2S. 
S-2 — Two-place with 180 HP engine 

and fixed pitch prop. 
S-2E — Kit built S-2. 
S-2A-E — Kit built S-2A. 
*01d Designation 

The Modified — The S-l is one of 
the most modified of aircraft, factory 
or homebuilt. It seems that few can 
resist the temptation to add their per-
sonal performance touches to their 
aircraft — though it has been said 
they'd probably be better off putting 
their money into avgas and practice. 

Since many components are inter-
changeable, the nomenclature of the 
Pitts quickly becomes blurred. What 
do you call an S-1C with T-model 
wings or a plans built S-1S with a 200 
HP engine and a constant speed prop? 

If you are considering purchasing a 
Pitts Special, spend some time educat-
ing yourself before you plunk down 
your hard earned cash. Talk to deal-
ers, owners and mechanics who know 
Pitts aircraft well. Find out all the 
subtle differences between planes. 
Read the IAC publications like the 
TECH TIPS I and II manuals and 
SPORT AEROBATICS magazine. 
Sam Burgess wrote a great article 
on buying a used aerobatic aircraft in 
the August 1984 issue of SPORT 
AEROBATICS. 

Remember, all Pitts were not 
created (or maintained) equal. 

S-2S Specifications 

Top Speed 187 mph Useful Load 400 lb 
Cruise Speed 175 mph Wing Loading 12 Ib/sq tt 
Stall Speed 58 mph Power Loading 5 77 lb/hp 
Never Exceed Speed 203 mph Length 17'4" 
Rate ot Roll 240°/Sec Span 20'0" 
Ware of Climb 2800 Ipm Height 67' /?" 
Range (55% pwr, V2 hr reserve) 405 mi Wing Area 125 sq tt 
Gross Weight 1500 lb Fuel Capacity 35 US gal (34 usable) 
Empty Weight 1100 lb Oil Capacity 12 qt 
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STARTERS, RELAYS, 
MASTER SWITCHES 

One IAC member reported that he had installed a B & 
C Specialty Products starter on his Extra 230 and had 
experienced some problems. He ended up drilling open the 
starter relay and discovered a broken spring and two small 
pieces of metal debris. He was concerned that the loose 
metallic pieces could have bounced around and short cir-
cuited the relay and engaged the starter motor at any 
time. Since his aircraft did not have a master switch, this 
could have had serious consequences since the electrical 
system power could not have been shut off. Repairs have 
been made and a master switch installed. Nothing serious 
happened, but the potential was there. 

This report is just another brief reminder to all IACers 
that the darnedest things have the possibility of jumping 
up and biting us if we are not always extremely on guard. 
Thanks are due this IACer for alerting us all to a poten-
tial problem. 

STARTER, MOTOR 
CLARIFICATION 

In the July 1987 issue of SPORT AEROBATICS there 
was a short tech safety article entitled, "STARTERS, RE-
LAYS, MASTER SWITCHES," which concerned a prob-
lem with a starter relay and also mentioned a less than 
satisfactory electrical wiring circuit (no master switch). It 
was noted that a B & C Specialty Products starter motor 
had been installed on the aircraft in question. 

It has been brought to our attention that the article 
could be interpreted to imply that there was a problem 
with the B & C Specialty starter, and on reviewing the 
text we can see where this is indeed a possibility although 
it was not our intent. The exact problem alluded to was 
with the starter motor RELAY and NOT THE STARTER 
motor itself. The relay is a separate entity and the failed 
relay was not manufactured by B & C Specialty. We hope 
this explanation clears up any confusion and sincerely 
apologize for not making things clearer the first time 
around. 

SOLENOIDS 
Bill Bainbridge of B & C Specialty Products has ad-

vised the IAC Tech Safety Committee of a problem that 
he has seen occur a number of times. The problem concerns 
solenoids. 

To get everyone on the same wave length, a solenoid 
is just a switching device that uses a small current to 
control a large one. The basic components of a solenoid are 
a wire coil and an iron core or plunger which is free to 
move in the middle of the coil. When there is no current 
flow through the coil, the plunger is held slightly off center 
by a spring; but when an electrical current is passed 
through the coil, the plunger tries to center itself inside. 
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SOLENOIDS 
TECHNICAL SAFETY REPORT 

On one end of the plunger there is a large contact. When 
current is applied to the coil and the plunger moves, that 
contact touches the ends of two studs which extend 
through the side of the solenoid housing, completing the 
circuit between the two studs. The large current is carried 
in this circuit. 

When working with a popular solenoid configuration 
(oftentimes referred to as a Ford solenoid because it looks 
like the solenoid used on many Ford automobiles), the 
person who is installing the cables onto the solenoid studs 
or lugs is often going by the philosophy — too tight is just 
right — and overtorques the nuts retaining the cables on 
the studs. When this happens, there is a good chance that 

the stud will rotate slightly in the solenoid body. If the 
stud rotates even just a bit, the area or patch which 
touches the contact on the end of the plunger is greatly 
reduced and this greatly reduces the effectiveness of the 
solenoid's large current-carrying circuit. It should also be 
noted that it is not possible to tell if the stud has moved 
by looking at the outside of the solenoid. 

Besides exercising caution when installing cables on 
Ford-style solenoids, there is another alternative to 
eliminating the stud-rotation problem. B & C Specialty 
Products has a solenoid supplied to them by Cutler-Ham-
mer which does not have studs passing through the sol-
enoid body. It is of a different physical design. 

In the Cutler-Hammer solenoid, flat plates pass 
through the solenoid body. The portion of the plates on the 
inside of the solenoid align with the plunger contact and 
on the portion of the them on the outside of the solenoid, 
there are cable mounting studs. This design precludes any 
possibility of reduced internal contact area due to impro-
per cable installation. A review of the accompanying 
photographs of the two different style solenoids clearly 
shows the advantages of the Cutler-Hammer design. 

A thank you is due Bill Bainbridge for bringing the 
potential problem to everyone's attention and for supply-
ing the cut-away Ford-style solenoid and the Cutler-Ham-
mer solenoid. 
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SPECIAL REPORT 
TECHNICAL SAFETY 

EDITOR'S NOTE: The following 
special report is written by Contribut-
ing Editor Gene Beggs in a letter for-
mat to our IAC Technical Safety 
Chairman and Associate Editor Fred 
Cailey. Beggs noted in a cover letter 
accompanying this report sent to the 
SPORT AEROBATICS Editor that 
"even though I think the world of 
Terry Capehart and the guys there at 
High Performance Aircraft Engines 
in Mena, Arkansas, I also feel a big 
responsibility toward our readers on 
this matter. As a result I felt obli-
gated to pass along this information 
on what I consider to be a very serious 
safety issue." Publishing this report 
is consistent with IAC's desire to pro-
vide a clearing house of information 
to the members and a forum for the 
exchange of ideas and opinions. 

Dear Fred: 
I have received many inquiries 

from our members as to just what 
happened to my engine on my return 
trip from the World Aerobatic Cham-
pionships. When I received your let-
ter, regarding the failure of the cylin-
der hold down studs and thru-bolts, I 
felt that it would be best to write to 
you and explain to you and our read-
ers just exactly what happened so that 
there would be no doubt about what 
happened or any false rumors started. 

First of all, let me give you a little 
background on my aircraft and engine 
history. As most of you know, my air-
craft is a 1981 Pitts S-1T. My T was 
one of the original three, identical S-
lTs used in the first Hilton Masters 
in 1981. The engine was a factory new 
Lycoming AEIQ-360-A1E. I took de-

livery of the aircraft in fall of 1981 
immediately after the Hilton Masters 
when the aircraft had a total of 49 
hours on it, airframe and engine. 

The airframe is absolutely stock ex-
cept for the oil cooler mount and 
slight re-rigging of the ailerons, 
which provides for a slight increase 
in the aileron deflection. I put 465 
hours of Unlimited type competition 
flying on the engine and airframe 
through the 1984 season, at which 
time, I decided to pull the engine and 
go through it just as a precautionary 
measure to see how it was fairing 
after that time. The engine was pulled 
and shipped to Terry Capehart with 
High Performance Aircraft Engines 
in Mena, Arkansas, for complete 
overhaul. 

I am glad I decided to pull the en-
gine when I did, because when the 
crankshaft was magnafluxed, five 
cracks were discovered in the flange 
area and in between the lightening 
holes of the flange. The crank was of 
the old design, which had the lighten-
ing holes drilled between the prop bolt 
bushings. I was not surprised when 
the shaft was found to be cracked. 

I gave Terry carte blanche to give 
the engine his full treatment and to 
replace the crank with the new, heavy 
flange, solid face shaft from Lycom-
ing. The cylinders were ported and 
flow matched and the crankcase re-
ceived the full treatment with the in-
stallation of the alignment dowels at 
the thru-bolts, all new bearings, oil 
pump gears, etc. 

The engine reciprocating parts 
were all static and dynamically bal-
anced and the engine reassembled 
using ten to one compression ratio pis-
tons and Total Seal piston rings. Both 
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magnetos and the fuel injection sys-
tem were completely overhauled. 
Aside from the replacement 6f the 
crankshaft and a careful major over-
haul and balance job, the only depar-
tures from stock were: 

1. the use often to one com-
pression ratio pistons, 

2. the use of Total Seal, gap-
less piston rings, 

3. the porting and flow match-
ing of the cylinders, and 

4. the use of a slightly differ-
ent cam profile. 

The engine was installed in my 
Pitts and after tweaking and break I 
headed for Oshkosh and Fond du Lac 
in July 1985.1 flew the engine during 
the 1985 contest season and the Team 
qualifications. I then took the aircraft 
to England for the 1986 World Aero-
batic Championships and put a total 
of 135 hours on it since major over-
haul with no problems up to this 
point, with the exception of what I 
considered excessive oil consumption 
for a Lycoming — particularly at low 
power settings. More on this later. 

As I said, the engine gave no prob-
lems up to this point, always running 
as smooth as a sewing machine with 
good power output, although inflight 
tests against other aircraft of known 
performance showed no increase in 
either cruise or climb performance. 
Although I am quite sure that the en-
gine was putting out its rated 200 HP 
I am quite convinced that it certainly 
was not developing the 230 HP that 
it was purported to produce. 

During my return flight to Texas 
after the England trip, while in cruise 
flight just before my last scheduled 
fuel stop at Breckinridge, Texas, I 
suddenly experienced a vibration in 



the engine much like that produced 
when a spinner begins to fly apart or 
when a small bit of prop blade sepa-
rates or a counterweight slips or 
something of this nature. It was not 
an alarming degree of vibration, but, 
certainly enough to let you know that 
all is not well. 

After enriching the mixture 
slightly, changing RPM, and making 
a quick check of the magnetos with no 
change in the vibration, I decided to 
stay near the highway leading into 
Breckinridge and continue on to the 
airport, which was only about ten 
miles away. After an uneventful land-
ing, I taxied up to the gas pit and re-
fueled the aircraft. I opened the cowl-
ing up to let the engine cool down be-
fore checking to see what might have 
been the cause of the vibration. An 
external, visual inspection showed no 
problems with either the propeller or 
the spinner. So, I knew the trouble 
had to lie with the engine itself. 

After the engine cooled sufficiently 
to work on it, I pulled the spark plugs 
and found them to be perfect. Next I 
pulled the injector nozzles, expecting 

to find one of them either partially or 
completely blocked as I had found be-
fore, but they were all four as clean 
as a whistle. 

Well, after checking the most obvi-
ous items, I decided that the problem 
must be in the magnetos or wiring or 
something like that. So, we pulled the 
cowling to look a little bit deeper. 
When the lower cowl panel was re-
moved, a cylinder hold down nut with 
a broken stud fell out on the hangar 
floor. Closer examination, after the 
rest of the cowling was removed, re-
vealed that the left, rear cylinder was 
being held on to the crankcase by only 
the two, rear thru-bolts. Two of the 
main thru-bolts and all four of the cyl-
inder hold down studs had been 
sheared off right at the base of the 
cylinder. And most of the nuts with 
the broken stud still intact in the nut 
were found in the cowling and the en-
gine baffles. 

I was within minutes of losing the 
entire cylinder assembly from the en-
gine with the associated disastrous re-
sults of the piston and rod flailing 
around outside the crankcase and 

with engine oil dumped all over 
everywhere. I was indeed lucky that 
I was able to land as quickly as I did 
before the two remaining thru-bolts 
failed. 

Even though the U.S. Nationals 
were only about a month away at this 
time, I decided it would be best to re-
move the engine and take it back to 
the folks at High Performance, and 
let them go back through the engine 
to try and determine just what had 
happened and to be sure that no dam-
age had been done to the crankcase or 
other parts while the engine ran for 
the few minutes that it took for me to 
get it on the ground after the vibra-
tion began. 

It had already been agreed between 
myself and High Performance that 
after the Nationals, we would pull the 
engine and replace the pistons and 
rings with standard, Lycoming pis-
tons and rings, as the oil consumption 
using the ten to one pistons and the 
Total Seal rings had proven to be ex-
cessive. This unfortunate premature 
failure of the cylinder hold down studs 
just made it necessary to pull the en-

gine and do this work earlier than we 
had planned. 

Let me say at this point that the 
people at High Performance were just 
great in the way that they handled 
the problem with my engine. Terry 
Capehart, John Watkins, Bob Bates 
and A1 Hadaway were all just as anx-
ious as I was to find out what had hap-
pened and get my engine back in the 
air. Let me emphasize that I have al-
ways had, and still have, the greatest 
confidence in the workmanship and 
the impeccable attention to detail of 
the folks at High Performance Air-
craft Engines. It must be remembered 
that we had used experimental, higher 
than normal compression ratio pistons 
with experimental rings in my engine 
when it was first assembled. This 
would certainly place more strain on 
the cylinder hold down studs and make 
the engine more prone to detonation. 

The folks at High Performance 
carefully inspected the engine after 
disassembly and found that there was 
no damage to any of the parts from 
the failure of the hold downs. The en-
gine was reassembled with all new 

thru-bolts and cylinder studs, and the 
experimental 10:1 pistons were re-
placed with standard 200 HP Lycom-
ing pistons and Lycoming rings. The 
engine was reinstalled and test run 
in my Pitts and I ferried the aircraft 
from Breckinridge, Texas, to Sher-
man-Denison, Texas, for the Nation-
als with only three hours of running 
time and no practice! I feel very fortu-
nate to have placed third at the Na-
tionals after such a hectic experience 
and with a new engine! 

Since that time, I have about thirty-
five hours on the engine with no prob-
lems. The oil consumption has virtu-
ally stopped and the engine is just 
doing beautifully. 

Terry Capehart and the staff at 
High Performance were not able to 
determine a definite cause for the 
problem, although we have all specu-
lated as to what might have caused 
the failure. At first, it was believed 
that detonation was the cause and it 
may very well be that, that is what 
caused it. Who knows? 

Anyway, the magneto timing was 
found to be correct although being on 
the fast side of what Lycoming per-
mits. (On the 200 HP engine Lycom-
ing recommends that the engine be 
timed to 20 degrees BTDC as opposed 
to 25 degrees on the 180 HP engine.) 
My engine was timed to about 22 de-
grees BTDC. Certainly, the increase 
in the compression would make the 
engine more susceptible to detonation. 

Another item that I personally have 
been concerned with is the use of 
chrome plated nuts on both the thru-
bolts and the cylinder base studs 
which were used to "dress up" the en-
gine. When my engine was reassem-
bled, we used all new cylinder studs 
and thru-bolts and standard Lycom-
ing, cad plated cylinder hold down 
nuts, just in case there had been any 
problem caused in some way by the 
chrome plated nuts. It had been 
speculated by some that perhaps the 
chrome plated nut in such close prox-
imity to the cad plated studs and thru-
bolts might have caused some type of 
chemical or galvanic action which 
weakened the bolts, although later 
tests have proven that was not the 
case. 

In an effort to find out just exactly 
what really happened I have turned 
the investigation over to Bill Gurnsey 
of Albuquerque, New Mexico, an ex-
pert machinist and metallurgist who 
is well known among the EAA and 
formula air racing community. Bill 
built the Wright Brothers Award win-
ning Mustang II for 1981. 

Bill's tests have shown that the ma-
terial from which the studs were 
made barely met the strength specifi-
cations for the part. Bill has dis-
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Gene Beggs' Pitts S-1T, the subject aircraft in the accompanying article, is hooked up and ready 
for starting at Nationals 86. Beggs, left, visits 
with Starter Harley Elmore while awaiting the 
go-ahead to mount up, 

(Photo/Editor Jean Sorg) 
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counted the possibility of there being 
any kind of galvanic action between 
the stud and the chrome plated nut 
used. There is one possible problem 
that could result from the use of the 
hard chrome plated nut and that is 
the possibility of over stretching the 
stud from applying the recommended 
torque value to the chrome plated nut 
when the Lycoming part (nut) is cad-
mium plated. 

It should be remembered that the 
very slick, hard chrome plating of the 
nut would act as a very effective lub-
ricant, and the same foot pounds of 
torque applied to the chrome nut 
would impart a far greater stretch to 
the stud. A bolt that has been over-
torqued in this manner would not 
hold the torque and remain tight and 
when the nut loosened, this would 
allow a slight working or hammering 
action to begin. The stud or bolt will 
then quickly become work hardened 
and snap. In my humble opinion, this 
is what is happening. Please re-
member that this is only my opinion, 
after much investigation, and that 
this may or may not reflect the opin-
ion of others. But there are certain 
facts that exist. 

1.1 am personally a ware of four 200 
HP Lycomings that were built up in 
the High Performance shop that have 
had identical failures of the cylinder 
hold down studs. 

2. All of these four engines had one 
thing in common, i.e., the chrome 
plated nuts installed on the cylinder 
hold down studs and thru-bolts. These 
failures have occurred, in some cases, 
in the first few hours of operation and, 
in the case of my engine, the failure 
occurred after 135 hours of operation. 

3. I have been aware of several en-

gines (200 HP Lycomings) that have 
had the cylinder porting done at High 
Performance and were reinstalled in 
the field and they are performing per-
fectly with no failures reported of the 
cylinder studs. The only difference is 
that standard Lycoming hold down 
nuts were used when reinstalling the 
cylinders. 

4. The only engines that have ex-
perienced failures of the cylinder hold 
down studs have been assembled in 
Mena, using the chrome plated stud 
bolt nuts. 

I just can't help believing that the 
problem lies with the use of these 
chrome plated nuts, perhaps further 
complicated by the increased load 
that would be placed on the cylinder 
bases by the use of high compression 
pistons and perhaps slightly ad-
vanced mag timing, perhaps by get-
ting a tank of gasoline that just didn't 
quite measure up to the octane rating, 
and perhaps by getting the engine un-
usually hot with a slightly lean mix-
ture. All of these things would in-
crease the chances of detonation. 
With all of these variables and the 
possibility of the hold down bolts and 
studs having been overtorqued and 
stretched beyond their limits by the 
aforementioned "lubricated" threads 
caused by the slick, hard chrome plat-
ing of the nuts, it's not hard to see 
how failure could result. 

In a torqued up, bold/stud/nutted 
type assembly that is subjected to con-
stant working type of stress, such as 
a cylinder assembly, it is common 
knowledge that either overtorquing 
or undertorquing will permit the as-
sembly to loosen up. And when the 
slightest bit of working and hammer-
ing begin, the bolt or stud will quickly 

become work hardened and fail. I be-
lieve that this is what is happening 
with these engines that have experi-
enced failures of the cylinder hold 
downs. Please remember that that is 
only my opinion. 

I wish we could point to one thing 
and say without any shadow of a 
doubt that this is what caused the 
failures, but we really can't do that. I 
have reported here, honestly and com-
pletely, what has happened and what 
we have been able to determine from 
consulting with the experts in the 
field. Each reader will just have to de-
cide for himself what the t ruth of the 
matter is. 

After my own experiences and from 
being around the aerobatic sport for 
the past fifteen years or so, I do have 
some advice that I would like to pass 
along to our readers. Take it for what 
it is worth and remember that it re-
flects only my opinion, but — 

1. Beyond porting and matching the 
air flow of the cylinders and careful 
balancing, both static and dynami-
cally of all the engine's reciprocating 
parts, I do not recommend modifying 
in any way a Lycoming engine. 

2. I do not recommend raising the 
compression ratio of a 200 HP Lycom-
ing engine or of using any piston or 
ring combination other than the stand-
ard Lycoming piston and ring. 

3.1 do not recommend chrome plat-
ing any stress bearing, steel part that 
will be used on an aircraft anywhere! 

4. I would suggest that you pay 
careful attention to your magneto 
timing and insure that it is within 
the limits specified by the engine 
manufacturer. 

5. At regular intervals, check the 
torque of the cylinder hold down nuts 
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to insure that the proper torque is 
being maintained. This would also 
apply to any other bolts and nuts on 
the engine such as sump bolts, crank-
case thru-bolts, magneto hold down 
nuts, accessory housing bolts, etc. 

I hope that our readers will re-
member that when we built up my en-
gine the only departure from stock 
was the 10:1 compression ratio pis-
tons and experimental, gapless rings 
and the installation of the chrome 
plated cylinder nuts. It is interesting 
to note that these were the only items 
that proved to be unsatisfactory! It 
just emphasizes to me that you just 
can't go wrong when you stick to stand-
ard, factory supplied parts. 

I think it should be remembered as 
well that in aerobatics we are not rac-
ing! We need, above all else, smooth, 
reliable power output in all attitudes. 
A stock factory engine provides that. 

I hope that our readers will not in-
terpret this writing as an effort to 
criticize the work of the folks at High 
Performance Aircraft Engines in 
Mena, Arkansas. Nothing could be 
further from the truth. I have the 
greatest respect and confidence in 
Terry Capehart and the staff at High 
Performance and can recommend 
them with complete confidence to any 
of our readers needing engine work. 
We just found, with my engine, that 
the particular combination of piston 
and ring proved to be unsatisfactory. 
Whether the chrome plated cylinder 
nuts were really a problem, we don't 
know for sure. 

Any manufacturer or service 
oriented organization will occasion-
ally have a problem with a unit. In 
my opinion, it is how that organiza-
tion handles the problem and stands 
behind their work that reflects the 
true integrity of that organization. 
High Performance Aircraft Engines 
handled my case with complete hon-
esty and enthusiastic cooperation. I 
just can't say enough for the way they 
have treated me. 

The engine is now performing per-
fectly in every way and I don't antici-
pate any further problems with it. If 
any of our readers have anything con-
structive to add to this, let's hear 
about it! Let's keep the lines of com-
munication open on all matters con-
cerned with engine operation, air-
frame maintenance, flight safety tips, 
etc. 

Happy flying! See you around the 
circuit this year. 

Sincerely, 
Gene Beggs 

DECATHLON 
CRANK FLANGE 

BREAKAGE 
Over the years there have been quite a few IAC Tech 

Safety articles related to crankshaft flange/nose breakage. 
And most IAC members are well aware of the FAA Air-
worthiness Directive concerning crankshaft flange/nose 
inspections. Most of the reported crank flange failures 
have occurred on single-place Pitts aircraft and this has 
been thought to be due to the high roll rate of the Pitts 
and the aggressive style that many pilots fly these air-
craft. 

Some operators of lower performance aircraft may have 
become somewhat complacent about the possibility of 
breaking a crank flange, considering this as a Pitts prob-
lem. While crank flange breakage may be in the higher 
risk category in a Pitts, the possibility of crank flange 
breakage in all aero aircraft should not be ignored. 

The following IAC tech safety report illustrates this 
fact: 

"I would like to bring a problem I recently had with 
my Bellanca Decathlon to your attention, as it may con-
cern many of our fellow members. 

"It all started last fall when I noticed small amounts 
of oil, or freckles I'll call them, to appear on the cowling 
of my 1978 8KCAB (AEIO-320). At the annual inspection 
shortly thereafter I asked the A&P to look for an oil leak 
somewhere on the engine. After several attempts to locate 
the problem, none could be found. 

"After the winter layoff from flying aero, I resumed 
practice in the spring; again oil was present on the cowl-
ing, and it became worse. I searched repeatedly for a 
source and finally decided that the crankshaft seal was 
leaking. I pulled the prop and with the help of an A&P we 
replaced the seal. Still after an hour of operation at tem-
perature there was still oil present where it should not be. 
The amount of oil I'm talking about would be barely 
enough to get the palm of your hand oily. 

"Well, we replaced the seal three more times (each seal 
was slightly different in design, causing concern that it 
was not sealing properly). I know changing three seals 
sounds silly, but I searched each time extensively around 
the oil origin only to be led back to the seal. (Let me add 
that my career consists of troubleshooting and repairing 
mechanical refrigeration equipment, high and low speed 
centrifugal chillers, reciprocating units, etc., where oil 
leak problems are common, and I was still stumped.) 

"Finally, we dye-checked the shaft and sure enough, 
we spotted a crack. The next day I had a magnetic particle 
polarization test performed. The results were two cracks, 
180 degrees apart, RADIALLY all the way through to the 
hollow oil passage for the prop. The solid flange was not 
cracked. 

"The shaft and flange are machined with a radius from 
the flange to the shaft. The machining on the old crank is 
not a constant smooth radius but has a bit of a corner cut 
into it. This corner probably was a stress concentration 
area for the cracks to form. 

Flange 

S Corner 

Shaft I Flange 

J 
"My guess is that the pull of the prop opened the crack 

at full power settings. Almost fifty percent of the shaft 
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was cracked radially. Consequently, I ended up overhaul-
ing the bottom end with a fresh crankshaft. 

"In retrospect I realize I was lucky; all it cost me was 
money, not my life had I lost the prop. It also goes to show, 
as you have said before, even the littlest problem can be 
the tip of the iceberg." 

Note that the nose seal was the first item suspected of 
causing the oil leak problem and it was replaced several 
times before the crankshaft was checked for cracks. This 
is the same drill that has been mentioned by other IAC 
members making reports of cracked crankshafts. Anytime 
an oil leak near the front of the engine develops, one must 
put "check crankshaft for cracks" as one of the first things 
to do. 

In the above report, dye penetrant was first used to 
detect the cracks in the crankshaft, followed by magnetic 
particle inspection (magnafluxing). For a quick check that 
is easy to do and easy to clean up, first clean the area in 
question and then just spray the dye penetrant DE-
VELOPER over the suspect area. The developer will pull 
the oil out of the crack which will show up as a brown 
stain on the white developer. This is not as good as using 
the complete dye penetrant method (cleaner, penetrant, 
and developer) and it is not as good as magnafluxing. It 
is only mentioned as a quick and simple, somewhat effec-
tive inspection technique. 

Many thanks to the IAC member who made the above 
report. The IAC brotherhood itself is our primary source 
of tech safety information. We must pool our experiences 
for our mutual benefit. 

MORE ON 
CRANKSHAFT 

FAILURES 
IACers are well aware of the series of tech safety arti-

cles in SPORT AEROBATICS related to crankshaft nose/ 
flange breakage. The last article in this series was in the 
May 1988 issue. Since that time a couple more things have 
transpired. 

First, the IAC Tech Safety Committee has received 
another report of a between-the-lightening-holes crank 
failure on an S-1S Pitts (no further details reported). Al-
though we are not keeping an exact count, this last re-
ported failure brings the total number of crank failures 
that IAC is aware of to about 35. 

Secondly, our committee received some very interest-
ing input from Gerd Muehlbauer, President of MT Propel-
lers, located in West Germany. Gerd's letter is as follows: 

"I just got the May 1988 issue of SPORT AEROBATICS 
magazine with your article about crankshaft failures. As 
you perhaps know, I have tried over the years to promote 
the use of propellers with wood-composite blades for acro-
batic-type aircraft. 

"As chief engineer at Hoffmann for years and now pro-
ducing/developing my own propellers, I was well aware 
about the problem of crankshaft failures. When we de-
signed the three-blade propeller for the ZLIN Z-50-L, the 
engine manufacturer (Lycoming) told us the limits of 
crankshaft stresses resulting from gyroscopic forces due 
to the high maneuverability of such acrobatic competition 
type aircraft. 

"As far as I know, there was never a crankshaft failure 
over the past 10 years on the Zlin with the AEIO-540-( ) 
engine, no matter whether it was the 260 HP or 300 HP 
engine, and some of these aircraft have more than 1000 
hours on. 

C R A N K S H A F T FA ILURES 
"As far as I also know, we have never heard about a 

crankshaft failure on aircraft using our two-blade propel-
ler MTV-2-B-C/193-02 for the Lycoming AEIO-360 series 
or the three-blade propeller MTV-3-B-C/200-01 for the 
Lycoming AEIO-540 series engines. (We recommend the 
two-bladers for the four-cylinder and the three-blader for 
the six-cylinder engines.) 

"Even with three blades, the MTV-3-B-C/200-01 with 
79-inch diameter has only about 50^ of the gyroscopic 
force than a two-blade propeller with metal blades and 
80-inch diameter, as in general is used on such installa-
tions like the Pitts S-2-( ). 

"We have these propellers available, and the three-
blade MTV-3-B-C/200-01 is now LBA-approved (our air-
worthiness authorities in Germany) on the Lycoming 
AEIO-540-L1B5D, as used on the Zlin Z-50-LS. The new 
EXTRA 300 will use our newly developed MTV-9-B-C/ 
C200-15 propeller which has about five pounds less weight 
than the MTV-3-B-C. This propeller is not yet approved, 
but the flight testing is on the way." 

Based on members' reports, past IAC tech safety arti-
cles have tried to come up with a profile of an aircraft that 
might be considered as having a "high risk" of crankshaft 
failure. These articles noted that aircraft that have con-
stant speed props should be monitored more closely for 
crankshaft nose/flange problems than aircraft that have 
fixed pitch props. 

While those statements about propellers perhaps have 
the correct implications, they are really not precise 
enough. The concern is propeller weight (mass) and mass 
distribution and their effect on inertia or gyroscopic forces. 
Obviously, engine speed also affects the gyroscopic forces. 

Props that are relatively heavy and have a relatively 
large amount of weight distributed some distance from 
the prop centerline and that are operated at high RPM 
will impose higher loads on the crankshaft nose/flange 
than will light props with a mass concentration on the 
prop centerline and operated at low RPM. In Gerd's letter 
he comments on these effects and clarifies the issue. 

Many IACers have expressed their opinions as to what 
aerobatic maneuvers impose the greatest loads on the end 
of the crankshaft. In order, most usually say snap rolls, 
Lomcovaks, flat spins, and occasionally someone will 
suggest torque rolls. With his letter, Gerd enclosed a very 
interesting chart of vibration load and bending forces ver-
sus various aerobatic maneuvers for a Zlin 50 with an MT 
prop. And of the maneuvers shown, the torque roll imposed 
the highest loads on the prop hub. 

The chart shows vibration (shear stress) and bending 
forces in Newton's per square millimeter. To convert 
N/mm2 to pounds per square inch (PSI), units that many 
IACers may be more familiar with, just multiply N/mm2 

x 145.037 to get PSI. For example, the torque roll bending 
forces run from a max of +55 N/mm2 or 7,977 PSI to a 
minimum of (-)13 N/mm2 or (01,885 PSI. 

It should also be mentioned that the crankshaft fail-
ures that have occurred have been fatigue failures — not 
just a one-time catastrophic overload. A fatigue failure is 
the result of loading AND cycling. Gerd's chart shows only 
the loads incurred but does not show the frequency (or 
cycles per second or cycles per minute). However, if the 
loads are low enough it can take many, many cycles before 
a given component fails. Recall that the photos of the 
failed crankshaft that were in the May 1988 issue of 
SPORT AEROBATICS showed many failure initiation 
points, suggesting that the crank was subjected to very 
high bending loads. 

IAC thanks Gerd Muehlbauer/MT Propeller for the 
above input. Every piece of information gathered helps 
us to better understand the aerobatic environment and 
upgrades our safety level. 
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CRANKSHAFT 
FAILURE 

The following report has just recently been received 
from an IAC member: 

"On New Year's Day the crankshaft on my Pitts S-2B 
failed in flight. Fortunately, a safe landing was ac-
complished at my base airport and home, Willis Glider-
port. The propeller, spinner, and the forward seven inches 
of the crankshaft landed in a harvested pepper field adja-
cent to the airport. 

"I was just concluding a 15 or 20-minute aerobatic ses-
sion when I climbed to 3,000 feet AGL to perform a flat 
inverted spin. I entered an inverted spin and advanced the 
power to full. The spin flattened out and had rotated about 
one turn at full power when I heard a loud 'THUNK!!' 
Then silence. 

"Recovery from the flat spin was immediate, with no 
bad characteristics. I estimate the failure occurred at ap-
proximately 2,500 feet, as recovery was to level at 2,000 
feet. The good news was that I was at 2,000 feet mid-field 
on a close downwind for runway 9 at Willis Gliderport. 

"With the aft CG condition (three inches aft of the aft 
limit), aircraft controllability was excellent with only 
change in characteristic being a light elevator. Very 
noticeable, however, was the improved power off glide 
angle. An extended pattern and severe slipping was neces-
sary to descend to a safe emergency landing. 

"The particulars about the equipment: 
"— Stock Pitts S-2B manufactured March 1985. 
"— Lycoming AEIO-540 manufactured January 1985. 
"— 330.58 hours since new. 
"— Crankshaft was the new, beefed up, thick flange, 

no lightening hole configuration. 
"— Failure occurred BETWEEN the front oil seal 

and the front main bearing. 
"— The engine has been returned to Lycoming for 

evaluation. 
"— Aircraft flown in Unlimited category. 
"Some opinions and observations: 
"— The Pitts S-2B has excellent flight characteristics 

in the event of propeller loss. 
"— Gyroscopic maneuvers impose heavy crankshaft 

loading. 
"— The beef up of the crankshaft may have moved the 

weak point to a hard-to-detect position aft of the 
oil seal. 

"— The availability of a reliable, durable, lightweight 
constant-speed propeller for the aerobatic applica-
tion is essential to continued safety in the sport. 

"— Practice within gliding distance of a landing site 
whenever possible. 

"Through cooperation from Lycoming and Christen In-
dustries a replacement engine and propeller were obtained 
quickly. Thanks to Mike Mays of Southern Aerobatics, my 
'B' was back in the air in record time. 

"Until we sort out what caused the failure, it's no 
lumps or flat spins for me!!" 

To give us a little better understanding of things, it 
might be helpful to relate some of the above input to some 
prior Tech Safety reports. 

IACers are well aware that reported crankshaft fail-
ures seem to fall into two groups: (1) the crankshaft flange 
cracks between the lightening holes, or (2) the crankshaft 
cracks in the shank just aft of the flange. Most of the 
crankshaft failures reported to the IAC Tech Safety Com-
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mittee have been cracks between the lightening holes. In 
an attempt to eliminate the crankshaft breaking problem 
Lycoming released some crankshafts with thicker prop 
mounting flanges and no lightening holes. As noted in the 
April 1984 issue of SPORT AEROBATICS, the Lycoming 
crank flange thicknesses are: 

Engine Flange Thickness (Inches) 
0-235 .195-.205 
0-320 .270 (old), .380 (new) 
0-360 .380 (old), .440 (new) 
0-540 .440 

As far as the shaft area behind the prop flange goes, a 
quote from the November 1985 issue of SPORT AERO-
BATICS may be appropriate: "Lycoming has previously 
advised that the shaft wall thickness in the area behind 
the flange has NOT been increased. Several IACers have 
expressed concern that we may be chasing the problems 
from cracking between the lightening holes to shaft break-
age just aft of the prop mounting flange." 

The chasing the problem idea is pretty much the same 
conclusion the IACer who sent in the above safety report 
noted (item #3 under "Some opinions and observations"). 
While there have been a few reported crankshaft failures 
in the area aft of the prop flange, and while some persons 
have expressed the opinion that strengthening the flange 
may stop flange cracking but may also aggravate cracking 
of the shaft in the area behind the flange, it is very impor-
tant to note that in the above report the crankshaft failed 
not only in the area behind the flange but also behind the 
front oil seal. This is the first report that IAC has of a 
crankshaft failing that far behind the prop flange. The 
area behind the front nose seal is visually "uninspectable." 

Also, after studying the photographs of the 0-540 
crank it appears that the crank failed due to reverse bend-
ing. A close examination reveals several ratchet marks at 
the outer edges of the crank cross section indicating the 
failure was initiated at multiple points. This would seem 
to indicate severe overloading. 

Note how closely the failed crankshaft in this article 
resembles the failed crankshaft shown in the November 
1985 issue of SPORT AEROBATICS. Both crankshafts 
had solid (holeless) flanges and both crankshafts failed aft 
of the prop mounting flange in what appears to be bending/ 
fatigue failures. 

Based on reports of crankshaft breakage so far re-
ceived, some best guesses might be: 
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TECHNICAL SAFETY REPORT 

(1) If the crankshaft has lightening holes in the prop 
mounting flange, the most likely failure will be cracks 
between the lightening holes, with the initial cracks start-
ing in those holes aligned with the prop blades. The mode 
of failure will probably be reverse-bending. 

(2) If the crankshaft has lightening holes in the prop 
mounting flange, the SECOND most likely failure will be 
the area to the rear of the flange between the flange and 
the nose seal — and sometimes under the nose seal. A 
failure in this area most probably will take the form of a 
longitudinal crack with a 45-degree runner on one or both 
ends. These failures seemed to be torsional mode type fail-
ures. The first clue in these failures may be an oil leak. 

(3) If the crankshaft has a solid (no-hole) prop flange, 
the most likely area for a failure to occur is between the 
flange and the front main bearing. This failure would most 
probably be a reverse-bending type failure with the initi-
ation points aligned with the prop. (Note the accompany-
ing photos.) This best guess summary list may help point 
to the most highly suspect areas — areas that should war-
rant extra attention when inspecting the crankshaft nose/ 
prop flanges. As more is learned the above guess list may 
change, but present knowledge seems to indicate the above 
noted trends. 

Another important item to note in the above report is 
that although the aircraft's center of gravity (CG) moved 
very far aft after the separation of the prop, spinner and 
front section of the crankshaft, the plane remained con-
trollable. Several IACers have stated that they were con-
cerned about their aircraft possibly becoming uncontrolla-
ble (especially at low airspeeds where aerodynamic control 
forces would be lessened) if they lost a prop and had the 
CG shift very far aft. 

One IAC member who did encounter crankshaft break-
age and prop separation on a Pitts S-1T did advise that 
after the prop left, it took immediate full-forward stick to 
keep the aircraft's nose from pitching up. In this particular 
case, the plane was at very low altitude when the 
crankshaft broke, and a crash occurred shortly thereafter 
precluding very much testing of the effect of CG shift. 

A third important issue mentioned in the above report 
was that of improved glide ratio. The improved glide ratio 
on the S-2B was no doubt in part due to the aft movement 
of the CG and in part due to drag reduction because of the 
departed propeller (as opposed to a stopped, windmilling, 
or idling prop). 

IACers may recall a safety article written by T.J. 
Brown entitled, "Glide Ratio," which appeared in the June 
1977 issue of SPORT AEROBATICS (also in TECH TIPS 
I) in which T.J. described an engine stoppage problem he 
encountered with an S-l Pitts (no propeller separation). 
He stated, ". . . My glide ratio was cut in half at best." 
That dramatic reduction in glide ratio was attributed to 
the increased drag of a stopped propeller (as opposed to a 
windmilling, or idling prop). 

If one encounters an engine related, in-flight emer-
gency, the propeller condition — separated, stopped, 
windmilling, or at idle — may have a very pronounced 
effect on where you will eventually land. 

A large IAC thank you is due the IAC member who 
made the above report of the failed crankshaft — and 
thanks also to those who have previously provided info 
that permitted the additional comments to the primary 
report. All of us working together can have a positive im-
pact on the safety of our sport. 
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FLANGE BREAKAGE 

IAC members are well aware of the numerous articles 
in SPORT AEROBATICS related to crankshaft propeller 
flange breakage. The IAC Tech Safety Committee is not 
keeping a box score on this problem but we believe the 
number of failures that we are now aware of is somewhere 
near thirty. Therefore, it behooves all of us to closely 
monitor our engines for this potential problem. Recently, 
one IAC member made the following report of a failed 
crankshaft prop flange. 

"(I) will relate (a) problem that might benefit the mem-
bership. The aircraft is a stock factory Pitts SIS, 620 
hours on aircraft and engine. Most of these hours are 
aerobatic, the last 250 or more being in the Advanced 
category with no Unlimited time on aircraft or engine. 

"The engine is the stock Lycoming aerobatic engine, 
Model AEI0360B4A. Oil is changed every 25 hours and 
oil usage is slightly less than one quart every 12 hours. It 
has been the best aircraft engine I have ever owned and 
has been run over the redline a lot of the time. 

"Conforming to the Lycoming AD of a couple of years 
ago, I have regularly inspected the crank each 25 hours 
and magnafluxed each 50. The crankshaft is the old type 
with lightening holes in the flange where the prop is 
attached. Just aft of this a crack was found during magna-
flux inspection a couple of weeks ago. So, even if your 
engine runs like a jewel, that last snap may have cracked 
the crankshaft." 

A few points regarding the crankshaft problem maybe 
need to be reviewed. 

First, most of the reported failed crankshafts are in S-l 
series Pitts aircraft. The popular opinion is that snap 
(flick) rolls are the major contributing factor causing the 
cranks to crack and the high roll rate of the S-l Pitts 
aggrevates the situation. 

This should not be taken to mean that if you fly some-
thing other than a Pitts you are guaranteed there will be 
no problems. It is just that now it is believed that aircraft 
with high roll rates and pilots using high snap roll entry 
speeds can be thought of to be in the high risk area regard-
ing crankshaft flange/nose breakage. 

Secondly, there seems to be two modes of breakage. 
Many of the failed crankshafts have cracks running be-
tween the lightening holes in the flange — kind of connect 
the dots. This type of failure is thought to be due to the 
prop flange bending. From what has been reported, cracks 
between the lightening holes usually start in the area 
aligned with the prop blades. The "new" heavy crank-
shafts have thicker flanges and no lightening holes. To 
date, the IAC Tech Safety Committee has not received any 
reports of failures of heavy-flanged cranks. 

The second mode of failure is a crack in the crankshaft 
in the area between the prop mounting flange and the case 
nose seal. These cracks run parallel to the centerline of 
the crankshaft and then veer off with a 45° runner on one 
or both ends. Sometimes one end of the crack connects 
with a lightening hole. This appears to be a torsional type 
of failure. One of the first clues of this failure is often an 
oil leak. And often, at first, the oil leak is thought to be 
due to a bad crankshaft nose seal when, in fact, the oil 
leak is due to the crank being cracked. 

As usual, a thank you is due the IACer who took the 
time and made the effort to share his crankshaft experi-
ences with the rest of us. This kind of spirit and interest 
is the driving force behind the IAC Tech Safety Program. 
Everyone's help and input is needed. 



REPEAT 
PERFORMANCES 
The following article notes several service difficulties 

that have been previously mentioned in SPORT AERO-
BATICS — they are not new problems. But the fact that 
we have already been here before does not lessen the im-
portance of these reports. The number of reports received 
regarding a specific problem may be related to the fre-
quency the problem is being encountered by IAC members. 
The more reports received regarding a specific problem 
the more we can pinpoint an exact area to monitor or the 
more we can pinpoint the exact reason a problem occurs, 
etc. In general, the more reports received the more our 
knowledge of a specific problem increases and, therefore, 
the better we can handle the situation. 

The January 1981 issue of SPORT AEROBATICS had 
a Tech Safety article which noted a failed 8KCAB De-
cathlon engine mount. Recently, an IAC member in West 
Germany advised of a failed engine mount on his 1975 
Decathlon (see accompanying photos labeled A and B). 
He advised that the failed mount was X-ray examined and 
it was concluded that the failure "was caused by vibra-
tions, not overstress," and as a contributing factor the 
welding was described as "poor workmanship." 

Decathlon operators please note that this is the third 
failed 8KCAB engine mount reported. All three mounts 
were the early style mounts, that is, the mounts without 
the vertical bracing. Bellanca Service Letter #C126, May 
4, 1977, advises of a factory engine mount Kit #255 (ver-
tical mount brace) for 8KCABs to reduce engine move-
ment and further states that all model 8KCAB aircraft 
Serial Number 299-77 and up are factory-equipped with 
Kit #255. On the three reported failed mounts, all three 
failed on the upper right tube at the firewall cluster. 

Above it was noted that the West German failure was 
thought to be due to vibrations. In conjunction with the 
vertical brace kit #255 and the newer style Decathlon 
mounts incorporating this vertical brace, Bellanca used a 
different engine mount bushing — Bellanca Kit #254 
(Lord mount bushing J-6230-1). The IAC member making 
the January 1981 failed mount report, alluded to above, 
stated that that failed mount was the early style mount 
with the newer style mount bushings (Kit #254). This is 
a legal and approved combination. However, he felt that 
the newer mount bushings were stiffer than the older 
bushings and that this might have been a contributing 
factor in the January 1981 mount failure — the stiffer 
bushings imparting more vibrations into the engine 
mount (and airframe). We are not aware of which style 
engine mount bushings were used on the West German 
Decathlon. 

The next report may in some respects relate to the 
above report. A Canadian IAC member with a 7GCBC 
Citabria advised of having to replace the Lord J-6230-1 
engine mount bushings (Bellanca Kit #254) every 125 to 
150 hours due "to sagging." He further stated that his 
aircraft is used mainly for transportation with occasional 
Sportsman type aerobatics. In the February 1979 issue of 
SPORT AEROBATICS there was a Tech Safety article 
entitled "To Be Continued??" noting problems with the 
early style cone-shaped Citabria and Decathlon engine 
mount bushings (reports of bushing replacement required 
every 100 to 300 hours) and posing the question whether 
or not the newer style (Lord J-6230-1) mount bushings 
will be "better." 

From all engine mount bushings reports received it 
appears that both the older cone-shaped mount bushings 
and the newer Lord style mount bushings have a rela-
tively short service life and should be closely monitored. 
Engine mount bushings have a very difficult job to per-
form. They have to be soft to prevent undue amounts of 
engine vibration being transferred into the airframe and 
they have to be stiff to prevent excessive engine movement 
(a problem which is compounded in aero aircraft in high 
G maneuvers). If the mount bushings become worn in 
Citabrias and Decathlons, excessive engine movement 
may result in broken landing lights, starter ring gear con-
tacting upper portion of the engine cowling, or the exhaust 
crossover pipes contacting and burning the lower cowling. 

Back in September 1971, Bellanca issued Service Let-
ter #101 which related to the replacement of aluminum 
pulleys in the elevator and rudder control systems on 
7ECA, 7GCAA, 7GCBC, and 7KCAB Citabrias built prior 
to May 1, 1971. The problem was that the aluminum pul-
leys seized and failed to rotate. An IAC member recently 
forwarded a photograph (see accompanying photo C), 
showing a severely worn aluminum rudder cable pulley 
removed from a Citabria with 875 hours total time. He 
advised that both the left and right pulleys were in the 
same condition. These particular pulleys are located in 
the baggage compartment just aft of the rear seat. To in-
spect the other pulleys in the rudder and elevator control 
systems, the inspection panel at the rear of the baggage 
compartment must be removed. 

And, last in our list of repeat performances, there is a 
report of an ice-blocked engine breather line which caused 
an excessive crankcase pressure buildup and the resultant 
prop shaft seal failure. The aircraft encountering this 
problem was an 8KCAB Decathlon in which the breather 
line from the oil separator was extended to the tail of the 
airplane but did not incorporate a safety relief hole. The 
aircraft was being flown in non-aerobatic flight with an 
outside air temperature of -10° Celsius. After about 30 
minutes into the flight the prop shaft (nose) seal blew and 
a safe landing was made on a farm road. 

Numerous reports of similar incidents have been pub-
lished in SPORT AEROBATICS. In the particular case 
just mentioned, the pilot/owner was aware of the potential 
problem of ice or very viscous oil blocking an extended 
engine breather line and assumed that the mechanic who 
made the modification had provided a safety relief vent 
hole in the system. It was just one of those things that 
slipped by. This report provides a good reminder for all of 
us of this potential problem. 

To all of those IAC members who provided the material 
for this Tech Safety report, thanks. All of the problems 
noted above occurred on Citabrias or Decathlons, but it is 
obvious that many of these same incidents could have hap-
pened on any aero aircraft — engine mount bushings, 
aluminum pulleys, breather lines, etc. just don't care on 
what make or model aircraft they are installed. 
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T H E VAC-2 
We have previously reported (in 

this column last November) on a vac-
uum drive adaptor for inverted flight. 
That one was developed by Monty 
Barrett of Barrett Performance Air-
craft, Inc. Bill Bainbridge of B & C 
Specialty Products had developed one 
too and we overlooked noting it back 
then. He calls his the VAC-2 and 
began marketing last summer. 

Describing it as revolutionary, 
Bainbridge declares, "Now you can 
enjoy the benefits of a lightweight al-
ternator system and still use the vac-
uum pump pad opening for inverted 
oil pickup with my VAC-2. It provides 
a direct replacement for the Lycoming 
vacuum pad adaptor and it comes 
complete with oil seal installed, gas-
kets and MS 20822-10D fitting. Just 
slip the vacuum pump gear assembly 
and washer into the VAC-2 and in-
stall on your engine. The standard 
Lycoming vacuum pump gear assembly 
and washer will fit into my adaptor." 

Nearly two years ago we wrote 
about Bainbridge's B & C lightweight 
alternator and starter. Now with the 
addition of the VAC-2 an excellent 
system is offered for today's aerobatic 
aircraft. As Bainbridge comments, 
"My Model SD aircraft electrical al-
ternator is more than a simple im-
provement in alternator weight. The 
system incorporates the latest state-
of-the-art advances in solid state elec-
tronic power management. I designed 
this extraordinary, lightweight start-
er specifically to meet the rigorous 
demands of today's weight sensitive 
homebuilt designs. 

"Weighing only 10.2 pounds, this 
model develops more torque with 
much less weight and size than the 
standard starter used for the last 20 
years. This starter works on Lycom-
ing 0-320 through 0-540 engines, 
turning them over 25 to 75 RPM fast-
er than the original equipment start-
ers (including the high compression 
10-360 and 10-540). It also works well 
on the 0-235 and will save six pounds!" 

One may reach Bainbridge for more 
information at B & C Specialty Prod-
ucts, 518 Sunnyside Court, Newton, 
KS 67114; 316/283-8662. 

VAC-2, shown above, provides a direct 
replacement for a Lycoming vacuum 
pump pad adaptor. Shown below, the 
VAC-2 and Model SO spline driven alter-
nator from B & C Specialty Products offer 
an excellent system for today's aerobatic 
aircraft. Gear and washer shown are not 
included. 
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H A N G A R T A L K n H N U H K I M i i l % 

New Aero Engine 
By Editor Jean Sorg 

Aerobatic pilots are slated to have 
another option when it comes to 
power for their aircraft. A new engine 
that is the brainstorm of Maurice 
Brockington of California is currently 
under development and testing. It's 
an aviation version of the family of 
Wankel rotaries and its creator be-
lieves it'll provide a host of advan-
tages. 

A designer with a slew of design 
and drafting credits in light industry, 
Brockington has a real passion for 
aviation which began back in his 
teens. When he finally got around to 
designing his own airplane, in par-
ticular an aerobatic trainer, he had 
some definite characteristics in mind 
for it. He wanted it to excel in the 
lower or beginning levels of aerobatic 
competition, but to also be capable of 
being properly modified to possibly do 
well in the higher levels. 

Over the years he had become in-
terested in auto racing and as an out-
growth of that, his interest peaked in 
high performance engines. More re-
cently the Mazda rotary engines 
(which are in actuality a Wankel) ar-
rested his attention. He says that over 
the years there has been considerable 
effort by various persons and com-
panies to create and develop an avia-
tion version of the Wankel, particu-
larly for sport and/or general avia-
tion. More specifically they have tried 
to modify the Mazda rotary engine 
into one suitable for aircraft. 

Brockington started investigating 
these efforts in the hopes of finding 
an engine for his trainer. Factors in-
cluded in his search were quality of 
re-engineering, completeness of ef-
forts and commercial availability of 
the engines. Looking for those things 
he could not find an engine totally ac-
ceptable for his purposes. So he fi-
gured if he was going to have this en-
gine he so earnestly sought, he would 
have to design it and build it, or have 

it built, himself. 
He ended up selecting the company 

that he felt best qualified to produce 
the kind of product he wanted — Rac-
ing Beat in Anaheim, California. 
Brockington says Racing Beat is 
under contract with BEC Aircraft En-
gines, Inc., to develop and produce the 
first experimental engine that was 
originally conceived by him. He is the 
President of BEC Aircraft Engines, 
Inc., which is a firm established to 
oversee the development of this new 
aircraft powerplant. The corporation 
will also own the production rights. 

"At this point in time, the efforts of 
Racing Beat have paid off in an engine 
which is still under development but 
has already far exceeded our expecta-
tions on a dyno," commented Brocking-
ton by phone. "This engine has dem-
onstrated excellent brake specific fuel 

Engine is pictured in research stage with test 
gear attached. 

consumption rate, horsepower, torque 
and tractability characteristics." 

A list of advantages he expects his 
properly re-engineered Wankel/ 
Mazda to provide contains the follow-
ing: (1) the smallest frontal area of 
any engine presently available within 
the 160 to 200 HP range, a reduction 
of 40 to 50 percent; (2) because it is 
liquid cooled, the engine will not 
likely fall victim to overheating nor 
thermal shock — two benefits gained 
without a weight penalty, as com-
pared to certificated air-cooled en-
gines of similar power; (3) signifi-
cantly less vibration than any piston 
engine; (4) less moving parts to fail; 
(5) extremely long life as a normally 
aspirated engine; and (6) potentially 

inexpensive to overhaul. 
Four versions or stages are planned 

for the engine. Follow-on stages, two, 
three and four, are to be turbo-
charged. The version currently under 
development or stage one is normally 
aspirated. Brockington outlines some 
TARGET specifications for the stage 
one engine as follows: (1) 180 HP at 
6300 RPM and 150 lb/ft of torque at 
5000 RPM; (2) 18-inch diameter by 28 
inches long; (3) basic engine weight, 
255 pounds; complete power package 
weight, 370 pounds including plane-
tary PSRU, starter, exhaust system, 
radiators, oil and coolant; (4) fuel in-
jection; (5) brake specific fuel con-
sumption approximately .50 lb/hp/hr; 
(6) dry sump lubrication; (7) sustained 
inverted/negative G capability; (8) 
proprietary ignition; and (9) TBO in 
excess of 2500 hours. 

At the time of our phone interview, 
Brockington stated, "We are franti-
cally trying to get to Oshkoh to show 
this engine off. We are extremely 
pressed by time. Unfortunately the 
engine won't be completed. There is 
still a lot of dyno time to do yet, and 
we have a great deal of test stand 
work to do swinging the prop and any-
where from two to three thousand 
hours of flight test time ahead of us, 
before we actually present the engine 
to the general public for sale. 

"We may sell a few engines to 
highly selected persons or companies 
for test and evaluation purposes prior 
to completion of our extensive test 
program. When we do market this en-
gine to the aircraft community it will 
indeed be a true aero engine." 

He believes they will eventually 
sell this engine for approximately 
$11,000. He describes its major mar-
ket as being that for the next genera-
tion of high tech/high performance 
kitplane designs. There will be an on-
going effort by BEC Aircraft Engines 
to STC the BEC engine onto certifi-
cated aircraft, Brockington says. 

Interested parties may obtain addi-
tional information direct from Brock-
ington at BEC Aircraft Engines, Inc., 
PO Box 2060, Chula Vista, CA 92012 
or by phone, 619/232-3341. 
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ALL ABOUT YOUR ENGINE SUMP 

Aerobatics QA 
By Dan Rihn 

Contributing Editor 

QUESTION — I've heard people 
talking about a Frame-Up engine 
sump. What exactly is a Frame-Up 
sump and how is it different from a 
standard Lycoming sump? 

ANSWER — To answer these ques-
tions I felt it appropriate to go directly 
to Frame-Up Engineering and talk to 
its owner, Kevin Murray. He quickly 
corrected me on his company's name, 
which he had recently changed to Sky 
Dynamics. He said Frame-Up was 
originally started to build the tubular 
chassis for race cars. 

He explained the engine oil sump 
which is known as the Maxi-Sump 
was designed and developed four 
years ago for the 180 HP and 200 HP 
Lycoming engines. Several features 
were designed into the sump: (1) a 
small confined bottom as opposed to a 
large area floor of the stock Lycoming 
sumps; (2) a swinging oil pickup; and 
(3) cooling fins incorporated in the 
sump (the fins are cast into the sump 
as an integral part of the sump). 

QUESTION — What are the ad-
vantages of these features? 

ANSWER — The smaller bottom 
raises the oil level IV4 inches per 
quart versus V* inches per quart in 
the stock sump. This helps when 
going from negative to positive G load 
by allowing drainback oil to submerge 
the oil pickup sooner. The swinging 
oil pickup helps maintain oil pressure 
for prolonged knife edge flight. The 
cooling fins are obviously to help in 
cooling the engine oil. Kevin's firm 
also uses an aluminum duct around 
the sump to direct air to the cooling 
fins. An externally fed blast tube pro-
vides the source of air. The duct also 
prevents hot cylinder air and exhaust 
manifold heat from coming in contact 
with the cooling fins. 

In conjunction with the Maxi Sump, 
two other major components are used, 
a separate air induction system and a 
four into one collector style exhaust. 
The induction system does not allow 
the heat of the engine oil to increase 
the temperature of the inlet air; a 
standard Lycoming induction man-
ifold passes directly through the sump 
and the inlet air temperature is in-
creased. This heating of the induction 
air robs the engine of power. 

The four into one exhaust system 
was developed after many hours of 
testing to obtain the best compromise 

between fit as well as engine perfor-
mance. It has been Frame-Up's, now 
Sky Dynamics', experience that the 
exhaust system is one of the most sen-
sitive areas seeking performance. 
Tests have shown that short tubes 
with no bends tend to overscavenge 
an engine and a lot of raw fuel is 
swept right out the exhaust on the 
valve overlap period. For this reason, 
items such as oversize tubes and cyl-
inder porting must be approached 
with caution such that they do not be-
come detrimental to performance, i.e., 
a lot of back pressure is bad but a lit-
tle is necessary. 

For the homebuilder planning to 

Photo/Courtesy Sky Dynamics 

build his own exhaust system, dyno 
testing has shown that 40-inch pri-
mary tubes will be close to optimum 
on most Lycomings. Although the 
much publicized crossover exhaust is 
okay for some applications, it cer-
tainly doesn't provide for equal length 
tubes, and unequal length exhaust 
runners mean unequal power levels 
among the cylinders. 

QUESTION — How much more 
horsepower does all this give me? 

ANSWER — This is everyone's fa-
vorite subject. Sky Dynamics is hesi-
tant to state numbers because they 
feel too many manufacturers promise 
unrealistic horsepower increases 
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without any substantial data to back 
them up. Kevin says their test stand 
is set up to measure torque readings 
and actual axial thrust. The engine 
and propeller are treated as prime 
movers to measure the total combina-
tion as a performance package. The 
actual scale readings should not be 
treated as absolutes, but merely to il-
lustrate the relative differences be-
tween the engine combinations. Horse-
power readings will vary with al-
titude and ambient conditions. Here 
are Sky Dynamics' test results: 

1. A. I0-360-A1A 200 HP with 
stock configuration 
Exhaust — four straight 30-
inch stacks 
Timing — 25 degrees BTDC 
At rated power of 2700 RPM 
377ft . - lbs .or l93.8HP 

B. Same engine as above with 
Maxi-Sump system 
Exhaust — four into one 
collector 
Timing — 25 degrees BTDC 
At rated power of 2700 RPM 
408ft.-lbs.or209.7HP 

2. A. I0-360-A1A converted to IO-
360-D1A with 10:1 compression 
Exhaust — four straight 
30-inch stacks 
Timing — 20 degrees BTDC 
At rated power of 2700 RPM 
390 ft.-lbs. or 200.5 HP 

B. Same engine as above with 
Maxi-Sump system 
Exhaust — four into one 
collector 
Timing — 20 degrees BTDC 
At rated power of 2700 RPM 
419 ft.-lbs. or 215.4 HP 

QUESTION— What types of aircraft 
are best suited for the Maxi Sump? 

ANSWER — As of this writing, 
over 100 airplanes are flying with it. 
This adds up to many hours of cus-
tomer use — mainly aerobatic time. 
The mix is evenly divided between the 
180 HP and 200 HP Lycoming en-
gines. The airplanes are mostly Pitts 
and Laser models and recently Sky 
Dynamics has manufactured systems 
for the Glasair. 

For more information on this firm, 
one may write Sky Dynamics Corp., 
Rt. 1, Box 170, Moneta, VA 24121 or 
phone 703/297-6754. 

EDITOR'S NOTE: If you have a 
question(s) pertaining to any aspect 
of the sport of aerobatics, please send 
it to Dan Rihn, 2678 Foreman Ave., 
Long Beach, CA 90815 or phone him, 
213/676-2513. 
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HALON SYSTEM 
FOR AN EAGLE II 

One afternoon while working in my 
hangar, Bill Brady (IAC #12360) 
stopped by for a visit and asked if I 
would kick around some ideas on the 
installation of a Halon System he had 
recently purchased through Interna-
tional Safety Systems, a local dis-
tributor for Phoenix Fire Suppression 
Systems, Inc. I told him that I would 
be glad to meet him at his hangar 
within an hour. 

Upon arrival there, I found Bill's 
Christen Eagle II had the cowling and 
all the fuselage panels removed. He 
was getting ready for his annual; so 
it was easy to visualize what he 
wanted since everything was in plain 
sight. Bill thought the best place for 
the Halon bottle would be underneath 
the rear seat. After crawling under 
the plane and fit-checking the bottle 
with the bracket under the seat, I 
agreed with him. As a matter of fact, 
it fit so well that it looked as though 
it were an integral part of the original 
design. 

Now that we had decided on the 
"where," it was time to reason out the 
"how". Lying on a creeper, I saw the 
fiberglass seat support by four #8-32 
screws through tabs welded to the 
seat supports and, in turn, through 
nut plates riveted to the tabs. At a 
glance, I could see that the tabs and 
holes in the tabs were located with 
some type of tooling/fixture. This 
would make the design task rather 
easy. The following is the result of 
that afternoon meeting. 

After taking some measurements 
with a set of verniers and steel scale, 
I drew a sketch of a hat section 
(Sketch #1) and explained to Bill how 

Text, Photos, 
& Graphics By 

Steven F. Schultz 
IAC #12067 

it would extend down past the tubular 
steel seat supports and sandwich be-
tween the seat support tabs and the 
seat pan. Subsequently, the bottle 
bracket supplied with the Halon Sys-
tem can be affixed to the fabricated 
bracket with nuts and bolts. 

We mounted the bottle bracket 
parallel to the horizontal axis and 
offset it from the longitudinal axis 
enough to allow the bottle and ac-
tuator mechanism to be centrally lo-
cated within the framework under the 
seat (See Photo #1). With the two 
brackets installed, we lightly clamped 
the bottle in place to position the ac-
tuator to access the actuator cable. 
We positioned the actuator head so 
the cable ran parallel to the longitud-
inal axis along the lower longeron on 
the right side (looking forward) of the 
airplane. 

Once the actuator was positioned 
where we wanted it, we marked the 
actuator and gas mainfold/diverter to 
seat the set screw. We also marked 
the pilot seat to cut a hole large 
enough to allow the actuator cable to 
pass through. With these two tasks 
completed, we drilled a hole in the 
fuselage former just below the MIC 
and headphone jacks in the rear cock-
pit, to mount the plunger. After secur-
ing the actuator cable to the fuselage 
frame with electrical ties, we routed 
the Halon carrier tubes through the 
lightening holes in the fuselage for-
mers, under the floorboards securing 

them as frequently as possible with 
#4 cushioned clamps. 

The two tubes were routed side by 
side to the firewall where they were 
split. One tube was routed to a bulk-
head fitting into the cockpit where the 
360-degree nozzle was mounted, just 
below the fuel tank in the center. The 
other tube was routed up the center 
of the firewall to a fee fitting. One of 
the 180-degree nozzles was mounted 
there in the auxiliary area of the en-
gine. From the tee, a piece of high 
pressure hose was routed to a bulk-
head fitting, installed in a top baffle 
plate. High pressure hose was used 
here to allow for movement between 
the engine and fuselage. From the 
bulkhead fitting forward, more Vi-
inch tubing was used to located the 
second 180-degree fitting just above 
the engine, at center forward of the 
lifting lug. 

It should be noted that the Halon 
System described in this article is 
equipped with a 90-degree actuator 
mechanism and NOT the straight ac-
tuator that comes with the system as 
standard equipment. 

In closing, I would like to interject 
a serious reminder that emergency 
systems such as Halon, parachutes 
and such are nice for peace of mind, 
but nothing can replace a good work-
ing knowledge of the nomenclature as 
well as the operation of the integrated 
systems within our aircraft. We ex-
pect quite a bit from our machines; so 
they should be scrutinized before and 
after each flight. 

Remember, aerobatics is supposed 
to be exhilarating not frightening. 
Happy and safe flying! 
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Halon System 
Photo m 

Photo #2 



Halon System 
(See article & photos, pages 6 & 7) 
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AIRCRAFT FIRE 
EXTINGUISHERS 

In the February 1987 issue of SPORT AEROBATICS 
tagged onto the end of a Tech Safety article was a short 
request for info on onboard fire extinguishing systems on 
aero aircraft. Two IAC members responded to this request. 
One of the IACers wrote the following: 

"The enclosed pictures show a Halon model 344 extin-
guisher in a Pitts Special. Total installation weight is less 
than two pounds, it doubles as an arm rest, and its appli-
cations are versatile. I have used it on two stack fires, once 
on my plane and once on a friend's, and neither discharge 
lowered the indicator out of the green. 

"There is the possibility of the retaining latch opening 
during an outside maneuver, but I have put it to the test 
for over a hundred hours practicing Unlimited sequences 
and I feel the potential benefits outweigh the risks. 

"I originally purchased an auto racing Halon system 
with nozzles to go on each side of the firewall, but gave 
up on it because of installation problems, weight, and its 
lack of versatility. 

"This little unit is handy to have on the ramp and it 
just might keep the Nomex cool long enough to give me 
another option in the air." 

Note that the above report mentions that the Halon 
extinguisher had been used twice to put out stack fires. 
In view of that fact, perhaps now would be a good time to 
review a few items related to one's normal start up proce-
dure. 

When you start up your plane do you have a fire extin-
guisher handy or someone standing by with a fire bottle 
— just in case? Do you have a pre-planned procedure to 
combat a start up/stack fire? Before starting your aircraft 
do you fasten all of the belts and harness and do you secure 
the canopy or cabin door? If so, how would this affect your 
actions if you did have a start up fire? Since fires are, 
fortunately, not common occurrences, it is relatively easy 

for all of us to become kind of complacent about the possi-
bility of encountering a fire. However, IF a fire would 
occur you definitely don't want to be caught flat-footed. 

The second IAC member responding to our request for 
fire extinguishing system info not only provided data on 
an extinguisher system but also provided a little aero air-
craft history. He wrote the following: 

"After reading the article in SPORT AEROBATICS, 
February '87, I decided to respond in hopes that I may be 
of assistance to our fellow aerobatic pilots. The article re-
lays the message of an apparent need for an onboard fire 
system in some, if not all, aircraft. 

"This is something I've always taken for granted, for 
my aircraft, a Czechoslovakian Zlin 526F, was equipped 
with an onboard fire system as standard equipment when 
built! 

"The system is fairly simple with a pressurized extin-
guisher bottle mounted against the firewall between the 
front rudder pedals. This bottle has pipelines that run 
through the aircraft's firewall. There are spray nozzles at 
the end of these lines, which are placed around the rear 
of the engine compartment between the engine and fire-
wall. The system is activated by a T" handle type lever in 
the rear or pilot's cockpit. This handle has a simple cable 
system that activates the pressure bottle by pulling the 
handle. (I've enclosed copies of the system as shown in the 
Zlin aircraft manual.) 

"While I've not had to use this safety device to date, I'm 
very confident that this system could very well be the 
difference between 'hitting the silk' or saving my aircraft 
and life in the event of an inflight fire. 

"Zlin 526 series aircraft are known by many as the low 
wing aircraft used by many Europeans to dominate world 
aerobatics in the 60s and 70s, before our Pitts Specials 
swept the aerobatic scene. Few realize the fact that origi-
nally Zlins were built as a military trainer (or, trener, as 
they call them). The military heritage shows in many of 
the aircraft's systems, such as the onboard fire system just 
mentioned, as well as the nitrogen pressurized main wing 

Halon model 344 fire extinguisher mounted in a Pitts 
aircraft at pilot's left. It doubles as an arm rest. 
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Z-526-F 
5. Fire ext inguisher (Fig. 30A) 

It is possible to fight against the fire in the en-
gine compartment using a fire extinguisher. The ex-
tinguishing liquid is ethylbromid filled under pres-
sure in the extinguisher bottle of capacity 1 litre. 

The fire extinguisher valve is controlled from the 
rear cockpit by a handle located on the right-hand 
side of the cockpit. The extinguishing liquid is distri-
buted by the pipelines to the locality of possible fire. 

The pipelines have spray nozzles mounted on 
their ends. Check the pressure on the instrument 
pressure gauge prior to the day's operation. 

2 6 7 
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10 

Fig. 30 A - Fire Extinguisher 
I - Fire extinguisher with liquid. 2 - Pipelines. 3-4-5 
- Spraying nozzles. 6 - Valve control cable. 7 - Con-
trol lever in the rear cockpit. 8 - Mouth and chamber 
of the spraying nozzle. 9 - Whirling insert. 10 - Body. 
I I - Union nut. 12 - Sealing ring. 

FIRE 
EXTINGUISHER 

SYSTEMS 
In the past several years IAC members have shown an 

increased interest in on-board fire extinguishing systems. 
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More and more aero aircraft are showing up with fire ex-
tinguishers and on-board extinguishing systems. 

One IAC member got a Halon fire extinguishing sys-
tem for her aircraft from the Halon Center, Div. of JHM 
Marketing Associates, P.O. Box 3565, Mission Viejo, CA 
92690. She described her system as follows: 

"It is a 2V2-pound bottle with two clamps and enough 
line to reach into the cockpit and the engine. The system 
I've used also has three nozzles, and I've put one in the 
cockpit and two in the engine compartment (one facing 
back from the front and one in the back facing the top of 
the fuel injector)." 

She further advised that her Halon extinguishing sys-
tem cost a "little over $200.00" (U.S. currency). 

The following, which is a reprint of a brochure from 
the Halon Center, gives some general information on 
Halon and Halon systems available from them. 

An IAC thanks to the member who supplied the above 
info. Perhaps a series of IAC tech safety type articles on 
fire extinguishing systems applicable to aero aircraft 
would be in order. Any members who have aero aircraft 
which have on-board fire extinguishing systems are en-
couraged to contribute any tech info and details of instal-
lation and operation of their systems. Two such articles 
have already appeared in SPORT AEROBATICS: "Safety-
One Man's Style" in August 1987 and "Halon System For 
An Eagle II" in January 1988. The aerobatic community 
is small and depends on mutual help to keep our sport safe 
and fun. 

CUSTOM EXTINGUISHER MOUNTS 
• Rugged and attractive 
• Positive locking 
• Quick release 
• Constructed from hardened, polished, aircraft 

aluminum alloy and stainless steel 
• Sizes to fit 2%", 3", and 4 V4"diameter extinguishers 
• Available with IV4, 2V2, 3, and 5-lb. Halon Center 

Extinguishers 
• Standard unit easily installs on flat surfaces 
• Also can be installed on round tubing (roll bars) 

with available adapters 

HALON CENTER EXTINGUISHERS 
THE BEST TO WAIT WITH: 
• No annual tear-down service required 
• Easy to "do-it-yourself' check 
THE BEST TO FIGHT FIRE WITH: 
• No powder cloud to obscure vision 
• Can reach obstructed fires 
THE BEST TO CLEAN UP AFTER: 
• Evaporates completely 
• Leaves no residue 
• Can safely be used around: engines, carburetors, 

electronics, microwave ovens, stereos, TVs, VCRs, 
etc. 

THE HIGHEST INDUSTRIAL QUALITY, FOR 
LONG-LIFE AND RELIABILITY: 
• Steel cylinder 
• Heavy duty aluminum or brass valve assemblies 
• 100% refillable nationwide 
• Five-year factory warranty 
AVAILABLE IN: 
• Red or chrome 
• 1V4 to 150-lb. sizes 
• Systems 



I don't believe there is anything 
more pulse-quickening than the reali-
zation tha t your airplane is on fire 
and may at any moment become a 
blazing inferno. And never did I ever 
for one minute think tha t it would 
one day be necessary for me to face 
the reality of a fire in our precious 
Pit ts Special, N94RV. However, we 
did prepare for tha t eventuality — 
and then just in the nick of time. 

Our t ime came in August of '84 at 
the C.J. McDonald Memorial Sports-
man contest at Marengo, Illinois. 
After having just finished my fun and 
games in the aerobatic box and taking 
my time to re turn to earth so tha t the 
engine and myself might have a 
chance to stabilize, I taxied up to the 
gas pump and shut the engine off. 

My son, Bob, was next to fly so I 
extracted myself from the tiny cock-
pit, and he immediately took my place 
and began to fasten the myriad of 
belts. Finally the starter gave us the 
s tar t up signal. After a contact and 
brakes confirmation, I gave the prop 
a healthy swing, and it decided to 
give a healthy swing backwards. The 
next few seconds went very fast. 

My sixth sense was telling me there 
was something wrong, and I could 
smell smoke. So I leaned down under 
the Pit ts and peered under the cowl-
ing. Sure enough, there was a gas fire 
r ight in the middle of the cowling! As 
I jumped up I yelled to Bob, "We're 
on fire!" 

Bob reached for our Halon fire ex-
tinguisher, which was fastened on the 
left side of the cockpit, with his left 
hand. Jus t like a skillful football 
quarterback, he threw it r ight be-
tween the wings and all those flying 
wires. And, of course, just like a skill-
ful receiver, I caught the bottle and 
was spraying Halon into the engine 
compartment in an instant. The 
flames were out immediately giving 
us a very happy ending to this story. 

Now the reason the 180 Lycoming 
engine caught on fire in the first place 
was because it was an over-primed 
hot engine inside a t ight pressure 
cowl, and it was running rich. The 
over-rich condition has since been 
fixed and the engine is much easier to 
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Photo/Steve Morris 
A Halon fire extinguisher fits 
snugly alongside pilot's left in the 
Pitts owned by IAC Director Steve 
Morris. Velcro provides the 
means of retention. 

start nowadays. 
But no mat ter how a fire starts, it's 

important to have in the cockpit the 
means to combat tha t fire. We had 
purchased the small Halon fire extin-
guisher two years prior to this experi-
ence while at tending Oshkosh. How-
ever, we didn't install it until just one 
week before the Marengo contest. 

The installation was done by using 
Velcro fastening tape, one half of 
which is sewn to fit snugly around the 
extinguisher bottle which, in turn, 
attaches to the other half of the Velcro 
glued to the a luminum side panel and 
the fuselage frame adjacent to the 
pilot's left elbow. The Velcro, when 
used properly, holds the extinguisher 
in place through Unlimited maneuv-
ers and yet is instantly available to 
fight a cowling fire. It could also pos-
sibly give you more time in the cock-
pit to get the canopy off and get out 
in case of a fire in flight! 

I have heard tales of others in the 
IAC who have had similar experiences 
and fortunately had a Halon fire ex-
tinguisher nearby. And, like our Pitts, 
there was no damage. However, we 
also know of others not so fortunate. 

On the lighter side, after the fire 
was out, I looked up and saw Bob 
standing right there beside me, wear-
ing the parachute! Upon my asking 
him how he got out of tha t t iny 
airplane so fast with the chute on, he 
replied, "I don't remember. I just 
know fire and I don't mix!" We 
checked the little Pit ts for footprints 
on the wings and couldn't find any so 
we assume he ejected straight up! 

Seriously the practice of undoing 
your seat belts, and then waiting a 
few seconds before undoing your 
parachute harness, prior to climbing 
out of the aircraft could pay off if 
someday you need to use your chute 
in an emergency. 

I own no stock in the company man-
ufacturing the Halon fire extin-
guisher, but I would encourage every 
aircraft owner to install one of these 
tiny Halon extinguishers immediately 
if not sooner. You could even carry 
one in your flight case. It could just 
save your airplane as it did "Ron's 
Dream" or maybe even your life! 
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CARB OVERHAUL 
TIME PERIODS 

SERVICE BULLETIN A1-86 — Facet Aerospace Prod-
ucts, Co., 1048 Industrial Park Rd., Bristol, VA 24201 — 
703/669-5555 — Sept. 9,1986 — SUBJECT: Time Between 
Overhaul Periods — MODELS AFFECTED: All Marvel 
Schebler and Facet Aerospace Products Company Aircraft 
Carburetors — TIME OF COMPLIANCE: At Overhaul. 

The factory recommended time between overhauls 
(TBO) for all Marvel Schebler and Facet Aerospace Prod-
ucts Company Aircraft Carburetors is not to exceed the 
engine TBO. 

Upon reaching the appropriate carburetor TBO as 
specified above, it is recommended that the aircraft car-
buretor be completely overhauled. During the overhaul it 
is recommended that the minimum parts to be replaced in 
the aircraft carburetor, regardless of their apparent condi-
tion, are those parts comprising the 286-XXXX Major Re-
pair Kit (formerly called the 286-XXXX Repair Kit) as 
specified in the current Facet Aircraft Carburetor Service 
Manual/Catalog. If it has not already been accomplished, 
the metal float kit is also to be installed. Additional parts 
may also require replacement. This can be determined by 
careful aircraft quality inspection techniques. 

The above is not to be construed to mean that the car-
buretor will not require service prior to engine TBO. In 
those cases where service to the carburetor is required 
prior to TBO, it will be necessary for the service technician 
to determine whether the Major Repair Kit or Minor Re-
pair Kit is required. Any time a carburetor is opened for 
service, the minimum parts replacement requirement will 
be the parts comprising a Minor Repair Kit as specified 
in the price list dated Oct. 15, 1986, and in Service Infor-
mation Letter 8-21-86. 

BENT STEMS 
Several years ago an IAC member incurred an engine 

stoppage with his Great Lakes, the cause of which was 
never exactly determined (or at least not totally agreed 
upon). More recently this same IAC member came across 
a brief of a legal proceeding which alluded to a bent fuel 
diaphragm stem in a Bendix fuel injection servo. He ques-
tioned if somehow a bent fuel diaphragm stem could have 
been related to his engine stoppage problem. 

In response to this inquiry the IAC Tech Safety Com-
mittee contacted Bendix Service Engineering representa-
tive Rudy Swider for help. In our initial contact with Rudy 
we advised him of the Great Lakes problem and the legal 
brief, and we asked if Bendix Service Information Letter 
No. 24 which was published in the March 1986 issue of 
SPORT AEROBATICS (reprinted below) and which con-
cerned failed diaphragm stems might have alluded to the 
bent stem problem. Rudy's detailed reply is as follows: 

"As usual, we welcome inquiries from members. Your 
latest letter dated 10 April has no simple answers due in 
part to the large amount of misinformation about the RSA 
servo unit and its operation presented by self-professed 
experts. 

"Sometimes, people forget that to continue to fly or 
attempt to fly an aircraft with an active problem, be it 
fuel, ignition or other operational problem, has the poten-
tial of severe consequences unless the 'actual' problem is 
isolated and corrected. Understandably, any member who 
would read the case summary sheet after having read the 
reprint of the Bendix Service Information Letter (S.I.L.) 
Number 24 would have concerns. These concerns are, how-
ever, unfounded. We do feel that the membership should 

be knowledgeable on both the bent stem problem and the 
failures that prompted S.I.L. 24. 

"Service Information Letter 24 concerns the fracture 
of the fuel diaphragm assembly stem and does not allude 
in any way to the bent stem problem that is mentioned in 
the case summary sheet. We did publish S.I.L. 25 (copy 
reprinted below) in January of 1986 when it was deter-
mined that many of the reported bent stems actually were 
caused by improper disassembly techniques. For the be-
nefit of all members, the following is the history of the 
bent stem problem (syndrome). 

"In 1976 an effort to improve the integrity of the center 
body seal was undertaken (reference Figure 1). Maintain-
ing parts interchangeability with servo units already in 
service was a design consideration. The result was a new 
bellows type seal that would fit into the existing castings 
and revised air and fuel diaphragm assemblies (reference 
Figure 2). The new fuel diaphragm assembly has a smaller 
(0.060 dia) stem assembly that is inertia welded versus 
older assemblies (0.090 dia) that were silver brazed. These 
new parts were introduced to the field in APRIL OF 1978. 
Procedural changes required for assembly and test of a 
servo with the new components necessitated a CAUTION 
to not bend or damage the stem. This CAUTION, in the 
form of a bracketed note, has always been a part of the 
overhaul manuals. Still, we did not encounter bent stems 
until A.D. 79-21-08 (crimping the stem to prevent the 
outer regulator nut from backing off). 

"Any mechanic with a modified pair of pliers could 
perform the crimping operation required for A.D. com-
pliance. Many stems were bent during the crimping oper-
ation due, in part, to the bending moment afforded by the 
length of the pliers. The bend approximated that shown 
in Figure 3. If the mechanic happened to pull on the stem 
at the time, an operational problem was evidenced at the 
very next start with rich running, mostly at idle, requiring 
resetting idle speed and idle mixture. In some instances, 
a hesitation during engine acceleration was noted due to 
a richer intermediate power range. The bends were caused 
by the crimping operation, NOT by something that might 
have happened during engine operation, i.e., backfiring, 
prop strikes, accidents, etc. 

"AUGUST OF 1979 found us with a potential of stems 
fracturing in the threaded area during assembly due to 
excess torque applied while installing the outer regulator 
nut. Three corrective actions were taken: 

"1. Anneal the threaded portion of stems already 
assembled to diaphragms. 

"2. A maximum torque limit established in addition to 
the existing minimum run-on torque check for the 
units. 

"3. All new stem assemblies would be annealed after 
the welding process. 

"Diaphragm assemblies with annealed stems did not 
show up in production until NOVEMBER 1979, a short 
time later for spares used by overhaul stations. It was not 
until JUNE OF 1981 that we received complaints from 
our overhaul stations. These complaints concerned stems 
that were bent during shipment due to a change in pack-
aging. Also included were complaints of stems easily bent 
during final calibration torque check of the outer regulator 
nut. Bendix started a development program to eliminate 
this problem by changing the stem material to AMS 5613 
which is stiffer and stronger. At this time, the stem type 
made from AMS 5646 had been in service for over three 
years with approximately 64,500 assemblies in use. 

"It should be noted that we have calibrated servo units 
and then, in the presence of the FAA and various legal 
counsel, deliberately bent the stem in excess of 10 degrees. 
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BENT STEMS 
Figure 3 indicates a seven-degree bend. Calibration of the 
servo units did not change and engine operation was nor-
mal. Provided the integrity of the coupling (stem) between 
the fuel diaphragm and air diaphragm is not destroyed 
(broken), and discounting air or fuel supply interruptions, 
the servo unit will not cause the engine to quit — EVEN 
MOMENTARILY. If the servo unit would happen to be 
responsible for an engine stoppage, that is an internal 
failure, the cause of the stoppage will remain and be read-
ily apparent during flow test and teardown inspection. In 
other words, if it breaks, it stays broken. 

"Two IAC members experienced servo failures of the 
type (four total in aerobatic aircraft) that were the subject 
of S.I.L. 24. In both instances the stem fractured near the 
ball end of the diaphragm assembly (reference Figure 4). 
The failure mode was a multiple origin 'fatigue fracture.' 
The first instance of this type failure mode was reported 
September 30, 1981. Engineering investigation started 
immediately including instrumenting the aircraft, a Piper 
Pawnee Brave, that had the in-flight failure. WE ARE 
STILL UNABLE TO DUPLICATE THE FAILURE MODE 
ON ENGINEERING TESTS IN THE AREA THAT 
FAILED IN FLIGHT. 

"From September 1981 until April 1983, during inves-
tigation of the problem, there were a total of seven fail-
ures. All but one were Bendix Model RSA-10ED1, P/L 
2524273 servo units used on I0-540K1G5 engines. The 
new stem being tested to correct the bending problem had 
(has) a tensile strength approximately three times that of 
the old stem. The use of this material would also greatly 
improve the fatigue strength of the stem. Though we could 
not duplicate the failures experienced in the field, it was 
concluded that the fatigue failures in the field could be 
solved by switching stem material from AMS 5646 to AMS 
5613. Modification of servo units started in June of 1983 
on Bendix Model RSA-10ED and RSA-10DB series servo 
units. Bendix Bulletins RS-85 and RS-88 were issued in 
June along with Lycoming Bulletin 467. An Airworthi-
ness Directive (83-22-04) requested in early 1983 was pub-
lished in November 1983. 

"There has not been a stem fatigue fracture of this type 
in normal service in RSA-5AB1, -5AD and -10AD (same 
size fuel diaphragm as the RSA-5) servo units. Our records 
now indicate that this is true even for aerobatic aircraft 
using 'factory certified' 10, AIO and AEIO series engines. 
Two of the aerobatic aircraft that experienced failures 
were 0-540 E4B5 engines modified, in part, by the addi-
tion of a Bendix fuel injection system. A third engine was 
a modified 0-540, the exact designation is unknown, and 
we suspect, now, the fourth was also a modified 0-540. We 
still recommend all aerobatic aircraft using Bendix RSA 
injection systems comply with S.I.L. 24 to preclude any 
possible failure. 

"We hope this information will help your members un-
derstand the nature of the two problems and distinguish 
the difference. Should there be further questions, feel free 
to write or call 219/237-3880 or -3879." 

Obviously, IAC members owe Rudy Swider and Bendix 
(Energy Controls Division) a huge thank you for their 
effort and concern. The help and support given by Rudy 
and Bendix will go a long way in keeping our sport safe 
and fun. 

SERVICE INFORMATION LETTER 
FUEL SYSTEMS 

FROM: Allied Bendix Aerospace, Bendix Energy Con-
trols Division, 717 N. Bendix Dr., South Bend, IN 46620 

U ( ( ( ( ( ( ( 

OLD STYLE REGULATOR 
FIGURE 1 

— S.I.L. 25 issued 1/31/86 for Small Reciprocating En-
gines. — SUBJECT: Disassembly of regulator portion of 
all RSA fuel servo units. 

CAUTION: FAILURE TO ADHERE TO THE FOL-
LOWING PROCEDURES DURING REGULATOR DIS-
ASSEMBLY MAY RESULT IN DAMAGING OTHER-
WISE SERVICEABLE PARTS AND REQUIRING THEIR 

CONSTANT EFFORT 
SPRING 

CENTER BODY SEAL 

FUEL DIAPHRAGM AIR DIAPHRAGM 

NEW STYLE REGULATOR 
FIGURE 2 
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SUBSEQUENT REPLACEMENT — i.e. bending of the 
fuel diaphragm stem and damaging the servo seat and/or 
center body seal assembly. 

1. Remove lockwire from regulator hold down screws. 
2. Loosen all regulator screws three to four full turns, 

but DO NOT remove them at this time. 
CAUTION: DO NOT ATTEMPT TO USE A PLASTIC 

MALLET OR OTHER IMPACT TYPE TOOL TO CAUSE 
REGULATOR SEPARATION WITHOUT ALL REG-
ULATOR SCREWS IN PLACE AND ONLY THREE TO 
FOUR TURNS LOOSE FROM FULL TIGHT. THE FUEL 
DIAPHRAGM STEM WILL BEND AS THE REGU-
LATOR ASSEMBLY SEPARATES IF ABOVE CAU-
TIONS ARE NOT OBSERVED. 

3. Carefully insert 0.010 feeler gage, or equivalent 
tool, at the bottom of the regulator between the air dia-
phragm and cover assembly. Pry the cover loose. 

4. Insert feeler gage or tool between the fuel dia-
phragm and center body assembly. Pry the center body 
assembly loose from servo body assembly. 

5. After completing paragraphs three and four, re-
move all regulator screws and continue with regulator 
disassembly in accordance with the overhaul manual. 

Insert a copy of this S.I.L. at the beginning of the Dis-
assembly section of all RSA overhaul manuals. — K.R. 
Dettweiler, Manager, Product Support. 

REPRINT FROM MARCH 1986 
SPORT AEROBATICS 

"TECH SAFETY NOTE/BENDIX FUEL INJECTORS" 
(From "LINES & ANGLES NOTES" column, page 13) 

— The Bendix Energy Controls Division of South Bend, 
Indiana, recently contacted Fred Cailey, IAC Technical 
Safety Chairman, with information on a recently pub-
lished Service Information Letter, No. 24, for Small Recip-
rocating Engines. This letter alerts owners of aerobatic 
aircraft equipped with Bendix RSA-5AB1, RSA-5AD1, or 
RSA-10AD1 servo units to the potential of overstressing 
certain part number fuel diaphragm stem assemblies dur-
ing aerobatic maneuvers. Stem failure results in im-
mediate engine stoppage. 

In July 1983, a product improvement was made to the 
RSA-5 size regulator fuel diaphragm assembly which 
greatly increased the strength of the stem and improved 
its resistance to damage from undefined causes. Beginning 
in July 1983, only the new P/N 2541801 fuel diaphragm 
assembly was made available to the field by Bendix. It is 
possible that certain old RSA servo units have not been 
overhauled, however, and/or old diaphragm assemblies 
may have been used in an overhaul or may still be in stock 
at certain locations. To preclude the possibility of any di-
aphragm assembly P/N 2539559 stem assemblies being 
overstressed to the point of fracture during aerobatic ma-
neuvers, it is recommended that all RSA-5AB1, RSA-
5AD1, and RSA-10AD1 servo units as identified in this 
service letter be modified per Bendix Service Bulletin RS-
86 or RS-87, as applicable. The letter contains complete 
lists of parts lists and issues requiring modification. 

Members should contact Bendix at 219/237-3880/3879 
or by writing Allied Bendix Aerospace, Bendix Energy 
Controls Division, 717 N. Bendix Dr., South Bend, IN 46620, 

9 BEND AREA 
5> / 

REGULATOR SECTION (REFERENCE) 
BENT STEM 

FIGURE 3 

Attn: R. Swider. For those people calling in, if they have 
the parts list number, issue number, i.e. 2524xxx-x, and 
serial number of the unit installed on their aircraft, Ben-
dix can inform them if the new part should be incorporated. 

REGULATOR SECTION (REFERENCE) 
FIGURE 4 
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AIR LEAKS 
Air leaks in fuel systems can be very hard to troubleshoot 

and to pinpoint. IACers will recall the Tech Safety article in 
the March 1987 issue of SPORT AEROBATICS which had 
some tips by Rudy Swider of Bendix on how to check for fuel 
system air leaks. More recently, one IAC member made the 
following report which seems to relate to another possible air 
leak source. 

"This item pertains to the engine cutting out after a series 
of inverted maneuvers. It usually started to fade just as the 
aircraft was turned back upright. It never quit, just down to 
where you could see the blades, but enough to give you a real 
shot of adrenalin. 

"All the usual things were checked — fuel injectors, gas 
lines, screens, etc., and nothing was found. It continued to 
occur and a real sharp mechanic, being totally frustrated by 
now, was lying under the aircraft looking up to see if he could 
see anything wrong when he noticed the fuel valve to the 
smoke tank was in the open position. 

"The smoke tank on my aircraft tank is used only for extra 
fuel. Apparently, when that valve is left open, air gets into 
the system and after it was closed, I never had any more 
trouble." 

If your aircraft is plumbed so the smoke tank is used as 
an extra fuel tank, a review of the fuel system and the consid-
eration that the valving may be such as to induce air into the 
system may well be in order. 

To repeat what has often been noted, the IAC Tech Safety 
Program is a total membership program. Everyone's input is 
necessary for the program to work. An IAC thanks goes to 
the member who made the above report. 

BAD GAS? 
Over the years there have been many reported fuel 

system problems. Some of them are mechanical in nature 
such as cracked fuel tanks, loose fuel pump screws, chaffed 
and failed fuel lines, blocked fuel vents, etc. There have 
also been fuel system problem reports that are more chem-
ical in nature such as deteriorated fuel hose linings, dis-
solved carburetor floats, deteriorated carb diaphragms, 
etc. The following Tech Safety report falls into the chem-
ical category and relates to fuel quality. 

"I built and fly an SI C Pitts with an 0-320 Lycom-
ing, a PS5Cpressure carb, and the Christen inverted 
fuel and oil systems. My fuel problem started when 
I had to abort a takeoff when the engine didn't come 
up to anywhere near full power. I drained the sumps, 
pulled the fuel strainer, and found no contamina-
tion. After letting it sit a while I tried a full power 
runup which showed everything to be normal. I took 
o f f , stayed above the airport and after a few minutes 
experienced a rough engine with very low power. 
The fuel pressure was under 5 PSI and variable. I 
was able to bring the fuel pressure up with the 
wobble pump and the engine ran reasonably well. 
Conclusion, failed fuel pump. 

"I borrowed a used AC 41272 fuel pump from an 
IACer in Colorado Springs, swapped it out and flew 
back to our farm strip without problems. After a few 
more short flights, I experienced the same problems 
with the used pump. Conclusion, another failed, 
used pump. I then met with the problem of AC 41272 
being out of stock. Aircraft Spruce and Specialty had 
just sold the last one they had in stock and I found 
that Electronic Manufacturing Associates had 
bought all remaining pumps from AC. After waiting 
a couple of months to get the pump. I installed it and 
tried again. Same problem. 

"It was then that I found hose rubber in the carb 
fuel strainer and thought my problem was solved. A 
short test flight and my first power-on landing in 

months indicated I had indeed found the problem. 
Off we went the next weekend on a local airport-hop-
ping flight. I didn't make it to the first airport. Half-
way there I had a power problem just as I had experi-
enced before. Furious pumping on the wobble pump 
wouldn't bring the pressure up or sufficient power 
to the engine. I landed on a county road which has 
become known as M Field and trailered home. 
I then went through my fuel system from tank to 
carb, took hoses apart, inspected, and found nothing. 

"It was about this time that my hangar mate 
started experiencing power problems in his'150 HP 
Citabria. His engine would quit in a slow roll and 
finally would not develop enough power to climb. 
Unlike my Pitts, he could maintain level flight in 
the Citabria. Others in the area began having simi-
lar problems and we have concluded that it was bad 
auto fuel. I had been burning auto fuel more out of 
convenience than cost. We had a tank at our farm 
strip filled with auto gas. I drained the auto gas and 
refilled with 100 octane. I have had no further problems. 

"My conclusion is that we got a bad batch of auto 
fuel that didn't meet minimum vapor pressure re-
quirements. My problem was probably magnified be-
cause of the pressure carb. I would recommend that 
anyone flying with the PS5C stick to 100 octane. 
The saving in time and money seemed trivial at 100 
feet AGL when looking for a place to land." 

The question of auto fuel vs. Avgas has been discussed 
in just about every aviation publication and the pros and 
cons of the two fuels well-known. However, since most 
IAC members operate aircraft powered by Lycoming en-
gines, it should be pointed out that the above report in a 
way supports Lycoming's position on using auto fuel. It is 
our understanding that Lycoming's major concern about 
auto fuel is its apparent inconsistency. They feel that auto 
fuel quality and chemical makeup varies greatly from 
company to company and from batch to batch and, there-
fore, you cannot select fuel system components/materials 
or tune an engine to accommodate all the possible variables. 

In closing, first we must give a large thank you to the 
IAC member making the report on his auto fuel experi-
ences. IAC member field reports are the essence of the IAC 
Tech Safety Program. It should always be remembered 
that when you become an IAC member you are automat-
ically on the IAC Technical Safety Committee — your 
input is necessary. Second, we appreciate that the fuel 
subject is a controversial topic and there are plenty opin-
ions on what is right. And in that light, we hope we have 
stated Lycoming's position correctly. Let's keep IAC as an 
open forum on this issue and leave the decision making 
up to each individual member. 

BENDIX FUEL 
SYSTEM TIPS 

Most IAC members are aware of the assistance IAC 
has received from Bendix Service Engineer Rudy Swider. 
Just recently the IAC Tech Safety Committee received a 
letter from Rudy noting two fuel system concerns that 
should be of help and interest to many IACers. Rudy's 
letter is, in part, as follows: 

"A couple of items that may be of interest to your 
members based upon calls received this year are: (1) 
air in the fuel system and (2) early Pitts Specials — 
0-360 powered with Bendix PS-5 series carburetors 
identified as 'Special' parts list. With each of these 
items a lean running engine may be symptomized. 

"Regarding item one, air in the fuel system, in 
most cases there is a tendency for idle speed to wan-
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BENDIX FUEL SYSTEM TIPS 
der and in cruise flight very little leaning of the 
engine is possible. Also noted with this problem have 
been momentary engine quits during cruise flight 
and power reductions. Air can be checked for by fol-
lowing the procedure outlined in the troubleshooting 
technique manual (may be reprinted). 

"Though this problem is NOT related to the Ben-
dix RSA Injection System, many times these compo-
nents are removed and overhauled at great expense 
because of it. Isolation of the air leak can be very 
time consuming, taxing many mechanics into easily 
giving up. Troubleshooting this problem requires 
connecting a separate fuel supply to the engine start-
ing at the inlet of the main fuel pump and working 
back to the main tank until the faulty component, 
hose or seal is isolated. As noted in our troubleshoot-
ing techniques manual, a line, fitting or seal can 
leak air without leaking fuel. 

"In one instance, an improperly installed inlet fit-
ting on the main fuel pump caused the problem. The 
'O' ring had been cut and threads on the pump inlet 
port had been sheared from over-torque of the fit-
ting. Changing the fuel pump during earlier trouble-
shooting did not correct the problem simply because 
the mechanic was transferring the same inlet fitting 
with the same damaged 'O' ring from pump to pump. 
Other sources of air leakage noted are boost pump 
seal leakage, cracked cones on the fuel line from the 
main pump to the servo unit inlet, leaking fuel 
valves and leaking main filter bowl seals. 

"The second item is more of an educational type 
item. We have had several calls regarding early 
model Pitts Specials equipped with PS-5 series car-
buretors identified as 'Special' where the part 
number is normally stamped on the data plate. 
These controls, only on 0-360s have a richer setting 
that is proprietary to: 

Precision Air 
3610 NW 41 Street 
Miami, FL 33142 

Phone: 305/635-5293 
"We must emphasize that there are many excel-

lent shops that can overhaul these units and the 
setting they use is the Bendix specification for the 
unit BEFORE modification. FAA Repair Stations 
and/or overhaul facilities will always return a unit 
to its original configuration as specified by the part 
number on the identification plate or as defined by 
engine model when a unit is sent in for overhaul or 
repair. This special setting does not apply to 0-540 
powered aircraft. 

"Should one of your members who owns an early 
Pitts Special powered by an 0-360 experience a prob-
lem of not being able to lean as much as was previ-
ously possible, a recalibration of the carburetor may 
be necessary. 

"An 0-540 powered aircraft may have a setting 
developed by the Aircraft Manufacturer and Airmo-
tive Carburetor Company, 475-479 Riverside Drive, 
Burbank, CA 91506, phone: 818/845-7455. In either 
case, if the word 'Special' is stamped on the name 
plate, the owner should check to be sure that the 
proper setting will be utilized prior to sending a unit 
in for overhaul/repair." 
The Bendix recommended technique for checking for 

air in fuel system as mentioned in Rudy's letter is in the 
Bendix TROUBLESHOOTING TECHNIQUES FOR THE 
BENDIX RSA FUEL METERING SYSTEM and a copy of 
that procedure accompanies this article. 

Once again, an IAC thanks to Rudy Swider and the 
Bendix team — this is the kind of expert input we need 
to help maintain the high safety level of our equipment 
that we all desire. 

AIR IN 
FUEL SYSTEM 

FLOW DIVIDER 
FUEL NOZZLE 

(ONE PER CYL.) 

VB INCH STAINLESS 
STEEL LINE 

CLEAR. 
TUBE 

NOZZLE PRESSURE 
OR LBS/HR FUEL 

FLOW (GAGE) 

INLET 

1. Connect length of clear teflon tube 
between servo out fuel line and flow 
divider. 

2. Run engine and watch for air bubbles. 
Do not run the engine for sustained 
periods without the cowling as engine 
damage may occur. 

3. If air is noted locate source and cor-
rect. Primary sources are: 
A. Deteriorated fuel hoses 
B. Main fuel pump 
C. Boost pump seal leakage 
D. Damaged cones and flares on fuel 

line fittings. 
NOTE: Fuel fittings can leak air and 

not leak fuel. If having boost 
pump on improves operation, 
then a leaky fitting is possible 
between boost pump and the 
main fuel pump. 
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MORE 
FUEL PUMPS 

3-4. After the scoop assembly is installed, check the opera-
tion of the alternate air valves (ram air and hot air). Oper-
ation should be checked by operating the instrument panel 
control. 

FUEL SYSTEMS AND CONNECTIONS 
3-5. Before installing a PS carburetor on an engine, check 
the required fuel pressure chart shown here against the 
setting parts list of the carburetor to be certain the engine 
is equipped with the proper fuel pump for that carburetor. 
As can be seen from the chart there are three different 
required fuel pressures. It is important that inlet fuel pres-
sure be held within plus or minus one pound of the specified 
pressure. 

CARB. MODEL AND 
SETTING PARTS LIST 

REQUIRED 
FUEL INLET 
PRESSURE 

PS-5C PS-5CD PSD-5C 

380179 391527 391435 
380208 391529 
380212 391572 
380223 391668 
380229 
380230 
391318 
391330 
391583 
391629 

9.0-14.0 lbs. 

PS-7BD PSH-7BD PSD-7BD 

391264 391624 391660 
391454 391640 
391635 391641 

391677 
391657 

12.0 lbs. ± 1.01b. 

PS-5BD PSH-5CD 

391279 391603 
391486 
391561 
391569 
391621 

14.0 lbs. ± 1.01b. 

The November 1986 issue of SPORT AEROBATICS 
had a Tech Safety article noting the possibility of a short-
age of AC 41272 fuel pumps — the pumps tha t many IAC-
ers use in conjunction with Bendix PS5 carburetors. Since 
tha t article was published the IAC Tech Safety Committee 
has received several phone calls from members with addi-
tional information. 

One IACer called and advised that he had been told by 
an aviation parts supply firm that the Lycoming fuel 
pump, P/N LW 15473 was a replacement for the AC pump 
P/N 41272. He was also informed that the LW 15473 was 
a high pressure 20 PSI pump. To check things out a little 
further, the IAC Tech Safety Committee contacted Rudy 
Swider at Bendix and Tom Baier at Avco Lycoming. Rudy 
gave us the following information: 

. . only Avco Lycoming can accurately respond 
regarding part number interchangeability of the 
pump. Generally, the Lycoming part number is the 
prime number to use and the A.C. number is an 
alternate only if listed in the parts manual for the 
engine. 

"The PS-5 carburetors are calibrated at 10,12 or 
14 PSI inlet pressure. Satisfactory operation is ob-
tained with 9 to 15 PSI depending upon the part 
number of the carburetor in use. According to our 
engineering, the 20 PSI pump may cause the engine 
to run richer than normal. Page 26 of the enclosed 
PS Series Carburetor Manual lists the carburetor 
model and required inlet fuel pressure. RS and RSA 
servo units are not pressure sensitive and will func-
tion normally with fuel pressure ranging from 10 to 
50 PSI. 

"For experimentally built aircraft where a PS-5 
carburetor was adapted to an engine that had been 
equipped with a float carburetor, the 20 PSI pump 
Lycoming P/N LW 15473 is probably the only option 
available. PS-5 carburetors were originally installed 
on engines that used either Romec or Titan vane 
type pumps. Fuel pressure on these pumps is adjust-
able within the required operating range. A PS-5 
carburetor on an engine with an (automotive) dia-
phragm type fuel pump would be classed a nonstan-
dard configuration. 

"The enclosed PS Series Carburetor Manual, 
Form 15-186C, is now procurable from Precision Air-
motive Corporation, Snohomish County Airport, 
Everett, WA 98204, phone: (206) 353-8181. These 
people are our licensee for NA, PD and PS series 
carburetors." 
Tom Baier at Avco Lycoming provided some additional 

input. Tom advised tha t the Lycoming fuel pump P/N LW 
15473 is the same as the AC fuel pump P/N 646441234. 
This is a high pressure pump which is rated at 25-30 PSI 
at 0 flow and which Tom estimated would be approxi-
mately 23-24 PSI at 10 GPH. 

Tom also advised that at one time Lycoming tested but 
never certified an intermediate pressure fuel pump P/N 
14282 which was equivalent to the AC pump 6441272. 
This pump was rated at 15-18 PSI at 0 flow. (Note there 
may be a little confusion here. We believe tha t all the AC 
fuel pump part numbers may start with "64" so, therefore, 
we believe AC pump P/N 6441272 is the same as the above 

referred to pump 41272.) 
Tom went on to say tha t Lycoming no longer builds 

engines with pressure carburetors but when they did they 
were all equipped with rotary vane pumps that were 
mounted on the accessory housing. (This is the same as 
Rudy mentioned in his letter.) 

The bottom line is tha t Lycoming pump P/N LW 15473 
is NOT a direct replacement for the AC pump P/N 41272 
and if an at tempt is made to use the high pressure LW 
15473 pump with a PS-5 carb, one should proceed with 
caution for it may cause the engine to run excessively rich. 

This Tech Safety article has been written to try to head 
off a possible mix-up on fuel pumps and to try to provide 
a little more information on pressure carbs and their re-
lated fuel system components. IAC thanks to the IACer 
who sparked this investigation and to Rudy Swider of Ben-
dix and to Tom Baier of Avco Lycoming — the concern 
and interest of these individuals will help keep our sport 
safe. 
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E V S H A C K L E D 
Configuring my Pitts (SIE) with 

the auxiliary fuel tank is no big deal. 
Hose through the hole, two "L" fit-
tings with cotter keys in back and the 
front end hooked over a small brace. 
Piece of cake. 

This task is nothing new. We've 
seen them on a number of midwings 
and Pitts at contests. They look like 
a napalm can or bomb. The tank is 
mounted between the gear below the 
pilot. Some pilots even carry two of 
them — one for fuel and one for a 
liquor hit — er, I mean tool kit. 

Having a couple of hours of extra 
gas is a luxury when either going long 
distance or fighting weather. Going 
to the third Okie Twistoff in Okla-
homa from Denton, Texas, I had 
planned the trip with the tank be-
cause of the weather and not the dis-
tance (about 207.5 sm). I used every 
gallon staying ahead of a woolen bug-
ger, got within 40 miles of SWO and 
had to settle for a night in TUL. When 
you're in the scud and you run out of 
visibility you go to the alternate. 
Everybody knows that. 

The weather going back to HVA on 
Sunday was about half Hotel Sierra. 
So I put my tank on, filled it with 100 
LL and shook it real good to see that 
it was okay. Somebody talked to me 
about this time saying that these 
tanks have fuel jettison capabilities 
now. Fuel dumping from my Pitts? 
Naaugh! That's airline talk — B.S. 
This stuff costs me $1.75 a gallon! 

This was my 13th contest. I was not 
listening. I just wanted to go home — 
had to mow the lawn. 

After takeoff it took a few minutes 
to observe that more left rudder was 
needed than normal. I couldn't see 
anything bent — maybe someone 
warped my trim tab again. 

Then the motor sounded funny. 
When it sucks from the auxiliary it 
sounds like or the same as it does 
when blowing smoke. Then the oil 
temperature went above 220 degrees. 
Whiskey, tango, foxtrot! I've got a 
problem! 

Or I 
Learned 

My 
Lesson! 

By Gary Heartsill 
IAC # 6 8 5 6 

I looked at the auxiliary fuel line 
coming up through the belly and to my 
horror saw that the hose had ripped 
the metal back. The #&* + @$# tank 
is loose! Three dits, four dits, two dits, 
dah! What do you do with a half-filled, 
unshackled, auxiliary tank on a Pitts 
at 1500 feet over green trees in Ok-
lahoma? 

Plan A — land. 
Plan B — land with tank. 
Plan C — land smoothly with tank. 
Plan D — If tank unshackles any 

farther, use Plan A. 
Plan E — bail out. 
Don't like E. My humble third place 

trophy might get scratched. Plan D 
gets into test pilot stuff and I don't 
want to use any of my superior skills 
doing experimental aviating. Plan C 
is about 30 miles away — Westheimer 
Field in Norman. I turn to go direct. 

Well, the tank didn't come off in 
spite of my not so smooth and unan-
nounced landing on the SW runway. 
After "re-configuring," the tank 
passed the shake test and I was south-
bound and down. The guys in the 
tower were nice and bought my story 
of needing to land more than talking 
to someone about it. 

My half-hearted job of securing the 
auxiliary tank taught me these fol-
lowing items (for what it's worth): 

1. Don't take simple things that 
work all the time for granted. I 
LOOKED, but didn't SEE that the 
clamp was ON the brace. 

2. Holding additional control input 
means something has changed. I had 
a problem and flat ignored it! 

3. Next time I'm calling the tower 
on 121.5 and ordering a fire truck. It 
was stupid to think I could land and 

E» not need help. 0 
" One last thing, if you know what an 
2 unshackled auxiliary tank will do to 
1 the flying characteristics of a Pitts, 
~ don't tell me. Write your own story 
ttj for the rest of the world to know be-
o cause I've learned my lesson! It flat 
q- scared me — plum . . . ! 
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MISFUELING 
A couple of IAC members have recently expressed con-

cern over possible aircraft misfueling. One IACer advised 
of a misfueling problem at his local airport where Je t A 
was inadvertently substituted for 100 LL. The local FBO 
was dispensing Jet A and 100 LL from separate systems 
but on the same fuel truck. 

When the Je t A fuel pump failed, the 100 LL pump 
was jury rigged so it could flow either Je t A or 100 LL. 
First, there was no provision for purging the fuel hose 
when switching from Jet A to 100 LL or vice versa; so 
some degree of contamination took place when changing 
fuels. And, secondly, one of the line guys was not told that 
the pump and system on the fuel truck marked 100 LL 
had been modified and had the capability of also dispens-
ing Jet A. So, believing that he was pumping 100 LL, one 
of the guys topped off a reciprocating engine aircraft with 
Jet A. 

The aircraft did start and flew for about one-half hour 
with the engine getting rougher and rougher. An unevent-
ful on airport landing was made — no one hurt. The ques-
tion now is that of how much engine damage was done. 
Avco Lycoming is advising a complete engine teardown, 
inspection and overhaul. The aircraft in question was NOT 
an aerobatic aircraft but this story is being retold as a 
reminder to all of us to be on guard against the possibility 
of misfueling. 

Another IAC member, Haukur Antonsson of Iceland, 
advised he recently read an article in which he noted some 
confusion as to fuel grading and grade coding. He supplied 
the fuel grade code chart reprinted here. 

FUEL GRADES FOR RECIPROCATING 
A/C ENGINES 

Grade 91/96 was phased out around 1970 
(NOTE: ASTM Specification D 910 - year 
1968 — defines 91 octane gasoline). 
Grade 80 does exist and is clear and contains 
no T.E.L. (NOTE: Grade 80/87 is different; 
it is red). 

OCTANE U.K. OLD U.S. NEW U.S. 
GRADE COLOR COLOR COLOR 

80 Clear1 x ) Not available Not available 
80/87 Most likely red Red Red 
91/93 ? Blue Not available 
91/96 Most likely blue ? Not available 

100/115 Most likely green Green Not available 
100/130 ? (exists) Not available Green 
100 LL ? Not available Blue 

115/145 Most likely purple Purple Purple 
( x 'For Grade 80 definition, see U.K. Specification D.Eng.RD. 2485. 

Grade 80 is definitely not the same as 80/87. 

NOTE: The 100 LL grade aviation fuel has the octane rating 100/130 although 
the lead content is only 2 c.c. by definition. 

PUMPS & CARBS 
IAC members who operate aircraft with Bendix PS5 

carbs are fully aware that there has been a recent series 
of articles in SPORT AEROBATICS dealing with PS5 
carbs and their related fuel pumps. The last article in this 
series was in the March 1987 issue. 

After that article appeared, one IAC member phoned 
the IAC Tech Safety Committee with some additional in-
formation related to PS5 fuel systems. As several past 
IAC Tech Safety articles have noted, there seems to be a 
shortage of the commonly used AC 41272 fuel pump. The 
IACer calling us advised that in some applications with a 
drive modification, the older Romec and Thompson (PF 
1900) pumps can be made to work. Both are rotary pumps 
and can be adjusted to the desired fuel pressure levels. 

Related to the fuel pumps, he suggested that many 
vapor lock problems can be overcome by using an air blast 
tube directed on the fuel pump. The pumps are usually in 
a confined area and, therefore, subject to high heat buildup 
— one of the causes of vapor lock. He related that he had 
encountered a vapor locking problem on a Starduster I 
that he had and that by using an air blast tube to cool the 
fuel pump the vapor lock problem was eliminated. 

This IACer also advised that original equipment PS5 
carbs were installed in several different mounting posi-
tions — updraft, downdraft, and horizontal. However, in 
any case the vapor return line must come off of the TOP 
of the regulator cover (the drain is on the bottom of the 
cover). When using a PS5 carb on other than the original 
installation, it may be necessary to reverse the positions 
of the vapor return line and the drain to get the vapor 
return line on the top side of the regulator cover. Note 
that the vapor return line has a restrictor hole which is a 
#70 drill. 

This same IACer advised that to be calibrated correctly 
a PS5 carb has to be set up on a specific model flow bench. 
He highly recommended Virgil Martin and Ron Martin of 
Martin Induction Systems, Inc., Rt. 6, Box 61 IB, Enid, OK 
73701, USA — phone 405/446-5601. He stated that he has 
had many systems tested and calibrated by Martin and 
has been very satisfied with their work. 

As a parting suggestion, he thought as an alternative 
to PS5 carbs IACers may want to consider a Continental 
fuel injection unit — throttle body from an I0-470C with 
compatible Continental components (flow divider, lines, 
etc.). 

91 



PUMPS AND CARBS 

TECHNICAL SAFETY REPORT 

Normally these can be procured from your local Bendix 
distributor or any facility that repairs/overhauls Bendix 
servo units. A word of CAUTION here; DO NOT substitute 
standard AN or MS "O" rings for the Bendix part numbers. 
Using the wrong "0" ring on the inlet fitting has been 
known to exert sufficient force to crack the servo unit 
housing. A few pennies saved is hardly worth the 
$1,000.00 plus price tag of a new housing. 

Servicing the filter requires removal of the inlet hose 
to the servo unit so you can get at the inlet fitting. A word 
of CAUTION here; DO NOT remove the filter from the 
side opposite the inlet fitting as any contamination that 
is in the filter may be introduced into the servo unit. Inlet 
fittings vary from union-type fittings to 90-degree elbows. 
Be careful with these fittings since they are specially mod-
ified for the filter assembly. Remove the fitting using clean 
wrenches of the appropriate size. Once the fitting is re-
moved, it is a simple task to remove the filter. 

If the filter is permanently attached to the inlet fitting 
similar to those shown in Figure 1, items A through C, 
then Bendix bulletin RS-48 revision 2 or later revision 
should be complied with. This changes the filter to a 
bypassing type (reference Figure 1, item D) — the theory 
being that dirty fuel is better than no fuel should the filter 
ever become plugged. 

Inspection of the filter is relatively easy. Just looking 
down the middle and inspecting for particulate matter is 
not sufficient to tell if it's clean. The best inspection 
method is to first dry the filter with air and tap it, open 
side down, on a clean piece of paper. You might want to 
examine any contamination and determine the type and 
source. This could prevent more serious problems in the 
future. Then look into the center of the filter while shining 
a light through the outside. You should be able to see light 
through the weave on most of the surface areas. Another 
method is to breathe through the dried filter. Very little 
restriction to airflow should be felt. 

Cleaning can be accomplished using Acetone or M.E.K. 
followed by a rinse in Stoddard solvent and then air drying 
the filter. Be certain to comply with all manufacturer's 
instructions and warnings while using M.E.K. or Acetone 
for this cleaning operation. Set the filter aside and inspect 
the inlet fitting. Inspect the filter "O" ring sealing surface 
for corrosion damage and the cone surface for damage as 
indicated in Figure 2. If the fitting is badly damaged, or 
corroded, it must be replaced. 

Once cleaning and inspection is complete, install new 
"O" rings on the filter and inlet fitting. Reinstall the filter, 
spring end first. Lubricate the packing on the inlet fitting 
and install fitting into the servo unit. Again, DO NOT use 
anything other than Bendix approved "O" rings (pack-
ings). 

NOTE 
When AN or MS equivalent parts are approved for 
use in a particular application, those equivalents 
will be listed as the primary part and the Bendix 
part will be shown as the optional part. This helps 
you keep costs down while improving safety by 
elimination of the "I think this will work" syndrome. 
Inlet fittings or nuts are torqued to values shown in 

Table 2. Reconnect the inlet hose and tighten to the value 
specified in the engine maintenance manual. This is not 
a good line to have only finger tight. Should this line de-

cide to loosen by 1 and V2 turns from finger tight, the 
resultant leak path will (in most cases) exceed the fuel 
pump's capacity to supply fuel to the engine. If unable to 
locate torque limits, then refer to torque tables for stan-
dard AN type fittings. 

While you are in the area, inspect all fuel hoses for any 
signs of deterioration. The line(s) installed between the 
servo unit and either a flow divider, pressurizing valve, 
or splitters should be (in most cases) Teflon lines with a 
silicone coated fire sleeve. If you do not have this type of 
line installed, now is a good time to make the change. This 
does three things: 

1. Eliminates the shelf life associated with other 
types of hoses. 

2. Eliminates a possible source of fuel system con-
tamination from continued use of deteriorated 
hoses. 

3. Brings you into compliance with Lycoming Ser-
vice Instruction 1274. 

Table 2. Torque Values for Fittings 
TORQUE 

FITTING STYLE (POUND-INCHES) 
Union 65-70 

Elbow with nut Nut 65-70 
Union 65-70 

Elbow with nut Nut 90-100 
Union 45-70 

Elbow with nut Nut 90-100 

MODEL 
RS/RSA-5 Series 

RSA-7 Series 

RS/RSA-10 Series 

CLEANING 
FUEL NOZZLES 

The next step in maintaining the system is cleaning 
the fuel injection nozzles. Most of the fuel-system-related 
engine operational symptoms (as opposed to actual prob-
lems) are the result of dirty and/or improperly maintained 
fuel nozzles. Fuel nozzles become dirty in the same manner 
that a house becomes dusty. Much of the contaminants are 
airborne dust and dirt, drawn in through the air bleed 
hole. There are other contaminants such as sand, salt, 
dirt, and other matter in the fuel that may be fine enough 
to pass through the various fuel filters. With time, some 
of this material sticks to the inner surface of two internal 
nozzle restrictors. The air bleed is an additional restrictor 
formed by the gap between these. An increase in indicated 
fuel flow at various power settings is generally the first 
indication that nozzles need cleaning. Engine operational 
problems due to dirty fuel nozzles will be experienced at 
some later date when contamination has reached an ex-
treme. Fuel stains around the nozzle indicate cleaning is 
necessary. During cleaning, any unusual contaminant 
should be identified and its source located and corrected. 

Cleaning the nozzle assemblies is a relatively simple 
process. This process IS NOT categorized as preventative 
maintenance. This means the maintenance must be per-
formed by a person legally and technically qualified to 
service the equipment. A small reminder — there are 
many mechanics who have virtually no idea about how to 
properly clean, inspect, and reinstall fuel nozzles. 

The following steps are required to ensure the Bendix 
fuel injection nozzles are properly cleaned. Most of this 
information is contained in Bendix bulletin RS-77 revision 
2 (or later) and Lycoming S.I. 1414. 

1. Disconnect fuel lines from the nozzles using a 
CLEAN Vie" open end wrench. It is important 
to use CLEAN tools to reduce the possibility of 
introducing external contamination during 
reinstallation. 
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trmtn 

a 
LA-2906B 

New Style Bypassing Type Filter 

Figure 1. Fuel Strainers 
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Inspection with naked eye. 
Clean or dirty? 

(Actual size) 

With 10X glass (old style 
nozzle or new style with 

insert) showing contamination 

Figure 3. Nozzle Inspection 

CRACKS 

DAMAGED THREADS 

Figure 4. Nozzle Inspection LA-3111A 

.69 MIN. 

.62 R. MIN. 

Figure 5. Fuel Line Showing Minimum Dimensions For Bending 
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2. Install a protective cover over the threaded end 
of the nozzle. Tire air valve caps work best for 
this purpose and their use is especially important 
during annual cleaning of the newer (1980 vin-
tage) two-piece nozzle assemblies where the fuel 
restrictor could be easily lost without proper 
precautions. 

NOTE 
Refer to Bulletin RS-77, since it is not required to 
remove the entire nozzle body except at annual in-
spection. 

CAUTION 
IT IS NOT NECESSARY OR RECOMMENDED 
THAT SPARK PLUGS OR SPARK PLUG LEADS 
BE REMOVED WHEN CLEANING NOZZLES, 
ESPECIALLY NOZZLES WITH THE STEEL IN-
SERT. THE LAST THING YOU OR THE OWNER 
WOULD WANT IS TO HAVE THE FUEL RE-
STRICTOR ACCIDENTALLY DROP THROUGH 
AN OPEN SPARK PLUG HOLE. 
3. Use a CLEAN, 6-POINT, V2-INCH, DEEP WELL 

SOCKET to remove nozzles. Twelve-point sockets 
will only increase your vocabulary of four letter 
words, make the nozzles extremely difficult to 
remove, and in most cases damage the soft brass 
nozzle body. We do not care about the vocabulary, 
but your customer may add even more when he 
gets the bill for a replacement nozzle. 

4. Nozzles may be cleaned using any of the old 
standbys such as M.E.K. or Acetone. Soaking 
overnight and the use of an ultrasonic cleaner is 
required for proper cleaning with these two solu-
tions. Be certain to follow manufacturer's in-
structions and warnings for handling these 
solutions. 

DESPITE WHAT WAS PUBLISHED IN ONE OR 
MORE MAGAZINE ARTICLES ON THIS SUB-
JECT, A NOZZLE IS NOT CLEAN AND SATIS-
FACTORY FOR USE WHEN THE CLEANING SO-
LUTION NO LONGER CHANGES COLOR. 

The best cleaning solution we have found in re-
cent years is HOPPES® No. 9 gun cleaning solvent 
available at almost any local sporting goods store. 
A 20 to 30-minute soaking is all that is necessary, 
followed by a Stoddard solvent rinse and air dry 
prior to inspection (which will be covered later). 

During cleaning of the two-piece nozzle as-
semblies, ensure each restrictor is kept with its re-
spective body. This can be accomplished by using 
separate containers for each nozzle assembly. If you 
are only cleaning the restrictors, then it is recom-
mended to work with each cylinder separately by 
removing, cleaning, INSPECTING, reinstalling the 
restrictor and reconnecting the fuel line using 
torque values listed in RS-77 or the latter part of 
this article. 

NOTE 
If you lose a fuel restrictor, you will have to buy 

an entire new nozzle body assembly. These restric-
tors are flow matched to their respective bodies. So 

do not ask for a replacement restrictor if you break 
or lose one because you will not be allowed to pur-
chase it at any cost. 

Should restrictors become mixed (normally en-
gine operation is not affected), the whole set of noz-
zles should be sent to a repair station for rematching 
and flow testing. 

INSPECTING NOZZLES 

1. Standard inspection procedures have always dic-
tated that if you cannot see an item clearly with 
the naked eye to determine its condition, then you 
must obtain a suitable device to ensure the item 
(in this case'the fuel nozzle) is in satisfactory 
condition and is suitable for continued service. 

The nozzles used with the Bendix fuel injec-
tion system have a fuel orifice diameter of approx-
imately 0.028 inch. The only proper method of 
field inspecting these assemblies is with the use 
of a 10-power magnifying glass. Figure 3 indi-
cates the difference between the "eyeball"method 
and the proper magnifying glass approach on a 
supposedly clean nozzle assembly. Both the fuel 
and fuel air restrictors should be "shiny clean" 
with no evidence of film or particulate contamina-
tion. Do not use lockwire, pins, or other metal 
items to remove contamination since calibration 
of the nozzle will be affected. 

2. On older style nozzles, check the top threads (at 
the fuel line connection) per Figure 4 for damaged 
threads and/or cracks. Damage in this area indi-
cates the fuel line nut has been overtorqued. This 
can cause a reduction in the size of the air restric-
tor. Operationally, this only affects engine idle. 
The fact that the nozzle has been damaged is 
grounds for replacement. 

NOTE 
New style and old style nozzles for NORMALLY 

ASPIRATED engines are interchangeable with one 
another and may be used in any combination on an 
engine. 

NOT ALL BENDIX NOZZLES 
FLOW ALIKE ANYMORE 

It used to be that all Bendix nozzles, normally aspi-
rated and turbo charged, were calibrated the same and 
could be interchanged between cylinders of like engines. 
For many applications this is still true. There are, how-
ever, nozzle assemblies referred to as "HIGH FLOW" noz-
zles (only on turbo applications) which flow at a higher 
rate. Standard nozzles flow 32 pounds per hour at 12 ± 0 
psi. High flow nozzles flow 32 phr at 8 ± 0 psi. The inserts 
of these nozzles are identified with a step machined on 
their circumference. These same inserts also have a larger 
diameter to prevent installation into the wrong body. Al-
ways refer to the engine manufacturer's publications prior 
to ordering replacement nozzle assemblies. 

NOZZLE FUEL LINES 
Before installing your freshly cleaned nozzles, it is good 

practice to inspect the nozzle fuel lines. Though these lines 
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are supplied by the engine manufacturer, their condition 
is critical to the proper operation of the system. Items to 
check are: 

1. The inside diameter of lines used on most engines 
should be 0.085-0.095 inch (reference Lycoming 
S.I. 1301). Mechanics have been known to sub-
stitute other lines such as the smaller I.D. primer 
lines when a replacement line was required. A 
smaller line on any one cylinder can cause that 
cylinder to run leaner than the others. Line 
length is not critical to the operation of the Ben-
dix system. 

2. Lines for signs of longitudinal twisting - a sign 
of overtorqued nuts. Inspect for kinks. The mini-
mum bend radius for a line is 0.62 inch (ref. 
Figure 5). 

3. Nuts for cracks. 
4. Ferrule braze joint and surrounding area for 

cracking evidenced by fuel dye stains. 

FINAL ASSEMBLY 
Install your freshly cleaned nozzles using a CLEAN, 

6-POINT, deep well socket. In many instances, you will 
have to install the socket over the nozzle first and then 
attach your extensions and torque wrench. Too many 
mechanics damage nozzles by trying to force a socket and 
extensions past engine baffling and over a partially in-
stalled nozzle. This is the primary reason for loose shrouds 
and screens. Torque nozzles (or nozzle bodies) to 40 inch-
pounds. If your installation requires alignment of the "A" 
(very few do), then increase torque from 40 inch-pounds 
until the alignment is obtained. DO NOT EXCEED 60 
INCH-POUNDS OF TORQUE UNDER ANY CIR-
CUMSTANCES. On nozzles installed horizontally, the 
"A" should point down ± 30 degrees. 

For those who have the new two-piece assemblies, 
NOW is the time to check to ensure the fuel restrictor is 
properly installed. If you are missing one, then it is time 
to lock the doors and search everyone since a new nozzle 
will cost approximately $80.00 (complain all you want, 
but we DO NOT sell the restrictors separately because we 
are unable to ensure they would be properly calibrated to 
your nozzle body). On engines that have nozzles installed 
horizontally, it is best to leave the shipping cap (tire valve 
cap) installed until you connect the fuel line. 

Connecting the fuel line is simple, so why cover that 
here. You just hook it up, tighten the nut, and you are 
done! WRONG!!!! Improper line connection is the source 
of a lot of damage, and if you have the newer two-piece 
nozzles, the cost for failing to follow procedures can be a 
new set of nozzles. When installing nozzle fuel lines, it is 
necessary to install the nut finger-tight (provided all 
threads are clean). At this point you have two options: dig 
out the trusty torque wrench plus adapters and torque the 
nut 25 to 50 inch-pounds, or you can take a standard Vi6 
inch open end wrench and continue to tighten the nut 
from finger-tight to Vz to 1 FLAT, then stop. The latter 
has proven to give you the 25-50 inch-pound torque limit. 
DO NOT EXCEED THE 50 INCH-POUND TORQUE 
LIMIT AS NOZZLE DAMAGE MAY AND USUALLY 
DOES OCCUR WITH RESULTING ROUGH, RICH RUN-
NING AT IDLE. 

Now that you have completed the fuel system mainte-
nance, check over your work to ensure something was not 

overlooked. Pressure test the system for fuel leaks; then 
you are ready for ground run, minor adjustment of idle 
speed and mixture if necessary, and return to service. Be-
fore you fly, make sure you have made the appropriate 
logbook entry in accordance with AC43-12A for owners 
performing their own preventative maintenance. 

The RSA series aircraft fuel injection system is over 
25 years old. There have been changes to improve overall 
durability of the system. Other improvements, such as the 
new style (two-piece) nozzle assemblies, were made to ease 
maintenance. All the improvements and modifications 
made by the manufacturer do not mean as much to the 
longevity of the system as does proper routine mainte-
nance performed by technically and legally qualified 
personnel. 

For persons interested in learning more about the op-
eration of the Bendix RSA fuel injection systems, two man-
uals are available: (1) RSA Training Manual, form 15-812 
and (2) Troubleshooting Techniques for the RSA System, 
form 15-810. These books are available at nominal charge 
from: Allied Corporation, Bendix Energy Controls Divi-
sion, 717 N. Bendix Drive, South Bend, IN 46620-1000, 
Attn: Tech Pubs Dept. 

MAINTENANCE 
OF THE BENDIX 

RSA FUEL SYSTEM 
By Rudy Swider 

According to the clock on my computer, it's 2 a.m. 
Saturday morning and this past due article is starting to 
come together in my mind. After all, I'm only a year be-
hind in preparing it, but it's now time — not just for the 
aerobatic community, but for all mechanics and pilots who 
perform preventative maintenance. The Bendix RSA fuel 
system is relatively simple to maintain to ensure full 
T.B.O. 

THE SERVO 
INLET FILTER 

Most pilots and mechanics do not realize that mainte-
nance on the fuel servo unit is required at 50-hour inter-
vals. The inlet filter requires inspection and cleaning after 
the first 25 hours of operation and at 50-hour intervals 
thereafter. It should be inspected and cleaned at each an-
nual regardless of accumulated hours since last inspec-
tion. Before you start tearing into the fuel system, it might 
be a good idea to obtain a set of "O" rings that will be 
required. You'll need one each of the part numbers shown 
in table 1 as determined by the model of injector installed 
on your aircraft. It is best to always replace these packings 
each time the filter is cleaned. 

Table 1. Inlet Fitting and Filter "O" Ring Part Numbers 
MODEL INLET FITTING FILTER 

RS/RSA-5 Series 951789 953541-10 
RSA-7 951790 951392 

RS/RSA-10 Series 951790 951392 
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BENDIX FUEL 
SYSTEM TECH 

As most IACers know, in the past Rudy Swider of Ben-
dix Energy Controls Division has provided IAC with much 
valuable information. Recently, Rudy again contacted the 
IAC Tech Safety Committee and supplied data tha t will 
be of interest to many IAC members. Rudy's main input 
was an article relat ing to the maintenance of Bendix RSA 
fuel systems, but the cover letter he sent with the mainte-
nance article has some good tips that related to the fuel 
systems used by some IAC members. Rudy's cover letter 
and his article follow. 

SWIDER'S LETTER 
"Dear Fred: 

"The maintenance article tha t was promised awhile 
back has been completed and is enclosed. We plan on using 
this article as a handout a t various maintenance seminars. 
It is also intended to be submitted to an aviation mainte-
nance magazine a t a later date for possible publication, in 
hopes that proper maintenance instructions for the RSA 
system will obtain the greatest possible exposure. 

"During the last year, we have updated the TROUBLE 
SHOOTING TECHNIQUE MANUAL. Added information 
and revisions to existing information were the result (in 
part) of feedback from some of the IAC membership. The 
revised manual , form 15-810A, contains a permission to 
reprint should you desire to make copies available to the 
membership or use portions for articles. 

"After reading some of the letters concerning the prob-
lem with obtaining low pressure AC pumps and some of 
the suggested fixes, I feel tha t Bendix input may again be 
helpful. The PS series of carburetors can be calibrated to 
run at the higher pump pressure. All tha t is required is 
for a member to send his uni t to a repair station requesting 
tha t his uni t be calibrated at 25 ± 1 psi inlet pressure using 
the original flow limits. Other alternatives would be to 
change to a thrott le body injector such as Ellison (essen-
tially the same as a PS carb) or retrofit their aircraft to 
use the RSA injector system. Many would squak about the 
cost of retrofit if they look a t new par t prices. A little 
shopping around (insurance companies, etc.) can yield us-
able core units including flow divider, flow divider mount, 
nozzle lines and fuel nozzles. Bendix requirement to have 
the core overhauled is not as expensive as having a MA 
carburetor overhauled. The RSA injection system is easier 
to install on an engine and is a direct replacement (with 
minor modification to thrott le and mixture cable lengths) 
for the PS carb. This is much easier than trying to adapt 
a Continental (nothing against their system) thrott le body 
to fit a Lycoming engine. 

"The other advantage to using the RSA system is its 
capability to function normally from around 5 psi to 50 
psi inlet pressure without a change in fuel metering 
characteristics. When the fuel pump change is made, 
Lycoming Service Letter No. L 218 covers the adapters 
and 'O' rings necessary for the conversion. The RSA sys-
tem also eliminates all hardware associated with the re-
turn to tank line used with PS series carburetors. 

"Many thanks for your recommendation tha t resulted 
in the IAC President's Award. If we can be of fur ther as-
sistance please feel free to write or call 219-237-3880. 

Regards, 
R.E. Swider 
Technical Support Representative -

Commercial Programs 
Product Support Department" 
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EXPLOSAFE 
Last summer an IAC member experienced a fuel delivery 

problem in his Pitts which he and a fellow IACer who helped with 
the repairs attributed to particles of Explosafe in the fuel system. 
(Explosafe is a material which looks like expanded metal which 
is put in fuel tanks to suppress fires/explosions.) Both IACers sent 
reports to the IAC Technical Safety Committee. The first member 
stated: 

"After (the fuel tank was) installed in the airplane and flown 
only twenty-nine hours, I experienced engine failure during 
aerobatic practice, but after a few seconds the engine ran again 
allowing a safe landing. The practice was over an airport so 
landing was made in a matter of just a few minutes. 

"After trying to sort out what the problem may be and suspect-
ing the Explosafe in the tank of clogging the flop tube (two 
minute particles of Explosafe had been seen in the site gauge in 
the previous hour of running time), the tank and flop tube were 
removed. A ball of Explosafe particles was completely lodged in 
the flop tube. It was amazing to me that the engine was able to 
pump fuel through the flop tube at all. 

"The tank was cut open, the Explosafe removed and when the 
large batts of Explosafe were taken out, the bottom of the tank 
and the internal header had a large quantity of loose Explosafe 
particles. The sump in the Christen wobble pump also had a large 
amount of Explosafe particles in the trap. 

"The entire fuel system in the airplane was taken apart and 
entirely inspected and cleaned. None of the Explosafe had passed 
through the Christen wobble pump filter, but as mentioned ear-
lier, there were loose pieces of Explosafe throughout the fuel 
system up to the point of the wobble pump fuel filter. 

"It is suspected that the Explosafe was trimmed to fit the 
contour of the tank which may have caused the loose particles." 

The second IAC member reported: 
"When trouble shooting the problem, (another IAC member) 

first found small pieces of thin aluminum at one location before 
the filter. There were about a half dozen or so pieces but not 
enough to cause filter blockage. He then started checking fuel 
lines from that point back to the fuel tank. 

"He decided to remove the tank to inspect it further. The tank 
has to be bent in on the upper left side to get it out without 
removing the top wing. It was after the flop tube was removed 
that a piece of Explosafe material was found in the flop tube 
weight. It was located inside the main passage of the weight. It 
was located in a fashion that it would not pass on to be trapped 
by a filter but stayed in this location to form a blockage. 

"He cut open the tank on the side that had to be mashed for 
tank removal, he removed the Explosafe, cleaned the tank, and 
I welded a flat patch over the cutaway side. It will clear enough 
now to fit back in without removing the top wing. 

"The Explosafe matting appeared to me to have been cut 
leaving ragged edges. We found lots of little pieces on the bottom 
of the flat plate when we had the side cut open. I'm sure that had 
he not been in a hurry to get to the Kansas City contest he would 
have been glad to send back the tank but we had the tig welding 
machine in our hangar and at that time a speedy repair was very 
important to him. 

"In my opinion, the blockage was caused by pieces of Explosafe 
which appeared to have come off the edges of the sheared mate-
rial. It appeared that the sheared edges were ragged or poorly 
cut. He and I wish now that it would have been kept but it wasn't." 

The Pitts fuel tank in question was manufactured by Ultimate 
Aircraft and upon learning of the problem, Ultimate requested 
that the tank be returned to them for inspection. However, as 
noted in the above second report, there was a rush to get the 
aircraft back in operation so the tank was opened and field re-
paired and in the press of the moment the Explosafe was dis-
carded. Therefore, Ultimate Aircraft was denied the opportunity 
to examine the fuel tank and Explosafe and give their analysis. 
At about the same time this was all taking place, the company 
which makes Explosafe advised Ultimate Aircraft that they 
would no longer sell their product to Ultimate due to "liability 
exposure." 



EXPLOSAFE 
The exact cause of the failure of the Explosafe has not been 

exactly determined. It could have been with the installation 
technique, it could have been poorly made (defective?) material, 
or some other reason(s). To date, this is the only problem with 
Explosafe that has been reported to the IAC Technical Safety 
Committee so as of right now it has to be considered an isolated 
case. However, it is hoped that the report will alert IAC members 
who have aircraft with fuel tanks with Explosafe to more closely 
monitor their fuel systems for possible Explosafe deterioration. 

Although because of the circumstances, Ultimate Aircraft 
could not lend their technical support in resolving the problem, 
an IAC thanks is still due them for their attempt to do something 
concerning a hazardous situation. And, naturally, a large IAC 
thanks is due to the two IACers who submitted their reports. 
Team effort is necessary to keep our sport safe. 

CARBURETOR 
RETURN 

& INSPECTION 
It is possible tha t the following Service Bulletin may 

apply to some model Cessna Aerobats. 
SERVICE BULLETIN A1 -87 — Facet Aerospace Prod-

ucts, Co., 1048 Industrial Park Rd., Bristol, VA 24201, 
703/669-5555 — Oct. 1987 — TIME OF COMPLIANCE: 
Within 30 days — MODEL AFFECTED: MA-3PA: 

The following carburetors manufactured after J u n e 
1985 require re turn to the manufacturer for inspection to 
assure tha t the mixture control is properly installed. This 
cannot be accomplished in the field. 

CARBURETOR PART NO. A10-5220 USED ON 
LYCOMING MODELS 0-235 C1C, L2A AND L2C 

Serial No: DD-4-1590 DD-4-1599 DD-4-1608 DD-4-1622 
-1591 -1600 -1609 -1624 

DD-4-1583 -1592 -1601 -1610 -1625 
-1584 -1593 -1602 -1613 -1626 
-1585 -1594 -1603 -1614 -1627 
-1586 -1595 -1604 -1617 -1629 
-1587 -1596 -1605 -1619 -1632 
-1588 -1597 -1606 -1620 -1633 
-1589 -1598 -1607 -1621 

CARBURETOR PART NO. A10-5257 USED ON 
LYCOMING MODELS 0-235 L2C AND H2C 

Serial No: DM-3-1818 DM-3-1821 DM-3-1824 DM-3-1828 
-1819 -1822 -1825 -1829 
-1820 -1823 -1826 

CARBURETOR PART NO. A10-5267 USED ON 
LYCOMING MODELS 0-235 L2C, N2C AND PI 

Serial No: DT-3-1928 DT-3-1942 DT-3-1956 DT-3-1970 
-1929 -1943 -1957 -1971 

DT-3-1911 -1930 -1944 -1958 -1972 
-1912 -1931 -1945 -1959 -1973 
-1913 -1932 -1946 -1960 -1974 
-1916 -1933 -1947 -1961 -1975 
-1917 -1934 -1948 -1962 -1976 
-1920 -1935 -1949 -1963 -1977 
-1921 -1936 -1950 -1964 -1978 
-1923 -1937 -1951 -1965 -1979 
-1924 -1938 -1952 -1966 -1980 
-1925 -1939 -1953 -1967 -1981 
-1926 -1940 -1954 -1968 
-1927 -1941 -1955 -1969 

To minimize the down time for any aircraft involved, 
Facet Aerospace will pay for the incoming and return air 
freight charges. The owner is to package the carburetor 
to prevent enroute damage and ship directly to Facet 
Aerospace Products Company, 1048 Industrial Park Road, 
Bristol, Virginia, U.S.A. via BURLINGTON AIR EX-
PRESS if possible. 

If the carburetor is being shipped from a foreign coun-
try, it will be the responsibility of the owner to have the 
documentation prepared to satisfy their country's customs 
requirements to preclude the possibility of encountering 
a customs challenge or having to pay import custom 
duties. Facet will not pay any import or export custom 
fees. 

In addition to the transportation charges, Facet will 
reimburse the aircraft owner for the removal and replace-
ment of the carburetor from the aircraft, for the time in-
volved, up to a maximum of $62.00 U.S. Funds. Claims 
for reimbursement must be made directly to Facet at the 
above address and include the make, model and registra-
tion number of the aircraft plus the engine serial number 
from which the carburetor was removed. 

The carburetor will be stamped with the number 87 on 
the lower portion of the name plate to indicate compliance 
with this bulletin. 

In addition, an aircraft logbook entry is to be made to 
indicate compliance. 

We are aware tha t some of these carburetors may be in 
the international market . If any question arises concern-
ing compliance to this bulletin, we can be contacted at the 
above address and phone number or Telex Number 
590412. 
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ENTRY POINT 

Fig. 1. In our example the southbound pilot enters the half Cuban eight 300 
feet north of the south boundary at an altitude of 3000 feet AGL. His 45-de-
gree downline aiming point is then on the north boundary. Note that if his 
entry altitude had been 1350 feet, his aiming point would be on the Y-axis. 

3300 AGL 

2700 AGL 

/ 45° 
/ 

/ 
ENTRY ALTITUDE 3000 FT 

i 
I 

AIMING 
POINT 

I 
I 
I 
I 
I 
I 
I 

. 1 . 

NORTH 
BOUNDARY 

Y-AXIS 
SOUTH 

BOUNDARY 

3000 FT 

Fig. 2. The aiming point for the 45-degree downline is determined from the 
altimeter reading at the entry point. 

PROCEDURE 

By Giles Henderson 
IAC #159 

During the Lakeside Park cookout 
at Fond du Lac 86 I was asked how I 
manage to draw reliable 45-degree 
downlines without the use of refer-
ence gauges or window lines. After de-
scribing the technique, it was sug-
gested that the method be written up 
as a "how to" article for SPORT AER-
OBATICS. 

Since every ACA Primary and 
every IAC Sportsman category 
Known sequence in the history of 
competition aerobatics has included 
the half Cuban eight and because it 
is a relatively high (K = 16) value, it 
probably deserves a critical review. 
We will first examine the more gen-
eral problem of establishing the 45-
down and then consider the specific 
maneuver. 

Since the accuracy of the 45-degree 
angle/line is such a cardinal point in 
the judges' scoring, many pilots have 
constructed and installed some kind 
of sighting device (See, for example, 
the description by Sam Burgess on 
page 109 of TECHNICAL TIPS, VOL. 
I.). Although many find this approach 
very effective, let me identify some 
disadvantages of these devices: 

1. They require several hours to 
construct and install followed by sev-
eral hours of adjustment per the 
critique of a qualified ground ob-
server. 

2. These devices seem to have a 
powerful "diamagnetic attraction" for 

Half Cubans, 
Accurate 45 
Downlines 

1 0 0 



people. Regardless how bright you 
paint these devices, or how many 
daglo-orange ribbons you attach, 
someone gets pulled into them at least 
once a week, even when the plane is 
locked up in your own hangar. Their 
lifetime seems to be limited to how 
many successive bends you can make 
before the onset of crystallization and 
fatigue failure. 

3. If canopy/window reference lines 
are used as an alternative to the 
hardware version, we soon discover 
there is a problem with our eyes try-
ing to focus a horizon at optical infin-
ity concurrent with a reference line 
eight inches from our face. 

4. Some pilots find it difficult to 
overcome the disorientation caused 
by the rotation of the inner ear as we 
turn our head from forward to side-

ways during the G-load of the push or 
pull to 45 degrees. 

5. Most pilots find it difficult to 
avoid getting a "wing down" as they 
push or pull to the line if they are not 
looking straight ahead. 

6. Small "bobbles" or changes in 
pitch attitude are more likely as we 
rotate our head and move our field of 
vision from forward to sideways. 

As an alternative to the sighting 
device, let's consider other existing 
references, i.e. the aircraft altimeter 
and the box markers on the ground. 
In any given sequence the entry al-
titude on the half Cuban will be ap-
proximately constant from one flight 
to the next and will depend mostly on 
the altitude we initiate the sequence 
and what specific maneuvers precede 
the half Cuban. 

After rehearsing the sequence sev-

PROCEDURE 
eral times, we note the entry altitude 
is fixed within ±100 feet, say 3000 
±100 feet for the 1986 Sportsman 
Known. Moreover, the approximate 
position of this maneuver along the 
X-axis is also fixed from one flight to 
the next. However, there will be con-
siderable variation along the Y-axis 
due to different wind conditions, 
judges' location and the pilot's "box 
strategy." 

Now that we have characterized the 
x-coordinate and the entry altitude, 
we can exploit the properties of a 45-
degree right triangle to our advan-
tage. If we sketch a scale drawing of 
a 3300 foot box and locate the x-coor-
dinate of the entry position, it is easy 
to then locate the aiming point that 

our nose should point at during the 
45-degree downline (Fig. 1). 

Recall that the height of the 45-de-
gree triangle and the base are equal 
in length (Fig. 2). Therefore, the al-
timeter reading AGL is also the dis-
tance in feet from the entry point to 
the aiming point. Fortunately the 
contest officials have surveyed our 
box and have actually placed markers 
on the ground to assist us in locating 
our down 45 aiming point. The spac-
ing of the box markers provide us 
with a reliable "ruler" to measure the 
base leg of our 45-degree triangle. 

Note in our example the aiming 
point is conveniently on the north 
boundary of the box. Although this 
won't always be the case, depending 
on your entry altitude, this point will 
always be along a line parallel to the 
Y-axis and can be predetermined for 

your particular sequence. You know 
where this line is in relation to the 
boundary markers before you ever 
strap on your parachute. In our exam-
ple, we simply point at the north 
boundary before, during and after the 
roll on the 45-down. 

Now that I have disclosed the key 
element of this technique, let's review 
the entire maneuver. We should actu-
ally use a ruler to plot the entry and 
aiming points on our scale drawing of 
the box (or aerial photo of the actual 
box in the case of Fond du Lac). 

During our "hand-flying" rehearsal 
on the ground we should select some 
grooves in the ramp or whatever, to 
simulate the box boundaries. We 
should mentally locate the judges and 
the wind direction to formulate our 
box strategy. We should visualize the 
location of our entry and aiming 
points during this rehearsal using the 
same proportional relationships as 
specified in our box drawing. Once we 
strap in and take off, our climb to the 
holding pattern is our last opportu-
nity to select the actual ground refer-
ences for the aiming point for this 
flight, in addition to checking the 
wind drift and finalizing our box 
strategy. 

Now let's suppose we have just com-
pleted the preceding (most likely 
center-box) maneuver and are now 
drawing the line between maneuvers. 
At this moment we want to verify our 
altitude and airspeed. This scan will 
provide the basis for any deviations 
required to compensate the nonideal. 

We now look outside at the ground. 
Our objective is to simply drive the 
airplane upbox to the rehearsed entry 
point. Since every box is the same 
size, there are no surprises here — say 
300 feet short of the south boundary. 

As our reference slides directly 
under the plane our vision returns to 
up front and we initiate our pull just 
as if we were doing a loop. As we relax 
back pressure and float over the top 
our vision has moved to look out the 
skylight. As the horizon comes into 
view we make any small aileron and 
rudder corrections needed to main-
tain the exact maneuver and more im-
portant, we locate our aiming point 
(north boundary of the box). 

Our vision remains fixed on this 
point as the nose continues its arc. We 
stop the pitch change with the nose 
dead on our aiming point with such 
authority that the aircraft almost 
quivers on the 45-line. 

It is instructive to realize that the 
precision in locating the aiming point 
is quite liberal. In the above example 
we could point at a target 400 feet 
O/sth of the box length) beyond the 
correct aiming point and our down 
angle would only be affected by 3V2 

ALTITUDE 

3300 FT 

3000 FT 

2700 FT 

Fig. 3. In order to locate the half roll symmetrically on the center of the 
45-degree downline, we must compensate for the aircraft's acceleration; 
each segment of the line must be progressively shorter in duration to main-
tain equal distance. 
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PROCEDURE 
degrees (ARCTAN j g ^ j - 45). If you 
now carefully maintain this angle/ 
line, you are in fact flying with very 
good precision, but not with exact ac-
curacy. However, it now becomes the 
burden of the judge to distinguish pre-
cision from accuracy and to distin-
guish 48.5 degrees from 45 degrees. 

If after setting the line you recog-
nize an error in the location of the 
aiming point, you DO NOT want to 
correct the pitch angle — not even 
during the roll where you can some-
times hide the correction, since this 
gesture is a sure confession of your 
sin. 

The remaining elements of sym-
metry are to place the roll at the mid-
point of the downline. Although the 
following detail is tailored to a 90 HP 

Clipped Wing Cub, the method may 
be readily adapted to any aircraft. 
Since a J-3 draws a loop approxi-
mately 300 feet tall, we obtain a 
nicely balanced maneuver if we exit 
the half Cuban 300 feet below our 
entry altitude (2700 feet). 

The hypotenuse of a 45-degree right 
triangle with a 600-foot base is ap-
proximately 850 feet. As the aircraft 
comes down this line it will accelerate 
from approximately 65 MPH to 125 
MPH (Fig. 3). If we divide the down-
line into three equal segments of ap-
proximately 280 feet, we should ide-
ally traverse the first segment in-
verted, complete the half roll in the 
second segment, traverse the third 
segment upright and then promptly 
pull the nose up to the horizon. 

To accomplish this we must com-
pensate the fact that we are accelerat-
ing from about 100 feet/sec. (approxi-

mately 70 MPH) in the first segment 
to 170 feet/sec. (115 MPH) during the 
final segment. Therefore a count: a 
thousand one, a thousand two, a 
thousand three; "roll around the 
point" and a count: a thousand one, a 
thousand . . . ; pull will be about right. 

So there we have it. If we have al-
ready mastered loops and slow rolls, 
the half Cuban can be a fun maneuver 
executed with a lot of confidence. In 
essence, as in emergency procedures, 
we have worked out all of the critical 
elements of the maneuver before we 
get into the aircraft, leaving us with 
a very simple prescription to follow 
during the execution. Moreover, the 
method assures us of the desired qual-
ity in our lines and symmetry while 
eliminating the need of diverting our 
attention to a sideview of a gauge de-
vice or worse yet, to leave the outcome 
to a guess and chance. 

COMPETITION LOOP 
By Herb Cox 

IAC #761 
Years back if you asked some of the 

older pilots and instructors how to fly 
a loop, you would usually get this re-
sponse, "Well, boy, you just poke the 
nose down, get some speed, pull the 
nose all the way back and hold it 
there. Add power and go over the top. 
When the houses start to get bigger 
pull the power off, release the back 
pressure and level it out." 

I would have to agree with most of 
them because that was the way we 
were taught and the way we taught 
others. 

When competition aerobatics came 
along in the 1960s, a new dimension 
was brought to our attention. A loop 
was supposed to be round when viewed 
from the ground, not shaped like an 
egg or an "1," and it was supposed to 
start and finish in level flight and at 
the same altitude. This changed our 
practice completely because you had 
to learn a new game. Also, when you 

finished your preceding maneuver 
you had to have enough speed to level 
off and fly a line before the loop was 
started and still have enough speed to 
complete the loop. 

To do this, the nose of the plane is 
pulled up, pulling approximately 
three positive Gs. As the airspeed 
starts to decrease full power is added 
and when you get about 20 degrees 
from the top of the loop, relax the back 
pressure and let the plane float across 
the top to make the loop round. As the 
nose of the plane starts back down, 
back pressure is again added to the 
stick and usually power is reduced to 
complete the loop and return to level 
flight. 

There are a few extras that also 
have to be added to complete the loop 
the way it should be done. When you 
apply extra power a touch of right 
rudder (in most airplanes) has to be 
applied or a touch of aileron to keep 
the wings level and the nose going in 
the right direction. On the down side 

when power is reduced a touch of left 
rudder may be necessary to keep the 
nose on line. 

All of this should get you a pretty 
good score if the wind is blowing 
straight down the X-axis of the box or 
there isn't enough wind to cause a 
problem. However, if you have a 
crosswind this presents a new ball 
game. 

Since most loops are flown on the 
X-axis, it is possible to use a crab 
heading all the way around a loop if 
you just practice a bit. Unless it's 
overdone it's hard to see from the 
judges line and seldom do they down-
grade for any crabbing done discreetly. 

I have watched some of the old pros 
actually fly each maneuver in a se-
quence with a crab heading and move 
into the wind when it was blowing 
across the box at a good clip. All it 
takes is a lot of practice, just like any-
thing else in this sport. 

Hope this helps someone score all 
10s and stay in the box. 

1 0 2 



SPIN ENTRY 
By Sam Burgess 

Contributing Editor 

If you check the comments of judges 
on spins over the years of competition 
aerobatics, you would find that the 
spin entry is where the most points 
are lost compared with the "horizon-
tal line, spin rotation, exit heading, 
downline, etc." 

"Flew it in, did not break, poor 
entry, aileroned it in, not fully stalled 
— ZERO" are some of the comments 
recorded by scorekeepers. Actually, 
this portion of the spin could be the 
easiest part of the whole maneuver, 
but why do we lose so many points on 
the spin entry??? It's because we get 
into too much of a hurry and do not 
apply simple rules of aerodynamics. 

When the power is reduced and the 
aircraft slows, it must compensate for 
this deceleration, while holding al-
titude, by increasing the angle of at-
tack. This is seen by the judges as an 
EVER INCREASING change in pitch 
attitude with the nose of the aircraft 
quite high until the aircraft stalls. 
Any hesitation or stopping the rota-
tion of the nose before the stall, the 
aircraft will be observed to "mush" 
and a clean stall will not occur. 

When the spin entry is flat a judge 
will look for the outside wing to rotate 
ABOVE the horizontal line of the air-
craft indicating no stall and that it 
was "flown in." As in a snap roll, the 
nose must definitely break or the fig-
ure is ZEROED. 

You can be off your lines, gain al-
titude on the loop recovery, torque the 
Hammerhead, have a line before the 
roll in an Immelman, over rotate the 
spin or snap, tuck under, bobble, posi-
tive, eggshaped, climbing, off head-
ing, segmented, pinched, under ro-

tated, shallow, anticipated push, late 
turnaround, crabbing, finished off 
heading, etc., etc., in just about every 
other figure in the 8,500 maneuvers 
in the Aresti "aerocryptografico" and 
still receive a score. BUT you can get 
a ZERO in a spin or snap roll before 
you ever get it started. 

Here are some tips for spin entries 
for the aspiring grass roots competi-
tion pilot. 

1. Maintain altitude by CON-
STANTLY raising the nose for a good, 
clean, sharp stall. 

2. Don't hurry it and fly it in. 
3. Make certain that your throttle 

does not creep from the idle position. 
4. When composing a Free group, 

do not place the spin after a vertical 
downline, but rather precede it with 
an Immelman, snap roll, up 45, verti-
cal upline with cap, etc. Do not make 
downwind spin entries. You will see 
them on Unknowns and this is where 
more points are lost or the figure is 
ZEROED by hurrying the entry be-
fore going out of the box, but for a 
lesser penalty — a pauper's choice. 

SQUARE 
LOOP 

By Jim Rossi 
IAC #2177 

The square loop, once a spectacular 
airshow figure, is now commonplace 
in competition, but it is still a bit dif-
ficult to make as square as one would 
like. Let's try to analyze the square 
loop, point out a couple of common er-
rors, and perhaps we can make the 
next one a little more to the judge's 
liking. 

The judge is looking for the vertical 
up and down sides to be of equal 
length and, of course, vertical and the 
top line, the length of the two vertical 
sides with no climbing or descending 
during the inverted portion of the fig-
ure. The corners should be moderately 
squared off, but without the pulling 
of excess G loads. 

The two most common errors are 
the sides not being of equal length 
and the bottom corners being flown in 
a great long arc. Both of these errors 
stem from the fact that the aircraft 
has too much speed going into the 
down portion of the square loop. 

After the airplane is flown over the 
top and on to its back, the power 
should be left on full only until suffi-
cient inverted flying speed is attained 
and then backed off in order to hold 
a reasonably slow speed for pulling 
down to vertical. If the power is left 
on full all the way across the top, usu-
ally too much speed results by the 
time the vertical downline is entered. 
When this happens, in order to level 
out at the starting altitude, the pull-
out must be started too soon in the 
downline, resulting in a long arc and 
no square bottom. 

On the other hand, if a reasonable 
downline is held, then the loop may 
be made square, but with the down-
line much longer than the upline and 
the figure ending up much lower than 
its starting altitude. This is all due to 
too much speed prior to the pulldown. 

Next time, try concentrating on the 
proper speed on the top of that square 
loop and you will be delighted to see 
that it will cure a couple of those com-
mon mistakes in one fell swoop! 
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INTRODUCTION 
A LOOP 'SECRET' 

By Sam Burgess 
Contributing Editor 

IAC Editor Jean Sorg is collecting 
stories from contributing editors, competi-
tion pilots, judges or anyone else with a tip 
on performing simple and intricate aero-
batic maneuvers and they're entitled, 
"HOW TO FLY." Well, how many books 
have been written on this theme, plus 
many excellent ones on aerobatics? But, 
what Jean is after are "tricks of the trade," 
"secrets," "how tos," etc. for the grass roots 
contestant and perhaps for the old-timers 
to take notice too. 

First of all, during hangar sessions when 
a pilot — seasoned and student alike — 
comes up with, "Now when I first learned 
to fly . . .", I always counter with, "I'm still 
learning, aren't you?" If you ever stop you 
better hang it up. 

Jean's idea — which was not hers alone 
but was a result of considerable input from 
IAC Tech Safety Chairman Fred Cailey 
and IAC President Mike Heuer — is really 
a story on the evolution of the IAC. Back 
in the late 60s the majority of competitors 
were airshow pilots and guarded their 
esoteric flying techniques with closed 
mouth tenacity and would not reveal the 
mechanics of performing the figures for the 
evolving sport of competition aerobatics. 

Attending my first contest in 1968 in a 
Great Lakes at Oak Grove, Texas, I 
couldn't get anyone to talk to me far less 

entrust me with the mysteries of a Ham-
merhead, vertical roll, inverted flight, etc. 
Four of us neophytes hired an instructor 
for a short course before the contest but 
the attitude of our professor was, "Why 
should I teach these guys what it took me 
years to learn?" This was a selfish, narrow, 
pompous outlook and an analogy that 
could have safety of flight consequences. 

It was partly because of this attitude to-
wards the grass roots aspiring young com-
petition pilot that Bob Heuer had the guts 
and foresight to start the IAC. I met Bob 
and his sons, Mike and Mark, in 1969 
when they were touring the country in 
their Bonanza recruiting pilots desirous of 
a broader outlook on the sport. 

The IAC OFFICIAL CONTEST RULES 
tell us how the various families of aero-
batic figures are to be judged, but for the 
first-timer something is missing — like, 
how to move the controls to actually draw 
those geometric lines of the artistic flight? 
This is exactly what SPORT AEROBAT-
ICS magazine is trying to bring out in this 
"HOW TO FLY" series approach to an age 
old dilemma in our sport. 

So, what's your secret, Mac? Here's one 
from me regarding the loop. 

The simple loop is a humble looking fig-
ure. But try getting a 10! So, let's consider 
some of the point reducers. 

Okay, you start with a 10, you dive to 
enter (9), you are not on the axis (8), the 
second quarter segment is not the same as 
the first (7), you loosen up at the top (6), 

you pinch the third quarter (5), and you 
have finished at a higher altitude (4). The 
K factor is 12. Your score winds up being 
a lowly 48 for a figure you flew 1200 miles 
to perform. 

Break the loop up into four sections and 
try and make it ROUND (wind corrected). 
The first quarter arc will determine how 
the other three are seen by the judges. You 
are in the loop a considerable period of 
time exposing yourself to many point re-
ductions. It is a beautiful figure to watch 
but will see very few tens. 

At Fond du Lac once, I noticed many 
first time Sportsman pilots were looping 
like an egg standing on end, wings not 
level at the top, etc. So, I inquired of some, 
"What do you look for after the nose comes 
up above the horizon on the pull up?" Sev-
eral replied, "I put my head back and look 
for the horizon again." Herein is their 
problem. 

To fly a ROUND loop you must have vis-
ual reference THROUGHOUT its orbit. 
So, after you first lose the horizon, look out 
at the wing and use it as a gauge to control 
your speed of rotation and also to maintain 
wings level. You will be surprised how 
many points you will pick up. 

A good rule to remember in performing 
a loop is as your speed (airspeed) increases 
and decreases so should the movement of 
the nose. Harold Neumann — 80-years-
young — in a 45-year-old Monocoupe gets 
tens on his loops — so can you if you rub-
ber-neck a little. 
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SNAP ROLLS 
AND 

INDUCED LOADS 
As all IACers know, snap rolls (flick rolls) and the loads 

induced by snap roll maneuvers are great topics for hangar 
conversations. Some information recently supplied by IAC 
member Montaine Mallet should help us better under-
stand snap loading and provide more material for those 
hangar debates. 

To get us all started on the same wave length let's 
review some background material on aircraft strength re-
quirements. The criteria for aircraft strength is pretty well 
spelled out in Par t 23 of the (USA) Federal Aviation Reg-
ulations. Aircraft manufacturers (those producing type 
certificated aircraft) must conform to these regulations. 
Aerobatic category aircraft according to Par t 23 must 
withstand flight load limits of + 6 Gs and -3 Gs. In addition 
to the + 6 and -3 limits, Par t 23 calls out the criteria for 
a complete aerobatic flight maneuver envelope. (Some-
times these maneuver envelopes are called V-G diagrams, 
V-a diagrams, or V-N diagrams — all the same thing.) A 
typical aerobatic flight envelope may look like this: 

+ G 

- structural failure area 

- ultimate load + 
- structural damage area 

"" limit load + 

Airspeed — 

limit load -
— structural damage area 

ultimate load -
- structural failure area 

V s = stall speed (unaccelerated, gross weight) 
Va = maneuvering speed (gross weight) (end of green arc) 
Vne = never exceed speed (red line) 
The above is kind of a simplified envelope. More details 
can be found in Par t 23. 

Before continuing, a few items should be mentioned. 
Three very important things to remember when looking 
at an aerobatic flight maneuver envelope are (1) all the 
airspeeds and loads noted on the envelope are for the 
airplane at gross weight, (2) the envelope is just for loads 
in the X-plane, i.e., elevator controlled pitch loads (rolling 
and yawing loads are NOT shown on the envelope), and 
(3) the limit loads shown are for symmetrical loading. IAC-
ers should also note tha t the Part 23 criteria is the 
minimum requirement. 

Some aero aircraft may be stronger than what Part 23 
calls for but have only been tested to the Part 23 limits. 
It is also possible to test and certify beyond Par t 23 re-
quirements which is what Bellanca did with the Decathlon 
which has a negative limit load of -5 G which is two 
greater than the required Part 23 -3 G limit. 

And IAC members operating Citabrias and some of the 
old aircraft should remember tha t while these aircraft are 
type certificated aerobatic category aircraft, they were cer-
tified under the old Part 4 criteria which is not as stringent 
as Par t 23 criteria. And also note that gust loads are not 
shown on our simplified maneuver envelope. If you are 
pulling + 6 Gs and hit a 2 G gust, you just subjected your 
aircraft to + 8 Gs. 

Enough digression. When discussing snap rolls we are 
interested in the maneuver envelope between V s (unaccel-
erated stall speed) and Va (maneuvering speed). You can 
find several definitions for maneuvering speed. One of the 
definitions for Va tha t kind of relates to aerobatics is given 
in the FAA Flight Instructor's Handbook. It is ". . . the 
(maximum) speed at which full sudden deflection-of the 
flight controls will not cause structural damage." 

Looking at the flight envelope, we see that Va is at the 
intersection of the "stall speed line" and the "limit load 
line." Therefore, the above definition makes sense. For 
example, if we abruptly apply full back stick at any speed 
less than Va we cannot generate enough lift force to over-
stress the aircraft. Simply, the airplane stalls before it can 
be overstressed. Another way to look at it is, for a Part 23 
aero aircraft you can't pull + 6 Gs at speeds less than Va. 

If you know the stall speed of your aircraft you can 
easily compute the airspeed to maximum G relationship. 

( Airspeed | 2 

Stall speed / = load factor, G 

(This is the maximum G that you could pull at the 
specified airspeed.) 
For example: 
Given: stall speed of S-1S Pitts at 1150 lbs = 62 MPH IAS 
What is max. G factor at 107 MPH IAS? 

(107 V 
6 2 / = (1.73)" G = 

G = 3 
Obviously, you can use the above relationship to generate 
the section of the flight maneuver envelope between stall 
speed V s and maneuvering speed Va. 

O.K., therefore, you should be able to safely snap roll 
any aerobatic aircraft at Va or less — right? WRONG! 
Recall the limit loads defined by the maneuver envelope 
applied only to X-plane (elevator-pitch) loads and only to 
symmetrical loading. In addition to elevator input, snap 
rolls require rudder deflection (and as some pilots/aircraft 
prefer, aileron deflection). Therefore, snap rolls load the 
aircraft in more than one axis (or plane) and do not pro-
duce symmetrical loading. 

The rule of thumb for rolling and pulling or rolling and 
pushing maneuvers is to reduce the load factor to % or % 
of the maximum limit load. The Bellanca Decathlon is 
stressed for + 6 G and -5 G and the flight manual states 
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SNAP ROLLS AND INDUCED LOADS 
"full and or abrupt movement of ailerons may be used at 
any speed up to Va provided that the load factor does not 
exceed + 4 Gs or -3.2 Gs." Note " + 4" and "-3.2" are approx-
imately % of the limit load factor. 

O.K., because snap rolls are pulling-rolling/pushing-
rolling non-symmetrical loaded maneuvers you know your 
maximum G limit in a snap should be somewhat less than 
the maximum limit load the aircraft is designed (certified) 
for. You also know that the maximum limit load is based 
on the aircraft's gross weight; so if you fly your aircraft at 
less than gross weight, you should be able to safely pull 
higher G loads — right? WRONG! 

Consider snap rolls first and the flight maneuver en-
velope between V s (stall speed) and Va (maneuvering 
speed). Say your aircraft has a gross weight of 1650 and 
a stall speed of 51 MPH at gross. And, for example, the 
flight manual gives a recommended snap roll entry speed 
of 85 MPH. From the above you calculate that you should 
pull about 2.8 Gs on a positive snap. 

(e> = 2.8 G 

But instead of flying at 1650 lbs, you are flying at 1375 
lbs. If you still use an 85 MPH snap entry speed, what + G 
do you pull? Well, you know at a lesser weight the stall 
speed will be less. In fact, the stall speed will decrease as 
a ratio of the square root of the new weight to the gross 
weight. So you calculate the new stall speed as: 

V 1375 
1650 = .91 

.91 x 51 - 45 MPH 

and the G load in a snap at 85 MPH entry speed as: 

(i> = 3.3 G 

If you reduce the flying weight and keep the same snap 
entry speed, you will increase the G load imposed on the 
airplane. Check out the maneuver envelope. If you fly the 
aircraft at a weight less than gross, the stall speed will be 
reduced, the maneuvering speed will be reduced, and the 
flight maneuver envelope between V s and Va will shift to 
the left. Therefore, if you fly at a weight less than gross, 
you should reduce the snap roll entry speed. In our exam-
ple, a snap roll at 1375 lbs entered at 79 MPH would pro-
duce the same G load as a snap at 1650 lbs entered at 85 
MPH. 

O.K., you believe that a lesser flying weight calls for 
a lower snap roll entry speed, but because maximum limit 
load (G) is based on gross weight, you should be able to 
fly to a higher maximum G limit, right? WRONG! For 
example, if your aircraft is a type certificated Part 23 
aerobatic category aircraft and is approved to + 6 G at 
1150 lbs gross weight, you figure that the aircraft is 
stressed for 6 x 1150 lbs, or 6900 lbs. Therefore, if you 
fly at 1000 lbs instead of 1150, you should be able to pull 
6.9 G 

[6900 
1000 = 6.9 J 
That may be true as far as the wing loading goes, but 

this line of reasoning does not take fixed weights, such as 
the engine, into account. The engine mount may be 
stressed for 6 Gs, i.e., 6 times the engine weight, and re-
ducing the overall flying weight, for example, by flying 
with less than full fuel does not reduce the engine weight. 
Therefore, increasing the load from 6 to 6.9 may overstress 
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the engine mount. Maximum G limit means maximum G 
limit, and flying at a lighter weight does not necessarily 
bump that limit. 

Hopefully now, everyone is pretty much tuned in on 
flight loads induced by snap roll maneuvers and how to 
relate G limits and entry speeds and flying weight to the 
limits defined by the aircraft's maneuvering envelope. 
We've got a handle on snap rolls, right? WRONG again! 
Unfortunately, we have been lead down the old primrose 
path — but it was kind of necessary to get a little basic 
understanding squared away before expanding our horizons. 

Recall in the beginning of this article it was stated that 
Montaine Mallet had forwarded some info that would help 
us better understand snap roll loading? The following is 
part of the letter the IAC Tech Safety Committee received 
from Montaine. Montaine's letter "changes the rules" a 
little bit. 

"The French manufacturer, Avions Mudry, did some re-
search on the subject of snap rolls. It all started when they 
realized that clean aircraft, although not only calculated, 
but tested and certified for a certain load (let's say the 
same load as a certified biplane), would show cracks in 
their spars (and the biplane would not) — although they 
would be used similarly. For example, Leo Loudenslager 
has a history of finding his spar cracked as well as some 
Stephens Akro, Laser and CAPs. Of course, a lot (and most 
of those, actually) are due to overstressing and flying out-
side the envelope (higher speed and higher G than cer-
tified for). But still, proportionally there are many more 
cracked spars found in monoplanes than in biplanes — 
although structurally speaking they are supposed to be 
the same strength. It was also obvious that aircraft per-
forming snap rolls a lot were the prime target. 

"To make a long story short, they made some tests in 
wind tunnels where they could measure the lift coeffi-
cients for different angles of attack induced with different 
forces. 

"You know that each airfoil has a definite curve rela-
tion between the angle of attack and the coefficient of lift 
with a maximum coefficient of lift which occurs at stall 
angle of attack. This maximum coefficient of lift is used 
to determine the maneuvering speed, the maximum load, 
and, therefore, define the structure of the aircraft for a 
particular purpose. This is why you hear that as long as 
you do not exceed maneuvering speed for maximum deflec-
tion of controls, you will not overstress your aircraft. 

"Well, in those tests, they found that if you deflect the 
elevator very rapidly or abruptly, changing the angle of 
attack very rapidly (as in a snap roll), for a split second it 
will change the coefficient of lift of your airfoil. It is like 
it was actually changing the airfoil and making it more 
curved. The maximum coefficient of lift might increase up 
to two or more times what it was and, therefore, all your 
calculations are wrong. 

"Of course, all those tests lacked precision: how fast, 
how brutal you pull? What are the effects of the other 
controls? Do they also have an effect on the coefficient 
(like when you use the ailerons, etc.)? But, at least the 
fact that the coefficient of lift changes was well established. 

"Now, why does it affect mono-wing-clean aircraft 
more? It is easy to figure out: when you snap a biplane 
the drag of the aircraft itself and the huge amount of drag 
induced as you increase the angle of attack makes the 
change probably a little slower and, therefore, the change 
in the coefficient of lift smaller at slower speed. The 
cleaner the aircraft is the worse the effect will be. It also 
depends on the kind of airfoil, of course. The symmetrical 
airfoil, for instance, has much more drag to start with 
than a semi-symmetrical airfoil such as what is used in 
the Laser and the CAPs. 

"The subject is endless and if there was money and 
time there would be a lot of interesting things to be discov-
ered during snap rolls. At this time there is enough knowl-



SNAP ROLLS AND INDUCED LOADS 

edge to make some recommendations: snap rolls, espe-
cially in clean aircraft, do not have to be brutal, just quick, 
and the airspeed should be way below maneuvering speed. 
They have to be established based on experience ra ther 
than calculations, but the last few years of monitoring the 
problem have proven the recommendations to be appro-
priate. I am enclosing, for your reference and information, 
the recommendations tha t Avions Mudry had included in 
the owner's manual of the CAP 10B. 

"For an aircraft without a long history (where you end 
up knowing the weak points) or appropriate tests (which 
usually are too expensive for homebuilt or modified air-
craft), I would follow the same recommendations (adapted 
to the envelope of the part icular aircraft, of course) — and 
check my spar af ter the first year of use. It is usually fairly 
easy to know which par t of the spar is going to fail first 
according to the building concept." 

It took us a long and extended introduction to get to 
the heart of this article, Montaine's letter, so tha t 
everyone, even the guy who joined IAC yesterday, would 
be up to speed. But we feel tha t the importance of Mon-
taine's/Avions Mudry's information was such tha t it war-
ranted some background preamble. 

Perhaps just as important as the specific information 
relating to coefficient of lift changes with abrupt control 
inputs was the point tha t field experience is the bottom 
line. The best engineers, the best computer simulations, 
the best craftsmen, etc., can get us very close, but it is the 
actual in-field usage tha t gives the REAL answers. Our 
knowledge of snap roll induced loads is greatly expanded 
because of things like Avions Mudry's testing, but the real 
snap roll entry speed numbers come from field experience. 

IAC provides the opportunity for us all to learn by 
pooling our knowledge and experiences — for our mutual 
benefit. Thanks goes to Montaine for providing the Avions 
Mudry info and for sharing what she has observed. IACers 
are encouraged to follow her example. 

P.S. Excerpts from the CAP 10B flight manual men-
tioned above follow for they provide excellent examples of 
items noted in this Tech Safety article. 

VII. 1 FLIGHT ENVELOPE 
CAP 10B p. 7.1 

The subject of this chapter is to specify the limits of 
the aircraft envelope which should be STRICTLY 
respected when flying the aircraft. 
For the aircraft as defined, the structural resis-
tance has been demonstrated for all combination of 
speed and load factor situated inside that envelope. 
All overstepping can result in structural damage to 
the aircraft. 

VII. 2 ENVELOPE LIMITATIONS 
2.1 DEFINITIONS: 

Speed Vs Stall speed with clean configuration 
and positive flight (+ g) 

Vs' Same as above but is negative flight (-g) 

Va Maneuvering speed: speed above 
which full deflection of any one of 
the flight controls is forbidden. 
Va = 235 Km/h = 146 mph 

Vne Never exceed speed 
Vne = 340 Km/h = 211 mph 

2.2 SYMMETRICAL MANEUVERS: 
2.2.1. Positive Load Factor 

The CAP 10B is limited to operations up to 
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a load of 6g until 211 mph. 
2.2.2. Negative Load Factor: 

The CAP 10B is limited to operations up to 
a load of-4.5g until 186 mph. 
This limit decreases after that from -4.5g 
at 186 mph to -2.6g at 211 mph. 

2.2.3. Remark: 
Because of the maximum value of the 
steady lift coefficient of the wing, the 
+ 6g load factor cannot be reached be-
tween speeds of 60 mph and 146 mph. If 
you look at the envelope diagram, the 
plane stalls beyond the dotted line. For 
negative flight, same thing, -4.5g cannot 
be reached between 86 mph and 175 mph. 
(Remember this is for symmetrical ma-
neuvers and steady flow configuration, 
no abrupt maneuvers). 

2.3 NON-SYMMETRICAL MANEUVERS: 
Full deflection of any one of the flight 
controls is authorized up to 146 mph, no 
matter if you are in negative or positive 
and with reservation that you are staying 
in the flight envelope. 
Remark on the ailerons: 
Beyond 146 mph and until 186 mph, the 
deflection of the aileron must not allow 
a rate of roll bigger than the one obtained 
at 146 mph with full deflection of the aile-
ron. At 211 mph, the deflection must not 
allow a rate of roll bigger than Va of the 
one obtained at 146 mph with full deflec-
tion. 

2.4 SNAPPED MANEUVERS: 
Recent wind-tunnel tests have shown 
that quick variations of the angle of 
attack can increase substantially the 
maximum coefficient of lift of airfoils 
(unsteady flow). For this reason, the full 
and quick deflection of the elevator at 
speeds below or equal to the maneuvering 
speed (146 mph) can cause the overstep-
ping of the limit load factors and could 
cause breaking. 
Because of that, the maximum authorized 
speeds for snapped maneuvers are: 
positive: 110 mph 
negative: 125 mph. 

VII. 3 REMARKS: 
3.1 TURBULENT AIR-GUSTS 

For example, at 186 mph, a vertical gust 
of 5 m/s (985 ft/mn) will result in an addi-
tional 1.5 g and a 10 m/s (1970 ft/mn) gust 
will result in an additional 3 g. 
The superimposition of such a gust to a 
regular maneuver normally performed at 
3 or 4 g can bring the aircraft outside the 
envelope. 
Therefore, aerobatics in turbulent air 
must be performed with lower speeds and 
g loads. 

3.2 OPERATING WEIGHT 
The CAP 10B is certified for a maximum 
weight of 1675 lbs in Aerobatic Category. 
Contrary to a lot of rumors, when a pilot 
flies solo, with a smaller total weight, the 
g load limitations should still be respected. 
Indeed, only the wing spar supports less 
load if the weight is less, but, the rest of 
the structure (fuselage, engine mount, 
wing caissons of torsions etc. . . .) support 
loads proportional to the acceleration or 
to the speed square, independently of the 
aircraft weight. 
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MALLET 
ADDENDUM: 

The above Tech Safety article based on Montaine Mal-
let's/A vions Mudry's input centers mainly on snap roll in-
duced loads. However, when dealing with this subject it 
is hard to separate snap roll loads from aircraft load limits. 
The foregoing article touched somewhat on the aircraft 
loads in general. Par t of Montaine's letter to the IAC Tech 
Safety Committee also commented on aircraft stresses and 
is well worth reading. 

"While we are on the subject of G, it might be a good 
t ime to remind pilots what an envelope is defined for. I 
have heard too often, and I am sure you have too: 'Well, 
my aircraft is certified for + 6, -6, but I know I can take 
more. I already pushed it to 7.5 a few times and it held.' 
Fortunately, it did; the certification numbers guarantee 
tha t it will not fail the first t ime overstressed for at least 
1.5 times those numbers which means, in this example, 
+ 9, -9. So, of course, it will not fail even at 8 G — but for 
how long and how many times? 

"As soon as you pass the 6 G limits (in this example) 
you do not really know what happens. Aircraft are tested 
to the breaking point to make sure it will not break the 
first t ime below 9 (in our example). But they are not re-
ceiving many 7 or 8 G repeatedly before breaking them. 
It would be impossible, financially and even practically, 
to establish a pat tern of how many times you can exceed 
before it fails. 

"For a metal aircraft, as soon as you pass the 6 G (in 
our example) you take high risk of fatigue and permanent 
damage. Actually, in a metal spar you even will have 
fatigue even if you never exceed the G which is why it is 
recommended to dye penetrate the weak point once in 
awhile (usually based on experience). For a wood spar, 
after the 6 G you might have some compressed fibers 
which are hard to see and it is also very hard to know 
when they will occur because the quality of the wood can 
be so different from one aircraft to the other. A minimum 
resistance has to be met, but the wood could be better and 
therefore resists better. This is why we say, for a wood 
spar, if you stay in the envelope you will always be safe 
(at least in tha t aspect). 

"If you exceed G, then use common sense and the next 
t ime available check your spar. The aircraft does not have 
to be grounded immediately (unless you took 9 G, in our 
example) because it will take awhile for the compressed 
fibers to s tar t a crack which will find its way through the 
spar. But meantime, it will weaken the structure. So, 
someone who often exceeds speeds and G should make a 
point to check spars and other critical parts every winter. 

"What we emphasize in our school a lot is: respect the 

machine and it will respect you. Never use it outside of its 
envelope and if you do, please check your aircraft. A machine 
tha t has been properly certified or has been on the market 
for long enough to be proven safe will never fail you with-
out giving you enough warning if you pay attention." 

In the foregoing article it was mentioned that some 
aero aircraft have been tested to the minimum strength 
requirements defined in FAR Par t 23 and are certified at 
these limits but tha t does not preclude the possibility of 
these aircraft being capable of sustaining higher loads. To 
repeat, tha t is a POSSIBILITY. But to pick up on what 
Montaine points out, when you explore beyond the pub-
lished limits you may be on shakey ground. If an aerobatic 
aircraft is FAA certified, for example, to a + 6 G limit 
load, it must have a safety factor of 1.5 and, therefore, an 
ult imate limit of 9 G (6 x 1.5 = 9). Considering stress-
strain, you get a theoretical curve which looks like this: 
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In real life things are slightly different. For some 
a luminum parts, for example, the stress-strain curve could 
look like this: 

real yield strength 

Strain 

The difference between the theoretical yield point (e.g., 
at -I- 6 G) and the real yield point (+ 6 G plus) is an area 
above the limit load where one could fly and should 
theoretically sustain damage but where one might find no 
apparent damage. Note in both the theoretical case and 
the real case, the ul t imate failure point is a t the same 
stress level. To fur ther appreciate what could happen if 
you do exceed the published limit loads, one should look 
at a fatigue life cycle curve. This curve would look some-
thing like this: 
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Simply, the higher the stress level, the fewer number 
of cycles until failure. One of the most dramatic examples 
of this is mentioned in Neil Williams' book, AEROBAT-
ICS, where it is stated tha t a Zlin 526A is certified for + 6 
G and -3 G with a service life of 2200 hours. If the same 
aircraft is flown to competition standards of + 8 G and -6 
G, the airframe life is reduced to 100 hours. 

In life and aerobatics there are no free lunches. 
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THE LOMCOVAK 
To set the record straight on the 

history of the Lomcovak, I called Joe 
Krybus of Santa Paula, California, a 
Czechoslovakian who emigrated to 
the USA and who used to fly Btickers 
in his native country. Joe runs a 
Biicker overhaul facility, sells plans 
and hosts a Biicker fly-in every year. 

Over the years several descriptive 
and often disparaging epithets have 
been hung on the Lomcovak such as, 
"real crazy, drunken bum, headache, 
etc." But it really alludes to the 
Slivovic (a stiff, alcoholic, strong 
vodka drink) which is chug-a-lugged 
straight. After just one you fall off the 
bar stool, look up and proclaim, "I just 
did a Lomcovak." 

The very first time I did a Lomco-
vak in aerobatics was strictly by acci-
dent. Some years ago an Unlimited 
Known sequence was published with 
an up 45-degree, half-outside snap 
roll. As most everyone had some idea 
of how a Lomcovak was started this 
certainly looked like one. I inquired 
of one of the more experienced aficion-
ados and he curtly replied, "No, it 
isn't," and walked away. So, I planned 
to stop it by just nudging the controls. 
But according to the critiquers on the 
ground, I just fell off the bar stool. I 
didn't find out until later that LEFT 
rudder will keep it from Lomcovaking 
(propeller rotation being a factor). 

The late Neil Williams, in his book, 
AEROBATICS, had a very good chap-
ter on this maneuver describing at 
least five basic Lomcovaks, but this 
article will dwell only the main Lomco-
vak for the more advanced aerobatic 
pilot trying one for the first time. 
Keep in mind that your aircraft must 
be fully aerobatic and stressed for Un-
limited type figures as this maneuver 
probably imposes more unusual load 
factors on your ship's airframe, con-
trol surfaces, engine mount and pro-
peller flange and pilot than any other 
figure. Also, do not attempt this figure 
unless your aircraft is well within the 
weight and balance limits. A course 
in flat spin recoveries wouldn't hurt 
either. 

Okay. To get it started is the easiest 
part — oddly enough. It is really an 
over-rated maneuver when consider-
ing the difficulty factors and it is not 

By Sam Burgess 
Contributing Editor 

to be found in the Aresti manual be-
cause it is considered an "out of con-
trol maneuver." Pull up positive to at 
least a 60-degree line with full throt-
tle. Anything less than this angle and 
the speed will not dissipate fast 
enough during the Lomcovak to in-
sure no damage to your aircraft and 
will result in a more violent entry. 
When you reach the recommended 
speed for your aircraft for an outside 
snap roll (Pitts SIS, 110 MPH), apply 
full right rudder and full forward 
stick with full left aileron (propeller 
rotation clockwise from the cockpit). 

You will explode in an exhilarating, 
tumbling, wheeling, complete rever-
sal while rotating around all three 
axes at the same time. You will be 
provided with a kaleidoscope of the 
ground, sky and horizon not experi-
enced in any maneuver you have ever 
tried before. Although your trajectory 
will probably realize recovery at or 
above your starting altitude, be sure 
to practice this somewhat strange 
figure at a safe altitude. 

Immediately after it breaks, neu-
tralize the controls to prevent any 
loading of the surfaces in the fully 
deflected position. It is most impor-
tant to neutralize the rudder to pre-
vent recovering in a spin. 

This is probably the only aerobatic 
maneuver where the propeller can be 
used as an aerodynamic control. It is 
recommended to retard the throttle 
after the first rotation. Metal propel-
lers are particularly stressful on prop 
flanges compared to the flexing of 
wooden propellers. Additionally, 
throttling down will slow the pitch 
rate for a recovery that is not always 
completely predictable in terms of air-
craft position when the gyrating stops. 

To reiterate, to make the maneuver 
as safe as possible, there are four 
items to keep in mind — at least a 
60-degree upline, low entry speed, 
neutralizing the controls and closing 

the throttle soon after entry. 
Your initial negative G environ-

ment, while sitting near the center of 
gravity, will change to almost zero G 
and can cause some feeling of dis-
orientation. Almost as important as 
your entry technique is the CG of your 
aircraft. Pitts Special N3333N with 
six gallons of fuel would enter nicely 
and recover with complete control. At 
the top of the arc and almost out of 
speed you could hit it again and it 
would do a second Lomcovak on the 
back side of the trajectory. For 15 
minutes after landing it feels like you 
are still doing one. 

The long wing Zlins, Yaks, Stephens 
Akros, and other aircraft of consider-
able span are actually more graceful 
and gentle as they can be controlled 
through the main, cap and conic Lom-
covaks while the little Pitts are more 
spectacular. Max Shauck and myself 
had a dual routine with a series of 
head-on passes culminating in two 
Lomcovaks as we passed. It was a real 
crowd pleaser. You will see them in 
many Unlimited 4-Minute Freestyles 
as the starting or finishing figure. It 
is indeed a maneuver that will get the 
judges' attention with high marks in 
execution. 

So, have at it. Read Neil Williams' 
book. Learn to pronounce Lomcovak. 
Record it on video. Get at least 5,000 
feet. Follow the above entry and re-
covery steps. Check that prop flange. 
And you will have performed a new 
maneuver that probably will be the 
highlight of your aerobatic career. 

But first, go to your favorite bar, 
order up a Slivovic and practice fall-
ing off that bar stool! 

EDITOR'S NOTE: One might con-
sider reading Eric Midler's comments 
on the Lomcovak, too, on pages 138 
and 139 in his book, FLIGHT UN-
LIMITED, particularly his notation 
about the ending of this maneuver in 
an inverted spin. The book is avail-
able through IAC. Since one might 
end up as Miiller suggests rather than 
avoiding a spin as Burgess suggests, 
one might also seriously consider tak-
ing an emergency spin recovery course, 
such as that developed by Gene Beggs, 
before attempting this maneuver. 
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SLOW ROLL By Jim Batterman 
IAC #2608 

The slow roll is defined as a preci-
sion figure with a constant rate of roll 
while maintaining heading and alti-
tude. This roll is probably one of the 
more frustrating figures for the nov-
ice aerobatic pilot to learn to do well. 
It is important to learn and fly it well 
with accuracy because it not only 
stands alone in competition but por-
tions of the slow roll appear in many 
other figures such as the Immelmann 
and Cuban eight. 

In this article we will attempt to 
explain not only proper control inputs 
to accomplish the slow roll but we'll 
also talk about the common slow roll 
errors and their cause and correction. 
Our aircraft for this discussion will 
be a Bellanca Decathlon and all com-
ments will relate to performance of 
the slow roll in that aircraft. 

The ailerons are the dominating 
control during this figure while the 
elevator and rudder will be used as 
trim controls to maintain heading and 
altitude. Our roll will be to the left 
and entry speed will be 120 MPH 
along a level line. A slight pitch up of 
about five degrees will be needed 
prior to rolling to avoid a loss of al-
titude on entry. 

Aileron is applied to the left for 
rolling and we use left rudder to over-
come the effects of adverse aileron 
yaw and maintain the heading. As 
the airplane rolls about 40° it will 
want to start turning left; so we need 
to switch feet and use the right rudder 
to counter the turn. At about 70° of 
roll, more pressure with the right foot 
will be needed to help keep the nose 
from falling. At 90° of roll or the first 
knife edge position, forward elevator 
will be needed to hold heading while 
continuing to maintain right rudder 
pressure. A common error by many 
when applying the forward pressure at 
the knife edge is to relax aileron pres-
sure which will decrease the roll rate. 

As the airplane continues to roll 
toward inverted, the right rudder is 
maintained and forward pressure is 
increased to hold altitude. When 
reaching inverted the stick will be to 
the left and will have reached the 
most forward elevator position during 
the roll. You will still be maintaining 
rudder pressure on the right pedal. 
As the aircraft passes inverted by 20°, 
pressure is again applied to the left 
pedal. A common error at this point 

is to also relax forward pressure on 
the stick, causing the nose to drop. 

As we reach the 270° point of the 
roll or the second knife edge, back 
pressure on the stick must be applied 
to maintain heading. Once past the 
270° point in the roll, pressure on the 
left pedal and back pressure on the 
stick are gradually increased to main-
tain heading and altitude while con-
tinuing to hold full left aileron to 
maintain the rate of roll. At 360° of 
roll, controls will be centered and a 
level line will be flown completing 
the figure. 

We have now explained the basic con-
trol inputs to fly the slow roll. Now let's 
look at the cause of some common errors 
in the slow roll and where they occur. 

Error (1) — Rate of roll not constant 
— The most common error here is to 
relax aileron pressure when forward 
pressure on the stick is applied 90° to 
180° of roll, knife edge to inverted, 
and 270° to 360° of roll, second knife 
edge to upright. 

Error (2) — Altitude higher at com-
pletion than entry — This is not a 
common problem but it is caused by 
raising the nose too high at entry, 
excessive right rudder pressure 70° to 
90° into roll, and excessive forward 
pressure at the inverted position. 

Error (3) — Altitude lower on com-
pletion than entry — This is a very 
common problem caused by a good 
number of errors: first, not raising 
nose prior to roll entry; second, exces-
sive left rudder pressure on entry; 
third, not changing to right rudder at 
the 40° position in the roll and not 
increasing that rudder pressure from 
70° to 90° of roll; fourth, not applying 
forward pressure on stick at knife 
edge and increasing forward pressure 
to inverted; fifth, maintaining right 
rudder pressure beyond the 20° past 
inverted position; sixth, when left 
rudder is correctly applied at the 20° 
past inverted position a common mis-
take is to simultaneously apply back 
pressure on the stick (Back pressure 
should not occur until 270° of roll); 
seventh and last, not increasing left 
rudder pressure and back pressure at 
a constant rate from the 270° to the 
completion of the roll. 

Error (4) — Off heading to the right 
at completion of roll — This is caused 
by literally starting off on the wrong 
foot. The roll entry requires, left rud-

der then right. Some people will lead 
with the right foot. A second cause is 
adding right rudder at the correct 
time but to an excessive degree; third 
cause, adding forward pressure on the 
stick too soon in the roll. This nor-
mally happens when changing from 
left rudder to the right foot. Forward 
pressure on the stick should occur at 
90° of roll. A fourth cause is using 
excessive forward pressure at 90° of 
roll and also relaxing aileron pressure 
which slows the rate of roll and allows 
heading to change. 

A fifth cause is not maintaining 
right rudder pressure through the in-
verted position. A sixth cause is appli-
cation of left rudder at proper position 
at 20° past inverted but to an exces-
sive degree. A seventh cause is appli-
cation of back pressure on the stick 
too soon (that should happen at 270° 
of roll), also excessive back pressure 
at the correct point, as well as relax-
ing aileron pressure. Slowing roll rate 
will cause loss of heading to the right. 
A final cause is not increasing left 
rudder pressure while completing the 
last 45° of roll. 

Error (5) — Off heading to the left 
at completion of roll — This is caused 
by early or excessive application of 
left rudder at entry; second cause, not 
using the right rudder at the 40° point 
in the roll; third, not adding forward 
pressure on the stick at 90° of roll or 
increasing the forward pressure as 
aircraft approaches inverted; fourth, 
continuing forward pressure past the 
inverted position; fifth, not changing 
to the left foot at 20° past inverted; 
sixth, not adding back pressure on 
the stick at 270° of roll; and finally, 
excessive left rudder during the last 
45° of roll will cause heading to be off 
to left on completing. 

Error (6) — Barrelling the slow roll 
— This is caused by all of the above 
or by proper timing and sequence of 
control inputs but using excessive 
amounts of rudder and elevator to a 
proportionate degree throughout 
the roll. 

As you can see there are a lot of 
possible errors and combinations of 
errors that occur while practicing the 
slow roll. That's what makes it a 
tough figure for an instructor to teach 
and the student to learn. Each at-
tempt usually turns up a new problem 
to work on. 
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HAMMERHEAD 
Mike Mays, the Intermediate title-

holder at the 1987 National Aerobatic 
Championships, helps us out this 
month with some tips on flying the 
Hammerhead. But first of all he gives 
some general competition advice with 
the comments, "When you're flying in 
the box a lot of it is kind of like shoot-
ing a game of pool. You've got to pre-
plan your shots ahead of time, natu-
rally on the ground. Hand flying your 
sequence on the ramp is a big part of 
one's success. 

"Of course, once you're in the air 
sometimes all the odds change with 
the winds up top, coming out of a dif-
ferent direction than that on the 
ground for instance. Or they may be 
stronger or weaker than what you fig-
ured. Then when maybe you're pull-
ing vertical to quarter roll for a Ham-
mer', you find your box position is to-
tally different than what you thought 
you were going to be. As a result, at 
the last second you've got to do an op-
posite turn the other way. 

"Now you've got spontaneous flying 
and I wouldn't say that separates the 
men from the boys 'cause that is a bad 
cliche. Definitely you have to be able 
to think and plan ahead to be 
equipped to make the best out of 
things thrown your way to keep in 
good box position. Staying in the box 
— that 's what it's all about." 

Moving on to the Hammerhead it-
self, Mays indicates that 's one of his 
favorite figures. Keep in mind that for 
his tips the aircraft being used is his 
180 HP Pitts S-1S in what he considers 
to be a basically stock configuration. 

He begins, "I start my Freestyle 
with the Hammerhead; the Freestyle 
is usually where I pull ahead of every-
body in a contest." He continues, "I 
get on the edge of the box at 4,000 feet 
and dive into the box to 2500 feet and 
level off. Then I pull and go right back 
up on the Hammerhead. I do get good 
verticals and the noise — the RPM, 
the engine turning — I get the judges' 
attention. I wake them up on the line 
after they've been listening to the 
Muhlbauers and other props that 
don't make any noise. 

"I do a nice long line and if you fly 
it well and present yourself well to 
the judges with a nice turnaround at 
the top without flying it over, you've 
locked their attention and the rest of 
the sequence is a piece of cake." 

What's he doing with the throttle? 
He replies, "My throttle's full from 
the time I take off to the time I land 
except for when I slow up for a spin. 
It's always wide open. 

"Everybody talks about running 
RPMs in these motors and hurting 
them. In my airplane in stock config-
uration without any of the high per-
formance stuff, I can turn 31 to 3200 
straight and level, flat out. Then in a 
dive, I've had it 35 to 3700. It's capa-
ble of running that all day long with-
out hurting the engine. 

"If you figure a stock Volkswagen 
motor will turn 6,000 RPMs, surely 
this Lycoming motor is built and bal-
anced a lot better than it. So, the old 
theory of hurting isn't true, I don't be-
lieve — not with the dealings I've had 
with them. And I think that the con-
stant speed propellers are actually 
loading the engine up more, manifold 
pressure-wise, and straining it more 
than a fixed pitch propeller. I might 
be turning a lot of RPMs but I'm not 
really loading the motor up that hard. 
I don't think my motor's going to have 
any shorter life span than the other 
ones running a fixed pitch propeller 
to control the RPMs." 

During his vertical upline in the 
Hammerhead, what's he doing with his 
feet and hands? Where's he looking? 

"I'm looking off the left wing," he 
states. "A lot of people say you need 
to watch off both wing tips, which is 
right, but I favor just watching the 
left wing 'cause that 's where my 
sighting device is. I can tell from it if 
I'm dragging a wing up or down. I can 
also keep it on vertical at that point. 
While progressing higher up the line, 
you constantly have to give more 
right rudder to keep from dragging a 
wing and more right forward stick 
pressure at the top of the line to keep 
the wings from torquing as the engine 
torque starts to take over. 

"At the very top of the line, my little 
secret of knowing when to turn around 
is I start dancing the aileron back and 
forth. And I'm still watching the sight 
gauge and the left wing tip . . . " 

He doesn't use strings then? 
"No, I don't," he says and reveals, 

"What I do is this. When I get to the 
top of the line I can feel, in my butt, 
the vibrations of the airplane. You 
can feel it starting to shiver like a 
helicopter and it just hangs there and 
hovers. In the meantime, what I'm 
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doing is I'm also tapping the stick, 
moving the aileron back and forth — 
dancing it." 

How much? 
"Well, I'd say an inch in deflection 

or so. If the wing moves with that de-
flection then the wing is still flying. 
There's still air running over it. When 
you get to the top of the line and there's 
no more air running over the wing, 
you can deflect the aileron fully and 
the wing will not respond. It is no longer 
flying. That's when it's time to kick. 

"As I start to kick full left rudder 
as the nose starts to come through 
knife edge, I squeeze off the power to 
keep it from torquing over the top. 
Then I establish the downline." 

Is he using the sighting device 
again? 

"No, on my downlines, I don't look 
at the sighting device. I look straight 
off the nose, establish the downline 
and then come off the power all the 
way down — depending on what the 
next figure is." 

So, what is he looking at to keep 
himself vertical while coming down? 

"As I'm coming through knife edge 
towards vertical down, I pick a point 
on the ground whether it be a house 
or a tree or whatever and I put the 
nose right on that point and keep it 
there. Naturally, if there's a stiff wind 
that 's going to change. That's what 
you have to play by ear. Things 
change and you can sort of feel in the 
airplane after awhile if you're nega-
tive or positive. I'm not saying this is 
the right way to do it; it just seems to 
work for me." 

What more specifically is he feeling 
or witnessing? 

"I can feel if I'm tucking under by 
whether or not I'm being pulled for-
ward in the shoulder harnesses — or 
positive." 

One suspects, however, that some-
where along the line, it's the critiqu-
ing from persons on the ground that 
has really helped him establish these 
particular cues. For instance the 
critiquer can tell him whether or not 
he is positive or negative at a given 
point and he can relate it to what he's 
seeing and/or feeling in and from the 
cockpit at that moment. 

He admits that's true and subscribes 
to the theory that one should try to 
get critiquing input from someone. 
Otherwise one just ends up practicing 
mistakes, instead of correcting them. 
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COMBINATION FIGURE, 
CROSSOVER SPINS 

Let's take a look at a combination 
figure. We'll use the snap on top of 
the loop as our example and we'll 
examine it in regard to its proper 
execution and what the judges are 
looking for. 

Ideally the inside snap on top of an 
inside loop should begin about 20 de-
grees before the airplane reaches the 
apex of the loop, and it should end 
with the nose 20 degrees below the 
horizon at the completion of the snap. 
This will vary some depending on the 
airplane, but the idea is to have the 
nose the same distance above and 
below the horizon before and after the 
snap. Theoretically the aircraft 
should be passing through the upright 
position (in relation to the ground) at 
the very apex of the loop. This along 
with the other characteristics of a 
good snap roll is what the judges are 
looking for. 

Now, how is it performed? Tech-
niques vary, but basically it is a mat-
ter of increasing the back pressure on 
the stick in order to stall the airplane 
and snap it around with rudder, or 
rudder and aileron as the case may 
be, depending on the type of airplane. 
Some people relax back pressure dur-
ing the loop just prior to hitting the 
snap in order not to bury the aircraft 
so deep into the snap. 

It is just one of the figures, like 
many others, which takes much prac-
tice. You have to have someone who 
knows the figure watch it from the 
ground repeatedly in order to tell you 
whether or not you are hitting it too 
soon or too late. Snapping too soon 
seems to be the more common of the 
two errors. 

It is a spectacular figure and one of 
the most exhilarating for the pilot. So, 
if you want to perfect it, go on out to 
a practice session and let someone 
watch you perform. 

Now let's take a look at crossover 
spins. 

While a member of the IAC Rules 

By Jim Rossi 
IAC #2177 

Committee years ago, one of the most 
discussed figures was — and evi-
dently still is — the inverted spin 
from upright, commonly referred to as 
a crossover spin. The inside spin from 
an inverted entry is the other type of 
crossover spin, but we will discuss the 
first type since it seems to be the one 
we most often see in competition. 

Comments from the membership 
back then suggested that a more de-
finitive description be included in the 
rule book. The Rules Committee 
agreed that, indeed, all criteria 
needed for flying and judging the fig-
ure was spelled out in the rule book. 
It seemed that what some people were 
really after was the technique of per-
forming it, and the rule book would 
become too cumbersome if it were to 
become a book on how to fly aerobatic 
figures. It was felt tha t this was better 
left to books and articles dealing with 
that subject alone. 

Some pilots were under the impres-
sion that the crossover spin could be 
flown in one of two ways, the easiest 
being to stall the airplane straight 
ahead, pull or push the nose down to 
vertical and then start the rotation. 
This is, of course, totally wrong. The 
figure must be performed and judged 
in only one way as spelled out in the 
IAC rule book. 

Let's turn to the section on spins 
and note the listed criteria forjudging 
them: 

"1. The aircraft should break 
cleanly, indicating that a complete 
stall has occurred. 

"2. The spin starts and ends on a 
horizontal line (after touching the 
vertical downline.) The length of the 
downline is not to be considered. 

"3. As the nose falls through the 
horizon, the wing should drop simul-
taneously in the direction of the spin. 

"4. In the case of a crossover spin, 
look for the nose to swing in the oppo-
site direction momentarily, indicat-
ing that the proper rudder has been 

applied." 
A basic rule of judging requires a 

zero any time the aircraft deviates 
more than 45 degrees off required 
heading, attitude or line. If a pilot al-
lows the nose to drop more than 45 
degrees before beginning rotation, he 
has zeroed the figure by virtue of the 
fact that the rotation did not start 
simultaneously with the nose drop-
ping, but from a line 45 degrees or 
more from the desired flight path. 

As to how the crossover spin is per-
formed in the cockpit, though tech-
niques vary, basically the aircraft is 
stalled straight ahead as in a normal 
spin entry. As the airplane stalls, in 
order to spin counterclockwise as 
viewed from above, forward stick 
along with a bit of aileron in the direc-
tion of rotation (in this case left aile-
ron) followed by opposite rudder 
(right rudder in this case) will ac-
complish the figure. Some small 
amount of left rudder may be needed 
just prior to the stall, but be careful. 

If the airplane begins an inside 
spin, then is seen to transition to an 
outside spin, you may get zeroed. Re-
member the judges are looking for the 
application of proper rudder, indi-
cated by that slight swing of the nose 
in the opposite direction of the wing 
drop. If you cheat with rudder in the 
direction of rotation as in a normal 
spin, then reverse rudder, it will be 
obvious to the judges by the absence 
of the reversal which is discussed in 
the rule book. 

Recovery is effected by applying 
rudder in the opposite direction (oppo-
site to what you are holding) and then 
bringing the stick back to neutral. If 
done correctly, you will break the spin 
right on a perfect downline. 

Sound confusing? Well, after ob-
serving a few correct and incorrect en-
tries and some practice in the 
airplane, it will become very recogniz-
able from the ground and very natu-
ral to perform in the air. 
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POSITIVE IMAGERY, 
UNKNOWN FLYING 

Back in the early 1970's the Un-
knowns were made up by the Chief 
Judge at the contest site. An atmos-
phere of competition was fostered to 
see who could make up the most dif-
ficult Unknowns to the point that they 
were getting dangerous. Some were 
actually tougher than the Knowns 
and although no rule covered this it 
seemed unfair. 

At a contest during this time period 
we Advanced pilots approached the 
Chief Judge, who had drawn up a dilly, 
and asked him if he was going on the 
riverboat ride that evening because if 
he was, we were going to keelhaul 
him. If you have never been keel-
hauled on a Mississippi side-wheeler, 
you have an experience coming. 

As a Board member a proposal was 
made and accepted that all Unknowns 
be made up, flown and canned by one 
individual for distribution by IAC 
Headquarters when a contest was 
sanctioned. Bob Herendeen was first 
to accept this task and Unknowns are 
still largely controlled in this manner 
today with someone else now in 
charge of them. 

So much for the history lesson, let's 
get into some tips for the Sportsman 
pilot moving up to Intermediate 
where he will fly his first Unknown. 
Refer to page 30, IAC rules: "The Un-
known will be given to the com-
petitors not later than 18 hours prior 
to the time it is scheduled to be 
flown." Page eight says, "Practice 
flight will be prohibited once the con-
test has begun." 

Ah, but you CAN practice — with 
a model airplane. You will see compe-
tition aerobats out on the flight line 
or in front of the motel with their 
models, drawing a crowd, while pre-
tend flying through an Unknown 
sequence. 

Get with a fellow competitor and 
have him check you out on the se-
quence while you figure which way to 
turn on those wind correctors, what 
speed to use on each figure and length 
of line between them, altitude losers, 
and starting altitude — then add 200 
feet. Just plain work on orientation. 
Fly it at least umpteen times. Refer 
to page six, April 1987 SPORT AERO-
BATICS, "Two Sequence Cards." This 

By Sam Burgess 
Contributing Editor 

Ian Padden of California is seen practic-
ing a sequence with a model airplane dur-
ing Nationals 85. Some of the tape marks 
representing box boundaries for him are 
shown on the pavement. 

will help to eliminate some of the in-
herent confusion built into Unknowns. 

Try to use a small model of your 
particular aircraft to duplicate the 
similarity with movable controls if 
possible. Fly it in a miniature box 
drawn on the sidewalk. Harold 
Neumann and I once laid out a box on 
the motel floor with toilet paper. No 
doubt about going out south as it 
stuck to your feet. 

You will see most competitors using 
their hands to run through a se-
quence. But how do you do a rolling 
360 or a humpty bump with a pull, 
pull, pull without spinning in on the 
ramp with a sprained wrist? 

Use your model aircraft, too, when 
you are lined up waiting for the start-
er's call to become familiar with the 
Unknown to the same degree of confi-
dence as you are with the Known and 
your Free. Calling the figure out loud 
to yourself — as noted in the 
aforementioned article titled "Two 
Sequence Cards" — is especially help-
ful when both using the model and 
actually flying the Unknown. 

Positive imagery is a new phrase 
coined in several athletic events 
wherein you describe or portray to 
yourself what appears to be a se-
quence of figures to be followed in a 
routine. You create a representation 
of your flight and present symbolically 
a picture in your mind of the group of 
figures scheduled. Figure skaters, 
gymnasts and even downhill slalom 
racers can be seen doing the dance of 
the aerobatic competitor where it 
probably all started. 

You will hear some remarks like, 
"Don't worry about how good you fly 
the figures J u s t try to get through the 
Unknown without goofing something 
up." Bunk! With enough practice with 
your model airplane you should have 
become familiar enough with the se-
quence to pay attention to precision 
also. Don't forget, the judges are using 
the same criteria to judge the Un-
known as in other programs. 

So, visit your favorite model 
airplane store or have one made to fit 
in your baggage compartment and fly 
that Unknown just as if you had prac-
ticed it in the cockpit. 
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FALUN G LEAF 
This is a figure you might see in a 

4-Minute Freestyle routine that is not 
included in the nine families of aero-
batic figures in the Aresti manual. 

Unless you flew aerobatics before 
WWII you would not be familiar with 
this spectacular figure. It was a part 
of the Civilian Pilot Training Pro-
gram (CPTP) secondary course to 
train a cadre of pilots in anticipation 
of a global conflict. 

The CPTP Manual of aerobatics was 
written by Lt. Joe Mackey who wowed 
them in Europe with his Taperwing 
Waco performance in 1937. Excerpts 
from this manual can be found in many 
books on aerobatics by modern authors 
and was the basic guide for years in 
performing the figures that Aresti de-
veloped into the artistic flight. 

The Falling Leaf is no more than a 
series of checked spins but has many 
pitfalls both in execution and recov-
ery. The main problem with the Fall-
ing Leaf is that it is a real altitude 
loser and just about has to be the very 
first figure in a 4-Minute Free group. 
It does not have a noisy enough start 
to get the judges' attention and they 
sometimes miss the "Hedzup" call. 
Also, most of the judges didn't know 
what it was so I quit doing them. 

Okay. Enter the box on the Y-axis 
towards the judges and go through 
the initial steps to perform a spin. 
When the nose breaks (let's try it to 
the right), put in about half rudder to 
the right and just as the nose swings 
in that direction apply full left rudder 
to check the spin while holding the 
stick firmly back. The aircraft will 
swing up to the right and as it starts 
its swing to the left, full right rudder. 

To simplify, the rudder is actually in 
the opposite direction to the swing after 
the apogee of the oscillation is reached. 
It will take a lot of practice to get 
your timing down as everything hap-
pens a lot faster than you might think, 
especially in a Pitts — they are wild! 

By Sam Burgess 
Contributing Editor 
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I had a CPTP student in a UPF-7 
Waco who was having trouble with 
his Falling Leafs and briefed him not 
to do any until he had more dual. He 
tried one anyway and got it going so 
good that he developed a case of 
euphoria and ended up doing as a real 
falling leaf will eventually do as it 
departs the ol' tree — he flew it into 
the ground. You have no concept of 
your altitude as you are looking over 
the nose with no time for sightseeing. 

So, be careful to not get too en-
amored with this figure when you first 
succeed with one. Remember, it is a 
series of checked spins and in addition 
to losing altitude at almost the same 
rate you must have enough altitude 
to recover as in the spin. Select your 
starting altitude and limit the 
number of oscillations to a firm count. 
5,000 feet would not be too high until 
you get the starting altitude estab-
lished for your particular aircraft. 

Your engine idle speed should be 
increased, as in a tailslide, because 
your forward speed is minimal and 
you are slicing through the air side-
ways with little ram air to the scoop. 

Recovering can be executed as in a 
normal spin but if you want to be real 
spectacular, just hold in the rudder at 
the top of the apogee and you will see 
a number ten spin entry with no 
doubt of a clean break. As Chief Judge 
Mike Murphy once hollered spontane-
ously, "Give that man a ceeeegar!" 
(Bill Thomas) No doubt it had some 
influence on the other judges. 

The Falling Leaf is really a better 
watermelon festival airshow bit and 
a crowd pleaser than a contest figure. 
Even so, have a go at it as it will 
sharpen your timing, add confidence 
to your talents, show you what a real 
spin entry is like, up your originality 
score on the 4-Minute, and add another 
figure to your list of aerocryptografico. 

When you think you have the Fall-
ing Leaf mastered, try one inverted! 
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RADIO CRITIQUING 
When my son, Kelly, was 17 he ex-

pressed a desire to get into aerobatics. 
The normal routine of instruction was 
started in a Decathlon. After five or 
six hours of dual in the basics, spins, 
loops, Hammerheads, rolls (snap and 
slow), reverse half Cubans, half Cu-
bans and Immelmanns, he wanted to 
try the Sportsman sequence in the 
box. As any neophyte, he only knew 
what the figures looked like from the 
cockpit. 

We went to the practice area with 
a box which had easily identifiable 
boundaries. The briefing I gave him 
was to do what I told him to do over 
the radio. 

Kelly took off and I asked him to fly 
from one end of the box to the other 
at 1,000 feet inverted. Each time he 
lost or gained altitude I called him on 
his climbing or descending. After four 
or five trips through the box he had 
level inverted flight fairly well fig-
ured out. 

I then asked him to do a loop in the 
center of the box while flying up the 
X-axis. His first loop looked like an L, 
very tall. I explained this over the air 
and naturally he over-corrected with 
a second attempt looking like an egg 
or oblong. I was at a loss on how to 
explain, over the air, what he should 
do to correct his flying of this basic 
figure. 

Then in order to give him the idea 
as to where to pull, how much to pull, 
and where to float the top, I asked him 
to fly up the X-axis and we would play 
radio control model. I would call out 
the control inputs that he was sup-
posed to make. 

As the aircraft reached the Y-axis 
I kept the mike keyed and told him to 
pull, then pull harder, then relax a 
little, then float, then pull, and last to 
float the bottom. This last float was 
so he would not come out of the figure 
higher than he went in. After about a 
dozen loops done this way he finally 
had a feel for what it took to present 
a fairly round loop. 

This was working well so I had him 
come up the X-axis and do a Ham-
merhead without me kibitzing. Then 

By Tom Adams 
IAC #1999 

we worked on Hammerheads along 
the X-axis with me correcting his ver-
tical lines for positive or negative ten-
dencies, as well as when to kick. After 
verticals and kicks were going well I 
had him do them on the Y-axis so I 
could correct any dragging wing prob-
lems and sharpen up his turnaround. 
This really helps the pilot to get the 
feel for Hammerhead turnarounds. 

For the next series I asked Kelly to 
fly up the X-axis and do nothing more 
than pull the machine up to a 45-de-
gree line and hold it. He did this and 
while he was in the line I corrected 
him from shallow to right on. As 
airspeed slowed I had him go to level 
flight and proceed out of the box. He 
would do a 180-degree turn while de-
scending and return to the box. We 
did this till he needed no help, then 
started on down 45-degree lines in the 
same manner. 

The same procedure was used for 
45-degree lines both up and down 
with half rolls. Kelly would enter the 
box, pull up to a 45-degree line, do a 
half roll, then level off inverted. It 
helps if the critiquer will keep the 
mike keyed and tell the pilot when to 
pull, roll and pull level for the first 
few drills. This will allow him to get 
the feel of the timing adjustment re-
quired to get the lines either side of 
the half roll the same length. The 
critiquer will also have to adjust the 
radius of the pulls so the pilot can see 
how to correct his pulls to achieve the 
same radius at both fast entries and 
slow exits during the figure. 

The radio has been used for quite 
some time in this fashion and really 
hurries the pilot along in achieving 
precision. It also lets the critiquer 
know when the pilot or the machine 
is getting low on gas. In this case it 

was the pilot. We took a break. It 
seems I had been working him for 
close to one hour and 20 minutes. 

It is counterproductive to practice 
anything if you are tired, regardless 
of your drive to win. After Kelly felt 
rested he went back to the box. We 
started with half Cuban eights. We 
had briefed for him to do two, one at 
each end of the box on the X-axis. 
After the third set he understood 
about going too shallow after the roll, 
floating out of the round portion and 
not pinching it. He was by no means 
flying 9.5 figures, but had a good han-
dle on what it took to present a satis-
factory one. 

The same procedure was used on 
the reverse half Cuban. For some 
reason this took longer for him to 
grasp. He constantly went steep after 
the roll and pinched the bottom of the 
looping portion. 

I placed him on the Y-axis flying 
toward me for a series of slow rolls. It 
took quite a few runs to get him to 
stop dishing out the last 90 degrees of 
the roll. He was instructed to do the 
rolls slowly to get a more exaggerated 
feeling of the control inputs. This 
helped. Then he was allowed to speed 
up his roll rate. 

Snap rolls were next and, let's face 
it, once ^ou get it going around 
rapidly it's only a matter of timing. 
The pilot alone is the only one who 
can fix that. The critiquer can, how-
ever, help him to overcome the natu-
ral tendency to bury the snap. 

The reward for all of the work was 
getting to do the Sportsman sequence 
twice. He enjoyed it and realized that 
only practice would allow him to put 
it all together. 

I like radio critiques and have used 
this method many times. It is great 
for helping you get up to speed after 
a long layoff. When the one on the 
ground is a competition-oriented pilot 
he cannot only see an error but possi-
bly tell you how to fix it. The safety 
factor, awareness of other aircraft, not 
only cuts down the chance of a midair, 
it allows the pilot to put his attention 
completely toward his figures. 
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Aerobatics QA 
By Dan Rihn 

Contributing Editor 

QUESTION — I would like to 
know more about some of the various 
4-Minute maneuvers from a specta-
tor's as well as a pilot's point of view. 

ANSWER — This is a good ques-
tion because pilots are continually in-
venting new and exciting maneuvers 
— proper term, figures. Maneuvers 
are part of figures. Some of the more 
spectacular figures have become 
trademarks for the pilot who either 
invented or popularized them. 

To better answer this question I 
talked to several pilots who have be-
come known for a certain 4-Minute 
Freestyle figure and asked each to 
describe it in his own words. I would 
like to say thank you to Kermit 
Weeks, Ray Williams, Gene Beggs, 
Henry Haigh and Rory Moore for 
sharing their thoughts and knowl-
edge on the following figures for 
which they have become known. In 
all their cases they have spent consid-
erable time and money developing 
these aerial creations and it is very 
generous for them to share the unique 
and spectacular results of their efforts. 

Thanks again, it was a joy to work 
with each of you on this subject. 

TORQUE ROLL — At the 1972 
World Aerobatic Championships, 
Charlie Hillard performed a spectacu-
lar torque roll in his 4-Minute Free-
style. Charlie became famous for this 
figure for which he credits Bob 
Schnuerle as the inventor. Since that 
time, many other pilots have con-
tinued to perform it. One of the most 
notable has been Kermit Weeks. 

Kermit went on to further explore 
the torque roll in his personally de-
signed and built and then new air-
plane, the Weeks Solution, during the 
U.S. Aerobatic Team practice prior to 
the 1982 world contest in Spitzerberg, 
Austria. His version of the torque roll 
became famous for its total number of 
rolls achieved. Here is how Kermit 
describes it: 

"I enter the box at 220 MPH and at 
350 feet AGL from directly over the 
judges towards the center of the box. 
I pull to vertical as cleanly as possible 
and start a vertical roll to the left. I 
usually get five plus rolls on the upline. 

"Then when the roll rate slows 
down just before the torque of the 

propeller takes over and the rate in-
creases, I move the stick from the left 
to the right and progressively add 
right rudder as I begin to fall back-
wards. I usually get three or four rolls 
at the top of the vertical at about 
2,000 feet AGL in a hover mode. Then 
I fall backwards continuing to roll to 
the left. 

"The most total number of rolls I 
have done is 14 — five up, four at the 
top and five backwards. This has been 
during practice sessions, but I usually 
get 11 or 12 total during a contest. I 
think this is because I pull to vertical 
cleaner or better during practice. At 
a contest you get a little rusty because 
you're not flying a lot every day. After 
the airplane falls through, I usually 
do a V-U outside vertical snap down to 
reposition myself for the next figure, 
heading straight back at the judges 
on the bottom of the box." 

THE KERMIT — The Kermit is an 
exciting figure named after its inven-
tor. He developed it for the 1977 U.S. 
Nationals while flying a stock 180 
HP Pitts S-1S. It's a series of vertical 
snaps that eventually wind up leaving 
the aircraft in horizontal level flight 
with a lot of energy and an increase 
in altitude. Here is how Kermit de-
scribes the figure as flown in an S-1S: 

"First I pull to vertical and do a 
right inside snap roll. After one turn 
I push the stick forward to accelerate 
the snap roll and I leave in the right 
aileron input and the right rudder 
input from the snap. After one roll in 
this configuration, I push full left rud-
der and the airplane does about three 
quarters of a turn to the outside and 
then flies away in a level attitude 
90-degrees to the right of my initial 
entry heading. By this time it has 
slowed down so much that it actually 
isn't a snap anymore and is just rotat-
ing upwards like at the top of Eric 
Muller's vertical spin. 

"I use full power all through this 
figure. Some airplanes do this figure 
better than others. Some won't do it 
at all. Henry Haigh's Super Star (a 
monoplane) and Harold Chappell's 
biplane do it very nicely, but a stock 
180 HP S-1S will do it very well and 
actually better than my Weeks Spe-
cial or the Weeks Solution." 

WHIFFERDILL — At the 1985 
U.S. Nationals Ray Williams per-
formed a figure during his 4-Minute 

Freestyle that was never seen before 
in competition. Many observers 
couldn't believe what they saw. Then 
Ray proceeded to do it again the latter 
part of his sequence. 

The Whifferdill, as Ray calls it, looks 
like the start of a Hammerhead, but at 
the top of the vertical line he does a 
full 360 degrees of yaw rotation back 
to the vertical nose up position fol-
lowed by an additional 180 degrees of 
yaw rotation to the nose down vertical 
position — a full 540 degrees of yaw 
rotation at the top of a vertical climb. 

Virtually the same figure was in-
vented by J an Zurakowski for the 
1951 Farnborough airshow and is de-
scribed by Eric Miiller in his book, 
FLIGHT UNLIMITED, and in the 
book, FLIGHT FANTASTIC, by An-
nette Carson as being known as the 
Cartwheel or the Zurabatic. The big 
difference between the two figures 
flown by Jan and Ray is that Jan 
performed his Cartwheel in a Gloster 
Meteor, a twin engine jet which gave 
him a tremendous amount of yaw con-
trol by using asymmetrical thrust (in-
board engine at idle, outboard engine 
at full power) whereas Ray performs 
his Whifferdill in a single engine Pitts 
biplane. Here is Ray's description of 
his now famous figure: 

"I discovered this figure sort of by 
accident while trying to develop my 
4-Minute Free. I was attempting to 
perform a Hammerhead with an addi-
tional 90 degrees of rotation to the 
right wing down knife edge position, 
then fly away. A few times I was able 
to go back up beyond knife edge back 
up to vertical again; then I would sort 
of fall off. 

"I felt that with a little practice and 
further aft center of gravity I could 
develop this into a new figure. I was 
flying a Pitts S-2S with a three-bladed 
MT propeller. I moved the center of 
gravity to the aft end of the envelope 
but still within the aerobatic envelope. 
I've since tried it in several other air-
craft on many occasions and the only 
one that does it well is my own new 
airplane which is a retractable land-
ing gear S-2." 

Because Ray has worked so hard to 
develop this figure he has decided to 
keep the actual technique involved in 
it to himself so as to keep this figure 
as sort of his trademark for his 4-Min-
ute. This is understandable due to the 

116 



4 MINUTE MANEUVERS 

time and money he has spent develop-
ing the technique and the airplane to 
perform this spectacular creation. 

FLYAWAY TAILSLIDE — This 
is another Ray Williams' trademark 
figure as he was the first person to 
perform it in the U.S. aerobatic com-
petitions. He developed it while prac-
ticing for the 1983 U.S. Nationals. 
This is his description of it: 

"It was Henry Haigh who gave me 
the idea. Henry said he had seen a 
Russian pilot do a tailslide in a Yak 
50 where as the aircraft fell through 
and pendulumed back up to the hori-
zon, it just flew away in level flight. 

"I was flying a Pitts S-2B at the 
time. I found that a stick back, wheels 
down tailslide worked the best be-
cause I could fly away from the pen-
dulum position better from inverted 
than from upright. The trick is to get 
a good long slide with a lot of speed 
falling backwards. This gives a bigger 
pendulum movement. Then I add 
power just at the right time and accel-
erate away in a level inverted at-
titude. 

"I found it doesn't work well with a 
stick forward, wheels up tailslide. It 
seems that it just wouldn't fly away 
in an upright level attitude. 

"You can't cheat the tailslide too 
much (anticipate the backward slide 
by pitching the airplane forward to a 
positive vertical upline prior to the 
slide) because you need a real long 
slide and a lot of backward velocity to 
get the most amount of pendulum ac-
tion as possible. Then adding the 
power at the right time just comes 
with practice. 

"I've found that the Pitts S-2B and 
S-2S did the figure better with a 
three-bladed MT propeller. I feel this 
is because the engine response is a 
little faster and I have more thrust 
sooner to accelerate away before I 
pendulum back down from the in-
verted attitude." 

ANDY 'S LOOP — Andy's Loop is 
an eight-sided loop with a half roll on 
each side of it. It was first flown by 
Gene Beggs at Fond du Lac in 1981 
in his Pitts S-1S. He credits Andy 
Sharp, the son of longtime aerobatic 
pilot, Mike Sharp, for actually invent-
ing this figure. 

Andy was only 13 years old at the 
time but he had a very good knowl-
edge of aerobatics from critiquing 
both his dad and Gene. Here is Gene's 
description of the Andy's Loop: 

"We were at Fond du Lac — Mike 
Sharp, his son, Andy, and myself — 
and we were trying to think of a new 

figure to put into my 4-Minute Free. 
Andy described an eight-sided loop 
with a half roll on each side as one 
that he thought would really look neat. 

"I thought about it and decided that 
I could do it, but I would need about 
180 to 190 MPH to get through it. I 
worked it into my sequence and felt I 
could pull it off. I flew it for the first 
time during the 4-Minute Free at 
Fond du Lac without ever practicing 
it. Since then it has become a 
trademark figure of mine. 

"I feel that it is important to get the 
sides equal and the rolls centered. I 
do this simply by instinct or feel. I 
don't try to count seconds or anything 
like that. I performed this figure first 
in my 180 HP Pitts S-1S and have 
since done it in my stock Pitts S-1T. 
The one area you have to be careful 
of is getting too low in altitude on the 
back side of the loop or not having 
enough airspeed (energy) to begin the 
figure. 

"I've never seen anyone else fly this 
figure, but I've seen it on video tape 

and it looks nice when I get all sides 
equal and keep the rolls centered." 

TRANSITION SPIN — This fi-
gure is a spin that starts out as a flat 
upright spin and then transitions to a 
flat inverted spin. Gene did this dur-
ing his 4-Minute Free at the 1985 
U.S. Nationals. Although he may not 
have invented it, he certainly has 
popularized it in recent times. 

As well as performing this spin in 
competition, he also teaches it in his 
now famous spin training course, 
which was detailed in a series of arti-
cles in SPORT AEROBATICS in 
1984. Here is Gene's description of 
how he does the Transition Spin: 

"I do a climbing vertical roll to set 
me up in position to start an upright 
spin. I must start the spin at the very 
top of the box. I stall the airplane 
with power set at idle and kick full 
left rudder with full back stick. I then 
come in with full power and hold the 
stick full aft and add full right aileron. 

"The precession from the propeller 
and the right aileron really flatten 
out the upright spin. I let it spin for 

three turns in this upright flat at-
titude. Then I chop the power so that 
the prop's precession will be minimized 
and the nose can come down. I reverse 
rudder (left to right) and push the 
stick forward holding right aileron 
and come back in with full power to 
get me into a flat inverted spin. 

"I usually do three turns flat up-
right then two turns in the transition 
and another three turns flat inverted 
for a total of eight turns in the spin. 
I NEVER initiate my recovery lower 
than 2,000 feet AGL because it usu-
ally takes 1,000 to 1,200 feet of al-
titude to fully recover from the spin. 

"This is one place where you could 
get killed because you are literally 
falling (although auto rotating) out of 
the sky. It is here that you can become 
easily distracted by the view of the 
ground spinning around and start 
your recovery too late. 

"I first performed this figure in a 
competition flight at the 1985 U.S. 
Nationals and I feel it was largely 
responsible for my winning the 4-
Minute Free. One of the proudest mo-
ments of my aerobatic career was win-
ning that 4-Minute at that particular 
Nationals, flying my stock Pitts S-1T." 

KNIFE EDGE SPIN — This fi-
gure has recently become the trade-
mark of Henry Haigh. He first started 
developing it after he saw some of the 
Czechoslovakian pilots attempting it 
during an airshow at Spitzerberg, Aus-
tria, just before the 1982 World Aero-
batic Championships. Here is Henry's 
description of how he developed the 
figure: 

"The Czechs were doing about IV2 
turns in knife edge position while fly-
ing their Zlin Z-50LS monoplanes. 
This was about all they could do. I 
thought my Super Star (midwing 
monoplane) should be able to do the 
same figure and I began working on 
it as soon as I returned from Austria. 

"I fooled around with it for a while 
but I lost interest in it and put it 
away for some time. Then my son 
went to a radio control model airplane 
contest in Ohio and saw a model of 
my Super Star, flown by Miles Reed, 
do a Knife Edge Spin that really 
looked great. I talked to Miles about 
how he did it and then tried it in my 
full scale Super Star using the same 
inputs. With a little work I found that 
it seemed to go pretty good in the full 
size Super Star too. 

"During the U.S. Team practice at 
Springfield, Tennessee, I put it into 
my 4-Minute Free. I found that I had 
to do several turns to get the judges' 
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attention and show them what I was 
doing. I usually do it at the beginning 
of my sequence and I start at the top 
of the box and let it spin down to 
about 1500 feet AGL. I don't know 
how many turns I do, perhaps six or 
seven, but most of all I want to recover 
at 1500 feet so I can still have enough 
altitude for the rest of my sequence. 

"The airplane spins at about 20 to 
25 degrees nose down but the wings 
are very close to vertical throughout 
the figure. The G forces are consider-
able. It really pushes you down and 
out of the airplane. The side of the 
cockpit would actually chafe off the 
skin from my right shoulder and 
cause it to bleed. When I rebuilt my 
airplane I redesigned the cockpit and 
it's not so bad now. 

"Since I've done this figure I've seen 
several other monoplanes do it. I feel 
it's important to get the proper entry 
to get the wings vertical and make it 
look good. Also most other pilots don't 
let it spin as many turns as I do. 

"I'm not sure it could be done in a 
biplane; I don't claim to fully under-
stand it though. Perhaps with some 
work a pilot could do it in a biplane 
although I've never seen it. I've never 
tried it in any airplane but my Super 
Star so it's really hard for me to say 
which airplanes can or can't do the 
figure." 

Because this is a very special figure 
and is still relatively new, Henry 
asked not to go into the intricacies of 
how he actually performs it. This is 
one of his trademarks for his 4-Minute 
Free that helps him keep his competi-
tive edge. He has worked hard to de-
velop it so it is understandable that 
he would wish to keep it to himself for 
a little longer. 

MULTIPLE OUTSIDE SNAP 
ROLL — This is another figure 
popularized by Henry. He first flew it 
in competition during the 1978 World 
Aerobatic Championships at Ceske 
Budejovice, Czechoslovakia. This is 
his description of how he developed 
and flies it: 

"I found that my Super Star could 
do multiple outside snaps from in-
verted with about a 20-degree nose 
down attitude without ever bogging 
down or getting buried in the snap. I 
could do six to seven linked snaps 
very easily and still keep my energy 
level up. 

"Later I made several modifications 
to the Super Star and somewhere 
along the line I found that it just 
didn't do it as well as it had in the 
past. It would get too deep in the stall 

and slow down the snap roll. 
"I thought about it for a while and 

decided to try entering it like a Ker-
mit, but from the upright 20-degree 
nose down attitude. I did an inside 
snap to the right (right rudder) and 
then I pushed the stick forward keep-
ing the right rudder in. The airplane 
transitioned to an outside snap just 
like it does in a Kermit and I was able 
to keep the snap from burying itself 
and bogging down. 

"This technique worked very well 
for me when I flew the Pitts S-1T at 
the first Masters of Aerobatics contest 
held in Mesa, Arizona. My own Super 
Pitts (highly modified Pitts S-1S) also 
did it very well with this method. I 
always set it up to be aimed directly at 
the judges in front of them so they get 
the most excitement out of the figure." 

VERTICAL LOM/TORQUE ROLL 
— Rory Moore invented this figure 
while practicing for the 1987 U.S. 
Nationals in his new 300+ HP bi-
plane known as the Goshawk. Here is 
his description of this exciting figure: 

"I discovered it while attempting a 
vertical Lomcovak. I found that after 
I did the tumble portion of the Lom-
covak I could stop the auto rotation 
and still have quite a bit of energy 
while going vertically up. Then with 
forward speed I could then initiate a 
vertical and turn it into a torque roll 
at the top of the vertical line. I also 
found that with a little practice I 
could blend it all together and make 
it look like one figure. 

"I usually attempt this as my open-
ing figure in my 4-Minute Free. After 
I enter the box I pull to vertical with 
full power and do IV2 vertical rolls to 
the left. Then I push forward on the 
stick and full right rudder. The air-
plane does an outside snap for one 
rotation then it does a tumble (end 
over end). 

"When I see the nose come up to 
vertical again I neutralize everything 
for a moment to stop the rotation and 
gain some forward speed on the verti-
cal upline. Then I put in full left aile-
ron and start vertically rolling the 
airplane. After about three quarters 
of a roll I start into a torque roll and 
I can get up to three or four torque 
rolls. I try to time it right to come out 
on heading by chopping power and 
tailsliding backwards into a stick 
back tailslide. 

"I've never seen it done by anyone 
else and I've never been able to do it 
in any other airplane. Perhaps some 
of the other very high power-to-
weight biplanes could do it." 
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HAMMERHEAD / 
EDITOR'S NOTE: This is the third in a 

series of ten educational articles penned 
for this magazine by the late Dick Lewis 
prior to his tragic fatal accident. 

The Hammerhead is the largest K figure 
in the Sportsman sequence and is make or 
break in competition. It is typical of the sense 
of humor of IAC Known sequence drafters 
that the Hammerhead is traditionally 
placed first, or very early, in the Sports-
man sequence. It deserves extra attention. 

Judging criteria for the Hammerhead 
focus on the quarter loops in and out (they 
should have the same radius), the vertical 
up and down lines and, particularly, the 
turnaround. A vertical aircraft attitude, 
not necessarily vertical flight, is wanted. 
The judges want to see a flat, cartwheel, 
turn — in the plane of the wings — with-
out any roll ("torque"). The turn should be 
timed so that the highest point is reached 
just as the nose falls through the horizon; 
i.e., the first half of the turn ideally occurs 
with the aircraft still rising, and the sec-
ond half with it falling. An early turn re-
sults in "flying over the top" in an arc 
rather than a cartwheel. The judging 
criterion is that the up and down lines (of 
the fuselage) should be parallel within 
one-half the wing span. (See Chapter 7 of 
the current IAC OFFICIAL CONTEST 
RULES book.) A late turn results in an 
ugly and undesirable tailslide (whip-stall) 
type figure. Some aircraft, such as the De-
cathlon, are placarded against tailslides 
because of the potential for structural 
damage. The entry and exit altitudes of 
the Hammerhead do not need to be the 
same. 

One good way to develop a rough stand-
ard procedure for the Hammerhead is to 
select a standard entry speed, standard G 
pulls in and out, and a standard time count 
up to the turn. 

Climb to, say, 3500' AGL (for practice) 
and clear the airspace (especially above). 
Enter in horizontal flight at standard 
speed at full competition power. Power re-
mains constant throughout. Brisk, strong 
pullup (say 5G). Eyes left (or right) 
through your lateral sight gauge to the 
horizon. Crisp stop at vertical attitude 
using the lateral sight gauge. Monitor the 
upline with the lateral sight gauge. Make 
sure the wings stay level during the pull-
up, and as the vertical line is set, by using 
appropriate rudder (judge by lateral sight 
gauge against horizon). Some left or right 
rudder, depending on the airplane and the 
characteristics of the pullup, will be 
needed to neutralize the net effect of the 
various yawing forces. You want to set and 
hold the upline without major adjustments 
(called "hunting") which the judges con-
sider undesirable. Fly up to the turn mak-
ing small aileron, elevator, and rudder ad-
justments to hold the vertical line without 

rolling. Count up to the turn ("hup-one, 
hup-two, ••••, hup-turn"). Left turns go 
much better because of the airflow pattern 
from the prop down over the tail (some air-
craft won't hammer to the right at all) so 
let's say you go left full rudder here (in-
serted briskly). 

As the rotation starts, there is a tend-
ency for the aircraft to roll toward the in-
serted rudder (outside wing lifts), left in 
this case, which must be opposed with full, 
or almost full, opposite (right) aileron to 
keep the turn fiat. Elevator must also be 
played to keep the turn fiat; usually some 
forward stick is necessary. Don't apply 
back stick; that will only worsen the roll 
tendency. As the left cartwheel progresses 
you want to watch to see that the left wing 
moves straight down against the back-
ground of the earth and that the nose falls 
through the same point on the left horizon 
from which the wing just dropped away. 
Adjust aileron and elevator to achieve this. 
As soon as the nose falls through the hori-
zon, look down and pick a point directly 
below the airplane. Stop the turn with op-
posite rudder with the nose on this point. 
Allow no oscillations here. Check for verti-
cal attitude and wings level using the lat-
eral sight gauge. Wait a couple of counts 
and pull out with, say, a 4G pull. 

You can do quite well in competition by 
always doing Hammerheads the easy way; 
i.e., to the left. And until you are very good 
at them, you are probably better off just 
practicing one direction. It is a fact, how-
ever, that (everything else being equal) 
Hammerheads into the wind will score bet-
ter. If the wind is from the right, hammer 
right and vice versa. The reason for this is 
that, if you hammer into the wind, wind 
drift will tighten the cartwheel turn and 
bring the up and down lines closer to-
gether — it looks better to the judges. A 
hammer into the wind will mask any tend-
ency to fly over the top; a hammer off the 
wind will exaggerate this error. So as you 
get better it is a good idea to learn to ham-
mer well in both directions. 

There are several alternative ways to 
judge when to initiate the turn. If you al-
ways enter the Hammerhead at about the 
same airspeed then the technique de-
scribed above — a time count — is simple 
and reliable. In aircraft with high power-
to-weight ratios, there is time at the top to 
watch for a piece of yarn attached to the 
wing to go limp or to watch for a given 
angle of right aileron deflection to develop. 
Significant and increasing right aileron 
deflection is necessary on the upline in 
high power-to-weight ratio aircraft to op-
pose the rolling force generated by the pro-
peller — more aileron is needed as the air-
craft slows down. Some wing-mounted 
sight gauge installations include a small 
arrow that is mounted on a pivot with ad-
justable spring-loading such that it will 
move (or flip) out of alignment with the 
airflow when a selected low airspeed is 
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reached — when it flips you push rudder. 
Many pilots rely on a seat-of-the-pants 
sense of the approach to zero G or on the 
changing engine sound as the propeller 
pitch changes. 

Critiquing from the ground to refine the 
procedure is essential; each element of the 
judging criteria should be considered. Re-
member that critiquing is premature until 
you can fly the figure reproducibly. For the 
Hammerhead this will require many, 
many repetitions. One particular point of 
the critiquing in this case is to help you 
select the time count up from where the 
vertical attitude is first obtained to the 
point where rudder insertion is made. 

Why are opposite aileron and forward 
stick necessary at the top of a Ham-
merhead to get a flat, cartwheel turn? The 
answer is in the nuances of the 
aerodynamics during the turn. It's an in-
teresting subject. First of all it should be 
said that, if the Hammerhead were done 
absolutely by the book, these control in-
puts would not be necessary, or at least 
greatly reduced, in most airplanes. The 
rule book says that the vertical lines of the 
Hammerhead should be flown on the "zero-
lift axis" of the aircraft; i.e., with the wings 
at zero angle of attack. If this were done, 
the cartwheel would go around flat except 
for the rolling torque generated by the 
reaction to the engine turning the propel-
ler. This is a factor for very light, very 
high-power aircraft. For lower-perfor-
mance aircraft the aerodynamic problem 
comes from the fact that to score well on 
the vertical lines you must fly the lines 
with the fuselage vertical. Because the 
wing is attached to the fuselage at a signif-
icant angle of incidence (2 or 3 degrees is 
typical), a vertical fuselage means that the 
wings are generating lift on the vertical 
lines. Yawing the aircraft with rudder in 
the Hammerhead turn therefore generates 
a roll due to the fact that the outside wing 
is moving faster and generating more lift. 
This roll tendency can be opposed with 
aileron and/or the roll tendency can be re-
duced by moving the stick forward to 
achieve near zero angle of attack. Moving 
the stick back increases the angle of attack 
and exacerbates the problem. 

If altitude loss in the Hammerhead is a 
problem, somewhat less is expended if 
power is reduced to idle just after the 
downline is established and, of course, the 
length (time) of the downline is minimized. 
Don't cut the throttle sooner because you 
lose necessary rudder and elevator control. 
Leave the throttle closed until well into 
the pullup. The flip side of this is that your 
airspeed will be less coming out of the fig-
ure and this may be a problem going into 
the next one. 

(The information contained in the arti-
cles of this series is, necessarily, based 
only on my own experience and that of a 
few pilots in IAC Chapter One who have 
critiqued the articles before publication.) 
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SPORTSMAN TECHNIQUE 
LOOP By Dick Lewis 
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EDITOR'S NOTE: This is the sec-
ond in a series of educational articles 
penned by the late Dick Lewis, who 
was the 1987 Sportsman National 
Aerobatic Champion. He was killed 
September 20, 1988, while out prac-
ticing in his Super Decathlon. Unoffi-
cial reports indicate a wing broke 
away while in the midst of what may 
have been a Hammerhead. A most 
congenial and conscientious man who 
had become quite active in and dedi-
cated to our sport, he had been com-
peting this season in the Intermediate 
category. He will be greatly missed 
on the circuit by all of us who knew 
him as a friend. — Jean Sorg. 

Nothing is more maddeningly dif-
ficult to fly correctly than a competi-
tion loop. Judging criteria (in Chapter 
7, IAC OFFICIAL CONTEST RULES 
book) are simple: i.e., the loop must 
be round (constant radius), as seen by 
the judges, flown in a vertical plane, 
and start and end at the same al-
titude. The difficulty is that there are 
no references inside or outside the 
cockpit against which the pilot can di-
rectly judge the required wind-com-
pensated roundness as seen from the 
judge's perspective. The loop is art, 
not science. 

There are some rough guidelines 
that can be used. In zero wind, the 
angular velocity on the constant 
radius circle should be proportional to 
airspeed (which equals groundspeed 
in this case), i.e., pitch rate of the nose 
must vary as the airspeed. So if your 
airspeed over the top is, say, half of 
your entry speed then the pitch rate 
at the top should be half of that at the 
bottom. Pitch rate can be judged, 
roughly, against the horizon using a 
lateral sight gauge. 

It is also true, for zero wind, that on 
the required constant radius circle the 
acceleration toward the center must 
be proportional to the square of the 
airspeed. You can monitor this accel-
eration, roughly, on the G-meter after 
correcting for gravity. So, for exam-
ple, if the airspeed is 140 MPH at the 
bottom, 110 MPH at 90°, 70 MPH at 
the top, and 120 MPH at 270° and the 

G-meter shows 5G's as you start the 
figure, then the G-meter should show 
+ 2 1/2G at the 90° position, zero G at 
the top, and + 3G at the 270° position. 

Do these guidelines help? A little, 
perhaps, but keep in mind that when 
the wind is blowing (which it always 
is when it's your turn to fly) you have 
to compensate for it by distorting the 
shape of the loop, as flown relative to 
the air, so that it looks round as seen 
relative to the ground (from the per-
spective of a judge looking up from 
the side at an angle of about 50°). 

You will see loops of every conceiv-
able shape. The most common errors, 
and the ones the judges expect and 
watch for, are "pinching the top" and 
"segmenting the loop." In the first of 
these the loop looks like a script 
lower-case el because the pitch rate 
(angular velocity) over the top is dis-
proportionately high for the airspeed 
there. Segmentation occurs because of 
abrupt changes in elevator control 
pressure. Avoid the first by floating it 
out over the top, and the second, by 
making all elevator changes (except 
the initial move) smoothly and gradu-
ally. Loops are almost always placed 
in the sequence so that you are going 
downwind at the top; this helps com-
pensate for the tendency to pinch 
there. 

Try the following as a rough proce-
dure (refinement to a final standard 
procedure requires patient critiqu-
ing): Climb to, say, 3500' AGL (for 
practice) and clear the air space (espe-
cially above and behind). Enter at 
your standard speed (say 140 MPH) 
in horizontal, wings-level flight using 
competition power. Power remains 
fixed throughout. Initiate with a brisk 
pull to 5G's on the meter. Eyes left 
(or right) through your lateral sight 
gauge to the horizon. Monitor the first 
half of the loop (pitch rate and wings 
level) against the horizon and the lat-
eral sight gauge. Hold stick position 
fixed. Necessary rudder and aileron 
control movements during the pullup, 
and throughout the figure, are dis-
cussed in the next paragraph. At 90° 
rotation begin to move the stick 
smoothly forward — slowly at first; 
then more and more rapidly, reaching 

the highest rate of forward stick mo-
tion at about 10° before the top; then 
begin to slow the rate of forward stick 
motion such that forward stick motion 
stops at about 10° beyond the top. The 
amount and timing of forward 
elevator motion should be adjusted to 
give you about zero G over the top and 
a little pushout beyond. This top part 
goes very slowly. At about 10° before 
the top you can shift your eyes from 
the lateral sight gauge to straight 
ahead to monitor the rest of the loop 
against the ground. Hold the stick 
position fixed until about 30° beyond 
the top and then start the pull, slowly 
at first then faster. You want about 
+ 2G's on the meter at the inverted 
down 45° (5/8 loop) position and about 
+ 4G's at the erect down 45° (7/8 loop) 
position. Don't pull beyond +4G's. 
End the loop with a sharp forward 
stick motion as level flight attitude is 
achieved. 

Unfortunately, no simple prescrip-
tion can be given for necessary rudder 
and aileron control during a loop. 
Leftward yawing forces due to p-fac-
tor and propwash effects on the tail 
are counterbalanced by the rightward 
yawing force due to precession effects 
on the propeller and the net effect of 
these forces changes with airspeed, 
angle-of-attack, and pitch rate. The 
relative magnitude of the individual 
yawing forces varies between aircraft 
for the same flight conditions. Simi-
larly, the left or right rolling tendency 
of the aircraft due to prop rotation 
forces and aircraft rigging will vary 
with flight conditions and aircraft 
type. The most useful thing that can 
be said is that the pilot must learn 
from experience how much, which di-
rection, and when to apply rudder and 
aileron controls so as to suppress the 
tendency to yaw or roll out of the 
plane of the vertical circle. The most 
obvious check on the yaw and roll 
situation comes at the top of the loop 
when the world is spread out beneath 
you. With experience, however, you 
will be able to detect (and suppress) 
yaw and roll tendencies continuously 
as you look out to the horizon and the 
ground throughout the figure. 

When a significant wind is blowing 
(Continued Next Page) 
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you will need to drive somewhat more 
into the wind initially (i.e., a rela-
tively soft pullup) and pull the back 
half around more briskly (relatively 
hard pulldown). Only experience and 
critiquing can guide you. 

You can save a lot of time (your own 
and that of your critiquer) by putting 
in very considerable practice before 
working with a critiquer. You need to 
be able to fly the figure reproducibly, 

and see the small differences each 
time you fly it, before a critiquer can 
help you much. The critiquer, prefer-
ably an experienced judge, should be 
positioned on the ground so that his/ 
her perspective on your flying is ap-
proximately that of the judges in the 
competition situation. About half-a-
mile off to one side is pretty good. A 
critiquer can make written notes or, 
as is typically done, make verbal 

notes on a handheld audio recorder. 
Use of two-way radio expedites 
critiquing — it is very efficient and 
effective in that immediate feedback 
can be given. 

(The information contained in the 
articles of this series is, necessarily, 
based only on my own experience and 
that of a few pilots in IAC Chapter 
One who have critiqued the articles 
before publication.) 

NO DISH-OUTS 9.2 2 POINT ROLLS 

By Jim Rossi 
IAC #2177 

Have you ever noticed what beauti-
ful half barrel rolls many people do 
when rolling out of the top of a half 
loop-half roll or so-called Immelmann? 

This would be fine if the Aresti 
number called for a barrel roll; how-
ever, all of the Immelmanns in one 
year's group of compulsory sequences 
called for a half slow roll. While judg-
ing the Sportsman group at a contest 
some years back, the most common 
error was the barreling out or dishing 
out of the roll to upright. Let's analyze 
the figure to see why. 

Remember in executing the compe-
tition Immelmann, we first do a half 
loop and then must establish negative 
G-flight for a brief moment. Even 
though the inverted line is short, it 
still is a negative G-line and therein 
lies the problem. Remember when in-
itiating a left roll from upright, you 
begin with coordinated left aileron 
and left rudder which is smoothly 
transitioned to right rudder as you 
roll past the 90-degree point of the 
roll. 

Now, let's initiate a left roll from 
inverted to upright after sustained in-
verted flight. You still use left aile-
ron, but (here is the key) you coordi-
nate with opposite or, in this case, 
right rudder in order to swing the 
nose into the same direction, so to 
speak. 

The error lies in initiating the roll 
from inverted in the same manner as 
if upright. This would be equivalent 
to starting a slow roll from upright 
with left aileron and right rudder 
which is cross-controlling at the 
wrong point in the figure. 

If you're thoroughly confused by 
now, just practice half rolling to in-
verted, hold it for a few seconds to es-
tablish negative G-flight and then 
half roll back to upright, all the while 
concentrating on holding your alti-
tude. Remember from inverted to up-
right, if you're rolling left, lead with 
right rudder, smoothly transitioning 
to left or top rudder as the airplane 
passes knife edge. 

You are likely to use too much oppo-
site rudder at first, but with practice, 
you'll get the feel and VOILA! No 
more dish-outs! 
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Fomnation Flying 
— By Sam Burgess — 
Contributing Editor • 

Formation flying probably requires 
more concentration than any other 
phase when you consider the conse-
quences of a moment's distraction. 

"What has formation flying got to 
do with sport aerobatics?" some will 
counter. Well, it will make you a more 
disciplined and precise pilot and pro-
vide you with a better feel of your air-
craft. As many aero pilots fly forma-
tion to and from contests, or for air-to-
air photos, the following is a guide for 
the newcomer to this challenging part 
of the sport. There is nothing more 
satisfying than having flown a good 
wing or anything more humbling 
than when you first try. 

The most important item of forma-
tion flying is a thorough briefing by 
the flight leader prior to takeoff. The 
old cliche of "kick the tire, light the 
fire and the first on the runway is 
lead" is pure fantasy and has no place 
in a sophisiticated operation. 

The flight leader should be the most 
experienced pilot but not necessarily 

the best formation pilot. This slot is 
usually reserved for the number two 
man as any over-controlling will be 
amplified in a large formation. 

Radio and/or hand signals play an 
important part in a successful mission 
especially during instrument forma-
tions where vertigo sometimes will af-
fect a pilot in turns. A night penetra-
tion flying in the number five position 
in a right echelon is an experience to 
remember. 

Formation takeoffs can be safe if a 
few basic rules are observed. No more 
than a two-ship takeoff is a must. 
Most runways will not allow for any 
more anyway. Place the number two 
man on the upwind side in a cross-
wind to stay out of the leader's wash 
and allow enough spacing to clear the 
lead in case of an abort, blown tire, 
etc. The flight leader usually applies 
max power then retards the throttle 
slightly to allow number two to adjust 
for any slight variances in aircraft 
performance. It goes without saying 
that both aircraft must be similar 
enough in design and performance to 
make formation practical. 

After takeoff the leader will execute 
a slow climbing turn to on course. In 
a right turn, for example, the number 
three man will slide under and to the 
rear of the number one and two, 
number four will form up on number 
two and number five will slide under 
and to the rear of number one and 
three aircraft, for a quickly formed 
"V" formation to on course. 

During flight the leader usually 
signals changes in formation by rock-
ing his wings to tighten up, walking 
the rudder to spread out, dipping his 
wing in the direction of changeover, 
pointing in the direction of turn and 
a forward and back hand motion to 
signal a throttle setting change. 

As most aerobatic aircraft have 
some sort of sunburst these can be 
used to sight along to stay in forma-
tion which should be at least ahead of 
a 45-degree line drawn from the fuse-
lage of the lead where he can see you 
out of the corner of his eye. A good 
wing man will have a crick in his neck 
after a two-hour formation flight — 
not the lead. 

Never, ever form up on another air-
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FORMATION FLYING 
craft that happens to be flying alone 
in your same direction. Always fly for-
mation wearing a parachute and don't 
make any sudden moves. 

At the pre-World War II Cleveland 
Air Races, Claire Chennault used to 
do formation aerobatics with a flight 
of three P-12s — tied together with 
clotheslines with cloth streamers. I 
talked with his son a few years back 
on this stunt and his dad told him that 
the most difficult part of the entire 
act was trying to stay tied up taxiing 
on the rough sod — with a tail skid. 

Crossover from a "V" formation to 
echelon has one firm rule. Always 
keep the lead and other aircraft in the 
formation in sight. This is usually ac-
complished by sliding under and to 
the rear of the lead. Stepping up or 
down in level flight will depend on the 
type of wing configuration (high, low 
or midwing) and will be covered in the 
flight leader's briefing. 

When turning in formation the air-
craft on the inside of the turn will 
drop down and reduce power while the 
outer aircraft climb slightly and apply 
more power. This maintains the same 
angular position in relation to the 
lead aircraft as in level flight. 

A two-ship formation flight is ideal, 
three is tolerable, four is a chore and 
five or more is unwieldy. However, if 

properly briefed and each pilot follows 
instructions to the letter a large for-
mation can be flown as smoothly as 
any. But for relaxed cross country for-
mation flying, it is well to break up 
the entire flight into echelons of two. 

How close you fly to your leader will 
depend on his tolerance for the prox-
imity of your talents, turbulence, 
weather, and your penchant for show-
ing off. It is amazing how good a for-
mation pilot you rapidly become when 
the weather closes in and you have 
lost your radio and artificial horizon. 
The number two man usually sets the 
spacing for other aircraft to follow to 
make the flight appear proportional. 

Propeller driven aircraft, especially 
constant speed and turboprops, are 
very responsive in formation while jet 
aircraft are slow to accelerate and 
quick to overshoot your position. 
Speed brakes are an advantage. 

The tightest formation I have ever 
seen from the lead position was with 
a flight of six P-39s. As the runway 
was in line with a right echelon for 
pitch out I looked out at the formation 
and saw only my number two man. 
"Where in . . . are those other four 
jocks?" But on closer look, they were 
flying in such a perfect echelon forma-
tion that the number two aircraft was 

almost completely blocking the others 
from view. It was a sight to re-
member. 

A finger tip formation in a "V" will 
usually look like the accompanying 
sketch. It can be seen that this is also 
your number for takeoff for a quick 
form up. When changing over to a 
right echelon for a pitch out to the left 
for landing, the number three man 
will slide over first, then number five. 
The number of seconds to count for a 
360-overhead will depend on the type 
of aircraft and length of runway. Four 
seconds will provide good separation. 
The lead will land to the left of center-
line, number two to the right, number 
three to the left, etc. to provide a 
safety factor in case of a ground loop, 
blown tire, etc. 

So, relax but stay alert at all times. 
Don't get a fixation by staring. Look 
away once in awhile — check your in-
struments, manage your fuel, check 
on other aircraft in the flight. Don't 
over-control and follow instructions! 
You will find that, as in any other 
sport, teamwork prevails. After land-
ing, if you don't have a sore neck, a 
bit of the shakes, a numb posterior, a 
hitch in your back, red eyeballs, and 
a feeling like you just hit a bases-
loaded home run, then you have 
missed all the fun in formation flying. 
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STARTING A 
ROIIING 360 

By Sam Burgess 
Con trib u ting Editor 

When Bob Nance of South Carolina 
first introduced the Europeans to roll-
ing turns in 1962 in his Great Lakes 
at the World meet, he had them ahing 
and oohing. Today people are still 
gawking when they first view this 
beautiful-to-watch maneuver. The as-
piring, young grass roots aero pilot 
will wonder aloud, "Wow! I'll never 
be able to do that!" 

It is probably the most ominous-
looking and difficult of all the Aresti 
figures to learn. A whole page of the 
IAC rule book is devoted to the rolling 
360 (P-45) with six rules for point 
reductions that can make or break 
your score before you are half way 
around, not to mention a ZERO for 
turning the wrong way. It is probably 
the most difficult maneuver to judge 
due somewhat to the angular viewing 
position. 

First, practice rolling 90s, inside 
and outside, left and right; then 180s, 
etc. Check page 162 of the Aresti 
manual on "Slow Roll In Horizontal 

Circle" (8.4) and you will find seven 
basic combinations with twenty-eight 
— yes, 28 — variants of this figure. 
They range from one to four turns, 
"rolling to the same side of the turn" 
and "to the other side of the turn," 
from inverted and from normal flight. 
"Americaneese" defines it simply as 
turning left and rolling left or turning 
right and rolling left, etc. 

As in the spin and snap roll, the 
maneuver must get started properly. 
Obviously, if the figure to be flown is 
a rolling 360 with four rolls to the 
outside and you roll to the inside — 
ZERO. Starting from inverted can be 
particularly confusing to the first-
timer. Rolling turns look like 
monsters yet to be tamed to the novice 
aerobatic pilot but are really not all 
that difficult if you get it started 
right. And herein is the gist of this 
suggestion. 

How can you remember if it is 
"right rudder, left aileron and push" 
or "left rudder, left aileron and pull"? 
If you want to keep from blowing a 
very high "K" figure (46K, one rolling 
turn to the outside from inverted) for 

(Continued on Page 22) 

L. RUD 
L. AIL 
PULL 

L. RUD 
R. AIL 
PUSH 

example, write on your sequence card 
under the rolling turn R. Rud, L. Ail, 
Push, etc. This can be very helpful 
when flying Unknowns or when you 
are otherwise confused or distracted. 

Once you get the nose moving in 
the proper direction and your rate of 
roll is established, it is then rudder 
and elevator to maintain the turn and 
hit those cardinal points. The direc-
tion you choose to roll (left or right) 
will depend on your location in the 
box in relation to the X-axis, the 
judges and any crosswind. Although 
present rules do not lend any credence 
to the cardinal points you must still 
fly the figure as drawn. 

This tip for beginners is merely of-
fering a sound means for initiating 
the maneuver and is no way meant to 
go into the intricate steps of flying it. 
This will come with experience. I 
know, it sounds mechanical, but if 
your control placement is in the 
proper direction when starting the 
rolling turn, then you have at least 
eliminated, to a great extent, receiv-
ing a ZERO. 

Sport aerobatics is a constant chal-
lenge; so, when you think you have the 
horizontal rolling turns mastered, just 
try this one (8.5-Slow rolls in a loop). 

R. RUD 
L. AIL 
PUSH 

R. RUD 
R. AIL 
PULL 
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HOW TO FLY' SERIES 

Sportsman Technique 
Sight Gauges 

By Dick Lewis 
Contributing Editor 

Lateral sight gauges, mounted left and/ 
or right on the wing or made of narrow 
strips of tape applied to the inside of the 
canopy, are essential to precision aerobatic 
flying. In Sportsman figures, vertical and 
45-degree lines are judged on aircraft at-
titude (not flight track). The best way to 
set these lines accurately and quickly is 
by setting a lateral sight gauge line 
against the horizon. 

Side-mounted (i.e., lateral) gauges 
should have a principal line set such 
that when it is aligned with the hori-
zon the aircraft appears to a judge on the 
ground to have a horizontal attitude (not 
a level flight path). A good first approxi-
mation to this is to set the principal sight 
gauge line parallel to a line drawn from 
the nose to the tail (ignoring the vertical 
stabilizer). Most airplanes have the princi-
pal fuselage paint stripe aligned in this 
way. 

Fine adjustment of the principal sight 
gauge line (and every other gauge line and 
spot discussed in this article) can only be 
done with the help of a judge, or other ex-
perienced observer, on the ground. In gen-
eral, however, such fine adjustments are 
not necessary. 

Other lateral sight gauge lines should 
be set at 90 degrees, + 45 degrees, and -45 
degrees to this principal line. It is useful 
to locate the center of this star pattern of 
four intersecting lines such that it is 
straight out from the pilot's eye to the hori-
zon in both horizontal AND vertical flight. 
That way the pilot can hold this point on 
the horizon in pitch change figures (such 
as loops), while looking continuously to 
one side only (say left), and know that the 
wings are always level. 

Wing-mounted sight gauges have the 
advantage that they can be used with both 
eyes open without parallax (double vision) 
problems. The principal disadvantage is 
that the gauge lines are short as the pilot 
sees them and this makes it more difficult 
(at least for the beginner) to quickly see 
small angular errors between the sight 
gauge lines and the horizon. Other disad-
vantages are the relatively high cost and 
the physical vulnerability of wing-
mounted gauges. 

Canopy-mounted, narrow-tape, lateral 
gauges have reciprocal advantages and 
disadvantages. The lines can easily be 
made long as the pilot sees them. Thus it 
is easy to quickly discern attitude errors 
against the horizon. You need to close one 
eye (say the right eye when looking left) 
to avoid parallax. They are cheap and vir-

tually invulnerable. If the aircraft canopy 
shape is strongly curved, as in a Pitts or 
Eagle, it will take some considerable effort 
to get the tape line-layout accurate. 

Wing-mounted sight gauges can also be 
an advantage if more than one pilot uses 
the same aircraft — particularly if the 
pilots differ in height so that their eye posi-
tion in the cockpit is different. Because 
they are much farther away, the wing-
mounted gauge is much less sensitive to 
eye position changes than the close-up 
tape gauge. 

Some pilots add spot gauges (or aiming 
points) to the front of the canopy (wind-
shield) with small pieces of tape — some-
times of different colors for quick recogni-
tion. The idea is to place a particular spot 
on the horizon to quickly and accurately 
set some pitch attitude. A typical array of 
spots might be: level erect flight at cruise 
speed, attitude at inverted position during 
a slow roll (for level flight path), 45-degree 
upline attitude inverted (which is the 
same as 45-degree downline attitude 
erect), and attitude for very low airspeed 
inverted power on level flight. 

To this basic array of sight gauges can 
be added spots of tape or visible places on 
the aircraft structure as initiation points. 
When these spots project onto the edges of 
the box you initiate something. Examples 
of this are: when this spot reaches edge of 
box a standard pullup will jsut keep air-
craft in box (at standard speed, into aver-
age wind), a spot to initiate 90-degree (or 
more) level turn that will just keep the 
aircraft in the box, and a spot to cut power 
to initiate final slowdown and stall into a 
spin such that you just stay in the box. 
You get the idea. This way you can drive 
figures to the edge of the box without fear 
of going out. 

(The information contained in the initial 
articles of this series is, necessarily, based 
only on my own experience and that of a 
few pilots in IAC Chapter One who have 
critiqued the articles before publication. I 
would appreciate reader feedback, sugges-
tions, advice, etc. relevant to Sportsman 
level flying that you would be willing to 
share with others by inclusion in future 
articles of this series.) 

EDITOR'S NOTE: Dick Lewis, IAC 
#11474, is the reigning Sportsman Na-
tional Aerobatic Champion. A resident of 
Downers Grove, Illinois, who competes in 
a Super Decathlon, he has now advanced 
to the Intermediate category this contest 
season. We welcome him as a new volun-
teer Contributing Editor writing bout 
Sportsman competitor techniques. His 
next nine articles deal individually with a 
specific figure. — Jean Sorg. 

A SNAP 
ROU. 
IS NO 
SNAP! 

By Sam Burgess 
Contributing Editor 

The quickest figure in Aresti is the 
snap and you can get a zero on it 
sooner than any other maneuver, too. 

Look on page 45 of the IAC OFFI-
CIAL CONTEST RULES and you will 
find a whole page on how you can go 
from a ten to a five in less than two 
seconds. "Correct plane, part line, 
critical angle of attack, at t i tude 
change, yaw around axis, angular ve-
locity, flicking characteristics, identi-
cal attitudes, figure geometry" are 
just some of the judging criteria 
listed. However, it can also be a quick 
and easy ten if you add a certain 
technique. 

Our sport should not contain secret 
formulas known only to aerobatic 
gurus to add to the anxiousness of the 
grass roots pilot. And the following is 
intended to serve as a guide to tha t 
elusive ten. Hence, the aspiring aero-
bat should first attend a contest or 
two as an observer, enroll in a judges 
school, and thoroughly digest the rule 
book where the description of what 
the judges are looking for almost tells 
you what control inputs are necessary 
to perform the graphical presentation 
of the Aresti figures — almost. 

When Jose Aresti described aero-
batics as "the most spectacular 
branch of aviation," he was most 
likely thinking of the snap roll when 
writing his manual of "aerocrypto-
graphico" (a Greek word meaning ae-
rial, concentrated and written). 
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A S N A P ROLL 
IS N O S N A P 

"The nose must definitely break or 
the figure earns a zero" seems like a 
fair enough judging criteria but what 
about the recovery? The rule book 
does not expound much on this phase 
of the maneuver but here is where 
most of the comments are heard and 
points are lost — "bobbled, overshot, 
undershot, used aileron" ("when the 
aircraft will break but not stay in the 
stalled condition all the way around 
and the contestant will finish the 
maneuver with the use of aileron," 
page 45), etc. Ah, but you CAN use 
aileron and not be in violation of this 
rule — by using aileron to STOP the 
maneuver. 

"The at t i tude before start ing the 
flick roll and in the instant of stop-
ping it must be identical" so say the 
rules. Basic methods taught to re-
cover from a snap roll is to release the 
stick and rudder. This alone will not 
insure an identical at t i tude recovery 
and has been the prime point loser for 
snap rolls. So, add a flick of the aile-
rons to help stop the snap right on the 
plane intended. Fly around the axis 
like you were going to overshoot, and 
then with precision stop it in the de-
sired flight at t i tude with a snap of the 
wrist. 

Consider a four-point slow roll. Are 
not the ailerons used in this exact 
same manner to precisely stop on a 
point? Then why not use it to stop a 
snap roll? Several advantages are ob-
vious in this trick of the trade sugges-
tion: extending the rotation of the 
snap to its ul t imate degree of roll 
ra ther than anticipating recovery at 
the 3/4 position (type of aircraft a fac-
tor), el iminating any guess work on a 
flat recovery by the use of elevator 
and rudder alone, and a more precise 
culmination of a figure tha t is really 
quite easy to judge. 

For the past few months I have been 
critiquing an up and coming young, 
world class aerobatic pilot who dem-
onstrated such a high degree of poten-
tial tha t he flew in Intermediate in 
his very first contest at Edna, Texas, 
and took first place. He did a Nadia 
Comaneci and got a TEN from all five 
judges on his snap roll — some kind 
of record — using the above recovery 
technique. 

Take heed grass rooters and old cod-
gers alike. It works! 
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VERTICAL SNAP ROLLS 
— By Sam Burgess — 
• Contributing Editor-

"How do you do a vertical snap?" I once 
asked a prime aerobatic contender years 
ago and was abashed at his reply — "Well, 
after you have done 300 of them you'll find 
out." It took 293, but I found out. 

This spectacular figure probably im-
poses the highest G-load on an aerobatic 
aircraft over any other in Aresti as you 
must have enough speed left to recover, 
draw a line and finish the maneuver while 
going straight up. 

Deceleration must be compensated for 
by high entry speeds and the snap itself is 
usually performed at a much higher speed 
than a horizontal snap where the same 
judging criteria still apply. The added dif-
ficulty factor is disorientation with no 
horizon. Hope for a cumulus cloud to roll 
the nose around??? Forget it! 

Conferring with the more open com-
petitors over the years it seems that count-
ing is the favored method in performing a 
vertical snap to insure that you are look-
ing out the wing at the exact same piece 
of real estate you viewed when you started. 

Experiment around with your particular 
type of aircraft for entry speeds and count-
ing. In a Pitts SIS the count seems to go 
as follows. The three-quarter vertical 
snap, and you will see them on Unknowns 
for wind correctors, is the easiest as there 
is no count — just full deflection and re-
cover. A count of "one thousand and one" 
is about right after the break for a full 
vertical snap. A half vertical snap, oddly 
enough, is probably the most difficult. If 
you deflect the elevator and rudder fully 
you will go three-quarters the way around 
but you still must apply enough control 
input to make it break. Perhaps the "how 
to" here is to enter with a lesser airspeed 
and apply only a very positive partial de-
flection with a rapid recovery sometimes 
almost before it breaks. 

"The part loops of any one figure should 
have the same radius," one reads on page 
37 of the IAC OFFICIAL CONTEST 
RULES. So, what does this have to do with 
a vertical snap roll? Consider this. 

The snap is a stalled maneuver. Okay. 
When you snap vertically you don't have 
much airspeed left to make that pull or 
push at the top so you will usually see a 
smaller quarter loop than the entry one. 
You won't see too many with a cap recov-
ery as most are hammerheaded out of. 

There is one on the very first figure (a 
humpty bump) in the current Unlimited 
Known (page 11, Jan. '87, SPORT AERO-
BATICS). As a result, this figure has 
many, many difficulty factors built into it 

so you will see a lot of vertical snaps that 
do not break because of the required addi-
tional entry velocity. You will also see 
more bobbles on recovery and shorter lines 
than before the snap. 

"This radius (at the top of the humpty 
bump) bears no relationship to the initial 
quarter loop," so say the rules. However, 
they also say, "The half loop at the top 
must be a perfect semicircle." So, you will 
need some speed to make the same length 
of line before the snap and still perform 
the half loop. The only real advantage to 
a competitor doing this first figure in the 
1987 Unlimited is that — it will get the 
judges' attention. 

When performing level snaps you have 
discovered that they go around faster to 
the right. This is helpful when vertical. Of 
course, some three-quarter vertical wind 
correctors may call for a snap to the left; 
so, try to program the wind corrector's 
other figure to go opposite so you can do 
the three-quarter vertical snap to the 
right. However, this is one figure it would 
be well to practice in both directions. 

Try using right aileron also to speed the 
rotation and recover with the most speed 
possible for that line before the hammer-
head or cap. You might try releasing a lit-
tle back pressure also to speed rotation. 
Mary Gaffaney, our first USA woman 
World Champion, used this method in her 
triple vertical snap airshow routine. 

Outside of aerobatic circles you will hear 
the terms "kick" the rudder, "jerk" the 
stick, "ram in" some aileron and "slam" 
the throttle open but these phrases have 
no place in the vocabulary of a precision, 
competition aerobatic pilot. Rather, in a 
snap roll you APPLY PRESSURE on the 
controls with ever increasing rapidity as a 
baseball pitcher uses his shoulder, elbow 
and then wrist to smoothly build up the 
velocity of the ball — or like cracking a 
whip or winding up a discus throw. 

The above should help the aspiring 
young aerobat so that you only have to do 
292 vertical snaps before you enter Unlim-
ited. This sport always has a new chal-
lenge right around the corner to make it 
all seem worthwhile. So when you get that 
eight on your first vertical snap in a con-
test, try this one. 

8.3.2.10.1. 
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and Aerobatic 
Pilots Gs 

DISCLAIMER — There is a cur-
rent joke in the medical research com-
munity tha t has to do with using 
white rats for research. In the future, 
so the joke goes, lawyers will be used 
because they're more plentiful and 
you don't get so attached to them. 
These are litigious times, and anyone 
giving advice on the life threatening 
pastime of flying high G maneuvers 
must of necessity do so with caution. 
The material presented in this work 
is, of necessity, general in na ture and 
is by no means complete. Individuals 
with disease states or metabolic con-
ditions tha t are not discussed are 
warned, along with all other readers, 
to consult an Aviation Medical Exam-
iner prior to applying any of the mate-
rial contained in this article. 

INTRODUCTION — The lore of 
competition aerobatic flying is full of 
anecdotes concerning pilots who died 
because they could not maintain con-
sciousness as a result of the high sus-
tained accelerations developed in the 
sport. The purpose of this article is to 
discuss the factors tha t influence the 
individual's ability to tolerate Gs and 
to suggest methods for the enhance-
ment of acceleration tolerance that 
might be useful to aerobatic pilots. 

Tolerance to sustained acceleration 
varies widely from individual to indi-
vidual and from day to day for a single 
individual. The primary factors that 
determine acceleration tolerance are 
as follows: 

Anatomy, Physiology and Physics 
Body orientation with respect 

to the G vector 
Magnitude of Gs 
Duration of Gs 

Rate of change of Gs 

By R.E. Van Patten 
Ph.D., P.E. 

Chief, Acceleration Effects Branch 
Biodynamics and Bioengineering Div. 

Harry G. Armstrong Aerospace 
Medical Research Laboratory 

Wright Patterson AFB, OH 45433-6573 

Proficiency in performance of 
self-protection (straining) maneuvers 
Somatotype (the individual's build) 

Physical fitness/type of exercise 
Age 

Blood pressure 
Fatigue/rest status 

Diet/nutrition 
Dehydration 

Ambient temperature 
Altitude 
Illness 

Medications 
To provide a foundation of under-

standing at the outset I will discuss 
the physics, anatomy and physiology 
of acceleration. The role of some of the 
factors listed above will then be self-
evident. 

ANATOMY; PHYSIOLOGY AND 
PHYSICS OF G TOLERANCE — 
In aerospace medical acceleration re-
search the effects of acceleration on 
human physiology are separated ac-
cording to the body axis through 
which the acceleration acts. Pilots 
with a background in aerodynamics 
should keep in mind that when an ac-
celeration physiologist talks about Gs 
he is talking about the INERTIAL 
EFFECTS of the acceleration (F = 
-ma). Three physiological axes are de-
fined using ( + ) and (-) signs to denote 
the direction of the inertial force in a 
given body axis. These axes and their 
directions are defined as follows: 

+ Gz: Headward acceleration 
(vernacular "eyeballs down") 

-Gz: Footward acceleration 
("eyeballs up") 

+ Gy: Lateral acceleration 
("eyeballs left") 

-Gy: Lateral acceleration 
("eyeballs right") 

+ Gx: Transverse acceleration 
("eyeballs in") 

-Gx: Transverse acceleration 
("eyeballs out") 

A few examples: inside loops pro-
duce + Gz, outside loops produce -Gz, 
sideslips produce ( + ) or (-) Gy, abrupt 
forward acceleration in the aircraft 's 
longitudinal axis produces + Gx, and 
abrupt deceleration produces -Gx. 

The necessity for all of these defini-
tions in acceleration physiology de-
pends basically upon human anato-
my. Human tolerance to acceleration 
is lowest in the + Gz direction and, in 
order to understand why this is true, 
refer to Figure 1. The left-hand draw-
ing in this figure indicates tha t the 
vertical distance (in a pilot seated up-
right) from the aortic valve in the 
hear t to the ret ina of the eye is, on 

the average, a distance of 32.5 centi-
meters (350 millimeters). Sitting in a 
chair in normal ear th gravity your 
hear t must pump this column of fluid 
(with a density roughly equivalent to 
sea water) up to the eyes and brain. 

In order to determine what tha t 
pumping pressure means in terms of 
blood pressure, we divide the height 
of this "water" column by the density 
of mercury (13.6) and find that (at one 
G) this amounts to a pressure head of 
about 24 millimeters of mercury 
(mmHg). Pulling +2Gz makes tha t 
fluid column twice as heavy (or twice 
as high, depending on how you choose 
to look at it), which means tha t the 
hear t must increase its pressure out-
put by another 24 mmHg in order to 
keep the eyes and brain perfused with 
blood in the normal manner. At 
+ 5Gz, the heart must pump a pres-
sure of about 120 mmHg additional (5 
x 24) in order to keep you conscious. 
For the average relaxed and unpro-
tected man subjected to gradually in-
creasing acceleration in the +Gz di-
rection, dimming of vision commences 
in the range of 3.0-3.5G and continues 
to peripheral vision loss in the range 
of 3.5-4.5G. 

Tolerance, however, is a tricky 
word to define when you're dealing 
with acceleration because different 
kinds of tolerance endpoints are used. 
The symptoms of slowly applied + Gz 
acceleration are primarily visual 
(aside from the sensations of increas-
ing body heaviness). The earliest 
symptom is loss of peripheral vision 
and this becomes increasingly worse 
as the stress is sustained. The vision 
eventually (or quickly) collapses to 
tunnel vision, followed by graying or 
dimming of vision, followed by black-
out, followed by unconsciousness. 

These symptoms are caused by the 
decreasing effective blood pressure at 
the level of the eyes. Because of this 
decrease in effective pressure, the 
heart is unable to fill the arteries in 
the retina and, as this process goes 
on, the eyes cease to be perfused at all 
and you are then "blacked out." The 
pressure of fluid within the eyeball 
(the intra-ocular pressure) is equal to 
about 20 mmHg, which means tha t 
when the man is in blackout, there is 
still about 20 mmHg pressure left to 
perfuse the brain, or at least some of 
it. 

For this reason it is possible to be 
in blackout and still be conscious. If 
the stress is continued unconscious-
ness will result. A G-induced loss of 
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Gs and Aerobatic Pilots 
consciousness (GLOC) results in a 
period of absolute incapacitation 
which lasts, on the average, about 15 
seconds (range 9 to 30) if the acceler-
ation is reduced to near normal earth 
gravity. This period of absolute in-
capacitation is followed by a period of 
relative incapacitation in which the 
individual is nominally conscious but 
not capable of purposeful action ("the 
lights are on, but nobody's home") 
which may last another 30 seconds. 

When reading papers on accelera-
tion research it is necessary to under-
stand what exact endpoint was being 
used to define tolerance. Current 
practice in at least three military 
laboratories is to use peripheral light 
loss (PLL) as the endpoint. The expo-
sure is terminated when the subject's 
peripheral vision (which he tracks 
with a control stick and a ring of 
peripheral light emitting diodes) col-
lapses to an included angle of 30 to 
60°. 

THE EFFECT OF G ONSET 
RATE — Human tolerance to rapid 
onset rate acceleration is less than 
tolerance to gradual onset acceleration. 
During gradual onset rate (GOR) ac-
celeration (arbitrarily defined as a 
rate of less than one G/second in-
crease in Gs) tolerance is increased by 
cardiovascular compensatory re-
flexes. Sensors in the circulatory sys-
tem detect the changes in flow and 
blood pressure and respond by nar-
rowing the diameter of the blood ves-
sels in the peripheral circulation, by 
increasing the strength of contraction 
of the heart muscle, and by increasing 
the heart rate (the number of 
heartbeats per minute). These latter 
two effects increase cardiac output, 
which is measured in liters per min-
ute of blood pumped by the heart. 

The mean arterial blood pressure is 
defined as the product of peripheral 
vascular resistance and the cardiac 
output. As the body reflexively in-
creases the peripheral flow resistance 
by narrowing the blood vessels and in-
creases cardiac output, the result is 
an increase in blood pressure which is 
exactly what is required to increase G 
tolerance. This process requires ten to 
fourteen seconds to develop fully and 
increases tolerance about one G. 

Figure 2 shows the tolerance curve 
to GLOC of relaxed subjects with no 
anti-G suit protection. Notice that the 
time to GLOC decreases dramatically 
when the rate of onset is above one 
G/second. Notice that at higher onset 
rates, the curve becomes asymptotic; 
further increases in onset rate cause 
only very small decreases in tolerance 
time. This is true because the limiting 
factor is the blood oxygen reserve of 
the brain which maintains conscious-
ness for three to five seconds irrespec-
tive of the onset rate. The reality of 
the brain's blood oxygen reserve is re-
sponsible for the anecdotes you hear 
around the bar to the effect that so-

and-so pulled 12Gs without blacking 
out. Sure he did, but not for long! 

Through training and experience, 
pilots of high performance aircraft 
learn to fine tune their G tolerance by 
observing the changes in their 
peripheral vision as it progresses to-
ward tunnel vision, grayout and 
blackout. It is common for pilots to 
add and unload Gs to maintain a ma-
neuver short of actual blackout. 

When performing a rapid onset run 
(ROR) in a snap maneuver to a sus-
tained high G level there is a very 
real danger of an abrupt GLOC with-
out any of the warning symptoms be-
cause there is no time for cardiovascu-
lar compensation and the individual 
is running on the brain blood oxygen 
reserve. The straining maneuver can, 
to a degree, alleviate the rapid drop 
in blood pressure and is critical in 

maneuvers of this sort. 
Accordingly it is important that the 

unprotected (aerobatic) pilot be skilled 
in the straining maneuver, perform-
ing it immediately and well, when fly-
ing in this manner. Should the brain 
blood oxygen reserve be exhausted be-
cause of rapid onset G and inadequate 
straining, a GLOC is certain. Consid-
ering the low altitudes at which aero-
batic pilots fly, the result could well 
be fatal. 

PHYSIOLOGICAL EFFECTS 
OF •Gz — In aerobatic flying -Gz is 
almost as common as + Gz, though it 
is seldom used in air combat maneu-
vering. Human tolerance to -Gz is 
primarily limited by discomfort and 
visual effects and is usually specified 
as around -3Gz for sustained expo-
sures. Unpleasant sensations of full-
ness of the neck and head with accom-

panying pain are common in -Gz expo-
sures and vision is usually com-
promised by the lower lids partially 
covering the pupil of the eyes. This 
results in a phenomenon called "red-
out" and has, to this writer's knowl-
edge, no relationship to seeing red be-
cause of blood in the eyes despite the 
occasional occurrence of burst blood 
vessels in the eyes as a result of exces-
sive -Gz exposure. 

The cardiovascular effects of -Gz 
are opposite to those experienced in 
+ Gz. The compensatory reflexes op-
erate on the fact that the blood pres-
sure in the head is far too high. Con-
sequently the reflexes operate to ex-
pand the peripheral blood vessels, re-
duce the heart rate, reduce the strength 
of contraction of the heart and there-
by reducing pressure. This situation 
can result in a very great hazard as 

will be discussed in the next section. 
UNIQUE HAZARD OF ALTER-

NATING (+) AND (•) Gz — The 
foregoing discussion of the cardiovas-
cular reflexes and their role in G pro-
tection leads to the special hazard in-
volved in aerobatic maneuvers in-
volving sustained -Gz maneuvers fol-
lowed immediately by sustained + Gz 
maneuvering. A -Gz maneuver has 
the effect of altering the cardiovascu-
lar system so as to reduce blood pres-
sure as much as possible. If a -Gz ma-
neuver is followed by a high sustained 
+ Gz maneuver there is a very real 
hazard of an abrupt loss of conscious-
ness because the body is totally un-
prepared for this stress. An aerobatic 
pilot must be well aware of this 
phenomenon and prepare for it with 
a straining/crouching maneuver in 
order to combat the effect. 

FIGURE 1 
PILOT ACCELERATION CAPABILITY 
EYE HEART HYDROSTATIC COLUMN 

SEAT BACK SEAT BACK 

128 



Gs and Aerobatic Pilots 
PROTECTION AGAINST +Gz 

— Military pilots in high performance 
aircraft have as their baseline protec-
tion the anti-G suit and anti-G valve. 
The anti-G suit is a cutaway trouser-
like garment containing air bladders 
over the abdomen, the thighs and the 
calves. These bladders are pres-
surized in accordance with the Gs on 
the aircraft by a special valve (the 
anti-G valve) which admits com-
pressed air into the bladders as neces-
sary. The anti-G suit has the effect of in-
creasing the resistance to the flow, or 
pooling, of blood into the legs and the 
abdomen, and provides about one to 
two Gs of protection depending upon 
its design and the type of valve being 
used. 

Since aerobatic pilots do not have 
the assistance of the anti-G suit and 
valve and since they frequently ex-
pose themselves to acceleration levels 
higher than the average relaxed toler-
ance level, some other means of pro-
tection must be used. 

Referring once more to Figure 1 it 
can be seen in the right-hand drawing 
that a radically reclined seat can as-
sist in increasing G tolerance. The re-
clined posture reduces the height of 
the hydrostatic column between the 
heart and the eye, and thus reduces 
the arterial blood pressure necessary 
to perfuse the brain and eyes at high 
Gs. At some cost in terms of space and 
weight, a 65° seatback angle may be 
a worthwhile idea to pursue for aero-
batic aircraft. Crouching forward is a 
useful countermeasure because this 
posture is nearly as effective as is a 
reclined posture in reducing the 
heart-to-eye distance. Depending 
upon the characteristics of the air-
craft it may be even more effective 
than a reclined posture since the nor-
mal acceleration vector on the aircraft 
may sometimes be inclined aft of the 
true perpendicular. An extreme 
crouching posture could conceivably 
raise relaxed tolerance by two Gs to a 
total value of six Gs. 

A tolerance of six Gs is not suffi-
cient for really high G maneuvering 
and so an additional protective mea-
sure must be used. The straining ma-
neuver can add the necessary toler-
ance margin. Recall that increasing 
peripheral vascular resistance can 
help increase G tolerance. A voluntar-
ily produced increase in the resistance 
can be accomplished by isometrically 
straining the muscles of the legs, the 
arms and the abdomen. The muscular 
straining can be augmented by re-
spiratory straining. 

The least complicated version of 
this maneuver involves doing the 
muscular straining and simultane-
ously inhaling, closing the glottis, and 

bearing down hard with the chest 
muscles. You can learn to control the 
glottis, which is the little trapdoor in 
your throat that keeps foreign mate-
rials out of your windpipe, by practic-
ing coughing. The little explosive 
sound you hear is the glottis opening 
and allowing a gust of air, compressed 
by the chest muscles, to be expelled. 

This respiratory straining maneu-
ver increases the pressure inside the 
lungs/chest and, in effect, super-
charges the pressure on the "inlet" 
side of the heart. A well-trained pilot 
can raise his blood pressure around 
100 mmHg with this technique so it 
is recommended that you not practice 
heroic straining maneuvers in your 
easy chair. 

THE RESPIRATORY STRAINING 
MANEUVER MUST NOT BE HELD 
UNTIL YOU TURN BLUE IN THE 
FACE. In terms of G protection this 
is counterproductive. The respiratory 
straining maneuver should be "cy-
cled" every three to five seconds. Take 
a breath, strain, hold the strain for 
three to five seconds, forcefully expel 
the air from your lungs and 
QUICKLY take another breath com-
mencing a new straining episode. Re-
peat as needed and beware of stopping 
your strain as you unload Gs from the 
aircraft until you reach a low enough 
level to be safe. Remember to main-
tain the isometric muscular straining 
along with the respiratory straining. 

WARNING: 
IF YOU DO NOT UNDERSTAND 
THE FOREGOING DESCRIPTION 
OF THE STRAINING MANEUVER 

CONSULT AN A VIATION 
MEDICAL EXAMINER WHO 

WILL BE ABLE TO DRILL YOU 
ON THE TECHNIQUE 

AND 
NEVER, REPEAT N-E-V-E-R, DO 

A STRAINING MANEUVER 
WHILE PULLING NEGATIVE Gs. 

EXPOSURE INCREASES TOL-
ERANCE — The gist of this section 
is that "pulling Gs makes you good at 
pulling Gs." Although structured re-
search has yet to be done, on this issue 
it has been observed repeatedly that 
a long layoff from pulling Gs reduces 
your ability to tolerate the stress. Fre-
quent exposure to high sustained Gs 
probably causes an increase in reac-
tivity in the cardiovascular system, or 
it may simply be that frequent expo-
sure begets better straining tech-
nique. When you resume aerobatic 
flying after a layoff of more than two 
or three days you should always com-
mence with a few "G awareness" ma-
neuvers at levels well below your 
usual tolerance level; work up gradu-
ally until you're satisfied that you 
know how your body is reacting. 

INFLUENCE OF BODY TYPE 
ON TOLERANCE — There are 
three basic body types or somatotypes. 
Pure somatotypes are rare; most of us 
are mixtures of types. The meso-
morph: short, stocky, heavily muscled 
is the ideal body type for pulling Gs. 
The mesomorph usually has a short, 
thick neck which reduces the heart-
eye distance and has the well de-
veloped musculature for a good 
straining maneuver. 

INFLUENCE OF PHYSICAL 
FITNESS ON TOLERANCE — 
There is some evidence that a sys-
tematic program of weight training 
enhances acceleration tolerance. The 
evidence is felt to be sufficiently 
strong that the Swedish Air Force has 
commenced a program of installing 
weight training equipment at all 
fighter squadron bases. The isometric 
muscle straining maneuver tends to 
increase peripheral vascular resis-
tance and it follows, therefore, that 
better muscular development would 
enhance the effectiveness of straining 
and thus enhance G tolerance. 

There is also evidence indicating 
that extreme aerobic training is not 
necessarily a good thing for G toler-
ance. Aerobic training, such as jog-
ging, tends to develop a lower heart 
rate and to increase the (volumetric) 
capacity of the large blood vessels. Ex-
treme aerobic training (in excess of 
15 miles per week) is thought to re-
duce G tolerance because of these fac-
tors. The current consensus on this 
issue is that a balanced program of 
weight training combined with mod-
erate aerobic training is probably 
best, although there is some contro-
versy over the validity of the results 
and effects that have been reported. 

INFLUENCE OF AGE ON G 
TOLERANCE — The aging process 
is accompanied by decreases in the 
elasticity of tissues, including car-
diovascular tissues. The loss of elas-
ticity may be accompanied by deposits 
of fatty tissue in the arteries and may 
also be accompanied by high blood 
pressure. There is at least one study 
on this topic that concluded that the 
older, overweight, slightly hyperten-
sive individual exhibits a higher G 
tolerance. The stiffness of the arteries 
no doubt contributes to this phenom-
ena by increasing vascular resistance 
which is accompanied by high blood 
pressure. However, attempts at pre-
mature aging or adoption of a lifestyle 
that leads to hardening of the arteries 
and high blood pressure is not a 
course recommended for any pilot. 

INFLUENCE OF LIFESTYLE 
ON G TOLERANCE — This is a 
catchall category. Fatigue is likely to 
lead to a loss of tolerance because of 
its generally debilitating effect. (He 
who hoots with the owls by night can-
not scream with the eagles by day.) 
Diet is important. A taste for junk 
food can lead to decreased tolerance 
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and one of the worst offenders is re-
fined sugar (sucrose). 

When sucrose is eaten it goes di-
rectly into the bloodstream. When 
this happens, the pancreas is stimu-
lated to release insulin in order to re-
duce the blood sugar level. In addi-
tion, the adrenal glands are stimu-
lated to secrete adrenaline so that 
you'll be jittery and active to help in 
burning off the sugar calories and re-
duce the blood sugar level. This pro-
cess can result in what is called re-
bound hypoglycemia. This low blood 
sugar condition can make you weak 
and dizzy and drive you to reach for 
another cup of sugar-laced coffee or a 
syrupy soft drink and, thus, start the 
whole cycle over again. A balanced 
diet, high in complex carbohydrates 
(fresh fruits and vegetables, whole 
grain cereals) is recommended prior 
to G exposures. 

Dehydration (low tissue water 
level) will result from an insufficient 
intake of fluids. Dehydration leads to 
a reduction in the circulating blood 
volume, which leads to decreased G 
tolerance. Dehydration can lead to 
loss of electrolytes, such as sodium, 
calcium and potassium all of which 
are essential to proper heart muscle 
function. 

When flying in hot weather it is 
better to drink your fill frequently 
even if you don't have urgent feelings 
of thirst. If you do feel thirsty, you are 
already dehydrated to some extent. 
Salt tablets are not recommended 
under high heat stress since they can 
cause stomach irritation and may 
lead to nausea and vomiting. Approp-
riate use of one or another of the com-
mercially available drink prepara-
tions intended for use by athletes in 
hot environments should take care of 
your electrolyte needs. 

INFLUENCE OF TEMPERA-
TURE AND ALTITUDE ON G 
TOLERANCE — Cool temperatures 
cause blood vessels to contract, espe-
cially in the skin, in order to reduce 
the rate of heat loss from the body. 
For this reason an individual's G tol-
erance is higher when the individual 
is cold. Conversely, high tempera-
tures dilate the circulation in order to 
improve the rate of heat loss. For this 
reason high temperatures tend to re-
duce your G tolerance. 

Altitude tends to reduce G toler-
ance because of the reduced partial 
pressure of oxygen in the atmosphere. 
Since aerobatic flying is ordinarily 
done at altitudes below 5,000 feet this 
should not be a problem. Be cautious, 
however, if you're accustomed to 
operating from a sea level airstrip but 
are flying in a meet located at a sig-
nificantly higher altitude above sea 
level. You may find your tolerance 
somewhat reduced and your endur-
ance compromised. 

EFFECT OF MEDICATIONS 
ON G TOLERANCES — Flying and 

Gs and Aerobatic Pilots. 
medications don't mix. Generally this 
is true because of the underlying 
health problems that require the 
medications. If you're on any kind of 
medication you must inform yourself 
of the effects that medication is likely 
to have on your G tolerance. Consul-
tation with your Aviation Medical 
Examiner is strongly recommended. 

A drug as innocuous as aspirin may 
not necessarily affect your tolerance 
but, because it tends to "thin" the 
blood, may cause you to be inapprop-
riately peppered with "high G mea-
sles." These little red spots on the but-
tocks, backs of the thighs, and on the 
legs and feet are caused by the ruptur-
ing of tiny blood vessels in the skin 
brought on by high acceleration. The 
medical name for these is petechiae 

affecting the ears and sinuses. Ill-
nesses, such as intestinal flu or food 
poisoning, are accompanied by vomit-
ing and watery bowel movements, 
both of which can lead to rapid dehy-
dration, not to mention the other gen-
erally rotten-feeling symptoms they 
present. Accordingly, this type of ill-
ness is especially threatening in 
terms of reduced G tolerance. The bot-
tom line is simple: don't fly when 
you're sick. 

CONCLUSION— An overview of 
techniques and principles useful in 
the attainment of higher tolerance to 
sustained acceleration has been pre-
sented. The essential components of 
high G tolerance are: an understand-
ing of the physiological effects of G, 
proficiency in using postural and 
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(pronounced peh-tee-kee-eye). 
They're essentially harmless and usu-
ally disappear within a few days. A 
close cousin to the petechiae are the 
"splinter" hemmorhages which ap-
pear under the finger and toenails. 
Their name derives from the dark 
splinter-like appearance they pre-
sent. These also are harmless and dis-
appear in a relatively short time. 

EFFECT OF ILLNESS ON G 
TOLERANCES — Those of you who 
have done high G aerobatic flying 
know that it can be an exhausting 
business. Consequently, it does not 
make sense to attempt high G aero-
batics when you are in anything other 
than perfect health. Even the common 
cold can lead to painful and even dis-
abling effects with changes in altitude 

straining maneuvers for tolerance en-
hancement, attention to appropriate 
physical fitness, adoption of an ap-
propriate lifestyle involving adequate 
rest, nutrition and fluid intake, and 
recognition of the possible effects of 
age, drugs, illness, blood pressure and 
altitude. 

EDITOR'S NOTE: We thank IAC 
member Dave Ebershoff of Lakewood, 
Colorado, for being instrumental in 
getting Dr. Van Patten to write this 
informative article for SPORT AERO-
BATICS for the benefit of our mem-
bership. We also thank Dr. Van Pat-
ten himself for his time and expertise 
devoted to the preparation of this ma-
terial. This article is copyrighted by 
him, not the IAC. 
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This article is an attempt to relate 
some of the known effects of positive 
G loading to competition aerobatics 
and/or airshow type flying. Much of 
what is contained herein is informa-
tion given to me by employees of the 
Johnson Space Center, and most of 
the tables used are by Drew Lundgren 
— a Pitts jockey and competitor. 

Some terms used in this article will 
have the following definitions: 

Greyout — Loss of peripheral vision 
(tunnel vision) with loss of color per-
ception, and no loss of consciousness. 
The pilot can still hear, feel, and 
think. Recovery time two to three sec-
onds after release of positive G force. 

Blackout — Complete loss of 
eyesight, no loss of consciousness. 
Pilot can hear, feel, and think. Recov-
ery time two to three seconds after re-
lease of positive G force. 

L.O.C. — Loss of consciousness. The 
subject cannot hear, feel, think, or 
function. Frequently accompanied by 
seizure activity and/or loss of bladder 
and bowel control. Recovery does not 
occur on the average for 15 to 20 sec-
onds after the G force is terminated. 
The time required to return to con-
sciousness may vary from nine to 20 
seconds, and the subject does not re-
turn to normal function for several 
minutes. 

+ GZ — Positive G forces exerted 
through the vertical axis of the body. 
The effect of positive G loading (+ Gz) 
is a function of the G load, the time 
exposed to the G load, and the rate at 
which the G load is produced. 

Figure 1 is a graph of the time plot-
ted against G loads and showing grey-
out, blackout and L.O.C. The informa-
tion on this graph has been known to 
aerospace medicine since published 
by White in 1961. The graph would 
indicate that we can function in the 
first five seconds with heavy to even 
astronomical G loads without even a 
greyout or blackout, provided how-
ever, that we return to less than four 
G's within five seconds. This explains 
the 12 G corners that the Russians 
pull with the Sukhoi Su-26M. 

Referring to Table 2, a 12 G pullup 
at 300 MPH would last 1.8 seconds. 
In reality, the exposure time would 
be slightly longer because the speed 
of the aircraft would be decreasing 
throughout the pull, but not nearly 
long enough to produce visual 
changes or L.O.C. (See Figure 1). 
Again, using Table 3, considering an 
inverted humpty where you pull six 

G's at 240 MPH, the pull will last 5.7 
seconds. Plot this on Figure 1 and you 
will be right on the edge of L.O.C. You 
would, however, pass through the 
areas of greyout and blackout before 
reaching L.O.C. and, therefore, would 
have been forewarned of the immi-
nent L.O.C. This warning ordinarily 
causes us to slack off the G load and 
avoid disaster. 

It has been demonstrated many 
times in the centrifuge and in F-16's, 
etc., that if you enter the L.O.C. area 
(Figure 1), you will not regain con-
sciousness for approximately 15 to 20 
seconds. Fifteen seconds is time to 
carry you 3,960 feet at 180 MPH, dur-
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ing which time the pilot might well 
have convulsive jerking movements 
of all extremities with or without loss 
of control of bowels and bladder. It is 
certainly this 15 to 20 second period 
after the + Gz load has been relieved 
that has killed so many military 
pilots and probably several competi-
tion and airshow pilots as well. 

The very high performance aircraft 
which are now being flown by the 
Russians and are presently being de-
veloped in this country are quite ca-
pable of carrying us directly into 
L.O.C. without any visual disturb-
ance to warn us. Consider an inverted 
humpty at 300 MPH pulling eight 

+ GZ, the duration of the pull would 
be 5.4 seconds (Table 3). If this were 
to happen in the aerobatic box, the 
result would almost certainly be fatal. 

Consider now the same pull up from 
a vertical line down to a vertical line 
up at + 12GZ. On Table 3, we see that 
the duration of the pull is 3.6 seconds, 
which is 1.4 seconds short of the time 
required to reach the L.O.C. area, and 
there would be no greyout or black-
out. The 12GZ pull is infinitely safer 
and more comfortable if your equip-
ment is stressed for it, and the pilot 
is positioned in such a way that the 
load is not too uncomfortable. 

A study has been done to determine 
time to loss of consciousness with 
complete interruption of circulation 
to the brain — that is, circulation 
being cut off with a cuff apparatus 
around the neck which could be in-
flated so rapidly that all circulation 
was cut off between heartbeats. Un-
consciousness occurred between five 
and six seconds. Some of the subjects 
in this study denied having lost con-
sciousness though they were unable 
to respond to stimuli and even had 
convulsive seizures during their un-
conscious episode. Some failed to re-
spond to a flashing light signal for 
several seconds after circulation was 
restored though they stated that they 
could see the light flashing. 

In this study, circulation to the 
brain was stopped for 100 seconds in 
some of the subjects. Consciousness 
and normal function returned within 
30 to 40 seconds and the subjects were 
able to walk out of the room within 
two minutes after the procedure. 
Some subjects were exposed to this 
procedure several times and no after-
effects were observed. Remember that 
this study was not done with heavy 
positive G loading but simply by in-
terrupting circulation to the brain. It 
is when unconsciousness is produced 
by heavy +GZ loads that the subject 
remains unconscious for 15 to 20 sec-
onds after the G load has been re-
duced to one + Gz. 

The numbers used in Figure 1 are 
average numbers, the time to uncon-
sciousness varying from time to time 
with the subject's physiological state 
and training. We are referring to the 
state of hydration, rest, and nutrition, 
and the ability to perform the M-l 
maneuver which is used by many 
people to help withstand positive G 
loads. It has also been demonstrated 
that repeated exposure to + Gz forces 
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PHYSIOLOGICAL EFFECTS OF POSITIVE G FORCES 
TABLE 1. Brain Blood Pressure versus Seat Tilt and G-Load 

SEAT ACTUAL G FACTOR 
TILT 1 G 2G 3G 4G 5G 6G 7G 8G 9G 10G 11G 12 G 
ANGLE 
0 160 128 96 64 32 0 0 0 0 0 0 0 
5 160 128 96 64 32 0 0 0 0 0 0 0 

10 160 128 97 65 33 0 0 0 0 0 0 0 
15 160 129 98 67 35 4 0 0 0 0 0 0 
20 160 130 99 69 38 8 0 0 0 0 0 0 
25 160 131 101 72 42 13 0 0 0 0 0 0 
30 160 132 104 75 47 19 0 0 0 0 0 0 
35 160 133 107 80 53 26 0 0 0 0 0 0 
40 160 135 110 85 60 34 9 0 0 0 0 0 
45 160 137 113 90 67 44 20 0 0 0 0 0 
50 160 139 117 96 75 54 32 11 0 0 0 0 
55 160 141 122 103 84 64 45 26 7 0 0 0 
60 160 143 126 110 93 76 59 42 26 9 0 0 
65 160 146 131 117 103 88 74 60 45 31 17 2 
70 160 148 136 125 113 101 89 77 66 54 42 30 
75 160 151 142 133 123 114 105 96 87 78 69 59 
80 160 154 147 141 134 128 121 115 109 102 96 89 
85 160 156 153 149 145 142 138 134 131 127 123 120 
90 160 159 158 157 156 156 155 154 153 152 151 150 

TABLE 2. TIME IN SECONDS TO REACH VERTICAL VERSUS 
AVERAGE AIRSPEED (mph) AND G-FACTOR IN PULL 

G's IN PULL UP FROM STRAIGHT & LEVEL TO VERTICAL 
SPEED 2 3 4 5 6 7 8 9 10 11 12 
100 3.6 2.4 1.8 1.4 1.2 1.0 0.9 0.8 0.7 0.7 0.6 
120 4.3 2.9 2.1 1.7 1.4 1.2 1.1 1.0 0.9 0.8 0.7 
140 5.0 3.3 2.5 2.0 1.7 1.4 1.3 1.1 1.0 0.9 0.8 
160 5.7 3.8 2.9 2.3 1.9 1.6 1.4 1.3 1.1 1.0 1.0 
180 6.4 4.3 3.2 2.6 2.1 1.8 1.6 1.4 1.3 1.2 1.1 
200 7.2 4.8 3.6 2.9 2.4 2.0 1.8 1.6 1.4 1.3 1.2 
220 7.9 5.2 3.9 3.1 2.6 2.2 2.0 1.7 1.6 1.4 1.3 
240 8.6 5.7 4.3 3.4 2.9 2.5 2.1 1.9 1.7 1.6 1.4 
260 9.3 6.2 4.7 3.7 3.1 2.7 2.3 2.1 1.9 1.7 1.6 
280 10.0 6.7 5.0 4.0 3.3 2.9 2.5 2.2 2.0 1.8 1.7 
300 10.7 7.2 5.4 4.3 3.6 3.1 2.7 2.4 2.1 2.0 1.8 

TABLE 3. TIME IN SECONDS TO PULL FROM DOWN LINE TO UP LINE 
AVG. G's IN PULL UP TO VERTICAL FROM VERTICAL DOWN LINE 
SPEED 2 3 4 5 6 7 8 9 10 11 12 
100 7.2 4.8 3.6 2.9 2.4 2.0 1.8 1.6 1.4 1.3 1.2 
120 8.6 5.7 4.3 3.4 2.9 2.5 2.1 1.9 1.7 1.6 1.4 
140 10.0 6.7 5.0 4.0 3.3 2.9 2.5 2.2 2.0 1.8 1.7 
160 11.4 7.6 5.7 4.6 3.8 3.3 2.9 2.5 2.3 2.1 1.9 
180 12.9 8.6 6.4 5.2 4.3 3.7 3.2 2.9 2.6 2.3 2.1 
200 14.3 9.5 7.2 5.7 4.8 4.1 3.6 3.2 2.9 2.6 2.4 
220 15.7 10.5 7.9 6.3 5.2 4.5 3.9 3.5 3.1 2.9 2.6 
240 17.2 11.4 8.6 6.9 5.7 4.9 4.3 3.8 3.4 3.1 2.9 
260 18.6 12.4 9.3 7.4 6.2 5.3 4.7 4.1 3.7 3.4 3.1 
280 20.0 13.4 10.0 8.0 6.7 5.7 5.0 4.5 4.0 3.6 3.3 
300 21.5 14.3 10.7 8.6 7.2 6.1 5.4 4.8 4.3 3.9 3.6 

TIME IN SECONDS 

Fig. 1. Acceleration 
and t ime at maximum 
G required to produce 
visual symptoms and 
unconsciousness. 
Curves showing dif-
ferent rates of G on-
set demonstrate their 
importance for the 
occurrence of loss 
of peripheral vision, 
blackout, and un-
consciousness — from 
White (47). 
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conditions the pilot to withstand more 
and longer G forces. 

Our primary protection against 
blackout and loss of consciousness 
have consisted of, number one, the M-
1 maneuver which requires some 
training and practice. It is essentially 
breathing out against a closed glottis 
much in the way that you would 
strain to lift or pass stool. This is a 
rather dangerous maneuver to use 
under normal G loads because it pro-
duces considerably higher pressures 
within the venous system of the brain; 
however, under heavy G loads it is 
perfectly safe. 

The second system of protection 
against G loads would be the G suit 
and valve, which improves G toler-
ance by less than one G, even if the 
best equipment is used. Breathing 
positive pressure oxygen or air under 
pressures up to approximately 60 mm 
mercury is very uncomfortable; how-
ever, it does improve our ability to 
withstand G loads to a small degree. 

The last method has not effectively 
been used in military aircraft to any 
extent to date but which is probably 
the system of the future. It is reclin-
ing the pilot in the cockpit. 

Consider a subject sitting erect in 
the seat of an aircraft. The average 
distance from his heart to the base of 
the brain is 30 cm and it takes approx-
imately 24 mm of mercury pressure 
to raise a column of blood 30 cm in a 
normal standing environment of one 
G. It would, of course, take the same 
pressure to raise a column of blood 
from the heart to the wrist if the wrist 
is held at eye level as it takes to de-
liver blood to the brain. 

In a study in which 250 centrifuge 
runs were made on human volun-
teers, it was demonstrated that sys-
tolic blood pressure in the radial ar-
tery held at eye level was reduced by 
32 mm of mercury for every G added 
to the + Gz force. Visual disturbances 
occurred when the systolic blood pres-
sure at the base of the brain was re-
duced to 50 mm of mercury and com-
plete loss of vision occurred when the 
pressure was reduced to 20 mm of 
mercury. Loss of consciousness oc-
curred when the systolic pressure at 
brain level was reduced to zero. This 
would be equivalent to a five +GZ 
pull, i.e., 5 x 32 = 160, where the 
blood pressure at the base of the brain 
would be reduced to zero if the systolic 



Physiological Effects Of Positive G Forces . 

(Continued from Page 9) 

blood pressure in the subject was 160 
at the heart level. 

These forces were sustained in the 
study for a period of 15 seconds and 
the time to recovery unfortunately 
was not reported. It was noted, how-
ever, that under a load of five G's, the 
systolic blood pressure was reduced by 
five mm of mercury and the diastolic 
pressure was unaffected if the head is 
lowered to the level of the heart . To 
extrapolate from that information a 
positive G force in itself would not 
produce unconsciousness or blackout 
if the head is lowered to heart level. 

G'S 
G'S 

By Drew Detsch 
Contributing Editor 

Q — Should I discontinue flying aero-
batics when I have a head cold? 

— We asked Dick Rihn, M.D., FAA Med-
ical Examiner, IAC Director and Unlim-
ited pilot. — 

A — As you know, aerobatic flying in-
volves many very rapid changes in al-
titude. Your body, to balance the resulting 
changes in air pressure, requires rapid ex-
changes of air between your sinuses and 
your middle ear. 

When you have a head cold, the passages 
into these bony cavities in your head are 
blocked, stopping the flow of air that 
equalizes the pressures. The result can be 
painful or worse. You can develop a persis-
tent vacuum in the middle ear that will 
cause a sucking of fluids from the walls of 
the inner ear into the middle ear. 

That water, that you'll hear rushing 
around, stands a good chance of becoming 
infected. An infected middle ear is a seri-
ous problem that will require medical at-

Tables 2 and 3 show the time of ex-
posure to +GZ loads when pulling 
from horizontal flight to vertical 
(Table 2) and from vertical down to 
vertical up (Table 3) as in an inverted 
humpty at various speeds from 100 to 
300 MPH and at varying G loads from 
two G's to 12 G's. Table 1 shows blood 
pressure at the base of the brain with 
varying seat tilt angles and G loads 
up to 12 G's. Remember tha t L.O.C. 
occurs when the brain blood pressure 
has been zero for five seconds or more. 

Permanent injury from excessive 
positive G loads have been studied in 
several ways. Very high G loads ex-
perienced in the ejection seat for a 

tention and a long time to heal. 
A worst case scenario was one of a 

Cessna 310 pilot who was simply climbing 
to altitude. He couldn't clear his ears when 
the pressure in his middle ear built as he 
climbed. His eardrum was weak and 
popped, resulting in such a sudden and se-
vere case of vertigo that he thought the 
airplane had suddenly gone into a violent 
rolling condition. He immediately began 
to roll it "upright." Luckily, he had 
another pilot with him. 

Unfortunately, there's no medication 
you can take. None of the cold or deconges-
tant medicines are legal or safe to use 
when flying. Most cold pills also have anti-
histamines in them to help dry up the se-
cretions. Antihistamines are illegal for fly-
ing because of their side effects of slowing 
down the mental processes and, for some, 
extreme drowsiness. 

Decongestants often have side effects, 
too. One popular decongestant for example 
boosts the risks of a cardiac irregularity. 
Aerobatics, while enjoyable and satisfy-
ing, isn't exactly stress free. In general, if 
your head cold symptoms are severe 

very short span of time has produced 
no permanent injury or aftereffect. 
Positive G loads up to 15 have been 
used experimentally in human volun-
teers with no long term effects. Com-
plete stoppage of circulation to the 
brain with an inflatable cuff around 
the neck for 20 seconds af ter uncon-
sciousness occurred with no lasting 
effects. 

In summary, positive G's in the 
area tha t we are concerned with are 
not damaging long term, but the 
period of L.O.C. may be very disas-
trous if reached. Another forthcoming 
article will be devoted entirely to the 
effect of negative G forces. 

G'S 
G'S 

enough to require medication, flying an 
airplane while using them isn't a good 
idea. 

When you stop to consider your need to 
practice and the risks of (lying while con-
gested, you'll find that you'll end up saving 
time and getting more practice in by sit-
ting it out and letting the cold recover. Re-
member, if you can't clear your ears, you 
shouldn't be flying. 

"Aerobatics Q/A" is your chance to get 
all those "I wonder whys, whos, or whats" 
solved. It's a column geared to provide still 
another format of disseminating informa-
tion about our sport and its participants, 
frequently in a more light-hearted vein. 
Questions can be of a personal, entertain-
ing, educational, and/or technical nature. 
They can be directed to a particular indi-
vidual or group of individuals. If you have 
a question you'd like asked, send it to 
Drew Detsch, 331 Montcalm, San Fran-
cisco, CA 94110 or phone 415/826-7187. 
Also, please advise him to whom you 
would like it addressed, if you have a 
preference. 

G'S G'S G'S G'S G'S 
G'S G'S G'S G'S G'S 

HEAD COLD/AEROBATICS DO THEY MIX? 
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Pumping Iron 
Increases G 
Tolerances? 

It appears that Arnold Schwar-
zenegger might make a great aero-
batic pilot. 

This conclusion comes from a study 
of the influence of physical condition-
ing on the ability of aviators to with-
stand severe G forces such as those 
encountered in fighter aircraft. 

The a mailable volunteers were di-
vided into three groups. A control 
group engaged in no training activity; 
a second group trained by running 
twice daily, for up to six miles; and 
the third group got weight training in 
the gym, following a specified circuit. 
(These were all airmen who had just 
completed basic training at an Air 
Force base, so nobody was exactly in 
bad condition to start with.) 

Tolerance to high-G conditions was 
tested on a centrifuge, with the sub-
ject rigged out in an anti-G suit. Each 
person was treated to alternating 15-
second plateaus of 4.5 and 7 Gs until 
he reached a fatigue point and called 
a halt to the proceedings. This mea-
surement was made at the beginning 
of the study (before any training) to 
establish a base line for each person, 
and again at the end of the 12-week 
study. 

While all types of physical condi-
tioning helped, those who pumped 
iron increased their G tolerance at al-
most four times the rate of the run-
ners, adding about 15 seconds per 
week to the time they could withstand 
the high-G environment. 

Perhaps Nautilus machines will 
join simulators as important pieces of 
aviation training equipment for those 
pilots headed into high-G flying tasks. 
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PHILLIPS 
X/C II 

The October 1986 issue of SPORT AEROBATICS had 
a brief note advising of potential problems with the Phil-
lips Oil Company's X/C II oil when used in radial engines. 
Apparently, some of the anti-wear additives in the oil were 
reacting with the "silver coated parts" used in radial en-
gines. This report, which was a reprint of an FAA-Phillips 
Oil Co. notice, also stated that "no problems are antici-
pated with use of the X/C II oil in horizontally opposed 
reciprocating engines since no silver coated parts are used 
in these oil systems." 

Shortly after the October issue of SPORT AEROBAT-
ICS was published, the IAC Tech Safety Committee re-
ceived a report from an IAC member advising of problems 
with the use of Phillips X/C II in an AEIO-360-AIA Lycom-
ing in a Pitts S2A. This IACer has regular oil analyses 
run on his engine and forwarded copies of his analysis 
reports. 

There was a dramatic increase in PPMs of copper (Cu) 
when the X/C II was used in the engine — PPMs copper 
jumped from an average of 4.3 with Aeroshell 15W50 to 
19.5, 14.9, 8.8 with X/C II. When X/C II was replaced with 
Aeroshell 15W50, the PPMs of copper returned to 6.2. We 
also noted the laboratory's comments at the bottom of the 
analysis report, "back to norm on copper! We have been 
watching this and it seems that X/C II liked copper for 
some reason." 

We believe that Phillips X/C II has been taken off the 
market. But IAC members who happen to have some X/C 
II should take note of the above report and the previously 
published FAA-Phillips warning. 

SMOKE SYSTEMS 
The IAC Tech Safety Committee recently received the 

following report concerning a smoke system service difficulty. 
"Regarding unsafe equipment used during aerobatics, 

I must report my problems with the Homsley Smoke Sys-
tem installed in my Super Decathlon. 

"When I decided to install a smoke system, my only 
real choice was the Homsley system, as I had seen the 
quality of units installed in several other aircraft. Order-
ing over the phone from their ad, I was told the company 
had been purchased from the original manufacturer. Still 
detecting nothing amiss, I ordered the unit for my plane. 
When it arrived, I was shocked. It was a crudely con-
structed, flat-sided tank, with the pictured injectors. After 
installation and flight test, I noted two loud 'bangs', which 
turned out to be the sides of the unit 'oil-canning' every 
time I gained and lost altitude. Very annoying, but liveable. 

"However, the most dangerous elements turned out to 
be the injectors themselves. As shown, the injector head 
itself, while well made, is simply mounted into a hole 
drilled into the metal hose clamp, which is then inserted 
into an exhaust stack. The first injector clamp broke from 
the heat and vibration (apparently) after about 11 months 
of flying. I noticed it during a routine inspection, hanging 
off the exhaust by the remaining metal, the injector nozzle 
completely outside the stack. If I had turned on the system, 
oil would have sprayed over all the engine accessories. 

"Opting NOT to try this, I then installed the SECOND 
injector nozzle and clamp (yes, they DID include a spare). 
This one lasted an entire month before the nozzle head 

sheared away, again leaving a free oil-feed line dangling 
inside my engine compartment. This time I DID manage 
to spray an enormous amount of oil around the plane be-
fore noting that it produced a mist instead of the desired 
smoke. 

"I now have two choices: leave the unit alone and never 
use it again or weld the head onto the stack like most Pitts 
people have wisely done. I will probably do the latter, but 
I'm sure many others followed the printed instructions 
like I did, and they could be looking at trouble; smoke oil 
DOES ignite, you know." 

Over the years there have been several SPORT AERO-
BATICS articles related to aircraft smoke systems. Most 
of these articles make reference to or show an illustration 
of smoke oil spray nozzles that are welded to exhaust 
stacks. IAC members should be aware that there have 
been reports of cracks developing in exhaust pipes around 
the edges of welded spray nozzle attach fittings. 

The bottom line seems to be that whether you elect to 
use a clamp type installation as referred to in the above 
report or choose a welded type attach fitting, this is just 
another area which requires routine monitoring. The IAC 
Tech Safety Committee has not received a sufficient 
number of reports as to make a recommendation as to 
which type of spray nozzle attach system is most trouble 
free, but we believe that most IAC members who do have 
smoke systems on their aircrft use a welded type nozzle 
attachment. 

Also mentioned in the above safety report was the fact 
that the smoke oil tank had flat sides and frequently "oil-
canned." We cannot recall any reports of failed smoke oil 
tanks but there have been numerous reports of failed 
(cracked) fuel tanks. Fuel tanks with flat sides or flat ends 
have been especially prone to fatigue failure. The last Tech 
Safety article in SPORT AEROBATICS alluding to the 
problem was "Fuel Tank Cracking," which appeared in 
the September 1986 issue. Flat-sided tanks with insuffi-
cient wall thickness/strength to prevent flex should be 
avoided. 

An IAC thanks is due to the IAC member who took the 
time and made the effort to submit the above report. 
Safety reports as exemplified above help keep all the mem-
bers of the aero brotherhood alerted to potential problems. 

Troublesome injector clamps for a smoke system. 
See accompanying member report. 
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OIL PRESSURE 
STABILIZER 

IAC member Klaus Peter Danielsson, Luederstrasse 9, 
2840 Diepholz 1, West Germany, has designed and built 
an oil stabilizer to enhance the operation of Christen in-
verted oil systems. (See connecting scheme below and 
photos adjacent page.) Klaus' description of his stabilizer 
is as follows: 

"In some aerobatic maneuvers, engines equipped with 
the Christen oil system show a significant oil pressure 
drop. These are long vertical lines and zero-G-maneuvers, 
when the balls of the Christen oil valve become indifferent. 

"The stabilizer consists of a 4 liter pressure ac-
cumulator with a bladder. This bladder is inflated to 40 
PSI. The accumulator is mounted to the alternator mount-
ing flanges of the 10-360 Lycoming crankcase and is con-
nected to the return line from the oil cooler to the engine. 
When the engine is operating at normal 80 PSI, the ac-
cumulator is filled to one-half with oil, because the engine 
oil pressure compresses the bladder. When the oil pressure 
drops below the normal range during aerobatic maneu-
vers, the bladder depresses and oil is discharged to the 
engine. At this moment, the engine oil pump is working 
as a check valve, so that the oil is not lost to the sump. 

"This simple system with only one moving part has 
proven to be highly effective. The oil pressure drop during 
an Unlimited aerobatic sequence is limited to approxi-
mately 40 PSI and not to zero PSI as it is without this 
system. 

"The accumulator housing is built from aluminum 
alloy by myself; the rubber bladder is a custom-made part, 
taken from a hydraulic accumulator. 

"This system is in service now for one year and 80 
engine hours, without any trouble in a Pitts SIS. 

"Maintenance and functional tests are very easy. The 
only thing to control is the pressure in the bladder. This 

can be done after every engine shutdown. When the engine 
stops, the oil pressure drops very slowly until reaching 40 
PSI and then drops rapidly to zero as usual. 

"With this system, engine wear and the probability of 
a sudden engine failure are reduced. This improves the 
safety of aerobatic flying, especially when practicing out-
side the area of an airfield." 

Klaus advised that he had not planned on producing 
the oil stabilizer units but if he received orders for 10 or 
15 units, he might consider a short production run. He 
also stated that if anyone would be interested in building 
an oil stabilizer, he would send him a set of blueprints 
and, if desired, sell him the bladder. IACers may also note 
that Klaus is presently working on a dry sump system for 
a Lycoming A10-360 in an Extra 230. Hopefully, a future 
issue of SPORT AEROBATICS will highlight this dry 
sump system. 

bladder accumulator 

connecting scheme for bladder accumulator DBS 4,0 Al 

oil to the — 
lubrication points 

engine 

oil cooler oil from sump via 
Christen oil system 

engine oil pump 
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OIL PRESSURE STABILIZER 

Already Installed Accumulator 
3 Views This Column 

Screen Bottom — Above 

Assembled Without Outer Tube — Above 
All Parts Unassembled — Below 



INVERTED 
OIL SYSTEM 

By far the most popular inverted oil system with IAC-
ers is the Christen/Lycoming system. A brief review of the 
operation of this system taken from a Lycoming operator's 
manual is as follows: 

"Inverted Oil System, Normal Flight — During nor-
mal flight, the weighted ball valve at the top of the oil 
separator is open, allowing blowby gases from the engine 
crankcase to be vented from the breather port, through 
the breather tee, to the top of the oil separator, and out 
through the overboard breather line. The top ball valve of 
the oil valve is closed, and the bottom ball valve is open, 
allowing oil to flow from the sump out through the strainer 
fitting, to the oil valve, back through the sump fitting to 
the oil pump and out to engine lubrication points. 

"Inverted Oil System, Inverted Flight — When the 
aircraft is inverted, engine oil falls to the top of the crank-
case. The weighted ball valve in the oil separator closes, 
preventing overboard loss of oil through the top of the oil 
separator. Blowby gases from the engine crankcase are 
vented from the sump to the bottom of the oil separator 
and out through the overboard breather line. The top ball 
valve of the oil valve is open, and the bottom ball valve is 
closed, allowing oil to flow out from the breather port, 
through the breather tee, to the oil valve, through the 
sump fitting and the sump screen, to the oil pump and out 
to engine lubrication points. 

"Any oil in lines which fails to re turn to the sump 
during the transition between normal and inverted flight 
drains into the oil separator. This oil then returns to the 
sump from the bottom of the oil separator during periods 
of normal flight." 

An IAC member contacted the IAC Tech Safety Com-
mittee with a report relating to a problem encountered 
with the above described inverted oil system — first, a 
little background. The particular system in question was 
on a Pit ts aircraft which was sold and shipped out of the 
United States and was placed in storage for a number of 
years. The aircraft was shipped back to the United States 
about two years ago and after a thorough going over, which 
included replacing all the hoses in the inverted oil system, 
it was placed back in service. The plane was then flown 
for approximately 120 hours without encountering any 
difficulties with the inverted system. The aircraft was then 
again taken out of service for a relatively short t ime for 
some airframe repairs and again returned to flying status. 

The IACer who operates this Pit ts makes it a standard 
practice to check for inverted oil pressure after takeoff and 
after reaching a safe alti tude by momentarily rolling in-
verted and checking the oil pressure gauge. On a recent 
flight the aircraft was rolled inverted for the inverted oil 
pressure check and the oil pressure gauge showed no pres-
sure. When the aircraft was rolled right side up normal 
oil pressure returned. The aircraft was again rolled to the 
inverted position and again oil pressure was lost — and 
again oil pressure returned when the plane was rolled 
upright. This sequence was repeated two or three times 
and on the last roll to upright flight oil pressure was 
completely lost — i.e., no oil pressure either upright or 
inverted. 

A relatively uneventful on-airport landing was made 
but by this time the engine was "knocking." The oil screen 

was pulled and metallic particles found. The engine was 
removed and delivered to a well-known engine builder. No 
reason for the loss of oil pressure could be found within 
the engine. Next, all the hoses in the inverted oil system 
were checked — especially for the possibility of having cut 
"flapper valves" in the inner liner of the hoses when the 
new oil hoses were made up. The hoses were all okay. 

Lastly, the inverted oil system components were 
checked over. While the oil valve (change-over valve) was 
okay, the ball in the oil separator (slobber pot) was found 
to be severely pitted. Also, several small rust chips were 
found inside the oil separator. The IACer making this 
report felt that if the ball in the oil separator did not make 
a good seat/seal the oil system would lose pressure. 

The oil separator was cut open for inspection and all 
components forwarded to the IAC Tech Safety Committee. 
After having the opportunity to examine the ball, the 
slide weight, and the inside of the separator, the IAC Tech 
Safety Committee contacted Tom Baier of Avco Lycoming 
for his comments. Tom advised tha t if for some reason the 
ball in the separator did not make a good seal on its seat, 
e.g., due to a severely pitted surface or to interference 
because of rust flakes, oil system pressure would be lost. 
Tom fur ther stated tha t Lycoming has previously seen 
pitted balls in oil separators and had even at one time 
considered issuing a service bulletin. However, they felt 
tha t the information contained in the Lycoming 
Operator's Manual was sufficient. 

Tom forwarded to the IAC Tech Safety Committee 
photocopies of the portions of the Lycoming Operator's 
Manual which apply to the Lycoming/Christen inverted 
oil system. The principles of operation noted in the begin-
ning of this article are from tha t manual. The Lycoming 
manual also states in Section 3-10, "Troubleshooting and 
Repair," Item A, "Normal Flight OK, No Oil Pressure 
When Inverted," Section (5): "Sludge or foreign material 
in oil separator causing faulty valve sealing. Disassemble 
and clean thoroughly." The manual also mentions in 3-12, 
"Cleaning Inverted Oil System:" "The inverted oil system 
must be flushed with a suitable petroleum solvent, such 
as varsol, every 300 (three hundred) hours of engine oper-
ation or when there is evidence of the loss of oil through 
the breather after normal flight." 

Several guesses were made as to what caused the pit-
t ing of the oil separator ball. The most popular guess was 
tha t corrosive acids in the engine's blowby gases coupled 
with a long storage period was the problem. (Dissimilar 
metal corrosion and the effects of storage in a coastal 
environment were also mentioned.) 

This is the first report tha t the IAC Tech Safety Com-
mittee has received concerning a malfunction of the oil 
separator in the Lycoming/Christen inverted oil system. 
However, it is apparent tha t periodic inspection of the oil 
separator and periodic cleaning as outlined in the Lycom-
ing Operator's Manual should be part of every IACer's 
aircraft maintenance program. 

Once, again, a thanks is due to the IACer making this 
report and to Tom Baier of Avco Lycoming for his help. 
The Tech Safety Program depends on the input from the 
IAC membership. All help is greatly appreciated by 
everyone in IAC. 
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INVERTED OIL SYSTEM 
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OIL SUMP 
SCREEN LENGTHS 

CORRECTION 
Shortly after the publication of the December 1987 

issue of SPORT AEROBATICS, an IAC member contacted 
the IAC Tech Safety Committee to call attention to an 
error in the Tech Safety article, "Oil Sump Screen 
Lengths." This article noted that different oil sump fit-
tings required different oil sump screen lengths. Right so 
far. 

The article further stated that the screen length re-
quired for the 45-degree sump fitting is longer than the 
screen length required when using the straight sump fit-
ting. Wrong. However, the dimensions given in the article 
from information in the CHRISTEN 801 SERIES IN-
VERTED OIL SYSTEM manual did show that the shorter 
screen length is required for the 45-degree fitting and the 
longer screen for the straight fitting. This is correct. 

The impetus for the article was a phone call from an 
IAC member. We went back and checked our notes from 
that conversation and found that they also INCOR-
RECTLY suggested 45-degree fitting, long screen length 
and straight fitting, short screen length. We can only con-
clude that we misunderstood the initial report and we 
further apologize for not catching our error when compil-
ing the data for the article. When trying to straighten out 
a possibly confusing situation we added further confusion 
by not getting things sorted out correctly ourselves. 

OIL SUMP 
SCREEN LENGTHS 

How often have we seen that simple, seemingly straight-
forward changes can have consequences which were never 
even considered? 

An IAC member reported he was involved with working 
on a Pitts S-l powered by an 0-360 Lycoming and equipped 
with a Christen inverted oil system. As most IACers are 
probably aware, the 0-360 Lycoming engines have a hori-
zontal screen oil sump as opposed to a vertical screen oil 
sump such as on the 0-235s, 0-290s, and some 0-320s. 

Anyhow, the Pitts in question had a straight oil sump 
fitting (Christen P/N 804-S) installed as part of the Chris-
ten inverted oil system and it was decided to change this 
fitting to a 45° swivel-type fitting (Christen P/N 804-A) to 
relieve a hose/plumbing interference problem — a seem-
ingly simple change, substitute a 45° fitting for a straight 
fitting. The bottom line result of this change was that the 
aircraft lost oil pressure when in inverted flight. 

What happened? A review of the Christen/Lycoming 
inverted oil system and the Christen 801 series inverted 
oil system product manual gave all the answers. Illustra-
tion I shows an unmodified sump and a converted sump 
on a Lycoming horizontal screen sump system. This illus-
tration is taken from the Christen inverted oil system 
brochure. Particularly, note reference made to sump fit-
tings 804-A and 804-S (804-A, 45° swivel is shown in the 
illustration), Christen 805 sump plug, and the sump 
screen SHORTENED. 

Fitting 804-A or 804-S is the fitting to which the oil 
line (hose) from the center port of the Christen 802 oil 

valve (change-over valve) to the oil sump connects. Plug 
805 is a plug which blocks off the original oil entry point 
(to the oil pump) at the front of the horizontal sump screen. 
Block-off plug 805 is an O-ringed plug which snaps into a 
recess in the sump which originally piloted the end of the 
sump screen. This plug is held in place by (1) the friction 
of the O-ring and (2) the sump screen which in the con-
verted Christen system pilots over the block-off plug on 
one end and pilots into fitting 804-A or 804-S at the other 
end. Fittings 804-A (45° swivel) and 804-S (straight) re-
quire DIFFERENT LENGTH sump screens. Installing 
block-off plug P/N 805 and determining the proper sump 
screen length is called out in detail on pages 2-13, 2-14, 
and 2-15 of the Christen 801 series inverted oil system 
Product Manual. This reads as follows: 

"3. For horizontal-screen sump engines (classes 2 
through 6), install the Christen 805 Sump Plug 
and the Christen 804-A or 804-S Sump Fitting. 
Proceed as follows: 

a. Remove and discard sump screen access plug 
at rear of sump (Figure 2-10A). 

b. Remove sump screen. 
c. With installation tool (supplied with the 

Christen 805 Sump Plug) loosely screwed into 
the rear of the Sump Plug, as shown in Figure 
2-10B, insert the Sump Plug through sump 
screen access port. Press the plug firmly into 
position, so that it is firmly seated against 
the shoulder that originally retained the 
front end of the sump screen. The compres-
sion of the sump plug O-ring can be felt as the 
plug is inserted. Unscrew and withdraw the 
installation tool, taking care not to withdraw 
the Sump Plug. 

NOTE 

"Steps d through h below describe a sequence 
which is required to adjust the length of the sump 
screen to provide a snug fit between the rear of the 
Sump Plug and the front recess on the Sump Fitting. 
This procedure is used with either the Christen 804-A 
or 804-S Sump Fittings. Use care during this se-
quence to avoid shortening the sump screen by an 
excessive amount. 

d. For the 804-A, shorten the sump screen by 
cutting off 11/16-inch from one end. For the 
804-S, shorten the sump screen by cutting off 
3/16-inch from one end. Clean the screen to 
remove chips and filings. 

e. Place the sump screen into the recess in the 
front of the Christen 804-A or 804-S Sump 
Fitting and insert access port (without the 
copper crush gasket supplied). The front end 
of the sump screen will ride into place over 
the rear pilot hub of the previously installed 
Sump Plug. Screw in the Sump Fitting (finger-



ILLUSTRATION I 
OIL SUMP SCREEN LENGTHS 
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Horizontal-Screen Sump 
Oil circulation in the standard horizontal-screen Lycoming sump is similar to that of the vertical-screen type, but oil 
flows through the end of the horizontal screen and up through an oil passage to the engine oil pump and engine 
lubrication points. 

Modification of the horizontal-screen sump is similar to modification of the vertical-screen type, except that the Christen 
804-A or 804-S Sump Fitting is used, and the Christen 805 Sump Plug is used to block oil flow into the end of the 
sump screen. 

ILLUSTRATION II 
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B. PLUG INSERTION D. FINAL ASSEMBLY 

Figure 2-10. Installation of Christen 805 Sump Plug and 804-A Sump Fitting 
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tight) until the sump screen is firmly seated 
between its recess at the front of the Sump 
Fitting and the rear of the Sump Plug. 

f. Measure the gap between the front of the 
Sump Fitting flange and the face at the access 
port. Determine the remaining length the 
sump screen should be shortened to reduce 
the gap to approximately 3/64 inch, or about 
half the original thickness of the crush gas-
ket, as shown in Figure 2-10C. 

g. Again remove the sump screen and, using 
caution not to remove too much material, 
shorten the sump screen by an amount slight-
ly less than the length determined in step f. 
Thoroughly clean the sump screen. 

h. Repeat steps e, f, and g until the required gap 
is produced. 

i. Install sump screen, crush gasket, and Sump 
Fitting. Tighten Sump Fitting firmly to com-
press gasket, then safety-wire in place as 
shown in Figure 2-10D. 

j. For systems using the Christen 804-A Sump 
Fitting, position this fitting by loosening the 
setscrew in the side of the Sump Fitting and 
swivelling the rear portion of the fitting to 
the required final angle. Considerable force 
may be required to swivel the fitting due to 
the friction of the internal O-ring seals and 
the clamping action against the sump screen. 
A hose fitting may be temporarily installed 
on the Sump Fitting to increase leverage. 
Tighten the setscrew to lock the angle." 

ACCUMULATOR 
The April 1987 issue of SPORT AEROBATICS had a 

technical safety report on an oil pressure stabilizer (an 
accumulator) designed and built by IAC member Klaus 
Peter Danielsson of West Germany. Since then, several 
IACers have expressed interest in using oil accumulators. 
One IACer did a little research and made the following 
report: 

"From my car racing activities, I remembered an ac-
cumulator by Moroso. I phoned them and they sent me 
information on the product — they assured me that it 
would work in any position and with any G-loading. Not 
only would it kick in any time the oil pressure drops, but 
it also can be used to give the engine full oil pressure prior 
to starting it. It is 4.25" in diameter and 20.0" long and 
would have to be mounted inside the plane because the 
pilot would have to turn the valve on and off." 

He further noted in his report: 
"Moroso's (accumulator) can be purchased off the shelf for 

a little over $200.00 (U.S. currency) ready for installation." 
Presently, we are unaware of anyone using a Moroso 

accumulator in an airplane. But the Moroso unit may be 
well worth consideration for IAC members thinking about 
installing an accumulator in their oiling system. 

IAC thanks to the member who trailed down the 
Moroso info and shared this knowledge with the rest of 
us. With the Tech Safety Program, IAC provides a 
clearinghouse where we can pool our knowledge, but it 
takes the efforts of individual IAC members, as 
exemplified above, to make it all work. 

ADDENDUM TO ABOVE 
We have reprinted below installation instructions for 

the Moroso unit with the idea that it may help IACers, 
who are not familiar with accumulators, to better under-
stand their operation and how they are installed: 

Illustration II taken from the Christen Product Manual 
shows the details of the plug, screen, and fitting installations. 

It is obvious after reading the above that if one would 
change from the straight 804-S sump fitting to the 804-A 
45° angle fitting, the existing sump screen would be too 
short (by approximately 1/2 inch) and plug 805 would not 
be properly retained. If plug 805 leaks or falls out of place, 
air can be drawn into the system when the aircraft is in 
inverted flight and inverted oil pressure will be low or 
non-existent. 

Note that with the Christen inverted oil system the path 
the oil must take from the sump to the oil pump is more 
torturous than with a standard non-inverted oil system, 
and some pressure losses may be expected. Therefore, if 
the block-off plug 805 leaks or is dislodged, oil pressure in 
upright flight may be HIGHER than normal. And this 
was indeed what was noted and reported on the Pitts 
whose oil system problems led to this Tech Safety article. 

To further emphasize the insidious nature of the too-
short-screen problem, after the sump fitting on the Pitts 
noted above was changed from straight to 45° the engine 
was removed from the aircraft and sent to a well-known 
and respected engine rebuilder. He did not have the bene-
fit of knowing about the fitting change and the improper 
screen length was missed when the engine was rebuilt — 
a very, very simple thing to let this get by. 

Hopefully, this Tech Safety article will draw attention 
to potential problems and keep other IAC members from 
getting into deep serious ones. Thanks goes to the IACer 
who brought this problem to the fore. We must pool our 
experiences and knowledge for our own mutual benefit. 

MOROSO PART NO. 23900 - ACCUMULATOR 
"No. 23900 has a 3-quart oil capacity. Please be sure 

to read instructions thoroughly before installation. 

BASIC INSTALLATION 
"We recommend installation according to diagram A 

when possible. Alternate methods B and C will also work 
satisfactorily if method A cannot be used. Decide first on 
the installation method that you will use and then install 
the unit as shown in the corresponding diagrams. 

"All oil lines should be made up of -10 AN (%" I.D.) 
hydraulic high pressure hose with either a nylon or stain-
less steel covering. Any quality hose with a 400-lb. rating 
or better will work. The accumulator will operate in any 
position. 

INSTALLATION METHOD A 
"Installation A is the most effective way to connect the 

accumulator. 
"1. Fabricate or purchase a remote filter/oil cooler 

adapter (use No. 23690 for small block Chevy). 
"2. Install Moroso No. 23700 or 23710 remote oil filter 

mount and filter, with one-way valve in the position shown 
in the diagram. An oil cooler is also recommended for a 
racing engine. 

"3. Connect the oil filter, cooler, and accumulator in 
series as shown using -10 AN lines and fittings. 

"4. If a remote filter with a one-way valve is not used, 
we recommend installing a one-way check valve on the 
filter side of the accumulator. 

"5. Charge unit as described below under CHARGING 
THE SYSTEM. 

142 



ACCUMULATOR 
INSTALLATION METHOD A 

INSTALLATION METHOD B 

DRILL & TAP 
TO %" NPT 

FT 
INSTALLATION METHOD B 

"1. Remove the oil filter canister and bracket, expos-
ing the engine oil passages. Crank the starter over and 
determine which engine oil passage is the IN passage. It 
is the one that will not gush oil when the engine is turned 
over. 

"2. Determine which passage on the filter bracket cor-
responds with the IN passage from the engine block. Drill 

and tap the filter bracket IN passage to 3/s" NPT from the 
top, as shown in the diagram and install a %" NPT x -10 
AN double male end fitting. 

"3. Install a W NPT x -10 AN double male end fitting 
on the accumulator manual valve. Connect accumulator 
to filter fitting with -10 AN hose and -10 AN female ends. 

"4. Charge unit as described below under CHARGING 
THE SYSTEM. 

INSTALLATION METHOD C 
"1. Before using Method C, refer to filter manufac-

turer's literature to determine if your filter has a one-way 
or anti-drainback valve. If your filter system does not in-
corporate a one-way valve, we recommend using Installa-
tion Method A, since a one-way only oil flow system is 
necessary to allow the accumulator to deliver full oil pres-
sure for about 30 seconds in case of oil pump failure. 

"2. Remove canister and clean. Drill and tap canister 
to 3/s" NPT at a point close to the canister top, but at least 
one inch down from top. 

"3. Install a %" NPT x -10 AN double male end fitting 
into the canister and braze or solder in place. Grind the 
inside end for clearance. 

"4. Install a W NPT x -10 AN double male end fitting 
in the Accumulator manual valve and connect Ac-
cumulator to canister with -10 AN lines with -10 AN 
female fittings. 

"5. Charge unit as described below under CHARGING 
THE SYSTEM. 

CHARGING THE SYSTEM 
"After installing unit, open manual valve (lever should 

then be in line with the cylinder). Remove the air valve 
cap and pressurize to between 60 and 100 psi air pressure. 
Bleed off the pressure until the gauge reads 6 pounds. The 
unit is now ready for operation. Add an additional 3 quarts 
of oil to the engine to maintain the original oil pan level 
when the engine is started and the accumulator filled. Or 
you may reduce the amount of additional oil added to the 
engine to lower the oil level in the pan to reduce surge 
conditions. 

"Should an engine be lost, the end plugs should be 
removed and the unit thoroughly cleaned with solvent, 
then soap and water, and finally dried with compressed 
air. 

INSTALLATION METHOD C 

DRILL & TAP 
TO %" NPT 
THEN BRAZE 

HOW TO PRE-LUBE FRESH ENGINES 
"The accumulator should be completely installed in car 

before beginning pre-lube. 
"1. Remove accumulator tank from car and remove 

valve core from tank air valve and open manual valve on 
other end. 

"2. Using air pressure force the internal piston from 
the manual valve end to the gauge end. 

"3. Fill No. 23900 accumulator with 2 quarts of engine 
oil through manual valve and then close valve. Replace 
air valve core. 

"4. Replace accumulator in car and pressurize unit to 
100 psi with air through air valve. 

"5. Open manual valve and allow accumulator to pre-
oil the new engine before it is fired up. Start engine. 

"6. Shut down the engine with the manual valve open, 
allowing the accumulator to empty into the engine. When 
it is completely empty, raise air pressure to 40 psi and 
after 2 minutes, bleed down to 6 psi. 

Restart the engine, allow the accumulator to refill, 
close the manual valve, and shut off the engine. The Ac-
cumulator is now ready for normal service. By opening the 
manual valve before the engine is started and closing it 
before the engine is shut off, the engine will always be 
pre-lubed before it is run." 
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PARAGHIIl rE 
SAPI ETY ALE =RT 

By Mike Mays 
IAC #9213 

All Security parachutes manufac-
tured between 1981 and 1983 should 
be taken out of service immediately. 
There is a problem with rapid deterio-
ration of the canopy fabric adjacent to 
the mesh covered panels. 

Our local rigger brought this to our 
attention here at Southern Aerobat-
ics, Inc., after two articles appeared 
in PARACHUTIST magazine. He ex-
plained the problem first turned up 
in 1986 with about 140 Pioneer re-
serve chutes and involves the mesh 
covered slots in the canopy. Slots are 
cut in the rear of it for steering and 
then covered with mesh to keep the 
canopy from inverting through these 
holes during deployment. 

This mesh is treated with a chemi-
cal which has started attacking sur-
rounding areas. Prolonged contact 
creates a severely weakened fabric. In 
one instance, that turned up on a Se-

curity Aero-Conical, it has been de-
scribed as becoming like tissue paper 
that is easily punctured with very lit-
tle effort. 

After hearing this news we con-
tacted Paul Thompson of Para-Gear. 
He told us he has 10 Security chutes 
at his loft with rotten canopies. He 
said the deterioration is time related 
as most of the chutes are now five to 
seven years old. When it starts to 
occur, the deterioration happens so 
rapidly that some of the faulty 
canopies had rotted just since their 
last 120-day repack cycle. 

Three more Security parachutes 
with the same flaws have appeared 
out west and one other in the Wash-
ington, D.C. area. We were also told 
of a fatal accident in late January in 
New Mexico in which a pilot bailed 
out of his plane when the wing folded. 
The Security 350 he was wearing 
blew out the top of the canopy upon 
opening. Since I believe 90 percent of 
our aerobatic community uses these 

chutes, it is vital we get the word 
spread fast about this situation. 

We've asked three different riggers 
about the possibility of shorter repack 
cycles — say even 30 days — for con-
tinued usage until this problem is 
solved. All reacted negatively as to 
liability problems and the putting of 
something this important back into 
service with a known defect. 

Pioneer offered to buy back any of 
its defective reserves, but unfortu-
nately GQ Security ceased operations 
in the U.S. several years ago. So 
things are progressing rather slowly 
on that front and with the FAA's ef-
forts to determine more precisely just 
which Security chutes are affected. 

The FAA and the person who got 
the original TSO on the canopy are 
working closely to try to track down 
the lots of mesh that had this particu-
lar chemical on it so they can narrow 
down which canopies will stay 
grounded. An AD from the FAA is 
coming, but for now, take no chances. 

A portion of a Security 
parachute canopy is 
shown at left. Areas 
such as the one being 
pointed to are the sub-
ject of this safety alert. 
Rapid deterioration of 
canopy fabric can 
occur and is time re-
lated. See details 
above. 
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PARACHUTE 
AD & SB ISSUED 

By Editor Jean Sorg 

Just as predicted on this page last 
month, the FAA has issued an AD for 
Security parachutes. 

It has resulted from a problem with 
rapid deterioration of the canopy fab-
ric adjacent to the mesh covered panels 
in these chutes. It is believed that a 
chemical used to treat the mesh has 
started attacking surrounding fabric 
areas, thereby weakening them to the 
point where they're easily punctured. 
At least one fatality where the canopy 
top blew out upon deployment has 
been attributed to this problem. 

The Emergency Airworthiness Di-
rective issued by the FAA on March 
7th is as follows: 

"This Priority Letter AD is neces-
sary because reports have been re-
ceived that certain parachute canopies 
manufactured by GQ Security Para-
chutes, Inc., and approved under TSO 
C23b were found to have deteriorat-
ing material. This condition, if not 
corrected, could result in a torn 
canopy, which could prevent safe des-
cent of the parachute user. 

"Since this condition is likely to 
exist or develop on other canopies of 
this same type design, this AD re-
quires removal or obliteration of the 
TSO C23b marking and removal of 
the canopy from service. 

"Pursuant to the authority of Sec-
tions 313 and 601 of the Federal Avia-
tion Act of 1958, delegated to me by 
the Administrator, the following 
Priority Letter Airworthiness Direc-
tive (AD) 88-05-08, applicable to GQ 
Security Parachutes, Inc., Model No., 
79A1684-( ) parachute canopies ap-
proved under TSO C23b, is issued and 
is effective immediately upon receipt: 

"88-05-08 GQ SECURITY PARA-
CHUTES, INC.: Priority Letter is-
sued March 7, 1988. Applicable to 
Model No. 79A1684-( ) parachute 
canopies, approved under TSO C23b. 

"Compliance is required as indi-
cated, unless already accomplished. 

"To prevent the failure of a 
parachute canopy due to deteriorat-
ing canopy material, accomplish the 

following: 
"A. Prior to further use, remove or 

obliterate the TSO C23b marking 
from the parachute canopy, and re-
move the canopy from service. 

"B. Upon request, an alternate 
means of compliance with the require-
ments of this AD which provide an 
acceptable level of safety, may be used 
when approved by the Manager, 
Western Aircraft Certification Office, 
FAA, Northwest Mountain Region. 

"This Priority Letter AD 88-05-08, 
dated March 7, 1988, is effective im-
mediately upon receipt. 

"For further information contact: 
Walter Eierman, Western Aircraft 
Certification Office, ANM-173W, 
FAA, Northwest Mountain Region, 
PO Box 92007, Worldway Postal 
Center, Los Angeles, CA 90009; 213/ 
297-1388." 

It should be pointed out that the 
model number referred to in this AD 
is actually the part number on the 
canopy itself. The word, model, is a 
misnomer. Various sources advise 
that all the Security 350s and 850s 
are affected and grounded; the 150s 
and 250s are not unless their canopies 
have been swapped for one of the af-
fected ones. 

Master Rigger Bob Sprague in 
Arizona feels the FAA did a fine job 
in getting the AD out rather quickly 
after the Security problem was de-
fined and although he, like several 
other sources, believe that only a few 
hundred chutes are actually involved 
or at risk, he says the FAA didn't 
have a choice really as far as how 
they reacted to it. "There are some 
parachutes that were made before 
this problem originally existed that I 
think are going to be good parachutes," 
he comments. "There was no real rea-
son to pull some of the earlier ones out, 
but if you've got to draw the line some-
where you might as well do it right at 
the beginning and that way you know 
you've caught all the problem." 

Some in the parachute industry are 
advising affected Security chute own-
ers to just hold on to their equipment 
and wait for further developments 

that may (or may not) be forthcoming. 
These could conceivably include a pos-
sible determination of actual serial 
numbers involved instead of a broad 
sweep grounding of certain models 
and/or a possible chemical test to pin-
point only those individual chutes 
with the problem. Manufacturer Mar-
cie Tarasievich of Paraphernalia, 
Inc., in Washington recommends, 
"Hang on to it (your Security 350 or 
850). Don't make it car cover yet be-
cause there aren't any clear cut 
answers to the problem yet." 

Master Rigger Paul Thompson of 
Para-Gear in Illinois states, "I'm tell-
ing people to sit tight and not destroy 
their equipment, but encouraging 
anyone who owns that equipment to 
write GQ Defense over in England and 
complain about the problem. Obviously 
the more voices we have putting pres-
sure on them the more likely they are 
to respond in a responsible manner." 
Other industry sources strongly urge 
the same. 

Of course, in our sport, IACers who 
possess the Security chutes subject to 
the AD don't have the luxury of wait-
ing without seeking an alternative 
solution — not if they want to partici-
pate in sanctioned aerobatics. For now 
the owners of the Security 350s and 
850s have these options: (1) buy a 
completely new parachute made by 
another manufacturer, (2) borrow a 
legal chute from someone, or (3) have 
a master parachute rigger or certifi-
cated loft exchange the Security 
canopy with another manufacturer's 
canopy. 

Now, regarding this latter option, 
there exists some controversy. Some 
say parachute components can be in-
terchanged and that it is common in 
the industry especially among sky-
divers. But others say they question 
the legality of doing this with the 
Securities because of the nature of 
their TSO. 

Manufacturer Ron Edwards of Na-
tional Parachute Industries, Inc., in 
New Jersey points out, "Certainly 
precedent for doing it is found in the 
whole parachute industry." He indi-
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cates it falls under the interpretation 
of the FAA Advisory Circular 105-2A 
from which the authorization for 
mixing components from different 
manufacturers comes. "Of course," he 
stresses, "we all know that advisory 
circulars are not regulation. They are 
the FAA's own interpretation of the 
regulations. It's very common for a 
skydiver to have on a parachute as-
sembly made up of a harness-con-
tainer assembly from one manufac-
turer, a reserve canopy from a second 
manufacturer and a main canopy 
from a third." 

Are the TSOs okay then? "Well," 
answers Edwards, "I don't want to 
say this without some reservation be-
cause that 's a point of contention. 
Some people claim that's not what 
the law ever intended . . . If someone 
was really concerned about switching 
with the Securities and didn't want to 
operate purely on that advisory circu-
lar, it's a very simple thing for any-
body, I think, who is in the business 
to go to our local GADO and get a 
field approval to modify these 350s or 
850s and put our canopies in them." 

Master Rigger Sprague of Arizona 
Aerosports had already converted 
four Security canopies at the time this 
article was prepared. They happened 
to belong to four IACers who were 
participating at the Copperstate Re-
gional in Phoenix. According to one, 
Rory Moore, he and the other con-
verted chute owners were going to 
share them with contestants who may 
have found themselves suddenly with-
out a legal chute and no time to rectify 
the situation before the contest. 

The conversion must be done by an 
individual licensed to do it in order to 
ensure no damage. The procedure is 
also labor intensive or at least tedious 
and will necessitate a fee of around 
$50 or so added on to the cost of a 
replacement canopy and a repack. 
The lines on the Security 350s were 
sewn into the risers. The stitches have 
to be removed and the risers resewn 
in such a way as to accommodate con-
necter links on another canopy such 
as the Phantom canopy manufactured 
by National. 

This was the brand used by Sprague 
in the four conversions for IAC 
members. He feels the 26-foot Phan-
tom is the closet duplicate to the orig-
inal Security 350 canopy. "It's essen-
tially a perfect swap as far as size," 
he states. He also believes it to be an 
upgrade since in his opinion a bigger 
chute handles easier and more com-
fortably. 

Several manufacturers and riggers 
feel one is better off, however, buying 

PARACHUTE 
a whole new parachute system than 
cutting the lines and canopy off the 
Securities. A couple sources definitely 
question the legality of it. As Master 
Rigger Thompson puts it: "When sky-
divers interchange components, 
they're dealing with products that 
have been separately TSO'd. But we're 
not positive the Security harness and 
container were TSO'd separately from 
its canopy." 

Manufacturer Ted Strong of Strong 
Enterprises in Florida shares 
Thompson's view. He also notes, "The 
canopy itself should be tested in the 
system it's being put into. It should 
be approved to go into that system. 
Strong has not done any of that test-
ing and I'm sure that GQ hasn't 
either. And it's something that should 
be done rather than just taking a 
canopy and putting it into the remain-
ing Security system and assuming it's 
going to work. There should be actual 
drop or performance tests done (like 
in the TSO where it tells you exactly 
what you need to do for tests to be 
able to cross over components). The 
customer should not be the test pilot." 

Although even in this instance it 
can be up to the master rigger's dis-
cretion to cross components with the 
Security, just as many of them do in 
practical applications with other sys-
tems, Strong stresses the above as a 
cautionary measure. "I'm not adverse 
to supplying one of my canopies but I 
think there ought to be some tests 
done first," he declares. "I'm not in a 
position to go out and do the tests 
without GQ's permission — basically 
it's their product." 

He has tried contacting GQ Defense 
in England to see if they are in-
terested in participating in a program 
to be able to cross certify Strong 
canopies with the rest of the Security 
assembly. If GQ agrees, then testing 
could be done. 

Thompson has another concern 
about interchanging components with 
the problem Security chutes — possi-
ble further contamination. He states, 
"We're not sure it's a wise idea yet to 
put another canopy in the 350 because 
although we believe we know what's 
causing the deterioration problem, 
we're not 100 percent sure. The possi-
bility exists if you put another canopy 
in that possibly contaminated con-
tainer you might some years down 
the road have the same problem again. 

"So, we're (Para-Gear) just kind of 
sitting back and waiting a couple of 
months to see what comes out of the 
Parachute Industry Association's ef-
forts in regard to this problem. And 
we've gotten into the habit over the 

years of taking a more conservative 
approach with eveything. We're not 
putting other canopies into the Se-
curity 350s." 

Strong is offering another alterna-
tive besides the three options cited 
earlier for Security 350 and 850 own-
ers. It involves something his firm 
has been doing at fly-ins like the 
EAA's Sun 'N' Fun and Oshkosh 
events. At these Strong offers a re-
pack and inspection service while also 
taking some loaners along that can 
be used during the event. He indicates 
he'd be willing to do this on a some-
what limited basis for IAC contests 
and that any Contest Director in-
terested in exploring this avenue 
should contact him. 

When it comes to the option of buy-
ing a new parachute system, it is not 
an inexpensive one. Prices range from 
$600 to over a $1,000 depending on 
brand, markup and various custom 
choices. Delivery times vary cur-
rently from a week to six weeks de-
pending on demand and whether or 
not it's a very customized order. 

Tarasievich at Paraphernalia says 
normal delivery time for them is four 
weeks. She says, "We've almost al-
ways got things in stock. It's just 
whether or not it's going to be appro-
priate for the customer in terms of 
their particular weight and size re-
strictions." Paraphernalia does not 
manufacture canopies for their sys-
tems. Their canopy suppliers are Na-
tional in New Jersey and Free Flight 
Enterprises in California. The latter 
is their primary supplier from whom 
they can get canopies in a day or two. 
Their most popular full parachute 
system model for aerobatics seems to 
be the Long-Softie. 

Of the three emergency systems 
carried by Strong, back and chair 
models are the most common selected. 
Normal shipping time from them 
would be about a week although to 
obtain a canopy alone, there is a 
slight back order right now which 
should be remedied in about three or 
four weeks. 

At National they've found their 
backpack models, which are very thin 
and flexible, as well as the seat ver-
sions are the most popular for aero-
batics. However, they are introducing 
a chair version similar to the Security 
configuration this fall. Delivery time 
from them is about four weeks. 

Another purchase option involves 
the use of cross components. Sprague 
recently sold a Paraphernalia con-
tainer with a good surplus military 
canopy for approximately the same 
price that he could have made a con-
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version to a Security. 
As if all this surrounding the Secur-

ities wasn't enough of a fly in the 
ointment for so many pilots in our 
sport, there has been another develop-
ment involving the emergency 
parachutes that are used. This one 
affects the National brand for which 
there has been a service bulletin is-
sued as of February 1,1988. However, 
it is not a grounding or a factory re-
call, just a product enhancement — 
albeit a mandatory one. Deadline for 
compliance is August 1, 1988. 

The Service Bulletin from National 
Parachute Industries, Inc., PO Box 
1000, 47 E. Main St., Flemington, NJ 
08822 is as follows: 

"INSTALLATION OF LAMINAT-
ED KEVLAR BANDS ON PHANTOM 
ROUND RESERVES — All Phantom 
Round Reserves manufactured after 
January 1, 1988 (Some Phantom 
canopies manufactured during the 
last quarter of 1987 have laminated 
Kevlar construction. Check the data 
panel or call National with your serial 
number.) have a unique Laminated 
Kevlar construction. (See following 
comments about it.) 

"The crown support band, which is 
interwoven with the radial seam 
tapes, has two layers of Kevlar and 
the upper lateral band (apex) has 
three layers of Kevlar. Phantom re-
serves have used three single layer 
Kevlar bands (skirt, crown and apex) 
for several years and TSO certifica-
tion was accomplished in this config-
uration. The use of the multi-layer, 
Laminated Kevlar in the two upper 
bands provides a significant increase 
in lateral strength and reduces the 
possibility of structural damage in the 
event of an out-of-sequence or irregu-
lar deployment. 

"All Phantom Round Reserves (22, 
24, 26 and 28) manufactured BEFORE 
January 1, 1988 should have Lami-
nated Kevlar bands installed in con-
junction with the NEXT SCHED-
ULED REPACK. Installation is RE-
QUIRED PRIOR TO AUGUST 1,1988. 

"Laminated Kevlar bands may be 
installed by any Master Parachute 
Rigger or Certificated Loft who has 
the required personnel, machinery, 
materials and instructions. Many Na-
tional Parachute Dealers are equipped 
to provide this service. If you prefer 
to return your Phantom canopy to 
National for installation, the cost will 

be $35.00 plus shipping. National 
Parachute Dealers, Master Parachute 
Riggers and Certificated Lofts may 
charge more or less. 

"Instructions and specifications for 
installation of Laminated Kevlar 
bands have been provided to all Na-
tional Parachute Dealers. Instruc-
tions and specifications will be pro-
vided to Master Parachute Riggers, 
Certificated Lofts or their foreign 
equivalent upon request. 

"LAMINATED KEVLAR — BACK-
GROUND: Once or twice each year 
we hear about a parachute that was 
damaged during an apparently nor-
mal deployment. The manufacturer 
and the type of parachute varies but 
the story is pretty much the same — 
nobody saw anything unusual, the 
jumper reports a hard opening and 
damage is obvious when the para-
chute is inspected. It happens with 
mains and reserves, rounds and 
squares. 

"If the parachute is round, chances 
are a partial inversion occurred dur-
ing deployment. If structural damage 
occurred, probably an out-of-sequence 
or irregular deployment loaded one 
area of the canopy beyond its design 
limits. These relatively rare events are 
nearly impossible to duplicate under 
test conditions but may happen with 
even the most proven design. Of course, 
unstable deployment or lack of proper 
staging increases the likelihood of 
malfunctions and canopy damage. 

"PURPOSE: At National we are 
constantly improving our products to 
provide the highest level of confidence 
consistent with design objectives. 
Whenever possible, these improve-
ments are incorporated in models al-
ready in use. It has been determined 
that the use of Laminated Kevlar in 
the apex and crown support band of 
Phantom Round Reserves will reduce 
the possibility of structural damage 
in the event of an out-of-sequence or 
irregular deployment. All Phantom 
Round Reserves manufactured after 
January 1, 1988 include Laminated 
Kevlar in the apex and crown support 
band. (Some Phantom canopies manu-
factured during the last quarter of 1987 
also have the Laminated Kevlar con-
struction. Check the data panel or call 
National with your serial number.)" 

Edwards at National is quick to re-
mind everyone once again that this 
service bulletin is strictly for product 
enhancement. It was not generated 
by any accident. There is no im-
mediate safety hazard and it was not 
mandated by the FAA. He said, "Some-
times chutes get damaged acciden-
tally in spite of the fact they passed 

all the tests. During them chutes are 
stressed well beyond what would be 
their normal intended use, but tests 
are done in a controlled environment 
and there is no test like turning one 
loose to the public." 

He continues, "Lamination of high-
tech textiles is a common technique 
for increasing strength in airplanes, 
boats, and bulletproof vests but this 
is the first known application in 
parachute construction . . . We're very 
enthusiastic about this change. And 
when we decided to make it and since 
it was something that could be easily 
and relatively inexpensively retrofit-
ted to those canopies that were al-
ready in the field, we took our cue 
from the aircraft manufacturers and 
decided that it was the appropriate 
thing to do. Having made that deci-
sion, we issued the service bulletin to 
accomplish it." He added that service 
bulletins have not been very common 
in the parachute industry. 

He notes he would like to clarify 
the deadline by saying, "Some people 
are under the impression they can't 
repack the chute without doing the 
mod first. That was not our intention. 
The real cutoff is not until August 1." 
So someone could have their chute 
repacked just before a contest and 
then have the mod done afterwards. 

What happens after August 1? Will 
a National parachute that has not 
had the modification done to comply 
with the service bulletin be legal? Ed-
wards responds, "Well, there's some 
confusion here. Even though a man-
ufacturer considers compliance man-
datory the FAA does not treat service 
bulletins as mandatory, but there are 
some other conflicting regulations in 
regard to parachutes and we're trying 
to get a reading from the FAA. 

"We were told by the FAA when we 
were going to issue this that they don't 
actively enforce service bulletins but 
they do agree with manufacturers 
that service bulletins are in effect an 
extension of the manufacturer's pack-
ing and maintenance instructions. And 
the FARs say the riggers are required 
to follow the manufacturer's instruc-
tions. So although the TSO is not af-
fected by the service bulletin like it is 
by an AD which in effect takes away 
the airworthiness certificate, most 
prudent riggers today in the legal en-
vironment will not go against the 
manufacturer's instructions." 

Jus t a reminder, if one happens to 
own a Paraphernalia or another brand 
chute that may be using a National 
Phantom canopy and you're not sure 
what type you have, check the pack-
ing data card. It'll identify the canopy. 
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PARACHUTE 
UPDATE & TESTS 

S E C U R I T Y & S T R O N G 

By Fred Cailey 
IAC Technical Chairman 

Because of recent articles in SPORT 
AEROBATICS most IACers are aware 
of the problems with and the Airwor-
thiness Directive related to Security 
Model 350 and Model 850 parachutes. 
Specifically, some of the above men-
tioned parachutes have been found to 
have improperly treated drive slot 
covering mesh and this mesh when in 
contact with the canopy causes 
canopy deterioration. 

In response to this problem the 
FAA (U.S. Federal Aviation Ad-
ministration) has issued an AD (Air-
worthiness Directive) grounding all 
parachutes using the SAC (Security 
Aeroconical Canopy) canopies. This 
canopy is used in a majority of Se-
curity 350 and 850 chutes. 

The parachute article in the April 
1988 issue of SPORT AEROBATICS 
listed several options for persons own-
ing these Security chutes. Jack 
Hooker of Hooker Custom Harness, 

% 

Top picture above, test parachute is 
shown deploying on heavy drop test by 
Strong Parachutes at 300 feet. Airspeed 
was 175 knots with 300-pound test load 
and static line deployment. Bottom pic-
ture above, heavy drop rig is fully de-
ployed and still moving forward with al-
titude at approximately 100 feet. Shown 
below are lead weights and heavy drop 
bag used to shock load test the MID-LITE 
canopy/Security 350 pack & harness to 
5,000 pounds shock load. The bag is at-
tached to the parachute harness and the 
12 lead weights total 300 pounds at 25 
pounds each. 

o o z 

o 
•C 0. 

30 E. Jefferson, Freeport, IL 61032, 
has advised of another possible option 
that was briefly touched upon in that 
article. Jack says that Ted Strong of 
Strong Enterprises (parachute manu-
facturer) has performed the necessary 
testing and has applied to the FAA 
for a TSO covering a Strong canopy 
mated to the Security 350 harness. 

The testing consisted of a 300-pound, 
175-knot, heavy category drop test 
and a live jump. Both were completed 
successfully and without incident (see 
accompanying photos). Presently, it 
is estimated that refitting a Security 
chute with the Strong canopy would 
cost $650.00. As of this writing in late 
April, the above noted TSO has NOT 
been approved but it is believed that 
some positive action should take place 
within two to three weeks. 

It is felt that IACers should be made 
aware of this pending canopy retrofit/ 
TSO since it may impact their decision 
making as to how to handle the Secu-
rity 350 parachute situation. Maga-
zine deadline constraints prevent 
waiting until an FAA approve or dis-
approve TSO decision has been made 
and still provide IACers with timely 
information. Hopefully, we will be 
able to supply further information on 
this situation in an upcoming issue. 

It should also be mentioned that 
while it is believed that the defective 
Security parachutes are all of 1981-
1982 vintage, GQ Defense in England, 
the parent company of the bankrupt 
U.S. GQ Security Parachutes, Inc., 
has advised that they are not in pos-
session of the records of Security 
Parachute and are not able to identify 
the serial numbers of the Security 
SAC canopies which are affected by 
the defective mesh. Therefore, at pre-
sent it appears that the AD grounding 
all U.S. made Security SAC canopies 
will not be modified. (However, 
canopies made in England by GQ De-
fense are not affected.) 

Again, a thanks is due Jack Hooker 
for keeping us all up to date on this sit-
uation. Strong Enterprises may be con-
tacted at 11236 Satellite Blvd., Orlan-
do, FL 32821 or phone 305/859-9317. 
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Tom Fowler, a Strong Enterprises shop 
rigger, lands in a live jump of the test rig, 
a Strong MID-LITE 26-foot canopy in a Se-
curity 350 pack and harness. 

S E C U R I T Y & B U T L E R 

By Manley C. Butler, Jr. 
IAC #6680 & President of 

Butler Parachute Systems, Inc. 

Butler Parachute Systems, Inc., has 
recently drop tested a series of replace-
ment canopies and an installation pro-
cedure for the Security 350 parachutes 
that were grounded by the recent AD. 

The work is performed at Butler 
Parachute Systems FAA Certificated 
Parachute Loft (#401-254) located on 
the California City Airport. If 
scheduled in advance, the change can 
be done in one day, or while you wait 
for fly-in customers. Type and cost of 
various replacement canopies are as 
follows: 
22' TriConical (Low Speed Category -170 lb.) $495 
26'Conical (Low Speed Category - 200 lb.) $515 
26'Conical (Standard Category • 225 lb.) $575 
26'TriConical (Standard Category - 254 lb.) $555 

The weights shown are maximum 
gross weights as recommended by the 
canopy manufacturer or a limit of ap-
proximately 22 FPS rate of descent 
(see below notes). With exception of 
the 22' TriConical, all of these 
canopies are larger and heavier than 
the canopy originally installed in the 
Security 350. The 26' Low Speed 
canopy is equivalent to the canopy 
used in the Security 150, the 26' Con-
ical (Standard) is equivalent to the 

Shown above is a riser configuration for 
an L-Bar connector link as used on many 
types of canopies. Below is a riser config-
uration with a #5 Rapside link as used on 
Phantoms and many other lightweight 
sport reserve canopies. 

canopy installed in the Security 250 
and the 26' TriConical is even larger 
for higher gross weights. 

During the installation, the riser 
ends are reconfigured to accept the 
type of connector link used for the 
particular canopy. The installations 
have been tested using connector links 
rather than sewing the lines into the 
risers (as was originally done by Secu-
rity) to simplify the changeover. 

The prices shown include repacking 
the parachute (normally $30) and re-
turn shipping by UPS ground. If re-
quested, the original canopy will be 
returned for an additional $10 in ship-
ping costs. UPS Next Day and Second 
Day shipping is also available. All 
customers are requested to contact 
Butler Parachute Systems in advance 
for scheduling their work at 6399 
Lindbergh Blvd., California City, CA 
93505 or phone 619/373-4991. 

NOTES: 1. Security Parachute 
Company never published a recom-
mended maximum weight for their 
parachutes; however, we consider a 
rate of descent of 22 feet per second 
(FPS) (at sea level) to be the 
maximum acceptable (the lower the 
better). The Security 350 will exceed 
22 FPS with approximately 200 
pounds gross weight. 

2. There are some Security 350 and 
850 parachutes in use in the U.S. that 
were actually manufactured by GQ De-
fense of England. These parachutes are 
not (as of this date) affected by the AD. 

Shown above is a standard riser on a Se-
curity 350 with lines sewn into riser end. 
Below is a Security 150 pack and harness 
with drop test dummy ready for 
parachute drop test. The 150/250/350 
pack and harness are functionally identi-
cal according to Manley Butler of Butler 
Parachute Systems, Inc. 
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Parachute Landing Falls s s 
As an introduction to this article 

please read the following reprint of 
"PARACHUTES," page 7, June '85, 
SPORT AEROBATICS: 

"Believe it not, this old tune, "There'll 
Never Be Another You," of the 1930s 
ties in with some incidents and acci-
dents we have experienced lately. 

" 'WHEN IN DOUBT, BAIL OUT' was 
an old military bit of advice that should 
be heeded in our sport of aerobatics. 

"We have lost a fine, up and coming 
world class competitor (Amos Buettell) 
because he was trying to save his air-
craft. They can always build another 
Pitts or such, but 'there'll never be 
another you.' 

"Sure, it's Monday morning quarter-
backing but we must learn from other 
pilots' misfortunes. While he was prac-
ticing for the Nationals last year, I was 
critiquing Amos Buettell in his Pitts at 
Oak Grove when his push rod to the 
ailerons disengaged (probably because 
of no large are a washer). A severe wing 
f lut ter ensued. He landed with only 
the left ailerons operating after being 
cut out of the pattern by a twin. The 
right, rear spar was through the fabric 
with evidence of other spar damage. 
When asked why he didn't bail out, he 
replied, 'I thought I could get it down.' 

"Perhaps it may have been prudent to 
climb to a higher altitude, check out the 
controls and one's chances for survival, 
and THEN get out or trust in fate. Who 
knows??? 

"Fate was not very kind to Amos in 
his last accident in his monoplane. 

"Why Amos did not bail out, no one 
will ever know. There are all kinds of 
in-flight emergencies but a fuel leak is 
probably the worst. If you commit your-
self to a landing and get on the base leg, 
it is too late to hit the silk. 

"If your aircraft is equipped with a 
'coffin lid' type canopy, make sure it is 
jettisonable. However, opening the 
canopy will just suck more fumes and 
raw fuel into the cockpit. 

"Another pilot had experienced a 
similar counterweight failure with the 
associated engine vibration. He also 
elected to land and 'save his aircraft. ' 

"There is an item in your aerobatic 
aircraft that is probably the most un-
familiar piece of equipment in your in-
ventory. You're sitting on it — your 
parachute. What do you think it is there 
for, a cushion??? Use it. It's handy when 
needed. 

"To preclude any reluctance to get out 
of a disabled aircraft, it may be wise for 
ALL competition aerobatic pilots to 
take a course from an accredited para-
chute jumping school using the same 
chute from your Pitts as a P.C. The more 
proficient you become in its use the less 
reluctant you will be to make the deci-

sion to join the caterpillar club. 
"I talked with Bob Heuer at length 

some time ago on this very same subject. 
We both agreed that even when flying 
cross country in a Pitts over impossible 
terrain, it may be wise to get out should 
your engine fail. Modern parachutes are 
almost 100% reliable. With a practice 
egress technique, you should not have 
to make a pauper's choice — I know, 
after three bail outs! One exploded sec-
onds later. 

" WHEN IN DOUBT, BAIL OUT.' 
G-E-R-O-N-I-M-O!!!" 

Much information is published on type 
of parachute, inspections, how to bail 
out, etc., but very little on getting your-
self on the ground — UNINJURED. 
After hitting the silk and descending in 
thin air you may think, "Boy, I got this 
one made." Brother, you are only half 
way there. 

Some time ago the Tactical Air Com-
mand initiated a program, in cooperation 
with the U.S. Army, to send all fighter 
pilots to jump school at Ft. Benning, 
Georgia, to learn to be forward air con-
trollers and also to learn how to survive 
a parachute landing in rough terrain. 

You have all watched sky divers land 
standing up and they make it look like 
great sport but there is a difference. 
Mainly, you don't have a choice of a 
landing site like the pea gravel or soft 
grass. And their equipment is much dif-
ferent such as thick rubber soles, slow 
descents, canopies that you can fly a 
base leg with, a crowd to cheer you on 
and a choice of wind and weather condi-
tions, etc. 

The PLF is basically taught to help 
eliminate any injuries to an airborne 
trooper. An infantryman with a broken 
leg or arm behind the lines is no asset to 
the operation and is just a burden on his 
buddies. If you are thinking, "What does 
this have to do with sport aerobatics?", 
just look at the type of country you have 
to fly over, to and from a contest. Get-
ting there should be half the fun. 

The following is not meant to be a 
course on becoming a paratrooper but to 
offer a few basic rules toward getting 
you down in one piece and to be able to 
walk to the road for help. You have all 
flown over country where only one mile 
from a highway with a broken leg could 
make your survival questionable. 

First, the three points of contact dur-
ing the PLF are the calf, the hip and the 
back of the shoulder. You practice this 
off a two-, four- and five-foot wall into a 
sand pit until you swear you could do 
them off the flag pole — forward, back-
ward and to both sides, always with the 
knees and feet TOGETHER. 

While descending check the wind on 
the ground and try and rotate the chute 

to make a PLF on your side and to avoid 
obstructions by slipping. You can pick 
your spot just like the moon lander. 
Keep your hands up on the risers to 
prevent falling on your arms. Do NOT 
look at the ground just before 
touchdown. 

With your legs relaxed and bent slight-
ly at the hips and knees, this will elimi-
nate tightening up as the ground ap-
proaches while looking STRAIGHT 
AHEAD. When you feel contact with 
the ground, perform a PLF by twisting 
with any drift to make the three points 
of contact. Night jumps at Benning re-
cord less injuries because you can't see 
the ground and most of the time you 
land out of the drop zone in the trees. 

Got it made now? Nope. Now you 
must know your equipment well enough 
to collapse the chute to prevent being 
dragged along the ground. 

Let's pause here and think, "Do I 
know how to release my canopy?" I 
wouldn't take odds on it. Knowing your 
equipment does not stop here. A para-
chute can be used for survival — the 
canopy for signaling, bandages, bedding 
or protection from the cold; the risers 
for fish lines or snares; and the many 
small wire retainers for fish hooks, etc. 

Some of the training equipment used 
at Benning was designed by the same 
guy who makes up Unknowns. An air-
craft engine and prop are mounted on 
the back of a truck. You hold onto the 
bumper while the engine is run full bore 
and the instructor reaches over and 
pulls your rip cord. You are trying to 
activate the release while airborne for 
the first 50 feet then dragged the next 
hundred. In rough terrain you would be 
severely injured if you could not manage 
the release. The engine was "only 50 
HP" we were briefed, but upon inspect-
ing the manufacturer's nameplate it 
said Lycoming 0-200. 

So, practice those PLFs with your 
knees and feet together, know how to 
collapse your canopy and stay close to 
that highway. Look at a road map of our 
USA interstate four-lane systems and 
you can always find one going your way. 
When you consider that you spend per-
haps 90% of the contest hours flying 
cross country, it may be wise to be pre-
pared for greasing one on — a la a PLF. 

Any accredited school that teaches 
sky diving can also teach you to make a 
parachute landing fall or PLF. They 
teach this because the reserve chute is 
"round" and PLFs are made if this re-
serve chute has to be used. So, to set 
your mind at ease when flying to and 
from a contest take a short course on 
PLFs and releasing your canopy. All of 
the above will not help to up your score 
in a contest but is still a very important 
phase of our great sport. 
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Propeller governors have not been a chronic service 
problem for most IACers. However, the following service 
difficulty report by an IAC member should alert all of us 
to pay a little more attention to propeller governors. 

"Recently, while on a return trip from California over 
the Colorado Rockies, I had an experience that, needless 
to say, was hair-raising at best. 

"I had just taken off out of Farmington, New Mexico, 
and was right in the middle of the Continental Divide at 
12,500 feet with ground below me at 11,000 feet when all 
of a sudden the engine instantly went to 3,500 RPM. 

"At first I couldn't believe what had happened since 
only moments before I had been thinking about where in 
the heck would someone be able to put an airplane down 
in the middle of the Continental Divide. I had seen a 
frozen lake a few moments before which I thought would 
be the best place to land, but then I thought that before I 
could get the airplane out, the lake would thaw and melt 
and my airplane would be on the bottom. 

"The first thing I did was pull back the power on the 
airplane and try to stabilize the airplane at around 2,700 
RPM, but I found when I did this I was not able to main-
tain altitude and was losing several hundred feet per 
minute in altitude. Immediately I began to look for some 
place to put the airplane down, but really couldn't find one. 

"I switched to 121.5 and declared an emergency and 
tried to identify my position as best I could, then began to 
look at all the instrumentation in the airplane. Oil pres-
sure was fine, manifold pressure was fine, etc. I then 
began to play with the control pitch knob inside the 
cockpit and finally pulled the control all the way to stop. 
At last the propeller caught and stabilized at 2,700 RPM. 
I didn't change any of the power settings or anything, and 
was able to just continue on into Sadila, Colorado, and land. 

"I pulled the prop governor off which was a Woodward 
Governor and took it to Tri-County Propeller in Denver 
to have them put it on their test bench and check it out. 
Upon running the governor for approximately four hours 
they indicated to me that the governor worked fine. I then 
thought that what might have happened was that the 
front seal had blown in the propeller. I went down and 
pulled a couple of grease fittings off and couldn't find any 
oil in the hub, but took the prop off and had it brought 
back to Denver, looked at, and inspected. Turns out, the 
propeller was also in excellent shape. 

"I then remarked to the governor repairman that I had 
heard something rattling in the governor when I brought 
it up to him. I suggested we take it apart and look at it. 
We took the governor apart and found that one of the ears 
on the counterweights had sheared where the speeder 
spring sits on top, thereby letting the governor go to full 
max oil pressure which drove the prop flat. Therefore, I 
didn't have any control or thrust in the propeller. 

"I then called Woodward Governor regarding the prob-
lem I was having and they indicated to me that they were 
aware of the little ears breaking off the counterweights. 
They said that there was a bulletin out on this and they had 
a fix for the problem. The problem has existed since 1983. 

"I learned several things from this incident. The first 
thing that I learned is that there are problems with the 

Woodward Governors and if anyone suspects or has any 
doubt about the particular model governor that they have, 
they need to check and make sure that their governor is 
one that doesn't have a problem with it. Evidently, the 
problem is caused from some harmonics and vibration 
that ends up breaking the ears off the governor. 

"The second thing that I was unaware of is the pitch 
stop adjustment in the front of the propeller. I had it set 
at approximately eleven (11) as it was delivered from the 
factory. I have since talked to the propeller people and 
they suggested I run the propeller up and continue to 
change the low pitch stop nut in the front of the propeller 
until I achieved the desired RPM, statistically that I 
wanted on takeoff, and then back it off a quarter turn. I 
now have the blade set at approximately 15; so if I ever 
induce max oil pressure into the prop so that it goes flat, 
at least I'll have 15 of thrust rather than the 11 of thrust 
tha t I had before. I should then be better able to manage 
the propeller RPM and thrust with the manifold pressure 
or power setting than I could prior to the time that I had 
it set at 11." 

After receiving the above report the IAC Technical 
Safety Committee contacted the Woodward Governor 
Company in Rockford, Illinois, for their input. Mr. Alan 
Plummer responded for Woodward Governor. The follow-
ing are excerpts from Alan's reply: 

"Mr. — discussed the incident with Mr. Chuck Drewes 
of our Sales Department in July 1987. Subsequently, he 
returned his experimental governor P/N X82402-029, S/N 
1826895A to Woodward Governor Company for examina-
tion and repair. The subject governor was disassembled 
and one flyweight was found broken. The balance of the 
governor components were in satisfactory condition. 

"This governor is being used on a Lycoming 10-540 
engine which has the governor drive pad opposite the 
driven end of the camshaft. Our experience indicates that 
this application is one of the most severe from the stand-
point of drive torsionals. The combination of rough drive 
and aerobatic operation produces a very hostile engine 
accessory environment. 

"The 10-540 application has been the subject of one 
A.D. 81-25-01, and two Woodward Service Bulletins, 
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PROPELLER GOVERNOR 
TECHNICAL SAFETY REPORT 

Numbers 33572 and 33576. The A.D. and Service Bulletin 
33576 pertained only to the Maule M5 235C aircraft, 
while Bulletin 33572, as issued in October, 1979, was 
applicable to all Woodward Governors using offset toe 
type flyweights, P/N 196405 and P/N 196406. This Service 
Bulletin was reissued in July of 1982, and altered to indi-
cate that it was only applicable to governors used on 
reciprocating engines. 

"These bulletins are included in our specification man-
ual that is updated every six months and forwarded to 
those who subscribe to this service. All authorized repair 
stations receive this information. If the bulletin were 
applicable to a specific application, we would make every 
effort to get this information to those parties concerned. 

"The subject governor, supplied to Mr. — originally in 
1983, complied with all pertinent bulletins. It appeared 
that on this particular application, additional torsional 
filtering would be advisable. When the unit was returned 
to Mr. — in 1987, a torsional filter was added to the 
flyweight assembly in an effort to prevent drive torsionals 
from reaching the flyweights. This combination of compo-
nents stands the best chance of surviving on the 10-540 
application. 

"The sales order for the subject governor contains a 
disclaimer which indicates the governor was airworthy as 
shipped but cannot be warranted due to the nature of the 
application." 

The above pretty much covers Alan's technical input. 
The torsional filter noted above was later referred to as a 
spring driven ballhead which was used to provide torsional 
damping. Alan did make some additional comments that 
may be of interest to IACers. 

"Your membership, especially those members with 
homebuilts, should understand that their applications are 
unique in many instances. They come up with combina-
tions of components that have not been tested for durabil-
ity, as a production aircraft is, prior to certification. We 
have worked with many people in this category and 
agonize each time since everything they desire is special. 
In this day and age, the documentation required to pro-
duce a special governor makes it very expensive. 

"In most cases, the true costs associated with this type 
of effort have not been passed on to the customer; however, 
this is changing." 

The foregoing provides some technical insights and 
alerts all of us to possible potential propeller governor 
service difficulties. IACers who operate aircraft with 10-540 
Lycomings should double-check to see if the Woodward 
S.B. 33572 is applicable to their prop governor, and they 
may also want to consider closer monitoring of their prop 
governor in view of the above reported failure and in view 
of what Woodward considers a hostile environment for 
prop governor operation. 

The foregoing also provides some insight into the bus-
iness climate and reminds us that our (aerobatic) wants 
and needs are oftentimes unique and do not fit into the 
standard patterns. 

An IAC thanks to Alan Plummer of Woodward Gover-
nor Company for his time and efforts and also a large IAC 
thanks to the IACer who made the above service difficulty 
report and who shared his knowledge and experience with 
the rest of us. 
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Aerobatics QA 
PROPELLER N U M B E R S 

By Dan Rihn 
Contributing Editor 

QUESTION — What do all those 
numbers and letters mean on the 
label identifying the propeller? 

ANSWER — For this answer, I 
consulted Santa Monica Propeller 
owner Victor Haluska, who was able 
to explain these number systems. For 
example, the Hartzell constant speed 
prop found on the Pitts S-1T is an 
HC-C2YK-4AF/FC7666A-2. These 
symbols translate into: 

HC = Hartzell constant speed 
C = controllable pitch 
2 = 2 blades 
Y = shank blade design 
K = flange type, for Lycoming 

engine 
-4 - aerobatic 
AF = type of spinner mount 
F = type of blade retention 

(larger diameter knob) 
C = counterweigh ted 
76 = 76 inches basic diameter 
66 = model number 

(blade planform) 
A = alignment 
-2 = blades shortened; 

-2 inches diameter 
For the Sensenich fixed pitch 

76EM8-0-60 prop as found on the 
Pitts S-1S, the breakdown is: 

76 = 76 inches diameter 
E = blade design, planform 
M8 = SAE NO 2 flange, 

8/16-inch attach bolts 
-0 = 0 inches shortened 
60 = blade pitch (inches) at 

75% radius 
QUESTION — How can you com-

pare a constant speed propeller to a 
fixed pitch propeller? 

ANSWER — Victor Haluska 
helped out with this question, too. I 
also checked with Bob Bristol from 
Sensenich Propeller Co. 

The easiest comparison can be made 
from the propeller identifier where 
the prop diameter is given: 76 inches 
for the Sensenich and 74 inches for 
the Hartzell. By looking up the speci-
fication sheet, we can easily compare 
the weight of these two props. The 
HC-C2YK-4AF/FC7666A-2 weighs 60 
pounds and the 76EM8-0-60 weighs 

37.5 pounds. 
Another comparison, which is not 

absolutely accurate but is interesting 
nonetheless, is comparing pitch. The 
specification information says that 
the HC-C2YK-4AF/FC7666A-2 pitch 
is measured at the 30-inch station (30 
inches from the hub center). It is set 
at a high pitch blade angle of 24.5 
degrees and a low pitch blade angle 
of 13.5 degrees. The 76EM8-0-60 is 
measured at the 75% station which is 
28.5 inches from the hub center. With 
a little math we find that 60 inches of 
pitch equals 18.52 degrees blade 
angle. So the 76EM8-0-60 is a com-
promise; it isn't as high a pitch nor is 
it as low a pitch as the Hartzell. 

What does all this mean? If each 
prop were held to the same RPM, the 
constant speed prop would be more 
efficient. But as Bob Bristol pointed 
out, aerobatic pilots don't always op-
erate their engines and props within 
factory recommended RPM values 
which will allow the fixed pitch prop 
to operate at a higher engine power 
level. However, he also points out that 
this is definitely not recommended 
operating procedure. 

QUESTION — How does the wood 
Sensenich fixed pitch KZ76X60 prop, 
as featured in the May 1987 SPORT 
AEROBATICS article on Jose Martin's 
Biicker Jungmann compare to the 
aluminum Sensenich fixed pitch prop? 

ANSWER — I sought out Bob Bris-
tol again to answer this question. 

The wood prop (more recently 
known as the W76HZ10M860 where 
the 76 is the prop diameter, the 10 is 
an adapter, and the 60 is the pitch) is 
available in pitch ranges from 56 
inches to 64 inches. It was found that 
an adapter was necessary to obtain 
the proper torque values of the prop 
retaining bolts. The 6-inch diameter 
flange used on Lycoming engines was 
too small and was only crushing the 
hub area of the wood props. A 73/t-inch 
diameter adapter is used to cure this 
problem and it is available as a 5 
(l'/4-inch thickness) or a 10 (2V2-inch 
thickness). 

There is virtually no difference be-
tween the wood or aluminum prop in 
the airfoil shape of the blade; this 

airfoil is known as a "Rose E" airfoil 
and is a Sensenich proprietary airfoil. 
The biggest item of comparison is the 
difference in weight. The weight of 
the W76HZ10M860 is 26 pounds in-
cluding the adapter versus the weight 
of 37.5 pounds for the aluminum prop. 

This equates to less adverse gyro-
scopic effects in tailslides, snap rolls 
and Hammerheads. This reduction in 
gyroscopic loads means that less loads 
will have to be reacted in the crank-
shaft flange. However, there is one 
quarter the flywheel effect on the en-
gine and it oculd allow the engine 
stall easier at low RPM such as in a 
spin or a tailslide. 

Bob went on to point out that the 
wood prop still does not quite perform 
as well as the aluminum prop. He 
explains this by the fact that the wood 
blades are a little thicker and that 
the flexibility of the aluminum prop 
actually has advantages in terms of 
performance. The aluminum prop is 
definitely more durable. The wood 
prop has an inlaid epoxy leading edge 
which is more susceptible to damage 
than aluminum. 

He also noted that although he does 
not know of any aluminum prop fail-
ures, he did feel that the wood prop 
would not fail under the same condi-
tions. If the aluminum prop were to 
fail it would do so across the blade 
(chordwise) leaving a very unbal-
anced condition, whereas the wood 
prop would fail spanwise and should 
not create as bad of an unbalanced 
situation. The life of an aluminum 
prop is suggested to be 500 hours of 
aerobatic use; for the wood prop, 
aerobatic time is unlimited. Also, the 
wood prop is okay to use on the 200 
HP Lycoming engine. Technically, 
there is no aluminum fixed pitch prop 
from Sensenich that is okay to use on 
this engine. 

Finally, Bob pointed out the cost 
differences. Currently, the wood prop 
sells for $1145 with adapter and bolts 
or $900 for a prop replacement. The 
aluminum prop sells for $1568 with 
bolts. So, as they say, "Ya pays yours 
money and takes your choice." Every-
thing /has its good and bad points. 
Everything is a compromise. 

155 



MT 
COUNTERWEIGHTS 

MT PROPELLER SERVICE BULLETIN NO. 2A 
— Mandatory — TO: All owners/operators of affected 
propellers. 

SUBJECT: Counterweight failures on acrobatic pro-
pellers. PROPELLER MODELS AFFECTED: MTV-2-B-
C, MTV-3-B-C, MTV-4-B-C, Serial No. 83 . . . , 84 . . . , 85 . . . 
Propellers with Serial NO. 86 . . . already have the new 
counterweight. AIRCRAFT MODELS AFFECTED: All 
aircraft using this propeller. 

CONDITION: After the introduction of the modifica-
tion according to Service Bulletin No. 2 of March 15, 1985, 
there was again one failure of a counterweight. This forced 
us to design our own counterweight. As the reason was 
still not clear and could be related to material instability, 
we started design and production of the new counter-
weight, Part No., A-215. 

CORRECTION: All old style counterweights, Part NO. 
D-4170 must be removed and scrapped. Installation of the 
new counterweight A-215, manufactured from solid steel 
alloy, is required. The old style counterweights can be 
easily identified, because they are forged. 

1. Within the next 10 hours of operation, remove spin-
ner dome and further remove propeller from aircraft. 

2. An approved propeller shop must replace the coun-
terweight, because balacing is required after modification. 

3. Remove counterweights and attachment hardware 
and scrap. Destroy old counterweights, because they never 
should be used again. Secure balancing weights because 
they can be reused. 

4. Install new counterweights according to the en-
closed drawing. As the blade ferrules are already drilled 
for the spiral pin, the new counterweights shall be in-
stalled to fit these holes. The pins must be engaged in 
order to avoid slipping. Torque counterweight bolts as 
shown on the drawing. After correct torque of all bolts and 
nuts, drill a hole into the counterweight and head of the 
socket head cap screw with 2,3 mm. (1.090 in.) diameter 
and install the safety pins A-285 to secure the bolts. 

5. Static balance the propeller and safety wire balance 
weight screws. On the MTV-3-B-C propeller, observe the 
free movement of the blades to the spinner because only 
a limited place and stack height can be used. 

6. Install propeller on aircraft according to manual 
MPC-11 or E-148. Torque flange bolts with 85-90 Nm (63-
66ftlb) on engines up to 300 HP and with 120-135 Nm 
(90-100ftlb) on engines above 300 HP. Safety wire bolts in 
pairs. 

7. Perform ground run and check for leakage. Install 
spinner dome with screws and plastic washers. 
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KEN STOUT 
An Intermediate competitor, he 

flies an 8KCAB or 180 HP Super De-
cathlon that 's basically factory stock. 
Any alterations have been STC'd ones 
so that the aircraft could remain in 
the certified category. Although he 
has opted to add spades as a purely 
competitive-edge type of mod, he has 
primarily enhanced his aircraft, its 
equipment and his preflight inspec-
tions to give him an edge in the area 
of safety. 

For instance he removed the rear 
stick. Some Decathlon front seat 
backs have broken and fallen back 
against the rear stick, jamming it into 
a fixed position. Occasionally belts or 
other items may entangle it as well. 
A side benefit in competition is the 
stick removal helps lighten up the 
controls, just a little bit he feels. "And 
in a Decathlon, everyone knows that 
anything we can do in that area is a 
plus," he commented. 

Not satisfied with the factory in-
stalled harness system, he decided to 
go with one from Hooker Custom Har-
ness complete with a ratchet tighten-
ing device. He was concerned about 
problems other IAC members had en-
countered with their factory installed 
seat belts and harnesses in their De-
cathlons and Citabrias. These in-
cluded rear stick entanglement, fail-
ure of seat belt attach fittings, inad-
vertent release of the belt buckles, 
and loosening up of the belts and har-
ness while flying, particularly during 
aerobatics. 

Another of his concerns centered on 
the factory harness' single attach 
point to the seat. Hooker's setup has 
separate attach points for the main 
and secondary seat belts, a require-
ment of IAC contest rules. The main 
belt is attached to the same tab to 
which the rear legs of the seat are fas-
tened and the secondary, to a cross 
member between the two lower longe-
rons beneath the floor boards. In addi-
tion the primary and secondary belts 
are parallel to each other as opposed 
to one being on top of the other. This 
aids the comfort factor as the load is 
then spread over a large section of the 
pilot's hips and legs. 

Since the fasteners/buckles for the 
Hooker primary and secondary belts 
face in opposite directions, this pre-
vents accidental release of both belts 
by a shirt or jacket sleeve catching on 
a buckle. Shoulder straps are at-
tached to a cross member between the 
two upper longerons or basically the 
rear spar carry-through and to the 
bottom of the seat where there is a 
yoke to keep everything pulled down 
to the proper restraint angles — again 

providing for more comfort. 
It also delivers a more effective 

shoulder strap angle, getting away 
from the typical automobile type 
setup which also on occasion got hung 
up in the wires of his helmet/headset. 
"My old strap was just in the way," 
said Stout. 

He swears his Hooker Harness is 
stronger and keeps him more securely 
in place. "I used to be floatin' all 
around the cockpit thanks to the belts 
loosening up and the automobile-like, 
across-the-shoulder bit," he stated. 
Now if a little more give develops 
than he wants while performing ma-
neuvers, he can reach down without 
letting go of the stick, give the ratchet 
a quick click and be instantly snug 
again in his seat. This produces 
another fringe competition benefit in 
that firm, secure bodily restraint aids 
one in flying maneuvers better. 

However, he didn't entirely discard 
his original harness system either. He 
simply installed it in the back seat. 

SAFETY 
One Man's Style 

Text & Photos 
By Editor Jean Sorg 

Like all pilots, fire worries him. 
Hence he started wearing a Nomex 
flight suit which he puts on just prior 
to any aerobatic flight, practice or 
contest situation. He admitted it can 
be hot. "But at the same time it's not 
really that bad," he maintained. "You 
know you're not going on a long cross 
country with it. And it gives you a 
few seconds of fire protection." 

That could spell the difference in a 
safe evacuation on the ground or in 
the air. He indicated that some day 
he'd even like to acquire a heavier, 
automobile racing quality Nomex suit 
along with the fire retardant under-
wear. He already has the Nomex 
gloves. 

Originally intending to only wear 
leather ones for better grip on the 
stick and some possible fire protec-
tion, he learned from conversations 
with other contestants that the 
leather "will shrink in a fire and you 
won't be able to move your hands. So 
I went to the regular stock military 

Nomex gloves which are very comfort-
able and pliable," he noted. "You can 
still pick up things easily and they 
keep your hands from slipping off the 
stick. Sweat is just absorbed. In addi-
tion the military style grip is a lot bet-
ter than the old rubber bicycle grip." 

Another safety feature this aero-
batic competition pilot and judge in-
corporated is a custom fitted helmet. 
"One year at Oshkosh (the annual 
EAA Fly-In convention) I went to the 
Flight Suits Limited booth and had 
myself measured for a mold to make 
me a custom fitted Kevlar helmet," 
he stated. "It's the stock military high 
G helmet. Kevlar is an option that 
adds lightweight strength. A compo-
site, it's the state of the art in space 
age lightweight, real strong material." 

He also arranged for his Dave Clark 
headset to be installed in this helmet. 
He explained his rationale here, 
"First of all you need to wear some 
type of a headset anyway because it's 
just too noisy. It's hard on your hear-
ing if you don't wear one or ear plugs 
for noise attentuation. And a headset 
tends to just fly off; so you need a 
leather or cloth helmet to hold it on. 
They don't provide much protection 
however in a severe crash or from an 
accidental bump in an emergency exit 
of the aircraft." 

The use of a helmet made a lot of 
sense to him which was reaffirmed 
when "a couple of guys on the circuit 
started showing up with them. I 
know," he conceded, "some guys may 
think it's not very macho to wear all 
this stuff. But when I'm up there I'm 
not really trying to impress people 
that way. The helmet is phenome-
nally comfortable and easy to wear 
and only took me about one hour to 
get used to it. In fact I wear it on cross 
countries and everywhere now." 

He claims it's not as hot as wearing 
a leather headgear which can actually 
absorb heat coming through a 
windshield or canopy. In addition, his 
Nomex skull cap helps absorb any 
moisture and has a cooling effect he 
says. 

An image of Darth Vadar from Star 
Wars pops into mind as one glances 
at him in his helmet with the dark-
ened visor over his face. He noted the 
visor is an option that most order. He 
has a gradient shaded one which gets 
darker at the top. This feature allows 
one to look into the cockpit and read 
gages while the darker area at the top 
keeps the sun out of the eyes. Both it 
and his eyeglasses are shatterproof. 
It also lends a little bit of reflective 
heat protection. In his experience as 
a volunteer fireman while wearing 
plastic face shields, he finds the visor 
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SAFETY - KEN STOUT 
would also reflect heat away. 

In another trip to Oshkosh he ran 
across the booth operated by Interna-
tional Safety Systems, Inc., a Georgia 
firm. What attracted him was not just 
their small Halon fire extinguishers 
for aircraft use, but their complete 
Halon fire extinguisher SYSTEM for 
aircraft. With it the entire cabin and 
engine compartment are flooded, 
which is certainly more effective than 
a directional handheld extinguisher 
that is even useless under the cowling 
while airborne. Then, too, the system 
delivers considerably more punch in 
quantity than the small handheld bot-
tle. In addition, the system affords 
faster access and release. There's no 
fumbling around to reach and operate 
it like there can be with the handheld. 

With the system in his Decathlon, 
one nozzle is pointed right at the 
header tank which is "right there al-
most in your lap." The other points 
downward at both sides of the engine 
and its cylinders via tubing from the 
top. The theory behind this is the nat-
ural airflow will suck the Halon down 
and around the engine very rapidly. 
Of course, no one has actually set a 
Decathlon on fire to test it, but Stout 
has confidence in the premise. At any 
rate he contends that if worse comes 
to worse and any fire isn't completely 
and/or permanently extinguished in 
either area, the system should make 
it possible for one to safely vacate the 
airplane. 

What he identified as a large panic 
button (actually about a two-inch red 
one that reads, "PUSH, FIRE,") re-
leases the Halon. Once released, the 
system stays on. There's no shutting 
it off. What about accidental release? 
Or what about some youngster com-
ing up and crying, "Hey, Mom, what's 
this?" A safety pin fills the bill here 
and it's easily pulled before striking 
the button. 

Halon is not supposed to harm any 
of the aircraft's components, includ-
ing electrical. Its common use is in 
computer rooms. Although it's not 
wise to breathe one hundred percent 
of it in high concentrations as it may 
replace your oxygen, it's doubtful this 
would occur in a Decathlon he be-
lieves. As he points out, there's a win-
dow vent up by one's head and if noth-
ing else, "you could stick your nose in 
the vent to breathe outside air. So I 
don't think that would be a problem. 
I think you'd have more problem 
keeping the Halon in there than out." 

He still carries his handheld bottle 
as an emergency backup. "It's always 
nice to have a second option, you 
know," he concluded. And he defi-
nitely prefers Halon over any dry 

chemical or C02 . He's flown with the 
full system for more than 15 aero 
hours now and says the installation 
shows no signs of being in the way or 
loosening up. It's mounted on the fire-
wall right behind the header tank. 

Realizing that some pilots might be 
concerned about the added weight all 
these safety enhancements might en-
tail, he scoffed at such concern. 
"Safety equipment is a lot better than 
worrying about weight," he pointed 
out. "And if you're that worried about 
weight, then quit crying about it and 
just go on a diet. Most of the guys who 
do worry about weight are carrying a 
lot of extra pounds themselves." He 
estimates the Halon system's weight 
at about seven pounds. 

As to expense, well it all adds up. 
But what's more important — your 
neck or dollars? In his opinion the 
most expensive item is the custom 
made helmet which might run about 
$600 to $800 depending on make, 
model and degree of fanciness. Flight 
suits don't come cheap either, any-
where from $85 to roughly $200 un-
less you're lucky enough to find one 

second hand or like he did in a 
tradeoff situation. His Hooker setup 
ran about $200 and the Halon system, 
about another $200 or so. He reminds 
us that a regular harness checks in at 
about $100 anyway and the stick re-
moval is definitely inexpensive. 

But the biggest safety precautions 
gained are even the least costly he 
quickly stresses. Falling under this 
category are such things as preven-
tive maintenance, thorough knowl-
edge of one's aircraft and very 
thorough preflight and technical in-
spections. 

"Now most who fly aerobatics know 
this, but someone new to the sport 
might not," he began. Then he con-
tinued, "A lot of things tend to end up 
in the tail assembly. You wouldn't be-
lieve some of the things that drift 
back there from pockets or whatever 
— like keys, coins, screwdrivers, pens, 
glasses, anything. So before every 
flight you want to take off the inspec-
tion plate under the horizontal 
stabilizer and check visually and by 
feel." 

He acknowledges it might be a bit 

Some lap section of Ken Stout's Hooker Harness is visible in foreground 
above. Centered under the instrument panel and ahead of the control stick 
is the header tank with its fuel lines. Below it and mounted on the firewall 
between the rudder pedals is a Halon bottle for the fire extinguisher system. 
A round release button is above it to right of tank and just under panel. The 
photo on page 13 shows Stout in his cockpit wearing his Hooker Custom 
Harness, parachute, custom fitted helmet and Nomex flight suit and gloves. 
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dirty in there and sometimes it might 
be inconvenient to do it, but taking 
the time and trouble is far better than 
the alternative — an object caught in 
an elevator cable. Landings alone can 
sometimes be tricky enough even 
with fully operational elevators and 
rudder. 

About every ten hours he also care-
fully scrutinizes the interior of his 
wings. Nails working up or out is one 
item he's looking for here. If one is 
working out, he simply taps it back 
in. He has inspection plates that he 
pulls for the task. 

Jim Batterman of Milwaukee, a 
long-time and active IACer who in-
structs in Decathlons and frequently 
serves as the chief technical monitor 
at contests including Fond du Lac, 
recommends more than just tapping. 
He suggests the use of a hypodermic 
syringe or any device one can use to 
syringe epoxy glue in around the nail 
before tapping back into place. Other-
wise it'll just work out again. The best 
and recommended/required fix per an 
AD is to cut open the wings and redo 
the nails with ringed ones and epoxy 
glue. He said some install inspection 
covers between each rib and then in-
stall nails through them. "But that's 
a lot of covers per wing," he commented. 

Stout also recommends checking 
routinely to see that the battery is 
still securely in place. And he encour-
ages waxing the airplane regularly. 
The safety element derived from that 
he explained is, "It forces you to go 
over every inch of the airplane and 
look at it. You'd be surprised what lit-
tle nicks and dings you'll find by 
going over the whole airplane just an 
inch at a time. Then you can stop 
problems before they start. If you do 
find something starting to fray or 
come off, you just put a little fix to it." 
Or, in other words, an ounce of pre-
vention is invaluable. 

Header tanks have their own 
unique set of problems he indicated. 
Its aluminum tubes are very brittle 
he says and tend to develop cracks 
from vibration or metal fatigue. "You 
may not notice it until all of a sudden 
you see a little stain on them," he 
said. "The cracks may not be big 
enough — just hairline — to actually 
allow any dripping, but some seeping 
may occur and then if you bump them 
or try to tighten them you could break 
the whole tube. Then you'd be run-
ning around with coffee cans trying 
to catch 40 gallons of gas before it goes 
all through your airplane — or 
worse." 

Normally the big tip-off that all is 
not well is the smell of gas or one 
might see a little "gooey" green stain 

SAFETY - KEN STOUT 
down around a fitting. At the first 
sign 6f either, Stout strongly urges 
the drainage of the tanks and replace-
ment of the tubes. He's had to replace 
all three of his tubes which broke 
within about five hours of each other 
right after the five hundred mark on 
his airplane. 

He doesn't think there's any magic 
number regarding time. "I would be 
simply suspect of aluminum fuel lines 
at any fitting because that is where 
vibration and wear seems to take 
place," he declared. "You just have to 
be careful with them because they 
won't take much stretching and bend-
ing. From experience just trying to 
tighten them up doesn't work. All 
you'll do is break them then . . . I 
think what happened to mine was the 
nuts on the ferrels were over-tight-
ened at the factory causing the tubes 
to be crushed, binded or kinked . . . 
It's not that they're a very big problem 
from what I understand from other 
pilots, it's just that you do have to be 

"big tip-off . . . 
smell of gas 

or . . . a little 
'gooey' green stain" 

careful and do thorough inspections." 
He mentioned he'd like to be able 

to install some fuel shutoffs in the 
wing root where somehow a person 
could just reach up and close the fuel 
source. That would eliminate the has-
sle of having to drain fuel to replace 
the lines and/or much of the mess if a 
line from the header tank does hap-
pen to break. But he's not sure what 
the FAA stance would be for an STC 
for such an alteration even though 
one would be doing it for the ultimate 
purpose of safety in his opinion. 

"Although we're only required to do 
annuals, actually what we're doing in 
our 100-hour inspections are full an-
nuals and that entails some expense 
if you fly a lot," he admitted. "But 
again it's just part of the safety sys-
tem. You just can't inspect the air-
craft too much. It's mechanical. 
There's going to be wear and tear. 
And you never know when someone 
is going to back into it or a kid is going 
to poke his finger through something." 

He strongly advocates practicing 
fast emergency exit of one's aircraft 
while on the ground. Being prepared 
is good policy. Additionally he firmly 
believes in buying and frequently re-
viewing the information in the TECH 
TIPS I and II manuals. "Every so 
often I get those books out and just 
remind myself of some of the things 
to look at all over the aircraft," he 
said. "And another thing, I talk to 
other Decathlon owners a lot to find 
out what they have had problems 
with and what breaks on their 
airplanes and why. 

"Also I never take offense with the 
thorough inspections by the technical 
monitors at contests. It may be a pain 
and disappointment if your aircraft 
gets rejected for anything. It may be 
hot on the ramp and upsetting with 
some of them acting like little old 
ladies poking all over your airplane, 
but they're trying to do their job to 
protect you and our sport. After all if 
you've been practicing a good inspec-
tion maintenance system you won't be 
finding out at a contest something you 
should have done back home. 

"And besides in the 20 contests I've 
been in during the last two years I've 
always picked up something from 
somebody on what to look at or how 
to look at the aircraft, not to mention 
general tips for flying maneuvers." 
You can learn a lot by observing and 
listening. 

One of the tips he picked up was 
actually more beneficial from a flying 
standpoint than a direct safety mea-
sure he indicated. It involves the tap-
ing of all tail surfaces to gap seal 
them. "It gives you much better per-
formance," he claimed, "and you don't 
have to load up the airplane as much 
G-wise to get the same maneuver. I 
figure I save almost a G on a ma-
neuver by having my gaps sealed and 
I can use the same amount of muscle 
pull as before to produce an extra G if 
it's needed without straining to get it. 

"The side benefit here, I feel, from 
a safety standpoint is the aircraft is 
much more controllable with the gap 
seals. It really makes a difference in 
the elevator and rudder handling per-
formance. It won't hold knife edge 
without the tape and does quite nicely 
with it." 

By the way the tape is cheap. He 
uses 3M book binding tape for about 
a buck fifty. It does get yellow and old 
and eventually peels off. Then one 
simply replaces it. 

"Now if only I could fly the figures 
better," he jokingly moaned. Yes, it 
still takes plain old practice and skill 
for that, plus a little expert critiquing 
from fellow competitors or judges. 
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UPSIDE DOWN 
IN A PITTS 

The IAC Tech Safety Committee recently heard from 
an IAC member who was caught by a sudden wind shift 
and ended up inverted on the ground in a Pitts S2A. The 
report is as follows: 

"This was a routine flight in the local vicinity of the 
airport. There were thunderstorms in the area, but not 
encountered during flight or in the vicinity of the airport 
before the accident. 

"On arrival at the airport a standard pattern was flown 
with the windsock checked on base leg. Windsock indi-
cated to be from the south at approximately 10K. 

"The approach to runway 18 was normal with regard 
to speed of aircraft. With the Pitts being blind as to for-
ward vision over the nose, it is necessary to judge landing 
speed with side vision. This appeared to be within normal 
landing speed limits. 

"Aircraft touched down in the first third of the runway 
and skipped slightly. In order to avoid any stress on the 
main gear a small amount of power was added. Up to this 
point I did not feel there was any problem with the landing. 

"The aircraft at this time seemed to be floating further 
for the amount of power added. A check on side vision 
definitely indicated the same thing. I felt I immediately 
had to make a choice of whether to attempt to go around 
or to try to stop. Neither of the choices were good ones 
considering how far down the runway I was. 

"To go around meant I would either have to clear the 
approximately 60-foot power lines or go under them. To 
go under them also meant I would have to clear a corn 
field on the other side of the road. 

"I chose to remain on the ground, power at idle, and 
applied heavy breaking, knowing I would probably go off 
the end of the runway. This still seemed to be the best 
choice to have made. 

"When the aircraft went off the end of the runway it 
went into freshly worked ground which had been worked 
up to seed for a cover crop. The aircraft settled down in 
the loose ground, prop caught and flipped over. I shut the 
fuel and power o f f . No fuel leakage occurred and no fire 
problems were encountered. 

"With no one around to give assistance to get out, I 
managed to open the canopy part way, but did not seem 
to be able to get it to release completely. It was very pos-
sible in my haste to exit the aircraft I was not thinking 
clearly enough to have applied the proper release methods 
for removal of the canopy. After releasing the belts and 
getting out of my parachute I was able to maneuver 
around enough to get a screwdriver out of the turtledeck 
and proceeded to break the canopy to exit the aircraft. 

"After exiting the aircraft it was noted that the wind 
was from the north at 10-12 knots. It remained from this 
direction for nearly an hour until the passage of a small 
thunderstorm, after which it again became southerly. 

"I tried very hard to be explicit in my report to NTSB. 
I'm sure they will still classify it as a weather related 
incident; however, I DID CHECK WINDS PRIOR to land-
ing! If there is any of this you can use to somehow help 
someone from repeating the same thing, please feel free 
to use any of it. 

"Since this happened, I have talked with numerous 
pilots who have had the same experience — upside down 
in a Pitts! In one way I have been relieved to hear there 
have been so many who have had this type of experience 
and, on the other hand, I sure wouldn't wish anyone to 
have to go through it. 

"I'm convinced that if I had not been in the habit of 
tightening the shoulder harness before landing I would 
have had more than just bruises and burns from the har-
ness. As fast as I went over, I really believe I could have 
been thrown out of the airplane without that shoulder 
harness on and snug! 

"I am giving serious thought to putting in some type 
of Halon extinguisher system which can be activated from 
the cockpit. Even if I had had a fire-retardant suit on, as 
long as it took me to get out if there had been a fire, it 
wouldn't have made a difference. I did shut the fuel and 
everything else o f f . I feel it also helped to have put new 
hoses throughout the installation. Had I had even a hint 
of fuel odor, I surely would have panicked. If I can't have 
a complete system, I will have at least a handheld extin-
guisher mounted in the cockpit where I will have easy 
access to it. 

"Another item I now feel is a must for a Pitts — a 
canopy breaking tool, fastened under the instrument 
panel, perhaps. Without the screwdriver I don't feel I 
would have been able to get out alone. I would also recom-
mend something better than a screwdriver. The only cuts 
and scrapes I had were from breaking the canopy. 

"I realize we have a great number of Pitts pilots out 
there who are excellent pilots, but to sit back and think 
that the unexpected won't happen to them is just about 
like the bird who hides his head in the sand! I came out 
of it with some pretty good bumps and bruises and a very 
big dent in my pride as a pilot, but that can be rebuilt as 
well as the airplane." 

In the June 1983 issue of SPORT AEROBATICS (also 
reprinted in IAC TECHNICAL TIPS MANUAL II), there 
were two articles on canopy breaker tools. For those IAC-
ers considering a canopy breaker tool, these articles would 
make good review as would a June 1980 IAC Tech Safety 
article (also in TIPS II) entitled, "Egress." 

In one of the above-mentioned articles Sam Burgess 
stated, "There are very few emergency landing fields 
where a Pitts would not go over on its back." Many, many 
reports received by the Tech Safety Committee, and as 
again noted in the first part of this article, conclude with 
the aircraft lying on the ground inverted. 

After the tragic Amos Buettell accident in February 
1985, reported on in June 1985 SPORT AEROBATICS, 
many people were very concerned about aircraft fires and 
there was much talk about onboard fire extinguishing sys-
tems. IAC member Art Bianconi did quite a bit of research 
into extinguisher systems. Working with Art, the IAC 
Tech Safety Committee made several inquiries trying to 
find someone who had installed a working onboard system 
into a small aero aircraft. To date, no one has reported on 
a complete and working system. 

Now might be a good time to again ask for input re-
garding onboard fire extinguishing systems suitable for 
installation in small aero aircraft. Any information re-
ceived by the IAC Tech Safety Committee will be relayed 
through the pages of SPORT AEROBATICS to the IAC 
membership. Can you help? 

To the IAC member who submitted the above accident 
report and who shared her observations with the rest of 
us, we send a large IAC thank you. Only by working to-
gether can we keep our sport fun-filled and safe. 
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SEAT BREAKAGE 
Seat breakage seems to be more of a problem for those 

involved in aerobatics as opposed to those involved in 
other forms of flying. The problem no doubt reflects how 
hard we are working when we fly aero and how hard we 
are working the aircraft. 

IACers are well aware of the seat breakage problems 
with Citabrias and Decathlons which have been noted in 
past issues of SPORT AEROBATICS. While difficulties 
with both adjustable and non-adjustable seats have been 
reported, and problems with seats having folding backs 
and fixed backs have been reported, one of the most com-
mon failures is with seats having folding backs breaking 
at the hinge point. 

The IAC Tech Safety Committee has received the fol-
lowing report of a seat failure on a Decathlon with a fold-
ing seat back. This report is unusual in the fact that the 
seat did NOT break at the hinge point but broke instead 
at the base of the tube supporting the hinge. The report 
is as follows: 

"Last fall while preparing for the 1987 Nationals I ex-
perienced a seat back failure in my 1980 Decathlon. I al-
ways snap the airplane to the right, and this time, as I 
sharply inserted right rudder, the right side of the pilot's 
seat failed at the weld where the hinge reinforcing bar 
attaches to the tube that runs around the outside of the 
seat (please see photographs). 

"The seat was repaired in three steps. A new piece of 
tubing was welded over the break in the seat tube. The 
reinforcing bar was rewelded to the repaired seat tube. 
Finally, a reinforcing gusset plate was welded into the 
triangular space between the hinge, the break point, and 
the place where the seat tube opens when the seat back 
hinges forward. This gusset reinforcing plate was put onto 
the left side of the seat also. 

"The aircraft is an 8KCAB Bellanca previously used 
in airshows. I have owned it for two years and used it in 
Sportsman level IAC competition including of course, an 
awful lot of snap rolls. The aircraft has about 1000 hours 
total time on it." 

The above report follows a pattern that is somewhat 
common to other Citabria and Decathlon seat breakage 
reports received by the IAC in that the failure occurred 
during a snap roll and the right side of the seat failed. 
Most pilots snap roll Citabrias and Decathlons to the right, 
and, as mentioned above, a right snap roll requires a 
sharply inserted force on the right rudder; therefore, a 
corresponding force is applied mainly to the right side of 
the seat/seat back when the plane is snapped. 

Putting everything together that we know about Citab-
ria and Decathlon seat breakage, it would appear that 
aircraft with seats having a folding back would most likely 
encounter a failure, the failure would occur during a snap 
roll, and the seat would fail on the right side at the hinge 
point. This scenario is only our best guess of what is MOST 
LIKELY to happen. The above report definitely shows that 
other than at-the-hinge-point failures do occur. 

Also, it should be mentioned that while this article was 
being prepared, the IAC Tech Safety Committee received 
a letter from Ben Owen at EAA Headquarters advising 
that he had been contacted by an EAA member regarding 
an 8KCAB Decathlon accident. At approximately 500 feet 
of altitude on initial climb out, the Decathlon pitched 
sharply upward and then fell into a spin and struck the 
ground. The accident was fatal to both persons in the De-
cathlon. The exact cause of the accident has not been de-
termined, but the EAA member who contacted Ben stated 
he felt that a failure of the front seat back possibly resulted 
in the pilot falling backwards onto the rear control stick 
and may have been the problem. This explanation is highly 
plausible. 
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FAILED 
BELLANCA SEATS 
The October 1987 issue of SPORT AEROBATICS reprinted a 

Canadian Service Difficulty Alert pertaining to Bellanca Citabria 
and Decathlon seats. In the lead-in paragraph preceding the 
Canadian S.D. Alert, it was noted that seat breakage in Bellanca 
7 & 8 Series aircraft is an old problem and has been the subject 
of several IAC Tech Safety reports with the first one being in the 
January 1977 issue of SPORT AEROBATICS. 

About two months after our latest report was published, an 
IAC member forwarded a section of AVIATION MAINTENANCE 
MAGAZINE which contained the following service difficulty re-
port extracted from the U.S. FAA "General and Commercial 
Service Difficulty Weekly Summary": 

"Bellanca 8KCAB - During snap roll maneuver, right part of 
seat frame broke at weld and bottom back strap broke on right 
side. Right part of seat back traveled about 10 inches into rear 
cockpit touching control stick. Canadian SDA 87-01 was complied 
with five hours prior and checking okay. Submitter suggests 
welding gussets in this area." 

We believe that somewhere around 4200 Citabrias, De-
cathlons, and Scouts were produced. And since each of these 
aircraft have two seats, there is the potential for approximately 
8400 reports of first-time seat breakage. Let's try NOT to estab-
lish a record by breaking every seat possible. Citabria and De-
cathlon operators should have SEAT INSPECTION as part of the 
preflight and post-flight inspection checklist. 

Thanks to the IACer who brought the above report to 
everyone's attention. 

SEAT FAILURE, 
WING FAILURE 

Recently a top IAC competitor was fatally injured 
when his 1980 180 HP 8KCAB Super Decathlon encoun-
tered an in-flight wing failure. 

Late one evening an IAC member contacted the IAC 
Technical Safety Committee and advised of the above 
mentioned accident. He stated he had earlier that day 
learned of this accident and had been with on-the-scene 
FAA and NTSB accident investigators and had helped col-
lect some scattered pieces of the aircraft. 

The pilot of the Decathlon had been out for a routine 
aerobatic practice session. The one known eyewitness ob-
server to the accident, who was approximately one mile 
away, stated tha t the aircraft was moving fairly fast and 
pulled up into what he thought was going to be a Ham-
merhead. At tha t point the right wing separated from the 
aircraft in several pieces and he watched the wing sections 
drift away while the rest of the aircraft went straight down 
into the ground under full power. 

The IAC member, who contacted the tech committee 
and who had been with the official investigators, advised 
that a section of leading edge from the right wing was 
found approximately one mile from the crash site, the out-
board three-quarters of the right wing was found approx-
imately one-half mile, and the inboard section of the right 
wing with the fuel tank was located about a quarter mile 
away. He also advised the stabilizer and elevators were 
badly bent downwards apparently from air loads and/or 
being hit by wing debris. At this point everyone (including 
the FAA and NTSB) seemed to agree tha t the aircraft had 
suffered from severe positive G overload, but there was no 
explanation of the exact cause of the problem. 

The following day the IAC Tech Safety Committee and 

the IAC member who made the initial report had the op-
portunity to look over the wrecked Decathlon which had 
then been loaded onto a large flatbed trailer and was in a 
hangar at a local airport. Before going to the airport to 
inspect the wreckage, based on past reported service dif-
ficulties with 7 & 8 Series aircraft (Citabrias and De-
cathlons), a list of specific areas to check was compiled. 
This list was as follows: 

1. wing spar for lengthwise cracks and compression 
cracks 

2. rib-to-spar attach nails for security 
3. rib cap strips for cracks 
4. front-strut-to-front-spar attach bracket 
5. front seat back 
6. elevator trim tab for security 
7. battery for security 
8. control cables for acid damage in battery compart-

ment area 
To repeat, this list was made PRIOR to viewing the 
crashed Decathlon. 

Upon examining the wreckage it was quite obvious 
tha t the aircraft had suffered catastrophic failure from 
very severe overload. Many, many items were found indi-
cating severe stresses placed on the airframe. The front 
and rear right wing spars had both broken at the compres-
sion member just outboard of the fuel tank (between the 
tank and the s t rut attach points). The broken wood end 
fibers indicated the outboard wing section failed upward 
(positive G). The wing-to-fuselage attach bolts had both 
been sheared and a compressed section on one of the spars 
indicated that the inboard section of the right wing (with 
the fuel tank) had also failed upward (positive G). 

The rear strut was still attached to the rear spar and 
outboard section of wing and the rear-strut-to-front-strut 
attach fitting (near the fuselage) had sheared the two se-
curing rivets, and the "pulling" of the rivet holes 
suggested that the strut had been pulled outward (out-
board wing section moving upward). The front-strut-to-
spar attach fitting bolt had sheared and the spar had been 
torn in half just above the four rivets that secure the bot-
tom of the strut to the strut-to-fuselage attachment. 

In the ribs that were still attached to the spars, ALL 
the rib-to-spar nails were in place. In the ribs tha t have 
historically had the biggest nail pulling problems, i.e., the 
ribs on either side of the front-strut-to-front-spar attach 
point, all the nails were in place with dabs of epoxy over 
the nail heads indicating compliance with the standard 
nail pulling fix. 

Although it was not possible to inspect the entire spar, 
only one compression crack was found. And, although the 
spar was broken and badly damaged, in the area of the 
compression crack the spar was in good condition — i.e., 
in good condition other than having the compression 
crack. Obviously, it is not known if this compression crack 
was there prior to the accident or whether or not it was 
caused by air loads or a ground strike. In any case, the 
compression crack found did not appear to be a contribut-
ing factor to the accident. 

Other than the nose rib sections that were torn away 
with the failed section of leading edge, only one of the ribs 
showed a very small crack in the cap strip area which 
MIGHT have been a fatigue crack. None of the other ribs, 
including the severely rippd and torn ribs showed any 
signs of fatigue problems. No lengthwise cracks were 
found in the front spar in the strut-to-spar attach area — 
the area in which most reported lengthwise spar cracks 
occur. The front-strut-to-front-spar attach fitting was in 
"good" condition (no cracks). 

We are dwelling at length about the condition of the 
right (failed) wing because of all the reported wing prob-
lems on Citabrias and Decathlons and because of the con-
cern of Citabria and Decathlon pilots over wing integrity. 



SEAT FAILURE 
In summary, it was concluded that from all indications, 
prior to the catastrophic failure, the right wing (and also 
the left wing) were probably in very good to excellent 
condition. 

Previous IAC Tech Safety reports have concerned 
elevator trim tabs that have completely or partially failed 
on Decathlons when the aircraft were inadvertently flown 
past VNE. The elevator trim tab on the Decathlon in ques-
tion was secure and in good condition. 

The battery had been removed from the aircraft prior 
to the IAC inspection, but a cursory examination of the 
battery compartment area did not turn up anything un-
usual although this area was badly damaged as was the 
rest of the aircraft. 

The front seat had a folding back and the seat back 
was broken off at the hinge points on both sides. The front 
section of the cabin area was heavily damaged and the 
possibility of the seat failing on impact was a considera-
tion. The seat back was entangled with the seat back cush-
ion, the inner seat back cover, and the shoulder harness. 
The seat back was unwound from these items and removed 
from the wreckage. 

In direct sunlight, using a 10X magnifying glass, the 
seat back hinge areas were closely inspected and it ap-
peared that the hinge points on both sides of the seat had 
wear and fatigue cracks — cracks tht may have initiated 
the final seat back failure. Also, perhaps significantly, the 
flat metal strips between the seat back vertical tube mem-
bers were bent forward. 

All things considered (including the pilot's personality, 
skill level, and style of flying which are all mitigating 
items), it is believed that the aircraft was traveling at a 
relatively high rate of speed, possibly in preparation to 
enter some maneuver, when, maybe upon just entering 
that maneuver, the seat back broke and the pilot fell back-
wards against the rear stick (and also possibly at the same 
time the pilot "pulled" the front stick with him). This 
would have given abrupt full-up elevator which would 
have induced very high positive G loading and resulted in 
the catastrophic in-flight failure of the right wing. 

It was previously mentioned that the throttle was full 
on all the way to ground impact. It should also be noted 
that seat belts and shoulder harness had not been released 
and that the emergency hinge pin release on the cabin 
door had not been activated. If the pilot's upper body had 
been thrown backwards when the seat back failed, perhaps 
he would have been rendered unconscious or just im-
mobilized in a rapidly spinning and tumbling one-wing 
airplane and not have been able to physically reach the 
throttle, the seat belt releases, or the door emergency 
hinge pin lever. And the fact that the seat back straps 
were bent forward seems to indicate possible contact of the 
seat back with the rear stick. 

As of this writing (three days after the accident) the 
NTSB has not completed its investigation nor has come to 
any conclusions. The IAC has advised the NTSB inves-
tigator of our seat failure theory and they have taken the 
seat back for some closer metallurgical inspection. The 
NTSB has promised to keep IAC informed of their test 
results. However, it is our unmitigated belief that the 
failed seat back scenario best fits with our observations 
and perceptions. 

The above is written as analytically and as unemotion-
ally as possible in order that something positive is learned 
from a very negative situation. But the fact remains that 
we have lost a good and well-respected member of the 
aerobatic community in a horrible and tragic accident and 

IAC Tech Safety photos of failed Decathlon seat back frame with 
horizontal metal strips bent forward. Magnification of hinge 
areas showed apparent wear.and fatigue cracks. 
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SEAT FA ILURE 

we all hurt with this loss. In a very real sense we owe it 
to the memory of this brother IACer that we do not let 
this type of accident occur again. 

An IAC thanks is due to the IAC member who was on 
the accident scene with the FAA and NTSB, who brought 
this accident to the attention of the IAC Tech Safety Com-
mittee, and who assisted in the IAC examination of the 
aircraft wreckage. It is this kind of concern and involve-
ment that makes our organization work. 

• • • 
For reference and review, the following is a list of arti-

cles that have appeared in SPORT AEROBATICS that 
have related to service difficulties with Citabria and De-
cathlon seats. 
Date Page Notes 
10/71 12 — Seat belt mounting tab on Decathlon 

broke. 
1/77 19 — Adjustable seat on 7KCAB failed in 

flight during snap roll. Top of seat 
jammed aft control stick. 

2/77 13 —In-flight failure during snap roll. 
— Note of two Decathlon seat back fail-

ures. Description of 8KCAB in-flight 
seat back failure on entry to inside 
loop. Hinge bolts pulled through tubing. 

— List of three Citabria and three De-
cathlon seat failures from FAA ser-
vice difficulty computer printout. 

2/77 13 — Note of AD 76-22-01 and Bellanca S.L. 
C-125 related to adjustable seats. 

5/77 17 — Two seat failures on same 1976 8KCAB 
— one failure related to AD 76-2201; 
one failure when seat back hinge bolts 
tore through mounting fork during 
snap roll. 

10/77 16 — List of Bellanca service letters noting 
C-125 reinforcement of front adjust-
able seat. 

11/77 16 —FDL tech inspection — broken rear 
seat folding back retainer strap on 
Decathlon. 

3/78 14 — 8KCAB seat frame broke in aero ma-
neuver (inspection aid). 

5/79 22 — 1975 7KCAB seat failure on ground 
while pushing brake pedals to set 
parking brake. Right side failed first. 

— Sketch of seat reinforcements made 
by IAC member to early 7ECA seat. 

23 — Bellanca parts kits including Citabria, 
Decathlon, and Scout adjustable front 
seat. 

1/83 18 — Seat back straps chaffing on parachute. 
— Folding seat back hinge bolts found 

loose on Decathlon. 
4/83 17 —Tech notes. Citabria chute opened 

when locking pins worked on seat 
back. 

2/86 10-11 — Seat back failure on 1979 8KCAB on 
folding seat back. Hinge bolts tore 
through tubing (goodphoto). 

10/87 14 — Reprint of Canadian Service Difficulty 
Alert on 7 & 8 Series seats. 7GCBC 
(early Scout) crash on takeoff. 

— Folding seat back failed at pivot point. 
Pilot fell backwards onto rear stick. 

4/88 17 —Reprint from Aviation Maintenance 
Magazine noting 8KCAB seat back 
failure on righ t side during snap roll. 

7/88 6-7 — 1980 8KCAB sea t failed on right side 
at hinge fork mounting tube. (Good 
photos) 

9/88 7 —Failure of metal straps across seat 
back on 1980 Super Deca thlon. 

(The above-listed articles, where applicable, are also in-
cluded in the IAC TECHNICAL TIPS MANUALS.) 

FAA SERVICE 
DIFFICULTY REVIEW 

The above IAC Tech Safety article, "Seat Failure, Wing 
Failure," concerning an in-flight wing failure on an 
8KCAB and resulting fatality and relating to what is be-
lieved to be a seat failure, prompted the IAC Tech Safety 
Committee to review some old computer printouts of FAA 
Service Difficulties. The 7 & 8 Series aircraft seat failures 
listed in the FAA printouts are as follows: 

FAA Service Difficulty Printout 6/14/76 
Model TT Remarks 
7ECA 2000 Broken back attach hole. 
7KCAB — Aerobatic maneuver; broke top of seat 

o f f . 
7KCAB 90 Entered snap roll; adjustable seat 

broke 3-3/8" forward on frame — both 
sides. Seat back jammed control. 

8KCAB 500 Pilot's forward seat broke at the di-
agonal brace allowing seat back to tilt 
and jam rear control stick during 
acrobatics. 

8KCAB 76 Pilot's seat failed during snap roll, 
forward members broke allowing seat 
back and pilot to fall against rear con-
trol stick. 

8KCAB 266 Small cable used to restrain rear seat 
back to keep back from tipping for-
ward (broken). 

8KCAB — Rear seat back rest broke where it 
bolts to seat bottom. 

FAA Service Difficulty Printout 7/26/83 
Date Model TT Remarks 
1/11/78 7GCAA 420 Back of front seat broke off at 

lower left bolt pivot hole. 
8/2/78 7KCAB 357 During flight the front seat 

back left hinge failed allow-
ing front seat back/pilot to 
fall onto rear stick causing 
nose up. 

7/3/79 7KCAB 532 During snap roll front seat 
back broke laying pilot in 
prone position jamming rear 
control stick. Broke at pivot 
bolt. 

FAA Accident/Incident Printout 7/26/83 
Date Model TT Remarks 
11/23/80 7ECA — Rear seat fell forward, jammed 

rear stick forward. Found re-
straint for seat back broken. 
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CITABRIA & 
DECATHLON SEAT 

BACK STRAPS 
Numerous IAC Tech Safety articles have dealt with Cita-

bria and Decathlon seat breakage problems. It is often the 
case that after a Tech Safety article appears in SPORT AERO-
BATICS concerning some kind of service difficulty, other IAC 
members report having incurred the same problem or a re-
lated problem. After the last 7 & 8 Series aircraft seat problem 
article was published in the magazine, the IAC Tech Safety 
Committee received the following report: 

"Thanks for again bringing to mind the problem concern-
ing the Decathlon seat cracks. Let me tell you the background 
I have had with the problem . . . 

"I own a Super Decathlon built in 1980, the last year they 
were produced, and it's relatively low time — less than 750 
TTSN. Most of that has been dual aerobatic instruction time, 
with a minimal amount of snap rolls (flange problems, re-
member?). I also compete in Sportsman category, but only 
about once a year. However, I have already had to reweld the 
front seat three times! 

"Ironically, it's not the hinge area that has been trou-
bling— it has been the metal bands across the back of the 
seat! I've had three of them, at separate times, break their 
welds on one side or the other. It's very annoying, although 
apparently not dangerous, so I never wrote in about it. 

"However, as an instructor who is constantly helping new 
pilots into and out of the front seat (I always get in last to 
make sure their belts are correct), I've noticed a natural trend 
in Decathlon pilots — they tend to hoist themselves into the 
cockpit by putting most of their weight on the seat backs, 
actually pushing backwards against them until they get their 
chute and body centered just right! It drives me crazy, and 
I've been watching for it for some years now. Some even use 
the seat back itself as a handhold to get in! 

"Maybe this is part of the problem, maybe it isn't; now, 
though, I make sure they use the door sill to take their body's 
weight while twisting into the front seat! Incidentally, a good 
pre-flight and gussets under the hinge sound like good advice." 

Just for review, the seat back on Citabrias and Decathlons 
is made up of a single tube outer frame with three flat sepa-
rate metal bands on straps running horizontally across be-
tween the vertical sides of the frame. We believe this is the 
first report received mentioning BROKEN seat back straps. 
However, these seat back straps have been noted in other 
reports. 

When using certain types of parachutes it is necessary to 
remove the seat back cushion from the Citabria or Decathlon 
seat. When this is done a thin cover of some type should be 
used to cover the seat frame and the aforementioned straps. 
The IAC Tech Safety Committee has received several reports 
of where a Citabria or Decathlon seat back cushion was re-
moved, and nothing was used to cover the seat frame and 
straps, and the metal straps abraded on the back of the 
parachute. In one reported incident the metal seat back straps 
somehow got entangled with the parachute and the parachute 
popped open. 

Again, in an instance when the seat back cushion was 
removed and no covering plate placed over the seat back, an 
IACer reported that when full forward stick was applied, the 
top of the rear control stick had a tendency to tuck under the 
bottom of one of the front seat back straps and get hooked. 
Fortuna'tely, this was discovered on the ground. 

An IAC thanks to the member who made the back strap 
report. The above alerts all of us to several potential problems 
surrounding a seemingly innocent-appearing part — a seat 
back strap. It is amazing what can be learned when we pool 
our knowledge and experiences. 

SEAT BELT 
TIGHTENER 

The March 1986 issue of SPORT AEROBATICS had 
two reports ("Hangar Talk" and "Tech Safety") on Hooker 
aerobatic seat belts and shoulder harnesses. One of the 
items featured in the Hooker harness design is a ratchet 
device which is used to tighten the seat belt. One IAC 
member picked up on Jack Hooker's seat belt ratchet 
tightener idea and modified it slightly to apply to his exist-
ing seat belt arrangement. This IACer's report is as follows: 

"Iread with great interest the article on the ratcheting 
seat belt system. I am flying an original design two-place 
in which I installed the Wag-Aero so-called Aerobatic 
Seat Belt Set' and separate back-up belts. No matter how 
tight the belts are at takeoff, after three or four inverted 
maneuvers, I am hanging two inches off the seat. I inves-
tigated the purchase of the equipment described in the 
SPORT AEROBATICS article, but with several hundred 
dollars already invested in belts, an additional $180 times 
two belts was just more than I could justify. 

"I did a little experimenting and came up with a solu-
tion that I could retrofit to my existing harnesses, as 
shown in the accompanying photos. I did not want to put 
a cargo ratchet IN the belt since if it should break you 
would have to rely on your back-up belt, and I like all the 
redundancy I can get. What I did was to set up a ratchet 
to pull on the surplus end of the primary belt (the same 
end you tug on to tighten the belt). If the ratchet should 
break, you're still held in by two belts. 

"I took the primary belt to a shoe repair shop and had 
a three-inch long loop sewn in the end of the three-inch 
belt. I purchased a one-inch cargo strip ratchet assembly 
(1200 lbs. rating), removed the 5/w-inch rivet used to at-
tach the strap to the ratchet mechanism, and replaced it 
with a 5/i6-inch bolt. I bought some black one inch nylon 
strapping and a triangular belt end fitting. The same shoe 
repair shop attached the one inch strapping to the end fit-
ting, which is attached to the same bolt that the primary 
belt attaches to. The three inch primary belt loop is folded 
inside itself so it will directly attach to the one inch ratchet 
via the 5/i6-inch bolt. As shown in the photo, the cargo 
ratchet is used to tighten the primary belt by pulling the 
surplus belt against the attached fitting. The primary belt 
release is used normally to open the belt, and no quick 
release problems have been encountered. The feeling of 
togetherness with the airframe is a real improvement. The 
ratchet mechanism can be removed or replaced simply by 
removing the 5/w-inch bolt. 

"My total cost for the belt tightener system was $14.45." 

Retrofitted harness 
with a modified 
ratchet tightening 
device is shown in 
these photos. 
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CANADIAN 
S-D. ALERT 

IAC members should all be aware of the potential problem 
of seat back breakage on Citabrias and Decathlons with fold-
ing seat backrests. This problem was first noted in the 
January 1977 issue of SPORT AEROBATICS. Since then 
several other IAC Tech Safety articles, some with photo-
graphs, have mentioned the seat back breakage problem. The 
last article in SPORT AEROBATICS concerning this problem 
was in February 1986. Since then the Canadian government 
has issued a Service Difficulty Alert relating to Bellanca 7 & 
8 Series aircraft with folding seat backs. (Copy reprinted 
below.) Tetelestai, the 7 & 8 Series type certificate holder, has 
mailed copies of the Canadian Alert to all 7 & 8 Series aircraft 
owners. This problem has been around for some time (10 years) 
and has been very well publicized. Hopefully, everyone who 
operates a Citabria or Decathlon should NOW be "tuned in." 

"SERVICE DIFFICULTY ALERT" 
"From: Transport Canada, the Canadian Department of 

Transportation, via Tetelestai, Inc., type certificate holder. 
"BELLANCA AIRCRAFT MODELS 7ECA, 7GCAA, 

7GCBC, 7KCAB, 8GCBC, 8KCAB/PILOT'S SEAT — FOLD-
ING BACKREST FRAME. 

"Recently a Bellanca 7GCBC aircraft crashed shortly after 
takeoff. The preliminary investigation by the Canadian Avia-
tion Safety Board indicates that the crash was due to a failure 
of the folding backrest frame of the pilot's seat at the pivot 
point of the backrest. Failure of the backrest can cause the 
pilot's weight to suddenly shift rearward, pinning the rear 
flight control stick and causing the aircraft to pitch into a 
nose-up attitude from which recovery is unlikely. 

"Transport Canada strongly recommends that operators/ 
pilots conduct a visual inspection of the backrest frame with 
the aid of a hand magnifier, for circumferential cracks 
originating at the pivot point bolt holes, before next flight and 
periodically thereafter. It is also recommended that a magne-
tic particle or a liquid penetrant inspection of the area be 
performed on or before the next 100-hour inspection. 

"Transport Canada suggests that pilots also consider re-
moving the rear flight control stick, if it is not being used. 

"Any defects should be reported by sending a Malfunction 
or Defect Report to your District or Regional Airworthiness 
Office. 

"This Service Difficulty Alert does not preclude issuance 
of an Airworthiness Directive. It is a non-mandatory notifica-
tion, providing information to the aviation community." 

7/i6-20 UNF x 1% 

SEAT BELT T I G H T E N E R 
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Boosts & Biplanes 

By Jean Sorg 
Editor 

An article dealing with aileron 
boosts and incorporated here into 
"HANGAR TALK" several para-
graphs later appeared in Christen In-
dustries' AEROBATIC WORLD, Vol. 
IV, Issue 1. Although the new aileron 
design described in it has since been 
scrapped, we are still reprinting this 
with the permission of Frank Chris-
tensen and his firm. 

We do so for two reasons. One is so 
all IACers, new and old, may be 
aware of such an idea and informa-
tion. The other is to put the spotlight 
on the rationale for the discon-
tinuance of this project as it might 
very well signal a trend emerging in 
our sport. The trend is the possible 
future demise of the factory produced 
aerobatic biplane, the Pitts Special. 

Christensen stated that the deci-
sion to call a halt to the research and 
development of the pressure balance 
panels was predicated upon the fact 
that Christen Industries views for the 
future a declining market for factory 
produced aerobatic biplanes in the 
aerobatic community. For economic 
reasons, he said, it would not be wise 
to continue to spend dollars on more 
development of such ideas, their in-
corporation into the biplane and the 
certification processes if aero pilots no 
longer want stock Pitts Specials or the 
Christen Eagle kits. Also, many of the 
features being employed by several 

competitors today in their modified 
aircraft are not even possible to do in 
a certificated aircraft and/or are not 
feasible from a liability standpoint 
and/or are cost prohibitive for most 
consumers. 

In addition, if the majority of com-
petition pilots perceive they must 
have a highly modified biplane and/or 
monoplane to be able to win (whether 
or not that is so), the mentality then 
exists to cause them to steer away 
from purchasing factory produced air-
craft. This is in spite of the fact that 
such aircraft are still usually the most 
affordable for the majority. With a 
dwindling demand, Christen Indus-
tries is temporarily halting produc-
tion of Pitts Specials until the fall and 
may not resume production at all or 

at least of some models like the SIT. 
The ramifications of the possible 

loss of the Pitts and Eagles in the fu-
ture does not bode well for our sport. 
As others have stated many times in 
our pages in the past, Christensen 
stresses the time may be coming for 
the emphasis to be placed on the pilot 
and not the machine in our judging in 
order that affordable aero mounts 
may continue to be available for the 
non-builder and even the homebuilder. 

If Christen Industries goes the 
route of some other aerobatic aircraft 
companies of the past, will there be 
another firm to step in and fill the 
void? The prospect is unlikely if a 
company draws the same economical/ 
business operating conclusions as 
Christen. 

Two ways to balance aileron 
forces are depicted here. Aileron 
spades create a natural "boost" 
to counteract forces encountered 
in large ailerons by using airflow 
over a separate surface (the 
spade blade) to create torque that 
assists the pilot in the roll. Pres-
sure balance panels use differen-
tial air pressure across the panel 
and a flexible seal to create the 
same effect without an external 
separate surface. This artist's de-
piction is courtesy of Christen 
Industries. 

AILERON NEUTRAL - LEVEL FLIGHT A ILERON DEFLECTED - ROLLING FLIGHT 

AILERON PIVOT 

WING 

WING 

AILERON NEUTRAL - LEVEL FLIGHT 
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BOOSTS 
AND BIPLANES 
The reprinted article from AERO-

BATIC WORLD now follows: 
"Aircraft designed for competition 

aerobatics must provide uncom-
promising responsiveness to control 
inputs. Both the Eagle II and the Pitts 
Special family of sport aerobatic bi-
planes are renowned for their un-
paralleled response rates in all axes, 
but particularly for their spectacular 
rate of roll. 

"That roll rate relies a great deal 
on an optimized aileron that offers 
sufficient aerodynamic area while 
giving back the proper 'feel' to the 
pilot. The designer faces a challenge 
here, however, in that adding respon-
siveness to an aileron system by in-
creasing its total area may also add 
to the force required to deflect it. Over 
the years, various devices to balance 
the force required to deflect the aile-
ron have been designed to use the nor-
mal airflow and aerodynamic forces 
around the control surface as a natu-
ral 'boost' to provide assistance to the 
pilot with no sacrifice in control har-
mony and feedback. 

"One such device used on recent 
Pitts Special aircraft to provide a na-

tural assist to enlarged ailerons is 
known as the spade. It consists of a 
small airfoil affixed near the normal 
pivot line of the aileron but with its 
aerodynamic center below and ahead 
of the pivot. When the aileron is de-
flected up or down, the spade surface 
tends to assist the aileron in its mo-
tion — much like an aerodynamic 
servomotor. 

"Christen Industries (had been) de-
veloping a new design that would pro-
vide the boost afforded by the spade, 
but without the requirement for a 
separate protruding surface. This new 
system relies on a flexible seal and 
leading edge panel to accomplish the 
same job. With a heritage dating back 
to some NACA research that resulted 
in an improved aileron for the later 
model North American P-51H Mus-
tang fighter, which is fondly remem-
bered for its light ailerons, the pres-
sure balance panel concept is ad-
vanced yet simple. 

"Hidden within the wing ahead of 
the aileron's leading edge is a 
chamber, and inside this chamber is 
a large panel affixed to the leading 
edge of the aileron. This panel moves 
up and down with the motion of the 
aileron itself. The panel is tapered 
and ends in a flexible seal that closes 

the gap between the panel and the 
wing; all these parts are hidden 
within the wing itself and out of view. 

"When the pilot deflects the con-
trols so that the sealed aileron is de-
flected upward, the airflow over the 
wing and aileron tends to produce a 
positive pressure on the side deflected 
upward and a relatively lower pres-
sure on the side opposite. This pres-
sure difference transfers immediately 
into the seal chamber and produces a 
pressure difference across the panel 
and flexible seal. The positive pres-
sure on the upper surface of the seal 
and panel helps to push down on the 
aileron panel, thereby reducing the 
force needed to deflect the control sur-
face upward. 

"A completed wing with the new ai-
leron design underwent testing and 
evaluation at Christen Industries in 
1984. (Development and production 
for an aileron system for Eagle and 
Pitts Special aircraft was subsequent-
ly halted as noted for reasons cited 
above.) It was hoped that what made 
the P-51H Mustang a more agile 
fighter after World War II might also 
contribute to an improvement in roll 
control for two competition aerobatic 
aircraft already well known for their 
incredible responsiveness." 

GAPS GAPS G 

By Dan Rihn 
Contributing Editor 

QUESTION — Why should I seal 
the control surface gaps and what are 
the benefits if I do seal these gaps? 

ANSWER — Two benefits can be 
achieved by sealing the control sur-
face gaps: (1) reducing drag and (2) 
improving control effectiveness. It is 
not necessary to seal these gaps (un-
less specified by the manufacturer); 
the sealing will only improve the air-
craft performance. 

QUESTION — How do I seal the 
gaps? 

ANSWER — Many times this de-
pends on the aircraft gap configura-
tion. On most aircraft, the rudder and 
elevator gap can be sealed with 3M 
mylar tape. However, the tape will 
get old and can take the paint off 
when the tape is replaced. 

The aileron gap is usually trickier. 

The friese type aileron (not symmetri-
cal) design is typically easier to seal. 
The Christen Eagle II has a nice 
mylar seal on the lower side of the 
aileron cove. Many Pitts with these 
ailerons use the same 3M mylar tape 
used on the elevator and rudder. This 
is installed on the top surface of the 
aileron across the gap. 

The symmetrical aileron can be 
sealed on the inside of the aileron cove 
with either a mylar membrane or the 
use of a weather strip material that 
allows the aileron to rotate without 
binding. Unfortunately, these methods 
require removing the aileron from the 
wing for installation. 

A few people have had some success 
by taping over the gap (top or bottom) 
on symmetrical ailerons. The problem 
here is that when the aileron is de-
flected to the point where the tape is 
stretched out over the gap it also 
tends to stick to the aileron leading 
edge. Then when the aileron is de-

»S GAPS GAPS 
fleeted the other way it is now jammed 
up because the tape cannot be un-
stuck. This causes the aileron to bind 
and hang up. One solution is to apply 
baby powder or flour to the tape adhe-
sive where it is necessary to remain 
unstuck. 

There are several other methods of 
sealing control surface gaps. No mat-
ter which method you choose or devel-
op, be sure that there is no binding, 
chafing or limiting in movement 
caused by the seal. 

EDITOR'S NOTE: If you have a 
question(s) pertaining to any aspect 
of the sport of aerobatics and it might 
be of general interest to other IAC 
members, please contact Dan Rihn at 
2678 Foreman Ave., Long Beach, CA 
90815 or through the SPORT AERO-
BATICS Editor. 
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M O R E GAPS GAPS GAPS GAPS GAPS 

Aerobatics QA 
By Dan Rihn 

Contributing Editor 

3M #191 tape installed with aileron down 

adhesive here 

no adhesive here 

adhesive here 

EAGLE II method 

FIGURE 1. FRIESE AILERON 
QUESTION — How does one gap 

seal symmetrical ailerons? A few 
years ago Patty Wagstaff asked me if 
I had a good way of gap sealing the 
ailerons for her then new Pitts S-1T. 

ANSWER — All of the newer Pitts 
aircraft come with a symmetrical aile-
ron airfoil section. Earlier Pitts and 
the Eagle II use a friese type aileron. 
With the friese aileron it is very easy 
to seal the gap. Figure 1 shows the 
two popular methods. 

The problem with sealing the sym-
metrical aileron is that if you use the 
tape method over the gap, it will stick 
down on the aileron when it is de-
flected. Then it must somehow un-
stick itself to allow the aileron to be 
deflected the other direction. I have 
seen methods that use baby powder 
on the adhesive area of the tape that 
needs to remain unstuck, but I never 
liked the way this method leaves the 
tape bagging out when the aileron is 
in the neutral position. 

The best method I have been able 
to come up with after several experi-
ments is depicted in Figure 2. It con-
sists of two pieces of tape and a strip 
of plastic in between. The tape I use 
is 3M #191 clear, IV2 inches wide — 
the same tape I use on friese ailerons. 
The plastic I've found to work the best 
is 6 mill clear poly-film, a 
polyethylene film made by Poly-
America. It is available at most 
hardware stores. I bought a piece 1 
foot by 20 feet for 99 cents — the 
smallest piece I could buy. 

Here is how to install the gap seal. 
First lay out the plastic sheet on a 

flat clean surface. Then mark and cut 
out strips of the proper length and 
width. For the S-1T cut the strips 2% 
inches wide; for the S-2,3 inches wide. 
Before you cut out the strips measure 
and mark a line three quarters of an 
inch in from the edge. I found that a 

completed gap seal 

FIGURE 2. SYMMETRICAL AILERON 

Push the tape and plastic strip down 
into the gap. 
Stick the tape down onto the aileron. 

FIGURE 3. 

FIGURE 5. 

FIGURE 4. 

169 



G A P S 
Sharpie Fine Line marker works the 
best on the plastic (available at 
stationery stores). The length of the 
strips will be determined by the dis-
tance between the hinges and the dis-
tance between the hinges and the 
ends of the aileron. 

After you have cut out the strips of 
plastic apply tape to one edge of the 
plastic along the 3/4-inch offset line. I 
found working on the extra plastic a 
big help in keeping the tape clean and 
preventing it from sticking to the 
table. 

With the aileron deflected down, 
slide the tape and plastic strip down 
from the top through the gap. See Fig-
ure 3. Try to get the tape and the plas-
tic strip as far down the gap as possi-
ble. Then adhere the tape to the top 
surface of the aileron. Now move the 
aileron to the up position. The plastic 
strip should pop out through the bot-
tom aileron gap. If the plastic does not 
easily pop out then use a piece of thin 
cardboard stock to help poke it 
through. See Figure 4. 

Apply another piece of tape to the 
plastic strip — the sticky side towards 
the wing leading edge — again over-
lap the plastic by three quarters of an 
inch. After you have a good bond to 
the plastic strip move the aileron to 
the down position again. The plastic 
strip should slide up into the aileron 
well. Then you can stick the tape to 
the lower surface of the wing. See Fig-
ure 5. You should now have a very 
nice gap seal with no sticking or bind-
ing as shown in Figure 2. 

Apply the gap to the inboard end of 
the aileron first. Do all the steps to 
get the hang of working with the ma-
terial. Where the aileron tapers in 
thickness (the outboard end), you will 
have to taper the plastic strip. After 
a few trial and error sessions you will 
get the hang of it. 

A list of materials and tools needed 
is: 

clean, flat workbench; 
long, steel straight edge; 
X-acto knife; 
scissors; 
Sharpie Fine Line marker; 
several rolls of 3M #191 tape (each 

roll is 125 inches long); 
several feet of 6 mill poly-film. 
Good luck and have a happier roll 

rate! 
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Design And Performance 
Of Internally Balanced / ByPeterD.Gall 
Aileron Systems / MC™ 

— The data presented herein is the 
result of numerous wind tunnel and 
flight tests performed by the engineers 
and test pilots of NAC A, a forerunner 
of NASA. — 

It is a well-known fact that maxi-
mum performamce aerobatic aircraft 
must possess extremely rapid and re-
sponsive roll control systems. These 
types of systems must exhibit excel-
lent roll authority at all speeds while 
maintaining comfortable stick force 
gradients (engineering terminology 
for the rate of change of required stick 
forces per given amount of roll rate or 
aileron deflection). 

Typically, there are three physical 
factors which govern the maximum 
roll rate of any fixed wing aircraft. 
They are (1) overall wing span, (2) air-
craft maximum speed and (3) aileron 
design (size, shape, max deflection, 
etc.). Other factors such as wing 
taper, twist, etc. also come into play; 
however, their effects are usually sec-
ondary. Therefore, for a given wing 
design and top speed, higher roll rates 
can most easily be obtained by in-
creasing aileron area. Unfortunately, 
as aileron area increases, aileron 
stick forces also increase. Therefore, 
large effective ailerons require some 
type of balance system. 

As we know, there are several meth-
ods used for aileron balancing. I would 
like to briefly discuss some of these. 
Aileron balance tabs (also called servo 
tabs) have been used; however, their 
presence can cause large losses in 
aileron effectiveness. This is due to 
the lift generated by the tab opposing 
the direction of roll. Spades or shovels 
produce tremendous drag at high de-
flections, produce large radial hinge 
loads, and often disrupt the smooth 
flow of air close to the wing surface. 
(A flat plate spade at 25 degrees de-
flection leaves behind it a turbulent 
wake of low dynamic pressure. The 
aileron area immersed in this wake is 
essentially ineffective.) Aileron shap-
ing (leading edge shaping, blunt and 
beveled trailing edges, etc.) can be ef-

fective if done PROPERLY. (I would 
like to address the science of aileron 
shaping in a later article.) 

An excellent method of balance con-
trol is the use of internally balanced 
ailerons. A description of their theory 
and operation has been previously 
discussed in SPORT AEROBATICS 
(March 1987). Therefore I would like 
to concentrate on details of their de-
sign and performance. To show the 
characteristics of different aileron de-

signs, I have configured a fictitious 
monoplane with large ailerons. The 
aircraft has a 26-foot span, five-foot 
chord wing fitted with 14.25-inch 
chord, 60-inch span ailerons (see Fig-
ure 1). The aircraft weight is 1200 
pounds and the airfoil is a 15% thick 
NACA 66 (215-216). The control stick 
is 18 inches long and the gearing is 
such that a 6.5-inch control stick de-
flection results in a 20-degree aileron 
deflection. 

TJ 
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171 



DESIGN AND PERFORMANCE 

The stick forces, aileron deflections, 
and roll power relationships have 
been computed from wind tunnel and 
flight test data for three different aile-
ron designs. Two of the designs fea-
ture internally balanced ailerons 
while the third design is a plain aile-
ron (Figure 2). 

Figure 3 shows the relationships 
between required stick forces, aileron 
deflections, and roll moments for a 
roll maneuver executed at 180 MPH 
true airspeed at 2000-foot pressure al-
titude, standard temperature. I would 
first like to define the illustrated 
terms as well as discuss the basic 

0> 
XI c < 

physics of a roll maneuver. 
The plotted stick forces are the ac-

tual stick forces required for the initial 
aileron deflection before the actual 
rolling motion begins to take place. (In 
a real life situation this usually never 
occurs since as soon as the aileron be-
gins to deflect the roll begins. This 
particular data is the result of wind 
tunnel tests in which the wing was held 
stationary while the aileron was de-
flected and the loads were measured.) 

Once the rolling motion begins, the 
stick forces are alleviated somewhat 
due to the spanwise change in local 
angle of attack. The upgoing wing 
"sees" an upward shift in the direction 
of the relative wind, hence a reduction 
in angle of attack. This reduction in 
angle of attack on the upgoing wing 
and increase in angle of attack on the 
downgoing wing causes a wing load 
which opposes the direction of roll. 
This natural resistance to roll is com-
monly known as roll damping. Roll 
damping increases with roll rate and 
wing span. (This is precisely why air-
craft with long wings cannot have a 
very high roll rate.) 

The roll moment in Figure 3 can be 
thought of as the aircraft's net roll 
power. In actuality it is the roll mo-
ment or roll torque exerted about the 
aircraft longitudinal axis by the de-
flected ailerons. Once the ailerons are 
deflected and a roll moment is produc-
ed, the aircraft begins to accelerate in 
roll. As the roll rate increases, roll 
damping also increases until a point 
is reached where the roll damping mo-
ment equals the aileron induced roll 
moment. At this point the forces are 
in equilibrium and a steady state roll 
rate is reached. (This goes back to 
Newton's laws which state that any 
applied force yields an acceleration 
until an equal and opposite force is 
encountered. We see this everyday in 
any airplane. In cruise, thrust equals 
drag and velocity is constant. If thrust 
is increased, an acceleration takes 
place until once again thrust equals 
drag and velocity is again constant.) 

Referring to Figure 2, aileron A is 
a conventional plain aileron with no 
balance. The gap has been sealed with 
a non-porous cloth seal. From Figure 
3 it can be seen that the stick forces 
per given aileron deflection for this 
design are extremely high as would 
be expected. A pilot stick force of 50 
pounds is required to obtain only a 
5.5-degree deflection. Although the 
deflection is small, rolling moment is 
still adequate due to aileron size. It 
can also be seen that as the deflection 
angle increases, stick forces increase 

VARIANT A 

FIG. 2 AILERON DESIGNS 
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dramatically. This is known as a steep 
gradient. 

Aileron B is the internally balanced 
type; however, this design has a small 
nose gap of .0005 c (0.05% of the wing 
chord length). With this design not 
only have the stick forces lightened 
significantly, but the stick force gra-
dients have also changed. As high 
aileron deflections are reached, the 
force gradient decreases and the re-
quired stick forces taper off dramati-
cally, an often desirable effect. 

Aileron C is the sealed internally 
balanced design. I would like to care-
fully discuss this design since in this 
case the over-effective internal balance 
actually overpowers the natural 
aerodynamic resistance at up to ap-
proximately 10-degree aileron deflec-
tion. This is known as a stick reversal 
and is very undesirable. 

What this means in terms of han-
dling qualities is that once the stick is 
deflected to obtain, for example, a 4-
degree deflection to the left, a right 
stick force of 9V2 pounds is required. 
The pilot stick force does not reach 

zero until about 10-degree deflection 
is reached. This means that in level 
cruise flight, balancing to stick to 
neutral would be like balancing a golf 
ball on the pointed end of a tee. As 
soon as the stick was displaced 
slightly off center, it would im-
mediately move to approximatley 10-
degree deflection (actual aileron de-
flection for zero stick force becomes a 
function of roll velocity and would 
vary from 10 degrees somewhat). One 
very important final point to make is 
that the effectiveness of these type 
balances is directly a function of the 
seal integrity. A porous seal will re-
duce effectiveness and vice versa a 
non-porous end gap seal will increase 
effectiveness. 

In summary I would like to con-
clude with the following statements. 
(1) The shape of the stick force curves 
will remain about the same with vary-
ing airspeeds, although the actual 
forces will become much lighter with 
decreasing airspeed. (2) Sealing aile-
ron end gaps forward of the hinge line 
can greatly increase balance effec-

tiveness. (3) By applying good en-
gineering practices, an excellent roll 
control system can be designed to 
meet most any practical roll rate and 
stick force criterion. 

EDITOR'S NOTE: Peter Gall is an 
aerospace engineer with two degrees 
and is currently working on his docto-
rate. He is also an ATP pilot with 
3000 plus hours in over 60 different 
aircraft from J-3's to T-38's to F-106's. 
He has spent over three and a half 
years working for NASA in flight test 
research immediately prior to becom-
ing a full-time airline pilot, first with 
a regional commuter and now with 
U.S. Air. He has had 14 technical re-
ports published on configuration aero-
dynamics and holds two patents. We 
look forward to future articles from 
him as his busy schedule permits on 
such topics as engine cooling require-
ments and cooling system design, 
aileron and wing shaping effects, de-
sign of fairings, flow energizers and 
vortex generators, and in-flight flow 
visualization. — Jean Sorg. 
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CRITICAL 
7 & 8 SERIES 

INFO 
There have been many IAC Tech Safety articles related to 

Citabria and Decathlon wings. This article may be one of the 
more significant of the wing articles. 

The July 1987 issue of SPORT AEROBATICS had a Tech 
Safety article entitled, "7 & 8 Series Spars." It noted some wing 
spar damage encountered on a Citabria in a landing accident and 
tried to relate this info to 7 & 8 Series aircraft (Citabrias and 
Decathlons) spar inspections in general and also to the then-pend-
ing FAA NPRM (Notice of Proposed Rule Making) on 7 & 8 air-
craft spar inspections. The input for that Tech Safety article was 
a telephone call from an IAC member who relayed what had been 
found on the initial inspection of the landing-damaged Citabria 
wing. The major point was that the compression failures found 
in the wooden spars were on the tops of the spars and not on the 
spar faces as had been mentioned in the FAA NPRM. 

Since that initial wing inspection and damage assessment, 
further investigation was made and repairs to that Citabria com-
pleted. The IAC member who made the first report later obtained 
the broken and removed front and rear spar sections and for-
warded them to the IAC Tech Safety Committee with the com-
ment, "very interesting." The spar sections were very interesting, 
indeed. 

The front spar section had one compression failure at the top 
of the spar where the first rib inboard of the strut joins the spar. 
This is about % of an inch inboard from the plywood reinforcing 
plates which are glued to each side of the spar where the strut 
attaches to the spar. On the section of rear spar sent to the com-
mittee someone had marked six compression failures. Using a 
magnifying glass, two more compression failures were found for 
a total of eight. All were at the top of the spar. 

Two of the failures were directly adjacent to the plywood rein-
forcements where the rear strut attaches — one failure at the 
outboard edge of the plywood plates and one failure at the inboard 
edge of the plywood plates. Four of the other six compression 
failures on the rear spar were at points where ribs join the spars. 
The remaining two failures in the rear spar were where the aile-

ron hinge bracket attaches. The two accompanying photos show 
a compression failure on the rear spar running across the top of 
the spar and down the face of the spar. The photo of the spar face 
shows the top two of three nail holes where the rib (actually the 
rib flange) is nailed to the spar. 

It is very important to note that the compression failure on 
the face of the spar is BEHIND the area where the rib (flange) 
attaches to the spar. It would be impossible to detect this failure 
without removing the rib from the spar. In fact, NONE of the 
compression failures which ran across the face(s) of either the 
front or rear spar would be detectable without disassembling the 
wing. The one failure in the front spar and the four failures in 
the rear spar were at rib stations, and the cracks in the spar faces 
were BEHIND THE RIB FLANGES. 

The portion of the cracks in the spar face in the two failures 
in the rear spar adjacent to the plywood reinforcement plates ran 
right next to the edge of the reinforcement plates and were hidden 
in the glue ooze lines. The portion of the cracks in the spar face 
in the two failures in the rear spar where the aileron hinge 
bracket attaches were behind the bracket itself. 

To repeat, NONE of the portions of the compression failure 
cracks which ran across the spar faces could be seen without 
removing ribs, aileron hinge brackets, etc. The portion of the 
compression failures running across the top of the spars was, in 
all cases except the two failures adjacent to the rear spar plywood 
doubler and two failures at the aileron hinge bracket, under the 
area where the rib capstrip crosses the spar. It is assumed that 
this portion of the compression failures would also be very dif-
ficult (if not impossible) to detect without removing the ribs from 
the spars. 

To try to get a little better handle on things, the IAC Tech 
Safety Committee made several phone calls. One call was to Larry 
Nelson who was at one time chief engineer at Champion/Bellanca 
and who now works in the FAA's engineering section. Larry ad-
vised that he would expect to find spar damage (compression fail-
ures) next to the plywood reinforcement plates where the struts 
attach to the spars, but he had not previously heard of spars 
showing a tendency to fail at rib-to-spar attach points. (The com-
mittee also tapped into Herb Andersen at Christen Industries' 
Pitts aircraft facilities and Herb's comments were similar to 
Larry's opinions.) 

Larry suggested that Efrain Esparza also be contacted. Es-
parza, as many may know, was the FAA person behind issuing 
the first alert related to possible 7 & 8 Series aircraft spar damage 
(about two years ago), the NPRM on the 7 & 8 Series aircraft 
spars, and the resulting Airworthiness Directive (87-18-09) on 
spar inspection (see reprint of it). Esparza was contacted and 
advised of the latest spar input that the IAC Tech Safety Commit-
tee had received — namely, the info that has been outlined above. 

Very interestingly, Esparza noted that while conducting the 
investigation of the 7 & 8 Series aircraft spars, they had run 
across one broken spar where the failure (crack) was BEHIND a 
rib flange (same as the spar compression failures discussed 
above). In this particular case, the aircraft had "landed in a tree" 
and the spar damage had occurred when the plane was being 
removed from the tree. The FAA had considered this non-accident 
damage. The IAC Tech Safety Committee feels this non-accident 
spar failure may be significant in that it correlates with the fail-
ures noted above in the landing accident-damaged Citabria spar 
and may give us that all-important clue of WHERE TO LOOK. 

In summary, what we now know seems to point to a very 
serious problem of how to make a thorough inspection of the 7 & 
8 Series aircraft wing spars which would find any and all compres-
sion failures. It appears that the wings would damn near have to 
be completely disassembled to make a competent inspection. The 
method of spar inspection outlined in the FAA NPRM and A.D., 
i.e., looking at the spar faces between the ribs and on the bottom 
of the spars, seems totally inadequate. 

To the best of our knowledge, all the aircraft which suffered 
in-flight spar failures — the four 8GCBC Scouts which precipi-
tated the FAA Alert, NPRM, and A.D. — had a history of wing 
damage due to ground strikes before incurring the in-flight fail-
ures. Although it is pure conjecture — in the light of what has 
been seen on the failed Citabria spars and Esparza's non-accident 
spar failure statement — it does not seem unreasonable to suspect 
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7 & 8 SERIES WINGS 

FACE OF SPAR 

For illustration purposes, photos were taken of one 
of the worst failures of the Citabria wing which is the 
subject of the accompanying Tech Safety report. A 
magnifying type lens was used and several pictures 
taken with different backgrounds and lighting. Most 
of the compression failures were extremely subtle 
and not as easy to see as they appear in the photo-
graphs. 

TOP OF SPAR 

that some of the damage incurred on the four 8GCBC Scouts, 
when their wings struck the ground, may have gone undetected 
and this was, in fact, the real cause of the in-flight failures. In 
any case, IAC members are urged to take extreme caution before 
placing a Citabria or Decathlon back in service after encountering 
any kind of an accidental wing strike. 

The second portion of this report deals with perhaps a less 
insidious problem but still one of great importance. IAC members, 
especially those who operate Citabrias or Decathlons, are well 
aware of the many SPORT AEROBATICS articles that have dealt 
with loose or missing rib-to-spar attach nails. The latest report 
is thoroughly presented in the accompanying diagram. 

The correlation between this report and the Citabria nail re-
port that was in the October/November 1979 issue of SPORT 
AEROBATICS (also on page 136 of the TECH TIPS I manual) is 
striking. This latest report notes more nails either loose or mis-
sing than the 1979 report, but the aircraft in this latest report 
had approximately 550 hours total time while the 1979 aircraft 
had approximately 330 hours total time. But the pattern of loose 
and missing nails is exactly the same with predominantly more 
nails missing in the right wing than the left wing of both aircraft. 

The more info we can compile the smarter we become, the 
better we can maintain our aircraft, and the safer we make our 
sport. The efforts of the two IAC members who provided the above 
information and the input from Herb Andersen, Larry Nelson, 
and Efrain Esparza, are appreciated by all — thanks. 

FAA AIRWORTHINESS 
DIRECTIVE 

"The following Airworthiness Directive issued by the Federal 
Aviation Administration in accordance with the provisions of 
Federal Aviation Regulations, Part 39, applies to (the following 
aircraft model). 

"87-18-09 — BELLANCA (CHAMPION): Amendment 39-
5725. Applies to Model 8GCBC series (all serial numbers) 
airplanes, certificated in any category when equipped with 
wooden wing spars. 

"Compliance: Required as indicated in the body of the A.D. 
unless already accomplished. 

"To preclude in-flight structural failure of the wing, ac-
complish the following: 

"(a) Within the next 10 hours time-in-service (TIS) after the 
effective date of this A.D., install the following placard on the 
instrument panel in full view of the pilot: 'AEROBATICS PROHI-
BITED.' 

"The placard shall be fabricated of durable material with face 
size at least .38 inches high and 1.88 inches long and may be 
locally manufactured. The letters on the placard must be at least 
.10 inches in height and the letter color must contrast with the 
background color. The placard must be permanently affixed. 

"(b) The requirements of paragraph (a) of this A.D. may be 
accomplished by the owner/operator on any airplanes which are 
not used under Part 121 or 135. The person accomplishing these 
actions must make the appropriate airplane maintenance record 
entry per FAR 43.9 and 91.173. 

"(c) Within the next 75 hours TIS after the effective date of 
this A.D., unless already accomplished, inspect the wing spars for 
compression failures as follows: 

"(1) For the front spar make rectangular C-shaped cutouts 
just aft of the front spar with the long side parallel to the spar so 
that the fabric peels away from the spar. Do this for the rib bay 
areas adjacent to and including the wing spar-lift strut attach 
fitting rib bay areas. Make the cutout large enough to allow visual 
inspection of the exposed section of the spar. The cutouts are to 
be made on the wing's lower surface. For the rear spar make the 
rectangular cutout just forward of the rear spar so that it peels 
away from the spar. Do this for the rib bay areas adjacent to and 
including the wing spar-lift strut attach fitting rib bay areas. 
Accomplish the inspection by using existing or new inspection 
holes in lieu of fabric cutouts providing they allow an adequate 

178 



7 & 8 SERIES 
7 & 8 SERIES W I N G S SPARS 

visual inspection. Do not remove the wood pads at the spar-lift 
strut attach point to accomplish the inspection. 

"(2) With the use of a 10X hand lens or a microscope inspect 
the side surface of the spar (rear side of front spar/front side of 
rear spar) with a light striking along the grain at an angle of 
about 20° with the surface. The point of view should be varied 
between 45° and the vertical (with respect to the spar side surface) 
on the same side as the light source. Try other angles of light and 
vision. With the use of a light and mirror, inspect the bottom edge 
of the wooden spar at this location. 

"NOTE 1: When viewed in the manner described in this para-
graph, a failure appears as an irregular line extending across the 
grain. When using a 10X hand lens or microscope, the same ar-
rangement with respect to the light source is recommended except 
that it is best to keep the point of view at a vertical angle due to 
distortion of the field when any other position is used. During the 
examination of the spar with a hand lens and light, care must be 
taken not to mistake minute breaks in the surface fibers that are 
sometimes caused by chafing, for compression failures. These sur-
face breaks can be removed with a sharp knife, whereas a com-
pression failure is usually still visible after a thin shaving has 
been taken off. The knife must be sharp so that a very thin shav-
ing can be removed without crushing the remaining fibers and 
thereby obscuring a compression failure if present. 

"(3) If any compression failures are found, prior to further 
flight, repair or replace the spar. 

"NOTE 2: Other conditions such as loose/missing rib nails 
should be looked for, and unsatisfactory conditions should be 
repaired. 

"(d) After the inspection specified in paragraph (c) of this A.D. 
has been accomplished, prior to further flight replace the wing 
fabric cutout using appropriate maintenance instructions and/or 
reinstall inspection hole covers, as applicable. 

"(e) The inspection specified in paragraph (c) of this A.D. is 
not applicable to the following airplanes: 

"(1) Airplanes modified with a metal spar per STC No. 
SA3829NM, and 

"(2) Airplanes equipped with wood wing spars providing that: 
"(a) Within 500 hours TIS prior to the effective date of this 

A.D. either the spars were replaced and the wings recovered, or 
the spars have been inspected for compression failures as de-
scribed in this A.D., and, 

"(b) Subsequent to the above replacement or inspection, the 
airplane has not been involved in any accident which may have 
resulted in structural damage to the wings. 

"(f) If, at any time, subsequent to the effective date of this 
A.D., the airplane is involved in an accident that may have re-
sulted in structural damage to the wings, prior to further flight 
reinspect the wing spars in accordance with paragraph (c) of this 
A.D. 

"(g) Airplanes may be flown in accordance with FAR 21.197 
to a location where this A.D. may be accomplished. 

"(h) An equivalent method of compliance with this A.D. may 
be used if approved by the Manager, Airplane Certification 
Branch, ASW-150, FAA, Southwest Regional Office, Fort Worth, 
TX 76193-0150. 

"All persons affected by this directive may obtain copies of the 
document(s) referred to herein upon request to the FAA, Office 
of the Regional Counsel, Room 1558, 601 E. 12th St., Kansas 
City, MO 64106. 

"This amendment becomes (became) effective October 15, 
1987. 

"For further information contact: Efrain Esparza, Airplane 
Certification Branch, ASW-150, Aircraft Certification Division, 
Southwest Region, FAA, Fort Worth, TX 76193-0159. PHONE: 
817/624-5156." 

Most IAC members are well aware tha t in 1985 the 
FAA issued an Airworthiness Alert relating to the inspec-
tion of the wing spars on Champion/Bellanca 7 and 8 
Series aircraft (Citabrias and Decathlons) for compression 
failures. In November of 1986 the FAA issued an NPRM 
(Notice of Proposed Rule Making) which, if approved, 
would be followed by an Airworthiness Directive which 
would make 100-hour inspections of the spars on Citabrias 
and Decathlons mandatory. IAC and EAA (as well as 
many individuals) have voiced opposition to this NPRM. 
As of this writing no decision has yet been made by the 
FAA as to whether or not to issue an AD. 

The FAA Airworthiness Alert and NPRM were 
prompted by the in-flight wing failures of several Bellanca 
8GCBC Scouts — an aircraft "similar" in design and con-
struction to Citabrias and Decathlons. The number of 
8GCBC Scout wing failures noted is two, three, or four, 
depending on your source of information. One very in-
teresting fact, which many persons alluded to when com-
menting to the FAA on the 7 & 8 Series spar inspection 
NPRM, is tha t all the aircraft which incurred in-flight 
wing failures had suffered wind damage (been blown over) 
on the ground. 

Keeping all the above in mind as background, let's move 
along. One IAC member recently made a very interesting 
safety report. He advised that a couple of fellows had pur-
chased a Citabria and one of the guys with limited tail-
dragger experience was checking out the other fellow 
(with less taildragger experience) on landings. The Citab-
ria had flaps but the IACer making this report was not 
sure of the exact model designation. (We would guess tha t 
it was a 7GCBC — long-wing Citabria with flaps.) 

He said tha t while he was flying in the vicinity of his 
local airport he observed the Citabria making touch and 
goes and everything seemed fine. Later he looked down 
and saw the Citabria off to the side of the runway with 
one of the landing gear legs folded up. Apparently one of 
the practice landings had gotten out of hand. Later, after 
this IAC member landed his aircraft, the Citabria was 
taken to one of the FBOs on the airport and an inspection 
of the damage was made. 

The IAC member who made this report is an A&P and 
an AI and he stated that just by looking at the wing on 
the Citabria which contacted the ground it appeared to 
him that it struck the ground relatively light and would 
probably have no internal damage. Therefore, he was very 
much surprised to find that when the fabric was removed 
from the wing both spars were broken — compression fail-
ures just outboard of the wing strut attach points. 

Interesting so far, but this story gets better. Those who 
have read the FAA Airworthiness Alert and NPRM men-
tioned above are aware that the Feds recommend cutting 
large U-shaped sections out of the fabric on the lower sur-
face of the wings and inspecting the rear face of the front 
spar and the front face of the rear spar with a strong light 
and a magnifying glass for wood compression failures. 

The compression failures on the Citabria wing which 
was damaged in the landing accident were NOT on the 
spar faces but were located on the top and bottom of the 
spars. The gentleman making this report felt that if the 
spars had been inspected using the procedure recom-
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mended by the FAA, i.e., checking the spar FACES, the 
compression failures most probably would not have been 
found. (Could it have been that the 8GCBC Scouts that 
had in-flight wing failures incurred broken wing spars 
when they were blown over on the ground and that the 
damage to the spars had gone undetected?) 

Based on what we now know, and trying to do a little 
reading between the lines, it is highly recommended that 
any 7 and 8 Series aircraft — and that means Citabrias 
and Decathlons for most IAC members — encountering 
any kind of a wing/wing tip strike be very closely 
examined for spar damage. Check especially close the 
areas on the top and bottom of the spars just outboard of 
the strut attach points. 

All spars with compression failures that we are pre-
sently aware of were on aircraft which had encountered 
some kind of ground damage. Naturally, a spar will break 
when the force applied exceeds the strength limits of the 
spar. The amount of force applied in the circumstances 
involved will probably be most directly related to just how 
hard the wing hits the ground (or pole, or hangar, etc.). 
But the wing length may also be a factor in tha t it may 
act as a lever arm. 

Since we believe that the most likely place for a spar 
to incur a compression failure is near the strut attach 
point and that the wing tip is the most likely place for the 
wing to strike the ground (or other object), the distance 
from the strut attach point to the wing tip may be a slight 
but contributing factor in initial failures. The wing length 
may also be a factor related to in-flight or air load failures. 

Although we believe the 8GCBC Scout wing failures 
precipitating the FAA Alert and NPRM are possibly 
linked to prior ground damage incurred, it should also be 
noted that the 8GCBC Scouts have the longest wings of 
any of the 7 & 8 Series aircraft and based on that alone 
would have a greater lever arm acting on the strut-to-spar 
attach area. Naturally, aircraft weight, G-loading, etc., 
would also greatly affect in-flight wing loads. Jus t for ref-
erence the wing spans of some of the 7 & 8 aircraft are as 
follows: 

8GCBC Scout 36.2' 
7GCBC Citabria 34.45' 
7ECA Citabria 33.38' 
7KCAB Citabria 33.38' 
8KCAB Decathlon 32.0' 

Besides considering the force applied to a spar, the 
strength of the spar to resist the force is a major factor in 
whether or not the spar will break. Note tha t the De-
cathlon spar is not only deeper than the Citabria and Scout 
spars but also W' wider — 1" wide compared to :!/i" wide. 

In summary, can we make the following conclusions? 
(1) If an aircraft has had any kind of wing tip ground 

strike, spar damage should be suspected. 
(2) When inspecting for spar damage, pay particular 

attention to the spar tops and bottoms just outboard of the 
strut attach point. 

(3) The longer the aircraft wing the more likely spar 
damage will occur in a ground strike — and the more 
likely an undetected damaged wing will fail in flight. 

(4) The smaller the spar width and height dimensions, 
the weaker the spar. 

(5) Higher aircraft gross weights, higher G-loadings, 
etc., will increase the forces acting upon the wing spars. 

Hopefully, some of the above will help us in the mainte-
nance of our aircraft and help us preserve our safety rec-
ord. A large IAC thanks to the members who made the 
important and timely report on ground damaged Citabria 
spars. 

BELLANCA WING SPAR INSPECTIONS 
IAC has been notified that FAA has issued an Airworthiness 

Directive, 87-18-09, effective October 15, 1987, for Bellanca 
8GCBC "Scout" aircraft. This AD is a result of the NPRM issued 
late last year by FAA which originally encompassed "Citabrias" 
and "Decathlons" as well. The NPRM would have had a needless 
negative effect on these aircraft in terms of their market value 
by requiring wing spar inspections that were not warranted by 
the facts as presented by FAA in the NPRM. While there have 
been wing spar failures in "Scout" airplanes, these have been the 
result of unauthorized aerobatics or occurred in airplanes in-
volved in wind turn-over type accidents where damage to the 
spars apparently went undetected. No such failures have occurred 
in "Citabrias" or "Decathlons" that can be accountable to the 
aerobatic usage of these aircraft. 

Thus, IAC, in the official comments made on the NPRM by 
President Mike Heuer, recommended that the NPRM be with-
drawn or modified not to include the "Citabrias" and "Decathlons" 
widely used by our members in aerobatics. If the AD had been 
adopted for these aircraft, they would be so expensive to operate 
and their values would plummet so much that it is doubtful they 
would have a future in aerobatics, thus drastically affecting the 
future of sport aerobatics in the United States. 

Fortunately, the "Scout" will be the only Bellanca aircraft 
affected. The AD requires the installation of a placard prohibiting 
aerobatics within the next 10 hours in service as well as the 
complete spar inspection within the next 75 hours. Though we 
are unhappy about the impact this will have on "Scout" owners 
and operators, at least the aerobtic models owned by the vast 
majority of IAC members were not affected. 

IAC Tech Safety Chairman Fred Cailey has written a com-
plete report on this situation for an upcoming issue of SPORT 
AEROBATICS. Look for it to appear soon. A copy of the AD and 
the FAA's very interesting analysis of the comments received on 
the NPRM will be included. 

NPRM ISSUED ON DECATHLON WING SPARS 

An FAA Notice of Proposed Rule Making has been issued 
regarding the implementation of an airworthiness directive on 
Champion/Bellanca series 7 & 8 aircraft. The proposed AD would 
require inspections of the wing spars at a cost which the FAA 
estimates at $1,260 to $1,820 per inspection. These inspections 
would be required within the next 75 hours of service and at 100 
hour intervals thereafter for aerobatic airplanes. The inspection 
involves removal of fabric along most of the wing spar to permit 
visual inspection of the spar, where inspection holes are not pre-
sent. 

IAC President Mike Heuer and EAA President Paul Pobe-
rezny have both petitioned FAA for an extension of the deadline 
on comments. The deadline was December 10, 1986, which was 
only a few days after we were notified of the existence of the 
NPRM. IAC is opposed to the NPRM because it is a result of wing 
failures that have occurred in "Scout" aircraft following turnovers 
in the wind on the ground. The "Scout" is substantially different 
than the Decathlon and Citabria aircraft. 

Comments should be directed to: 
FEDERAL AVIATION ADMINISTRATION Central Region 

Office of the Regional Counsel 
Attn: Rules Docket No. 86-CE-52-AD Room 1558 

601 E. 12th Street 
Kansas City, MO 64106 

These comments should be sent in the event that our efforts 
to have the deadline extended are successful, which was not 
known at this press date. 
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BELLANCA NPRM 
The deadline has come and gone on the FAA's Notice 

of Proposed Rule Making which would require extensive 
wing spar inspections on Citabria and Decathlon aircraft. 
The IAC has officially commented on the proposal and this 
will be printed in an upcoming issue of the magazine. We 
are also informed that the response from the EAA and 
IAC membership was outstanding with the FAA person-
nel in the Regional Office in Kansas City stating that it 
was the most "active" file they ever had. Those who have 
read through the docket have also been impressed with 
the quality and reasonableness of the comments. Our con-
gratulations and thanks to all of you who took the time 
to write. This will play a major part in what we hope will 
be the withdrawal of this Notice by FAA. Our thanks also 
to the EAA staff who were quite active in monitoring this 
proposal, particularly Ben Owen, and IAC Technical 
Safety Chairman Fred Cailey who did quite a bit of corres-
pondence on this matter as well. It will probably be several 
months before we hear of its disposition. 

STILL MORE 
CITABRIA 

WING INFO 
The following report has been received by the IAC Tech 

Safety Committee. 
"I am a new IAC member and the owner of a Citabria 

7ECA. I had only owned my Citabria for about three 
months when I happened to read the technical safety re-
port on the 7 and 8 series Citabria and Decathlon wings, 
printed in the SPORT AEROBATICS November 1987 issue. 

"After reading the article, I decided it would be wise 
to check my aircraft. Well, when I pulled the first inspec-
tion cover at the right rear spar and began checking with 
an inspection mirror and flashlight, guess what I found? 
Yes, on both sides of the right wing, rear spar, lift strut, 
plywood attachment plates, on the top of the spar, two 
compression failures. The cracks were just where the 
SPORT AEROBATICS article said to look. 

"Next I went to the aircraft logbook to see if I had 
missed something during my initial reading when the air-
craft was purchased. As I looked through the pages, there 
it was, a small but significant entry which read: 'Minor 
damage to right wing tip repaired.' The entry was dated 
1978. This may have been the ground strike alluded to in 
the technical safety report. The aircraft may have been 
flying and doing aerobatics for the last nine years with 
the cracked spar. Had I seen the damage entry in the 
logbook when I purchased the aircraft it would have meant 
little because the safety report had not yet been released. 

"I would add it would have been just about impossible 
to find the cracks without knowing where to look. 

"As for the nail pulling problem, it was much the same 
on my Citabria as on the 7ECA featured in the SPORT 
AEROBATICS article. 

"I have included some photos of the damaged spar and 

a diagram of the missing and pulled nails. 
"I hope this information will be of some use to other 

members. I feel I was fortunate in that I read the article and 
found the problem before any more serious circumstances 
developed. At this point it will only cost me money!!!!! 

"Keep up the good work. The magazine has proved 
invaluable. Glad to be a member of the IAC." 

The above report and accompanying photos and shop 
sketches just about cover it all. One of the great benefits 
of IAC is that it provides a place where we can pool our 
knowledge. With the number of reports on Citabria and 
Decathlon wings, IACers who own and operate these air-
craft should be able to make thorough and competent in-
spections in the critical, highly-stressed, breakage-prone 
areas. A brief review of the most likely areas in a Citabria 
or Decathlon wing to incur structural damage might in-
clude the following: 

— Check front and rear spars for compression cracks 
adjacent to the plywood reinforcing plates where the lift 
struts attach and at the rib attach points on either side of 
the strut attach points. Triple-check these areas for cracks 
if the wing tip has contacted the ground, a hangar wall, etc. 

— Check front and rear spars for longitudinal cracks at 
the ends of the plywood reinforcement plates where the 
lift struts attach. Again, triple-check this area if the wing 
has encountered any kind of a ground strike. 

— Check ribs on either side of strut attach points for 
missing or loose rib-to-spar attach nails. 

— Check ribs on either side of strut attach points for 
cracks where the capstrips pass over and under the spars. 

— Check for cracked leading edge wraparound and/or 
failed nose ribs in the area directly in front of the jury strut. 

— Check the bracket which attaches the front strut to 
the front spar for cracks (especially on Decathlons). 

— Check the aileron inboard hinge and inboard hinge 
bracket for cracks and loose/missing rivets. 

— On Decathlons check aileron gap kit and aileron 
hinge bolt access covers for security. 

(The above list should not be taken as a COMPLETE 
checklist but only as a list of highly suspect areas that 
require extra close monitoring.) 

Many thanks to the IAC member who submitted the 
above report on the 7ECA Citabria. Not only does this 
report add to our total knowledge, but it also reflects the 
primary intention of the IAC Tech Safety Program — i.e., 
showing that by working together we can help keep our-
selves and our sport safe and fun. 
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7 SERIES METAL 
WING SPARS 

TECH SAFETY EDITOR'S NOTE: On the IAC mem-
bership survey more members reported getting their first 
taste of aerobatics in a Citabria than in any other type 
aircraft. Therefore, I feel that until something comes along 
that replaces these basic entry level aircraft, what hap-
pens with them will strongly affect IAC and the sport of 
aerobatics. I hope the BHM metal spar kit reported on 
here will help keep the 7 Series aircraft fleet healthy. — 
Fred Cailey. 

IACers who operate Citabrias and Decathlons (7 & 8 
Series aircraft) no doubt closely follow the numerous arti-
cles in SPORT AEROBATICS related to service difficulties 
encountered with the wing structures on these aircraft. 

The FAA NPRM (Notice of Proposed Rule Making) of 
about two years ago, calling for stringent inspection for 
compression failures in the wing spars of all 7 & 8 Series 
aircraft and the ensuing Airworthiness Directive applica-
ble to 8GCBC Bellanca Scouts, have been pretty 
thoroughly discussed in previous Tech Safety articles. The 
November 1987 issue of SPORT AEROBATICS had an 
article which largely dealt with the wing spar compression 
failure problem. Service difficulties with 7 & 8 Series air-
craft are not just a concern for the IACers who own these 
planes, but since these aircraft make up a very large per-
centage of the aerobatic trainer aircraft fleet, the well-
being of them impacts the whole sport of aerobatics. 

BHM Aircraft, Inc., 3946 West Lake Sammamish Rd. 
S.E., Bellevue, WA 98009 USA, is a firm that is offering 
some parts which may help keep some of the 7 & 8 Series 
aircraft operational and airworthy. Following a recent 
telephone conversation with BHM president, John Bard, 
the IAC Tech Safety Committee received the following 
letter: 

"We are presently certified to supply metal spar kits 
for the 22 types listed as '7' Series Aircraft. We are pro-
gressing well with the STC for the 8GCBC which we feel 
suffers most from wood spar problems and the STC should 
be completed this summer. 

"We are developing a captured leading edge kit for 
those aircraft equipped with metal spars. This kit should 
greatly improve the wing structure while adding a finish-
ing touch and will probably eliminate some of the nose rib 
problems. We are trying to simplify the kit to include more 
fabrication by the user, to reduce the cost to the customer. 
A review discussion of the cracking problem forward of 
the jury strut, which you mentioned, indicates the strong 
possibility of a cracked front spar adjacent to this failure. 
Anyone asking about such a problem should be advised to 
make the most careful inspection of the front spar for 
cracks. 

"Compression cracks in Citabria wood spars have 
proven to be very difficult to locate, even by experienced 
mechanics, and often hide behind the plywood plates. 
Using a magnifying glass and the paint penetrant 
technique we discussed will sometimes show up an almost 
invisible crack. We feel strongly that the best solution for 
the owner is to simply replace the wood with metal for 
safety and the enhanced value of the aircraft. 

"We appreciate your interest in our products and espe-
cially your help to get a positive message for us to the 
aircraft owners. We believe we have an opportunity to 
improve the safety of flight in these aircraft and possibly 
save lives." 

Included with John's letter was the following BHM 
spar kit information sheet. 

"BHM Aircraft Inc. is producing metal spar kits for 
Aeronca, Bellanca and Champion 7 Series Aircraft. Mod-
els of Aircraft with FAA STC and PMA approval include: 
7AC, 7ACA, S7AC, 7BCM, S7CCM, 7DC, S7DC, 7EC, 
S7EC, 7ECA, 7FC, 7GC, 7GCAA, 7GCA, 7GCB, 7GCBA, 
7GCBC, 7HC, 7JC, 7KC, 7KCAB, and 7CCM. 

"The kit contains all material necessary to complete 
both wings. Partial kits are not available and both wings 
must be BHM spar equipped for valid STC. 

"The spars are metal T Beam extrusions completely 
drilled and finished for installation. Parts necessary to 
attach original hardware and ribs to the spars are of 
machined metal (or plywood for non-structural attach 
points) and are finished ready to assemble. Ribs are at-
tached to spars with A.N. screws and self-locking nuts 
provided. 

"Installation drawings and complete instructions are 
included for the guidance of your mechanic. The finished 
product relieves the owner from A.D. requirements appli-
cable to the wood spars they replace. Other projects for 
STC are currently under development. 

"The complete kit is priced at $3000, FOB Seattle, WA, 
plus tax if applicable, payable by cashier's check just prior 
to delivery. Kits are shipped freight collect." 

John also sent a copy of BHM's metal spar kit installa-
tion notes which were mainly the step-by-step nut and 
bolt assembly instructions. However, item number one 
should be noted here. 

"1. WARNING: BHM Metal spars used under STC No. 
SA3829NM must never be 'mixed' with wooden or other-
than-BHM extruded aluminum spars on a single aircraft 
(i.e., one must NOT use one BHM spar and a wood or 
other-than-BHM aluminum spar in one wing, or metal 
spars other-than-BHM on one side of an aircraft and BHM 
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7 SERIES 
M E T A L W I N G SPARS 

Photos showing the prototype BHM metal spar (flapped) 
Citabria wing. This particular wing was built up from a 
wrecked wing panel so some of the ribs were just 
straightened out and reused. It was put together just for 
trial fitting and assembly. All load/proof testing was done 
by computer analysis. No static load or sandbag testing 
was conducted with the prototype metal spar wing. 

spars on the other side. To do so invalidates the STC.) DO 
NOT MIX WOOD AND METAL SPARS!" 

You will note that John mentioned in his letter of using 
a paint penetrant technique to help locate wood compres-
sion failures. In our phone conversation John advised that 
if you mix a small amount of black paint with water and 
rub a rag with this mixture on it across a wing spar in an 
area you suspect of being cracked, and then immediately 
wipe off the solution with a clean rag, if there is a crack 
the paint/water mixture will remain in the crack and high-
light it making it easier to detect. 

Also mentioned in John's letter was the fact that BHM 
is working on obtaining an STC for a metal spar conver-
sion for 8GCBC Bellanca Scouts and that BHM is develop-
ing a captured leading edge kit. We asked John to please 
keep us informed on the 8GCBC spar STC and the leading 
edge kit. When these items become available, it will be 
noted in SPORT AEROBATICS. 

An IAC thanks goes to John Bard of BHM Aircraft for 
the above information. Any IACers who may purchase 
and install a BHM metal spar kit are encouraged to make 
a field report of their experiences to the IAC Tech Safety 
Committee. 



SPECIAL TECH SAFETY REPORT 

METAL CORROSION 
LESSONS LEARNED 

By Editor Jean Sorg 

What could have been a tragedy 
had a happy ending during Fond du 
Lac 88. Perhaps what contributed 
greatly to that end result was the fact 
a most experienced pilot was at the 
controls of the aircraft involved. 

During the 4-Minute competition at 
the IAC International Aerobatic 
Championships in Fond du Lac, Wis-
consin, Jim Rossi (the Unlimited 
champion at Fond du Lac 82 and a 
newly-elected IAC Director from Ar-
lington, Texas) surprised judges and 
onlookers alike with a rather dazzl-
ing, seemingly rapidly executed 
square corner to inverted climb out — 
from an accelerating vertical down-
line. Shortly thereafter he landed 
without completing his routine. The 
reason? He had developed a very defi-
nite mechanical problem. 

Currently without an aero mount of 
his own while in the process of build-
ing a monoplane, he was flying a bor-
rowed aircraft, Tom Adams' Pitts S-1S. 
This Pitts, which had been success-
fully flown to the Advanced title at 
the last two Nationals by Adams, had 
suddenly acquired faulty tail feathers 
— something had obviously broken. 

Ground inspection of the elevators, 
including the cutting away of the fab-
ric, revealed complete disintegration 
of certain areas of the metal elevator 
ribs, nearer the trailing edge of the 
left elevator. Rust was the culprit and 
it was everywhere! As the accompany-
ing pictures show, some areas of the 
remaining metal were severely pitted 
with holes while other areas had 
turned into a rust powder creating siz-
able gaps in the structure. The corro-
sive damage from moisture was so 
rampant it was amazing that the 
elevators' metal components hadn't 
failed long before this. 

Questions addressed to Rossi, 
Adams and those others who helped 
replace the elevators in time for 
Adams' first flight the next day 
turned up some valuable lessons gen-
erated by the whole affair. The most 

important is all metal structural 
parts of our aerobatic aircraft should 
be protected with some sort of anti-
corrosive material. The second is 
drain holes in the elevators should be 
closely inspected for dirt and any 
signs of rust. The third is the fabric 
should probably be removed every 
four or five years to carefully monitor 
the conditions under it. The fourth is 
there is just nothing better than lots 
of experience coupled with enough al-
titude for recovery whenever some-
thing breaks while doing aerobatics. 

Rossi's accounting of what trans-
pired and his observations about the 
technical safety aspects is as follows: 

"I opened the 4-Minute in Tom 
Adams' Pitts S-1S — 180 HP and 
spring gear which I had flown before 
— with an eight-point vertical roll. 
Then I let the airplane torque roll 
back down and entered a three-turn, 
inside spin. From there I went to the 
upwind edge of the box and did a mod-
ified Humpty with some rolls up and 
a snap on the radius. As I came over 
the top, I pitched down to vertical and 
my next maneuver would have been 
a lay-down eight. 

"As the airplane started to acceler-
ate on down the vertical line, it sud-
denly tucked under and my left hand 
instinctively came off the throttle and 
onto the stick. I had full force with 
both hands with the airplane continu-
ing to tuck under. We figured it prob-
ably tucked under to the tune of about 
5V2 to 8 G's negative. It didn't bother 
me physically and had I rolled upright 
which I instinctively started to do — 
the aircraft had a lot of speed at that 
point — it probably would have con-
tinued tucking right on down. 

"But I knew in the back of my mind 
instantly — I've talked to other people 
who had had problems with the tail 
— that the stabilizer had probably let 
go since it was radiusing on an out-
side radius and coming up past the 
horizon. At this point I stayed with it 
and let the nose come up to an in-

verted climb. I was gaining altitude 
inverted so I hung onto the airplane 
and continued an inverted climb out 
of the box with the idea of getting 
some altitude to leave the airplane. 

"It got up to about 2500 feet on the 
altimeter and with the airplane at 
about 110 indicated airspeed in-
verted, I rolled it upright very gently. 
At this point, the tail felt mushy, but 
I did have control. So I came on around, 
entered the downwind and landed. 

"Upon landing we started looking 
at the airplane and you could see a 
noticeable deflection in the left 
elevator. In fact what it amounted to 
is we cut the fabric away. The 
airplane had been recovered seven 
years ago and originally did not have 
drain holes for moisture accumula-
tion. Also evidently it was never cor-
rosion-proofed properly and the ribs 
were totally eaten away with rust. 

"The most inboard rib where it at-
taches to the tube that forms the 
shape of the tail had a good one inch 
of space between it and the rib. There 
was nothing there for holding. Obvi-
ously Tom had been practicing hard 
with the airplane with just a fraction 
of rusted metal holding the tail to-
gether and it just happened to let go 
at that particular moment when I was 
flying. It had nothing to do with the 
maneuver I was doing. 

"The reason it tucked under so a -
bruptly, of course, was it was deflecting 
and acting like a giant trim tab. Even 
with the normal trim tab, if you have 
full throw on it, it takes quite a lot of 
pressure to override it and the tail 
was deflecting the more I pulled — as 
we figured out later. The more I pulled 
the more the tail was deflecting and 
in fact, it was a complete control re-
versal. I guess why it all came out 
with a happy ending was I hung onto 
it and let it continue right on around 
and eventually gained altitude. 

"This is an area, the tail, that defi-
nitely needs to be checked. No matter 
how closely the airplanes are tech in-
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spected, you can't see what's under 
the fabric. So it's probably a good 
reason even if everything looks okay 
to maybe take that fabric off every 
four or five years and see what's 
under there." 

What alti tude was Rossi at when 
the incident occurred? 

"Well, I'm kind of guessing, Jean. I 
started pretty high on the opening 
figure. I was probably approximately 
2,000 feet above the ground pointing 
down when the aircraft abruptly 
tucked. I was in good shape there. 
Fortunately I started high since I 
haven't been flying a lot lately." 

What did it feel like? 
"It was a very strange sensation. 

I've never experienced tha t in the 
Pitts. And, of course, you don't know 
what 's happening back there. I knew 
it was a tail problem. 

"Everything was normal up to the 
point where I hit the vertical 
downline and as the airplane started 
to accelerate and just a fraction before 
I would have pulled — as a mat ter of 
fact, it may have been tha t the pull is 
what precipitated it — to do a lay-
down eight is when it let go and 
started deflecting. It felt as if some-
thing had grabbed the controls and 
just took the airplane away from me. 
I had no control at all. It just instantly 
tucked under very abuptly. 

"At tha t point I was in an inverted 
dive with the airplane accelerating. I 
then let go of the stick with my left 
hand to get the thrott le off and as it 
was coming up on the speed I then let 
the airplane — I had plenty of al-
t i tude — radius on around while play-
ing the throttle a little bit, just back-
ing off enough to keep it from ac-
celerating. Once the nose came up 
past the horizon I started adding 
power again so tha t I could keep 
the airplane in a climbing position 
inverted. 

"Basically I'd say tha t when it hap-
pened I was just looking straight at 
the ground and the airplane then 
acted like it had a mind of its own and 
it just decided to tuck under. From 
the ground, observers said it was very 
obvious and tha t it was probably the 
most square corner I've ever turned 
in a Pitts." 

Would he have been able to recover 
had he been any lower in altitude? 

"If I had done everything the same 
I guess technically I could probably 
have been another 900 feet lower and 
still not hit the ground, but I'm glad 
I wasn't (any lower)!" 

Was it his experience tha t proved 
to be so beneficial in his handling of 
the situation? Could a more inexperi-
enced aerobatic pilot, particularly an 
entry level one in say the Sportsman 
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category, have recognized what to do 
and responded as quickly? 

"Probably not," was Rossi's rapid re-
ply. "I think that's where lots of experi-
ence in this sport is invaluable. When 
you've done this awhile, you don't 
react instinctively like you do at first 
in aerobatics. I think a first-timer or 
a newer competitor would have a 
natural instinct when you're pointed 
at the ground on a dive inverted to 
roll the airplane right side up. Had I 
done that the airplane would have 
continued to tuck in the opposite di-
rection and it would have just kept 
tucking until I hit the ground. 

"Instead the split second I realized 
I had no back elevator and was past 
the vertical point in the negative di-
rection, I hung with the airplane since 
it was radiusing out and just hoped 
that it would continue to do so which 
it did. I think that there's no doubt 
about it that having flown these 
things awhile and having the experi-
ence I have, it all helped in the end. 
You just can't get too much experi-
ence. 

"Someone who is not used to going 
outside would probably have instinc-
tively rolled the airplane right side up. 
And, of course, his speed would have 
still been great, his back pressure 
would still have been on the elevator 
deflecting it and so every time he did 
that it would have simply kept tucking 
under on him. This is a good reason 
to get some outside experience with 
an instructor, even though you may 
still be flying Sportsman, to become 
at least comfortable with it if you 
have to go in that direction in an 
emergency." 

Would the outcome also have been 
affected by the weight of the pilot in-
volved, particularly if the person was 
heavier? 

"It's hard to say. Tom (who is 
heavier than Rossi) might have been 
flying it in his aerobatic sequences 
and if the elevator had let go for him 
or even during my freestyle — say on 
an inside-outside eight at a lower al-
titude — we might have been in more 
trouble. If we had been pushing to 
begin with it would have reversed in 
the opposite direction. I was probably 
in the best possible position when it 
let go. 

"As to whether Tom's weight would 
have affected it, I don't know. Of 
course, with a more aft CG, there 
could have been even more load on 
the tail with more weight in there 
and possibly more deflection. But it's 
just hard to speculate on that aspect 

of it, Jean. Like I said, I think that 
when it did happen, I was probably in 
the best position that one could be." 

What advice would he give to help 
avoid such an incident in the first 
place, besides internal inspections 
with fabric removal every four or five 
years? 

"Several of us were talking about 
this and we feel the problem started 
with a lack of proper corrosion protec-
tion. Most of the airplanes don't have 
it. As Bud Judy pointed out you really 
need to use a two-part epoxy primer." 

Incidentally, Fred Cailey, our IAC 
Technical Safety Chairman and our 
magazine's associate editor regarding 
technical safety, shares this view-
point. In fact, he stated, "Two-part 
epoxy primer is dynamite! It's really 
good." 

Rossi continued: "Before covering 
the aircraft, most people use a zinc 
chromate as a primer. But the prob-
lem is once you put dope on it, the 
dope lifts the zinc chromate right 
away and you end up with bare metal. 
That in combination with moisture 
collecting, especially if you don't have 
drain holes which evidently Tom's 
airplane didn't have for about five 
years or so, will just cause rust to form 
in there inside the fabric. 

"My former airplane, a Pitts, was 
only four years old when I decided to 
tear it apart and recover it. As it 
turned out there was nothing wrong 
with it, but I think that with this 
kind of flying, it behooves us all to 
maybe do a recover job every four or 
five years — just to see what you've 
got in there. 

"But remember to start with a good 
corrosion-proofing, using a two-part 
epoxy primer. Dope won't lift that off 
the metal once it's on. In fact, Bud 
Judy was telling me you can hardly 
sand it off; it's so tough. You've got to 
sandblast the metal, the fuselage, 
clean when you're building or recover-
ing these things and then corrosion-
proof immediately before there's time 
for any rust at all. Good, solid, preven-
tion measures are just plain necessary 
to begin with because the only way 
you could see those ribs in the first 
place would be to have some sort of 
inspection plates on the elevators." 

Neither he nor Cailey particularly 
recommend such plates in that area 
either. Cailey wasn't sure what plates 
on the elevators themselves might do 
as far as affecting structural sound-
ness, handling characteristics and 
aerodynamics. Maybe even flutter 
would develop he conjectured. But 
drain holes in the tail are absolutely 
essential they both stated and, of 
course, checking for drainage holes 
are standard procedure in any techni-

cal monitoring at a contest and in 
anyone's preflight. Not only should 
there be holes, but they should also 
be clean — that means no rust or dirt. 
Without the holes, moisture, even 
from plain old humidity in places like 
Florida, can collect and do its damage. 
The best example of how severe the 
damage can be are the pictures of the 
rust-eaten elevator ribs in Adam's 
aircraft. 

When it came to restoring his Pitts 
to acceptable flying condition for the 
contest, a few commented it couldn't 
be done in time. But those few hadn't 
figured on the amazing EAA and IAC 
can-do attitudes and cooperative 
spirits of members rallying to help 
each other out. 

Bud Judy, who was at Fond du Lac 
88 at the time of Rossi's elevator es-
capade and assisted in the inspection 
of the damaged tail areas, just hap-
pens to be the son-in-law of Paul 
Poberezny, EAA's President. He 
quickly volunteered the use of the 
EAA museum's full aircraft shop/re-
pair/maintenance facilities. 

Consequently, he and Adams 
headed there with the elevators along 
with Rossi and several of Adams' 
staunchest competitors in his cate-
gory level, Advanced. They were Dick 
Blatter, who is highly experienced in 
building and recovering aero mounts 
and who is particularly adept at 
speedily doing such fabric work as rib 
stitching and the like, and Bruce 
Thalheimer, who although inexperi-
enced as a homebuilder was full of the 
desire to lend a helping hand. 

At EAA Adams received a bonus. 
Paul Poberezny himself did all the 
welding for the new elevators needed. 
And some of the EAA staff, including 
Bauken Nowak, pitched in as well. 
Nowak expertly and quickly bent and 
shaped the new metal for the trailing 
edges, etc. 

Blatter handled all the covering 
and rib stitching while Adams, Rossi 
and Thalheimer did the doping and 
ironing. Blatter also quipped, "I'm not 
just doing this to help Tom out. I don't 
want him to have any excuses when 
I beat him." 

The whole process which would nor-
mally have taken some people weeks 
to accomplish was done in a matter of 
hours. The assemblage arrived with 
the faulty elevators at EAA in 
Oshkosh, Wisconsin, approximately 
20 miles north of the Fond du Lac 
contest airport, about 6:00 P.M. and 
left with the new ones about mid-
night. They were just temporary ones 
naturally and had no corrosion-proof-
ing or paint on them, but they were 
flyable and safe to use to get Adams 
through both Fond du Lac and the 
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Nationals this year. Then during the 
winter he would be having his entire 
aircraft recovered and painted, taking 
care that all metal areas were prop-
erly treated with a two-part epoxy 
primer for rust prevention. 

The next morning, which was Mon-
day, August 8th, and the traditional 
opening day for the competition 
rounds involving the regular contest 
flights at this event, saw Adams and 
his helpful crew of fellow competitors 
at work quite early installing his 
pink, temporary elevators. Since his 
category was the first up to fly that 
day, he was particularly delighted 
that Mother Nature delivered a short 
weather delay to allow full completion 
of the installation process and 
another tech check. 

In all installation ended up eating 
away approximately two hours or so 
because the crew broke a wire on the 
trim tab which then had to be fixed. 
Some time was also gobbled up by 
having to retrieve nuts which inad-
vertently got dropped into the belly of 
the airplane. 

Adams was nearly beside himself 
with gratitude for all the help he re-
ceived. "It's just an indication to me 
that the spirit of EAA, the experimen-
ters, is alive and well in the world 
today because everybody who helped 
are EAA and IAC members and all 
with the exception of Bruce are 
homebuilders. And the talent, skill 
and cooperation from Paul himself at 
the EAA and staffer Bauken were just 
amazing. Those two were phenomenal 
in how hard they worked and how 
fast and all on their personal time!" 
And Poberezny refused Adams's offer 
to pay for the use of the EAA 
facilities, materials and staff explain-
ing that IACers are all part of the 
EAA family and that "we take care of 
each other and the facilities are here 
to help." 

When asked, after his first flight, if 
his Pitts handled any differently with 
its elevator substitutions, Adams re-
sponded, "Yes. By differently I mean 
it pulls differently. There was an aw-
fully lot of paint on the tail of my 
airplane originally. So with the way 
it is now, the weight's changed a 
little bit and the airplane snap rolls 
a little differently. It takes a little 
more back pressure to get it to break 
for a snap roll is what I'm saying. It 
just feels different. It's not exactly 
like it was the day before it broke. I'll 
get used to it eventually." 
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POTENTIAL 
CONTROL STICK 

BLOCKAGE 
Control stick blockage is a very serious problem and over 

the years many different blockage problems have been re-
ported. We have had bolts and screws jam controls. We have 
had mike buttons, seatbacks and loose stick grips give prob-
lems. The following report from an IAC member illustrates 
one more potential control stick blockage problem. 

"I have the longer extended aerobatic control sticks in my 
Citabria and there is very, very little clearance between the 
end of the stick grip and the bottom of the instrument panel. 
Because of past safety articles in SPORT AEROBATICS, I am 
aware of the possibility of the control stick grip working loose, 
sliding up the stick, and jamming under the instrument panel. 
Therefore, I keep a close check on stick grip security. 

"However, on a recent annual I found a potential problem 
of the instrument panel coming down to jam the control stick 
— well, not exactly the whole instrument panel coming down, 
but part of it, the primer. The jam nut on the back of the 
primer was slightly loose — with a little force the primer 
could be rotated so that part of the behind-the-panel portion 
of the primer would drop below the lower edge of the panel 
and contact the control stick. 

"I really believe that even if the jam nut were completely 
loose, the lines extending out of the primer would probably 
prevent the primer body from rotating, but strange things 
happen and 1 would not want to trust in having the primer 
lines save my . . ." 

Whenever you think that all possible situations have been 
encountered, at least one more will pop up. With the above 
report in mind, all of us should make a quick check of anything 
attached to the instrument panel which could drop down or 
rotate down and cause control stick blockage. An IAC thanks 
goes to the member making the above report. Remember, 
everyone's input to the IAC Tech Safety program is needed. 

TAILWHEEL 
ALIGNMENT & 
OTHER TIPS 

IACers are continually fighting the battle of the tail-
wheel. There have been numerous reports in SPORT AER-
OBATICS related to tailwheel problems. An IAC member 
recently sent in the following report outlining how he 
checked tailwheel alignment and made adjustments on a 
Haigh tailwheel on his Pitts. At the end of his report he 
also makes several suggestions to ensure good ground 
handling. 

"I just put a Haigh tailwheel on my Pitts, and this 
information might save time for another person doing 
that. 

"Of all the Pitts and other aerobatic airplanes I photo-
graphed at Sebring last year, there were two-thirds with 
Haigh tailwheels and one-third, steerable. I do not say 
which is best as I don't know at this writing. 

"The instructions tell you to take the airplane out on 
the runway after the tailwheel is installed temporarily, 
and determine if it runs straight when locked in . . . So it 
doesn't; what to do about it? 

"Well, the airplane is something like four yards from 
the tailwheel to the wheels. Measure off 40 or 400 yards; 

just pace it off on the taxiway and taxi the airplane along 
it with the tailwheel in the locked position. It is nice to 
have a centerline but you can line up with whatever is 
handy. 

"In my case the airplane veered eight degrees off in 
200 feet which is 66.6 yards. So you would divide eight 
(degrees) by 66.6 (yards) and multiply by four (yards, the 
length of the airplane) to find the number of degrees you 
must change the tailwheel. This equals 0.48 degrees that 
the tailwheel must be set over from where it is. 

"You will have to somehow shim the tail rod over at 
the rear bent bracket supplied with the tailwheel to 
change it that much. To do this I made two square 
aluminum blocks '/4-inch thick cut from a piece of '/4-inch 
angle. The quarter inch hole in the center of each block 
was set off enough to give the change needed, more on one 
block, less on the other, of course, determined by the AN 
4 bolts that hold the bracket. The blocks, of course, push 
against the tailwheel rod to locate them when the bolts 
are tightened. The distance from the big bolt to the bent 
bracket is one quarter the length of the tailwheel rod. 

"So to find the amount to set the bent bracket off, you 
determine by laying the degrees out on a board or piece 
of paper for 22 inches (the length of the rod) and find how 
far the tailwheel is set off. To find out how much to shim 
at the bent bracket (this is easy) just change the number 
of 16ths at the tailwheel to the same number of 64ths at 
the bent bracket. 

"File the holes oval in the bracket (and may I suggest 
you purchase a chainsaw sharpening file one quarter of 
an inch in diameter, exactly, to file the holes — a couple 
of bucks well spent), and make the aluminum square 
blocks just the size to hold the bracket over the right 
amount related to the bolts. Then go out and try it as it 
may not be quite right. 

"There is something about the main wheels, say toe-in 
or toe-out or a combination of the two, that make the 
airplane run skewed a little, and this changes some when 
you taxi a few feet, different than it may be on the hangar 
floor where you may have backed the airplane in. This is 
why you have to actually go out and try it on the taxiway. 
The important thing is that by measuring it rather than 
guessing at it you can hit it right the first time, which 
beats trial-and-error and oh-shit-try-again. 

"While I am at it, save yourself a lot of trouble with a 
newly acquired Pitts of some previous date construction. 
First, check the brakes. The pedals should be HARD, no 
sponginess. Bleed them if they are spongy at all and if 
that doesn't help do what you need to do to make the 
brakes work right. 

"The next thing is the tailwheel. By all means, you do 
not want the tailwheel springs to come off. Look at them 
— if the springs have openings at the end hook, DON'T 
fly it until you positively prevent the springs from slipping 
off or the chains from falling out of the openings. Wire on 
the springs, or get the kind that have 'W' shaped internal 
wires, making compression springs out of them so that 
there is no opening for them to fall off by, and check the 
little attachment rings for wear as well as the chain links. 
Experience has been said to be a teacher of fools. So take 
advice from one and don't let it happen to you like it did 
to me. A groundlooped Pitts will as often as not go over 
on its back and that can be expensive. Mine just went up 
on its nose which was also expensive." 

A large IAC thanks to the member who made the above 
report. Remember, we are ALL soldiers in the battle 
against the tailwheel — and other service difficulties that 
relate to aero aircraft. By pooling our knowledge/experi-
ences we can all benefit. 
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BOTH ENDS 
An IAC member recently submitted a report that applies 

to both ends of the aircraft — the tailwheel and the main 
landing gear. 

IACers know that there have been numerous reports of 
tailwheel problems. The following is just one more in what 
seems to be an ongoing series. 

"I am part owner of a Pitts S-1C which I have flown a 
number of times, a Jungster in which I have made forty or 
more landings, and have just purchased a Pitts S-1S. I flew 
the S-1S yesterday and had a bad experience that should in-
terest others. After several nice flights, and plenty of airwork, 
I made several sharp taxi turns on the runway before taking 
off to check the action of the Maule full-swivelling, steerable 
tailwheel. 

"Now this airplane has been flown extensively by its pre-
vious owner for eight years, and it had just had an annual. It 
is a homebuilt over 25 years old with about 500 hours. 

"After the tailwheel seemed to behave okay, I took off and 
had another nice flight. When landing towards the end of the 
runway the airplane began to get unmanageable and at 
perhaps 15 MPH veered off the runway in a ground loop. 
Going off the concrete onto the grass the wheel dug in and 
the wing tip hit the soft ground. The aircraft went up onto its 
nose where it sat while I got out. Personnel at the field helped 
me put it down onto the level position when I spotted the two 
tailwheel springs hanging by their chains, having unhooked 
themselves. 

"There is about a 1/8-inch gap between the spring hook 
and its adjacent coil, and the springs must have simply dropped 
away from the wire loop that connects them to the steering 
arms. Probably no one had ever done this before and I only 
did it because another well-known Pitts airshow pilot had 
told me he had locked out the full swivel feature to keep the 
tailwheel from disconnecting inadvertently, and I had wanted 
to check it to see that it did, indeed, behave as intended. 

"With the gaps of the springs on top and the weight of the 
spring becoming 'detensioned' on the side away from the ten-
sion, the spring simply fell away from its wire link, which 
remained on the steering arm. Both springs were identical 
and both fell away to disconnect. Needless to say, landing 
with the springs disconnected would require special braking, 
and in this particular airplane the brakes are not very 
strong." 

Strictly as a second guess, the above incident may have 
been avoided if the springs had been installed so the end gaps 
faced downward. This is just a guess and perhaps such an 
installation was not possible in this particular case. But based 
on the above report it would seem like a good idea for IACers 
to check the position of the spring end gaps on their aircraft's 
tailwheels. More importantly, a test should be performed to 
see if it is possible for the tailwheel spring/chain linkage to 
disconnect itself as noted above. 

IACers may also want to review a tech safety article which 
was in the August 1978 issue of SPORT AEROBATICS (and 
on page 93 of the IAC TECHNICAL TIPS I manual), which 
described a more positive tailwheel steering linkage than the 
common spring/chain setup and which also mentioned using 
loops made of safety wire at the ends of the spring/chains to 
act as a backup in case of spring or chain failure. 

The IACer making this dual report moved to the other end 
of the aircraft and continued. 

"Another comment on the Jungster. This airplane had 
been rather dicey after contacting the ground on landing, 
bouncing back and forth from wheel to wheel like a couple of 
tennis balls, and difficult to hold straight without plenty of 
attention with the pedals. It has heel brakes which some 
people don't like; they are mechanical go-cart brakes, the kind 
used by Monnett. 

"A letter from Stan McLeod in western Canada who has 
something to do with the Jungster drawings suggested I check 
the toe-in of the wheels, and I found an inch of toe-in in the 
diameter of one wheel and less than that on the other. The 
builder took off the gear and corrected this, and at the same 
time the springs of the gear had spacers to shorten (compress) 
them, which I had taken out. This improved the ground hand-
ling after landing greatly. I phoned Curtis Pitts about it and 
he advised that the wheel should have no toe-in or out. Cor-
recting the problem did, indeed, improve matters." 

In the past other IAC members have reported poor land-
ing/handling characteristics they attributed to main landing 
gear alignment. Therefore, it would behoove anyone who feels 
his/her aircraft does not ground handle the way it should, to 
explore the possibility of misaligned gear. 

Thanks to the IAC member who made the above report. 
His shared experiences will benefit other IACers. 

TAILWHEEL 
SPRINGS 

Over the years there have been many reports of failed 
tailwheel components and the saga seems to be continu-
ing. The latest tailwheel report concerns a failed tailwheel 
spring. This report is as follows: 

"Here is a malfunction tha t you and other IACers will 
be interested in. When I pushed my Pit ts S I S out of the 
hangar the other day the tailwheel spring felt spongy. 
Upon inspection I found the bottom (J-3 Cub-type; three 
springs) leaf broken in two. 

"The spring is the original one tha t was installed in 
this aircraft in 1968 and presently has 1200 hours total 
t ime. I can only es t imate the number of landings at about 
the same as the number of hours. I have never observed 
a leaf spring breaking in this location before (in the mid-
dle). No hard landings were a par t of the history — OF 
COURSE!" 

Natural ly, when a par t fails, the question of why comes 
up. The IACer making this report also made the following 
observations: 

"A lesson is to be learned here as the bolt securing the 
tailwheel at tach casting was a lock nut type and pulled 
up tight. Many pilots with this type (J-3 Cub) triple tail-
wheel spring are not aware of what the elongated holes 
are for on the two long leafs. It is so they can slide as the 
spring is deflected and they should be secured with a caste-



lated nut. Tighten the nut until you cannot turn the head 
of the bolt; then loosen about one or two castelation slots 
and check if you can then turn the head of the bolt. It 
should then turn quite easily. Then cotter the nut. It is 
advisable to grease the spring surfaces so they can slide 
more easily. 

"As can be seen on the two enclosed springs, there is 
NO elongated hole, but there was an elongated hole on 
the second spring leaf. The new one I installed had two 
elongated holes, one on each of the two long leafs. 

"One can see if these two leafs are not allowed to slide, 
a compression and tension load is placed on the lower leaf 
each time the spring actuates. To clarify, try placing one 
hand on top of the other and flex and it will be obvious 
that there has to be a sliding action there. 

"This might be a point for tech inspectors at aerobatic 
contests to add to their list." 

The information supplied by this IAC member was also 
accompanied with the broken spring leaf. The IAC Tech 
Safety Committee asked a metallurgist to examine the 
spring. The metallurgist noted that there were multiple 
failure initiation points (very obvious "beach marks") 
which suggested the spring was highly stressed. He also 
noted that the spring failed in about the middle — the 
most highly stressed section. He said he did not observe 
any heat treating problems. 

A section of the broken spring leaf was "spark tested" 
(spring held against a grinding wheel and observing the 
color and configuration of the sparks produced) and it ap-
peared that the spring was a carbon steel — so probably 
there was no material problem. He felt the spring failed 
strictly due to fatigue. He did suggest tha t if the lower 
surface of the spring had been shot peened the spring 
might have lived a little longer — but it would have even-
tually failed. 

In addition to the leaf spring failure problem, the 
IACer making this report supplied the following tailwheel 
tip: 

"When you reinstall the tailwheel steering chains it is 
recommended that a few rounds of safety wire be woven 
around the link that attaches to the coil spring as this is 
where they will break. I know, as I had one break on 
landing at Oshkosh right in front of God, Poberezny, and 
thousands of spectators. The Pitts went around three times 
but did not get a wing tip. I did get a nice round of applause 
from the crowd as I taxied in." 

Obviously, an IAC thanks is due the IAC member mak-
ing the above report. Remember, as an IAC member you 
are part of the IAC Tech Safety Committee, and your input 
is required to make the Tech Safety Program work. 

COIL SPRING 

SAFETY HERE 
(5 STRANDS) 

CHAIN LINKS 

PITTS PEDALS II 
An article entitled "Pitts Pedals" appeared in the Feb-

ruary 1983 issue of SPORT AEROBATICS (also in the 
IAC TECHNICAL TIPS MANUAL II). It noted that the 
Department of Aviation, Australia, had issued an Advis-
ory Circular concerning Pitts rudder pedal retention pins 
and the possibility of the rudder pedal separation if the 
retention pin (a cotter key) should fail. 

Recently, the IAC Technical Safety Committee re-
ceived the following report: 

"Yesterday while practicing I had an interesting ex-
perience. In the middle of a reverse Cuban Eight my left 
rudder pedal fell off, all of which can cause a most enter-
taining landing. I was fortunate the wind was straight 
down the runway at 13 knots, so no problem. But a few 
thoughts crossed my mind, like: 'What if I had been in a 
spin to the right when this happened? Would I think to 
reach for the rudder cable with my hand or would I just 
reach for the canopy latch? What would have happened if 
there had been no choice but a crosswind landing?' 

"Anyway, it comes down to this — the Pitts SIT rud-
ders pivot on a bar and this bar has only one small cotter 
pin holding it on; if, for any reason, the rudder seizes on 
the bar, the small pin will shear or in time I guess it just 
wears out. (My airplane has 466 hours total time.) My 
solution (and I strongly recommend something of the sort 
to all who fly SITs) was to enlarge the cotter pin hole so 
as to take a much larger pin AND to put another hole on 
the other side of the pin with another large pin. 

"The factory SIT method of holding the rudders on 
seems to be unsafe. I feel all should be modified." 

GROB 
BELLCRANKS 

An IAC member recently advised us of a rudder bellcrank 
failure he encountered on a Grob Model 103 sailplane. The 
bellcrank was part of the rear seat rudder linkage and broke 
at a weld. The front seat rudder control linkage was unaf-
fected by this failure and the front seat pilot landed the craft 
uneventfully. 

The IACer making this report also stated he was aware of 
a failed bellcrank in a Grob spoiler linkage and another in a 
Grob aileron linkage. He did point out, however, that there 
is some question surrounding the failed aileron bellcrank in 
that other circumstances may have had some bearing on the 
situation. 

It is not presently known if these failures were due to 
inadequate design, poor weldments, or other causes. The re-
porting IACer said that the manufacturer in Germany was 
aware of the above-mentioned failures. IAC members who are 
into sailplane aerobatics and operate Grob sailplanes should 
closely inspect the bellcranks in all flight control linkages. 

Naturally, an IAC thanks is due the member who made 
the above report. And a reminder should be made that it takes 
everyone's efforts to help keep our sport safe. 
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GROB AD 
In conjunction with the above information, Ben Owen at 

EAA Headquarters has sent us a copy of a recent AD and its 
amendment for Grob gliders. Excerpts from the Federal Regis-
ter of such rules and regulations is as follows: 

"FAA AIRWORTHINESS DIRECTIVES; GROB MOD-
ELS G103 TWIN II AND G103A TWIN II ACRO GLIDERS 
— SUMMARY: This action publishes in the Federal Register 
and makes effective as to all persons an amendment adopting 
a new airworthiness directive (AD) which was previously 
made effective as to all known U.S. owners and operators of 
certain Grob Models G103 Twin II and G103A Twin II Aero 
gliders by individual priority letter. The AD requires visual 
inspection of the rudder lever, P/N 103B-4430, for damage 
within five hours time in service after receipt of the AD on 
(said gliders) and replacement prior to further flight if dam-
aged and if not damaged, no later than March 15, 1988. The 
AD is needed to prevent failure of the rudder lever which 
could result in the loss of rudder control and possible loss of 
the glider. 

"SUPPLEMENTARY INFORMATION: On December 11, 
1987, priority letter AD 87-25-10 was issued and made effec-
tive immediately as to all known U.S. owners and operators 
of certain Grob Models G103 Twin II and G103A Twin II Aero 
gliders. The AD required inspection for widened or cracked 
bearing rings and rudder lever deformation and replacement 
of the lever. AD action was necessary to prevent failure of the 
rudder control system and possible loss of the glider . . . 

"Compliance is required as indicated unless already 
accomplished. 

"To prevent failure of the rudder lever, which could result 
in the glider becoming uncontrollable, accomplish the following: 

"(a) Within the next five hours time in service after the 
effective date of this AD unless compliance with Paragraph 
(c) has been accomplished, visually inspect the rudder lever, 
P/N 103B-4430, using a 10 power or greater magnifying glass 
and flashlight in accordance with Paragraph 1 of Grob Repair 
Instruction No. 315-33/1 for Service Bulletin (SB) TM 315-33, 
dated August 3, 1987. 

"(b) Replace damaged parts before further flight with rud-
der lever, P/N 103B-4430/1, and two rudder stop screws, M 6 
X 45 (mm), in accordance with Grob Repair Instruction No. 
315-33/2 for SB TM 315-33, dated August 3, 1987. 

"(c) Prior to March 15, 1988, replace any rudder lever and 
rudder stop screws not replaced in accordance with Paragraph 
(b) of the AD with rudder lever, P/N 103B-4430/1, and two 
rudder stop screws, M 6 X 45 (mm), in accordance with Grob 
Repair Instruction No. 315-333/2 for SB TM 315-33, dated 
August 3, 1987. 

"(d) Aircraft may be ferried in accordance with the provi-
sion of Federal Aviation Regulations 21.197 and 21.199 to a 
base where the AD can be accomplished. 

"(e) Upon request, an equivalent means of compliance with 
the requirements of the AD may be approved by the Manager, 
Brussels Aircraft Certification Office, Europe, Africa, and 
Middle East Office, FAA % American Embassy, 15 Rue de la 
Loi B-1040 Brussels, Belgium, or the Manager, New York 
Aircraft Certification Office, Aircraft Certification Division, 
New England Region, Federal Aviation Administration, 181 
S. Franklin Ave., Room 202, Valley Stream, NY 11581. 

"(f) Upon submission of substantiating data by an owner 
or operator through an FAA maintenance inspector, the Man-
ager, Brussels Aircraft Certification Office, or the Manager, 
New York Aircraft Certification Office, may adjust the com-
pliance time specified in this AD." 

PITTS 
RUDDER CABLE 

The IAC Technical Safety Committee passes on the 
following report with some observations. 

"The enclosed rudder cable is the one I told you about 
a couple of weeks ago that came off a Pitts S-1C. I discov-
ered it last October, while getting ready to fly the airplane 
to Mississippi. The cable is from the left side and the wear 
was at the third fairlead back near the rear of the seat. 
There was no obvious reason for this much wear to have 
happened that we could find in the airplane. The airplane 
had 490 hours on it at the time and had been flying since 
1980. I talked with . . . the other day, and he said he has 
not found any problems with the rudder cable on the right 
side or with the replacement on the left side." 

After reviewing the worn rudder cable we had the op-
portunity to look at the cable with a high-powered micro-
scope and to have a friend who is a metallurgist examine 
it. All of the failed cable strand ends were smooth and 
pointed indicating the failures were due strictly to rubbing 
wear. None of the cable strands had failed from overload. 
The flats worn on the cable strands were predominantly 
in the direction of normal cable movement, i.e., longitud-
inally through the fairlead, but there were some very 
small scratches on a couple of the cable strands that were 
sideways across the cable, indicating that perhaps the 
cable was vibrating back and forth inside of the fairlead. 

Also, although the cable appeared to the naked eye to 
be very clean, under the microscope one could see a lot of 
dirt between the cable strands. Perhaps this dirt acted as 

an abrasive and accelerated the cable wear. Other areas 
on the rudder cable where apparently the cable passed 
through other fairleads were polished and showed flats 
Worn on the cable's outer strands, but none of the strands 
had failed. 

To repeat what was noted in the above report, nothing 
was found in the aircraft that would explain why the rud-
der cable wore as it did. And the close examination of the 
cable itself only vaguely suggested that perhaps vibration 
or dirt was responsible for the damage. Both of these 
explanations are very iffy. 

IACers should routinely inspect the control cables on 
their aircraft, and naturally the areas to most closely in-
spect are where the cable passes through fairleads or is in 
contact with pulleys. 

A thanks is due the IACer who submitted the above 
report and made the effort to forward the worn rudder 
cable. Everyone's effort is required to keep our sport safe. 
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