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You've got engine options galore!

his year, like last year, 'm delighted to see our engine directory come together, if

for no other reason than the fact that it reminds me that builders have some amaz-
ing options in powerplants. For the 2005 installment of the engine directory, I was
spurred to connect with my old friend Larry Simpson, who was meticulously working
through the installation of an Eggenfellner Subaru into his RV-7A.Thad a chance to see
that airplane last October while I was in Florida, and T have to say 'm impressed. More-
over, Larry is on schedule to fly early in 2006; in fact, he could well have been airborne
by the time you read this.

Nevertheless, in rambling through the ‘06 engine directory, 'm reminded that the
alternative-engine crowd is hanging in there just fine while the meat of the market con-
tinues to be in conventional aircraft engines. (Two alternative engines I'm watching
closely, the Innodyne turbine and the Delta Hawk V-4 heavy-fuel engine, are high on
my list to fly this year. Actually, there’s a third: The Mistral rotary. Hmmm. Not enough
hours in a day to fly everything I want, probably.)

But by no means does the fact that the center of gravity in kit aircraft engines revolves
around familiar designs take away from the innovation side of the equation. Despite
very little marketing on Lycoming’s part, the firm’s kit engine program seems to be
gently lifting off the runway. Engine shops that used to have to scrounge for parts to
build certain engines can now get all-new components in kit form. As we reported last
year, the program gives builders some significant options on the accessory side but little
latitude on the major engine components. You can’t, for example, spec a Lycoming kit
engine with ECI or Superior cylinders. However, the engine shop is free to do its own
minor modifications, such as cleaning up of the ports or balancing rotating and recip-
rocating components. If you order one of these, be sure to keep track of what is and is
notincluded in the engine. Some builders are finding that some hoses, fuel-system com-
ponents and other seemingly minor accessories normally provided with factory-new
engines are not in the kit engine box.

It’s great to see the aftermarket settling into a sustainable routine, able to offer engines
with a traditional footprint in everything from near-stock to heavily breathed-upon
configurations. When there’s this kind of competition, consumers benefit with better
products and/or lower prices. Case in point: The Lycoming I0-390-X engine, at press
time, was still thousands less as a kit than the otherwise similar angle-valve 10-360.
Clearly, Lycoming wanted to push the new engine and so priced it attractively, but who
can argue with getting a more recent iteration—I hesitate to call it a new design, as the
principal change from the 360 is the bore diameter—for less money?

Speaking of money, here’s an entry from the What Are They Thinking? Department:
Rotax suffers from the old exchange-rate blues there’s no doubt, but to price the 912 S
at $24,000 seems just a little bit insane. On a horsepower-per-dollar basis, that’s a tough
one to swallow. Now I appreciate why some of the Light Sport Aircraft manufacturers

Marc Cook has been in aviation journalism for 19 years and in magazine work for 2S. He is a
3800-hour instrument-rated, multi-engine pilor with experience in nearly 150 types. What's more,
he’s mad about homebuilts.
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BY MARC COOK
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have been wiping brows and complaining
about the costs of doing business when
the engine is such a big part of the cost
of the airplane. We really need a truly
affordable 80- to 100-hp engine to make
the LSAs perform well and be economi-
cally viable. Maybe Honda could dust off
some old Gold Wing design studies and
give us an alternative. Stranger things
have happened, you know. One thing’s
for sure: A large segment of the potential
LSA market would respond favorably (or
not adversely) to an alternative engine
manufacturer.

Program Note

The second part of our in-flight hazards
avoidance story will not appear this issue
as promised. It wil/ arrive next month,
bigger and meaner and brimming with
good advice to help you pick the best
technology for your needs. No, really...

How Much Was That?

I received a pleasant email from Budd
Davisson, lead man at AviPro, who
pointed out an error in our Bearhawk
review. We listed the base price as exclud-
ing quickbuild options, as is the norm.
However, he says, “We don’t have a non-
quickbuild in the traditional manner.
You can buy the QB fuselage or QB wings
separately, the fuselage as just the tubing
cage all welded with the fittings in place
or a rib/spar package. We offer an array
of steel parts to support the scratch build-
ers. Inasmuch as there are over 900 sets
of plans out there, we're doing our best
to support those builders too. I'm not
sure, but I think the BH may be the only
four-place that can be either kit or plans-
built.” So in this sense, the Bearhawk has
paws in two distinct camps: Quickbuild
or semi-scratch build. Or, for that mat-
ter, several points in between. Regardless,
at $29,750 in full quickbuild form—
all that’s optional at that price are the
auxiliary fuel tanks—it has to rate as a
pretty good deal in a four-place utility
aircraft. ¥

www.kitplanes.com
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Weather around you. Terrain below you.
Answers in front of you.

Introducing the Garmin GPSMAP® 396. It's the aviation portable that
works like a “glass cockpit” MFD — bringing color moving map and terrain
alerting features together with the latest in XM WX satellite data-link weather.
Everything from NEXRAD radar imaging and METARs to precipitation, lightning,
winds aloft, TAFs, TFRs and more: They're all available by subscription through the
unit's XM Satellite Radio receiver. Plus, a connection with your Garmin Mode S
transponder lets you display TIS traffic targets and information. With an optional
subscription, you can even enjoy 150+ channels of XM digital music, news,
sports and features through your cabin audio system.

The GPSMAP 396: Powerful answers. In a “Portable MFD."

For more information, go to www.garmin.com

U.S. satellite weather combines with Database-driven advisories pop up when
database terrain mapping to bring new obstructions or potential ground proximity
portability to “big picture” navigation. conflicts loom ahead.

GARMIN.

Electronic chart reduced for illustrative purposes and reproduced with the permission of Jeppesen Sanderson, Inc. ©Copyright 2005 NASDAQ GRMN
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LEROY COOK

Here’s a name that’s surely familiar to long-time readers:
LeRoy Cook, author of “Fighter Pilot Fun...” on Page 12,
is truly a KITPLANES® original, having been published
in our first ever issue in 1984. Cook has been flying and
instructing for more than four decades and calls himself a
lifelong student of aviation. “Homebuilts continue to be a
passion,” he says, “because they answer every pilot’s yearn-
ing to express himself by flying something unique. The
Lochle replicas certainly answer that desire.”

Wow, two in one issue—Julia Downie’s name also graced
the pages of that very first issue as author of our “1984
Guide to Kit Airplanes.” “I've always been detail oriented,”
Downie says, “ and when [original KP editor] Dennis Shat-
tuck said we needed a directory, I got out an accounting
spreadsheet and started filling in cells. The part I've most
enjoyed is contact with the companies—aviation people are
great!” Downie’s been at it ever since, having compiled our
annual buyer’s guides for more than 20 years.
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CORY EMBERSON

Cory Emberson conceived the idea for her piece on the
dedication of SpaceShipOne (Page 41) after stumbling upon
the Smithsonian’s booth last summer at Oshkosh. The visit
to Washington to witness its public unveiling and research
the back story of the historic aircraft’s move to the museum
proved a memorable experience: “Burt Rutan was watch-
ing the video retrospective at the dedication as if he were
a kid looking at Disneyland for the first time—a true look
of wonder. I think the real thrill of everything that Scaled
had accomplished began to hit him then.”
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EDITORIAL@KITPLANES.COM
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Good Handling, Defined

I am an aeronautical engineer and engineering test pilot (U.S. Naval Test Pilot School).
My experience level covers a rather broad swath of the flying game, both military and
general aviation (it’s important for a test pilot to have this type of exposure to many dif-
ferent types so that he has perspective on what’s possible and what isn’t). I don’t often
write letters to the editor, but your comments on handling qualities [in the December
2005 “Around the Patch”] caught my attention.

Congratulations on the decision to write this piece. The subject of the adequacy of
general aviation aircraft handling qualities does not get the exposure that it so richly
deserves. This has been the case for many years. Instead, as you know, emphasis is placed
on performance (a quantitative, measurable number), creature comforts and the num-
ber of gadgets the airplane contains. In retrospect, this is understandable; these things
are tangible.

On the other hand, with respect to how the airplane flies, there is a distinct tendency,
on the part of the consumer pilot, to take the view that “Well, this is how God intend-
ed this airplane to fly; therefore, if I have problems making decent landings, the fault
must be mine.” Nothing, of course, could be further from the truth. Adequate han-
dling qualities are (or should be) a prime design goal, right up there with structural con-
siderations and performance and, if the design and flight test teams have done their jobs
correctly, then the consumer pilot (still believing that God had something to do with it)
lands his airplane with a big smile on his face.

In the flight-test business, there are two basic categories of evaluation—quantitative
and qualitative. Performance evaluation is a purely quantitative exercise, while handling
qualities evaluation (much more complex) is both quantitative and qualitative. When
test pilots evaluate aircraft handling qualities, they use a scale called the Cooper Harper
Rating Scale to measure the adequacy of the handling qualities. The scale is both
numerical (quantitative) and textual (qualitative). The purpose of the textual scale is
to give meaning to the assigned numbers. On this scale, a rating of 1 is the perfect air-
plane (I have never given any airplane a 1). A rating of 10 is an uncontrollable airplane.
Ratings between 1 and 10 reflect the relative “goodness” of the handling qualities when
measured against a defined mission (very important—you do not evaluate a 747 as an
acrobatic airplane).

Historical data show that when a group of qualified (also very important) test pilots
are asked to evaluate the handling qualities of a specific aircraft against a defined mission,
the variation in the Cooper Harper Rating from one test pilot to the next is rarely more
than a dispersal of 1. I point this out because in your editorial, you observed that “Good
handling is, I confess, a subjective matter—at least to some degree.” This view implies
thata particular set of handling qualities, say, a4 on the test pilot’s Cooper Harper Scale,
could be accorded anywhere from a 1 to, say, a 7 by the average consumer pilot. Not so. If
the test pilot has done his job correctly and gives the airplane a 3, it is very likely that the
consumer pilot would also give the airplane an (equivalent) 3, plus or minus 1.

Developing adequate aircraft handling qualities is a complex discipline. As you point
out, the process begins in the design stage. The aircraft designer is assumed to know
the difference between good handling qualities and bad handling qualities. If he does
not, then problems begin in the design stage. The process continues in the flight test
stage. The test team is assumed to know the difference between good handling quali-
ties and bad handling qualities. If they do not, then problems continue in the flight test
stage, and the aircraft is likely to reach the market with undesirable handling. Again,
as you point out, excellent handling does not come easily and considerable effort, time
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and money can be required to iron out
the bugs (assuming that they are recog-
nized). The reason is that the very com-
plex inter-related factors that determine
the adequacy of the handling qualities
result can not be completely analyzed
prior to flight test.

At the end of the day, a company test
pilot will be called upon to render a
quantitative/qualitative evaluation to
determine whether all the complex fac-
tors, working together, have resulted in a
2 ora 5. If he knows what he’s doing, a 5
will not get to the consumer pilot.

There secems to be a misperception
about the connection between speed and
the difficulty involved in flying “high
performance” airplanes. Fast airplanes
are considered to be “hot” and inherent-
ly more difficult to handle. This misper-
ception is so far from the truth as to be
(kinda) funny.

Opverall, the best handling airplane
that I have ever flown was the F-86 Sabre.
I gave theairplanea 1.5 on the C-H scale,
for the fighter mission. The airplane is a
piece of cake because North American
got the handling right and any reason-
ably competent general-aviation pilot
would have no problem flying the thing.
Ditto the Cessna Citation. On the other
hand, I've flown a couple of the current
fast glass, “high performance” airplanes
at one third the speed of the F-86 and
they were not a piece of cake, they were
very difficult. Somebody did 7oz get the
handling right. Probably the most dif-
ficult airplane I've ever been in was the
Helio Courier at one sixth the speed of
the Sabre.

It was not my intention to write a
handling qualities treatise, but the sub-
ject matter, in my view, is so important
as to warrant the effort. Every airplane
delivered to John Q. Public ought to be

“a piece of cake.”
MIKE ANTONIOU *+

www.kitplanes.com



ReliAbility.

Mastering the feature-rich Chelton EFIS SV-G3 is
a total piece of cake. Flying behind it with the new
Pinpoint Inertial GADAHRS is total piece of mind.

Chelton has raised the bar once again in the reliability of its EFIS.
Introducing the dual-screen EFIS SV-G3. At the heart of this system is
the new Pinpoint Inertial GADAHRS sensor suite. It's the first and only
GPS/Airdata/Attitude Heading Reference System optimized for
reliability while working within the dynamics of your high-performance
experimental aircraft. Its design, construction and testing is based on
technology currently used in commercial and military applications.
No other experimental GADAHRS can claim to be built to surpass
certification level DO-160E, or whose performance characteristics
are fully realized in both VFR and IFR flight environments. Currently,
only Direct To Avionics offers this revolutionary GADAHRS with their
system. Add to that the industry-leading technical support and you'll
have the ability and reliability from your EFIS that no other can offer.

Visit www.d2av.com/G3 for more information on this new
product or see us at Sun-N-Fun for an up-lose view and take
advantage of a special introductory offer.

_ Adval-screen EFIS SV
B installed in the RV-10

www.D2AV.com/G3 = 541-504-8300

CHELTON

FLIGHT SYSTEMS

Pinpoint Inertial GADAHRS Key Benefits:

* Solid-state MEMS sensor technology
for high reliability

. Rug?ed micro-machined pure silicon gyros and
accelerometers (3 times stronger than steel)

e Extremely low power consumption

* Remote tri-axial vector magnetometer
* High integrity attitude information

e Automated compass alignment

¢ 16-channel GPS output

* D0-160E compliant
EMI/HIRF/Lightning protection

¢ Ideal for amateur-built fixed wing,
helicopter and aerobatic aircraft

p—
K/
‘d DirectTo Avionics

BETTER EFIS. BETTER SUPPORT.

Copyright © 2006, Direct To Avionics. Al rights reserved. Specifications and offer subject o change without nofice.
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FAA Approves Dream’s Fastbuild Tundra Kit

Dream Aircraft, manufacturer of the Tundra kit aircraft,
announced that the FA A has approved its recently developed
fastbuild kit as legal per the regs of the major portion rule.

According to Luc Prémont of Dream, the company has com-
pleted as much work as possible on the kit while ensuring it
still adheres to the 51% rule.

The wings come nearly complete; the builder needs to
install just one of the skins to close them. And it works the
same for empennage and fuselage. Nearly all of the internal
brackets and fittings come installed.

Dream estimates that it will take a builder about 300 hours
to put the rest of the Tundrakit together, not including engine
installation or instrument panel. Compare that to the 1000-
hour estimate for the standard kit.

Introduced in 2003, the Tundra is a high-wing, four-place
utility airplane with a useful load of more than 1100 pounds.
The all-metal plane can be built as a taildragger or trigear, and
can be fitted with floats or skis.

Purchase of a fastbuild kit adds $18,705 to the base kit
price of $33-$36K, depending on gear choice. For more
information, contact Dream at 450/372-9929 (ext. 28). A
direct link to the company’s web site can be found at www.
kitplanes.com.

MilSpec Cowling Fasteners Available Directly to Public
MilSpec Products of Sorrento, Florida, announced that due to
increased demand and a desire to work more closely with kit
manufacturers and the end users of its products, the company
will be offering its quarter-turn cowling fasteners directly to
the public. MilSpec is the original manufacturer of TSO C-
148 certified fasteners for the general aviation market and has
been a consistent leader in quick release fastening systems.
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“We are focusing more on the kit airplane market because we
feel that general aviation will continue to move in the direction
of favoring more streamlined, smaller production companies and
individual builders in the coming years,” said Jeremy Summers,
MilSpec president. “We will continue to work closely with our
existing dealers in addition to stocking ready-to-ship inventory at
the plant, which will be designated for direct-to-consumer sales.”

MilSpecoffersvarious model-specific cowling fastenerkitsas well
as individual fasteners, bulk packages and installation tools. Its kit
listings include options for the Van’s RV series and Lancair models
in addition to many common certified designs. The company
also expanded its manufacturing capabilities in the last quarter of
2005 to nearly double its previous production rates.

For information on the fasteners, kits or technical questions,
contact MilSpec at 352/735-0065. A direct link to the company’s
web site can be found at www.kitplanes.com.

New KitLog Pro Adds Features, Online Hub for Builders
Aecroware Enterprises announced the release of the latest
edition of KitLog Pro, v2.0. The program is a software-based
organizational tool that allows an aircraft builder to create,
archive, manage and display the entire construction process. The
long anticipated release includes an entirely new look, added
features, functions and flexibility and the ability to post
construction logs to the internet.

Some of the basic features include the following: ability to cre-
ate and maintain a detailed construction log highlighting individ-
ual tasks; an expense log sorted by user-defined categories; storage
and organization of digital

photographs; and the ability RS n /i 406

to print the log into a well-

organized format to be used
for FAA paperwork submis-
sion. KitLog Pro runs on -
Microsoft Windows 2000 | s —
or XP operating systems. " 2
Also released is My
KitLog, an online builder
hub where registered KitLog

Pro users can post their proj- -
ects on the internet, free of

charge. The My KitLog section of the company’s web site includes
builders from around the world showcasing their latest projects,
which can be searched by name, aircraft type or location.

To date, the company says more than 2500 copies of KitLog Pro
have been sold. KitLog Pro v2.0 costs $49.95 and a 15-day free trial
is available. For more information or to purchase a copy, visit the
company’s web site—a direct link can be found at www.kitplanes.
com. For additional questions, call 480/361-9011.

www.kitplanes.com
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Lancair spent fifteen years developing the ultimate two-place Legacy. Chelton spent over

ten years developing the best in feature-rich Synthetic Vision EFIS that functions flawlessly.
Together they are a winning combination of performance and value to get you where you want
to go. And with the money you save over a certified aircraft, stay at your destinations longer.

Mention this ad and get $1000.00 off the price of any kit at Sun-n-Fun!

4 SBRCUR
a DirectTo Avionics
YOUR ONE-SOURCE NETWORK FOR EFIS PERFORMANCE FROM THE GROUND Up

www.D2AV.com WWW.LANCAIR.COM




Barracuda Subkits Available from Aircraft Spruce
Siers Flight Systems, distributor of plans for the two-place,

wood Barracuda design, announced the availability of eight
new materials kits through Aircraft Spruce. These are the
first subkits available for the design and promise to drastically
reduce building time.

Four kits comprise the basic airframe structure: plywood,
wings, spars and body. They range in price from $700 to
$2300 and cost a total of $5600. Additionally, there are two
metal kits, one for welded parts ($708) and one for non-weld-
ed parts ($693), an electrical kit ($818) and a fastener/hard-
ware package ($2289). Each kit is designed to be purchased
sequentially in conjunction with the plans. The smaller units
allow builders on a budget to buy the materials when time,
space and money permit.

The company estimates the remaining items required
(including engine, prop, instruments, landing gear and paint)
at approximately $38,000. A well equipped Barracuda can be
assembled for less than $50,000, Siers says. And custom land-
ing gear and spinners are available via Siers Flight Systems.

British fighter pilot Geoff Siers designed the aircraft in the
1970s but sold the rights to Buethe Enterprises in 1983. Rich-
ard Siers, Geoff’s son, reacquired the rights in 2003 and offers
aset of 31 professionally drawn blueprints and a builder man-
ual for $300.

For more information on the Barracuda, call 425/478-
3655.Or, call Aircraft Spruce to order kits at 877/4-SPRUCE.
Direct links to each company’s web site are available at www.
kitplanes.com.

Pi Tape: Precisions Measurement on a Budget

For more than 60 years, those working in the acrospace and
automotive industries have relied on a simple, easy-to-use
instrument that allows them to measure the true diameters
of round and out-of-round forms quickly and precisely. In an
age when fancy, high-tech products are all the rage, Pi Tape is
decidedly low-tech and uncomplicated, yet accurate and cost
effective.

Pi Tape gauges are available in either inches or millimeters.
Standard tapes are engraved and acid-etched on a ground sur-
face and feature a fixed reading that does not require periodic
adjustment. In terms of speed, the manufacturer says that Pi
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Tape is much faster to use than micrometers, calipers or laser-
type devices, each of which require the user to take multiple
readings and average them to determine diameter. With Pi
Tape, simply wrap the gauge around the inside or outside of a
form and get a diameter reading accurate to .001 inch.

The Pi Tape product line includes direct outside and inside
diameter measuring tapes, linear tapes and O-ring tapes.
There are two easy-to-read styles available for low-light envi-
ronments and stainless steel tapes for use in corrosive envi-
ronments. Pi Tape also offers recalibration services for all its
measurement products.

Pi Tape products are available directly through the com-
pany’s sales department or through a variety of distributors.
There are a number of sizes and styles, so prices vary. Basic
types start at around $60 and more advanced styles and sizes
range to the $200s. Contact the company at 866/474-8273.
A direct link to the company’s web site can be found at www.
kitplanes.com.

Larger Air Command Fuel Tank Increases Range

Air Command International, manufacturer of the Elite
and Commander series of kit and ultralight gyroplanes,
announced the availability of a new 10-gallon plastic seat
tank for its aircraft. The unit incorporates the fuel tank and
the seat into a single entity and will improve range on any of
the company’s designs.

“With the larger engines burning more fuel, we saw the
need for a larger capacity seat tank,” said Doug Smith, oper-
ations manager for Air Command. “The new 10-gallon seat
tank can replace our standard 5-gallon seat tanks using the
same seat attachment parts.”

The 110-hp Hirth F-30 is one example of the larger engines
Air Command pilots are using. The new tank, colored black,
is 17.25 inches wide, 19 inches deep and 27 inches tall.
The standard l-inch-diameter U-shape aluminum tubing
attaches the seat to the gyroplane’s fuselage, Smith said.

And though upgrading to the new fuel tank is a simple
job (especially for anyone who built their gyroplanc), the full
tank in its new configuration will change the gyro’s center of
gravity. “T urge users of the new tank to do a hang test and to
make appropriate adjustments before attempting to fly with
it,” Smith said. Sounds like good advice.

Suggested retail price for the new unit is $625. For more
information, contact Air Command at 903/527-3335. A
direct link to the company’s web site can be found at www.
kitplanes.com. ¥

To submit a press release on a homebuilt-related product, e-mail a detailed
description and high-resolution photograph to editorial@kitplanes.com.
Mailing address is KITPLANES® Magazine, New Products, PO Box 124, Lib-
erty Corner, NJ 07938. Visit www.kitplanes.com/freeinfo.asp for instant
information on “What’s New” items and advertised products. Select the issue
in which the item appeared, and then select the categories of information or
individual advertisers you're interested in. You'll receive an e-mail.
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ACRO
PERFORMER...

“I am amazed at the ruggedness.
Several shows, several practices, and
not a glitch or flicker. No one beats
a plane up like 1 do. As | said,
impressed and satisfied, very."

EFIS/One $14,800

Robin T. Harison, P.E.
The wait is over. Blue Mountain Avionics’ EFIS The Tumbling Bear
systems are the answer, whether you’re flying a
high performance jet or a light sport plane.
Choose from the EFIS/One’s complete glass
cockpit or the more compact
EFIS/Sport. They both include all the
features you need—replacing more than 30
instruments and gauges. Even the compact R — . — - EE
EFIS/Lite includes a 12-channel GPS R
and built-in altitude encoder—
just add a radio and a transponder and go.
And with both EFIS/One and EFIS/Sport

you can add a built-in digital autopilot with
altitude hold and ILS capture. Both the US and
worldwide databases are available,

and updates won’t wear out your wallet. S TRAIGHT &
LEVEL PRICE

EFIS/Lite

blue mountain avionics

i
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EFIS/Sport $6,500

Copper Hill, Tennessee = www.bluemountainavionics.com e Toll Free 866-FLY-EFIS or 423-496-3510




Fighter Pilot Fun,

JWinus the Fuss -

Mike Loehle conceived the idea for the 5151 Mustang kit after purchasing a snap-together P-51 model at a highway rest stop on the way
home from Sun 'n Fun one year. Believe it or not, the 5151 designation actually indicates the kit’s original price—$5151—with an engine!

reathes there a man with soul so
B dead, who never to himself hath said

(upon viewing a classic warbird), “I
wonder what it would be like to fly shar?”
But then the harsh reality of life casts a pall
over the scene, and he realizes that it takes
years of progressive training and a mil-
lionaire’s toy box budget to earn pilot seat
duties ina P-51 Mustang or P-40 Warhawk.
Unless, of course, that man is a champion
of the Experimental/Amateur-Built cause!

Mike and Sandy Loehle run the successful
kit company with the help of sons John (far
left) and Matthew (who wasn't available at
photo time).
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Easy to fly, easy to build and easy on your wallet,
Loehle’s 5151 and P-40 kits have been bestsellers for years.

BY LEROY COOK

It was exactly this yearning that Mike Lochle sought to satisty when he introduced
his 5151 Mustang kit 20 years ago. Loehle was into the powered ultralight scene in a
major way, selling his Aeroplane XP biplane and various other ultralight designs for
which he was a dealer. Just a year before, he and business partner Sandy Burgess had
bought the former Ritz Propeller factory and were using it to build their business in a
Tennessee mountain valley near the acrospace hub of Tullahoma. To them, it was obvi-
ous that the ultralight industry needed a shot in the arm to move it into the grown-up
age of little airplanes.

From Ultralights to Fighter Planes

As Sandy tells it, Mike bought a snap-together P-51 model at a highway rest stop while
they were trailering home from Sun 'n Fun, and he ogled it all the way back to Tennes-
see. That, he determined, was just what they needed—a replica fighter in stand-off scale
size that the everyday pilot could buy, build and fly. Carl Lochle, Mike’s dad and Loehle
Aircraft’s chief designer, buckled down and generated a design for an approximately
three-quarter-scale P-51, the bare framework of which was displayed at Oshkosh 1985.
The rest, as they say, is history.

Just 11 months after the idea was hatched, the Locehle 5151 flew right off the draw-
ing board. The company coined the 5151 designation because the kit could be built
per the regs of the 51% rule and because it was priced at $5151, including the Rotax
503 engine! Inflation quickly abrogated that price, but it wouldn’t have lasted long in

www.kitplanes.com



any event— product enhancements arrived quickly in response to customer demand.
A few modifications later, the engine became the huskier liquid-cooled Rotax 582, and
Lochle introduced retractable landing gear in 1990. After all, what kind of WW-II
fighter plane would fly with its wheels down?

The 5151 sold like gangbusters (450 kits to date), and the company began develop-
ment of a similar P-40 “Flying Tiger” kit in due course, using most of the Mustang’s
wood structure with different stringers to alter the shape. As Lochle tells it, the P-
40’s birth was somewhat unplanned. Lochle and Sandy (by then Mrs. Mike Lochle)
planned to offer a low-cost ($2500 complete) Loehle Sport Parasol as their new-for-
1990 aircraft because the state of the national economy seemed to require an entry-

level kit airplane. The Sport Parasol was a gentle-flying cross between a Pietenpol and
a Heath, able to qualify as an ultralight at 253 pounds with the diminutive Rotax 277.
The Parasol remains a staple in the Lochle line, but the P-40 fuselage displayed in the
1990 Oshkosh booth stole the show. Customers lined up to place orders, and imme-

Following the huge success of the Mustang 5151, Loehle Aircraft began work on a P-40
fuselage. The in-progress fuselage that Loehle displayed in its Oshkosh booth caused such
excitement that Loehle sped up its efforts and debuted the kit shortly after.

Both the Mustang and Flying Tiger feature the Rotax 582 as standard, and it’s visible here
tucked neatly beneath the cowling of the P-40 (left). Builder Glen Holder, who volunteered
his Mustang 5151 for our flights, opted for a Walter Mikron four-cylinder inverted inline
engine from the Czech Republic (right).

Photos: LeRoy Cook

diate demand forced Loehle Aircraft to
start selling its new fighter replica a year
or so carlier than planned.

But the P-40 wasn’t destined to be
the last word in Lochle fighter replicas.
Jim Young of Gainesboro, Tennessee, is
a capable machinist and kit builder, and
he wanted to be the bad guy on the block
by turning his 5151 kit into a German
fighter. With a revised cowling, canopy
and turtledeck (all now available from
Lochle), Young created a plane called the
KW-909, a mix of Kurt Tank’s Focke-
Wulf190 and Willy Messerschmitt’s Me-
109. Its sinister shape offered the perfect
complement to the American fighters.

More fighters followed, albeit ones
that differed significantly from the 5151
and P-40. Lochle Aircraft offers gus-
seted aluminum tubing kits for WW-I
biplanes, buildable as either ultralight or
Experimental aircraft. The preassembled
airframes can be finished as a Spad X111,
Fokker D-VII or British SESA.

My mission, however, offered the
chance to sample the Mustang and Fly-
ing Tiger single seaters, long the compa-
ny’s most popular designs. I headed for
Tullahoma and met the Mustang first.

Making a Mustang Look-Alike

Lochle likes wood, a time-proven medi-
um that’s comfortable for most first-time
builders and tolerant of the mistakes
theyre bound to make. According-
ly, his WW-II replica fighter line uses
an all-wood structure except for fiber-
glass fairings, cowling and spinner. The
fuselage is a basic de Havilland box, no
more complicated than a big model air-
plane, with gusseted bulkhead rings
covered by sheets of plywood back to
the rear of the cockpit. From there,
wood longerons are braced with geodetic
basket-weave-arranged strips to create a
strong aft fuselage.

The empennage is similarly of wood
construction, and the wings use a 12-
inch-deep box spar, attaching just out-
board of the landing gear. The 1.7-ounce
fabric is glued in place; no rib stitching
is required. The center section carries
the gear’s mounting and optional wing
fuel tanks, 4 gallons per side, allowing
the aircraft to be trailered with the outer
wings and 11-foot-wide horizontal tail
removed. Plywood leading edges and

KITPLANES April 2006 13



LOCth F ightcr S continued

LIRS

Loehle’s kit version is approximately 75%
scale compared to a military P-51. It’s all
wood except for fiberglass fairings, cowling
and spinner.

geodetic strips outboard give the wing
its stiffness, and the precut ribs are engi-
neered to provide 2° of washout at the
wingtip.

To create the Mustang look-alike,
Lochleadded stringers and formers to the
upper fuselage and replicated the famous
P-51D’s bubble canopy and Merlin-hous-
ing cowl. Early 5151 kits had fabric and
stringers forward of the windshield, but
the latest option uses a composite upper
and lower cowling for shaping. The Mus-
tang-style radiator scoop under the cock-
pit is non-functional—aside from sex
appeal, of course—and the lower cowl-
ing hides the Rotax 582’s muffler and
radiator. An aluminum-covered firewall
is used, and the upper cowling shell fea-
tures joggled-fit panels to cover a ballistic
parachute bay, a small storage compart-
ment and access to the 5-gallon nose fuel
tank.

Gearing Up

The landing gear is a marvel of simplic-
ity. The tires constitute the airplane’s
shock-absorption system because the
gear legs do not incorporate shock struts.
The solid-doughnut tailwheel is steer-
able and swiveling. Before jumping into
the single seater, I practiced gear retrac-
tion a few times with the P-40 on jacks
(a highly recommended practice) and
found it easy to perform. There’s a lock-
ing latch for reassurance, though Lochle
calls it unnecessary since the linkage goes
over center, and once the latch is released,
a crank on the left side of the cockpit

14 KITPLANES April 2006

requires 21 turns for retraction. This requires no more effort than raising a window on
your pickup truck, thanks to the assist springs. Mechanical indicators protrude from
each wing’s leading edge when the wheels are down.

And what happens if you forget to put the gear back down? Though Lochle says
“there’s never been a failure of an unmodified gear system,” a few gear-ups have been,
uh, performed. Fortunately, the slow touchdown speed makes for little damage: the
tailwheel rolls normally, the fake radiator scoop crushes as it was designed to do, some
paint gets scraped away and a new propeller is required. Could be worse, for sure.

Meeting My Mustang
Eager to fly the 5151, I turned to Glen Holder, a Tullahoma-based builder with
several modifications on his ship, who had volunteered his airplane. Holder powers
his 5151 with a four-stroke,
air-cooled Walter Mik-
ron four-cylinder invert-

ed inline engine built in
the Czech Republic. It
produces a nominal 65
hp and thanks to a mag-
nesium block weighs 155
pounds dry.

In addition to the
engine, Holder installed
large wing flaps for cosmet-

ic reasons; it may look more
like a P-51 parked with the
flaps down, but Lochle is
correct in insisting that the
last thing these light planes
need is more drag. In other
words, he thinks the flaps

should 70t be used in flight. Holder’s ailerons were mass and aerodynamically balanced

While the P-40’s basic structure is the same as the Mus-
tang’s, differences include the pudgy lower cowling, lack of
a belly scoop and the characteristic razorback rear fuselage
with quarter windows.

for a lighter feel and flutter prevention, not something Loehle recommends because
his little replicas are not acrobatic in any way. VNE is set at 100 mph, a limitation eas-
ily exceeded in extreme maneuvers, and Lochle prefers to have control feel stiffen with
increasing speed to prevent overstress.

To achieve an accurate replica of the original P-40 Warhawk, Loehle altered the shape of the
Mustang’s wing and tail.

www.kitplanes.com



Build Your Dream Panel Around Dynon

DYNON AVIONICS

140 15{} 160 1?0 180

126/

140 MPH e

S
12:00:06 L Kh\i

Dynon announces three new D100 series 7
inch glass cockpit avionics for those seeking
state-of-the-art panels at affordable prices.

EFIS-D100

The most popular EFIS just got bigger and better with
the new split-screen capable EFIS-D100. This package
provides 10 instruments in one including attitude,
airspeed, altimeter, VSI, gyro-stabilized magnetic
heading, turn coordinator/ball, turn rate, clock/timer,
G-meter, voltmeter plus an altitude encoder output and
optional Angle of Attack.

EMS-D120...........$2000

Here is the large graphical engine monitor without the large
price tag everyone’s been waiting for. This instrument
replaces 16 separate gauges and accommodates a wide
variety of engines. The user-defined alarm ranges and
limits automatically generate audible and visual alarms
when exceeded. Other features include EGT peak detection,
timers, contact sensing and an optional fuel computer. Engine
probes additional.

FlightDEK-D180 $3200

FlightDEK represents a brand new breed of avionics that
combines EFIS & engine monitor electronics into a single,
compact glass cockpit instrument at an unprecedented
low price. This powerful unit saves panel space and cost,
simplifies installation and better affords a second EFIS for
redundancy. Engine probes additional.
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Each of Dynon’s D100 Models Feature:

e 7 Inch High Resolution Color LCD Screen boasting 854 x 480 pixels

e Split-Screen Functionality enabling simultaneous display of multiple
functions and data to best suit pilot preferences

® Data-Sharing between any Dynon Avionics instruments allows
swapping displays between different instruments

® Hotkey Page Switching swiftly changes beween the most desired
screens without navigating through menus

® Full 3 Year Warranty from shipment

e Free-Lifetime Software Updates with prompt & friendly technical

support
Data Sharing Bus
| allows display swapping |
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EFIS or LOM
FlightDEK

EMS or
FlightDEK

Dynon dual screen glass cockpits starting under $5,000!

DYNON AVIONICS

www.dynonavionics.com




LOCth Fighter S continued

Before flying the two retractable-gear
fighters, the author practiced gear retrac-
tion with the P-40 on jacks.

Holder demonstrated how to step
onto the wing ahead of the flaps and then
swing both feet into the seat to reach the
cockpit. The canopy frame is non-struc-
tural aluminum tubing, so for entry, you
hold onto the upper longerons and ease
down while stretching forward to the
rudder pedals. There’s plenty of space in
the expansive nose for long-legged build-
ers to customize their stretch-out room.
And the 24-inch-wide cockpit is ample
for most folks. Holder’s flap handle is in
a less-than-optimum right sidewall loca-
tion; if it were to be used extensively in

flight, it would be handier on the left

Here's the cockpit of the single-seat P-40;
the red T-handle at the right is the firing
pin for the BRS parachute, the handle on
the stick is for brakes, and the crank and
bicycle chain on the left sidewall is for gear
actuation.
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side. Holder uses a Garmin GNC 250X L
GPS/comm and a GTX 320 transpon-
der under the dash; the control stick grip
featured an electric trim switch along
with a push-to-talk guns trigger.

The Walter engine requires neither
carburetor heat nor mixture control.
Mags on, I flipped on the master and
pulled the starter handle to gain instant
ignition. The Walter settled into a 1000-
rpm idle, and I was grateful for the
responsive individual heel brakes as I
taxied away. Moving toward the run-
way, the long nose required an occasional
fighter pilot S-turn—TI liked this already!
The four-blade propeller had a nice sound
added to the four inline exhaust stacks in
the nose.

Taking Her Up
The 5151 required no special attention to
hold the tail down for steering or runup,
and with the control stick stirred, mags
checked at 1500 rpm, altimeter set and
the canopyslid forward and latched, I'was
ready to go. Holder cautioned in advance
that his airplane was not overly endowed
with climb performance (he’s consider-
inga75- or 80-hp version of the Walter),
but I found that the Mustang accelerated
rapidly for takeoff even though it’s 200
pounds heavier than most Rotax-pow-
ered 5151s. The wheels came off at 55-60
mph in some 1000 feet of runway. At 73
mph, the climb rate was timed at about
250 fpm, gear down. With gear up, the
rate was nearer 350 fpm.

In flight, the 5151 certainly captures
the flavor of a Mustang cockpit (although

Geodetic basket-weave-arranged bracing
strips provide much of the strength in the
all-wood Mustang airframe.

it’s a lot quieter), and I flew Holder’s
silky ailerons with two fingers on the
stick. The Walter requires left rudder
for torque correction during takeoff and
climb, as does the Rotax, but if you give
the aircraft what it needs to maintain its
heading, you won’t notice it. Leveled at
1500 feet AGL, I let the Walter wind up
to its full 2600 rpm and saw an 85-mph
result. Cruisingat 2500 rpm provided 80
mph indicated—right in line with Loe-
hle’s predictions of 75 to 85 mph—and
I flicked through some lazy eights and
chandelles just to enjoy the little mini-
fighter, mindful not to be tempted to

On an in-progress kit, the innards of the gear retraction system are visible. Both the Mus-
tang and P-40 use the same system; a crank in the cockpit requires 21 turns for retraction.

www.kitplanes.com



exceed normal attitudes. Control har-
mony was good, and I noted little adverse
yaw from the ailerons.

Slowed down for a stall, I idled back
and eased the nose up to find a break at
53 mph IAS. The Walter has to think a
bit about accepting throttle from an idle,
but it goes back to work in a half-sec-
ond with no problem. The stall was well
advertised and easily recovered in 100
feet or less. Although it wasn’t recom-
mended, I took advantage of the altitude
to perform a gently approached full-
flap stall, finding no unusual tendencies
except perhaps a little more burbling at
the 48-mph break and more time needed
to clean up and start a climb.

And even though those flaps offer
four settings, Holder recommended no
more than one notch for the landing
approach—I came in at 70 mph on my
first attempt. Visibility on approach was
quite good (four deer crossed the runway
on their evening browse, but there was
adequate space beyond them), and due
to the airplane’s relatively large size and
low weight, it settled into a touchdown
shortly after the power was cut. Wheel
landings are preferred to avoid dropping
in on the stiff gear and for better visibil-
ity. The 5151 tracked true on rollout, no
more demanding than a Champ or Cub,
the airplanes Lochle used as the criteria

for his designs.

The Flying Tiger Layout

After thanking Holder profusely, I
returned the next morning for a dawn
patrol mission in the P-40. Lochle apolo-
gized for the 12-year-old airplane’s looks,
reminding me that it was only a proto-
type. I thought it was in great shape with
its Nationalist Chinese markings.

The Flying Tiger differs from the 5151
in the pudgy shape of its lower cowling,
the characteristic razorback rear fuselage
with quarter windows and the lack of a
belly scoop. Unlike the 5151, the P-40’s
canopy blows aft if left unlatched, Lochle
says, while the bubble canopy of the Mus-
tang sucks forward.

The shape of the wing and tail are dif-
ferent, of course, and the gear axles are
reversed, although the P-40 replica uses
the same gear system, swinging inboard
instead of swiveling aft like the Cur-
tiss airplanes. The cockpit was bereft of

Builder Jim Young took the Loehle fighter
kits one step furtherand turned his Mus-
tang into a KW-909, a mix of a Focke-Wulf
190 and Messerschmitt Me-109. There's
gotta be at least one bad guy to give those
American fighters trouble, right?

avionics, but we did have a replica optical gun sight. Lochle’s prototype electric trim
switch is on the floor under the left leg, but because there’s not a lot of trim chang-
ing required, its remote location is not a big deal. No trim indicator was provided, so I
looked outside at the left elevator to check alignment.

The cockpit layout is simple VFR with water, cylinder head and exhaust gas tempera-
ture readouts for the 582’s twin cylinders. The dual ignition and starter is controlled by
arotary key switch, and the fuel selector resides under the pilot’s right knee.

Piloting the P-40

The warm Rotax fired immediately, and I eased away from the ramp with the same sin-
uous movements used in the 5151. The P-40’s mechanical brakes are simultaneously
actuated by squeezinga bicycle lever on the stick, a simple but effective system. The two-
stroke engine was warmed and ready at the end of the runway, the controls were stirred
and the canopy was locked, so I was ready to go repel some invaders.

The willing little 582 had plenty of muscle to pull the mini P-40 down the runway
toward a 55-mph liftoff in a few hundred feet, and I climbed out at 63 mph while the
engine hummed away at 6200 rpm. The climb rate computed to 800 fpm, quickly haul-
ing me up to 2000 feet AGL. Leaving the pattern, I flipped the gear lock off and dialed
in 21 turns of the crank, neatly folding the wheels for battle.
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Lochle Fightcrs contined

Leveling off, I found the P-40 to
have an ultralight-like wall retarding
speed buildup. At 5800 rpm, I saw 70
mph TAS, which Lochle says equates to
around 80 mph of calibrated speed. (The
P-40’s performance in our photo shoot
confirmed his assessment.) No amount
of power would make the relatively large,
lightweight replica go much faster. But
the fighter pilot experience is what I was
after, and 80 mph is enough to go places
anyway. The stock unbalanced ailerons
were heavier than those of Holder’s 5151,
and, as Loehle intended, the P-40 flew
similarly to a Cub or Champ, requiring
some rudder input to enter and coordi-
nate the turn. Slowed down for a stall,
I encountered a power-off break at
47 mph IAS.

Regretfully, I flew back to the field
having spotted no bogies in the area
and extended the wheels with a few sec-
onds of cranking. My 60-mph landing
approach was easy to place on an aim-
ing spot thanks to the P-40’s abundant
drag, and I wobbled into a semi-stalled

touchdown at 50-55 mph. Not satisfied,
I poured on the power for a stop-and-go
instead of taxiing to the revetments. For
the next try, I held a tad more power and
landed on the backside of the wheels for
an easy tail-high rollout. Now I could
return to face my crew chief!

Want to Build One?
On my subsequent tour of the facto-
ry and parts warchouse, that wonder-
ful scent of fresh-cut wood and sawdust
greeted me. Several kits were boxed for
shipment. “About 20% of the produc-
tion is exported,” Sandy Loehle says, the
rest completed in house. And these kits
are not just lengths of wood and sheets
of plywood—the parts are precut and
numbered including die-cut plywood
pieces. There’s enough work in drilling
holes, assembling the parts and painting
to meet the 51% rule, but Lochle’s parts
packaging makes it model-airplane easy.
No band saw or table saw is needed, he
says, as a coping saw to trim the parts
should be sufficient.

The company estimates build time for
the 5151 Mustang and P-40 kit at 800

LOEHLE 5151
MUSTANG
Price (excluding quickbuild options) .............eceens $10,995
Estil d completed price $30,929
Estil d build time. 800 hours
Number flying (at press time) ...........eveceumeccrmsnnccrssnnccsssenens 73
Powerplant. Rotax 582UL
65hp @6200 rpm
Propeller............... Warp Drive four-blade ground-adjustable
Powerplant options. 65 hp
AIRFRAME
Wingsp 27ft,5in
Wing loading 7.691b/sq. ft
Fuel capacity. 5 gal (13 gal optional)
Maximum gross Weight ............ceumeecemmnencismsencesmsencened 885 Ib
Typical empty weight. 6001b
Typical useful load 2851b
Full-fuel payload 2551b
Seating capacity. il
Cabin width 24in
Baggage capacity. 201b
PERFORMANCE
Cruise speed 85 mph (74 kt)
1000 ft @ 75% power, 4 gph
Maximum rate of climb...........ccouuu... 1200 fpm (at max. gross)

Stall speed (landing configuration)...
Stall speed (clean)

Takeoff distance
Landing distance

Specifications are manufacturer’s estimates and
are based on the configuration of the demonstrator
aircraft. As they say, your mileage may vary.

Factory Five Racing

Wings Not Included.

At Factory Five Racing, we make it casier than ever for you to
build the custom car of your dreams, Since 1995 we have
built and shipped the finest replica Kits in the world.
Our designs eapture the essence of the original

cirs but we use modern technology and
innovation to make them affordable,

Call us today to receive your free color brochure
and action-packed VD, Find out how the people

at Factory Five have forever changed the way
people think about kit cars.

Factory Five
Tube Steel and
Ahwminum
Chassis

Free video TWD & color hrochure, call 508-291-3443
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Factory Five Racing, Inc.

MES Roadster Cormplere R 512,990,
SOE-200-5443  www lnctorvfive.com
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LOEHLE P-40
FLYING TIGER
Price (excluding quickbuild options) .............neceees $10,995
i d completed price $30,929
d build time. 800 hours
Number flying (at press time) .............veceeeesseesesecssssssesnaneces 3
Powerplant. Rotax 582UL
65hp @6200 rpm
Propeller............ Warp Drive three-blade ground-adjustable
Powerplant options. 65 hp
AIRFRAME
Wingsp 28ft,8in
Wing loading 7.69Ib/sq. ft
Fuel capacity. 5 gal (13 gal optional)
Maximum gross Weight ............cccesumseenecsssssnsesnsssssseseed 885 Ib
Typical empty weight. 600 1b
Typical useful load 2851b
Full-fuel payload 2551b
Seating capacity. il
Cabin width 24in
Baggage capacity. 201b
PERFORMANCE
Cruise speed 80 mph (70 kt)
1000 ft @ 75% power, 4 gph
Maximum rate of climb.........cccouuu... 1200 fpm (at max. gross)

Stall speed (landing configuration) ..30 mph (26 kt)
Stall speed (clean) ..30 mph (26 kt)
Takeoff distance 150 ft
Landing distance 250 ft

Specifications are manufacturer’s estimates and
are based on the configuration of the demonstrator
aircraft. As they say, your mileage may vary.

hours, though a meticulous nitpicker will inevitably exceed the norm. A builder with
a two-car garage should be able to put most of the replica together before trailering it
to the airport.

Performance-wise, the Lochle WW-II replicas deliver exactly what the company
promises: warbird fun without the challenges. Flight characteristics are gentle and pre-
dictable, allowing a competent tailwheel pilot familiar with the replica’s light weight
class to fly away with a little coaching. I didn’t get to fly the K<W-909 “Cherman” fight-
er, but I'd guess that it would share the manners of the American equivalents. I can
envision the potential of creating a Hawker Hurricane from the P-40, and as the true
hero of the Battle of Britain, it deserves to be replicated.

And while that project may have to wait, another is in progress. Spitfire enthusiasts
will not be denied, and the long-awaited Lochle Spitfire Elite kit is moving forward.
This in-development replica required a new wing design using a box spar that’s 37 inch-
es wide at the root, and the landing gear will swing outward like the original Spit’s. The
Malcolm hood of the canopy is correct, the shape of the wing and tail is properly ellip-
tical and there will be a composite upper cowl over the Rotax 582. Lochle has set no
timetable for its first flight, but my guess is that it won’t be too far off. A comprehen-
sive builder’s manual will accompany the traditional drawings, a project that has taken
considerable time.

So is a Loehle aircraft in your future? A homebuilt replica fighter is certainly a great
way to indulge your aspirations without requiring warbird pilot skills, and Loehle’s
designs fit the bill. The company has almost 30 years of experience making dreams
come true for us would-be defenders of the homeland, and I'm sure glad Mike Lochle
stopped to buy that P-51 model all those years ago.

For more information on any of the Loeble kits, call 931/857-3419. A direct link to the
company’s web site can be found at www.kitplanes.com.
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ew fields of endeavor offer more
Fexamples of specialization than

aviation. In fact, so varied and
focused are most aircraft designs that if
flying were biology, it’s easy to imagine
Darwin developing the foundation of his
theory on natural selection from observ-
ing the birds of Oshkosh, rather than the
wildlife of the Galapagos Islands.

There are airplanes meant for speedy
personal transport across long distanc-
es; airplanes meant for nothing-but-fun
flying close to home; airplanes meant
to haul heavy loads; airplanes meant
solely for a single soul leisurely cruising
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Zenith’s
Four-Place
STOL 801

The answer to the
backwoods blues?

BY DAVE HIGDON

low-and-slow across the landscape below. Even airplanes meant for cruising cross-
country to backcountry patches of land barely big enough for wildlife to graze.

It’s in this last category that Zenith Aircraft offers two machines: the STOL CH 701
two-place and the natural evolution of that long-time design, the four-place STOL CH
801. (STOL stands for short takeoff and landing, and in the case of the Zenith aircraft
really means it.) Few instances exist in aviation of one design successfully evolving into
a second machine that matches exactly the intent and performance traits of the origi-
nal, particularly when a doubling of the seats is on the agenda.

But Zenith designer/patriarch Chris Heintz and his team of family engineers suc-
ceeded in doing just that with the 801. Exceedingly good at negotiating short fields,
excellent in low-speed handling and solid in its space and load-hauling performance,
the 801 should appeal to a builder in need of a machine capable of carrying four
people—or the equivalent in people and gear—to places inhospitable to most other
fixed-wing machines.

www.kitplancs .com




Starting With a STOL For Two

Heintz introduced the 701 almost 20 years ago as a two-place utility design to comple-
ment his speedy Zodiac model, shocking an industry unaccustomed to the radically
cambered  airfoil
and no-kidding
utility  appear-
ance. (Remem-
ber that the 701

arrived amid the

Lancair/Glasair
wars when sleek,
plastic airplanes

were all the rage.)

Penned with easy
construction,

low maintenance
and comfortable
flying in mind,
the 701 drew its
strongest accep-

The full-span fixed slats and flaperons distinguish Zenith’s STOL 801
from the typical high-wing four-seater and contribute to the low-
speed characteristics of the design.

tance among
pilots and oper-
ators in the so-
called third world
regions of the globe. With around 500 flying, only about one in five came out of build-
ers’ shops here in the U.S.—the complete opposite of the ratio between domestic and
foreign sales of most kit designs.

Opverseas, 701s serve as cargo haulers, crop dusters, spotting planes and missionary-
support aircraft. Closer to home, farmers and ranchers use the 701 to patrol property,
track cattle or wildlife, and serve in many the same roles as those fulfilled by small heli-
copters—albeit at a fraction of a chopper’s costs.

Jump ahead a decade from the 701’s introduction, and the Heintz finally had the
time to answer market demand for a larger STOL design that retained all the traits that
made the original a success. Pilots wanted more seats, more payload and more power;
the four-seat STOL 801 was Heintz’s response.

Simple Structure Equals Simple Construction

Although the 701 and 801 share neither airframe parts nor powerplant options, they
do employ the same design features: high-lift airfoils, slats, flaperons, brawny tricycle
landing gear and simple design for easy assembly. And as their common designations
imply, they also share in their STOL performance and friendly flying characteristics.

When Heintz created the STOL 801 in the late 1990s, he employed many of the
same engineering traits he’d long used on his prior designs. Simplicity of design was
chief among them—and, where Heintz’s aircraft are concerned, this also translates to
simplicity of construction.

You need not look long at the 801 to discern his approach. The fuselage, for example,
is basically a large tapered box braced inside to carry the power and flight loads. The
skins are simple, flat pieces assembled with braces inside that join each other via riv-
eted angles.

The wings employ a high-lift airfoil complemented by fixed leading-edge slats across
their full span. Anyone familiar with the German Fieseler Storch STOL observation
airplane or the workhorse Helio Courier likely knows about the moveable slats on
their wings—they allow the aircraft to fly at airspeeds and angles of attack that would
push other aircraft past stall and have them headed earthward. The slats work the same
way on the 801—except without the complication of hardware that lets them retract.
According to Heintz, a wing using both flaps and leading-edge slats has a maximum lift
coefhicient of 3.3—a conventional airfoil with flaps has 2.4, and without flaps it’s 1.5.

Photos: Dave Higdon

The 801's horizontal surfaces appear
inverted compared to more conventional
aircraft, but the design—with its slotted
elevator and full-flying rudder—enhances
the plane’s ability to climb steeply and

fly controllably at very low indicated
airspeeds.

The wings mount above the cabin,
improving cabin access and visibility out
the side windows. Skylights provide great
visibility over the low wing in turns and
an excellent window on the sky when
flying straight-and-level.

Back at the empennage, Heintz gave
the 801 a full flying rudder with an
acrodynamic counterbalance; the hori-
zontal stabilizer looks like it’s mount-
ed wrong—camber-side down. But this
configuration provides maximum pitch
control at the extreme angles of attack at
which the 801 can fly, while the slotted

The front seats of the STOL 801 adjust to
the pilot so that controls and switches fall
to hand while taking advantage of the
excellent visibility out of the cockpit. The
tall, swing-up doors provide ample access
to both front and rear seats.
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chith STO L CH 801 continued

elevators assure they get airflow at these
high angles of attack so they continue to
provide positive control.

And to assure the pilot of maximum
control at all attitudes and airspeeds,
Heintz gave the 801 full-span Junkers-
style flaperons. Designed with their own
airfoil, these surfaces mount on hinges
just aft of and below the trailing edge of
the wing. Hanging in undisturbed air-
flow, the flaperons serve as their name
suggests—as both ailerons and flaps.
A handle between the seats allows the
pilot to control the flap setting. The
Zenith-standard Y-type center stick pro-
vides both seats access to the control
for the roll-input function of the flap-
crons as well as for pitch. (This arrange-
ment means that you'll have to switch
hands on the stick to activate the flaps,
of course.)

Hardware For Hard Work

To that end, Heintz gave the 801 a stur-
dy tricycle landing gear that also pro-
vides the 801 pilot visibility as good as
you'll find. (Conventional gear is not an
option.) The main gear itself consists of a
single piece of springaluminum bent into
amassive Uj it bolts to the support struc-
ture through the bottom of the cabin.
The nose gear uses a single bungee-cord
suspension system on a telescoping strut

and a saddle-type mount for the tire. It’s

effective, simple and strong. The nose wheel
is directly steered through the rudder ped-
als, a hallmark of Heintz designs.

The wide instrument panel—it’s a whop-
ping 40.5 inches wide and 11 inches tall—
allows for the installation of a dream panel
with gyros, multifunction displays and all
the communication and navigation gear
you're ever apt to need. Of course, for those
to whom simplicity is king, the 801 panel
will look even larger with the bare min-
imum needed for safe, legal operation.
Maybe you could paint a mural.

The cockpit itself measures an expansive
44 inches wide at the hip, 40 inches high
from the seat bottoms to the overhead—
and long enough for both front- and back-
seat occupants to enjoy plenty of legroom.
From the instrument panel to the aft seat
backs, the cabin stretches 6 feet.

A pilot can stuff a lot into the 801—the
combination of four occupants with lug-
gage totaling 200 pounds each comes up
800 pounds; 180 pounds of fuel to fill the
standard 30-gallon tanks leaves you with
70 pounds unused based on the company’s
estimated empty weight of 1150 pounds.
The 801 employs a pair of welded-alumi-
num tanks that mount inside an inboard
bay in each wing; each can carry 15 gallons.
An option for four such tanks takes total
capacity up to 60 gallons. The standard

The Lycoming O-360 fits relatively easily
into the 801's roomy engine compartment
leaving ample room to work on accessories
between the back cooling baffle and the
firewall.

Designer Chris Heintz wanted the 801 to
handle unimproved fields and firm STOL
arrivals, so he designed the four-seater
with a rugged one-piece leaf-spring main
gear and a telescoping front strut that uses
wrapped bungees to absorb shock loads.

tankage may be marginal for the most popular engine option, the evergreen 180-hp

Lycoming O-360. Zenith says the airplane is suited for engines ranging in power from
150-240 hp (as long as the installed weight does not exceed 440 pounds). With remote
operators in mind, Heintz actually built the prototype 801 with a converted Subaru

Heintz gave the STOL 801 a cabin-wide instrument panel with space for as much equipment

as you feel you need.
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auto engine claiming benefits in fuel com-
patibility and spare parts availability. A few
builders have opted for that route.

So Let’s Go Flying

Thankfully, the simplicity of the 801’s con-
struction and control linkage make pre-
flight inspection a relative snap. A hatch
in the cowl provides access to check the
oil in the O-360; pretty much everything
else is visible to check by touch and sight. A
standard walk-around inspection gives you
the opportunity to ensure the integrity of
the entire airplane. The top-hinged doors
make access to the front seats effortless; fly-
ing with doors off is also an option.

The Lycoming four cylinder fires up just
like thousands of other O-360s flying in
general aviation. Taxiing to the runway at
Mexico’s (Missouri) airport gave us time
for the engine to warm—which wasn’t long

www.kitplanes.com



Zenith's back seats sit tall and straight,
offer good legroom and plenty of elbow
room—plus an excellent view out the large
rear windows.

considering an OAT in the mid-90s.
Directional control through the nose
wheel steering was tight and precise—
not too light, not too fast.

The normal runup completed, I turned
onto the runway, applied full brakes,
full flaperons, then full power; the tach
wound to about 2350—normal for a
Lycoming with a fixed-pitch prop—and
I released the brakes. The 801 shot for-
ward briskly, and as we approached the
200-foot mark I eased the stick back to
full-up elevator.

The nose wheel lightened immediate-
ly, and as we passed the 300-foot mark
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until I could see forward again brought
the airspeed up to about 75 and still gave
me a climb rate around 600-700 fpm. It
was a little difficult to tell completely,
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ZCl]ith STO L CH 801 continued

engine leaned to about 50° degrees rich
of peak EGT, the 801 slowly accelerated
to 94 mph indicated for 105 mph true—
right on the book cruise according to
Zenith’s specs.

My own experience in a 180-hp O-
360-powered Piper Comanche informed
me of the cruise potential of the 801 set
up for this power and cruise. With fuel

flowing at just over 10 gph, an 801 pilot
can expect to cover about 250 miles
before hitting reserves; at lower power
settings, cruise range edges up to about
300 miles—plenty for the pilot visiting
local pastures but otherwise staying close
to home. The optional 60-gallon fuel
system effectively doubles your cruise
potential.

OK, let’s think about that for a
moment. Many airplanes with the same
power will see the Zenith in their slip-
streams, no doubt about it. And, it has
to be said, that the 801’s impressive
short-field prowess definitely cuts into
its cruise speeds. There are other designs
in the world of homebuilding that near-
ly match the 801’s short-field prowess but
offer fleeter cruise. Blame the high-lift
airfoil—and there’s plenty of it, at 167
square feet—and everything-hung-out-

there design of the 801, if you must.
After all, it’s in dropping into unim-
proved fields that the 801 truly shines— Zenith answered calls for a four-seat version of the STOL 701 (top) with the STOL 801. Heintz

not long-distance cruising (although it gave the Lycoming-powered 801 all the attributes that helped make the Rotax-powered 701

:th ili launch from short fields and maneuver at very low air .
can do so on the same terms as a Cessna a success: the ability to launch from short fields and maneuver at very low airspeeds
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172 or Piper Cherokee with the same
power).

Heads Down...

If going up flying is, as the saying goes,
the second-greatest thrill, getting down
to landing has to be the first-greatest.
And the 801 gets down every bit as well
as it gets up.

Setting up for an approach involves
dialing in a 500-fpm descent at about
60 mph indicated with partial flaperons.
As we crossed the runway threshold the
first time, I slowed the 801 to SS, then
50, then pulled the power and eased back
on the stick to full aft. The 801 reward-
ed me with a solid arrival—not so much
a “plunk down” as a “touchdown.” In
three airplane lengths, I had the STOL
stopped. Total landing distance—just
about 300 feet.

Deep slips are a delight, but not rec-
ommended for long periods due to the
unusual loads placed on the flat sides of
the 801’s fuselage. But you should know
that in a pinch, the 801 does simply great
slips at angles that make the ground seem

ZENITH STOL CH 801
Price (excluding quickbuild options) .............evneceens $20,950
Estil d completed price $45,000
Esti d build time. 300 - 500 hours
Number flying (at press time)

Powerplant.
180 hp @ 2700 rpm

Propeller........uceuecernnnnne Sensenich two-blade fixed-pitch
Powerplant options. 150 - 240 hp
AIRFRAME
Wingsp 311t,4in
Wing loading 12.91b/sq. ft
Fuel capacity. 30 gal (60 gal optional)
Maximum gross weight 22001b
Typical empty weight. 1150 b
Typical useful load 1050 Ib
Full-fuel payload 8701b
Seating capacity. 4
Cabin width 44in
Baggage capacity. 2001b
PERFORMANCE
LT T 120 mph (104 kt)

6500 ft @ 75% power, 10.5 gph
Maximum rate of climb........ccccccuuuueee 720 fpm (at max. gross)
Stall speed (landing configuration)... 39 mph (34kt)
Stall speed (clean) .........ccueueeernnceusnnesusnnecnunnns 48 mph (42 kt)
Takeoff distance 390 ft
Landing distance 300 ft
Specifications are manufacturer’s estimates and
are based on the configuration of the demonstrator
aircraft. As they say, your mileage may vary.

to rush toward you. With the added practice of three more approaches, my arrivals grew
smoother, my touchdowns less assertive, and my landing distances slightly shorter.

So spry in pitch was the 801 that in touch-and-go landings and rejected-landing
maneuvers, I did have to focus on lowering the nose and raising the flaperons to avoid
over rotation and an abrupt stall. But this issue was, like the improved landings, mostly
a matter of familiarity and routine.

The least surprising aspect of the STOL 801 came in how it handles stalls. Power
on, the 801 actually never stalled, instead continuing to climb about 100 fpm with the
stick full aft and the nose pointed at a seemingly impossibly high attitude. Power off
and with full aft stick, the 801 never really stalled for me. But it did settle into a nose-
high mush that accelerated and decelerated through slight hints of dropping the nose.
Our descent rate rose and fell between about 250 and 500 fpm with each porpoise-like
attitude change.

Throughout these stall attempts, the 801 retained positive aileron and rudder
control. And upon release of the back pressure on the stick, the 801 returned to
climbing flight.

Allin all, the experience was gratifying.

Need a “Bubba”? On a Budget?

Any pilot in need of a brawny bush plane should consider Zenith’s STOL 801—even if
they don’t really need four seats. The 801 builds so casily, the Lycoming O-360 so com-
mon—or 0-320, since 150 horses also work—and the fixed-pitch prop so well suit-
ed, that you'd be hard
pressed tofindanoth-
er STOL aircraft
with the capabilities
and economies of
this one.

The kit compo-
nents come well fin-
ished and ready to
assemble; an inex-
perienced  builder
should be able to go
from opening the
first crate to flying
the first time in 300-
500 hours—so says
the company. This
figure depends, as

always, on the fin-
ish desired and the
panel installed. Keep
it simple and you’ll

The STOL 801 offers a comfortable cabin with payload enough for
four plus luggage and short-field performance that can take the
little bush plane into almost any strip.

keep the airplane
light, cheap (or cheaper) and casy to build.

About the harshest thing I can say about the 801 concerns getting in and out of the
back seats; it’s a bit of a climb that the unfamiliar may find a bit challenging. Other-
wise, for the pilot in search of a four-place cruiser with decent performance—and one
that’s easily built—the 801 has a lot to recommend itself...even if it’s a/ways pavement
under its wheels.

You see, just because the STOL CH 801 is a special-purpose machine doesn’t keep it
from working well as a general-purpose airplane with four seats. It all depends on your
purpose. Either way, the 801 will satisfy—and that’s a specialty hard to duplicate.

For more information on the STOL CH 801, contact Zenith Aircraft at 573/581-9000. A
direct link to the company’s web site can be found at www.kitplanes.com.
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One builder
deciphers the
factory’s charts
and creates his
own power
charts for the
Lycoming 0-320.
You can, too!

BY DENNIS DOUGLAS

28 KITPLANES April 2006

Dennis Douglas and his Lycoming O-320-powered GlaStar. “I named the GlaStar Patti’s
Kitchen because at the time | planned to purchase the kit, my wife (Patricia) wanted her
kitchen remodeled. Being the thoughtful husband | was, that instead of a new kitchen I'd
name the airplane after that kitchen.” Douglas got out of the doghouse by subsequently
buying her a new house with a new kitchen.

vides outdated power curves for these engines, “as they are manufactured and tested
today.” This article provides the corrected data and develops a simple mathematical
approach for calculating power tables for those flying an O-320-B or -D series engine with

r I Yhe Lycoming Operator’s Manual for the O-320-B and -D series of engines pro-

a constant-speed propeller.

About six months before the first flight of my GlaStar, I started preparing drawings
and data sheets for the Pilot’s Operating Handbook (POH) that would be specific for
my airplane, N9103D. My starting point for this was the GlaStar Owner’s Manual, of
course, but I've made numerous additions, deletions and changes to various pages, as
those are indicated by the specifics of my airplane. The additions included schematics of
the electrical system, checklist items, procedures, airspeed correction tables and a new
Performance section.

For the Performance section in the POH, I wanted to include tables of engine power,
fuel consumption and endurance as a function of manifold pressure, rpm and altitude.
These tables are commonly found in the POH for other aircraft I've flown, and they
are useful for flight planning as well as an in-flight aid for power and fuel management.
To get the information I needed, I went
to the Lycoming Operator’s Manual
for the O-320 engine series. This is a
small, ring binder-type book, with a
Textron Lycoming Publication num-
ber 60297-16.

The Sea Level and Altitude Perfor-
mance charts for the O-320-B and
-D series engines are found in Fig-
ure 3-6 of the Lycoming Owner’s
Manual. This figure shows two tiny,
complicated graphs that allow the
reader to scale off engine horsepow-

Douglas created his own tabular power charts
for the O-320 with a constant-speed prop.

er from manifold pressure, rpm, alti-
tude and OAT. The combined graph is
labeled “Curve No. 11260-A.”

www.kitplanes.com



Figure 1. Power Chart for Lycoming O-320-B and -D Series Engines.
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It’s In There Somewhere

I got out my magnifying glass and start-
ed scaling off numbers. After an hour or
two of frequently jumping a line on the
graph and thus getting incorrect num-
bers, I called Lycoming and asked them
if they had a larger version of the data in
Figure 3-6. “Sure”, they said, and they
sent me a supplementary publication,
No. 2283-H dated February 28, 2000,
and entitled “Detailed Specifications for
Engine, Aircraft: Model O-320-DIA,
-D2A,-D1B, -D2B, -D1C, -D3C, -D2G,
-D3G 160 Horsepower Direct Drive.”
The power chart for the O-320-B and
-D series engines in 2283-H is labeled
“Curve 13381.

A problem arose when I compared
Curve 11260-A with Curve 13381: For
a given rpm and manifold pressure, the
horsepower values were significantly
different—typically by about 5 hp or
about 3% in percent power. The fuel con-
sumption rates were different also—by
several gph.

I called Lycoming to find out which
of the two pairs of curves were correct:
11260-A shown in the Operator’s Manu-
al or 13381 shown in the Detailed Spec-
ification document. After a time I got
an answer: “The performance data on
curve No. 13381 is representative of the
0-320-B and -D as they are manufac-
tured and tested today.” For those of us
who are trying to define the operating

Photos and Illustrations: Dennis Douglas
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Figure 2. Fuel Consumption for 0-320-B and -D Series Engines (Ref: Curve 13380).

parameters of our airplane with the same care we used building the airplane, this says
that the horsepower data shown in the Operator’s Manual is out of date. Curve 13381
is the correct one to use.

It’s About Horsepower

Curve 13381 is a hand-annotated, rough-drawn chart. I scaled the data from the curve,
entered the values into an Excel spreadsheet, and used regression methods to develop a
set of curves that represent Curve 13381 in a more readable form. After changing the
axis title to show the altitude data as a function of density altitude (to automatical-
ly compensate pressure altitude for deviations from the standard altitude-temperature
relationship), the results are shown in Figure 1. This power chart, then, is a corrected
power chartapplicable to the O-320-B and -D series engines and should be used instead
of Chart 11260-A in the Operator’s Manual.
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P owcer Pl&V continued
J

Horsepower at sea level. For the sea-
level data—the family of lines on the left
side of Figure 1—the horsepower curves
were calculated by finding simultane-
ous linear relationships from the data
in Curve 13381, as described above. The
relationship developed for the sea level
data shown in Figure 1 is:

HPSL =~ (0.0022 x rpm) x MP +
(1.6733 xmp) — (0.0081 x rpm) — 36.176,
where rpm is the engine rpm, MP is the
manifold pressure in inches, and the (x)
indicates a product. This equation allows
us to calculate horsepower for arbitrary
rpm and manifold pressure values.

I first saw this approach used in the
work of John Lowry—see his book,
“Performance of Light Aircraft”—who
developed his equations followinga thor-
ough review of engine theory. Although
the equation differs slightly from the
expression Lowry obtained, it is based on
the data I measured using Curve 13381.
The differences are minor and you could
use either equation with no significant
loss of accuracy.

You will note that the sea-level data
shown in Figure 1 does not extend over
the full range of manifold pressure for
all rpm values. This is a result of using
the “limiting maximum manifold pres-
sure for continuous operation” described
in Chart 11260-A and applying it to the
data of Figure 1. Thus, Figure 1 shows
the limiting “oversquare” power settings
(evidently) permitted by Lycoming for
the O-320-B and -D engines. For exam-
ple, while 2300 rpm and 28 inches of
manifold pressure is permissible, a maxi-
mum of 25 inches is permitted for 2000
rpm for this engine.

Horsepower at altitude. While we
could use this equation to generate a table
of horsepower as a function of manifold
pressure and rpm, it would represent only
the sea level values. This is because horse-
power increases with altitude for a con-
stant manifold pressure and rpm. This
power increase with altitude is due to
the reduced exhaust backpressure as alti-
tude increases—a phenomenon noted
by both Lowry and John Schwaner in
his “Sky Ranch Engineering Manual.”
The reduced backpressure increases the
thermal efficiency of the engine, thus
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5000 Foet CRURSE POWER CHART — BEST POAVER LEAN
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230 1181 % 10.0 28 4.8
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2600 19.0 938 S8t ¥ 35 59
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21.0 1084 B, a2 E ) 52
220 164 T% 2.6 3n 4.9
230 1234 T 11.5 25 4.2
240 1308 B2% 125 23 39

* REF: Lycoming Curve 13380; minimum consumption leaned to best
prOnomy lar power < 75% and best power for power >79% PLUS 1.5 GPH

Figure 3. One of several completed power charts, this one for 5000 feet.

yielding additional power. So, to obtain the horsepower at altitude, we must use the
right side of Figure 1.

Correct But Awkward

Although correct, the data of Figure 1 remains awkward to use. To calculate a power,
we enter a manifold pressure and rpm on the sea level chart and draw a straight hori-
zontal line to a preliminary power value on the right side of the sea level chart. Then
we locate the manifold pressure and rpm on the altitude chart and draw a straight line
from there to the same preliminary power value on the left vertical axis of the altitude
chart. On this second line, we locate the density altitude and draw a horizontal line
from there to obtain the actual power value.

Usinga similar simultaneous equation approach as used for the sea level data, we can
infer the relationship for the power gain with altitude. Lowry shows that for the O-320
engines the horsepower increases by about 2.36 hp/1000 feet near sea level and by about
1.87 hp/1000 feet near 10,000 feet. Making a linear estimate of this change in horse-
power with density altitude gives us a relationship for the actual horsepower: HPDA =~
HPSL + DA x (-0.049 x DA + 2.36), where DA is the density altitude in 1000s of feet
and HPSL is the horsepower scaled from Figure 1 or calculated from the sea-level equa-
tion. The use of this second equation allows the development of power tables for arbi-
trary altitudes through simple spreadsheet calculations. This is illustrated later.

Fuel consumption. As for the power charts, the fuel consumption data shown in
Curve 11260-A of the Lycoming Operator’s Manual may overestimate the actual fuel
burn rate. Curve 13380 in Lycoming’s publication No. 2283-H provides more recent
information. This consumption curve is shown in Figure 2.

As described by Lycoming, this data “...portrays the minimum fuel consumption of
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Even Easier...

Dennis Douglas’ experience develop-
ing an accurate power chart for an
unusual engine/prop combination is
without a doubt a worthy endeavour,
one that you'll want to commit to
completely fill out your flight testing.
But there are shortcuts that will work
to get your in the horsepower ballpark
as long as you have an accurate
measure of fuel flow. (Thanks to the
Advanced Pilot Seminars for this tip.)

It works like this: Every engine has a
range of what is called brake spe-
cific fuel consumption, expressed in
pounds of fuel per hour per horse-
power (pph/hp). Any engine may run
at any point in its range depending
upon the mixture strength at the time.
But the upper and lower limits are set
by the design of the engine, princi-
pally its compression ratio. (There are
other factors, including ignition timing
and volumetric efficiency.)

Most engines produce maximum
power at a BSFC of 0.5, or one-half a
pound of fuel per hour per horsepow-
er. A 200-hp engine would, therefore,
consume nearly 17 gph (200 hp x 0.5 =
100 pph/hp. Divide by 5.85, the weight
of fuel, to get 17.09 gph.) Minimum
BSFCs vary greatly but always occur at
a lean-of-peak EGT setting. The best
aero engines achieve a BSFCmin of
0.385. Typical normally aspirated en-
gines range from 0.39 to 0.41. Lower-
compression engines are typically in
the range of 0.42 to 0.45.

Working from that, it's easy to
come up with a quick calculation of
horsepower as long as you know fuel
flow. (And know it accurately, let us say
again.) When lean of peak, use 5.85
(fuel weight)/BSFCmin. Assume your
engine is good for 0.4 and it's burning
14 gph. Your benchmark number is
14.6, which can be multiplied by 14
(the fuel consumption), gets you 204
hp.

That's the lean figure. Rich figures
work similarly but have greater likeli-
hood of error because the efficiency
curve has a greater slope than the
horsepower curve. Taking the same
hypothetical engine from above, the
multiplier would be around 11.7, giv-
ing you an estimated 154 hp.

Why less power on more fuel? Well,
that’s the whole rich-of-peak/lean-of-
peak argument in a nutshell.

—Marc Cook
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P owcer P[&y continued

these engines with the mixture manually
leaned to best economy below 75% power
and best power above 79% power.” Fuel
consumption rates for best power are
about 1.5 gph greater than shown in Fig-
ure 2. (The charts show that best econo-
my is obtained near peak EGT or slightly
richer, and best power is 100°-150° rich of
peak.)

Using the information from the alti-
tude equation, the fuel flow data from
Figure2,and some fuel tank volume data,
we can put together tables of horsepower,
percent horsepower, fuel flow and endur-
ance as a function of manifold pressure
and rpm for any altitude. One such table
is illustrated in Figure 3, which shows
these parameters for a (density) altitude
of 5000 feet.

(Note that the fuel flow rates shown in
Figure 3 are greater than the data shown
in Figure 2 by 1.5 gph. I did this to be
conservative in the endurance estimates
to reduce the risk of running out of fuel
because I usually lean to best power
instead of best economy.)

All that’s left is to fly the airplane and
gather some airspeed data to complete
the table.

Using the equations above, one can
create tables of O-320-B and -D engine
performance for arbitrary altitudes.
These tables can be printed and inserted
into the POH and used for flight plan-

ningand en route monitoring.

Wasn't That Simple?

This article has examined the perfor-
mance of the Lycoming O-320-B and
-D series of engines using recent infor-
mation provided by Lycoming, and it
develops a simple arithmetic approach
for calculating horsepower and fuel flow
for any specified manifold pressure, rpm
and (density) altitude for these engines.
The approach described here can be
applied to any normally aspirated engine.
The values will differ, of course, but the
approach remains the same.

The actual horsepower generated by an
installed engine may differ from the cal-
culated values because of induction and
exhaust differences, the general condi-
tion of the engine and because of high
humidity or other factors. *
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New Dics FoR THEUETIMATE HOMEBUILT

SpaceShipOne now calls the National Air and Space Museum's Milestones Gallery home.

manned civilian craft to return safely from space and the winner of the Ansari X-
Prize, has been well documented. Its final flight, from Oshkosh to Dulles Inter-
national, brought it into truly sublime company...the Milestones of Flight Gallery at the
Smithsonian Institution’s National Air and Space Museum (NASM). It would be the first
major hanging addition to the Milestones Gallery since its opening in 1976. SpaceShipOne
would be among famous company, tucked between the Spirit of St. Louis and the Bell X-1,
Glamorous Glennis.
Just down the hall from Voyager, another Burt Rutan creation, SpaceShipOne was
unveiled on October 5, 2005, less than a year and a half after its maiden voyage into
space. And we couldn’t pass up the chance to witness the induction ceremony. But the

S chance like this doesnt come everyday. The story of SpaceShipOne, the first

public’s first glance at the exhibit was just the final piece of a long process to acquire the
aircraft and create the exhibit.

Building and Preserving the Collection

Valerie Neal, SpaceShipOne’s curator, says her role at NASM is to identify potential
additions and to make the case to the museum for those deemed worthy. Neal had her
eye on Rutan’s aircraft from the start. “When the first flight into space occurred in June

2004,” she says, “we decided to pursue SpaceShipOne, whether or not it eventually won
the X-Prize.”

Heralded homebuilder and SpaceShipOne designer Burt Rutan worked closely with the
museum staff to orchestrate the hanging of the aircraft. Voyager, another of his
creations sits just down the hall.

Photos: Patrick Matthews, Cory Emberson, Courtesy NASM

BY CORY EMBERSON

SpaceShipOne sits between its two new
neighbors in the Milestones of Flight gal-
lery: Spirit of St. Louis, at left, and the Bell
X-1 Glamorous Glennis, to its right.
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SpaccShipOnc continued

But Peter Jakab, chair of the aeronau-
tics division and curator of the Wright
Flyer, says that artifacts are not normally
brought directly to the NASM imme-
diately following record-setting flights.
The museum follows a carefully detailed
collection rationale intended to create a
comprehensive collection.

The museum’s collection mandate is
twofold, says Ed Mautner, who led the
Space Shuttle Enterprise restoration
team. “Our goal is not only to preserve
the object, but also its technology. If
someone restores an airplane, their goal
is to make a more pristine example of the
airplane, and they cast aside a lot of the
original technology, finishes and hard-
ware. We want to save that, because we’re
not only trying to show the airplane to
the public, but it’s also there for future
engineers, researchers and historians.
We don’t want to confuse them as to the
exact technology at the time.” For the
museum, restoration, the most intrusive
form of preservation, only takes place
when the aircraft is so deteriorated that
it can no longer show its original form or

stand on its own without major work.

So you hop out of bed in the middle of the
night for a drink of water, and what do you
see out your kitchen window? Space-
ShipOne rolling by at 1 a.m.? Might have
been like that for a few lucky D.C. residents.

Neal and the museum’s director,
General Jack Dailey, wrote to Scaled
Composites asking if they would con-
sider donating White Knight and Space-
ShipOne. Rutan and sole investor Paul
Allen, co-founder of Microsoft, requested
ameeting immediately following the sec-
ond X-Prize flight. Neal and Tony Carp,
the pilot/A&P responsible for the prepa-
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ration and hanging of SpaceShipOne, visited Scaled Composites in December 2004 to
meet the team and begin the process of adding the craft to the Milestones collection.
Carp calls his visit to Mojave a career highlight: “Burt Rutan and Paul Allen’s represen-
tatives were prepared to push hard to get it into the Milestones Gallery, but we already
had that on the table. So, when we presented that to them, Burt Rutan had this big
smile on his face, because that was exactly what he wanted. He wanted to see it in Mile-
stones.”

Neal presented a proposal to the permanent collections committee. In this case, it
was easy—its technical and historical significance made approval a slam dunk. Next, it
was time to work out the delivery and display of the machine.

There were several iterations of how SpaceShipOne might have been displayed; the
result has it hung at a 30° nose-up attitude facing the space where the Wright Flyer will
once again hang. Carp says, “The Milestones Gallery is kind of a conservative gallery,
because its central focus is the Wright Flyer. It was important that SpaceShipOne wasn’t
t00 dramatic, which would distract from the main theme of the gallery. That’s where the
months of give and take came in. Mr.
Rutan’s initial thought was to hang it
45° nose-up.”

Once the final configuration was
agreed upon, the exhibit design group
created a 3-D model to define the exact
space it would occupy in the gallery.
Carp’s job was then to design the cable
structure to support the craft between
the Spirit of St. Louis and Glamorous

Glennis.

Rolling Towards History

In August 2005, SpaceShipOne and
White Knight flew directly from their
splashy appearance at Oshkosh to
Wright-Patterson Air Force Base in
Ohio, where it refueled and stayed
overnight (it’s not outfitted to fly at
night). The next day, it continued
to Dulles Airport, home to the Udvar-Hazy Center, NASM’s immense companion
display facility.

Carp was on hand when SpaceShipOne arrived, piloted by Mike Melvill. “They filed
IFR into Dulles, flying in VMC conditions,” he says. “Mike was concerned about the
ADIZ and didn’t want to fly in looking like he had a missile strapped to his belly. We
did the delink separation of SpaceShipOne from White Knight, and then we turned
White Knight and got them out of here. We towed the little spaceship down to the
Udvar-Hazy Center, which has its own taxiway. It was blazing hot that day, but every-

As SpaceShipOne was hoisted to its display
position, the collections team took the rare
opporunity to capture this overhead perspec-
tive of the gallery through the open skylights.
The strongback is the white pipe running
diagonally across the photo.

body in the building came out just to get Mike’s autograph and to shake his hand.”

And they weren’t the only fans. “Airliners were taxiing by, and they’d just stop. Then
you saw the little cockpit side window open up, and the camera would come out.” It was
memorable. An airline seatmate was on one of those planes—the captain taxied in S-
turns so the passengers on both sides of the plane could get a glimpse.

Once the gawking was over, they towed SpaceShipOne on its landing gear from a
truck. The craft was prepared, cleaned and photographed while in storage. The systems
were drained and any tanks under pressure were purged. Mautner noted this was the
ideal way to bringan artifact into the collection. “It comes directly from the field imme-
diately after its use, in the condition that it was in when it was used, and all we have to
do to preserve it is to empty those fluids, clean it, and hang it up in a near-perfect envi-
ronment.”

Oh, and take a hammer and bang it up a bit, of course! After SpaceShipOne’s first
flight, a panel buckled, which Scaled Composites straightened out for the second flight.
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SpaceShipOne in its final 30° nose-up posi-
tion in the Milestones of Flight gallery. Each
artifact is positioned to face the center

of the gallery, where the Wright Flyer will
eventually hang again.

Prior to handing it over to NASM, the
company rebuckled the panel to bring
it closer to its original flight condition.
Wonder who got that job?

On September 19, SpaceShipOne was
loaded on a flatbed to transport it to
the museum in downtown Washington,
D.C. Carp was one of the escort drivers
and described the process as intensive.
The transport occurred at night and the
caravan followed a specific route, which
the team had carefully planned to ensure
that the 26-foot-wide SpaceShipOne
would make it through every overpass,
exit ramp and side street. The spaceship
was brought into the museum through
immense sliding bay doors on its west
side.

Rebekah Brockway designed the place-
ment of SpaceShipOnein the gallery using
3-D AutoCAD software and found that
double-checking the plans was crucial.
“The Spirit of St. Louis was supposed to
be hanging parallel to the floor, but when
it was reskinned and rehung a few years
ago, they attached a cable differently and
the left wing was banked slightly lower,”
she says. “Had we not caught that, Space-
ShipOne would have been too close to
Spirit for comfort.”

Working the Problem

True to SpaceShipOne’s spirit of inno-
vation, the actual hanging of the craft
was another first. Carp created a rigging
design that worked around the build-
ing’s structural issues. Nothing could
be supported from the upper trusses
under the gallery’s skylight. So a strong-
back—a 27-foot long, 750-pound stain-
less steel pipe—would be hung from the
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SpaccShipOnc continued

lower trusses to support the 2408-pound
craft. Using a crane to lift the space-
craft to the strongback couldn’t be done
inside the gallery because the suspended
floor would not support the load. For-
mer collections chief Bill Reese suggest-
ed putting an industrial crane outside
on Jefferson Avenue and dropping the
cables through the open skylight. It had
never been done at the museum before,
but it worked.

After the roof tiles were removed and
the skylight opened, the crane operator
lowered the cable, picked up the strong-
back and put it into place. Two clamps
connected the strongback to the main
hanging cables, which were sized to ori-
ent the craft properly. The same cable
that lifted the strongback was also used
to lift the craft by 5/s-inch oval rings. The
main cables were already hanging from
the strongback; a swaged eye at the end
of each cable would attach directly to
the two lift pins used to support Space-
ShipOne under White Knight. Because
the craft was supported vertically under
White Knight, Carp asked Scaled Com-
posites to verify whether SpaceShipOne
could handle an off-center load after
the nose-up attitude was introduced. It
would be fine—each fitting was sized for
12,000 pounds with a 1.5 safety margin.

Carp described the transfer: “We
brought the spaceship up so that the
cables would reach. We made that con-
nectionand started to lower the spaceship
to accomplish an in-air load transfer. The
shackle rolled around the oval ring, and
the shackle, which is already attached
from the crane, rolls out of the way. The
load was transferred from the crane to
the support cable. That’s very dramatic
and it made a nice big pop! It went very
smoothly.”

SpaceShipOne was raised off the
ground horizontally; once the load was
transferred from the crane to the cables,
the landing gear was retracted and the
nose-up attitude was introduced. The
successful transfer validated Carp’s hang-
ing scheme. The high-wing craft was sta-
ble from a c.g. standpoint, and it stayed
between the two hanging points without
trying to roll. He also installed two tag
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lines at the far end of the tail to control the yaw, preventing SpaceShip One from hitting
Spirit of St. Lonis during maintenance.

The overnight installation took 12 and a half hours to complete. “It eliminated hav-
ing to work around the building’s constraints,” Carp says. “The structural engineers
were quick to tell me what they couldn’t do, but they had no suggestions what 70 do. It’s
not a very heavy aircraft. There were a lot of brains working the problem.”

Raising the Curtain
By the time SpaceShipOne was undraped the night before the ceremony, the exhibit was
fully in place.

An interactive, computer-based video kiosk was designed by Susan Cassabon and
Victoria Portway, a radical change from the simple text labels that accompany the rest
of the exhibits. A virtual 360° tour of the cockpit is included in the kiosk. By moving
your finger around the screen, you can essentially enter the cockpit. “Once it’s hung, no
one has access to the cockpit, and everybody wants to see it,” Portway says. The images
are also available on the museum’s web site.

The relatively low-key induction event featured a video review of SpaceShipOne’s
achievements, and of course, remarks from the principles. Rutan challenged American
companies to bring civilians into space, safely and in the spirit of competition. He com-
pared NASA’s development of operational systems to the FAA running the airlines.

SpaceShipOne, Government Zero

Neal appreciates the significance of acquiring such a piece of history. “If I were a cura-
tor in an art museum,” she says, “this would be comparable to acquiring one of the great
masterpieces. It’s in beautiful condition, and we were able to talk to the people who
were directly connected with it.

A Flight ot Firsts

As SpaceShipOne passed 100 kilometers before arching back to earth on June
21,2004, pilot Mike Melvill earned the world’s first Commercial Astronaut rat-
ing, complete with gold wings. Brian Binnie became the second to earn this
exceedingly rare prize less than six months later, as Burt Rutan’s latest creation
captured the elusive $10 million X-Prize.

The first Commercial Astronaut wings are the
brainchild of the FAA's Michelle Murray, an aero-
nautical engineer in the Office of Commercial Space
Travel (AST) who served as the lead safety inspector
for Melvill’s historic suborbital flight. Murray wanted
to recognize the achievement with an appropriate
set of wings that combined the features of both
NASA and FAA varieties. The entire process took
only four weeks from start to finish—considered

lightning fast in government circles. Murray presented the idea to her boss,
Assistant Administrator Patricia Grace Smith, who then got quick approval by
FAA Administrator Marion Blakey and DOT Secretary Norman Mineta. Smith
presented the wings to Melvill the afternoon of SpaceShipOne’s first flight into
space, listed modestly on the AST website as Flight 15P.

Murray’s enthusiasm for the event was apparent as she recalled Melvill's reac-
tion to receiving his gold-plated wings. “They didn’t tell him in advance,” she
said. “When he opened up the box, the look on his face was sheer surprise. He
was in awe!”

Since the practical test standards for the Commercial Astronaut wings
haven't appeared in your local flight school (yet), Murray told us that to earn

them, “all you have to do is go into space and return safely.” —C.E
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“SpaceShipOne was done by a small
group of people, working together and
being really dedicated. Burt Rutan is leg-
endary in the aviation world and is such
an innovative thinker. It was quite excit-
ing that he’s moved beyond atmospheric
flight into space flight. It’s a homegrown,
grassroots activity, using their own wits
and some very generous sponsorship.”

Neal says the design’s creativity reflects
Rutan’s liveliness. “It’s on a human scale.
It’s not something perched on top of a 15-
story rocket. He says it should be fun—
that’s the reason to go into space.”

That’s certainly true. After Space-
ShipOne’s first flight into space, Melvill
held a spectator’s sign aloft while stand-
ing on the craft: “SpaceShipOne, Gov-
ernment Zero.” Rutan saved the sign, a
scorecard for the little guy.

Carp also came away awed by the
machine: “The way he integrates all these
systems into an amazingly simple single
entity—that’s the really impressive thing
about it,” he says. “The cockpit almost
seems rudimentary...except for the data-
link system and the tiny little displays
that give you all the information you’d
ever want to know. It’s several unique,
independent modes of flight, all incor-
porated into a single vehicle. Burt Rutan
is probably the most innovative designer
working, so it’s stuff that winds up in
the museum.” Indeed—there are five
other Rutan aircraft in residence at the
Smithsonian.

Dorothy Cochrane, curator of Voyager,
says, “Back then, he was this homebuilt
guy with some weird ideas, proving him-
self, and he’s proved himself so many
times. It tickles me to see this be such a
spectacular success. He wants to bring
aviation and space travel to the com-
mon man, and have it be accessible. As a
designer and a visionary, it’s a challenge
when someone says, ‘You can’t do that’
when it’s the first thing he wants to do.”

Sounds like the spirit of a true
homebuilder. ¥

For more information on the exhibit, con-
tact the National Air and Space Museum
at 202/633-1000. A direct link to the
museum’s web site can be found at www.
kitplanes.com.
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pricas! With superior engineering and a rigorous, 56-paint factory inspection, its no
wonder Sensenich has bean AD-free for over three decades.

Talk to your kit manufacturer or chack out SensenichDirect on the web.

Sensenich. Right on the nose.
14 Citation Lane, Lifitz, PA 17543

(717} 5690435 « Fax {717} 560-3725

Email ez @ sensenich.com« Web www.sansenich,com
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This combination GPS and chart plotter
may not feature every bell and whistle,
but it serves its niche admirably.

o~ R T

About two thirds the size of your typical chart, the EKP-IV fits nicely in small
cockpits without sacrificing legibility. The supplied GPS antenna comes
with a long 5-meter cable, which is flexible and thin enough to route
inconspicuously in most aircraft.

urky! This mid-July day found our little two-seater fighting
Mstiff headwinds over Pennsylvania’s Allegheny Mountains as we

clawed our way westward. Above the scattered-to-broken layer,
the winds kept our forward progress down near what an old ’65 Volkswagen
bug might do on a good day. Below the layer, the visibility dropped well into
the marginal VFR range, but the headwinds were much lighter. So there we
were, in an unfamiliar airplane flying VFR over an unfamiliar part of the
country, in weather conditions that were making this pilot sweat even more
than usual. It was time to land and study our options. But where? There
wasn’t a whole lot to see outside the window but murk.

The answer came almost instantly with a few button pushes, accessing
the database in the AvMap EKP-IV (Electronic Knee Pad). The EKP
instantly became the world’s most knowledgeable and sharpest navi-
gator. Pressing the Page button displayed the 20 nearest airports, indi-
cating that Mid State Airport was just a few minutes south. Thumbing
the small joystick quickly highlighted the entry, and hitting the Goto
button instantly changed our destination to the new oasis.

As we descended toward the terrain and the visibility decreased even
further, the EKP-IV tracked our progress toward the airport and dis-
played a plethora of airfield-specific information, such as elevation and
radio frequencies, while providing the usual GPS readout stuff. Our
direct route to the field was shown as a solid black line, our actual course
in white, and our predicted flight path preceded the little airplane icon
and showed instantly if we drifted even slightly off course. Even in the
hazy sunlight, the display was readable with large, crisp characters and
graphics over a 7-inch-diagonal screen.

Photos: Rick Lindstrom

BY RICK LINDSTROM

With the cartographic scaling func-
tion in the Auto mode, the airport
loomed both larger in real life and on the
EKP’s screen as we closed in. Very nice.

Ho Hum?

It’s true: There are abunch of similar GPS
devices that doall thisand more, portable
units that provide real-time weather over-
lays and even the latest TFR depictions
through XM satellite subscriptions. So
why doesn’t AvMap do the same? “We
keep talking about adding real-time
information,” says Mark O’Brien, the
company’s technical support specialist.
“But we don’t use the Windows operat-
ing system, like the others do. You've got
to be Windows-based to interface with
XM.” So, as nice as it would be to have
XM-based, real-time functions, it would
require a complete redesign of the EKP-
IV right down to the operating system.

But before you turn up your nose at
the EKP-IV, you might want to consid-
er the things that it does do. To start, its
relatively large footprint makes it easy to
read the bright screen in either a horizon-
tal or vertical orientation, your choice.
Only the tablet-based systems are bigger,
and frankly, some of them are just too big
to be comfortable in a tandem airplane or
narrow cockpit. To get an idea of how big
the EKP-IV is, grab a sectional and fold
a third over. What's left is just a bit big-
ger than the EKP-IV. (The unit’s actual
dimensions are 4.75 inches wide by 7
inches high by 1.5 inches deep.) After fly-
ing with it for nearly 80 hours in two dif-
ferent airplanes, we found the size ideal
for strapping to your thigh.

And, the EKP-IV is easy to use. All of
the buttons used for navigating around
the unit’s functions are arranged around
two sides of the perimeter, leaving the
majority of the space available for the
screen. A small rubber-covered joystick
is positioned in the corner where the two
button rows intersect, and it’s a cinch to
cruise through the menus or position the
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cursor with thumb or forefinger. The unit looks so svelte at first glance that you might
think it short on value, but when you bring up the Menu function and delve deeper into
the various levels, you can see just how capable the EKP-IV really is.

Terrain, Too!

By the time we loaded the airplane and launched toward Oshkosh from Northern Cal-
ifornia, the afternoon had already grown late. We planned to make our first overnight
stop in Winnemucca, Nevada, a short 2.5-hour jaunt from home. As we crossed over
Reno eastbound, day quickly became night, and outside visual references dwindled
until only the thin ribbon of headlights below on Interstate 80 was visible. Compound-
ing the lack of outside visual references, our course paralleled a line of thunderstorms
some 15 miles to the south, building over a mountain ridge. Every few seconds, a spec-
tacular flash of lightning would illuminate the area flashbulb style, immediately fol-
lowed by a deep darkness that greatly resembled the inside of a cow.

In an area of the world where high mountain terrain is all around and mostly invisible
under these conditions, knowing exactly where the peaks are is invaluable. The EKP-
IV provides color-coded terrain mapping, so a quick glance is sufficient to stay clear of
the cumulus granitus, and moving the cursor to any point on the screen provides instant
elevation data as well. Not sure if your altitude is sufficient? Simply move the cursor to
any given point on your course line and you’ll know immediately. Does your planned
direct course take you too close to high terrain during descent? Move the cursor away
from the evil airplane-snatching obstacles and hit the Goto button. Bingo! You have a
new course. Man, flying safely into Winnemucca VFR at night was never so easy.

More, More, More

Imagine an illicit affair between a
capable electronic E6-B flight com-
puter and a fully functioned GPS,
and the offspring would have most
of the features of the EKP-IV. Toss
in the ability to store multiple flight
plans, checklists and the like, and now
youre getting closer. Add the ability
to customize what information you
choose to have displayed in the avail-
able data blocks and what is displayed

on thC navigation screen at each carto-

There are six user-selectable data blocks to

customize with a wide variety of presets. The
bottom right block has been programmed to
display internal battery status, and the bearing
and distance to the cursor from present position
isimmediately below.

graphic scale level, then wrap it up in
an elegant package with a crisp TFT
display.

The EKP-IV is almost infinitely
tunable to work as the primary naviga-
tion tool, or interfaces nicely with the
rest of the stuffin your panel. It will accept GPS data from another source when used
only as a display, and flight plans can be up- and downloaded to your PC with optional
software and an interface cable.

The comprehensive acronautical database in the EKP-IV is stored in an easy-to-swap
flash memory Jeppesen NavData card that is updated every 28 days. The unit comes
with the latest NavData revision, and it’s the owner’s choice as to how often to update
from there. Individual updates cost $79.99, an annual subscription for 13 updates costs
$599.99, and the three- and six-times per year updates fall between. Of course, it doesn’t
legally replace having current charts in the cockpit, but it’s really hard to go back to fly-
ing the “old” way without the EKP once you've become used to flying with it.

How so? Well, 400 miles west of Oshkosh, we found ourselves playing around
with waypoint entries and managed to hit some combination of buttons that sent the

www.kitplanes.com



Even under bright conditions, the unit’s
spacious display is easy to read. The blue
line preceding the aircraft icon is predicted
course.

The actual flight path is shown as a white
line, and you can see the tail of the aircraft
icon disappearing at the very top of the
display.

system into an endless power-up cycle.
At the AvMap booth, the tech support
guy mentioned a function called “RAM
Clear,” which flushes all waypoint and
flightplan data from RAM. You really
have to know where to look to find this
in the manual (Page 93, if you're curious)
as it’s not at all intuitive that the con-
stant power-up reset attempts are due to
improper data sitting in RAM.
Undoubtedly, some enterprising
homebuilder has already mounted an
EKP-IV semi-permanently in his panel,

Rotec’s R2800 Now
Has a Bigger Brother
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Here’s only the first page of an incredible
amount of airport data available by placing
the cursor over the airport graphic.

given its easy-to-read display. This might
be the perfect time to use a Velcro-style
mountingsystem, as you'll want to access
the back of the unit. Although all of the
external connections are arranged on a
single end, where the NavData card also
resides, the unit also has a battery well on
the back that uses six AA cells for rough-
ly an hour of backup power. The EKP
does not have a built-in charger function
to re-energize the rechargeable variety, so

replacing those batteries in flight (in
the event of external power loss) may
be something to anticipate.

Minimum Ugly

Nothing in this world is perfect, and
the EKP-IV has its share of things
that we think could be improved. Big
fingers will find connecting the coiled

cigar lighter-style power cable to the

The EKP-IV also stores the flight path tracks of
previous flights. Here you can see a long base
entry to 28 Right.

unit a challenge. The battery cover
comes off way too easily, retained
only by a few threads of a small slot-
ted screw. If the external power cord
becomes dislodged at either end, the unit switches to internal battery power without
doing much other than a single beep to let you in on the secret. Rechargeable backup
batteries can only be revived after removing them to put in an external charger. And, a
tutorial that shows us mere mortals what the unit can do would be invaluable.

But when the EKP-IV quickly becomes a best friend on the flight deck. It great-
ly reduces cockpit workload by providing comprehensive flight data from a single
source, communicating what you need to know right now. With a street price around
$1500, the EKP-IV provides a lot of bang for the buck. True, it doesn’t have some of the
features that other, more expensive portable GPS systems do, but what it does do is
done with style. ¥

For more information, contact AvMap/Navigation at 800/363-2627. A direct link to the
company’s web site can be found at www.kitplanes.com.
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3uild Your Skills

You say pound, | say squeeze—
let’s explore the other side of setting rivets.

BY DAN CHECKOWAY

motivational e-mail messages on various online builder forums. The idea behind
this saying is to convey that there really is a light at the end of the tunnel—that there
will come a time when you have no more rivets left to set (ah, pound), and you'll be flying the

I : eep poundin’ those rivets! You may have seen this tag line slapped on the end of

plane you built with your own two hands. I love the notion, but I actually prefer a variation
on the theme: Keep squeezin’ those rivets! From my perspective, I would much rather
squeeze rivets than shoot and buck them.

Photos: Marc Cook

Less expensive squeezers (top) can be
more painful to use. See how stretched out
your hands may need to be? It’s difficult
and tiring to produce much force like this.
Better designed hand squeezers (above)
require less hand stretching and enable
you to produce more force comfortably.

In a way, we started you out with the
more difficult techniques. This is most
definitely subjective, and I'm positive
that quite a few builders disagree with me
on this, but I personally find squeezing
to be the easiest and most straightfor-
ward method of squashing rivets. The
advantages? First and foremost, you can
achieve 100% perfect uniformity of shop
heads. When shooting rivets—using the
rivet gun, as weve been discussing—
it’s not necessarily difficult to achieve
this uniformity, but it takes much more
finesse and practice.

Without getting into too much detail
on the tools or techniques just yet,
suffice it to say that when squeezing, it’s
possible to adjust your tools in a “set-it-
and-forget-it” mode, and they’ll literally
form perfect, identical shop heads right
on down the line. The other advantage of
squeezing is that it’s quiet!

Can You Squeeze Them All?

Ifit’s so quiet and easy, then why don’t we
squeeze every rivet on the plane? Recall
our discussion on back riveting—it’s a
technique generally preferred over buck-
ing rivets because it’s so easy, relatively
speaking. But just like there were limi-
tations with back riveting, it’s the same
deal when it comes to squeezing rivets.
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It’s not a matter of access, but rather lim-
itations that the tools impose.

Tools, Again!

And on that note, it’s time to start yap-
ping about tools again. Because you've
probably already done some dimpling,
you may already have been exposed to the
same tools we’ll be using to squeeze riv-
ets. Despite the variety of designs, they
serve the same purpose. The anatomy of a
squeezer is basically a yoke, a plunger, and
some mechanism to actuate the plunger.
The yoke is a rigid piece of steel, usually
shaped like a C. The yoke attaches to the
body of the squeezer with bolts or pins,
and the plunger pushes up into the jaws
of the yoke through a hole in one side.
The plunger is usually adjustable by vir-
tue of being able to screw in or out. This
allows you to fine-tune the resulting gap

i

Here’s a longeron yoke with a cupped set
on one side, and a flush set on the other.
You can swap the sets around if that works
better with the orientation of the rivet.

between the plunger and the top of the
yoke when the squeezer is fully actuated.

The plunger hasa receptacle into which
you can put a rivet set (or dimple die). On
the opposite side of the yoke there is usu-
ally another hole (it depends on the style
of yoke), in which you can place another
rivet set (or complementary dimple die).
If you're squeezing a universal-head rivet,
you’ll put a cupped set on one side and a
flush set on the other. If you're squeezing
a flush rivet, youll put flush rivet sets on

both sides.

Your Main Squeeze
Squeezers break down into two major
categories, the first of which is hand
squeezers, operated manually by hand.
They all work in the same fashion, which
is by using some sort of cam system or
some other means of stepping up force
to apply a significant amount of com-
pression when the plunger is forced up
against the opposite side of the yoke.
Despite those little rivets being made

of a relatively soft aluminum alloy, it still

Here are two flush sets in a C yoke. Sets
come in different thicknesses, which can
be used to provide the yoke clearance over
nutplates, other rivets, etc.

The adjustable set simply threads in and
out of the squeezer. This lets you fine-tune
the gap between sets, and it affects the
dimensions of your shop heads.

takes hundreds or even thousands of
pounds of compression to squash them.
It’s not like a pair of pliers, where there’s
a linear ratio between the force applied
at the handle and at the jaws. Even if
you eat your spinach, you're still going to
need some help in the way of developing
amechanical advantage, and that’s where

www.kitplanes.com
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The yoke: It attaches to the squeezer body
with two bolts or pins, has a hole in the

bottom for the plunger, and typically has a
hole in the top for a set or dimple die.

There's no end to the variety of shapes and
sizes of yokes. Here are two C yokes and a
“thin-nose no-hole yoke” (upper right).

the size of your wallet—more so than the
size of your forearms—comes into play.

Don’t Be Cheap

The cheap hand squeezers are just that—
cheap. They are awkward for one, because
of the wide angle to which the handles
open. Take your hand and curl your fin-
gers and thumb in, and slowly make a fist.
Where does your hand develop the most
force? I don’t know about yours, but mine
starts kicking in when my thumb and
fingers are around 3 inches apart, and
the force 'm able to generate increases
the tighter it gets. So if you're trying to
use a hand squeezer that starts to develop
its force when the handles are 6 inches or
more apart, what good is that? You really
get what you pay for here.
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What makes more expensive hand
squeezers worth the extra bucks? For
one, they have been designed with these
human factorsin mind, and the geometry
is much more advantageous for the aver-
age clenching fist. The basic premise is
that the squeezer develops the most force
when the levers are within grip range of
normal hands. A little engineering goes
along way, and these wrist-friendly tools
do cost more. But like anything else in
the tool industry, it comes down to how
much you're willing to pay to avoid pain.
If ’'m going to have to squeeze thou-
sands of rivets, I want the experience to
be a pleasant one. Seriously, you're spend-
ing tens of thousands of dollars building
your show-winning airplane—what’s
another 50 bucks? Keep in mind that air-
craft tools are “liquid,” in that you can
always sell them to another builder when

you're done using them.

Pneumatic squeezers, from left to right: single piston, tandem
piston and alligator squeezer. The tandem is capable of squeez-

ing much larger rivets, but is often overkill.

Hold On, You're Not Done Buying Tools
OK, so I've got you all lubed up, your
checkbook is handy, and you’ve bought
into the mindset of saving pain by spend-
ing money on nicer tools. Good deal.
Let’s drop a few more C-notes! The other
category of squeezer is the pneumatic
squeezer, which is operated by air pres-
sure. (I'm getting gooscbumps as I write

this...oops, I drooled a little.) Talk about
being lazy while accomplishing a tre-
mendous amount of work. When using a
pneumatic squeezer, the only thing that
might get sore is your poor little thumb,
because it’s going to have to pull that
trigger over and over again. I joke, but
using the pneumatic squeezer is an abso-
lute pleasure. You literally just pull the
trigger and the thing develops thousands
of pounds of force with essentially zero
effort on your part.

Pneumatic squeezers are expensive.
They cost on the order of $400 and up.
Sometimes you can find a good deal on
a used one, but be careful—you may end
up spending just as much having the
tool rebuilt as you would just buying a
brand new one. Many builders consider
the pneumatic squeezer an unnecessary
luxury, and they’re certainly entitled to
that opinion. I suggest you find another
builder who has one of these pneumatic
puppies and give it a try.

If you do spring for
a pneumatic, make
sure it’s of the variety
that takes the same
style yoke as what
ever hand squeez-
er you have. Some
hand squeezers such
as the Tatco brand,
while very nice tools,
use yokes with a pro-
prietary attachment
style that is not inter-
changeable with any
other brand of squeez-
er.Mostothervarieties
of hand squeezers and
pneumatic  squeez-
ers accommodate the
same style yoke. Keep
this in mind when
shopping for tools.

Some  pneumatic

squeezers come with
a non-adjustable set. With this configu-
ration, the way you adjust the gap is by
using shims or washers between the set
and the plunger. Some people swear by
this method. Using a combination of
AN960-10 (1/16-inch thick) and AN960-
10L (1/32-inch thick) washers, you can
tweak the gap until it’s close. An alterna-
tive to doing this is to purchase an adjust-

www.kitplanes.com



Using a pneumatic squeezer only takes
one hand, which frees up the other hand
to stabilize the work. All you have to do is
push the trigger with your thumb.

If you don't have an adjustable set, you can
use washers to adjust the gap. The author
used washers for about 10 minutes, then
sprung for the adjustable set!

able set, which allows you to thread it in
and out and have infinite control over the
gap. In my opinion, this is easier, faster
and more accurate than using shims.

To make matters more confusing,
pneumatic squeezers aren’t all created
alike. You'll find single-piston, tandem-
piston and alligator varieties. The tandem
is capable of generatingsignificantly more
compression force, but costs more and is
larger and heavier. The tandem squeezer
is pretty much overkill for the needs that
arise when building most kit aircraft. It’s
unlikely that you’ll need to squeeze any
rivets larger than 1/g-inch (diameter),
which are easily squashed using single-
piston designs. The alligator squeezer has
its advantages due to the geometry of the
jaws, which can sometimes reach around
larger flanges more easily than can yoke-
style squeezers. Even so, I still consider
the alligator squeezer less versatile than
standard squeezers and yokes.
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Mctal PLU” C 9 continued

Speaking of yokes, there are all sorts
of shapes and sizes available. Probably
the most common and versatile would be
the 3-inch C yoke. It can be used for dim-
pling and squeezing rivets along flanges
and edges. You’'ll find C yokes in several
sizes ranging from about 1-inch depth all
the way up to 6 inches and maybe deeper.
The limiting factor of yoke depths is
stiffness—ideally the yoke must not flex
when under stress.

A nice addition to any arsenal of yokes
is the so-called longeron yoke. It gets its
name due to the fact that it can reach
around wide flanges, such as those of a

longeron. This yoke is usually not as deep
as most C yokes, but you can use it in

some more challenging spots. Generally, yokes are interchangeable from squeezer to squeezer—and that applies to hand
A third variety is a modified C yoke and pneumatic squeezers alike. Just pull the pins (or bolts) and swap yokes.

that doesn’t take a set or die on the top.

It tapers down very thin in order to  is probably zero, because these squeezers are in essence a luxury. Yokes typically cost

reach inside tight spaces such as trailing ~ between $100 and $150 each! But again it comes down to how much money you are
edges of control surface ribs. It is called  willing to spend in order to avoid pain, and how smooth you want the finished product
the “thin-nose no-hole” yoke. Because it
doesn’t have a hole in the top and doesn’t
accommodate a rivet set, the inside top

to come out. I personally recommend
having each of the three yokes men-
tioned above.

surface is flat. This is a pretty useful
Put Those Tools To Use

Enough babble about the tools. Let’s
talk about how to use them effectively.

When using a squeezer on rivets, there
are really only two cardinal rules. (1)

Always pull/push against the manu-
factured head to keep the rivet firmly
seated in place while you squeeze it. (2)

Always keep the squeezer aligned with
the rivet. If you follow those rules, you
are pretty much guaranteed success.
As we discussed with respect to
shooting and bucking rivets, it’s
important that the shooter apply more

pressure on the rivet than the bucker.
The same applies when squeezing, and

This is a close-up of the “thin-nose no-
hole” yoke. You can see there’s no hole at
the top for a set. The top surface itself is flat
and acts as the flush rivet set.

it means you need to hold the squeezer
in such a way that the manufactured

head is pressed up against the work. If
you get sloppy, it’s really easy to mess

Using a hand squeezer is satisfying work, but up the rivet and allow a gap under the
puppy to have when riveting elevators ~ it’stiring atbest. If you're ona tight budget, get  manufactured head. This is no good—
and ailerons and that sort of thing. It’s by used to this pain. Otherwise, the pneumatic the rivet will need to be drilled out.

squeezer is worth its weight in gold.
no means a necessity, but it may make the queezerisworth s weightin g Always apply a good amount of force

difference between having to use a pop against the rivet as you squeeze it.
rivet and a solid rivet in some cases. Whether that means pulling or pushing depends on the orientation of the squeezer and

How many yokes does the average  the sets (cupped or flush), but the rule applies regardless. Usually it’s easiest if the work
builder need? Technically the answer itselfisheld in avise or clamped to a bench or something, so you can use both hands on
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Depending on how the flange is oriented,
sometimes you can use a C yoke in these
cases (top). It depends on whether or not
you have space for the squeezer on the
flange side. Here's the opposite orientation
(above). You can see the standard C yoke
doesn't fit the bill. The flange interferes
with the yoke, preventing the set from
contacting the rivet.

the squeezer to keep it stable and apply
force in the right direction as you actu-
ate it.

The alignment thingoften plagues new
builders. It’s easy to misjudge the angle
at which youre holding the squeezer,
and the result of misalignment will
almost always be a tipped rivet, or at
best a shop head that is cocked to one
side. If your shop heads aren’t ending up
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MCU‘L[ P&l't 9 continued

Thus the longeron yoke, which can reach
around flanges like this without any inter-
ference. A combination of a C yoke and
longeron yoke will pretty much serve most
purposes.

parallel to the work, then you are most
likely introducing some misalignment
when holding the squeezer.

Rules For Pneumatic Squeezers

When using a pneumatic squeezer,
things get quite a bit easier. You can
almost always hold the squeezer with just
one hand, freeing up the other hand to

Keep the squeezer aligned with the rivet and square to the work. This ensures that the shop
head won't tip, and that you won't have any gap under the manufactured head.

stabilize the work. And since all you have to do is move your thumb to pull the trigger,
it’s much easier to keep the tool stable and aligned. That’s not to say that the pneumatic
squeezer doesn’t have its share of pitfalls.

First of all, you need to be aware of the safety risks inherent in using a pneumatic
squeezer. This sucker produces thousands of pounds of compression with little provo-
cation, which can absolutely obliterate your fingers or anything that may get caught
between the jaws. You must be extremely careful when pulling that trigger. Don’t rush,
and don’t get careless!

It’s easy to over-squeeze a rivet if you don’t have the set adjusted properly. I often get
asked by new builders how to initially set up the adjustment when squeezinga rivet. The
best answer I can give you is that you should be conservative on that first adjustment—
it’s always best to under squeeze the rivet and then have to tighten up the adjustment bit
by bit to creep up on the proper setting. Remember from our earlier discussions that the
finished length of a rivet is the grip length plus half the diameter. If you know the thick-
ness of the layers you're riveting, you should be able to come up with an approximate
measurement to shoot for between the

A 2 Place Cross Country Gyroplane!

rivet sets. Once you set it where you want
it, it shouldn’t require any readjustment.
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flush sets are pretty smooth and can slide
around on the work a bit as you're posi-
tioning the squeezer. It’s all too easy to let
the flush set slip sideways a little before
squeezing the rivet. If youre using a
relatively narrow flush set, it might miss
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the pneumatic squeezer, to
keep the flush set in place
centered over the rivet as you
start to squeeze it. With uni-
versal head rivets, this isn’t
as much of a problem, but
you still could inadvertent-
ly position the cupped set
off center a bit—which can
result in a smile on the man-
ufactured head, and proba-
bly a tipped shop head.

I have been around several
builders who don’t seem to
grasp the concept of prop-
erly adjusting squeezers to
achieve uniformity. They
apparently don’t realize that
it’s easiest to adjust the set
for full actuation. In other
words, they have the squeezer
adjusted too tight, requir-

ing them to stop before Here's where that “thin-nose no-hole” yoke comes in
it is fully actuated—oth- handy. Any other yoke style wouldn't fit in between those

erwise the rivet would be flanges at the trailing edge. The thin nose just fits.

over-squeezed. I watch these

guys do it this way, and they

always have to guess when the rivet has been set properly. This makes no sense to me. I
recommend adjusting the squeezer so that the rivet is perfectly set when the squeezer
reaches the end of its range of travel. This applies to the hand squeezer as well as the
pneumatic. That way, there is zero guesswork. Every rivet will come out the same as the
last one. This may sound obvious but
believe me, I've seen lots of people who
don’t seem to understand this simple
concept! Always use the tools to your
advantage.

With a combination of yokes—and
typically having the option of coming
at the work from two possible orienta-
tions—you can usually come up with
a way to use a squeezer when rivet-
ing structures (i.c. ribs to spars) and
on most edge locations on the exte-
rior surfaces. Nevertheless, there will
be scenarios when you just can’t ﬁgure Ouch! The set must have slid off the rivet head

out a way to finagle a squeezer in there.  ON the other side, because the set on this side
only hit part of the rivet. Pretty ugly, and this

No sweat...you can always fall back on s to be drilled out for sural

shooting and bucking. Maybe you’ll

end up preferring the shooting/buck-

ing method over squeezing anyway. Regardless, at this point, I think we've given you
a pretty solid foundation for the different types of riveting you're likely to do on your
project. You’ll get lots of practice using all of these methods, and you’ll undoubtedly
develop preferences for the techniques you like best.

With so many different tools and methods at your disposal, you're bound to make a
mistake or two as you learn. Next month we’ll focus on how to fix those mistakes—in
particular, the inevitable act of drilling out badly set rivets. Until then, keep squeezin’
those rivets! ¥
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Getting the (Aero) Bends

n the last few months, we have examined some of the effects of aeroelastic distortion as

flightloadsact on the airframe. We have covered the effects of local surface deflections
and the way aeroelastic twisting affects the structure of the wing and influences roll
control. Now we turn our attention to the effects of air-load-induced bending,

The wing generates acrodynamic lift that supports the airplane in flight. This lift is
distributed along the span, typically in a nearly elliptical fashion. The centroid of the lift
is usually inboard of the midpoint of the span—outboard one-third of the way from the
root to the tip. The lift causes bending moments along the span of the wing. Because the
wing structure is not perfectly rigid, the wing bends as the lift acts on it.

Bending Effects
All wings bend under load and some actually bend quite a bit. The wingtips on large
jet transports can move up and down more than 20 feet in flight. While some wing
bending is acceptable, it can also cause problems that may determine how much
bending can be tolerated.

As the wings bend under air load, the effective dihedral angle changes.
This in turn changes the lateral and directional stability of the airplane.
The amount a wing bends is proportional to the lift generated. Accord-
ingly, the wing will bend more when the airplane is in a pull-up or turn.
If the wing is too flexible, there may be a large change in the lateral/direc-
tional flying qualities as the plane maneuvers. This may cause the pilot
difficulty in keeping turns coordinated or, in extreme cases, could make
the airplane difficult to control in certain flight conditions.

Control Surface Binding

When the wing bends, the control surfaces (flaps and ailerons) bend with
the wing. This causes the hinge lines to become curved, which can cause
the control surface to bind. There are several solutions to this problem.
One is to use discrete floating hinges that can self-align to relieve the
bindingloads. Another is to segment the control surface, dividing it into
several shorter surfaces. While all of the surfaces still bend, the total bend-
ing along the length of the hinge line of the shorter surfaces is smaller,
greatly reducing the tendency to bind.

Mechanical control linkage elements (cables or push-pulls) act in a
straight line. As a wing bends, the length between bellcranks or control
horns in the wing can change. This will cause cables to slacken or get tighter, put loads
on push-pulls and result in uncommanded control deflections or slack cables that can-
not move the controls. Wing bending can also cause spanwise control linkages to foul
on structure, particularly where cables or tubes pass through ribs or other structure.

Barnaby Wainfan’s day job is in aerodynamic design for Northrop Grumman, where be serves as
Technical Fellow for Aerodynamics Design and Analysis. A private pilot with single engine and
glider ratings, Barnaby has been involved in the design of unconventional airplanes including
canards, joined wings, flying wings and some too strange to fall into any known category.
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BY BARNABY WAINFAN

Shape Effects and Thickness
The deflected shape of the wing depends

on several factors. For cantilever wings, the
three most important geometric factors
determining how much the wing bends—
and the shape of the bending—are aspect
ratio, taper and wing thickness.

Makinga wing thicker makes it stiffer.
As the wing gets thicker, the spar caps
move away from the neutral axis of the
spar. This gives the spar caps more arm
to act on in order to resist the bending
moment caused by the lift loads. For
an I-beam spar with constant cross-sec-
tion spar caps, the bending stiffness is
proportional to the square of the vertical
height of the beam. Accordingly, a
relatively small change in the thickness
of a wing can have a relatively large effect
on its bending stiffness.

High-performance sailplanes encounter severe bending
loads on their long, slender wings.

Aspect Ratio

For any cantilever beam, the longer and
thinner it is, the more flexible it becomes.
Ataconstant wingarea, increasingaspect
ratio makes the winglonger and its chord
shorter. The shorter chord makes the
wing thinner if we keep the airfoil the
same. Accordingly, aspect ratio has a
powerful effect on the bending stiffness
of a wing. The effect is nonlinear because
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the wing gets both longer and thinner
as aspect ratio increases. The greater
span moves the centroid of the lift load
outboard, which increases the bending
moment on the wing, and the reduced
thickness decreases the inherent bending
stiffness of the spar that must resist this
higher moment.

Talk About Taper
Tapering a wing improves its bending
stiffness, making the wingroot chordlarg-
er and the tip chord smaller. This increas-
es the thickness of the inboard portion of
the wing where the bending moments are
highest and makes the wing thinner out-
board where the moments are lower. In
so doing, the taper makes more efficient
use of the wing spar cap bending material
and reduces the overall wing deflections
under a given load.

Tapering the wing also

physical properties. The yield stress is the stress level at which the material will start to

fail under load. The modulus of elasticity is a measure of the effective spring constant of
the material. It is an indicator of how much the material will stretch or contract when it
is loaded. The higher the modulus of elasticity, the less the material will deform under
a specific load. In the design of a structure, the yield stress of the load-bearing material
defines how thick the structural members must be in order to carry the load. Once the
structure is sized so that the stress level in the load-bearing elements is below the yield
stress of the material, the modulus of elasticity of the material determines how much
the structure will flex when it is loaded.

Strong and Stiff—Finding the Right Balance

When we choose a material for a wing structure, we want a proper mix of strength and
stiffness. The optimum mix depends on the geometric characteristics of the wing. If
the structure is inherently stiff—as would be the case for a relatively thick, short-span
wing—strength tends to dominate. Because the structure is inherently stiff, it does not
tend to deflect much under load. In such a case, the size (and weight) of the spar caps is
determined primarily by the yield stress of the material.

For wings that are thin, or of unusually high aspect ratio, stiffness becomes more
important. Even after the spar caps are strong enough to take the loads without fail-
ing, the wing is likely to be too limber to take flight loads without bending excessively.
When a structure is sized by stiffness rather than
strength, the designer has two design approaches

changes theairloadsin away
that reduces the total bend-
ing moment on the wing
because it shifts the centroid

of the lift load inboard. This

reduces the lever arm of the

“721[)57 makes more cﬂcz’mt use r)f the
wing spar cap bendin g material and
reduces the overall wing dtﬂectz’om
under a given load.”

available. The first is to simply make the spars heavier
by adding more material until the wing is stiff enough
to be acceptable. This is often adequate, but it tends to
make the airplane heavy, which may negate the aero-
dynamic advantages of the specific wing shape.

The second approach is to make the structure out

lift load on the wing root
and reduces the total wing
root bending moment.

When compared to a constant-chord
wing, the tapered wing thus has the
advantage of having a thicker spar at the
root that is called upon to withstand a
lower bending moment.

Structural Stiffness and Materials
When designing a wing structure, the
designer must take both strength and
stiffness into account. It is possible to
have a structure that is strong enough to
take the air loads—in the sense that the
loads will not impose any stresses that
exceed the yield strength of the materi-
als in the structure—that will still be too
flexible. If the structure is strong enough
but not stiff enough, the wing will flex
unacceptably under load.

The structure’s materials have a strong
influence on how much the structure
will bend under load. Structural mate-
rials are characterized by two important

of stiffer material with a higher modulus of elasticity.
This is one of the primary reasons to use carbon fiber
in wing spars. Carbon fiber has a much higher modu-
lus of elasticity than any metal used for wing structure. It is roughly three times as stiff
as aircraft-grade aluminum, so for two wings having the same geometry and the same
spar-cap cross sections, the wing with the carbon spar caps will bend about one third as
much as the aluminum wing.

Other composite materials might not be as stiff as carbon. Unidirectional fiberglass
composites have a modulus of elasticity very close to that of aluminum. Early composite
airplanes had glass fiber structures, and accordingly were no stiffer than their metal
predecessors. Some early composite homebuilts that had high-aspect-ratio wings had
spar caps that were sized to give acceptable bending stiffness because a wing designed
purely for acceptable strength would bend excessively. These airplanes had wings that
were considerably overbuilt from a strength point of view. On one relatively popular
design, making the wing spar heavy enough to make the wing stiff enough resulted in a
spar that could carry a 16-G load without failing. While this resulted in a safe, strong,
airplane it also meant that the wing was considerably overweight from a strength point
of view. Newer, high-modulus materials make it possible to do a more balanced design.

Stiffer materials also allow designers to make more extreme wing geometries work.
Good examples of this are the extremely high-aspect-ratio wings found on high-per-
formance sailplanes and on high-altitude aircraft such as the Global Hawk UAV. In
some cases the aspect ratio of these wings is above 30. Even with the best carbon-
fiber wing spars, these wings are flexible and bend quite a bit under load. Without
modern high-modulus materials it would be impossible to build wings like this at any
acceptable weight. T
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Guide Your Valves Carefully

Your engine’s compression score may someday be below par. That sorry state of
affairs could result from a number of causes—advanced age, too much activity, too
little activity, worn parts or broken parts. If your engine is like most, the leakage out of
the combustion chamber will be the result of rings failing to seal the piston to the bore
or from a valve that’s failed to scal against its scat. (Yes, you could also have a crack in
the head. Let’s hope not.) It’s valve leakage that can cause more problems than a low
compression reading. If left untended, the leaking valve won’t just compromise com-
pression, it can break off—all of the head or just a part of it—and allow bits and pieces
to float around the engine, contaminating the oil system, tearing up the bearings and
just generally causing mayhem. You want to avoid this problem if you can.

Valves and Guides: Living in a Harsh Environment

The familiar poppet valve must seal tightly against the interior of the combustion cham-
ber yet must open quickly and reliably to allow the air/fuel mixture in and exhaust out.
It’s not an easy job for both valves. Experience shows that the intake valves in air-cooled
aircraft engines typically lead long
and happy lives; that they run com-
paratively cool is a big part of it. (Field
experience shows that Continental’s
0-200sand O-300s have some intake-
valve distress, but few other popular
aviation engines do.)

Not so with the exhaust valves,
which are subject to blowtorch-like
temperatures. All components in the
valvetrain must be working properly
for the exhaust valve to have a chance
of survival; particularly, the seat must
provide a solid, uniform seal for the
valve head (and it cannot be off center
so that the valve cocks ever so slightly
before it takes a full seat), and the
guide must direct the valve into posi-

The arrow aims at the exhaust guide in a
parallel-valve Lycoming head. (Actually, this

is an ECl part.) It’s a hard life in there, with the
guide and valve stem facing high temperatures
and corrosive post-combustion effluvia.

tion accurately.

Guides look like simple tubes, and
they are, but these beauties line up
all the things that make your engine
work. They point the valves in the right direction; they align the valve springs; and
they allow the valves to operate smoothly, while (along with the valve-stem scals) keep-

Tim Kern's start in homebuilding came early, as e helped his dad build Luscombes and a wood
glider as a kid. Since then, he’s been involved in building three homebuilts: a Preceptor Pup, a Range
Rider and a Baby Lakes. From a professional background in motorcycles and anto racing, Tim began
his aviation career at Mosler Engines in 1990. Visit his web site at www.timkern.com.

Photos: Marc Cook

BY TIM KERN

ing the lubricating oil from seeping into
the combustion chamber. Even as it does
all that, the valve guide receives virtual-
ly no attention between rebuilds and is
expected to continue doing its thing with
scarcely a second thought from pilots.

Elements of Wear

Valve guides wear for a number of rea-
sons, the most common of which has to
do with byproducts of combustion that
get between the valve stem and the guide.
Anything that increases such byproducts
or makes them stickier—such as running
mineral oil or burning leaded gasoline—
will generally increase wear. High-lead
gas can be destructive: see Lycoming’s
Service Bulletin 404, “Exhaust Valve
Inspection (High Lead Fuel Operation),”
for the details. (Sadly, a copy is not avail-
able at Lycoming’s web site. You'll need
to wrestle up a hard copy.)

Intake guides are commonly made of
a bronze alloy, which is softer than the
steel of the valve stem. For the exhaust
side, guides used to be bronze as well
but for Lycomings the current specifica-
tion is a nickel-based steel alloy called ni-
resist. These are hard guides and require
a harder valve; the current configuration
is a nimonic alloy valve. The bottom line:
Guides are designed to wear, sacrificing
themselves to prolong the lives of the
more sophisticated valves.

Lycoming engines, particularly, seem
prone to lead buildup on the exhaust
valve stem, a characteristic that prompted
the company to issue SB404, particularly
applicable to low-compression 320- and
540-series engines. Leaded gasoline con-
tains tetracthyl lead, and alot of that lead
is left behind on the valve stems. When a
small deposit builds up, it merely restricts
some flow, and the effect is not often even
noticeable; but as the lead deposits con-
tinue to build, they can find their way
into the clearance between the guide and
the valve stem, causing the valve to stick.
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Morning Sickness

Engines can’t get pregnant, but those suffering from incipient valve sticking often show
a familiar symptom: They feel bad in the morning. If your engine is noticeably rocky
on the first start of the day—and you've eliminated the usual culprits, including incor-
rect idle mixture and ignition—chances are a valve is sticking slightly. If the valve sticks
open even a little, compression—and power—will be severely reduced. When this
happens in flight, you will know it.

As time goes on, the partially open valve will burn away, crack or even disintegrate.
If the valve sticks closed, you can do severe damage to your rocker arms, tappets, push-
rods and cam. (It’s not exactly good for the valvetrain if the valve sticks open, cither.) In
some engines, a stuck-open valve can contact the piston, which will surely rip off a piece
and send it on the merry-go-round to tear up the rest of the engine.

Valves Seem Loose, Even When New
The maximum clearance between valve stem and guide seems like a healthy amount
(typically .018-inch to .020-inch, but as little as .013-inch in some Lycoming engines),
because as the engine runs, things snug
up. The valve stem itself expands a lit-
tle; the guide expands, pushing both
into the inside diameter (ID) and out-
ward against the head. The head itself
expands more than the valve guide and
tightens around it. What seems like a
lot of clearance quickly becomes “just
enough.” Add to all those factors the
uneven distribution of heat along the
valve, stem and guide, and the origi-
nally simple problem becomes quite
complex. In this case, a simple solu-
tion works: there is plenty of clearance
between the valve stem and guide ID

when the engine is assembled.

But... Lead salts collect on the valve head and can
Because there is a relatively large clear- work their way up into the guide. Wear rates
ance between valve stem and guide, then shoot for the moon.

wear items (dirt, lead byproducts and

carbon) get into the mechanism, and

unless they are constantly flushed out by oil or blown off by the gaseous stream going by
as the engine runs, they create wear. Although valve-stem diameter is easy to measure,
measurement of the inside diameter of a valve guide is not. Sure, when it’s new there’s
little trouble, but guides tend to wear oblong at the ends. The middle of the guide is
typically the least-worn area, leaving the looser ends to allow the valve to rock in the
guide. Because the valves are so much harder than the guides, it is unlikely that a valve
will be the culprit in this scenario. Valves usually need replacement because of wear,
burning, lead buildup or corrosion at the working end, down by the valve seat. Less often,
the end of the stem, where the rocker arm makes contact, will get worn; some repairmen
merely grind this area flat and smooth, but it’s a short-term, off-label fix. (Sodium-filled
valves, used in many Lycoming applications, have separate rotator cups between the rock-
er-arm tip and the stem.)

Because it is impractical to mass-produce valve guides that will start life with an ID
that is larger in the middle than at the ends, valve guides are pressed into the heads
and then reamed to size, yielding a bore that is consistent from one end to the other,
in the finished assembly. Everything is perfect from then until the engine runs, when
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thermal expansion, pressure and fric-

tion start changing every component’s
dimensions.

Experienced mechanics can very accu-
rately judge correct valve stem clearance
by rocking the valves with their fingers,
once the valve springs are removed. They
know when there is too much rock, and
they replace the guides. It’s art rather
than science, though, and the best way
to learn this technique is from a patient
mechanic—and lots of practice.

How Can We Tell?

You dont have to learn the magic.
Instead, turn to Lycoming’s Service Bul-
letin 388C, which outlines a procedure
for checking valve-guide clearances with
the cylinder on the engine. Lycoming
recommends the test every 400 hours
(300 for helicopters) or sooner if valve
sticking is suspected. This SB was tagged
as mandatory by Lycoming for engines
using an older-style valve guide. (The
company updated its engines to a “Hi-
Chrome” guide in the late 1990s that
eliminated the SB388C inspection.)
Nevertheless, the inspection is useful
to determine if your guides are holding
spec. Moreover, if you have an older or
rebuilt engine with the previous version
of the guides, it’s good practice to follow
the SB388C inspection procedure.

What Can You Do?

Believe it or not, good piloting tech-
niques along with proper maintenance
procedures can help reduce valve stick-
ing. Running excessively rich at low
power will drop more deposits on the
valves than is necessary. Running the
engine very hot will put stress on the
valves and guides, whose temperatures
track CHTs not just EGTs. (According
to a NACA study, exhaust valves run
hottest at around 40° rich of peak EGT.)
Keep up with your oil-change intervals as
well. Be aware of your engine’s behavior
on the first start of the day. If it hiccups,
shudders and acts too surly, think hard
about the guide inspection. It’s cheaper
now than it will be if you ignore the
symptoms and then a valve sticks or
breaks. Trust us on that one. ¥
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Military Style Stick Grip

~= oo Comfortable, ergonomic design

oo Right and Left hand models

oo Tactile response switches
oo Up to 13 functions in six switches
oo (ustomizable switch configurations
oo Fits stick diameters from 5/8" to 1-3/8"
oo Comes custom wired for only $150

oo Fighter heritage, Top Gun attitude
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Order online: mm.ahﬁcﬁcnmpnnr.::a.m
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oo Increased safety by having functions at your fingertips

See website for HOS information & order form:
www.InfinityAerospace.com
OR - Send a long SASE to:
INFINITY Aerospace
P. O. Box 12275, Dept. KP
El Cajon, CA 92022

IS THIS YOUR IDEA
OF WHEELS UP?

If it's not, then

Aviation Safety

is the magazine
for you!

Each monthly issue
is packed with
instructive articles for
keeping pilots in the air
and out of trouble.

www.aviationsafetymagazine.com
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Quickly and Easily
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seaplanes, jets
« Select by price, weight, speed,
matenals, efc.

= 5ave & print favorites -
%7.00 for 7 days

Kitplanes.com/aircraftdirectory
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For This Veteran Columnist,A Farewell

his column, conceived with ref-
erence to the still-popular 1983
astronaut movie, “The Right Stuff,”
(and Tom Wolfe’s book, of course) has
run steadily since 1992. The focus has
always been on the lighter end of the

homebuilt spectrum, and I've covered
a large variety of Part 103 ultralights
and hanggliders. While writing about
gyros, helicopters, powered para-
chutes, emergency parachutes, para-
gliders and many industry events, I've
made it my priority to stay true to the

nature of the column and keep focus
on developments in that light end.
It has been a most interesting run

Part of the job entails photo shoot flying, too.
Here, Dan comes in nice and close with the
Quicksilver GT 400 and smiles big for the
camera.

for 14 years, teaching me as much
as anyone while I uncovered details
about all sorts of aircraft that captivat-
ed my attention. I wouldn’t trade the
act of creating those 150+ columns for anything.

But, I will give up the run. This is farewell for “Light Stuff.” I've chosen to retire
from my position as writer of this column. Over the years, I've heard from hundreds
of KITPLANES® readers. You've been most kind. It has been a pleasure serving you. It
feels right to leave the stage while still popular.

I plan to continue a significant writing schedule, but I've chosen to tighten my focus.
My special attention in light aviation has been flying new aircraft and reporting on
them. My full-length pilot reports have been published in more than 600 articles in
nine magazines covering more than 300 aircraft that I've had the great delight to fly.
Well, most of them were a delight; the others created delightful stories!

You can count on many more articles from me in KITPLANES® and other titles.
And many past issues of “Light Stuft” are permanently available via my web site or
through the magazine’s customer service department.

To close out my run, I'll provide a quick review of some significant changes that
occurred over the 14-year period. Though 1992 may not seem so long ago, I think you’ll
be impressed to hear what changed in just under a decade and a half.

Everyman’s Airplane
Ultralights—and FAR Part 103, which created them—were only 10 years old when
this column debuted. The industry and community had convinced the FAA that two

Dan Johnson has reviewed more than 300 aircraft in bis career as a leading flight reporter of sport
airplanes. A S000-hour commercial/instrument/multi-engine pilot, Dan’s current focus is on Light-
Sport Aircrafl, ultralights, homebuilts and gliders. In 2001, he was the recipient of the Spirit of Flight
Award from the Society of Experimental Test Pilots. Visit bis web site at www.bydanjobnson.com.

Photos: Dan Johnson

BY DAN JOHNSON

seaters were needed to conduct proper
training, but they were only permitted
under an exemption to the rule. Quick-
silver’s wide-open-cockpit MX series
dominated flight schools with more
than half the market. Nearly all ultra-
lights remained aluminum-tube air-
frames with sewn Dacron wings and
tail coverings, though some had started
to add dope-and-fabric coverings. Nose
pods were starting to grow aft into full
enclosures.

The author, in earlier days. As an aviation
writer, Dan’s first love is flight reports, so
he’s spent many hours at the controls of
various ultralights during his years writing
“Light Stuff.”

Instruments were all steam gauges in
1992, though the hang gliding commu-
nity had embraced electronic devices to
help them find thermals. The Garmin
brand was only three years old; most avia-
tors had never heard the name and didn’t
know what a “glass panel” was. The first
portable GPS units with moving maps
arrivedin 1993; ultralight and hangglider
pilot leaped on such technology, which

required little power and had low prices.
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Oh, those prices. You could buy any number of ultralight kits
for less than $10,000. Tennessee-based TEAM Aircraft had
several models under $4000 (without powerplants). Fourteen
years later, those numbers seem absurd with some LSAs exceed-
ing $100,000. Fortunately, we still have many choices from
familiar companies in which you can get airborne with a two-
stroke engine for $25,000 or less.

Besides the ubiquitous %icksilvers, other big names were
Quad City Challenger, CGS Hawk, RANS and Kolb. All
remain active today, 'm happy to report. Yet now the spotlight
seems turned to sleek carbon-fiber four-stroke LSA flying far
beyond the speeds of ultralights.

Just before “Light Stuff” started, the Rotax 582 began a long,
successful run offering more power than the still-popular Rotax

503. You could buy a half-V'W engine but otherwise, two-stroke
powerplants were king. The 100-hp Rotax 912S that powers
many carbon-fiber and all-metal LSAs today was still six years
from introduction when the column began. The Jabiru aircraft
wasintroducedin 1992,and the company released its first engine
the following year; no one in America knew the powerplant, yet
today they have achieved a significant

market penetration in the homebuilt
and LSA worlds.

Technological Evolutions

In 1992, we were still three years from
the “official” beginning of the World
Wide Web. Oh, we had the Internet,
but it was pictureless, and we had no
aviation web sites where pilots can
now find a vast storehouse of infor-
mation and services plus thousands of
archived articles.

E-mail wasrarelyused in 1992. How
could I possibly have submitted an
article without e-mail? Well, I placed
them on a floppy disk and sent it via
postal envelope to the KITPLANES®
office. Snail mail? How ancient! It would be years before I had electronic images to

Some of the benefits of the job—cool trips,
cool airplanes! Here, Dan flies a float-equipped
AirBorne trike near Anchorage, Alaska.

submit to the magazine. Digital cameras for popular use were still some eight years in
the future when “Light Stuff” started.

Even in the later "90s, most pilots didn’t have high-speed Internet service, technology
that would later allow pilots to download all manner of useful information and quickly
update their increasingly electronic cockpits.

But balancing these improvements are restrictive rules following the events of
September 11, 2001. Now TFRs are part of daily flying life, and ADIZs are a new
battleground. In 1992, airspace still featured areas called TCAs and Airport Trafhic
Areas instead of today’s A-B-C airspace.

All New FAA Oversight

Some are saying the Sport Pilot/Light Sport Aircraft rule is the most exciting and
sweeping change FAA has ever made. While hard to quantify, it is true that the FAA
has never done anything like this.

74 KITPLANES April 2006

Dan received the Spirit of Flight Award from the Society of Experi-
mental Test Pilots in 2001. The presenter (left) was SETP member,
former astronaut and California state senator Pete Conrad.

Industry writes it own certification
standards. Yes, the FAA is involved in
their development, but only as a partic-
ipant. Of course, they must accept and
sign off on the standards as released, but
it is not their mission to write certifica-
tion regulations.

Factories producing fully built aircraft
that can be used for commercial purposes
like training and rental do not need to
obtain a production certificate. That’s
because the new rule asks Designated
Airworthiness Representatives, non-
FAA civilians, to do the final certifica-
tion inspection.

Sport Pilots, once certificated, can add
new skills and need only obtain a log-
book endorsement from their instruc-
tor. And no aviation medical is required;
a driver’s license serves as your proof of
medical fitness.

All of this grew from the ultralight

movement of the ’80s and *90s.

Exciting Times Ahead!

Yes, it’s been an interesting 14 years.
Change is coming faster and faster. T'll
do my best to keep you informed on new
aircraft,and KITPLANES will continue
to provide great content month after
month.

So long, Light Stuff..*

www.kitplanes.com



Aircraft for Sale

Ultralight Mountaineer Trike. 2-seater. Good
hand wing and frame. Rotex 440 — doesn’t
run. $3500 or best offer. Call 269-367-4805.

SPORT AIRCRAFT EXCHANGE-View and list
aircraft, engines, plans, kits, and more for sale
at aircraftx.com. FREE MEMBERSHIP includes
unlimited classified listings, construction and
expense logbooks, and access to searchable
sport aircraft database. www.aircraftx.com

Aircraft for Sale: Kits

AIRCRAFT DIRECTORY ONLINE — the most
up-to-date, comprehensive database of over
700 designs including: kits, plans, rotorcraft,
‘chutes, and trikes. Instant information in an
easy to use searchable format with photos,
design specs and e-mail and web links.
www.kitplanes.com/aircraftdirectory. For a
printed edition, call 800-622-1065 and order
the most recent Dec., Jan. & Feb. back issues.

BRAND NEW Easy Riser Hang Glider kits now
available. Improved performance. $2200.
Information $5.00 Larry Mauro, PO Box 374,
Mulberry, FL 33860.

ALTURAIR-BD-5
Plans, parts and pre-drill kits for recip, rotary
and jet aircraft. Info pack and catalog $20.
Turbine and rotary engines to 350 HP.

ALTURAIR
1405 North Johnson, El Cajon, CA 92020
Ph: 619-449-1570 » Fax: 619-442-0481
www.alturair.com

ZENITH CH801 KIT $17,000. Airframe PLUS
auxiliary tanks, nav/strobes and strut fairings.
Completed rudder, stabilizer, elevator, slats,
flaperons, and right wing up to installation of
tanks. Dave Peterson 262-857-2536.

SOUTH LAKELAND SPORT AVIATION. Locat-
ed 4 1/2 miles southwest of Sun ‘N Fun. Deal-
ers for RANS, Challenger, Capella, Ison
Team, CGS Hawk, and Flight Star Aircraft.
Full-time instruction and builder support.
Jay Kurtz, Lakeland, FL. 863-701-0000.
www.liteplane.com

GlaStar kit complete, mostly fast built
w/extras. No FWF. $25,000 OBO. 901-494-
9805 or JayFerg@midsouth.rr.com TN

SPORT AIRCRAFT REALITY CHECK

Ty

Easy build e 2 place ® All metal ¢ Best performance
for dollar e Best aircraft plans ever! ® Sonex, Xenos,
Waiex ® “Easy Build” kits now available!
¢ Info pack and DVD $10.

SONEX, LTD

Dept. K, PO Box 2521, Oshkosh, WI 54903-2521
Tel: 920-231-8297 * Fax: 920-426-8333
www.sonex-Itd.com

o

BD-MICRO TECHNOLOGIES, INC. The
BD-5 People. FLIGHTLINE Series, enhanced
BD-5 kits - complete & predrilled for quick
assembly. BD-5J Microjet, BD-5T Turboprop,
BD-5B. 68-page info/catalog: $20 US, $25
Intn’l. www.bd-micro.com; 541-444-1343.

AIRCRAFT SUPER-MARKET, INC

=

Large inventory of new and used ultralights, Sport and
homebuilt planes. See our website for prices, pictures
and particulars. We do take Consignments and trade in’s.

www.aircraftsuper-market.com
AIRCRAFT SUPER- MARKET, INC.

#10 Ellefson Drive, DeSoto, lowa
515-834-2225

Aircraft Parts/Services

LANDING gear leg oleo-pneumatic adapt-
able to most C. Piel’s planes for sale $950
USD for both, without wheels, brakes &
tires. Sylvia Littner, 432 Hamel, St.
Eustache, Quebec, Canada J7P-4M3
Ph: 450-974-7001 slittner@videotron.ca

POLY-FIBER AIRCRAFT COATINGS & COV-
ERING SUPPLIES. All Poly-Fiber Materials
and 50 Paint Colors in stock. CECONITE,
RANDOLPH PRODUCTS AXIS HVLP Spray
Systems, and 1.6 oz. uncertified fabric in
stock. TECHNICAL HELP AVAILABLE. Please
call: Jim & Dondi Miller, Aircraft Technical
Support, Inc., toll free 1-877-877-3334, or
visit our website: www.poly-fiber.com.

TANGO lI-two seats, 200 mph cruise on 180
hp, 8 GPH, guaranteed. Up to 2100-mile
range, 800 pound useful load. Stalls at 65
mph, operates off grass drips, fixed gear. Fast
build kit, $27,750. Build Center optional.
teamtango.com 352-528-0982.

PROPELLER Speed Reduction Unit-2.17:1
and 2.85:1 ratio’s 6 pinion planetary gears
heavy duty precision built units ready to bolt on
Subaru’s and Rotary’s. javlakeca@yahoo.ca
www.gappsru.com Fax: 604-820-9113, Ph:
604-820-9088

TODD’S CANOPIES — Supplier of canopies
and windows for kit and plans built aircraft.
Custom jobs welcome. 954-579-0874. Web-
site: www.toddscanopies.com

EXHAUST Performance exhaust for most
makes and models. Custom systems for
Lycoming, Continental, Rotax, and many others.
1-800-770-7287, www.aircraftexhaust.net

WINDSHIELDS — WINDOWS — CANOPIES
for experimental and certified aircraft. Custom
jobs welcome. Half-price replacement war-
ranty covers damage during installation for
six months after purchase. AIRPLANE PLAS-
TICS, 9785 Julie Ct., Tipp City, OH 45371.
937-669-2677. Fax: 937-669-2777.

Throw Out Your Phillips Head Screws Replace
Them with Torx ® equivalent 100 degree flat
head machine screws 4-40x1/2, 6-32x1/2, 8-
32x5/8, 10-32x3/4. Also many sizes of hex
socket cap screws, stainless and alloy. Order
online at www.microfasteners.com. Call 1-800-
892-6917 or email info@microfasteners.com
for free catalog.

DISC BRAKES, WHEELS, TIRES. Chromoly
Axles for Challenger, Pulsar, Sonex! Tracy
O’Brien Aircraft Specialties, Ph: 360-748-
4089. www.tracyobrien.com Email: tracy@
localaccess.com

Aircraft Plans

PAZMANY PL-2 - 2-place, all metal, plans
$425. PAZMANY PL-4 - Single-place, all
metal, plans $375. PAZMANY PL-9 Stork - 2-
place stall (fieseler Storch, 3/4 replica) welded
tube fuselage, aluminum wing and empen-
nage. Fabric covered. Super detailed plans
(700 sq. ft.) $550. PDF info pack $9 available
at website. Air Mail & Insurance all plans: US
$20, Canada $35, foreign $80. PL-9 Video $30,
mail US $3, foreign $6. PAZMANY AIRCRAFT
CORPORATION, PO Box 80051, San Diego,
CA 92138 www.pazmany.com Email:
info@pazmany.com Phone: 619-224-7330
Fax: 619-224-7358

CIRCA REPRODUCTIONS INC.

Build Graham Lee’s WW1 Replica, made popular
by the Dawn Patrol; Noon Patrol;
Lafayette Escadrille D’Arizona and many others.
Plans ; Kits ; Agent for Rotec Radial engine.

CIRCA REPRODUCTIONS INC.

Box 89107, Calgary Alberta T2Z 3W3
Ph: 403-620-7240  www.nieuports.com
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AIRCRAFT DIRECTORY ONLINE — the
most up-to-date, comprehensive database of
over 700 designs including: kits, plans, rotor-
craft, ‘chutes, and trikes. Instant information
in an easy to use searchable format with pho-
tos, design specs and e-mail and web links.
www.kitplanes.com/aircraftdirectory. For a
printed edition, call 800-622-1065 and order
the most recent Dec., Jan. & Feb. back issues.

10 WOODEN designs, single & 2-seaters, s.b.s.
& tandem, fixed & retract. gear. Color catalog $25
USD. Sylvia Littner, 432 Hamel, St. Eustache,
Quebec, J7P-4M3 Canada. Ph: 450-974-7001
Email: slitther@videotron.ca

FAMOUS COZY MARK IV

Most popular 4-place plans-built. Famous for highest
speed, performance, economy, best safety & builder
support, lowest cost, & EZ build. Send for $10 info kit,
$20 cd with newsletters #4 to #383 & $500 for plans.

AIRCRAFT SPRUCE
225 Airport Circle, Corona, CA 92880-2527
Ph: 877-4-Spruce or 951-372-9555
www.cozyaircraft.com
www.aircraftspruce.com

Easy Eagle 1 Bi-Plane. The affordable single
place VW powered Bi-plane! The sport pilot’s
fun aircraft. Web address: easyeagle1.com.
Info pack $4.00. Plans are $65, plus shipping!
Great Plains Aircraft, PO Box 545, Boys Town,
NE 68010. 402-493-6507.

VOLKSPLANE.COM - INTERNATIONAL
HOMEBUILT. Complete VP-1 Plans with FREE
Lightplane Designers Book $62. Designers
Book alone $38. VP Pilots Handbook with
Builders Photos $27. EVANS AIRCRAFT, Box
231762 Encinitas, CA 92023.

SONERAI Family of Sport Aircraft. Sonerai |
single place, Sonerai Il Original and Sonerai Il
Stretch two-place, mid wing or low wing.
Taildragger or Steerable Tri-gear. Steel tube
fuselage and all aluminum wings that fold
with ease. Cruise 140 mph on dependable
VW power. Pre-fab parts or plans built. Info
pack $4 - $8 overseas. Video $10.95 -
$16.95 overseas. Plans $124.95, plus
postage. Great Plains Aircraft, PO Box
545K, Boys Town, NE 68010. Ph: 402-493-
6507. www.sonerai.com

AIRCAMPER, GN-1 Completely redrawn &
updated in AutoCad 2000 plans for 65 to 85
hp, 2-place parasol, all wood and fabric con-
struction. Rib drawing and major fittings full
size. $75.00 Check or MO, PayPal online,
postpaid. Foreign add $15.00 Color brochure
and info. $10.00 R. J. Grega, P.O.Box 391086,
Solon, OH 44139 www. gregagn-1.com

“GP-4” MORE SPEED, LESS MONEY!

e

-

240 MPH cruise on 200 HP. All wood,
2-Place, Oshkosh Grand Champion. Full builder
support. Info Pak $15 ($18 overseas).
Plans $385 ($430 overseas).

OSPREY AIRCRAFT

3741 El Ricon Way, Sacramento, CA 95864
Email: gp-4@juno.com

“Actually I designed it initially as a mother-in-law
pod for long cross-country flights.”

FeommLCHS,
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CASSUTT Sport/Racer plans, parts, kits.
OR-65 Owl Race plans. National Aeronau-
tics Co. 303-940-8442. 5611 Kendall Ct #4,
Arvada, CO 80002 Cassutt.lornet.com
cassutts@aol.com

Aircraft Wanted

PROJECTS/PARTS needed by Corner-
stone Ministry (501¢3 non-profit Christian
foundation), teaching the Bible and serving
since 1968. We pick up and provide all doc-
umentation. Your donation is deeply appre-
ciated. 800-633-4369. planekit@aol.com
http://www.donateyourplane.com

Avionics, Instruments

GPS, HEADSETS, AVIONICS sales, installa-
tions & service. Best prices on Garmin, S-Tec,
Bendix/King, Bose, Lightspeed, JPI. Gulf
Coast Avionics 800-474-9714 Lakeland, FL.
Shop on-line www.GCA.aero

CUSTOM BUILT AVIONICS HARNESSES

Offering professionally built Avionics harnesses. Save
money and learn all about your Avionics and your plane.
After sale support is always included in every purchase.

AvionicsHarnesses.com, LLC
2095 S. Pennsylvania St., Denver, CO 80210
Ph: 720-233-4536 * Info@AvionicsHarnesses.com

ELIMINATE dead batteries. Headset and
Intercom Battery Eliminators. Just install our
cells in your battery case and plug into 12 or
24 volt accessory jack-2 AA Cells, ideal for
Bose & Lightspeed $39.95, 9-volt battery
ideal for older Bose and David Clark $29.95,
www.gcavionix.com 978-897-3891.

DISCOUNT PORTABLE GPS. New and used.
Buy, sell or trade. All makes and models. PS
and pilot supplies. Visa/MasterCard/Discover.
Tropic Aero, 800-351-9272 or 954-491-
6355; fax: 954-772-3327, 24 hours.

AT300 COLOR TERRAIN MOVING MAP
= —

got terrain?

i

TS‘}

Y o R

ASPEN avomics
A rinaips e bop rmgd o

The AT300 moving map display shows GPS data overlaid on
TAWS-like terrain. Affordable and easy to install, the AT300
fits in even the most crowded panel. From $3495.
ASPEN AVIONICS, LLC
8360 Corona Loop NE, Albuquerque, NM 87113
505-856-5034 « info@aspenavionics.com
www.aspenavionics.com
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Books and Manuals

COMPOSITE BASICS - SEVENTH edition. Still
the best book on composites. Includes revised
and expanded sections plus new material. Visit

our website at: “www.compositebasics.com”
and see the first page of every Chapter and
Appendix. $40 in U.S. and Canada includes
delivery via Priority Mail. Other countries add
$5 for surface, $15 for Airmail. (U.S. Dollars only).
Send check or money order to: MARSHALL
CONSULTING, 720 Appaloosa Dr., Walnut
Creek, CA 94596.

AIRPLANE DESIGN TUTORIAL FOR THE
HOMEBUILDER — www.beaworks.com

BASIC AIRCRAFT ELECTRICAL

TROUBLESHOOTING BOOKS

Written by an A&P/Teacher/Pilot
Textbook & Workbook: Containing hundreds of
electrical graphics, test questions & answers.

aeromech@att.net
or 352-787-8566

NEW! Practical Stress Analysis for Design
Engineers — Deluxe hardbound edition, 474
illustrations and drawings, 685 pages. Solu-
tions based on “real” aircraft structure. A sim-
plified, easy-to-understand reference book —
contains no complex mathematics. Aircraft
designers and experimenters can master the
principles and fundamentals of stress analy-
sis. Price $98. Satisfaction Guaranteed. Lake
City Publishing Company, Tel: 208-772-
7721, www.psal.com

NEW - COMPOSITE TECHNIQUES

Two new books for the homebuilder by Zeke Smith:
One, is a new edition for the beginner; the second
book applies the technology to real structures.
FOR THE DETAILED STORY ON BOTH, SEE

www.aeronautpress.com

AERONAUTICAL ENGINEERING BOOKS:
Over 90 titles in stock, personally reviewed
and recommended for airplane design.
WWW.DARCORP.COM is your one-stop, on-
line shop for new and hard-to-find aeronauti-
cal engineering books! DARcorporation, 1440
Wakarusa Drive, Ste 500, Lawrence, Kansas
66049, 785-832-0434, info@darcorp.com

Engines, Parts, Services

24 YEARS FLIGHT-PROVEN reduction
drives for 4.3L V-6 and 350 V-8 Chevy small
block engines. Belted Air Power, 1408
Western Ave., Las Vegas, NV 89102, Ph/fax:
702-384-8006.

EXHAUST Performance exhaust for most
makes and models. Custom systems for
Lycoming, Continental, Rotax, and many others.
1-800-770-7287, www.aircraftexhaust.net

SUPERCHARGE your engine with Ozone and
Nitrous Oxide. For all types of internal combus-
tion engines. Buy a smaller, lighter engine and
raise the power to that of a larger, heavier engine
by attaching the Super Oxidizer ™ to the intake
of the engine for greatly increased power, clean
engine and clean exhausts. U.S. Patented. Info
at: http://hometown.aol.com/JACSIL4/

ROTAX Sales and Servicing Authorized
Kodiak Service Center for ROTAX engines.
Service from inspections to overhauls. FREE
216 page Resource Guide and Parts Catalog
available upon request. Leading Edge Air
Foils, www.leadingedgeairfoils.com or 800-
532-3462.

VESTA INC. PROPULSION SYSTEMS

D

LS1 V8 Engine Conversions. Firewall forward,
260-400HP PSRU + Hydraulic constant speed
Propellers 68-84" 3-4 blade hubs.

VESTA INC.
Tel: 908-238-9522
www. VestaV/8.com e jasday@earthlink.com

KAWASAKI Single cylinder-A1 $290; twin-
ultra lite $390; 40 h.p. lite twin $595; 48 h.p.
big twin $790; 55 h.p.-super LC twin $950;
three cylinder $1150. Also new & fresh rebuilt
engines, parts, and service. Reduction drives,
carburetors, exhausts, starters, and acces-
sories. J-Bird-Wisconsin 262-626-2611

PERFORMANCE exhaust systems and Rotax
parts and service. We sell performance exhaust
systems for Rotax 277 through 618. We also
rebuild Rotax ultralight engines at great prices
using genuine Rotax parts. Approximately
$1,200 for 582 and $1,000 for 503. We also
rebuild crankshafts. Call for prices on rebuilds
and parts. R&D Aerosports L.L.C. 715-675-
7055. www.rdaerosports.com

AEROVEE 2180 ENGINE KIT

-

Affordable Power for the Sport Pilot, 80 hp. 161 Ibs. -
State of the art complete AeroVee Engine Kit
features: Sky-Tec Starter, Alternator,

Dual Ignition, AeroCarb, Manifold.
Assembly DVD and Info Pack: $25.
WORLDWIDE DISTRIBUTOR: SONEX, LTD
PO Box 2521, Oshkosh, WI 54903-2521
Tel: 920-231-8297 » Fax: 920-426-8333
WWW.aeroconversions.com

CONVERSION CONCEPTS, INC. Rotary
engine conversion motor mounts and compo-
nents. RV Series, Canard Aircraft, several
other designs. www.conversionconcepts.
com 502-231-8124.

“That’s just in case the floats don’t work!”
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RV-6, RV-7, RV-8, RV-9, RV-10, CH801,
AND GLASTAR ENGINE PACKAGE. WWW.
EGGENFELLNERAIRCRAFT.COM 386-
566-2616.

VW Reduction Drives & Culver Props @
Valley-eng.com. Try our new Prop Pitch
calculator @ CulverProps.com Valley
Engineering, LLC, 573-364-6311.

TIRED OF ROTAX PRICES?

VM 133MK
More Engine! Less Cost! 84 hp, 4 stroke, 1000 hr TBO,
Electric Start, DCDI & ECU, 160W Alternator. 134 Ibs.
In Stock Now. Contact: Verner Engines Sales & Service
FLYDIVER, LLC
360-490-6268 » Sales@FlyDiver.com

www.FlyDiver.com

UltraVair 2-cylinder Corvair conversion ultra-
light engine. 80Ibs and 35+ hp. www.ultravair.
com ph# 319-981-6761. Conversion manual
$56.50 US/Canada, $65 International. Send
payment in USD to: UltraVair Aviation LLC,
P.O. Box 2741, Cedar Rapids, IA 52406.

AERO-CARB BY AEROCONVERSIONS

The new generation of precision aircraft throttle body
carburetors. Carb sizes to fit your engine installation. Built in
Mixture/Fuel Cut-off. Simple installation works on gravity.

WORLDWIDE DISTRIBUTOR: SONEX, LTD
PO Box 2521, Oshkosh, WI 54903-2521
Ph: 920-231-8297 « Fax: 920-426-8333
WWW.a8roconversions.com

ROTAX® AIRCRAFT ENGINES

Easy ordering - Fast Shipping - Expert Advice - Fair Price
New and Used Engines and Parts. Our commitment to Customer
Satisfaction and Technical Expertise guarantees premier service to
EVERY customer.

WWW.RTX-AV-ENGINES.ca

Info@rtx-av-engines.ca
1-866-418-4164 Toll Free

GESCHWENDER REDUCTION DRIVES for Chevy
V8s and V6s, $7,500. John Worden, Alternate
AirPower www.alternate-airpower.com
worden@owt.com 509-627-3096.

ROTARY ENGINE CONVERSION PRODUCTS

Tracy Crook’s conversion guide $35
EFI/Ignition controller $875
2.176 and 2.85 ratio PSRUs  $2450/$2830
See our NEW engine monitors on web site

REAL WORLD SOLUTIONS
5500 NW 72 Way Bell, FL 32619
Ph: 386-935-2973 www.rotaryaviation.com

ENGINES from $100. Air-cooled, liquid-
cooled, single, twin, opposed, triple, 4-cyclin-
der, rotary. Kawasaki, Rotax, McCulloch,
Solo, Zenoah, JPX, KFM, etc. Parts and
accessories. J-Bird, 262-626-2611.

Helecopters, Rotorcraft

SINGLE SEAT SKY TWISTER

GEO/SUZUKI Reduction Drive Kits for 1.0
thru 1.6 Liter - 62 to 140 hp. Manual “Con-
verting the Geo/Suzuki for Homebuilt Aircraft”
$49.95 + $8 s/h. Raven ReDrives Inc., 1025
Rosewood Ave., #100, Boulder, CO 80304.
Ph: 303-440-6234. www.raven-rotor.com

The bolt-together main frame is built from 4130
steel and aluminum tubing. Control system emulates
that of a standard helicopter. CAD Plans $95.
Video & information pack $25.

BEN SHOWERS AERO
1040 Sky View Dr., Milton, PA 17847

Ph: 570-742-4080

Homebuilders Supplies

ROTAX ENGINES REPAIR/OVERHAUL
Authorized repair station for Rotax 2-stroke,
4-stroke repair and overhaul, located at Westosha Airport,
Wilmot, WI. Sales and service. FAA certified Airframe,
Powerplant & IA Mechanic.

SKIES THE LIMIT ENT.
PO Box 277, Wilmot, WI 53192
Ph: 262-862-9099  Email: kenrivers@owc.net

LIGHT AIRCRAFT ENGINES. New, used,
rebuilt 4 to 135 HP engines, redrives,
exhausts in stock. C.D.l. conversions all
Rotax $275. Complete engines and crank-
shaft rebuild center, genuine Rotax parts all in
stock, quick turnaround. Our 26th year.
Airscrew Performance 623-842-3902.
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TERMINALTOWN-Wiring supplies: mil-spec
terminals, tefzel wire, crimpers, heat shrink,
fuse blocks & cable ties. Terminal, connector
and fuse block kits. Online catalog-secure
ordering. www.terminaltown.com

AIRCRAFT DIRECTORY ONLINE — the
most up-to-date, comprehensive database of
over 700 designs including: kits, plans, rotor-
craft, ‘chutes, and trikes. Instant information in
an easy to use searchable format with photos,
design specs and e-mail and web links.
www.kitplanes.com/aircraftdirectory. For a
printed edition, call 800-622-1065 and order
the most recent Dec., Jan. & Feb. back issues.

Miscellaneous

GOVERNMENT land now available
for claim. Up to 320 acres/person.
(www.usgovernmentinformation.com) Free
recorded message: 707-448-1887. (4LP4)

VISIT our website www.metalcrafttools.com
for information on our products & classes.
Call or write for free catalog: 931-707-7778
or 17 Park Lane Spur, Crossville, TN 38571.

HELP WITH YOUR HOMEBUILT

Nothing beats watching over someone’s shoulder to learn!
How-to construction DVD’s: Electrical Wiring 101,
Metalworking 101, Licensing a homebuilt,

ROTAX ® engine repair, more! Previews at website:

HomebuiltHELP.com
9186 County K, Brussels, WI 54204
www.HomebuiltHELP.com

HI-TECH FOAMS. Seat foam, sit for hours,
unsurpassed comfort and impact safety.
Noise and vibrarion foams for experimental
and general aviation aircraft. All products
meet FAR 25.853 and FAR 25.855 burn speci-
ficiations. Many kit drawings and seat pack-
ages available. Send SASE to: Hi-Tech
Foams, 3710 Airpark Rd., Lincoln, NE
68524, 402-470-2346, www.seatfoam.com

SUPPLIED-AIR BREATHING PROTECTION
- f

Hobby Air Supplied-Air Breathing Systems will protect you

from breathing toxic fumes and dangerous particulates in a

painting, sandblasting, etc. environment. HVLP paint spray
equipment is also available from:

AXIS PRODUCTS, INC.

Gilberts, ILL 60136
1-888-458-1322 « www.axispro.com

AERO METAL Tools and Methods for Better
Metalwork. 4-star instructional videos for alu-
minum and chromemoly. Air shaping ham-
mers. Aircraft aluminum gas welding. Hand
tools. Workshops. Books and booklets. Free
line card. TM Technologies, 530-292-3506,
CA. www.tinmantech.com

Propellers, Services

PROPS INC. Quality & Performance for all
Homebuilt, Kitbuilt airplanes. Computer designed
and Hand Crafted. www.propsinc.net 354 SE
2nd St. Newport, OR 97365. 541-265-3032.

www.kitplanes.com



SABER MANUFACTURING - World’s largest
manufacturer of the highest quality Prop
Extensions, crush plates, solid spacers, and
stainless steel replacement lugs. Your source
for extended thread prop bolts. Worldwide
distribution, 21 years of proven success, NO
failures! Web site: www.sabermfg.com Email:
sabermfg@alltel.net Phone: 817-326-6293.

GSC SYSTEMS - Propelling the world since
1984. Best quality Eastern Maple Hardwood,
available in fixed pitch, ground adjustable 2- and
3-blade, 2-blade mechanical in-flight adjustable
and now available props for PPG market. Diam-
eters range from 36”-72” with option for leading
edge protection on all models. Outstanding
customer service. #8 2440 B 14th Avenue,
Vernon, BC V1T-8C1. 250-549-3772 ph, 250-
275-8441 fax. www.ultralightprops.com;
email: infoQultralightprops.com

SENSENICH WOOD PROPELLERS

Designs for Continental, Lycoming, Rotax 912+,
Jabiru, VW & most others. Competitive prices.
65+ years of quality and experience.
SENSENICH WOOD PROPELLER CO., INC.
2008 Wood Court, Plant City, FL 33567
Ph: 813-752-3711 e www.sensenichprop.com

PRINCE P-TIP Carbon Fiber Anti-vortex
design, automatic pitch control, increased
efficiency and noise reduction. Avid, BD-4,
BD-5, Cozy, Defiant, Glasair, Glastar, Kitfox,
Lancair, Long/Vari-Eze, RV's, Sonex, T-18,
UAV/RPV, Velocity, Zenith. Continental,
Jabiru, Lycoming, Rotax, Subaru, Volkswag-
on. 2-Blade, Multi-Blade, Scale, Wind Tunnel,
Custom. Computer designed for all configu-
rations. Repair and Overhaul. Worldwide
Exporting. Prince Aircraft Co., PO Box
2669-H, 6774 Providence St., Whitehouse,
OH 43571. Phone: 419-877-5557; Fax: 419-
877-5564; E-mail: propellers@aol.com
Website: http://www.princeaircraft.com
All major credit cards accepted.

IVOPROP. Inflight or ground-adjustable.
Carbon/graphite fiber composite blades
with stainless steel leading edges. Number
2, 3- or 6-blade. No.1 selling prop in the
world. Constant speed electronic governor.
Readily reassembles from 3-blade into 2-
blade configuration and one spare blade.
Beautiful high-gloss finish. Unique pitch
adjustment, no protractor needed. Low
drag hub. 30-day money back guarantee.
Ivoprop Corp., PMB #330, 15903 Lake-
wood Blvd., #103, Bellflower, CA 90706.
Call: 800-FOR-PROP or 562-602-1451.
Fax: 562-602-1374. Website: Ivoprop.
com E-mail: lvoprop@pacbell.net

Ultralight Aircraft

A part 103 legal Ultralight with the popular Better Half VW.
$2,000-$5,000 depending on scrounging ability. Kits being
shipped. Plans $50, eng. plans $20, videos $25 ea., prop
hubs $150, info $5 (eng. or plane). Check/m.o.:

L. E. MILHOLLAND
PO Box 747-K, Brookshire, TX 77423
Ph: 281-375-5453 e Cell: 281-785-3777
leonard@lemilholland.com e www.betterhalfvw.com

COMPLETE ULTRALIGHT PLANS FOR:
Mach 07, Flybike, Minimac, BJ-2, Viewmaster,
Hardnose, Windward. All for $40. Includes free
manual: How To Build Ultralights. Beaujon
Ultralights, P.O. Box 2121, Ardmore, OK
73402. www.beaujonultralights.com

FALCON EAST, HEADQUARTERS for FAL-
CONS, XP, UL, new used, parts, owner’s assis-
tance. 845-528-8940. www.aerofalcon.com

LEARN ALL ABOUT FLYING ULTRALIGHTS
AND LIGHT-SPORT AIRCRAFT from the world's
oldest and largest magazine dedicated to ultra-
light and light-sport aviation. In publication 30
years. Send for your free information package
today. Ultralight Flying!, PO Box 6009, K-5,
Chattanooga, TN 37401. Phone: 423-629-
5375. Website: www.ultralightflying.com .

QUICKSILVER ULTRALIGHTS

#1 Selling Ultralight in the World.
Available in 60 Hour KITS.
Easy to build, fun to Fly.
New and Used Aircraft, Pilot Training Available.
WWW.QUICKSILVERULTRALIGHT.COM
Ph: 800-852-8756 ¢ Open every day.

Video Tapes & DVDs

TRAINING videos and DVDs for rent.
Sporty’s and King Schools available. Private,
instrument, CFl, plus A&P, and entertain-
ment titles! www.justplanevideos.com
601-544-0668.

CHALLENGER VIDEO, $10. Exciting 45-minute
VHS video of Quad City Ultralight’s Challenger I
and Challenger Il Special. We will also include a
complete information package with prices. Send
$12 to QCU Aircraft Corp., PO Box 370,
Moline, IL 61266-0370. Web page: www.
quadcitychallenger.com Or call: 309-764-
3515. Fax: 309-762-3920. We accept Visa/MC.

4130 AIRFRAME Construction and Structur-
al Repairs 3-video set, $85. Shaping Alu-
minum Wheelpants 2+hrs. EAA rated, “Best
hand tool video available.”, $40. Shrinking
Magic video, $35. Aluminum Damage Repair
video, $35. Fairings and Reverses video
2+hrs., $40. Aluminum Gas Welding and
ALCOA 2+hrs. video set, $50. 60pp cata-
logue with purchase. TM Technologies,
530-292-3506. CA. www.tinmantech.com

KITPLANES

To place your
online ad, log on to

www.kitplanes.com

Advertising Deadlines

ISSUE: June '06  AD CLOSE: Mar 1, 2006
ON SALE: May 9, 2006
ISSUE: July ‘06 AD CLOSE: Mar 22, 2006
ON SALE: Jun 6, 2006
ISSUE: Aug '06 AD CLOSE: May 3, 2006
ON SALE: July 4, 2006

To place your ad in
Kitplanes magazine,
phone: 717-433-7985
or email: ads@kitplanes.com
Fax: 717-427-1525

Classified Line Ad

1time 6 times 12 times
$1.25 $1.15 $1.00
20 word minimum per ad.

Classified Box Ad
4 word heading, 25 words of copy,
plus your company name, address,
and up to 3 contact numbers.
1 time $94 e 3 times @ $89 ea.
6 times @ $84 ea.
12 times @ $73 ea.

Classified Photo Box Ad Includes

4 word heading, 1" x 2%” B/W photo,
25 words of copy, plus your
company name, address,
and up to 3 contact numbers.

1 time $188 e 3 times @ $177 ea.
6 times @ $167 ea.
12 times @ $146 ea.

Digital Photo Specifications:
1200 dpi resolution for B/W,
Tiff and EPS formats accepted.

Rate/word:

Subscriptions:
Ph: 800-622-1065 (US & Canda) ® 386-447-6318 (International) ¢ Fax: 386-447-2321
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HOME FIELD ADVANTAGE

‘v Zodiac XL
‘port Pilot Ready”

2-Place STOL CH 701 “Sport Pilot Ready” \

Every pilot dreams of being able to fly from an airstrip in his own back yard.
The remarkable kit airplanes from Zenith Aircraft Company can make that
dream a reality. Zenith offers a line-up of all-metal designs, simple construction
techniques, easy-to-follow photo assembly guides, and top-notch, life-time
technical support. With so many newcomers to the sport plane market,

go with a proven winner. Zenith.

It’s a hit every time.

Check out our website
for complete performance

Demonstration Video
specs, pricing, and builder resources. Now Available On DVD

Zenith Aircraft Company

Mexico Airport, P.0. Box 650, Mexico, Missouri 65265 USA

Tel: 573-581-9000

Information Kit: $15
Demonstration Video: $20
(Overseas Airmail add $10) Kit Planes For The World™

www.zenithair.com



AIRCRAFT SPRUCE

Everything For Airplanes!

¢ Avionics

¢ Airframe Parts e Books & Videos e Electrical e Engine Parts

e Tools

e Composite Mat’l * Pilot Supplies

e Instruments + Wood/Metal

www.alrcrafispruce.com

« Same Day Shipping!
Order Our

oo our o~ ¢ Guaranteed Lowest Prices!
Parts Catalog!

o Premium Quality Products!
e Over 45,000 Products In Stock!

AIRCRAFT AIRCRAFT SPRUCE WEST
225 Airport Circle
; Corona, CA 92880
Ph: (951) 372-9555
Fax: (951) 372-0555

AIRCRAFT SPRUCE EAST

452 Dividend Drive
Peachtree City, GA 30269

« Ph: (770) 487-2310
FREE Full Color | =~ | * e
Pilot Shop e
Catalog!

info@aircraftspruce.com

Meeting or Beating Any Competitor’s Prices Since 1965!

1-877-4-SPRUCE



	0406-FC-C2-0107
	0406-0811
	0406-1219
	0406-2025
	0406-2832
	0406-4146
	0406-4750
	0406-5159
	0406-6061
	0406-6264
	0406-6567
	0406-6870-7579
	0406-7374
	0406-80-C3-BC



