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Just as we wrapped up our big-screen 
EFIS buyer’s guide in this issue, Garmin 
released its new GI 275. I’d heard rumors 
that Garmin, among other manufactur-
ers, was ready to make some waves in 
the small-scale EFIS field, which is partly 
why we decided to break out the smaller 
devices for another issue. And it’s likely 
this is just the first shot, to follow the 
successful Garmin G5 and the uAvionix 
(formerly AeroVonics) AV-20 and AV-30. 
Of course, Dynon, Grand Rapids and 
MGL all have had small-format EFIS units 
available for some time.

So where does Garmin’s GI 275 take us? 
Let’s get one point out of the way right 
now: Being certified, the GI 275, in any of 
its permutations, is expensive by the stan-
dards we’re used to. The most basic ver-
sion, which is hard configured as a primary 
attitude indicator, is $3995. That includes 
an internal attitude and pitot-static sen-
sor set but not the optional backup bat-
tery. With internal nav interfaces so it’ll act 
as an HSI, the GI 275 costs $4295. There’s a 

version meant to be used as a multifunc-
tion/map display and one that will be your 
primary nav display. Finally, there’s a fully 
self-contained engine monitoring version 
that starts at $5295. If that sounds saucy, 
remember that it has to replace all the 
certified instruments—great news if you 
have a set of creaky old gauges in your 
Skyhawk or Cherokee, but not cheap. 

Something else to consider. The GI 275 
is designed to reside in a 31/8-inch instru-
ment hole, mounted from the back. For 
the vast majority of homebuilts, even as 
retrofits, the issue of whether a replace-
ment instrument goes in from the front 
or the back is typically not a huge deal. 
I have seen a few, but not many, Experi-
mental/Amateur-Built aircraft whose 
panels have some kind of overlay, which, 
in turn, would make rear mounting a 
small EFIS hugely desirable. But overlays 
are incredibly common among the Cess-
nas and Pipers that Garmin is targeting. 
For an avionics installer to not have to 
cut into 40-year-old Royalite is worth the 

weight of a recommendation right there, 
and that for owners of certified aircraft, 
installation costs are significant. 

Garmin has also brought a touchscreen 
to the small EFIS. I can’t wait to try one of 
these in the real world, but it’ll be inter-
esting to see how well a touchscreen will 
work with my set of 10 thumbs. (The GI 
275 also has a set of concentric knobs.) 
As I read the pilot’s manual, it seems 
many of the day-to-day functions will be 
managed through the touch interface. A 
3-inch instrument doesn’t provide a lot 
of screen area to play with, so I suspect 
Garmin had to work hard on the interface. 

While I would guess that the GI 275 
as currently offered won’t make a huge 
splash in the Experimental world, I do 
think we’re seeing some features now 
that will arrive for our birds. For sure, any 
G5 replacement—for retrofit primary 
display or as a backup to a larger EFIS—
will have a touchscreen. I also would not 
be surprised to see an Experimental-
only version of the engine monitor made 

Small Screens,  
Big Deal

EDITOR’S LOG

Garmin’s new GI 275 in just three of the variations (left to right): full attitude/direction indicator (ADI), engine monitor and combined 
navigation head and multifunction display. Each is a standalone module built for a 31/8-inch instrument hole. 
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available. Right now, Garmin cedes the 
retrofit market to others, and that’s just 
not Garmin’s style. 

ADS-B, Still!
Now that it’s “real” the ADS-B mandate 
seems to be causing as much confusion 
and consternation as ever. Here’s where 
you can’t fly until equipped: All Class A 
and C airspace, most Class B and some 
Class E. Clear as mud?

So the exceptions. You need it in Class 
E airspace at and above 10,000 feet MSL, 
excepting  above 10,000 feet as long as 
you’re within 2500 feet of the ground. 
ADS-B Out is required in Class E airspace 
over the Gulf of Mexico within 12 nauti-
cal miles of the coast but at and above 
3000 feet MSL. Oh, and the equipment 
requirements change in Class A airspace 
to require a 1090ES transponder; the 
978 UAT solutions won’t cut it. To quote 
Ed Harris’ depiction of Gene Kranz in 
Apollo 13, “Tell me this isn’t a govern-
ment operation.” 

Okay, so you can’t fly in Class C without 
ADS-B, nor can you fly over the top; the 
rule prevents you from transiting over-
head the airspace between the ceiling of 
Class C and the base of the over-arching 
ADS-B-mandated Class E airspace. You 
can fly beneath any overhanging seg-
ments as long as you’re clear of Class C. 

ADS-B and Class B airspace gets a bit 
trickier. The rule says no inside or above 
Class B but the functional amount of air-
space off limits to non-ADS-B aircraft is 
greater because the rule also specifies 
that you need ADS-B to fly within the 
Mode C veil, which, of course, surrounds 
all domestic Class B airspace. The veil is 
often quite a bit larger than the asso-
ciated Class B airspace, but there are 
numerous exceptions. Los Angeles, San 

Diego, San Francisco, Phoenix, Dallas-Ft. 
Worth, Houston, Cleveland, Detroit and 
Denver come to mind. In some cases, the 
amount that Class B extends beyond the 
veil is very small, in others it’s a few miles. 
The rule says you can’t fly in or over any 
of that airspace, but it says nothing about 
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flying under it. Assuming you’re clear of 
the veil, you can underfly that Class B air-
space without ADS-B. Phew!

For those still not equipped, there’s an 
out if you need to fly into the ADS-B air-
space. It’s called ADAPT—ADS-B Devia-
tion Authorization Preflight Tool. This is an 
online-only tool (sapt.faa.gov/adapt-start.
php) where you provide the FAA with your 
flight info, and you’ll be informed, nearly 
immediately, if you’ve been granted a 
waiver to fly through affected airspace 
without ADS-B. Even so, this is meant as 
a solution to get you to a location where 
you can install or repair the ADS-B gear, 
not as a routine procedure to circumvent 
the requirement. Supposedly, the FAA is 
paying attention. J

Here’s the FAA’s illustration of where you must have ADS-B Out. 
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Westfall Special past and present.
BY SCOTT M. SPANGLER

BUILDING 
UNUSUAL
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BUILDING 
UNUSUAL

“Unusual” is a subjective, time-sensitive evaluation inspired 
by something that is rare or exceptional, something not com-
mon or usual. This certainly describes the maroon two-seat 
biplane tied down in front of Homebuilt Headquarters at 
EAA AirVenture Oshkosh 2019. With its negatively staggered 
wings, it was equally exceptional when its designer, 72-year-
old Miles Westfall, flew the original Special from his Okla-
homa City home to EAA Oshkosh 1973. 

This Westfall Special is a re-creation, said its caretaker, Jeff 
Paulson of Scappoose, Oregon. Wherever he goes, the air-
plane draws a lot of attention. After landing on Runway 36, 

the volunteer directing traffic “waved me to a stop, came up 
and asked, ‘What in hell is this thing?’” After Paulson sum-
marized its rarity, “he said, ‘Oh, we have to get you up close 
someplace. Let me take care of that.’” 

There are, it turns out, two Westfall Specials, the designer’s 
original, which has been de-registered and is no longer flying,  
and Paulson’s cloned cousin. The story of both planes begins 
with Miles Westfall. He caught aviation’s infection at age 6 
when he watched five balloons drift over his New Richmond, 
Indiana, front yard in 1907. As an adult, he lived in Oklahoma 
City, where he owned a café and tuned and restored pianos.
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There, Westfall built his first airplane 
in 1930, a Church Midwing powered by 
a Henderson motorcycle engine. In 1934 
he made the first flight of his own single-
seat, positively staggered biplane, the 
Sport. (EAA documented its restoration 
in the December 1957 Experimenter.) 

After replacing the Sport’s Ford Model 
A engine and modified OX-5 radiator 
with a 65-hp LeBlond radial, Westfall 
logged 1000 hours flying air tours across 
the United States. Just before WW-II, 
the Civil Aviation Authority was crack-
ing down on homebuilders, and they 
sent Westfall to jail for a time, as an 
example to others like him.

In the mid-1960s, Westfall started 
designing and building his Special, 
N32E, an investment of 7.5 years of 
spare-time effort. Impressed with the 
Beech Staggerwing, “he wanted to try 
his hand at a side-by-side, two-place 
negative-stagger biplane,” wrote Edgar 
W. Adams in his December 1973 Sport 
Aviation story, “The Westfall Special.” 

Westfall ’s design goals included a 
streamlined windshield, easy entry, and 
good short-field performance. Negative 
stagger accommodated these goals and 
improved the stall characteristics. 

William H. Durand addressed some 
of the aerodynamics in a series of Sport 

Aviation articles that examined his 
Mark V, the negative-stagger two-seat 
biplane he debuted at EAA Oshkosh 
1978. Given each wing’s placement rela-
tive to the center of gravity, each wing’s 
angle of attack “is different [because] 
the trailing wing is working somewhat 
in the downwash of the leading wing,” 
Durand wrote. “This changes the lift 
contribution from a 50-50 situation to 
about a 53-47 basis, with the lower wing 
being slightly more effective.” 

Approaching the critical angle of 
attack, the airplane does not rely on 

one wing for all of its lift. The lower 
wing stalls a few degrees before the 
upper. In this situation, the upper 
wing becomes more effective; being 
“behind the CG, its lift causes a nose-
down pitch while working at or near 
its maximum lift coefficient.” 

This not only reduces the altitude lost 
in stall recoveries, it delivers an inher-
ent advantage on landing. Approaching 
the runway, ground effect acts on the 
forward lower wing, gradually increas-
ing its lift. Acting ahead of the CG, “it 
gently raises the nose for what might 

Jeff Paulson and his Westfall Special, N99BP.

In addition to negative stagger,  
the wings are of unequal span.



be termed an automatic flare requiring 
little, if any, help from the pilot.”

This also seems to be the case with the 
Westfall Special. “The way the wings are 
set up, it tries to land itself,” said Paul-
son. “You don’t have a lot to do other 
than keep it straight.” 

Westfall’s choice of airfoil for N32E 
was a Boeing 106R, but Paulson’s plane, 
N99BP, has a different airfoil. “Brad 
Poling of Elk Grove, California, the 
builder of N99BP, contacted Boeing 
to get information on the 106R, but 
they refused his request. They didn’t 
want their airfoil on  some homebuilt, 
so Brad used a NACA 23012 airfoil,” 
Paulson explained.

Gap and Stagger
Gap and stagger are other important 
biplane considerations. The narrower the 
gap between the upper and lower wings, 
the greater the airf low interference, 
which reduces efficiency and the amount 
of lift. The rule of thumb then was that 
the gap should be greater than the chord. 
Westfall put a 46-inch gap between the 
wings and their 43-inch chord. 

The span of the upper and lower wings 
also comes into play, with the differ-
ences between the two offering different 
efficiencies. (For a deeper discussion of 
biplane aerodynamics, Google “AIAA 
2009-1085, Gap and Stagger Effects 
on Biplanes with End Plates.”) There 
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From this angle it is clear that the 46-inch 
gap between the wings is greater than the 
43-inch wing chord.



After Miles Westfall died on April 
27, 1979, Miles Junior trucked the dis-
assembled Special to Oregon, “where 
it disappeared from sight for a number 
of years,” wrote Budd Davisson in his 
November 2006 Sport Aviation article, 
“Homebuilt History: The Gouldsmiths 
and the Westfall Special.” 

In the early 1990s, Rip Rogers of 
Pennsylvania saw the 1973 Sport Avia-
tion article and fell in love with N32E. 
He found it in Oregon, bought it, 
trucked the pieces to the Keystone 
State, reassembled them, replaced the 
O-290 with a Lycoming O-320 and 
flew it for a short time.

seems to be a discrepancy in the spans 
of the two Specials. Stories about the 
original list it at 23 feet tip to tip, but 
Paulson says his Special’s span is 23 feet 
10 inches. Both have ailerons in the top 
wing, and “all the controls are open so 
they are easy to see, easy to get to and 
easy to work on overhead.” 

The fuselage is 21 feet 2 inches long 
with a 42-inch-wide cabin. The original 
had a 30-gallon fuel tank forward of the 
instrument panel and a 125-hp Lycoming 
O-290 with a metal Sensenich prop. It 
stood on Cessna-type gear, brakes and 
6.00-6 wheels. It weighed 1164 pounds 
empty and maxed out at 1754 pounds. 

www.kitplanes.com & www.facebook.com/kitplanes8 KITPLANES   April 2020

The Special employs standard tube-and-rag 
construction with wood wings.

     

WESTFALL SPECIAL 
N99BP     

Kit price . . . . . . . . . . . . . . . N/A (No plans or kit available)

Estimated completed price . . . . . . . . . . . . . . . .  Unknown

Estimated build time . . . . . . . . . . . . . . . . . . . . . . . . 5 years

Number flying (at press time). . . . . . . . . . . . . . . . . . . . . .  1

Powerplant . . . . . . . . . . . . . . . . . . Lycoming O-320 150 hp

Propeller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Prince

Powerplant options. . . . . . . . . . . . . . . . . . . . . O-320 Series

                       

AIRFRAME
Wingspan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 ft 10 in

Fuel capacity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 gal

Maximum gross weight. . . . . . . . . . . . . . . . . . . . . . . 1675 lb

Typical empty weight. . . . . . . . . . . . . . . . . . . . . . . . . 1050 lb

Typical useful load . . . . . . . . . . . . . . . . . . . . . . . . . . . . 625 lb

Full-fuel payload . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 457 lb

Seating capacity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

Cabin width. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42 in

Baggage capacity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 lb

 
PERFORMANCE
Cruise speed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115 mph

Maximum rate of climb . . . . . . . . . . . . . . . . . . . . . 1000 fpm

Stall speed (landing configuration) . . . . . . . . . . . . 50 mph

Stall speed (clean) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 mph

Takeoff distance. . . . . . . . . . . . . . . . . . . . .  Never measured

Landing distance. . . . . . . . . . . Never measured, but short 
 . . . . . . . . . . . . . . . . . . . . . . . .  No problem on a 1600-ft strip

Specifications provided by Jeff Paulson.

The aileron control system is open, accessible and easy to work on.
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Rogers wasn’t the only one in love 
with the Special. Brad Poling wanted 
one too! Tracking down the original 
led him to Rogers, where he learned 
that there were no plans. 

“Rip invited me to come to Union-
town [Pennsylvania] to measure and 
take pictures of his N32E,” Poling 

said in a letter published in the March 
2007 Sport Aviation, explaining that 
the Gouldsmith’s Special wasn’t the 
only one. “This enabled me, with the 
help of another EAA member, John 
Meridith, to draw a new set of Westfall 
plans. Over the years of fun that went 
into building my Westfall [1994 to 

2002], Rip provided me with pictures, 
information and encouragement. We 
became fast friends.”

Suffering from black lung disease, 
Rip logged little flight time in his Spe-
cial in 1995, Poling wrote. “My West-
fall made its first flight February 26, 
2002. I called Rip that evening, and 
he was delighted that ‘we had done the 
job.’ Rip passed two months later.”

Rogers’ friends posted the original 
Special for sale, and N32E sat until 
February 2004, when Dave Gould-
smith became its caretaker. Brad Pol-
ing died on January 12, 2019, several 
years after Jeff Paulson became the 
caretaker of N99BP.

Stinson Model O
“Brad Poling liked unusual airplanes,” 
said Paulson. When he was building 
the Westfall Special, another unusual 
airplane captured his fancy, the Stinson 
Model O. Based on the high-wing Stin-
son SR cabin monoplane, the tandem 
open-cockpit Model O had a parasol 

The panel is basic VFR with a two-handled center stick.



wing. Robert Hall, who created the Gee 
Bee Model Z, designed the Model O for 
the Honduran Air Force. 

Stinson built nine of them in 1933 and 
shipped all but the prototype to South 
America and China. The prototype 
disappeared from the registry in the 
1940s, so “the only way to get one was 
to build it,” said Paulson. Being bigger 
and more complicated than the Spe-
cial he was building, “he ended up hir-
ing me to build the Model O for him 
and his partner.”

Paulson, a CFI, graduated from Parks 
College in the mid-1970s with his A&P 
and a degree in engineering. At the 

time, “pilots were dime a dozen, so I 
was out of aviation for six years. I did 
engineering, designing sawmill equip-
ment, heart monitors and other medical 
equipment, and some winches for mili-
tary four-wheel-drives.” 

A KITPLANES® story on Kenny 
Blalock’s Pitts Falcon got him back into 
aviation. “I fell in love with the idea 
of that airplane,” and Paulson ended 
up working with Blalock on plans for 
aftermarket Falcon wings for the Pitts 
S-1. “That introduced us to people who 
wanted me to modify their existing 
wings, so I rented some hangar space and 
started doing that.”

Paulson bought Evergreen Flight 
Services, a f light school established in 
the 1940s, from Wally Olson in May 
1997 and returned to aviation full time. 
“I started doing more restorations, and 
that got out of hand and here I am, 20 
years later,” said Paulson. 

Paulson replicated the Model O by 
mating modified Stinson SR-5 Reliant 
wings and tail to the fuselage and cen-
ter section he engineered from photo-
graphs. Paulson made its first flight at 
Oregon’s Scappoose Airport on March 
24, 2010, and flew it to Oshkosh that 
year, where it earned a Bronze Lindy, 
the highest award Vintage Aircraft 
bestows on replicas. 

Paulson flew the Model O for Poling 
and his partner for three years. After 
they donated it to the Museum of Flight 
at Boeing Field, he flew it for another 
year, until it went on permanent display 
in the main gallery. 

Buying N99BP
“About four years ago, Brad asked if I 
would take the Westfall and use it. He 
wanted it to fly, for people to see it and 
not be a hangar queen. Long story short, 
I ended up buying it from him, a very 
generous deal.”

Although Poling finished the West-
fall in 2001 after five years of work, 
2019 was its first trip to Oshkosh. “Brad 
always wanted the airplane at Oshkosh, 
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The wings’ negative stagger makes for docile stalls and easy landings.

On the Lycoming O-320 Paulson replaced the original wood Sensenich prop with a 
carbon fiber fan from Prince Aircraft. 



but he didn’t want to fly it here,” Paul-
son said, adding that he promised Pol-
ing he’d make the trip. “I tried last year, 
but I had an engine problem 2 hours 
after leaving home, so I didn’t make it. 
I made it this year—it took 16 hours. 
Unfortunately, Brad passed away a few 
months ago, so he’s not here to enjoy it.”

The Special is a conventional tube-
and-rag airplane with wood wings. The 
one-piece bent aluminum landing gear 
legs are “very solid, very unforgiving,” 
said Paulson. “Brad had them gun drilled 
so there are no external brake lines.”

Paulson has made a few changes to 
the airplane. When he got it home, a 
friend noticed that the washout seemed 
wrong. “Sure enough,” Paulson said, “it 
was going up instead of down. We redid 
the struts and did as much as we could 
without wrinkling the fabric.”

Poling centered the instruments at 
the top of the panel, but the altimeter 
was on the right and the tach was on 
the left. That led to a lot of head turn-
ing on landing. “When I asked Brad 
why, he said he always flew from the 
right seat and didn’t care who could 
see it from the left.” Paulson swapped 
their positions. 

Stacked below the instruments are a 
BendixKing KY97A com and KT76A 
transponder. For the flight to Oshkosh, 
Paulson installed a fuel flow gauge and 
bought a new Garmin aera 660 GPS, 
making a mount that connects it to 
power and the fuel flow meter. Upon his 
return home, Paulson planned to install 
a uAvionix SkyFYX remote-mount GPS 
position source with integrated antenna 
and an Echo UAT ADS-B In and Out 
transceiver. “Being a fabric airplane, I 
can mount it inside.”

With 28 gallons of fuel, the 150-
hp Lycoming “doesn’t have great long 
range,” said Paulson. “I like to be on 
the ground after 2.5 hours; I don’t like 
to stretch it.” The fuel flow gauge added 
peace of mind. And the carbon fiber 
Prince Aircraft Company prop that 
replaced a wood Sensenich fan gave him 
the same takeoff and climb performance 
and 10 more knots in cruise. “It has 
something to do with the way it flexes. 
It gives you another four inches of pitch.”
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 No wind, it cruises at 100 knots. 
“With me and full fuel, I was able to 
climb to 11,500 with no problem, and I 
was still climbing at 500 fpm when I lev-
eled off,” said Paulson. “I fly the pattern 
at 60 knots, cross the threshold at 50, 
and it falls out of the sky at 40.”

That mountain-clearing climb on his 
way to Oshkosh cleared up an unusual, 
unexplainable, unpredictable in-flight 
feeling that felt “like someone put out 
the speed brakes,” said Paulson. His ear 
and the instruments revealed no engine 
problem. And no one he talked to offered 
a logical source of the kinesthetic feeling. 

Like the J-3 Cub, the Westfall Spe-
cial is a light airplane with a lot of drag. 
“When you hit different air masses, 
you feel it. When I got to 11,500, it was 
smooth as glass. When I came back 
down, it happened again, so, OK, I know 
what’s going on,” he said, chuckling.

Beyond a love for unusual airplanes, 
Paulson said Brad Poling had a sense of 
humor. When they took the Special and 
Model O to the Golden West Fly-In at 
Yuba City, California, friends watched 
people look at the Special, read the prop 
card, scratch their heads, step back to 

take a picture and step forward to read 
the card again. 

“Brad was laughing, so I asked him 
what was so funny. He told me to go 
read the prop card,” said Paulson. “It 
said, ‘Don’t judge this airplane.’ It was 
never certified. It was listed as a D17A, a 
prototype poor man’s Staggerwing that 
Walter Beech designed and built but 
never produced.” 

The Westfall Special “is a good old 
basic airplane design,” said Paulson. 
“It is a fun airplane, and it gets a lot of 
attention wherever I take it.” Before he 
left Oshkosh, the trampled brown grass 
that surrounded it was proof of that. 
And so he doesn’t have to repeat him-
self hoarse explaining what it is, on the 
other prop blade is a card that explains 
the “Story of N99BP.” J
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The two-seat, side-by-side cabin is 42 inches wide.

Wherever it goes, the prop card is the first thing people look at when they spy the airplane 
and wonder: What is it?
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John Stahr performs airbrush magic on the jet.
BY PAUL DYE

Adding  
Some Color

BU
ILD

ER SPOTLIGHT

BUILDER SPOTLIGHT:
The Making of  
Paul Dye’s 
SubSonex 

Part 6

It seems to me that a special plane 
requires a special finish—something 
that stands out and reflects the nature 
of the flying machine itself. My previ-
ous project was a beast of an aluminum 
bush plane, built to live where paint is 
not important, so it still isn’t painted. 
Previous to that, I did some airplanes 
that got their own special finishes. The 

jet was going to need something that 
brought out its—and my—personality. 

Some of the problems with paint-
ing the jet were its limited range and 
the fact that, while the wings come off 
so it can be trailered, I decided against 
the custom trailer and the (much 
more expensive) tow vehicle it would 
require. So I began looking for paint 

shops within the jet’s radius of action 
to see what they might do for me. There 
were three shops that satisfied the geo-
graphical requirements, but the closest 
one had a lead time that was pretty far 
out there. The other two gave me nice 
bids and excellent references, but there 
would be significant traveling to check 
on things as they progressed. 

Turbine Temptation:
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I then decided to check with a noted 
aircraft paint scheme designer, painter, 
and airbrush artist, John Stahr. John is 
based in Eugene, Oregon, and has com-
pleted a significant number of highly 
decorated homebuilts. He also has an 
impressive portfolio of business jets 
and decades of experience painting cus-
tom motor coaches. We’ve been casual 
acquaintances for a number of years, and 
I expected that John would be booked a 
year in advance. But it turned out that 
not only did he have a hole in his sched-
ule, he was also happy to come to my 

shop to do the work. That meant I didn’t 
have to fly the machine somewhere else 
and could be an intimate part of the 
painting process—a strong bonus! His 
price also turned out to be within my 
budget and less than I expected for his 
level of work, so we began the planning 
process well before the jet was finished.

The paint design was originally my 
idea. I wanted to salute the paint job 
on my RV-8 but make the jet the -8’s 
“younger, cooler, more flashy sister.” I 
loved the colors of the -8 and the swoop-
ing long lines that made the aircraft look 

sleeker just sitting on the ramp. I also 
wanted John to use his airbrush magic 
to do some details that would really 
make the scheme pop. All of this was 
not only within budget—but according 
to John, would take him only seven to 
10 days! My previous airplane painting 
experiences were outstanding, but took 
about a month, so I was really curious to 
see just how this was going to work.

Planning the Scheme
I am an engineer, not an artist…let’s get 
that straight right up front. I have the 
ability to see a vision of what I’d like, but 
I need help making that vision detailed 
enough to execute. Fortunately, there 
are companies and people who special-
ize in designing paint schemes for air-
craft (see “Choosing Plumage for Your 
Homebuilt,” April 2019), and John 
happens to be one of those artists. I 
have owned and built enough airplanes 
that I have been through the design pro-
cess before, typically starting with my 
own crude sketches of what I wanted. 
But I learned early on that a side or top 
view does not necessarily fully transfer 
to a three-dimensional shape. A good 

Turbine Temptation:

With the first engine start and initial taxi testing out of the way, the jet is cocooned in the 
shop, awaiting the arrival of paint master John Stahr. 

Photos: Richard VanderMeulen and Paul Dye

Three-view drawings flew back and forth between Paul 
and John to finalize the design. These drawings were 
then used to lay out the design on the jet.



designer has the ability to see things 
from a quartering view and understands 
how curves translate onto an airplane 
with corners and straight lines, as well as 
those with curving surfaces. 

John started with pictures of my RV-8 
and some sketches I did of the SubSonex 
using Microsoft Paint on my PC. These 
were just to get him started. I suggested 
placement of the insignia that I like to 
use on my planes (a vestige of my days at 
NASA) and noted that with the Y-tail 
of the SubSonex, you don’t have a true 
vertical surface to use as a canvas. That 
didn’t phase John, and we quickly real-
ized that the space behind the cockpit on 
the fuselage would serve nicely. He also 

16 KITPLANES   April 2020 www.kitplanes.com & www.facebook.com/kitplanes

Paul Dye (left) uses a Scotch-Brite wheel along a line of rivets to ensure a slightly roughened surface to hold the primer and paint. 
John Stahr (right) sands the fiberglass nose cone.

came up with a swooping silver line that 
begins near the nose and ends embrac-
ing the engine nacelle. And he designed 
what I can only describe as a “reverse 
swoop” on the wing’s top view. 

We actually nailed the top and side 
views down pretty quickly, and then 
it came time for John’s signature state-
ment—the belly. He often draws amaz-
ing creatures and angels on the bellies of 
RVs, but the aft-mounted wing of the lit-
tle jet was going to make that problem-
atic. He also noted that since the main 
gear tires are exposed when retracted, 
they were going to interfere or have to 
be incorporated into whatever design 
we chose. It was the second path that 

we took—creating a black shape remi-
niscent of a Beech Starship (or some say a 
Klingon bird of prey) that hid the wheels 
and served as a background for a larger 
version of my NASA insignia, but with a 
galactic background of nebulae and stars.

Once we had figured out the overall 
scheme, John moved on to little details: 
name badges, BRS warning stickers and 
rescue arrows. This whole design pro-
cess took about a month, with the two 
of us trading emails, imagery and ideas 
several times a week. At the same time, 
I was finishing the airplane, and John 
was firming up the hole in his schedule 
and coming up with a bill of materials 
for the project. The materials turned out 

John Stahr and Paul Dye discuss how to handle painting the ailerons (left). The canopy (right) is carefully covered—inside and out.



to be the easy part. All of the colors he 
brought came in a few quart cans. The 
primer was a gallon (but he didn’t use 
it all), and the final clear coat was just 
another gallon. But paint is one thing—
he also planned an assortment of paper, 
tape and plastic for masking, and vari-
ous tools and guns, ranging from a large 
pressure pot for the clear coat down to a 
tiny airbrush for the magic touches.

Prep and Primer
John arrived on a Saturday evening, 
having driven all day through snow 
in the mountains. Nevertheless, he 
wanted to get a good look at the proj-
ect, so after a quick dinner, we trooped 
into the workshop and began looking 
things over. I was interested to hear how 
much he was worried about shop pro-
tection and overspray—and the answer 

was “not very much.” As it turned out, 
we built a paint booth by taping plastic 
walls that draped down from the ceiling 
to make an area large enough for the air-
plane—but even within this makeshift 
booth, we didn’t do any damage to the 
building’s walls, ceiling, or floor. The 
color paints are virtually dry before they 
hit the surfaces (other than the plane), 
and the clear coat was invisible. The 

 KITPLANES   April 2020 17 

Pretty soon the neighbors arrived (left) and joined the effort to scuff every bit of exposed aluminum and fiberglass. The aluminum 
surface after scuffing (right).



paint booth (such as it was) was more 
about controlling airflow and keeping 
contaminants out of the air while shoot-
ing. To ensure the air moved the way we 
wanted, we mounted a large shop fan 
in one of the windows and used that to 
draw air through a hole cut in the plastic 
wall on the other side of the space. It was 
fun to see any mist created by the paint-
ing process drawn swiftly to the fan and 
out of the building.

Preparation of the pulled-rivet, all-
aluminum airframe was fairly simple—
Scotch-Brite wheels on die grinders 
served to scuff the rivet lines, and 320-
grit sandpaper on an orbital sander took 
care of the panels between rivets. We 

used local volunteer labor (it’s good to live 
at an airpark) to get the job done quickly 
and followed up the scuffing with a good 
cleaner wipe-down to remove dust gen-
erated in the process. All the while the 
scuffing was going on, John was mask-
ing and taping spots that wouldn’t be 
seen again until the job was complete: 
the canopy, exposed rod end bearings 
and the landing gear. We decided to leave 
the interior of the wheel wells unpainted 
since all of the mechanical and electrical 
systems were already installed, and the 
quickbuild kit didn’t lend itself to prim-
ing earlier in the build. Also, we live in 
the desert, so priming (for corrosion pro-
tection) was not a high priority.

Priming for paint, however, was a 
different matter, and by the end of the 
day of scuffing, we were ready to take 
the bird to a total gray finish. Two-part 
epoxy primer was shot in the newly con-
structed booth, and the airplane was left 
to sit overnight as the epoxy fully cured.

Masking and Paint
The couple of times I have painted an 
entire aircraft, I have started with a 
primed plane and then shot the pri-
mary “overall” color (usually white). I 
then masked off the areas for trim and 
shot those. But that’s not the way John 
painted the jet—instead, we worked 
from the small color areas to the large, 
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John applies paper tape for the various color boundaries (left), frequently consulting the concept drawings. No measuring, no grids—
just an artist’s eye and lots of tweaking of the tape lines. Once the pattern is satisfactorily applied to one side of the plane (right), he uses 
large sheets of cheap paper to make patterns to transfer the design to the other side, ensuring symmetry.

N958PD at the end of the first full day of work (left), with the gray primer finished. After lightly sanding the primer, John applies the gold 
pin striping free-hand (right). Unlike some airplane painters, John likes to start with an “anchor” color that will extend throughout the 
entire plane instead of a base coat.
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saving weight and paint in the process. 
Here’s how that works:

The first thing he did (by eye, refer-
ring to the master artwork) was spray 
gold on the areas that would eventually 
have gold pinstripes. He shot a couple of 
coats to make sure of a rich gold color, 
then let the paint dry. 

Once the gold was set, out came the 
masking tape. Essentially, he covered all 

of what would become pinstripes with 
tape—and that tape would stay in place 
for the rest of the color painting process. 
Since almost all of the divisions between 
colors on the jet would consist of a gold 
pinstripe, this task essentially meant lay-
ing out the overall design, and this took 
up much of the day. When he’d finished 
with one side (all by eye), he used white 
paper to trace the tape lines, then taped 

that paper on the other side and traced 
the lines by cutting little windows 
through the paper at points along the 
stripes. He then took the paper off and 
laid out the tape lines on the spots, ensur-
ing reasonable symmetry from right to 
left. This is art—not engineering—and 
if it looks good, it is good. There’s an old 
saying that says, “If you lose two hubcaps 
off your car, put the remaining two on 

The second color shot was silver (left), which worked well going directly onto gray primer and the gold of the pin stripes. Masking is all 
about layering (right), and here the previous silver layer is covered and the spaces for black are left uncovered.



the same side.” After all, you can only see 
one side at a time.

Once the gold pinstripes were covered 
up, it was time to mask off everything 
that would not be silver—the design 
called for a silver swoop running down 
each side and then up to the engine 
pylon. Since silver was easy to cover with 
the following colors, the masking wasn’t 
too extensive and really just consisted of 
layers of paper laid on some part of the 
airframe. John then shot the silver and 
waited for it to dry.

When the silver had cured, he covered 
that up and then covered anything that 
would not be black in the final design. 
His clever masking boxes were things 
he made for himself decades ago. They 

hold rolls of paper and masking tape so 
when you pull a piece of paper, it auto-
matically comes out with tape on one 
edge. These little devices saved countless 
hours and much frustration as they gave 
a fast, easy way to apply masking paper.

The same process was followed for 
the airplane’s red areas and then for 
the white, and by the end of the third 
day, we had the basic airframe color 
scheme finished. And, amazingly, there 
weren’t any spots with multiple layers of 
paint—the primer was covered with its 
final color in each spot. Easy and light.

Details, Details…
While John is an outstanding and quick 
paint applicator, it is clear he gets the 

base colors down just so he can really 
get started on what he loves—the many 
details done with an airbrush that make 
his work stand out. He had come pre-
pared with vinyl masks, cut at his shop 
to match the art that we had decided 
on for the scheme. For our airplane, 
there were several large insignias repre-
senting my former career in the space 
program, as well as numerous warning 
and instruction labels that we wanted to 
have on the jet. Being equipped with a 
rocket-propelled BRS makes one want 
to let others know it is there!

Once John settled in with the air-
brush, there was little for any of the rest 
of us to do except begin cleaning up the 
shop. For the eventual clear-coating step, 
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With black going on (left), the jet began to show some real personality. The day ended much as it began, with the airplane cocooned in 
paper and tape (right). The difference was that underneath all that masking, the plane’s true colors await the big reveal!

John sprays white paint as the final area paint on the SubSonex (left). Most of the jet is masked to protect the earlier laid colors. Spraying 
might look easy until the belly work starts (right).



we wanted to have all of the debris picked 
up and dust vacuumed and cleaned. But 
while this drudge work was going on, it 
was amazing to watch the transforma-
tion of the little jet from simply sport-
ing a nice color scheme to really popping 
with details! John uses small amounts of 
a few paint colors and changes them out 
frequently in his airbrush to create many 
different shades and intensities of colors. 

The jet features space-themed back-
grounds to the insignias, and in a very 
short time he had transformed a black 
space into something you’d see in a Hub-
ble Telescope image. This work lends a 
three-dimensionality to the overall art, 
and even the N-numbers look like they 
are floating off the side of the airplane.

One of the best parts of working with 
John to create the airplane’s finished 
look is that creativity builds on itself, 
and he was more than willing to exe-
cute new ideas we had while the work 
was underway. Even though he gener-
ally works from his precut stencils, he 
was able to generate new ones over-
night with an X-Acto knife and his sure 
hands to bring clever ideas we thought 
up at dinner to life. 

As a result, the jet now features an air-
to-air refueling hatch and target ladder 
on the nose—not so much because we 
need people to think that the hardware 
is there, but so we had a viable reason 
to place a “No Push” sign on the oth-
erwise black nose paint. And the final 
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One small area on each side hadn’t been laid out exactly to plan, so John had to re-mask 
the area to correct the deviation with a little more paint.

Most of the masking was removed after the white dried, and the basic paint scheme was 
revealed. 
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A template (left) was placed on the fuselage for the N-numbers. The N-numbers were finished before the night was over (right).

After the area paint had dried, John placed pre-prepared pieces of contact paper that would act as templates for detailed image work 
(left). John free-hand spray-painting one of several nebulae (right) that were added to the fuselage sides and belly. 

Once shot, the stencil was removed to reveal the detailed painting (left). The completed insignia and nebula background on the right 
side of the fuselage (right).



this issue on one wing, when some-
how a burst of dust infiltrated the air-
flow during painting. It was upsetting, 
but it by no means stopped John—he 
got out the 1000-grit sandpaper and a 
bucket of water, got rid of the impuri-
ties and then shot another layer of clear 
coat on top. After decades of painting 
everything from buses to vans to jets 
and little airplanes, there’s little that 
John hasn’t seen and no imperfection 
he hasn’t fixed.

Protected, Unique—Gorgeous!
A good layer of paint will help any air-
plane last longer, but a great piece of 
art will win you the “dead grass” award 
at a major fly-in. Although the EAA 
judging standards don’t give you points 
for intricate design, they can give you 
points for a well-executed finish. But 
if you don’t care about awards and tro-
phies, the simple act of standing back 
while others admire your airplane is 
reward enough. 

It might seem like a pipe dream to 
have an amazing paint job go from 
nothing to finished in a week—and in 
your own shop—but we proved it was 
possible, with long days, a knowledge-
able painter and an amazing artist. Your 
plane can be a head turner as well, and 
helping with the job from start to finish 
is a great way to feel pride in the finish as 
well as the airplane. J
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Time for the final reveal! All the masking paper was removed by the extended team of 
neighbor-helpers.

detail was a pack of Beemans chewing 
gum, rendered in three-dimensional 
glory, resting on the tail cone. Don’t 
ever fly without it!

The Final Touches
I had never painted with a base coat/
clear coat system myself, although we 
had one of our other planes done that 
way. It was the depth and shine avail-
able that sold me that this was the way 
we had to go on the jet. In fact, with 
extensive airbrush work in the design, 
it was really the only way to go! When 

John had finished all of the color and 
all of the art (including a large insignia 
on the belly), we cleaned up all of the 
loose items and he prepared to cover 
everything with two coats of clear. The 
resulting shine was amazing, and the 
depth it added to the art was surprising. 
Although the color coats looked great 
with a sort of matte finish, there is no 
doubt they are amazing with clear.

The thing about clear is that it seems 
to trap just about any speck of dust or 
dirt floating in the air and entomb it 
on the finished airplane. We ran into 
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What to look for when shopping for  
the world’s most popular Experimental.

BY DAVE PRIZIO

Van’s  
RV-6

BUYING USED:



History
The RV-6 first flew on May 31, 1986, 
with tail kits becoming available that 
same year. Kit production ran from 
then until 2001, when it was replaced by 
the slightly larger RV-7. As of late 2019, 
some 2670 RV-6 and 6A kits have been 
completed. That makes the RV-6 in both 
its versions the most popular Experi-
mental/Amateur-Built airplane ever 
made. The pace of RV-6 completions 
has slowed considerably since its heyday, 
but even 18 years after production ended 
there are still kits being completed.

The RV-6 came out to meet the 
demand for a side-by-side alternative to 
the very successful RV-4, which came 
with tandem seating and conventional 

The success of Van’s Aircraft in gen-
eral, and the RV-6 and -6A in particular, 
are legendary. More than 2600 of these 
kits have been built since debuting 30 
years ago. As in the first article in this 
series we will take a look at the major 
points of interest to a prospective buyer 
of a used RV-6, including its history, an 
overview of the design, what to look for, 
engine options, typical avionics, common 
modifications, performance and owner 
support—both factory and user groups.

Just for those who may not be familiar 
with Van’s model designations, a model 
number ending in a number has conven-
tional (taildragger) gear. If the model 
number ends with an “A,” the airplane 
has tricycle gear.

Photos: Dave Prizio, Paul Dye, Cary Peebles, Jonny Salmon, Courtesy of Van’s Aircraft

gear only. The RV-6 made dual instruc-
tion much easier and provided an envi-
ronment that was more conducive to 
pilot/copilot interaction—and more 
familiar to those coming from con-
ventional production aircraft. These 
changes produced a design roughly twice 
as popular as the RV-4. So, just from 
those numbers, if you are looking for a 
used Experimental it is likely that you 
are at least considering an RV-6 or 6A.

The first RV-6 kits were available as 
taildraggers, with the tricycle version 
(RV-6A) coming along in 1988. Van’s 
still has the original RV-6A prototype, 
but it no longer flies. Early kits did not 
have pre-punched skins, so builders 
had to do their own rivet layout, just 
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as they did with the RV-4. Prepunched 
skins didn’t become available until the 
mid-1990s. This is not the same as the 
match-hole kits now available for the 
RV-12 and RV-14, but it was a great 
improvement over the undrilled kits, 
and it marked the beginning of the pro-
cess of the factory doing more fabrica-
tion for the builder. The first canopies 
were hinged at the front with sliding 
canopies coming later as an option. 
There are many planes in both versions 
on the used market. Many people like 
the sliding canopy for its better ventila-
tion during ground operations.

A larger vertical stabilizer and rudder 
became standard in late 1999, with all 
RV-6 kits being sold this way until the 
RV-7 came out in 2001. About half of 
all RV-6 kits were built as trikes.

Designed by Experience
Remembering that the RV-6 descended 
from the very sporty RV-4, it is no sur-
prise that the RV-6 shared many of the 
basic design elements of that earlier 
plane. Handling is crisp and light mak-
ing the plane definitely fun to fly.

With an original design gross weight 
of 1600 pounds, the RV-6 was meant to 
be kept light for optimum performance. 
Engines such as the Lycoming O-320 
and O-360 were ideal for this plane, 
but the heavier 200-hp angle-valve 360 
engines were too heavy to work well in 
the RV-6. It is important to find a plane 
that has not been built too heavy if any 
useful load is to be retained. Many build-
ers have dealt with this problem by tak-
ing it upon themselves to increase the 

gross weight to match the 1800 pounds 
of the RV-7, but Van’s strongly objects 
to this. It is not like there are lots of 
RV-6s falling out of the sky because they 
are overloaded, but a buyer should not 
expect to meet the factory performance 
numbers with a plane that has its gross 
weight increased by 200 pounds over the 
factory recommendation. The airplane 
was never intended to be a heavy hauler, 
so if you really need more of a utility air-
plane, you should probably be looking at 
something other than an RV-6. This is 
not a criticism of the design.

The relatively short wingspan and 
deep chord make for a snappy roll rate, 
but owners complain about the poor 
ride this wing produces in turbulence—
it’s a matter of both wing loading and 
lack of mass near the wing tips. The ver-
dict is mixed on small tail versus large 
tail (only available the last two years of 
production). There does not seem to be 
any agreement about whether or not 

it improves handling or dramatically 
changes the nature of the RV’s stability, 
which is actually very good.

The conventional all-metal design 
makes it fairly easy to find people who 
are equipped to handle repairs and 
maintenance when needed, and the 
near ubiquity of RV models—more 
than 10,000 built, remember—means 
that expertise is seldom far away. Its 
construction also makes the RV-6 eas-
ier to inspect for build quality, certainly 
much simpler than an all-composite 
design would be.

Different Configurations
Like the GlaStar we previously reviewed, 
the RV-6 can be built as a trike or a 
taildragger. Unlike the GlaStar, though, 
switching from one gear configuration 
to the other is not really something 
you can do. You make your choice 
up front and live with it. As with the 
GlaStar, flying characteristics of the 
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The Van’s Aircraft RV-6 prototype before paint. N66RV flew in 1985 and weighed only 
960 pounds, with a wood prop and 150-hp O-320. Kits went on sale in the fall of 1986. 
Note the innovative under-spinner intake scheme.

While the RV-6 started life as a taildragger (left)—traditionally Richard VanGrunsven’s go-to configuration—it soon became available in a 
tri-gear version, which proved immediately and enduringly successful.   



  

two configurations once airborne are 
virtually identical until it comes time to 
land again. There is always a debate over 
whether the trike or the taildragger is 
faster—Van’s gives a two-knot speed 
advantage to the taildragger—but 
actually realizing that speed difference 
can be elusive.

Do not seek out a taildragger because 
you think it will be faster; look for such 
a plane because you need the better 
prop clearance that the design pro-
vides. This makes it better suited for 
operating off of unpaved strips. Typi-
cally, though, insurance rates favor the 
trike, especially for pilots with little to 
no taildragger time. 

Most of the RV-6s available will have 
fixed propellers. There are some avail-
able with constant-speed props, but the 
extra weight, especially when paired 
with the heavier 180-hp engine, presents 
challenges with excess empty weight and 
forward center of gravity. These prob-
lems can now be mitigated somewhat 
with new composite props but at added 
cost. Most RV-6s were constructed in an 
era of cost-conscious builders, so unless 
modified later, most RV-6s are going 
to be simple machines without a lot of 
more expensive options.

What to Look For
As with any airplane, maintenance 
records are important. Add to this ser-
vice bulletin compliance. The RV-6 
is not a troublesome plane, but overly 
enthusiastic aviators have found ways 
to stress the airframe to its limits. Look 
for compliance with Service Bulletin 
16-03-28 that deals with possible cracks 
in the aft wing spar at the inner aileron 
hinge point. This is a routine inspection 
item in most cases. 

Service Bulletin 14-02-05 deals with 
possible cracking in the elevator spar 
web at the points where it attaches to 
the horizontal stabilizer. It is a simple 
fix if cracks are found. Otherwise, it is 
just a yearly inspection item. Also, Ser-
vice Bulletin 14-01-31 calls for looking 
for cracks in the horizontal stabilizer 
front spar at its inboard end. Again, it 
is just a yearly inspection item unless 
cracks are found.
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I earned my pilot’s license in 
1988 in a flying club’s Cessna 
152, and I still belong to that 
club today. I started flying a 
friend’s RV-6A about 10 years ago, and I loved it. My dad helped build the same friend’s 
RV-10 and another friend’s RV-6A. Seeing how much work went into these projects left me 
with a huge amount of respect for builders. I knew while I was still working full time there 
would be no room for that kind of time commitment. When the opportunity to purchase 
the flying RV-6A that my father helped build was presented, I jumped at it. This plane was 
finished in 2008 and flown very little—Phase I had not even been completed. The owner 
had some health issues and knew the plane needed some good care. He really wanted me 
to own it. I never thought about being an aircraft owner, but these Experimentals make 
ownership very enjoyable. I finished flying off the required 40-hour Phase I and worked 
on the plane for hours between flights. That’s how the nickname, Mistress, for the plane 
came about. I would tell my wife I was going to see my mistress as I left for the airport. 
She’s a great sport! I’ve got over 300 hours on the plane in the past three years, and my 
wife and I are having a blast with it. We’ve been from Florida to Oshkosh twice, and flown 
the eastern half of the country from Texas, to Ohio, New York, and everywhere between. 
We love making 6-hour drives into 1.5 hour flights!

John Morgan,  
RV-6A 
I purchased my 1994 RV-6A 
(N613SC or Smilin’ 1) in Decem-
ber 2009. The plane now has a 
little over 2600 hours with 1500 
of those hours flown by me in 
the past 10 years while flying 
all over the South, East and 
Midwest. I have flown the RV to 
Oshkosh, Sun ‘n Fun and Triple 
Tree about every year as well as 
trips to Boston, Maine and Mich-
igan and anywhere east of the Rockies. I have also flown more than 300 Young Eagles 
and many Eagle flights as well as Pilots and Paws dog rescue flights. I am mechanically 
challenged, to say the least; yet my EAA 690 buddies helped me along and taught me 
how to perform regular maintenance for the annual. This has saved me countless dollars, 
and I think how fortunate I am to be in the Experimental world as I listen to my certified 
owning friends discuss their airplane costs of ownership. Not being the aerobatic type, 
my mission was to have a fast, affordable cross-country machine that was fun to fly. The 
RV has been all that and much more as I find myself flying non-stop trips to Indiana and 
Florida in a fraction of the time while experiencing the same hourly fuel burn as a Cessna 
172. With Oregon Aero seat cushions I can comfortably fit my 6-foot, 215-pound, 72-year-
old body into the airplane for comfortable flights up to three hours. N613SC has been 
updated countless times in the past ten years. She is now an IFR airplane flying behind 
a Lycoming O-360 and a three-blade Catto prop. The panel is a combination of steam 
gauges and glass, with a Garmin G5 EFIS and Dynon D10A used for the HSI coupled to the 
Garmin 430W and Dynon autopilot. I really believe that flying this plane helps keep me 
young, even if only in my own mind. I was able to train and get my IFR ticket in this plane 
two years ago at age 70, and that is no simple task.

Owner Feedback
Anthony Greco, 
RV-6A



There are two service bulletins that 
deal with the nose gear on RV-6As 
only. SB07-11-09 requires upgrading of 
the nose gear leg and nosewheel fork on 
all RV-6A kits shipped before February 
2005. Everyone should have long-since 
complied with this service bulletin, but 
you should check to make sure if you 
are purchasing a plane built from an 
older kit. There is also a service bulletin 
to check for the proper orientation of 
the nosewheel stop f lange—SB14-12-
22. This is normally a no-cost item that 
simply required a one-time inspection 
and correcting if required.

A big item of concern, and one that is 
usually quite obvious, is fuel tank leak-
age. The RV-6 uses a wet-wing design, as 
do all of the RV models. This means that 
there are no separate fuel tanks or blad-
ders inside the wings. Thus, the wing 
parts must be properly sealed as the 
wings are assembled. Leaks can occur 
at rivets that are not properly installed. 
Be sure to have the tanks full when you 
do your prebuy inspection and carefully 
check for any signs of leaking.

Sometimes it is fairly easy to fix this 
problem, but sometimes it isn’t. Some 
owners have employed a technique 
called sloshing to coat the entire inside 
of the wing tanks with sealant to stop 
leaks. Van’s has discouraged this since 
the early 1990s, but that doesn’t mean 
that it hasn’t happened. Service Bul-
letin 11-9-13 talks about the problems 
that can result from sloshing that fails 
to hold. In the worst cases sloshing can 
come loose and plug up the fuel system 
resulting in engine failure.

There are other service bulletins, 
but these are the main ones. Be sure to 
review all of the service bulletin infor-
mation available at Van’s website and 
look for a record of compliance during 
your prebuy inspection. Lastly, take a 
good look under the panel and around 
the rudder pedals and brakes for leakage 
or other problems. It is not that prob-
lems there are common, but it is uncom-
fortable to do repairs in those areas.

Other areas to consider. According to 
Vic Syracuse, who has seen the insides 
of many RV-6s, there are some com-
mon gotchas. “RV-6s should be checked 
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Jim & Lynne  
Bedsole, RV-6A
My wife and I bought our RV-6A (N62MG) 
on December 27, 2018. It had 936 hours on 
the 2001 airframe and a new Lycoming 
O-360 engine. I am the fourth owner 
(including the builder) of this wonderful 
aircraft. We live at Sebastian Cove, a fly-in residential community at Lake Oconee, Georgia, 
so our grass airstrip and hangar are in our backyard.  We’ve made the most of having this 
bird at our disposal and I have logged 100 hours in 10 months. All summer long, it was 
wonderful to just come home from work in the evening and take her up for some flying 
around the lake country, flying to Atlanta for dinner with a college classmate and his wife, 
and little short hops for the occasional $100 hamburger. So convenient and such a beauti-
fully performing plane. We’re now in the midst of upgrading the panel from a steam gauge 
VFR panel to a glass Garmin G3X-based IFR panel. Not planning on any heavy IFR, but nice to 
have an out on an overcast day to still be able to complete a planned flight.

Cary Peeples, RV-6 
I started to fly at a very young age of 6 with a close friend of our family in his Piper Tri-Pacer, 
sitting on his lap in the left seat with my dad in the right seat. After getting cars out of 
my system, I got back to flying in 1990 after meeting my soon-to-be wife. I didn’t have 
my license very long when I saw an 
RV-4 landing on my way home from 
the airport. I turned my car around and 
found this great looking RV-4 sitting 
there at the fuel pump. Needless to say, 
I was hooked on Experimental airplanes, 
especially the RV series, for the way 
they looked on the ground and in the 
air. I started to build my RV-6 some time 
around 1996 with help from two local 
people that had both built Experimentals. In working on high-end cars for a living, I found 
building an RV-6 wasn’t much different. The airframe took me most of the time but with 
help from my wife and friends, I built the plane in 6 years. I was the first in my area of Ohio 
to build and fly an RV-6 and later helped five other RV-6 builders and two RV-7s get finished. 
My RV-6 came in at 998 pounds, not too bad for having 1650 gross weight with a cruise speed 
of just around 155 mph at 65% power with my wife and I and full fuel.  As of today it has 
over 900 hours on it with no issues and is still a blast to fly.

Jonny Salmon, RV-6 
The RV-6 fit our mission better than anything else on the market at the time (Cessna Aerobat, 
RV-4). We wanted side-by-side, aerobatic, fast, reasonably economical (ours is 160-hp, 
fixed-pitch prop) and with a big community 
to draw on for advice. Handling is superb and 
gentlemanly aerobatics are a joy, even if you 
can’t take a friend in the other seat. If you’re 
considering a 6 against a 7, then useful load 
and build quality will be the deciding factors. 
However, if your other choice is a different 
aircraft type, just fly an RV-6 and you’ll soon  
be wearing the famous RV grin!

Owner Feedback
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very carefully for cracked landing gear 
mounts. Some will have cracks right 
along the weld joint.” Another area he 
notes, and this is partly the result of the 
6 being an early kit, “On all RV-6s, the 
most common problem is a lack of good 
edge distance on the horizontal stabi-
lizer mount to the fuselage. The early 
6s were not prepunched, so there is a lot 
of room for error in this area.” Obvi-
ously, the more recent prepunched kits 
don’t have this problem because the fac-
tory took care of the edge distance for 
the builder. Finally, says Vic, “Another 
area is to make sure the modification 
has been done to the forward fuel tank 

attach point. It should be slotted and 
then attached with a drilled-head bolt, 
nut plate and safety wire. This is to allow 
the fuel tank to pull away from the fuse-
lage without breaching the fuel tank in 
the event of an accident.” 

Engine Options
Most RV-6s have either a Lycoming 
O-320 or an O-360. Lycoming clones 
by Superior or ECI (now Continental) 
were not popular when most RV-6s 
were built but you may run into them as 
replacement engines. Some early RV-6s 
may have the older Lycoming O-290 
engine. Lycoming does not support 

This is a typical VFR panel in an RV-6. This will often be supplemented by a handheld 
Garmin such as a 296. IFR panels, while not unheard-of, are much less common in RV-6s.

When the RV-6 was developed, simplicity and light weight were key. This French-registered 
RV-6 is just about as austere (and light) as they come. 

The Turbine Legend 
offers incredible 
performance and 
extended range.

With an initial climb rate nearing 10K/fpm, 
a stall speed of 76/kts clean and a cruise 
speed to 380/kts @ FL280, no other aircraft 
can offer a 300/kt operating fl ight envelope.

Whether you’re looking to fl y “Warbird” style 
aerobatics, or wanting a serious cross country 
traveller, the Turbine Legend will deliver.

For current pricing and a detailed spec sheet,
or to book a DEMO FLIGHT, contact us today.

Turbine Legend...
Pure Performance

Got Thrust?

360-612-2219 • info@legendaircraft.com 
www.legendaircraft.com



these engines anymore, so parts can be 
hard to come by. The 290 also produces 
only 135 hp, making planes so equipped 
poorer performers compared to their 
higher-powered peers. The decreased 
performance as well as potential parts 
issues should be reflected in the price of 
a plane with one of these engines.

Subaru auto conversion engines were 
popular with RV builders for a while, 
but most have not withstood the test 
of time —they depress the value of any 
RV-6 compared to one with a more con-
ventional engine. 

Many RV-6s will come with fixed-
pitch metal props by Sensenich, but 
there are some with constant-speed 
props or other types of fixed or ground-
adjustable props. Economy and forward 
CG issues drove most RV builders to 
the simple fixed-pitched solution. A 
Hartzell constant-speed prop will add 

15 to 17 pounds to the nose compared to 
a fixed-pitch Sensenich metal prop. 

Typical Avionics
Most RV-6s were built with VFR avion-
ics at a time when GPS was still a new 
thing. Therefore, do not expect to find 
many with IFR approach-approved GPS 
navigation capability. Many owners 
have added handheld units, some even 
panel mounted, but a Garmin GNS 
430W would not be a common thing to 
find in an RV-6. These planes were built 
in an era when economy was the over-
riding concern, so most panels are going 
to be wired by the original builder and 
feature a mix of lower-priced avionics. 
This is not where you are going to find a 
$40,000 panel by SteinAir or Aerotron-
ics. That said, you will see planes that are 
IFR-legal but rely on VOR navigation to 
achieve such status. 

Someone who wanted a good piece 
of transportation at a good price could 
consider upgrading an RV-6 panel with 
either a used GNS 430W, a new Garmin 
GNC 355 GPS/com, or a new GPS 175 
navigator while retaining the exist-
ing com radio. Add a means of ADS-B 
Out and you have a capable IFR panel 
for years to come for somewhere in the 
range of $6-10,000. That is a substantial 
investment, but one that should retain 
most of its value at resale time.

Common Modifications
The most common modifications to the 
original RV-6 design came from the fac-
tory, namely the larger tail and the slid-
ing canopy. However, retrofitting either 
of these would not be something that 
many people would consider. Electric 
flaps and trim are common modifica-
tions that can be added later.
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Anti Splat mods for the RV-6A include the Nose Job gear leg stiffener (left) and the Lip Skid—meant to make the nose gear of the RV-6A 
more robust when operating from rough fields. Early RV-6 tails were the so-called “small” versions (right). It wasn’t until the mid-1990s 
that the RV-6 kit included some pre-punched skins. Earlier kits put the builder’s metalworking skill on full display.



Anti Splat Aero has a host of minor 
modifications available, such as nose 
gear reinforcement (Nose Job), vertical 
stabilizer reinforcement, cup holders 
and more. These are what you would 
call bolt-on modifications that are eas-
ily installed and easily removed—and 
popular enough to be widely found.

Performance and Flying Qualities
In general, the RV airplanes have been 
known for good cruise speed and sporty 
handling. They also exhibit decent slow 
speed handling, allowing them to han-
dle fairly short fields. The RV-6 and 6A 
certainly embrace those desirable traits.

An RV-6 with a 150-hp engine can 
cruise at just over 160 knots at 75% 
power. With a larger 180-hp engine, 
that goes up to 173 knots. Knock off 
about 2 knots for the trike version. Stall 
speed for both versions is listed as 48 
knots. A moderate wing loading of 14.5 
pounds per square foot and a friendly 
airfoil design produce stalls that are 
generally devoid of drama. This makes 
for a plane that can easily be operated 
out of a 2000-foot strip at sea level, with 
even better performance available to the 
experienced pilot.

A fuel capacity of 38 gallons gives 
about 3 hours of endurance with 
reserves, making it not particularly 
long-legged, but a range of 600 to 650 
nautical miles is readily achievable with 
a little care. And, really, that’s about  the 
most people can comfortably endure 
anyway. It just calls for some careful 
planning if your destination does not 
have fuel available.

Any buyer should take a test flight 
before laying down hard cash, but a 
loose approximation of the RV-6 han-
dling can be experienced in a Grum-
man Tiger or similar model. If you are 
coming out of a Piper Cherokee, the 
RV-6 will seem like a sports car, but 
it doesn’t take most people long to get 
used to it. The greater problem is that 
after you have been flying the RV-6 for 
a while, you will never be happy flying 
a Cherokee again. The only complaint 
I have ever heard about RV-6 handling 
is that its ride in turbulence is harsh by 
Cherokee standards.
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Resources
By far the largest and most active user 
group in Experimental aviation is Van’s 
Air Force (www.vansairforce.com). It is 
a tremendous source of information 
about all things Van’s and RV air-
planes. There is even a section devoted 
exclusively to the RV-6 and 6A. What’s 
more, the Van’s factory does a great job 
of making service information and 
parts available on its website, which is 
often utilized by non-RV builders such 
as myself. Van’s also has live techni-
cal support by phone during limited 
hours, but many builder problems can 
be solved on the forum or by a search 
of its archives. The RV-6 kit has not 
been sold for many years, so factory 
support is limited to parts, but ample 
information and assistance is available 
for those who need them—by now, the 
RV-6 is a well-understood aircraft.

Prices
A decent RV-6 or 6A will be around 
$60,000 with a low- to mid-time engine 
and VFR or light IFR avionics. For that 
price, the RV should be in very good 
shape cosmetically and mechanically. 
Good IFR radios such as a Garmin 
GNS430W will add to that, and high 
engine time will subtract. There are 
RV-6s available in the $40K range, but 
expect them to need work, sometimes 
lots of work. ADS-B already in place is 
another plus to the value for most peo-
ple and certainly for resale. As with all 
things it is usually smarter to pay more 
and get the best plane you can rather 
than pay less with the intention of fix-
ing it up. Somehow the fixing up always 
costs more than you think.

Calendar age isn’t a big factor for the 
airframe value, but years of little or no 
flying can take a toll on the engine. A 
careful prebuy inspection is always vitally 
important before any such purchase.

There is a reason why Van’s sold so 
many RV-6 and 6A kits. They represent 
a very good value for an airplane that 
serves most people’s needs very well. It 
is a little tight on space for big guys and 
does not hold a great deal of baggage, 
but it hits a sweet spot for a lot of pilots 
looking for affordable performance. J
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In March of 2015, I purchased a flying 
RV-6A, N241ES. At purchase, it had 170 
hours on the clock. I was looking for a 6A 
due to the combination of great value and performance. I chose that particular airplane 
since it was in state and it was easy to get inspected. After a pleasant flight with the 
owner/builder, I had a friend who is an IA and had built his own RV inspect the plane. With 
no major squawks, we easily came to an agreement on price and Sabrina Lee (named after 
my wife) has lived in my hangar since. We have thoroughly enjoyed Sabrina Lee since we 
got her. My wife and I have been all over Colorado and to Tucson twice. We are based out 
of Meadow Lake Airport near Colorado Springs. We’ve also flown over large parts of the 
Midwest. I have taken the plane to Oshkosh with a friend and been back to visit family 
in Missouri several times. Over the four years we have owned the plane I have slowly 
upgraded the panel, added ADS-B In and Out, changed the oil and filter, and replaced one 
prop seal on the constant-speed prop.

Robert Kennett, RV-6A 
I finished building my RV-6A in August 
2002 and currently have about 1200 
hours on it. It is equipped for day/night 
VFR and is an absolute joy to fly.  I was a 
relatively low time pilot when I started 
flying it, but found the transition from 
the Cessna 172 to be very easy. My wife 
and I have found it to be a very capable 
cross-country aircraft and have completed 
several long-distance trips including a 
cross Canada adventure and two visits north to the Yukon, Northwest Territories, and 
Nunavut. Recently, we also had a very memorable vacation from our home base in British 
Columbia to St. Vincent and the Grenadines in the Caribbean. In addition to using it for 
travel, I fly regularly with the local RV formation group (the “Snowflakes”) and enjoy 
some light aerobatics. Both of these are great ways to build confidence and improve flying 
skills. Regular maintenance costs are quite low as I am able to do most of the work myself. 
Upgrades that I have completed over the years include installation of ADS-B, a 406 ELT and 
a Dynon D10-A EFIS to replace the original gyros. In summary, I couldn’t imagine selling it 
unless I were to build another RV. 

Brian Eberle, RV-6A 
I purchased my low-time RV-6A sight-
unseen in October of 2012. I did have 
someone local do a prebuy inspection 
first. Having only 400 hours in my logbook 
and no RV time, I hired a ferry pilot to fly 
it from Oregon to Georgia. He was also a 
CFI and checked me out in my shiny new 
aircraft. Our first cross-country trip was 
to Key West. My wife was sold! I’ve added 
550 hours to my multi-mission RV-6A 
since I bought it. I routinely participate 
in formation flight with our local Falcon RV Squadron and fly aerobatics often when we’re 
not going on short-notice weekend escapes. Maintenance has been routine. My family 
always knows what I want for Christmas: oil pre-heat, autopilot, ADS-B, etc. The RV grin 
never fades!

Owner Feedback
Geoff McHarg, RV-6A
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It’s a no brainer. If you’re building a 
kit aircraft from scratch, you’re buying 
a primary EFIS over traditional instru-
ments. There are many reasons. With an 
EFIS there are no vacuum-driven spin-
ning gyros to fret over, the displays can 
save serious space, plus a modern EFIS 
displays critical primary engine and 
fuel data. There’s navigation and chart-
ing utilities and the ability to command 
autopilot servos directly. The market has 
spoken, and it’s glass over gyros.

Next you’ll have to decide which 
size, brand and model display suits you 
and your panel the best—whether it’s a 
single, 7-inch utilitarian entry-level dis-
play or a flagship 12-inch multi-display 
setup with all the options. And to help 
make that choice, we say get a demo 
from a salesperson who knows the prod-
uct. Look at the on-screen font size, the 
data layout, try the user interface and 
study the installation manuals. Fly with 
it when possible because if you haven’t 

shopped the modern EFIS market in a 
while, the decision won’t be easy.

In this guide we’ll set you on an edu-
cated start, concentrating on big screen, 
primary flight displays. In a future issue, 
we’ll take up the topic of the smaller 
displays, especially those intended as 
backups to major systems or retrofits for 
older aircraft with circular instrument 
holes. There’s enough in that category 
alone to make a meal of—plus, we hear 
there are some new products coming. 

EFIS
Big Screen
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How you choose might depend on panel space and your 
control set preference—but the choices are extensive!

BY LARRY ANGLISANO 



At first blush the Advanced line is 
confusing, but just remember that all 
of the Advanced displays are essen-
tially the same but differ by chassis 
and screen size. And since Advanced 
Flight Systems is part of Dynon, 
internally the systems share the same 
memory, processors and electronics as 
the Dynon SkyView HDX. They also 
use the same supporting accessories as 
Dynon, including Dynon’s autopilot 
servos, ADS-B Out transponder, com 
radios and so forth. Since EFIS tech is 
a moving target, we like that Advanced 
hasn’t left early customers in the dust 
—offering an easy upgrade to its latest 
tech without a complicated install. 

We can’t come close to covering all 
of the features for these complex, lay-
ers-deep systems, but we’ll hit the fea-
tures that catch our eye. While you’re 
reading, reference the cut-to-the-chase 
comparison charts starting on page 46. 
About  prices:  For the most part, those 
listed in the text are for the screens 
only. In many cases, you’ll need to add 
the gyro (or AHRS) package separately. 
Oh, and while you’re here, understand 
that while there are distinctions, and 
manufacturers use different terminol-
ogy, we’ve combined ADAHRS and 
ADHRS into one term, AHRS, for 
attitude/heading reference system. This 
component tells the display which way 
is up and which way is north.

Advanced Flight Systems
This company is under the Dynon 
umbrella now, and it was originally 
founded in 1999 by Rob Hickman, 
an electrical engineer with a soft-
ware background who created an 
engine monitoring system for the 
Van’s RV-4 he was building. Hickman 
went on to be inducted into the EAA 
Homebuilders Hall of Fame in 2017. 
Impressive, indeed, as is the Advanced 
panel in his current ride, a Van’s RV-10, 
pictured above.

The line of Advanced big-screen EFISes 
includes the AF-5000 series. These have 
synthetic vision and are 4:3-ratio-
format displays (the Dynon HDX and 
Garmin G3X Touch aren’t 4:3, but 
widescreen, as an example) come in a 
variety of sizes and a hybrid control set, 
with a touch screen, buttons, knobs and 
joysticks for data input. 

Photos: Courtesy the Manufacturers

For instance, if you have an early gen 
Advanced display, the $4495 model 
AF-5400 is designed as a drop-in replace-
ment for the company’s AF-3500/4500 
series displays. The 8.4-inch display’s 
resolution is 1024 by 768 pixels—the 
same as all of the other screens in the 
Advanced line. They’re crisp, bright and 
do well in a sunny cabin. The AF-5400 
hardware’s overall footprint is 8.1 by 
6.8 by 3.7 inches, so there’s no need 
to cut the panel if updating from the 
Advanced 3500/4500 series.

But if you don’t have anything, there 
are really three display options to choose 
from when starting from scratch. Think 
12-inch, 10-inch and 8-inch screens, all 
sharing the same screen resolution, con-
trol knobs and feature set. The AF-5800 
is the largest, at 12.1 inches diagonal. 
This is for select applications and that 
bezel size simply won’t fit the major-
ity of panels. Hickman said the most 
common seller is the $4000 AF-5600. 
It has a 10.4 inch diagonal display and 
the chassis is 9.1 by 7.1 by 3.8 inches. 
The smaller display in the lineup is the 
$4000 8.4-inch AF-5500. 

To confuse matters, the $4800 
AF-5700 model is a 12.1-inch display, 
but to get the absolute most screen real 
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Advanced Flight Systems’ 5600 is the company’s best-selling screen. Since becoming 
part of Dynon, AFS’s “guts” are common to the newest Dynon products.

That’s the massive 12.1-inch Advanced display in the center of this RV-10’s panel. We like 
that it can be controlled with the joystick on the pilot’s PFD.



estate, Advanced eliminated the but-
tons and knobs on the right side of the 
bezel. This display was designed for the 
center of the Van’s RV-10 panel. Think 
of it as a big MFD map, while the second 
(or third) screen is a PFD. Now the cool 
thing that Advanced does is the joystick 
on the PFD can control the big map in 
the center of the panel, eliminating the 
need to reach for the center display. 

Any of the Advanced screens can be 
configured as an EFIS, engine monitor 
or both, using the company’s CAN bus 
interface. When connecting an EFIS 
screen with an engine display screen 
using the Advanced Avionics Bus, the 
user has a variety of options, including 
the ability to display the primary flight 
data, engine monitor or both on either 
screen. There’s an optional AOA module 
that can be added to any screen.

As for data, the split-screen-capable 
Advanced displays are loaded with nearly 
everything you’d expect from a mod-
ern EFIS. There’s a weight and balance 
utility with an intuitive airframe load-
ing graphic, plus built-in configurable 
aircraft maintenance logs. For nav data, 

there are geo-referenced approach plates, 
VFR sectionals, IFR low airway charts, 
plus detailed airport and airspace info.

The AF-series display can be user con-
figured for analog instruments, which is 
an electronic depiction of a standard six-
pack (including an analog HSI). GPS 
and raw nav data are fed in through a 
variety of third-party GPS navigators, 
and the EFIS is fully compatible with 
WAAS GPS for vertical guidance.

The engine monitoring functional-
ity isn’t limited to engine and fuel flow 
and quantity data (or to pistons since 
there’s a turbine interface, too). There’s 
wing flap and trim position sensing and 
indication (compatible with most trim 
motors), speed-programmable landing 
gear warnings (including runway/water 
alerts for amphibs), voice alerting for 
stuff like low oil pressure, for example, 
checklists, 50 hours of data logging, 
leaning assist mode and full integration 
(via a dedicated electrical system page) 
with the Vertical Power VP-X electronic 
circuit breaker power system.

Advanced Flight System’s Rob Hick-
man told us the company is concentrating 

on its AdvancedPanel build program. 
With it the company takes care of the 
entire panel (and electrical system) build 
process that can shave hundreds of hours 
from a project. When complete you’ll 
receive a ready-to-install panel with pre-
configured, pre-wired avionics already 
installed in a powder-coated and silk-
screened custom panel. 

The company offers the VFR 
Advanced-Panel, which includes a PFD, 
MFD, AHRS, one com radio, ADS-B 
Out compliant Mode S transponder, 
a WAAS GPS navigator, two-place 
stereo intercom, AOA, autopilot ser-
vos, Wi-Fi module for tablet interface, 
switches and audio jacks, and of course, 
the engine monitor module, plus some-
thing called the ACM (Advanced Con-
trol Module) for plug-and-play upgrade 
compatibility. See the sidebar below 
for details on it.

The IFR AdvancedPanel adds an Avi-
dyne IFD540 GPS navigator, PS Engi-
neering remote Bluetooth audio panel and 
a Dynon EFIS-D6 backup instrument. 

The AdvancedPanel program is cur-
rently available for Van’s RV-7/8/9/10 
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An innovative standard component in the AdvancedPanel build package 
from Advanced Flight Systems is the company’s ACM, for Advanced 
Control Module. Think of this remote smart-box as a centralized avionics 
junction—including an electrical system hub—for the entire aircraft. 
This distribution center is the main junction for aircraft lighting, 
autopilot and trim servos, flap motors, control stick accessories, and of 
course, the main avionics wiring harnesses. 

Advanced came up with this ACM to simplify a way of bringing in 
power and ground (direct from the master relay) to a main distribution 
center, while housing built-in electronic circuit breakers, digital ARINC 
converters, RS-232 serial ports and audio system junctions, to name a 
handful of functions.

Just about everything that’s contained in the ACM is accessed with 
Advanced-provided harnesses. The beauty there is an easy upgrade 
down the road. Want to add a Garmin GTN 650 navigator to the suite 
later on? Source the GTN harness from Advanced and plug directly into 
the ACM. Same when switching from a Garmin to Avidyne. The ACM 
also makes for an easy way to swap displays from an Advanced ACF to 
Dynon HDX, if you want, since it contains the Dynon SkyView network. 
If you’ve wired a SkyView, you’ll know about the daunting task of 
paralleling the serial ports. The ACM takes care of all that internally. 
Sorry, the Garmin G3X Touch won’t work with the ACM.

Other than making for an easy plug-and-play upgrade, obviously the 
ACM concept can help streamline the troubleshooting process since it 

eliminates multiple breaks in a given harness and the wiring associ-
ated with independent external circuit breakers (although a version 
with conventional style fuses is available). In a Van’s RV, for example, 
the ACM is mounted in the subpanel behind the main EFIS display. It’s 
easy to contain and measures 9 inches wide and 7 inches tall. 

We think the ACM concept is the future of panel and systems inter-
facing, which seriously streamlines avionics installs whether you’re 
starting from scratch or retrofitting. We’ll look at wiring distribution 
hubs in a dedicated article in KITPLANES®.

—L.A.

Advanced Control Module: Smart Wiring Hub



and 14 models, Glasair Aviation Sports-
man and GlaStar, Zenith, Lancair 360/
ES/IV/III, Kitfox, Sonex, CubCraft-
ers, Rans S19/S20, Bearhawk and some 
others not listed here. A VFR panel 
example for a Van’s RV-7/9 using dual 
Dynon SkyView HDX displays starts at 
$19,995, while an IFR panel with dual 
Advanced AF-5600s starts at $36,995. 

BendixKing
A couple of years ago at Sun ’n Fun 
BendixKing quietly announced a new 
retrofit flight deck for the experimen-
tal market (and eventually a certified 
version) called the xVue Touch. It’s a 
clean-sheet design, and unlike other 

new products in the BendixKing line, 
it is not a rebranded third-party system. 

Priced at $5499 the xVue Touch’s specs 
are what we think the typical big-screen 
glass buyer expects. For starters, that’s 
a high-end display. The xVue’s graphics 
are indeed high-resolution (near 4K) 
on a 10.1-inch WUXGA color touch 
display with split-screen capability. The 
coated glass used on the display is anti-
scratch, anti-glare and anti-smudge. 
The tech comes from the Honeywell 
division and was born from hardware 
used in the F-16 fighter aircraft’s avion-
ics, according to BendixKing.

Displaying a full-screen PFD, an 
MFD and a combination of both, the 
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The BendixKing xVue Touch screen is a combination PFD and MFD in a crisp near-4K 
resolution. Note that all the “buttonology” resides in a remote panel. 

BendixKing’s xVue provides the expected primary flight display as well as detailed map 
depictions in split-screen mode. 



7.6-pound xVue Touch display (it mea-
sures 6.9 by 10.5 by 4.1 inches) has Hon-
eywell’s SmartView synthetic vision 
and a wide 80-degree viewing angle. 
The MFD has a moving map, VFR and 
IFR charting and can display ADS-B 
weather and traffic data. The system is 
designed with a shallow feature set, as 
all critical functions can be accessed in 
fewer than two touches.

The xVue is primarily touchscreen 
and uses a 1.5- by 6.3- by 3.7-inch con-
trol panel housing four rotary knobs for 
commonly used functions like setting 
the heading bug (the system has third-
party autopilot compatibility), setting 
the baro, course select and altitude bug. 
It also has built-in Wi-Fi (for database 
and software loads) and a USB-C port. 
The touch display has no bezel knobs 
or buttons. Flight data is derived from a 
solid-state AHRS, of course, plus a mag-
netometer and OAT sensor.

The xVue Touch doesn’t have internal 
navigation but instead has compatibility 

with third-party navigators, includ-
ing Garmin GNS and GTN units, 
Avidyne’s IFD (and BendixKing’s 
rebranded Avidyne IFD line called 
the AeroNav), plus others that have a 
digital databus output. Autopilot inte-
gration comes from the xCruze 100, 
which started life as a TruTrak system 
before BendixKing parent company 
Honeywell purchased TruTrak last 
summer. Audio system integration for 
the xVue comes from third-party ven-
dor PS Engineering.

At press time we’re planning an inflight 
demo of the xVue, and we’ll do a separate 
flight trial article on the system in an 
upcoming issue. It’s the one system we 
covered here that we haven’t flown with. 

Dynon Avionics
Dynon offers three choices of its popu-
lar SkyView system. We’ll start with the 
SkyView Classic, which doesn’t have 
a touchscreen interface and starts at 
$2395 for a 7-inch (800 by 480 pixels) 
screen configuration, and $2995 for 
a 10-inch (1024 by 600 pixels) single 
screen. These displays are TFT active 
matrix LCD screens with LED back-
lighting and are controlled with a com-
bination of two rotary/multi-direction 
joysticks and eight bezel buttons. In a 
dual-display setup, one is a PFD and 
the other is an MFD, but both have full 
reversionary capabilities. There’s also a 
backup battery (one for each display) for 
roughly one hour of standby power.

SkyView can display many combi-
nations of PFD, engine and moving 
map data in full-screen and split-screen 
configurations, as well as distribute 
this data across multiple displays. For 
example, you can customize the screen 
to display f light instruments, terrain 
and engine data or toggle some of it off 
altogether. Do you prefer a full-screen 
engine presentation, or half engine data 
and half map, or half flight instruments 
and half engine? You get the point; the 
choices for layout are liberal.

In a dual-screen configuration, the 
system synchronizes the most important 
information between the two displays—
so setting baro, bugs, engaging the auto-
pilot or acknowledging warnings only 
need to be done on one display. As for 
navigation, the PFD’s HSI display is 
mostly traditional with a magnetic com-
pass rose (with cardinal points displayed 
in letters), heading bug and a rate-of-
turn indicator. A cyan-colored ground 
track GPS pointer is located on the 
inner area of the compass rose. Compar-
ing GPS track to your heading quickly 
shows the difference between where the 
aircraft’s nose is pointing and where it’s 
actually going over the ground. How-
ever, a track bug replaces the familiar 
heading bug when the autopilot is flying 
in GPS ground track mode.

Synthetic vision is practically required 
for a glass panel, and SkyView presents 
it well on those big, crisp displays. The 
SkyView comes standard with a basic 
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Dynon’s dual-screen SkyView system (above) provides a wide range of options for display segmentation—primary flight display,  
multifunction display and engine monitoring. This installation includes a remote-mounted com, stereo intercom and standby EFIS-D6 
display. A separate autopilot controller and knob panel (below) mirror on-screen functions. 
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the instantaneous G loading of the air-
craft. An angle of attack indicator will 
display on screen when a Dynon AOA/
pitot probe is installed.

Each SkyView display contains a 
37-pin D-sub connector for the main 
wiring harness, a 9-pin D-sub connec-
tor for the SkyView network and an 
Ethernet connector that’s used to sync 
the data between two displays. A main 

wiring harness is required for each dis-
play, and they’re sold separately. 

The next step up is the SkyView HDX 
that picks up where the classic system left 
off. It starts at $3190 for a single 7-inch 
(800 by 1280 pixels) high-definition 
touchscreen display and $4490 for a sin-
gle 10-inch (800 by 1280 pixels) high-def-
inition touchscreen. For planning, the 
larger display is 10.3 by 7. 1 by 3.1 inches, 
and the smaller one is 7.6 by 5.6 by 3.1 
inches.) We like that the upgraded HDX 
uses the same components and modules 
as the classic SkyView and they can drop 
into an existing installation without 
having to cut metal. The HDX has eight 
soft keys and two control knobs, plus 
there’s an option for external controllers, 
which we’ll get to in a minute. 

The HDX’s touch functionality simply 
adds another layer to the user interface. 
For instance, if you want to change the 
altitude or airspeed bug on the PFD’s 
altitude and airspeed tape, touch the 
corresponding tape and use the left joy-
stick knob to alter the bug setting. The 
same goes for changing the baro setting 
and almost any other common func-
tion that you work with on a regular 
basis, including remote nav and GPS 
source annunciators that display on a 
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topographical map display that shows 
advisory terrain color-coding and basic 
active waypoint information when 
driven by an external GPS. But the 
addition of Dynon’s GPS module and 
one-time Navigation Mapping Soft-
ware adds an advanced embedded GPS 
navigator function and an extensive avi-
ation database for interactive on-screen 
navigation. For full IFR, you’ll need an 
external, IFR-approved navigator.  

SkyView engine data comes via the 
SV-EMS-220 engine-monitoring mod-
ule and related sensors. It supports the 
expected temperature and pressure read-
ings, all-cylinder EGT and CHT, plus a 
bunch more. It’s worth noting that the 
connectors and pinouts are the same for 
the EMS-220 as for the earlier, stand-
alone EMS-D10A and EMS-D100, so 
upgrading from earlier Dynon engine 
monitoring is fairly straightforward. 

There’s also an interface for the Vertical 
Power VP-X electrical system monitoring 
system. Further, the builder can custom-
configure the engine gauge presentation 
and location of the gauges on the screen.

One feature we’ve always been fond of 
in the SkyView system is the display of 
instantaneous G-loads on the airframe. 
When it’s displayed, it replaces the HSI 
(a numerical magnetic heading value 
remains on the screen). The G meter 
shows an analog “needle” that indicates 

SkyView expansion is based on multiple remote boxes, including one for the combined 
pitot/static and attitude gyros, engine monitoring and ARINC 429 adapters.

Dynon’s HDX has more features and higher resolution than the previous SkyView, as 
well as the canted bezel with reworked control knobs. 



dedicated box next to the HSI. The Sky-
View map display is touch-enabled so 
you can pan around the map, pinch to 
zoom, and touch features on the map 
to gain more information. There’s also 
a direct-entry feature that’s accessed 
with an INFO label on the map screen. 
Touch it and you have access to a vir-
tual keypad for entering waypoint 
identifiers, with the option for navigat-
ing directly to it.

Like the Classic, the data to drive 
the display comes from external mod-
ules, including the AHRS, pitot tubes 
and autopilot servos. There’s also an 
external com radio, an ADS-B 1090ES 
transponder and ADS-B weather and 
traffic receiver. 

These use the redundant SkyView 
network to communicate with the dis-
plays over RS-232 serial ports with con-
figurable baud rates, and all serial ports 
are wired into the SkyView display har-
ness. Each display has a USB port on the 
real chassis for file transfer and software 
updates, and there’s an external USB 
port mounted on the instrument panel. 
There’s also an optional Wi-Fi adapter.

Side-by-side with the Classic, the 
HDX screens have a wider viewing 
angle, are higher-resolution and have 
antiref lective properties that in our 
view make them superior to the origi-
nal. There’s also a new engine monitor-
ing presentation that’s contained in a 
band along the bottom of the screen. 
Dynon worked hard to make the 
HDX touchscreen displays turbulence 
friendly, with wide sculpted bezel rails 
for anchoring the hand in the bumps. 
The controls are also backlit.

As for supporting components, the 
SkyView systems use a primary and 
secondary (for backup and cross-check) 
AHRS for deriving the flight data. 
And yes, the PFD can be configured in 
the modern tape display or digital six-
pack f light instruments. In multiple 
display configurations data and inputs 
are automatically synchronized across 
the displays. The HDX has internal 
datalogging of f light data. The sys-
tem has an internal magnetometer for 
heading resolution, but there’s also an 
optional external magnetometer for 
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installing remotely if the internal mag 
has interference issues.

The EMS (engine monitoring system) 
is required for engine data display. It’s a 
$600 option and is available with sensor/
harness packages for Lycoming, Conti-
nental, Jabiru and Rotax engines. Got a 
Rotax? The model EMS-221 is designed 
to receive engine data directly from a 
Rotax 912 iS/915 iS engine computer via 
a dual-channel CAN bus interface. 

There’s also synthetic vision software, 
autopilot servos (the systems have built-
in autopilot functionality) with mount-
ing kits for various airframes, versions 
and multiple torque settings. For cable-
driven control surfaces, servos are avail-
able with capstan drives. All Dynon 
autopilot interfaces have full approach 
coupling, indicated airspeed hold, flight 
director guidance, a LEVEL button for 
return to straight-and-level flight and 
something we like the most—an emer-
gency 180-degree turnback mode for 
existing inadvertent IMC.

If you want to control the autopilot 
externally from the display, Dynon 
offers the $550 dedicated autopilot 
control panel. There’s also automatic 
electric pitch trim. Speaking of exter-
nal controllers, there’s also an optional 
$250 dedicated control knob panel 
with three knobs for setting the baro, 
heading bug and altitude bug. Like the 

autopilot controller, the control knob 
panel installs inline for plug-and-play 
with the SkyView network without any 
additional wiring. 

The HDX has a built-in GPS moving 
map and dual external GPS receivers for 
positional data and for map navigation, 
but for IFR GPS functions you’ll need 
an external IFR-approved GPS naviga-
tor. The map has aviation and obstacle 
data, as well as VFR and IFR en route 
charts and approach plates.

But what if you’re VFR only? That’s 
where the SkyView SE comes in. The 
7-inch display is $1495, and the 10-inch 
display is $2495. It’s stripped down and 
has no mapping capability, no synthetic 
vision and no interface with an IFR 
GPS. That’s because the ARINC 429 
adapter used to connect a SkyView sys-
tem to the navigator won’t work with 
the SE. The SkyView SE does support 
engine data display and can interface 
with Dynon’s remote com transceiver 
and Mode S ADS-B Out transponder. 
The SE doesn’t have a touch interface 
and essentially no submenus in its fea-
ture set. Yes, no frills.

Garmin
Garmin’s Team X experimental avion-
ics engineering division’s first project 
was to bring much-needed improve-
ments to the G3X, including a new 

digital autopilot interface, a rede-
signed AHRS, and an advanced engine 
instrument interface, to name a few. 
Garmin—with its newly introduced 
G3X Touch—showed up at Sun ’n Fun 
2014 with a focused effort on dominat-
ing the LSA and Experimental market, 
even though Dynon brought its own 
new touchscreen suite, the SkyView 
Touch. The G3X Touch turned out to 
be big competition for Dynon, and a 
huge number of LSA and experimental 
kit OEMs selected the new G3X Touch 
as original equipment.

Garmin’s G3X Touch can be config-
ured with up to four 10.6-inch high-
resolution WVGA screens that start at 
$3895. There’s also the $2995 7-inch 
landscape and $2995 7-inch portrait 
configurations. With a basic single 
display, there’s a split PFD and MFD 
presentation, but multiple displays are 
configured for dedicated PFD, MFD, or 
a combination of split screens on all. 

It’s natural to want to compare the 
G3X Touch with the Dynon SkyView, 
so we’ll do it. While primarily a touch-
screen feature set, the G3X Touch also 
has a few dedicated control keys for 
performing some common functions, 
including direct-to navigation, find-
ing nearest waypoints, and accessing a 
main menu. It doesn’t have a full set of 
buttons and keys to alternately perform 
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Garmin’s G3X Touch is available in a variety of display sizes and orientations, and all sync with the company’s G5 EFIS for standby backup. 
At the top center of the radio stack is Garmin’s remote autopilot controller. Adding an autopilot costs at little as $750 an axis.



all functions as the Dynon does. While 
that’s fine for the touchscreen-unin-
hibited crowd, pilots new to cockpit 
touchscreen avionics will have a learn-
ing curve. It’s a reassuring confidence 
booster to have knobs and buttons to 
fall back on for those times when you’re 
lost in a menu or when fingers are slip-
ping in the bumps. While Garmin offers 
this to a degree, it’s not to the extent that 
the SkyView Touch does.

We’ve used the G3X Touch quite a bit 
over the years and still find the user con-
trol set intuitive. We like that common 
functions can be accomplished with tra-
ditional knobs. For example, two rotary 
knobs—one on each side of the bezel—
can be used for frequency tuning, scroll-
ing, and a variety of other functions. As 
simple as it is to enter radio frequencies 
on a touchscreen, we still prefer crank-
ing the knobs for the task. Each Garmin 
display has a clean, uncluttered bezel. The 
data card slot on the lower portion of the 
bezel accepts standard SD cards. The SD 
card can be used for a variety of func-
tions, including software updates, storing 
checklist files, flight data logging, export-
ing track logs and user waypoints, and 
importing/exporting flight plans.

Like other Garmin navigators and 
even the G1000/900-series, the system 
has a page navigation bar displayed on 
the lower portion of the MFD. You can 

touch the desired page on the page navi-
gation bar or turn the large knob asso-
ciated with the MFD to cycle through 
the pages. Main pages that are accessed 
on the MFD include the map, electronic 
charts, waypoint information, active 
flight plan, optional SiriusXM weather, 
terrain, traffic, and optional engine data.

The system has a full EHSI (elec-
tronic HSI) with the ability to display 
two bearing pointers for traditional nav 
and GPS sources, plus bearing to the 

nearest airport. When a bearing pointer 
is displayed, its associated information 
is displayed in a bearing data window at 
the lower side of the HSI. This takes the 
guesswork out of figuring out which 
nav source is associated with a given 
bearing pointer.

The HSI may be configured to pro-
vide directional information in either 
magnetic heading or automatic track-
up modes. Heading mode orients the 
HSI to display aircraft heading in a 
conventional manner, with the current 
heading value shown at the top of the 
compass card as indicated by the lubber 
line. In automatic track-up mode, the 
aircraft symbol and lubber line move 
to indicate heading and wind correc-
tion, while the current ground track is 
shown at the top of the compass card.

G3X Touch flight displays come stan-
dard with what Garmin calls dynamic 
moving maps. This means you touch 
anywhere on the map, and based on 
your current position, the display shows 
the distance, bearing and time to that 
location on the map—as well as the 
elevation and GPS coordinates for that 
location. There’s also a full-time bearing 
pointer for the nearest airport, plus visu-
ally extended runway centerlines.

For charting, the G3X Touch comes 
preloaded with a variety of Garmin 
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That’s a 10-inch G3X Touch display showing Garmin’s EMS engine display, ESV synthetic 
vision and input from a Garmin VIRB action camera. 

Just because the screens are compact doesn’t mean an EFIS install is dead simple. There 
are plenty of remote boxes and wiring to contend with. 



aviation databases, including geore-
ferenced FliteCharts, including IFR 
approach plates, plus IFR/VFR section-
als and terminal VFR charts. The sys-
tem also has Garmin’s built-in SafeTaxi 
airport diagrams—where you’ll see a 
depiction of the aircraft’s location over-
laid onto taxiways, runways, hot spots, 
hangars and other airport facilities.

Like the SkyView, Garmin offers a 
useful G-meter. Whenever the G load 
on the airplane goes above +2.1 G or 
below -0.5 G, the HSI is temporarily 
replaced with a large graphical G-meter. 
You can acknowledge the condition 
and remove the G-meter by pressing 
the Clear key. Regardless of the current 
G load, the HSI can be replaced with a 
G-meter by changing this setting from 
the PFD setup page. 

There’s also an angle of attack option 
that requires an optional heated AOA 
probe. AOA functions are customized 
in the system setup, which determines 
when AOA warnings appear on screen. 
For instance, when the AOA is below 
the calibrated minimum visible AOA 
threshold, the angle of attack gauge 
is not displayed on the PFD. When 
AOA exceeds the calibrated caution 
alert threshold, an intermittent audi-
ble tone will be heard. The tone will 
increase in frequency until the stall 

warning AOA is reached, where it 
sounds continuously.

Garmin’s integrated autopilot for 
the G3X Touch brings many of the 
advanced features found in the certi-
fied GFC 700 (and now the retrofit 
GFC 500) and utilizes the compact 
GSA 28 digital servos that Garmin 
calls a “smart servo.” The GSA 28 servo 
is considered smart because it contains 
the software drive logic and doesn’t 
rely on a remote computer for roll and 
pitch commands. It’s available in single 
or dual axis, and the autopilot is com-
manded through and annunciated 
on the G3X Touch display. Garmin’s 
GMC 305 autopilot control head also 
has a level mode, in addition to dupli-
cate mode select buttons.

The G3X Touch gets most of its pri-
mary flight data from the GSU 25 AHRS, 
which can be mounted in any of 16 dif-
ferent vertical or horizontal positions. 

Grand Rapids Technologies (GRT)
GRT, as we’ve come to know them, 
offers multiple big-screen options in 
10.1-inch and 7-inch sizes, but that’s 
where the simplicity ends. While we 
like that GRT gives buyers lots of 
options for adding or subtracting fea-
tures, the à la carte nature of the product 
line is a handful to digest. The flagship 

model (and the simplest as far as stan-
dard features are concerned) is the 
10.1-inch Horizon model. With a base 
price of $3995, it has a high-resolution 
(1280 by 800 pixels) display with inter-
nal AHRS/air data computer and mea-
sures 10.3 by 7 by 3 inches. GRT has a 
touchscreen version, but it charges an 
additional $250 for it. While that’s not 
big money, we think it should be stan-
dard in a flagship product.

What is standard in the Horizon 10.1 
is a moving map, ADS-B display, syn-
thetic vision, split screen view, 12 serial 
ports, five analog input ports, aeronau-
tical charting and approach plates, but 
internal IFR approach procedures are an 
additional $750. Third-party autopilot 
integration is standard.

The $2995 Sport 10.1 model is a scaled 
back version, and synthetic vision is a 
$400 option, as is autopilot integration. 
The Sport is limited to six serial ports and 
two analog ports. The Sport 10.1 can be 
driven by the GRT engine monitor.

Both units can be configured as a 
standard electronic PFD or with elec-
tronic traditional six-pack round gauge 
display. These are full-featured PFDs 
with pilot-selectable data inset win-
dows and split-screen mapping, engine 
data, traffic and weather display, check-
lists and geo-referenced en route and 
VFR sectional charts.

There’s an angle of attack option for 
$250, but it requires a dual-port pitot 
tube that’s not included. For the Sport 
model, the company charges $450 for 
a dual-AHRS option and $260 for a 
digital magnetometer. 

The GRT 7-inch version (with a chas-
sis measuring 4.8 by 7.2 by 2 inches) is 
the Sport EX—which is a complicated 
lineup of no fewer than four models (the 
Sport EX, Sport EX Advanced, Sport 
EX Basic and Sport EX EFIS. Check 
the comparison chart for a side-by-side 
rundown, and we highly suggest hitting 
the company website for configuring 
your display. In summary, touchscreen is 
standard on the Advanced Touch model, 
but it’s a $275 option on the rest of the 
7-inch models. The Sport EX Advanced 
is $2400 and autopilot integration is 
an additional $400. Synthetic vision is 
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Choosing a GRT display means selecting from a variety of options and capabilities—
adding a touchscreen is a $250 upgrade on the Horizon, but standard on the Advanced 
Touch model. The GRT has a unique graph-style engine readout, seen lower left.





standard on the Sport EX, Advanced 
and Basic, but it’s $400 on the EX EFIS 
model. As for basic engine monitor-
ing—there’s RPM, oil pressure and oil 
temperature—and it’s $200 extra but 
doesn’t require the EIS engine instru-
mentation system to work. 

For advanced engine monitoring, 
GRT excels. The company offers remote 
EIS packages for four-cylinder Lycoming 
and Continental engines ($1658) and 
six-cylinder engines ($1866). The kit 
for the Rotax 912/914 is $1388, and the 
Jabiru four-cylinder kit is $1378. There’s 
even options for Volkswagen, Corvair 
and ULPower engines, plus the company 
sells a wide variety of engine probes, sen-
sors and fuel flow measuring accessories. 
There’s even the EIS 2000 instrument 
package for powered parachutes with 
two- and four-stroke engines. 

As for autopilot functions (the dis-
plays act as an autopilot control head), 
GRT offers a $700 digital roll servo and 

a $770 digital pitch servo suitable for 
most two-place airframes, including 
Van’s RVs, Lancairs and Glasairs. Servo 
mounting kits are $65 per servo.

GRT says it has more than 15 years 
of experience producing its own AHRS 
and uses MEMS technologies in its 
latest so-called Adaptive AHRS, which 
has the ability to operate unaided—or 
without air data input (the screens still 
require pitot static input). Built into 
every Adaptive AHRS is a miniature 
magnetometer (for yaw stabilization 
only, not for heading resolution—that’s 
extra), and it uses GPS ground track. 
Moreover, attitude data is unaffected by 
the loss of the external magnetometer—
the way it should be, in our view. Instead, 
the AHRS automatically reverts to 
gyro-stabilized GPS ground track or its 
internal magnetometer.

Overall, we’re impressed with the 
GRT display feature set, display quality, 
engine monitoring accessories and its 

track record for reliability. We just wish 
spec’ing a display was more streamlined.

MGL Avionics
MGL Avionics has found a niche 
in the sport aerobatic market, and 
for big-screen EFISes it offers two 
lines: The Lite series and iEFIS series. 
The Lite series is designed for simple, 
VFR installations that generally have 
one single screen, and the support-
ing components—AHRS, pitot static 
sensor and GPS module (for onboard 
VFR navigation)—are built into the 
display. The display simply connects 
to an external GPS antenna. Essen-
tially the only remote components are 
magnetometer and engine monitoring 
module. You can install multiple Lite 
displays, but there’s little communi-
cation between these screens (they 
only have two RS-232 data ports, and 
no ARINC 429 ports for external 
GPS navigator input). The line has 
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Manufacturer Model Screen Size 
(in)

Base 
Price

Primary 
AHRS

Secondary 
AHRS

Resolution 
(pixels)

Touch 
Screen

Synthetic 
Vision Approach Plates Weather/

Traffic

GPS Position 
Source (Not IFR 

Approved)
AOA ARINC 

429
Backup 
Battery

Remote 
Com

Remote 
Transponder Autopilot

Engine  
Monitoring 

(less probes)

Display Overall Size 
(W x H x D)

Advanced Flight 
Systems
www.advancedflightsystems.
com
503-263-0037

AF-5800 12.1 $4800 $1200 $800 1024 x 768 Y Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $230/$395 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 11.5 x 9.0 x 3.8

AF-5700 12.1 $4800 $1200 $800 1024 x 768 Y Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $230/$395 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 11.5 x 9.0 x 3.8

AF-5600 10.4 $4200 $1200 $800 1024 x 768 Y Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $230/$395 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 10.3 x 8.2 x 3.8

AF-5500 8.4 $4000 $1200 $800 1024 x 768 Y Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $230/$395 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 9.1 x 7.1 x 3.8

AF-5400 8.4 $4495 $1200 $800 1024 x 768 Y Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $230/$395 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 8.1 x 6.8 x 3.8

BendixKing
www.bendixking.com
855-250-7027

xVue Touch 10.1 $5499 Included NA 1920 x 1200 Y Y Y, geo referenced Y NA N Y N N N Y N 10.5 x 6.9 x 4.1

Dynon 
www.dynonavionics.com
425-402-0433

SkyView SE 7.0 $1495 $1200 NA 800 x 480 N N N N $200/$590  
(ADS-B Out)

Y, with special  
pitot mast NA $180 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 7.6 x 5.5 x 2.3

SkyView Classic 7.0 $2395 $1200 $800 800 x 480 N Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $180 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 7.6 x 5.5 x 2.3

SkyView HDX 7.0 $3190 $1200 $800 800 x 1280 Y Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $180 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 7.6 x 5.6 x 3.2

SkyView SE 10.0 $2495 $1200 NA 1024 x 600 N N N N $200/$590  
(ADS-B Out)

Y, with special  
pitot mast NA $180 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 10.3 x 7.1 x 2.3

SkyView Classic 10.0 $2995 $1200 $800 1024 x 600 N Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $180 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 10.3 x 7.1 x 2.3

SkyView HDX 10.0 $4490 $1200 $800 1280 x 800 Y Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $180 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 10.3 x 7.1 x 3.1

Big Screen EFIS



three models to include the $3995 
10.4-inch Challenger-Lite, $3195 8.5-
inch Explorer-Lite and $2995 7-inch 
Discovery-Lite. 

The iEFIS line, which includes the 
$3000 10.4-inch Challenger and $2500 
Explorer, is intended for multi-display 
configurations and IFR ops, and these 
displays connect with external AHRS, 
including the company’s $960 SP-6 
CAN magnetometer (magnetic head-
ing and wind speed and direction) 
and the $960 SP-7 CAN attitude, slip 
and G-force sensor. These are small—
measuring 3.5 by 3.5 inches and 
weigh 6 ounces each. There’s also the 
$1495 SP-9 high-grade ring-gyro based 
AHRS and magnetometer, which the 
company says should be used for IFR 
applications. Additionally, the heart of 
the iEFIS is the $1150 external iBox, 
which has the pitot static input, angle 
of attack sensor, GPS, analog and digi-
tal data connections (six RS-232 ports, 

trim and flap sensing), and the displays 
have a digital ARINC 429 interface for 
interfacing with an external IFR GPS 
navigator, including the Garmin GTN 
and Avidyne IFD series navigators. 
Multiple iEFIS displays are connected 

together over a CAN bus, and MGL 
offers prefabricated harnesses for plug-
and-play connectivity. 

All of the systems—iEFIS and the 
Lite series—come standard with syn-
thetic vision and have LCD resistive 
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Manufacturer Model Screen Size 
(in)

Base 
Price

Primary 
AHRS

Secondary 
AHRS

Resolution 
(pixels)

Touch 
Screen

Synthetic 
Vision Approach Plates Weather/

Traffic

GPS Position 
Source (Not IFR 

Approved)
AOA ARINC 

429
Backup 
Battery

Remote 
Com

Remote 
Transponder Autopilot

Engine  
Monitoring 

(less probes)

Display Overall Size 
(W x H x D)

Advanced Flight 
Systems
www.advancedflightsystems.
com
503-263-0037

AF-5800 12.1 $4800 $1200 $800 1024 x 768 Y Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $230/$395 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 11.5 x 9.0 x 3.8

AF-5700 12.1 $4800 $1200 $800 1024 x 768 Y Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $230/$395 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 11.5 x 9.0 x 3.8

AF-5600 10.4 $4200 $1200 $800 1024 x 768 Y Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $230/$395 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 10.3 x 8.2 x 3.8

AF-5500 8.4 $4000 $1200 $800 1024 x 768 Y Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $230/$395 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 9.1 x 7.1 x 3.8

AF-5400 8.4 $4495 $1200 $800 1024 x 768 Y Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $230/$395 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 8.1 x 6.8 x 3.8

BendixKing
www.bendixking.com
855-250-7027

xVue Touch 10.1 $5499 Included NA 1920 x 1200 Y Y Y, geo referenced Y NA N Y N N N Y N 10.5 x 6.9 x 4.1

Dynon 
www.dynonavionics.com
425-402-0433

SkyView SE 7.0 $1495 $1200 NA 800 x 480 N N N N $200/$590  
(ADS-B Out)

Y, with special  
pitot mast NA $180 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 7.6 x 5.5 x 2.3

SkyView Classic 7.0 $2395 $1200 $800 800 x 480 N Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $180 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 7.6 x 5.5 x 2.3

SkyView HDX 7.0 $3190 $1200 $800 800 x 1280 Y Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $180 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 7.6 x 5.6 x 3.2

SkyView SE 10.0 $2495 $1200 NA 1024 x 600 N N N N $200/$590  
(ADS-B Out)

Y, with special  
pitot mast NA $180 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 10.3 x 7.1 x 2.3

SkyView Classic 10.0 $2995 $1200 $800 1024 x 600 N Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $180 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 10.3 x 7.1 x 2.3

SkyView HDX 10.0 $4490 $1200 $800 1280 x 800 Y Y Y, geo referenced Y $200/$590  
(ADS-B Out)

Y, with special  
pitot mast $475 $180 Y $1800/$2200 

(ADS-B Out) Y, $750 per axis $600 10.3 x 7.1 x 3.1

That’s the MGL iEFIS, which comes in the Explorer 8.5-inch and Challenger 10.4-inch 
configurations. Unlike the Lite series, the iEFIS is intended for IFR ops.



touchscreen displays. The iEFIS comes 
in 10.4-inch and 8.5-inch screens. 
The largest 10.4-inch display has a 1024 
by 768 pixel count and the smaller 8.5 
and 7-inch screens have an 800 by 480 
pixel count. 

For engine monitoring, all of the dis-
plays, whether iEFIS or Lite, connect to 
MGL’s $375 Remote Data Acquisition 

Computer (RDAC). This CAN bus-
connected remote computer mounts 
on the engine side of the firewall, and 
it has multiple inputs for temp and oil 
sensors. The iEFIS can support up to 
four RDACs, and each can be used for 
a different engine—or in the case of a 
nine-cylinder radial, for example, addi-
tional RDACs can be used to expand 

the monitoring potential on one engine. 
The RDAC has a liberal interface poten-
tial and works with a wide variety of 
engine models, including Rotax.

As for control set, all of the MGL dis-
plays are touchscreen but also have a row 
of bezel buttons and rotary knobs that 
can activate all of the system’s functions 
without touching the screen—think 
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Manufacturer Model Screen Size 
(in)

Base 
Price

Primary 
AHRS

Secondary 
AHRS

Resolution 
(pixels)

Touch 
Screen

Synthetic 
Vision Approach Plates Weather/

Traffic

GPS Position 
Source (Not IFR 

Approved)
AOA ARINC 

429
Backup 
Battery

Remote 
Com

Remote 
Transponder Autopilot

Engine  
Monitoring 

(less probes)

Display Overall Size 
(W x H x D)

Garmin
www.garmin.com
800-800-1020

G3X Touch 7.0 portrait $2995 $800 $800 480 x 800 Y Y Y, geo referenced Y Incl. Y, with special  
pitot mast $499 N Y $2199 (Mode S) Y, $750 per axis $599 6.0 x 7.8 x 2.7

G3X Touch 7.0 landscape $2995 $800 $800 800 x 480 Y Y Y, geo referenced Y Incl. Y, with special  
pitot mast $499 N Y $2199 (Mode S) Y, $750 per axis $599 8.0 x 5.9 x 2.7

G3X Touch 10.6 $3895 $800 $800 1280 x 768 Y Y Y, geo referenced Y Incl. Y, with special  
pitot mast $499 N Y $2199 (Mode S) Y, $750 per axis $599 10.9 x 7.8 x 2.6

Grand Rapids 
Technology
www.grtavionics.com

Sport EX 7.0 $1500 Incl. $450 800 x 480 $275 $400 N N $495  
(ADS-B Out) N $450 N Y $1600  

(ADS-B Out)
Y, $750/$870 

per axis $498 7.2 x 4.8 x 2

Sport EX Basic 7.0 $2000 Incl. $450 800 x 480 $275 Y N N $495  
(ADS-B Out) N $450 N Y $1600  

(ADS-B Out)
Y, $750/$870 

per axis $498 7.2 x 4.8 x 2

Sport EX 
Advanced 7.0 $2400 Incl. $450 800 x 480 $275 Y N Y $495  

(ADS-B Out) N $450 N Y $1600  
(ADS-B Out)

Y, $750/$870 
per axis $498 7.2 x 4.8 x 2

Sport EX 
Advanced Touch 7.0 $2950 Incl. $450 800 x 480 Y Y N Y $495  

(ADS-B Out) N $450 N Y $1600  
(ADS-B Out)

Y, $750/$870 
per axis $498 7.2 x 4.8 x 2

Sport 10.1 10.1 $2995 Incl. $450 1280 x 800 $250 $400 N Y $495  
(ADS-B Out) Y $450 N Y NA Y, $750 per axis 

+$400 $498 10.0 x 7.0 x 3.0

Horizon 10.1 10.1 $3995 Incl. $450 1280 x 800 $250 Y Y, geo referenced Y $495  
(ADS-B Out) Y $450 N Y $1600  

(ADS-B Out)
Y, $750/$870 

per axis $498 10.0 x 7.0 x 3.0

MGL Avionics
www.mglavionics.com
424-358-4510

iEFIS Discovery 
Lite 7.0 $2995 Incl. $1495 800 x 480 Y Y Y, geo referenced Y Incl. Y NA N Y Sandia/Trig Y, $950 per axis $375 9.0 x 4.8 x 3.3

iEFIS Explorer Lite 8.5 $3195 Incl. $1495 800 x 480 Y Y Y, geo referenced Y Incl. Y NA N Y Sandia/Trig Y, $950 per axis $375 9.0 x 6.3 x 3.3

iEFIS Challenger 
Lite 10.4 $3695 Incl. $1495 1024 x 768 Y Y Y, geo referenced Y Incl. Y NA N Y Sandia/Trig Y, $950 per axis $375 10.6 x 8.1 x 3.3

iEFIS Explorer 8.5 $2500 $960 $1495 800 x 480 Y Y Y, geo referenced Y $1150 Y Incl. N Y Sandia/Trig Y, $950 per axis $375 9.0 x 6.3 x 3.3

iEFIS Challenger 10.4 $3000 $960 $1495 1024 x 768 Y Y Y, geo referenced Y $1150 Y Incl. N Y Sandia/Trig Y, $950 per axis $375 10.6 x 8.1 x 3.3

Big Screen EFIS (continued)

MGL provides the option of many screen layouts, including high-resolution maps, a highly visible G meter and engine monitoring 
along the lower edge of the screen. 



hybrid control. There is also an “instant 
access” function that enables the user to 
access a function by touching it on the 
screen (like changing the baro setting, 
for example), plus there’s a QWERTY 
onscreen keyboard.

The MGL displays have built-in 
autopilot command when connected 
with the company’s clutchless step-
per-motor-based roll and pitch ser-
vos (they weigh 3 pounds each), and 
engaging and disengaging the system 
is all accomplished onscreen (or with 
an external mode switch). The servos 
connect to the displays via CAN bus 
network. The autopilot is full-function 
and has emergency altitude hold, a 180˚ 
turnback mode, Flightplan vertical nav 
and pitch attitude hold.

The iEFIS has a built-in 50-channel 
WAAS GPS for map navigation, and the 
units can display optional subscription-
based Jeppesen NavData. Standard data 

includes airports, navaids, airspace and 
obstacles, terrain, and a world-wide vec-
tor basemap. With MGL’s Map Maker 
software, any scanned digital sectional 
chart can be loaded. 

The displays are compatible with 
uAvionix ADS-B units and control 
the Sandia STX165R and also the Trig 
TT22 remote transponders. For traf-
fic, the iEFIS works with traffic altering 
sources with RS-232 and ARINC 429 
databuses, including uAvionix ADS-B 
receivers, TCAS and FLARM GPS-
based traffic systems for gliders. When 
connected with an audio panel the dis-
plays have voice alerting for a variety of 
attention-getting functions. There’s even 
a “copilot mode,” where the system can 
be programmed to call out airspeeds.

Conclusion
As we said in the lead, you should 
choose any of the systems we cover here 

after a thorough demo. You’ll likely 
get along better with some over oth-
ers because they’re all, well, different. 
Obviously, they all have incredibly 
data-rich feature sets, and all offer good 
growth potential. You can start with a 
single screen and connect more as your 
budget and needs change. All offer siz-
able redundancy, and we think all are 
backed by decent product support. 

We like the Advanced Flight System’s 
AdvancedPanel build program. It’s a 
way to shave serious amounts of time 
from a project, and since Advanced is 
part of Dynon, you can choose between 
an Advanced or Dynon display. The 
panels we’ve seen have been built to 
high standards, overall.

As for Garmin’s G3X Touch, we 
think it has smart features, a logical 
installation, and it offers a healthy vari-
ety of display sizes to accommodate a 
wide variety of panels. J
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Manufacturer Model Screen Size 
(in)

Base 
Price

Primary 
AHRS

Secondary 
AHRS

Resolution 
(pixels)

Touch 
Screen

Synthetic 
Vision Approach Plates Weather/

Traffic

GPS Position 
Source (Not IFR 

Approved)
AOA ARINC 

429
Backup 
Battery

Remote 
Com

Remote 
Transponder Autopilot

Engine  
Monitoring 

(less probes)

Display Overall Size 
(W x H x D)

Garmin
www.garmin.com
800-800-1020

G3X Touch 7.0 portrait $2995 $800 $800 480 x 800 Y Y Y, geo referenced Y Incl. Y, with special  
pitot mast $499 N Y $2199 (Mode S) Y, $750 per axis $599 6.0 x 7.8 x 2.7

G3X Touch 7.0 landscape $2995 $800 $800 800 x 480 Y Y Y, geo referenced Y Incl. Y, with special  
pitot mast $499 N Y $2199 (Mode S) Y, $750 per axis $599 8.0 x 5.9 x 2.7

G3X Touch 10.6 $3895 $800 $800 1280 x 768 Y Y Y, geo referenced Y Incl. Y, with special  
pitot mast $499 N Y $2199 (Mode S) Y, $750 per axis $599 10.9 x 7.8 x 2.6

Grand Rapids 
Technology
www.grtavionics.com

Sport EX 7.0 $1500 Incl. $450 800 x 480 $275 $400 N N $495  
(ADS-B Out) N $450 N Y $1600  

(ADS-B Out)
Y, $750/$870 

per axis $498 7.2 x 4.8 x 2

Sport EX Basic 7.0 $2000 Incl. $450 800 x 480 $275 Y N N $495  
(ADS-B Out) N $450 N Y $1600  

(ADS-B Out)
Y, $750/$870 

per axis $498 7.2 x 4.8 x 2

Sport EX 
Advanced 7.0 $2400 Incl. $450 800 x 480 $275 Y N Y $495  

(ADS-B Out) N $450 N Y $1600  
(ADS-B Out)

Y, $750/$870 
per axis $498 7.2 x 4.8 x 2

Sport EX 
Advanced Touch 7.0 $2950 Incl. $450 800 x 480 Y Y N Y $495  

(ADS-B Out) N $450 N Y $1600  
(ADS-B Out)

Y, $750/$870 
per axis $498 7.2 x 4.8 x 2

Sport 10.1 10.1 $2995 Incl. $450 1280 x 800 $250 $400 N Y $495  
(ADS-B Out) Y $450 N Y NA Y, $750 per axis 

+$400 $498 10.0 x 7.0 x 3.0

Horizon 10.1 10.1 $3995 Incl. $450 1280 x 800 $250 Y Y, geo referenced Y $495  
(ADS-B Out) Y $450 N Y $1600  

(ADS-B Out)
Y, $750/$870 

per axis $498 10.0 x 7.0 x 3.0

MGL Avionics
www.mglavionics.com
424-358-4510

iEFIS Discovery 
Lite 7.0 $2995 Incl. $1495 800 x 480 Y Y Y, geo referenced Y Incl. Y NA N Y Sandia/Trig Y, $950 per axis $375 9.0 x 4.8 x 3.3

iEFIS Explorer Lite 8.5 $3195 Incl. $1495 800 x 480 Y Y Y, geo referenced Y Incl. Y NA N Y Sandia/Trig Y, $950 per axis $375 9.0 x 6.3 x 3.3

iEFIS Challenger 
Lite 10.4 $3695 Incl. $1495 1024 x 768 Y Y Y, geo referenced Y Incl. Y NA N Y Sandia/Trig Y, $950 per axis $375 10.6 x 8.1 x 3.3

iEFIS Explorer 8.5 $2500 $960 $1495 800 x 480 Y Y Y, geo referenced Y $1150 Y Incl. N Y Sandia/Trig Y, $950 per axis $375 9.0 x 6.3 x 3.3

iEFIS Challenger 10.4 $3000 $960 $1495 1024 x 768 Y Y Y, geo referenced Y $1150 Y Incl. N Y Sandia/Trig Y, $950 per axis $375 10.6 x 8.1 x 3.3
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happening and maximize our chances 
of survival?

In Flight
If there’s a fire in a car, you escape by 
stopping the car, undoing your seat belt 
and diving out. Not necessarily in that 
order, either.

But—without a personal parachute—
the situation is far different in an aircraft. 
You’re minutes from safety, and diving to 
the ground can fan the flames.

The main question you have: How 
often does it happen?

Figure 1 should provide some reas-
surance. In-f light fires are relatively 

Quite possibly, your eyes glazed over 
a bit when you saw the title of this 
article. Quite possibly, you’re poised to 
skim forward a few pages and give this 
article a pass.

I wouldn’t blame you.
Aircraft fires—both after an accident 

and, especially, in f light—have never 
been pilots’ favorite topics. It was espe-
cially feared in WW-I combat, when the 
lack of parachutes meant either burning 
to death in a long fall or a suicidal leap to 
avoid the flames.

Things haven’t really changed. Just 
20 years ago, a flaming homebuilt fell to 
Earth. The pilot’s body was found sev-
eral miles away. It is believed he jumped 
to escape the fire (NTSB Accident ID: 
SEA99FA113).

Our other fear, of course, is our home-
built’s wreckage catching fire after a 
crash—especially if we’re trapped inside. 

How often does it happen? What 
can we do to minimize the chance of it 

No pilot’s favorite subject.
BY RON WANTTAJA

Homebuilt Accidents:   

Fire!
This Fly Baby stalled and spun in 

from 200 feet. While the wreckage 
obviously burned afterward, it’s 

likely the pilot was killed on impact. 
(Photo: FAA).

Figure 1: In-flight fires of E/A-B aircraft are relatively rare.
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Post-Impact Fires
Back in 2002, a Fly Baby lost its engine 
on takeoff and cartwheeled. The pilot 
broke a leg in the crash, and was pinned 
in the wreckage. The fuel tank, located 
in the front of the fuselage over the 
pilot’s legs, ruptured. He was soaked 
with gasoline and unable to extricate 
himself from the aircraft. 

No fire, fortunately. But this is a night-
mare most pilots are only too conscious of.

So, what are the chances?
Let’s start with the probability of fire. 

From the NTSB records, about 10% of 
homebuilt accidents report a fire after 
impact. This is based both on an “aircraft 
fire” parameter in the NTSB database, as 
well as a manual examination of accident 
narratives to identify additional cases. As 
we saw in Figure 1, it’s a big slice of the pie, 
but still not all that common.

I took a stab at identifying the pri-
mary construction method used for 
3428 fixed-wing homebuilt accidents 
from 1998 through 2017. Figure 2 shows 
the percentage of post-impact fires ver-
sus the construction method. (Note: 
“Unknown” in the figure refers to my 
unfamiliarity with the aircraft type, not 
that the NTSB was unable to determine 
the mode of construction.)

Again, composite construction stands 
out. Where the effect of the construc-
tion material may not be a great driver 
in in-flight fires (since the fire is usually 
primarily concerned with the engine 
compartment), composite materials do 
seem more likely to support fires after 
the airplane crashes.

This is borne out when examining 
production-aircraft crashes. The all-com-
posite Cirrus has the highest percentage 

rare. Over the 20 years covered by my 
homebuilt aircraft database (1998–2017), 
I found just 29 cases of in-flight fires. All 
but two were fixed-wing aircraft.

As one might expect, fuel leaks are the 
main source, with oil-fed fires coming in 
second. Electrical issues are in the third 
position. Sadly, we don’t know the source 
for over a quarter of the cases, usually 
because the systems were destroyed.

One curious aspect is that while 
about quarter of all homebuilt acci-
dents involve composite airplanes, 
nearly half (13) of the in-f light fires 
affect composite aircraft. 

Does this mean anything? Sure, com-
posites are more flammable than alumi-
num, but wood airplanes will burn, too, 
as will fabric coverings (though modern 
covering materials are less f lammable 
than WW-I-era dope and linen). There 
were only a few in-flight fires affecting 
fabric-covered or wood airplanes. 

But the overall construction mate-
rial doesn’t necessarily establish what’s 
wrapped around the engine. In-flight 
fires almost always start in the engine 
compartment, and fiberglass cowlings 
are very common regardless of what the 
main structure is made of. It doesn’t 
seem like a fiberglass wing and fuselage 
would add significantly to the risk of in-
flight fire.

A bit of good news? The fatality rate for 
accidents involving in-flight fires is less 
than you’d expect: Only about a third of 
the in-flight fire cases resulted in death. 
In nearly half of the accidents, the occu-
pants were able to land and egress the 
aircraft with no more than slight injuries. Figure 2: Post-impact fires seem more common in composite aircraft.

There may not have been a physical fire when the failure of the PSRU gearbox filled the cockpit with smoke on takeoff (left), but from the 
fire-extinguisher residue, the first responders were taking no chances. While modern fabrics and coatings will burn (right), they’re obviously 
less flammable than their Great War equivalents. (Photos: NTSB)



of post-crash fires among a dozen small 
GA aircraft examined (Figure 3).

But it is important to compare aircraft 
of similar performance ranges. Burning 
fuel is usually a primary component of 
post-impact aircraft fires, and the harder 
the plane hits, the more likely the tanks 
will rupture. Hence, the faster the plane 
is going at impact, the greater chance of 
a post-impact fire.

Figure 4 shows the percentage of 
post-crash fires for homebuilt aircraft 
versus the Wikipedia-listed cruise 
speed for the aircraft. While few air-
planes actually crash at their cruise 
speed, it is useful as a metric for com-
paring the relative performance of the 
aircraft; most Pietenpol accidents occur 
at slower speeds than Glasair ones.

The figure also shows the type of 
construction. Again, composite aircraft 
suffer post-impact fires more often, but 

higher impact speeds probably have 
more effect.

(Which composite aircraft has no 
post-impact fires? The Searey. Seventy 
percent of its accidents were on water.)

Wrap-Up
We hate the thought of in-flight fires, 
but they’re rare—one or two a year, at 
most, across a 27,000-airplane fleet of 
homebuilts. That’s not bad odds. 

What’s more, the survival rate for in-
flight fires was surprisingly high. Read-
ing the accident reports, the common 
factor in survival appears to be decisive-
ness—noticing smoke or flame, then 
immediately killing the engine, shut-
ting off the master switch and heading 
for the ground.

Not to mention keeping one’s wits; 
landing successfully to permit rapid 
egress from the airplane.

52 KITPLANES   April 2020 www.kitplanes.com & www.facebook.com/kitplanes

The fatality rate in crashes that pro-
duce post-impact fires is grimmer. When 
a fire is reported in the NTSB summary, 
the majority of the cases involve deaths. 
However, the occupants usually expire 
due to the impact, not the fire. 

The overall viewpoint looks bet-
ter. From 2005 through 2017, thermal 
injuries or other fire-related causes were 
mentioned in the autopsy portion of 
NTSB reports in less than 5% of all fatal 
homebuilt accidents. And most included 
physical trauma as well, so the deaths 
were not necessarily due to the fires alone.

The first lesson: Survive the accident 
in good enough shape to egress the air-
craft. This means a good seat belt and 
shoulder harness; it also includes ensur-
ing they attach to structure that is sturdy 
enough to take the load. Secure any bag-
gage so it can’t come forward to hit you.

Figure 3: The Cirrus’ composite construction probably contributes to its rate of post-impact 
fires, but its higher performance is also a factor.

Figure 4: In addition to construction method, higher-performance 
aircraft have a greater tendency for fuel tanks to rupture during 
an accident.

Figure 5: Fuselage fuel tanks are more common in lower- 
performance aircraft, which probably mitigates the fire danger.

While metal airplanes don’t burn, many 
metal homebuilts use fiberglass engine 
cowlings.



The second lesson is to inhibit 
flames as much as possible. Use fire-
sleeve on fuel and oil lines. If time 
permits during a forced landing, shut 
off the fuel to the engine and kill the 
master switch. 

Remember, the “firewall” is supposed 
to be your protection against fires in the 
engine compartment, not just as a con-
venient wall to attach components. Part 
23 requires that certified airplanes have 
a firewall that will withstand a 2000° F 

breaker” (something heavy with a sharp 
point) for Plexiglas. A sharp knife to cut 
jammed seat belts. A fire extinguisher as 
well, to give you more time to egress. All 
accessible from the pilot’s seat. Keep in 
mind that injuries may restrict you to a 
single arm, so make sure you’ll still be 
able to reach what you need.

Fire in the aircraft is every pilot’s night-
mare. But you can combat it through 
good construction practices, the right 
equipment and proper airmanship. J
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fire for 15 minutes. This includes any 
penetrations through the firewall—
the throttle, mixture, carb heat, fuel 
lines, electrics, etc. must include pro-
tections to delay the flames from pen-
etrating into the cabin. Good goal for 
homebuilts, too. Do it right. Don’t just 
plug holes with RTV.

The final lesson? In addition to delay-
ing the flames, ensure you have the 
tools available to help you escape before 
the plane is fully engulfed. A “canopy 

While this homebuilt (left) was totally destroyed by a post-impact fire, the aircraft protected the occupants well enough that they were able 
to escape. (Photo: NTSB). If a fire breaks out under the cowling of this Fly Baby (right), the red firesleeve on the fuel line from the gascolator 
to the carburetor should delay involvement of the main fuel system.

When it comes to post-impact fires, keeping the fuel away from potential 
ignition sources is vital. A good approach is for the fuel to be carried in 
the wings, rather than in the fuselage.
 Yet many classic (and not-so-classic) homebuilts put the fuel tank 
behind the firewall, in front of the people in the airplane. In my data, 
I’m not seeing a major disadvantage when it comes to post-impact fires 
in homebuilts. This is illustrated in Figure 5. It plots the percentage of 
crashes that result in a post-impact fire against aircraft cruise speed, 
with brown circles showing where the primary fuel is in the fuselage 
and blue squares where it’s in the wing. 
 Most of the low-speed fun aircraft have fuselage tanks, while 
airplanes designed for traveling put the fuel in the wings. There’s one 
outlier in the fuselage-tank crowd (an aerobatic biplane), but most of 
the other aircraft with fuselage tanks seem to have similar rates of 
fire occurrence as aircraft with wing tanks.
 Check back on the production-aircraft statistics presented in Figure 3. 
The Piper Cub and Super Cub as well as the Aeronca 7AC have the lowest 
rates of post-crash fires—and both have fuselage tanks between the 
occupants and the firewall, without the additional protections required 
by modern certification requirements.
 Safety-wise, wing-mounted fuel tanks have one disadvantage: They’re 
more easily damaged in a crash. Ground obstructions or broken-off 

pieces of the landing gear can pierce them. Many homebuilts build the 
fuel tanks into the leading edge of the wing, making a fuel spill even 
more likely during an emergency landing. In contrast, a fuselage-
mounted tank is much better protected.
 However, when a wing tank ruptures, the spilled fuel will be at some 
distance from ignition sources. If a design with a fuselage-mounted 
tank hits hard enough to breach the tank, the engine is close and the 
fuel is right where the occupants are sitting.
 One argument made for wing tanks is that the wings will come off 
in the crash and thus the gas tanks will be away from the cabin area. 
But as part of this series, I’ve been downloading photos of crashed 
homebuilts from the NTSB docket. Out of 15, only one showed both 
wings physically separate from the cabin. One can’t count on the wing 
coming off and removing the fuel tank; worse, a slight amount of dis-
placement of the wing may shatter the fuel lines at the root and cause  
a spill into the fuselage. 
 Should you modify your fuselage-mounted fuel system to put the 
tanks in the wings? Problems with fuel systems are a major cause of 
homebuilt aircraft accidents. The records show that modifications are 
fraught with danger. You’re probably safer with what the airplane was 
designed with, regardless of the fuel tank location.

—R.W.

The Effect of Fuel Tank Location 



As builders of our own aircraft, we 
know there are many enclosed areas 
inside the fuselage and wings that may 
never be seen again once construction 
has been completed. Access panels and 
covers (if your plane has some) do pro-
vide a good effort at letting us see inside 
critical areas. But time and time again, 
you may find the need to peer into 
inaccessible places for maintenance or 

troubleshooting. For example, check-
ing an electrical connection on a switch 
mounted in a congested instrument 
panel may require some pretty tough 
neck stretches on your back to get a good 
view. Ever need to look for a leak on a 
hose connection that got buried under 
other components that would have to be 
removed in order to get an unobstructed 
view? My personal guarantee is that 

your homebuilt will end up with fasten-
ers (nuts, bolts, cotter pins) and connec-
tions (plumbing, cables and electrical) 
that will get sealed off from view once 
your aircraft is completed.

To the rescue: the snake camera (aka 
endoscope or borescope). While this 
type of tool has been around a long time, 
only recently have they become more 
sophisticated and quite inexpensive. 

Eyes That Can See  
Around Corners
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PLANE     SIMPLEand

BY JON CROKE

The small box at the end  
of the cable holds the Wi-Fi  
transmitter used to send the  
images to your smartphone.



your phone. Mine uses a Wi-Fi signal 
to send the picture. Also check that the 
snake camera is compatible with your 
type of smartphone. Make sure the cam-
era has an LED light that can be turned 
on for viewing dark areas. Consider the 
length of the camera cable, which is the 
part you hold onto as you snake the cam-
era to its intended target. And be aware 
of the size of the camera head. This deter-
mines if you can gain access through a 
small opening. My inexpensive snake also 
has a nifty mirror attachment that allows 
it to “look” perpendicular to the barrel 
end if that is required. As always, check 
the owners’ reviews when making your 
selection—and read their comments. 

For thorough aircraft inspection and 
repairs, you can’t beat the ability to see 
around corners in those hidden areas 
with your snake camera! J

The goal is to have a tiny camera that can 
snake itself into tight areas and produce 
a clear, sharp display to view. One reason 
they have become so affordable is that 
they can use your existing smartphone 
for the high-res display. This leaves only 
the camera and associated electronics 
to get the image to your phone. While 
it is true that you get what you pay for, 
the models from Amazon for $35 do a 
wonderful job. You can opt for more 
sophisticated models, but that is not 
really necessary in most cases.

I have used my $35 model to peer 
into my wing gas tanks (while nearly 
empty) to see the operation of the fuel 
level floats. Quite a bit of fuel is needed 
to raise the float off the bottom, I dis-
covered. I can examine the otherwise 
hidden pulleys used by the control 
cables driving my aircraft’s elevator. 
As long as you have an opening large 
enough for the tiny camera to enter, 
you then have access to the hidden 
world inside dark enclosures like the 
fuselage. Did I mention the camera has 
a tiny LED light that illuminates the 
area in front of the camera? Using the 
snake camera for examining plugs and 
cable connections under the instru-
ment panel makes a difficult task easy 
and stress-free. Think of this tool as a 
high-tech replacement for that little 
round inspection mirror.

When shopping for a snake camera 
(Amazon has quite the selection), pay 
attention to some basic features. If using 
your smartphone for the camera display, 
note how the camera communicates with 
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A hidden pulley for the elevator control cable (left) can be inspected through this opening 
with the snake camera. The snake camera allows you to see debris in the fuel tank (right) 
and examine the float mechanism through the fuel filler port.
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As the founder of Homebuilt 
HELP.com, Jon Croke has 
produced instructional videos 
for experimental aircraft 
builders for over 10 years. He 
has built (and helped others 
build) over a dozen kit 
aircraft of all makes and 
models. Jon is a private  
pilot and  
currently  
owns and  
flies a Zenith  
Cruzer.
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I’ve participated in countless conver-
sations with homebuilders that included 
the phrase, “Just in case.” The phrase 
is usually used while discussing flight 
safety scenarios and, to a lesser degree, 
building concerns, like a fear of commit-
ting to permanent fasteners. The “just in 
case” comments remind me of my first 
day of Basic Military Training when 50 
teens were given an open forum to ask 
our training instructor what we could 
expect in the next six weeks. After all, 
only days before we were flipping burg-
ers, ushering at movie theaters, and com-
ing and going as we pleased. What did 
we know about military life? 

The questions, at first, made sense, 
“Can I stay up later than ‘lights out’ to 
study?” They drifted to, “What if the base 
commander wants to enter the dorm 
but his military I.D. has a photo of Mickey 
Mouse?” That was a ploy used in training 
so it was plausible. In time, the questions 
tugged at the tether of reality until they 
broke free with, “What if the president 
of the United States calls and says we 
need to leave the building immediately 
because it’s been targeted by a Soviet 
missile?” I’ll forever remember the train-
ing instructor’s response, “What if worms 
had machine guns? Would robins mess 
with them?” Only he didn’t say “mess.” 
And that’s when the Q&A session ended 
and we were dismissed to fold our under-
wear into 6-inch squares. My point? There 
are finite scenarios that may occur, and 
infinite scenarios that won’t. The “just in 
case” scenarios, in most cases, fall into the 
latter category, and your energy is better 
spent preventing and preparing for what 
can happen than planning for what won’t.

“…Just in Case”
One of the most common questions I’m 
asked is, “Can I make it IFR? Just in case.” 
The answer is yes, but I issue some cau-
tions. Having IFR instruments on board 
is exactly what can lull a pilot who's ill-
prepared for instrument flight into the 
mist. Passing an IFR check ride in a Sky-
hawk is not the same as flying actual IFR 
in an RV-4. The instruments may provide 
a sense of security as the sky hardens 
but they will prove useless in application 
unless you have practiced instrument 
flight in that particular airplane. Some 
exceptional pilots may survive but the 
average kit builder is also an average pilot. 

The flight characteristics of some aircraft 
do not lend themselves well to IFR flight. 
Flying into instrument conditions unpre-
pared and unpracticed has sent many 
pilots and their passengers west, quite the 
opposite of the intended outcome.

Redundant instrumentation is another 
popular “just in case.” Dual airspeed 
indicators, oil pressure gauges, tachom-
eters, artificial horizons, etc. Which one 
is trusted when they disagree? What 
action is taken? Is a flight aborted if one 
oil pressure gauge reads low? If not, 
why have it? The silence of an engine 
confirms that oil pressure and rpm 
have been lost regardless of instrument 

Just In Case 

BUILDING TIME

Kerry Fores grew up jumping the airport fence in Oshkosh, Wisconsin. He wanted to build an airplane 
in 10th-grade woodshop but was asked to choose a smaller project. In 1998, unconstrained by 
teachers, Kerry scratch built a Sonex he polished and named Metal Illness. It was awarded Plans 
Built Champion at AirVenture 2006. Kerry is on the web at www.thelifeofdanger.com.Kerry Fores

Redundant instrumentation (this photo is edited) is a common desire of homebuilders, 
just in case one instrument fails. Which instrument is trusted, however, if they disagree? 
What action will the pilot take? (Photo: Kerry Fores)
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redundancy. Practicing engine-out land-
ings will bear more fruit than installing 
duplicate gauges. You know, just in case.

Giving the passenger access to all 
of the instruments and controls is also 
a popular “just in case.” The reason is 
always the same: “Just in case something 
happens to me and my passenger has to 
land.” Recall, the Piper Cub, the primary 
trainer of the 1940s, had minimal instru-
ments visible mostly to the flight instruc-
tor, in the front seat. In the unlikely event 
a pilot becomes incapacitated, the pas-
senger’s survival success rate will hinge 
on them being a pilot and being familiar 
with the aircraft. Mostly it will hinge on 
their ability to deal with the stress of 
being airborne with their incapacitated 
spouse/friend/relative slumped in the 
cockpit. Landing the aircraft is at the 
end of a chain of tasks they’ll need to 
successfully perform; the first is gaining 
control of the aircraft. Dual controls serve 
a purpose, though fitting an aircraft with 
them just in case you check out is akin to 
a robin purchasing a bulletproof vest.

Build Well, Maintain Well, 
Remain Proficient. Just in Case.
I fly family members. I’ve lost friends to 
aircraft accidents. I work near an aircraft 
repair/recovery facility and every week 
I see the wreckage of aircraft that have 
taken lives. It’s sobering. I understand the 
desire to mitigate the risks but flying will 
always have risks. Twin-engine aircraft 
succumb to contaminated fuel. Airframe 
parachutes float aircraft down into build-
ings. IFR-equipped airplanes fly into ter-
rain. NTSB accident reports show pilot 
error and mechanical failure as the prime 
causes of accidents, often an unfortunate 
combination of both. “Builder/mechanic 
error” should be a category, as well. 
Homebuilts are the least regulated air-
craft and each one is unique. Compare 
every RV-6 built and no two will have the 
same panel, electrical system, fuel sys-
tem, operating checklists, etc. Therefore, 
unlike the highly regulated general avia-
tion aircraft population, the cause of an 
RV-6 accident may have no direct bear-
ing on the remaining RV-6 fleet.

Homebuilt aircraft safety begins with 
good workmanship and smart execu-
tion. For instance, two electric fuel 
pumps on one circuit is not redundancy. 
Proper maintenance assures a finished 
aircraft remains as reliable as possible. 
Pilot proficiency covers the remaining 
bases. A pilot who practices engine-
out procedures will be prepared to 
handle one regardless of the cause. A 
proficient pilot won’t run out of gas or 
fly an aircraft with a known mechanical 
issue. A proficient pilot doesn’t need 
an airspeed indicator to land their rec-
reational aircraft. Pilots who recognize 
their—and their aircraft’s—limitations 
won’t fly into questionable weather. 
These are the areas we can focus our 
safety concerns.

Imagine a robin in the jaws of a cat, too 
heavy to fly because it donned a bullet-
proof vest to guard against the unlikely. 
“Just in case” equipment contingencies 
can provide a false sense of security 
and preparedness. Worms don’t have 
machine guns. They never will. J
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Checking your magneto timing is 
part of every yearly condition inspec-
tion, but beyond that it is something 
you should be able to do whenever you 
suspect that your magnetos’ perfor-
mance is not up to snuff.  If your plane 
seems a bit down on power or your mag 
tests start giving you drops of more 
than 120 rpm, it may be time to check 
your magneto timing. Or maybe your 
cylinder head temperatures (CHTs) are a 
little on the high side. Improper timing 
could cause that, too.

Effects of Improper Timing
If your timing is too far advanced your 
engine could be exposed to destructive 
detonation. In extreme cases, detonation 
can cause major internal damage to your 
engine—the kind of damage that can 
knock you out of the sky. The most com-
mon cause of detonation is timing that is 
too far advanced. It can also be caused 
by using gasoline with a low octane rat-
ing. This is something that could be a 
problem for people running auto gas in 
engines that require higher octane fuel, 
but if you stick to avgas, you should not 
have fuel-related detonation problems.

Timing does not advance itself over 
time in a good-running engine, but if 
the last person who adjusted your tim-
ing did it wrong you could end up with 
more advance than you want. To be sure 
you are using the right value, check the 
engine data plate found on the lower, 
right side of the engine sump. Most four-
cylinder Lycoming engines should be set 
to 25° before top dead center, but some, 

such as the IO-390, should be set to 20°. 
Always check to be sure.

Timing tends to retard itself over time 
as the parts of the magneto wear, espe-
cially the follower on the points. In fact, 
a big reason why Slick magnetos need a 
500-hour inspection is to check for wear 
on the points. Timing that was once set 
correctly at 25° a year ago could have 
drifted down to 23 or 24°. This retard-
ing of the timing causes the engine to 
lose power. Under most circumstances, 
this minor power loss may not even 
be noticed, but every now and then it 
is really important to have full power. 
You can detect this performance loss in 

diminished climb performance or lon-
ger-than-usual takeoff rolls. You should 
not let this go uncorrected.

External vs. Internal Timing
The timing you set with your buzz 
box once a year is external timing. It is 
adjusted by rotating the magneto until 
it fires the Number 1 spark plug at the 
prescribed time. The engine will run 
best when both magnetos fire at exactly 
the same time, but it’s very difficult to 
achieve absolute precision. So if you can 
get both magnetos to fire within 0.5° of 
each other, you can probably call that 
good enough.

Magneto Timing

MAINTENANCE MATTERS

Dave Prizio has been plying the skies of the L.A. basin and beyond since 1973. Born into a family
of builders, it was only natural that he would make his living as a contractor and spend his 
leisure time building airplanes. He has completed three—a GlaStar, a Glasair Sportsman, and 
a Texas Sport Cub—and is helping a friend build an RV-8. Dave shares his love of aviation with 
others by flying Young Eagles or volunteering as an EAA Technical Counselor. He is also an A&P 
mechanic, Designated Airworthiness Representative (DAR), was a member of the EAA Homebuilt 
Aircraft Council for six years, and is the recipient of the Tony Bingelis award. 

Dave Prizio

One set of timing marks is on the front side of the starter ring gear. Line these marks up 
with the 1/16-inch hole in the starter housing (see arrow). As an option a small pin can be 
inserted in the hole to make it easier to line up with the marks.
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Internal timing is determined by 
when the points open and close, caus-
ing the coil to send a high-voltage shot 
of power through the plug wires to the 
spark plugs. This internal timing is also 
called E-gap. It changes due to wear on 
the points follower. Timing can also vary 
as the other internal parts wear, and this 
can cause erratic timing. This is why a 
Slick magneto needs to be opened up, 
inspected and repaired as needed (IRAN) 
every 500 hours. You could just replace 
the points and reset the E-gap every so 
often, but that would not address the 
other internal wear that can happen.

What we find is that internal timing 
changes affect external timing. This can 
be corrected by adjusting external tim-
ing to a point, but only to a point, after 
which we need to dig into the inner 
workings of the magneto.

Adjusting External Timing
External timing is adjusted by rotating 
the magnetos until the precise timing 
is achieved at the Number 1 cylinder 
(front right on Lycomings). To do this, first 
remove at least one spark plug from each 
cylinder. This is vitally important because 
you will be turning the propeller with hot 
mags that could cause a cylinder to fire 
and thus severely injure you.

With the spark plugs removed, turn the 
engine to the firing position for Number 
1 cylinder—typically the 25° mark, but be 
sure to check. Hold your thumb over the 
open spark plug hole to be sure the cyl-
inder is on the compression stroke. Now 
turn the starter switch to the Both posi-
tion or disconnect both P-leads. Then 
connect magneto timing box to each 
magneto P-lead and to ground. Next, 
turn the engine in the normal direction 

of rotation past the timing mark until 
you hear the impulse coupling click. It is 
not subtle, so you shouldn’t have a hard 
time hearing it. Then back the engine up 
to a position before the timing mark and 
re-approach the mark in the direction of 
normal engine rotation, stopping at the 
mark. In a perfect world, both magnetos 
would be in the firing position and your 
buzz box would be buzzing, but such is 
not likely to be the case.

Assuming your magnetos are not 
perfectly timed, you will need to adjust 
them to get as close as you can. This 
entails loosening up the two 1/2-inch 
nuts that hold each magneto in place 
and rotating each one in turn until it 
fires at the prescribed timing mark. 
Sometimes magnetos are stuck and 
won’t turn because someone has used 
gasket cement to stop a leak. In such a 

The engine data plate (left) will tell you the recommended timing for your Lycoming engine. Look for it on the sump on the right side 
of the engine. A pointer made from 1/2-inch aluminum angle (right) points to the timing marks on the back side of the starter ring gear. 
Using these marks may not be an option, depending on your baffle arrangement.

Connect the red wire to the P-lead of the left magneto (left). The green wire goes to the P-lead post of the other mag. The black wire 
goes to ground. Turn the starter switch to the Both position (right) to time the magnetos. Only do this after all the top plugs have been 
removed from the engine. Be careful not to turn the key to Start.



case it may be necessary to remove the 
magneto, clean it up and replace the 
gasket before you can reset the timing.

If you are very careful and a little lucky, 
you can simply pull the magneto back, 
clean it up and slide it back into the same 
position it was in before. However, if you 
aren’t lucky, you will need to remove the 
spark-plug cap from the magneto and 
turn it until the locating pin will slide 
into place. This pin case be purchased at 
your favorite airplane parts supplier for 
a nominal amount. Just be sure to place 
the pin in the hole marked “L” for a left-
hand rotating magneto (most common) 
or in the “R” hole if you have a right-hand 
magneto. The direction is on the mag-
neto data plate for your reference. With 
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the pin in place and the engine set to the 
firing point, reinstall the magneto and 
secure the two retaining nuts. Once the 
magneto is in place, you can remove the 
pin and reinstall the spark plug wire cap.

With that task out of the way, it is time 
to get back to setting both magnetos to 
the correct firing point. This is usually an 
iterative process; in other words, you set 
it, tighten the retaining nuts and check 
it. Then you do it again until you get it 
exactly right. With one magneto set, it is 
time to do the same thing to the other 
magneto until they are both as close to 
perfect as you can get them.

Once the timing is set to your satis-
faction, turn the key to the Off position, 
reconnect the P leads and reinstall the 

spark plugs. Of course, while the spark 
plugs are out it is a good time to inspect, 
clean, and gap them. Be sure to use anti-
seize when you install the plugs and 
torque them to 35 foot-pounds, assum-
ing a Lycoming engine. It is a good idea 
to have someone with experience help 
you through the process the first time. It 
is not terribly difficult, but reading about 
it and having someone walk you through 
it are hardly the same thing.

If your magnetos are near the 500-
hour mark since last overhaul, it might 
be wise to go ahead and send them in for 
an inspection and repair. With an Experi-
mental/Amateur-Built aircraft, you are 
not necessarily bound to the 500-hour 
inspection limit, depending on your 

With the spark plug wire cap removed (left), you will see the holes for the locking pin, shown here in the ‘L’ hole for a left-hand rotation 
mag. When removing and replacing a magneto, it is a good idea to get a new magneto gasket (right), which is readily available from 
many aircraft parts vendors. To remove and replace the magneto you will also want to purchase a magneto locking pin (Slick part #T-118).

This timing light works by turning the lights off and making a tone when the points open for each magneto (left). Some timing lights work 
differently. Be sure to read the instructions for your timing light. The data plate on the side of the magneto (right) will show if it is a right- or 
left-hand rotation mag. Most Lycoming engines have magnetos with left-hand rotation.
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operating limitations. But in my experi-
ence, magnetos with much over 500 
hours on them will start to drift off time 
and deliver poor mag checks. Your mile-
age may vary, as they say.

There is an EAA “Hints for Home-
builders” video that may help to make 
my written description easier to under-
stand entitled, “Using a Magneto Syn-
chronizer.” If you are taking on this task 
for the first time, it is worth seeing.

Internal Timing
Adjusting internal timing is more diffi-
cult than setting external timing, but you 
can do it with a little help from a more-
experienced friend. My purpose here 
is not to encourage you to attempt this 
work, but to inform you of the process. 

If you decide to tackle internal timing 
adjustment, you should do so under the 
supervision of an experienced aviation 
mechanic. As with external timing, the 
process is not so much difficult as it is 
important to get it right.

It is most likely that you will never need 
to reset internal timing in between mag-
neto overhauls, but if you feel the need 
and have the correct tools and exper-
tise, here is how you do it. In all cases it is 
strongly recommended that you acquire a 
copy of the Slick L-1363F 4300/6300 Series 
Magneto Maintenance and Overhaul 
Manual. You can view the manual online 
at various sites or purchase it for $23.50.

To set the E-gap or internal timing on 
a Slick magneto you will need a Slick 
T-150 E-gap tool. It is available separately 

from Sky Geek (www.skygeek.com) for 
about $15. Other vendors only seem to 
have it as part of a $500 Slick magneto 
kit, which contains many extra tools that 
you don’t need to set internal timing. 
The tool should come with instructions 
for its proper use.

Here are the basic steps: Remove 
the magneto from the airplane, includ-
ing removing the spark plug wires and 
cap. Then remove the distributor block 
(round, black plastic part) and set aside. 
The coil is now clearly visible. Next 
remove upper part of the magneto hous-
ing from the magneto, and hold the 
magneto so that the coil is at the top (12 
o’clock position).

The armature is below the white nylon 
gear. There will be two slots cut into the 

To set the E-gap you will need a T-150 E-gap tool (left), a T-118 locking pin (center), and most likely a new magneto gasket. Adjust the points 
opening with a flat-blade screwdriver (right). 

Once you remove the upper part of the magneto housing (left), you can see the distributor block (round, black) and the drive gear. With 
the distributor block removed (right), you can clearly see the coil and the points. The coil should be positioned so it is at the top.
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side of the armature. One marked “R” the 
other marked “L.” Place the T-150 tool into 
the L slot for a left-hand magneto (most 
common with Lycoming engines) or the 
R slot for a right-hand one. The notched 
end goes in the slot on newer mags with 
the slot in the magnet head, but the flat 
end works best on older mags without 
the slot in the magnet head. The data 
plate will tell you if you have a right-hand 
or a left-hand magneto.

Rotate the magneto housing while 
holding the drive gear in place so that 
the armature turns in the housing. Turn 
the housing clockwise for left-hand 
mags or counterclockwise for right-
hand mags. Turn it until the E-gap tool 
rests against the pole laminations in 

the magneto frame. You are now in the 
E-gap position. Next loosen the points 
retaining screw enough so that the 
points baseplate can move with moder-
ate effort. Connect your magneto timing 
light so that the ground wire goes to the 
magneto housing and the green or red 
wire goes to the points wire connec-
tion. While holding the armature steady 
adjust the breaker points so the timing 
light just begins to indicate the points 
opening. To do this you will need a flat-
blade screwdriver. Place it in the slot on 
the edge of the points baseplate and 
turn it slightly right or left as needed to 
make the points move. With the points 
properly set, tighten the screws that hold 
them in place.

To reassemble the magneto, first 
align the L or R mark on the distributor 
gear (white nylon gear), depending on 
the magneto, so it points toward the 12 
o’clock position. Place the T-118 locking 
pin in the distributor block and rotate its 
gear (not the gear on the armature) until 
the locking pin goes all the way down into 
its indexing hole. Then carefully reinstall 
the distributor block. Use some Loctite 
242 on the screw threads. Reinstall the 
magneto housing. When you do, be sure 
the wire from the condenser is connected. 
Reinstall the magneto on the engine. 
Don’t forget to remove the pin before you 
attempt to set the external timing.

If your magneto has gone 500 hours or 
more since it was last serviced, it probably 

Rotate the gear in the distributor block until the locking pin drops into place (left). The distributor block with the T-118 pin in place for a 
left-hand mag (right).

Use your timing light to see exactly when the points open as you adjust them (left). Note the position of the E-gap tool, which is positioned 
for a left-hand mag. To reassemble the magneto (right), first line up the mark on the drive gear so it points toward the coil (up). If the mag 
has a right-hand rotation, line up the “R” mark, or use the “L” mark for a left-hand magneto.
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makes more sense to have it professionally 
overhauled than to bother with resetting 
the internal timing. There are many other 
things that need to be done to your mag-
neto besides setting the timing to keep it 
running at its best. Some of these things 
can only be done by a magneto shop.

If you have removed the magnetos 
to work on them, be sure to reconnect 
the P-leads and verify that the ignition 
switch is in the Off position before work-
ing on the engine. It is vitally important 
that the magnetos be grounded when-
ever there is a possibility that the prop 
will be turned. It is also a good practice 
to replace the magneto gaskets when-
ever the magnetos are removed, just to 
reduce the chance of leaks. J

Reinstall the magneto housing, and then 
reinstall the magneto back into the aircraft.

Carefully install the distributor block with-
out disturbing the drive gear. Use some 
Locktite 242 on the screws.
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Bob Hadley is the R&D manager for a California-based consumer products company. He holds a 
Sport Pilot license and a Light Sport Repairman-Airplane (LSRM-A) certificate. Bob Hadley

Compressed air is one of the great, 
yet unheralded, conveniences of the 
modern workshop. It’s without a second 
thought that we blow chips off the lathe 
or hook up a spray gun to shoot a coat of 
paint on the latest project. 

The size and complexity of an air sys-
tem for a particular shop is subjective. It 
could be as simple as a small compressor, 
a flexible hose (or hoses) and a blow gun. 
Or it could be as complicated as a main 
line with multiple branches going around 
and above in order to provide an air 
hookup to each workstation. Add a filter/
water separator and perhaps a dryer if you 
own a sandblaster or are spraying paint. If 
you’re in the shop every day, you should 
consider adding an automatic tank drain. 

The easiest and most practical way to 
run air lines is with galvanized steel pip-
ing. I recommend ¾-inch (ID) pipe. The 
larger the better, in fact, because a per-
centage of airflow is lost due to the inter-
nal friction of the lines. The larger the line 
the more efficient the airflow, especially 
over longer distances. At the end of this 
column, I’ve included a rundown of the 
piping components that might go into 
a typical system. How many of each 
depends on how complex you want to 
make the system.

One comment on what not to do is in 
order: Don’t use PVC pipe. 

Although rated for 150 psi water pres-
sure, PVC pipe is not rated, nor recom-
mended, for use with compressed air. Yes, 
you may have been in or around a shop 
with PVC air lines, but unless you’re going 
to keep the regulated pressure so low as 
to be useless for air-powered tools (below 
50 psi), the risk is not worth it. The normal 
working pressure (the regulated output to 

the system from the tank) in most shops 
is around 80 psi. At that pressure, if a PVC 
pipe breaks, it will send shards of plastic in 
all directions. Copper or polyethene tub-
ing are viable alternatives to galvanized 
pipe, but the cost will be much higher.

The heart of any compressed air sys-
tem is the compressor. Stationary com-
pressors ($500 and up) are always rated 
for flow (in cubic feet per minute, or CFM) 
and tank capacity (usually in gallons). 

On the other hand, small portable 
compressors (up to $300) typically don’t 
mention CFM and instead focus on the 
capability of the pump (in psi) and tank 
capacity. That’s because small portables 
(the totable kind, not cart-mounted 
units) are designed for intermittent 

use—such as with a nail gun or stapler. 
They have small tanks with high rpm 
motors geared to small pumps. The 
pumps work furiously to maintain high 
pressure, and the small tank provides a 
volume suitable only for quick bursts of 
activity. In short, they are inadequate for 
continuous use, such as running a power 
sander or paint sprayer.

That said, if blowing chips, inflating 
tires, or nailing and stapling are all you 
do, a small compressor can get the job 
done, especially if space is a consider-
ation. But if you can afford it and have the 
space (for example, you can locate the 
compressor outside and it won’t bother 
any neighbors), a stationary compressor 
is worth the extra cost. 

How to Run an Airline

HOME SHOP MACHINIST

A typical air delivery system might consist of a compressor, various hoses and fittings 
connected to a galvanized pipe distribution line. Note the union coupling, T-connectors 
with hose couplings, elbows and overhead lines. It doesn’t have to be as elaborate as this, 
but you should measure your shop and make a sketch to estimate which pipes, couplers 
and connectors to buy. (Subscribers can visit www.Kitplanes.com/air-compressor to access 
additional views of this system.)
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Since space is limited in my home shop, I 
get by with a small six-gallon Porter-Cable 
“pancake” compressor. The compres-
sor itself is in a small cabinet and tucked 
under the wing of my table saw. A flexible 
hose connects the compressor to a line 
that goes up to the ceiling, over to the wall 
and down to the milling machine. I have 
only two connections for air hoses: one 
above the table saw (which also reaches 
the lathe) and one at the milling machine. 
With an extension hose, I can plug into 
the connection at the mill and reach the 
driveway to inflate tires. Like all compres-
sors, it’s pretty loud—which is especially 
annoying in a small garage shop—so I 
put it in a shop-made plywood cabinet to 
muffle the racket when it’s running. 

Blowing chips and dust away is the 
job of the blow gun. Guns come in 

The lever-action blow gun (left) is available from hardware stores and home centers everywhere. A trigger-action blow gun is another 
option (right). Both are less than $10.

Water pooling in the tank is a by-product of the compression process. Every compressor 
comes with a drain to facilitate purging water from the system. If your compressor is run 
daily, it must be drained daily. An electrical timer-operated drain valve ($100), like the 
one shown here, can be set to “burp” the tank automatically.

Compressors are noisy. The author’s solution was a plywood cabinet enclosure. If you can install your compressor outside or otherwise 
isolate it from your workspace, all the better.
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many shapes and sizes, but the cheap-
est and most common are the standard 
top-lever blow guns. You can find these 
starting at under $10 just about any-
where, from Harbor Freight to big home 
centers like Home Depot and Lowe’s. 
All blow guns are made to government 
standards that require the air pressure 
at the nozzle to be muted to less than 
30 psi (regardless of line pressure). While 
30 psi doesn’t seem like much, it’s more 
than enough to blow chips and debris 
off any machine. Safety is a given when 
working around compressed air and 
blow guns. A direct shot from a blow 
gun could easily blind you, blow out 
an eardrum, or damage tissue. Treat 
the nozzle of an air gun as you would a 
muzzle of a firearm—with the utmost 
caution and respect. 

That’s it for now. Time to get back in the 
shop and blow chips off my machines! 

Wall brackets and anchors can be store-bought (left) or homemade (right).

Liberal use of thread-sealing tape will help prevent air leaking past the threaded joints.

Standard Schedule 40 iron pipe, 10-foot length ($25).

Straight connector ($5).          

Nipple, 1½-inch long ($2).                       

Reducer ($6.50).

Brass quick disconnect  
coupler ($3).                      Elbow, 45 degree ($7).             

Union coupling for remote 
disassembly ($15). 

2-inch long ($2.50).

Tee ($6).

Brass quick disconnect hose 
socket ($11). JElbow, 90 degree ($5).

Basic Air Line Hardware
(All prices are estimates for ¾-inch galvanized pipe components and rounded to the nearest half-dollar).

Correction: Last month I stated 
that lathes normally spin clockwise. 
Wrong! Lathes normally spin counter-
clockwise, with the “safe zone” at the 
6 o’clock position. Sorry about that!
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Barnaby Wainfan

WIND TUNNEL

Barnaby is a Technical Fellow for Northrop Grumman’s Advanced Design organization. 
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.

Last month we started our discussion 
of wing design with a look at the vertical 
placement of the wing on the fuselage 
(high versus low). We now turn our atten-
tion to the structure of the wing. 

In flight, the wing generates the lift 
that holds the airplane’s weight up. It 
also generates additional lift above the 
weight of the airplane for maneuvering 
and in response to gusts. 

Loads
The total load the wing structure must 
carry varies by category. Light airplanes 
certified under FAR Part 23 must be able 
to sustain a limit load factor of 3.8 G’s for 
the lightest machines, dropping to 3.0 for 
airplanes certified at the maximum gross 
weight covered by Part 23 (typically small 
twin-engine transports).

At the other end of the spectrum, 
fighters are designed to limit load fac-
tors between 7 and 9 G’s and unlimited 
aerobatic airplanes are typically designed 
to a limit load of 10 G’s.

Load Paths
At the outset of wing design, the initial 
decision the designer must make is the 
structural concept for the wing, which 
will define the load paths that carry the 
wing loads in flight.

The lift of the airplane is generated on 
the wing, but the majority of the weight 
that reacts to the lift is in the fuselage. 
Because of this, there is a large bending 
moment at the root of the wing. Accord-
ingly, the wing must have a substantial 
structure with load paths that transmit 
the wing loads across the fuselage. 

There are a large number of possible 
wing and airplane configurations, but for 

now we will primarily confine our discus-
sion to monoplanes with wings attached 
directly to the fuselage and leave biplanes, 
triplanes, parasol designs and other more 
exotic configurations for another day.

Structural Concepts
There are two primary structural con-
cepts used for wings. The most common 
in the modern world is the cantilever 
wing. The second approach is called an 
externally braced wing.

Cantilever
On a cantilever wing all of the structure 
is contained within the wing itself. One 
or more spanwise spars inside the wing 
carry the majority of the wing bending 
moments. The wing is attached to the 
fuselage at the root, and there is a carry-
through structure within the fuselage 
that provides a continuous tip-to-tip 

load path for the wing’s main load-bear-
ing spars. There are several concepts 
used for the carry-through structure that 
we will look at in a later discussion of 
detailed wing structural integration.

Early airplanes had very thin airfoils 
that could not contain spars that were 
deep enough to handle the loads. Begin-
ning during WW-I, thicker airfoils were 
developed that had relatively low drag 
and were thick enough to allow design-
ers to place strong enough spars inside 
them to withstand flight loads without 
any external struts or wires. Because of 
this, early cantilever wing designs were 
referred to as internally braced wings.

Braced
An externally braced wing also has spars, 
but in addition to the spars it is sup-
ported by additional structural elements 
that are outside of the wing itself. 

Design Process:  
Wing Structure

WIND TUNNEL

Racing seaplanes were the ultimate wire-braced monoplanes. This Supermarine S.6B 
won the Schneider Trophy in 1930 and then set an absolute world air speed record of 
407.5 mph. (Photo: Royal Air Force)



74 KITPLANES  April 2020 www.kitplanes.com & www.facebook.com/kitplanes

These external elements are a funda-
mental component of the wing’s struc-
ture and carry much of the load. They 
attach to the wing spars well outboard 
of the wing root and join the fuselage or 
other bracing structure at points signifi-
cantly above or below the wing root.

There are two types of structural ele-
ments that are used to accomplish this 
bracing function: wires or struts.

Wires
Early airplanes used wire-braced wings. 
Their wings used very thin airfoils that 
were essentially cambered thin plates. 
These were far too thin to contain spars 
that could carry the bending loads on the 
wings. Biplanes featured diagonal wires 
between the wings so that the combina-
tion of the wing spars, interplane struts 
and crossed bracing wires formed a stiff 
box girder that was structurally similar to 
truss bridges, which were relatively well 
understood at the time. The ability to 
form a box structure that was stiff both 
in bending and torsion was one of the 
primary reasons that so many early air-
planes were biplanes. 

Wire bracing was also used on mono-
planes. On wire-braced monoplanes 
there were two sets of wires above and 

below the wing to handle both posi-
tive and negative lift loads. Wires take 
loads in tension but not compression, 
so a wire-braced structure must have 
wires in two directions to both lift and 
“droop” the loads. The lift wires are 
attached to the bottom of the fuselage, 
or sometimes to a fixed landing gear 
structure, while the “droop” wires run 
up to either the top of the fuselage or a 
strut above the wing called a king post. 
The WW-I Fokker Eindecker was an early 
fighter that used this configuration.

Wire bracing persisted as a feature of 
state-of-the-art airplanes surprisingly 
late. In the quest for speed, designers 
wanted to keep the wings thin because 
they believed it was the path to lower 
drag. Streamlined cross-section wires 
had been developed to reduce the drag 
penalty of the wires. A major reason wire 
bracing persisted on fast airplanes was 
that wire-braced wings could be made 
very stiff in torsion by the wires. Aileron 
flutter was poorly understood at the 
time, and the high torsional stiffness of 
wire-braced wings helped prevent flut-
ter in a world where aileron mass balanc-
ing had not yet been invented.

The ultimate wire-braced monoplanes 
were the racing seaplanes developed 

to compete for the Schneider Trophy. In 
1930, the British Supermarine S.6B won 
the trophy outright and then set an abso-
lute world air speed record of 407.5 mph. 
In October 1934, the Italian Macchi M.C. 
72, which had not finished development 
in time to compete for the Schneider 
Trophy, set a record of 440.7 mph. This 
record still stands today as the record for 
piston-engine seaplanes. It’s remarkable 
to me to consider that the S.6B and M.C. 
72 were both open-cockpit airplanes 
with wire-braced wings.

Struts
Struts are rigid members used to brace 
the wings. Unlike a wire, a strut can carry 
load both in tension and compression, 
so strut-braced wings typically need 
either a single strut or a pair of struts 
(above or below) on each side of the 
wing. The wing spar and the strut sys-
tem form a triangle in the front view. 
Inboard of the strut/wing junction, the 
upper member is loaded in compres-
sion in upright (positive G) flight and the 
lower member is loaded in compression. 
This means that on a high-wing airplane, 
the wing spar is in compression and the 
struts are in tension. On a low-wing air-
plane the converse is true.

Wire bracing has essentially disappeared except for true ultralights. The high parasite drag of the wires is acceptable in order to meet the 
weight and wing-loading requirements imposed by FAR Part 103. (Photo: Barnaby Wainfan)
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Design Decision
The choice of cantilever versus braced 
wing is a trade-off between weight, drag 
and configuration integration issues. For a 
given wing area and span, a cantilever wing 
will have lower drag than a braced wing 
but will weigh more. For a given weight, a 
braced wing can have a greater span than a 
cantilever wing of the same area. 

This means that, in general, the can-
tilever is superior for missions where 
reducing parasite drag is desirable, and 
the braced approach works well for mis-
sions where high speed performance is 
less important and the parasite drag of 
the bracing trades favorably against the 
reduction in weight and/or induced drag 
provided by the superior structural effi-
ciency of the braced wing.

Accordingly, almost all airplanes 
designed primarily for fast cross-county 
flying have cantilever wings. Slower fly-
ing sport and utility airplanes often have 
strut-braced wings. 

Interestingly, some studies of advanced 
airliner configurations are revisiting strut 
bracing. Transport wing aspect ratios are 
reaching the limit of what can be achieved 
structurally, even with composite struc-
tures. Experiments and analyses are cur-
rently underway to see if the increase in 
span and reduced induced drag enabled 
by external bracing can increase cruise 
efficiency enough to offset the parasite 
drag penalty of the strut and give an over-
all increase in cruise L/D.

Wire bracing has essentially disap-
peared except for true ultralights, where 
the very strict FAR Part 103 empty weight 
limit, combined with the mandated slow 
stall speed, dictate a large, very light 
wing. In this special case, the high para-
site drag of the multiple wires is accept-
able in order to meet the weight and 
wing loading requirements imposed by 
the regulations.

Wire bracing is also still used on the 
horizontal tails of some airplanes. These 
machines have tails that are made of tub-
ing covered with fabric. The flat-plate 
tube-structure tail is too thin to cantile-
ver, so struts or wires are used to brace it.

Next month we will take a look at some 
of the details of the structural design and 
integration of the wing. J
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Jim is the chief avioniker at RST Engineering. He answers avionics questions in the Maintenance 
Bay section of www.pilotsofamerica.com. His technical advisor, Cyndi Weir, got her master’s 
degree in English and journalism and keeps Jim on the straight and narrow. Check out their 
website at www.rstengineering.com/kitplanes for previous articles and supplements.

Jim Weir

This may well be the most ambitious 
project I’ve tackled in the last 35 years 
of writing my KITPLANES® columns. I’m 
going to unplug my own hangar from 
the commercial power grid and run it 
completely from solar power. No cheat-
ing with gas generators. (I think using 
the gas generator once in a blue moon as 
a backup isn’t a bad thing after a month 
of stormy weather, but only to run an 
external charger for the primary bat-
tery supply. It’s not to be used for nor-
mal operation—except perhaps for the 
annual compression leak-down test.)

I’m thinking this project will prob-
ably be a column every other month for 
the next six months (three columns). I 
will do it all from parts available to you 
from the usual suspects: Harbor Freight, 
Mouser, DigiKey and other folks who 
will sell you parts and pieces in onesie-
twosies. Probably some stuff from off-
shore that you can source from Amazon 
and the like.

When starting a project like this, it is 
good to sit back and contemplate the 
design, rather than going off on a tan-
gent trying this and that and cobbling 
the system together. So, given that we all 
have pretty well the same requirements, 
let’s enumerate the things we need to 
run from our solar system.

• I’m going to put a target of $500 to 
do the whole conversion. 

• I’d like to stay in the cheap world of 
12-volt batteries. And since most of 
our steeds run from either a 25- or 
35-amp-hour 12-volt battery, I’m 
going to design around those two 
varieties. In general, we can scrounge 
used aircraft batteries that have a little 

bit of life left in them and run them in 
parallel to get more life from them. 
Or there are brand-new, inexpensive 
($50 or so) non-aviation glass mat 
(AGM) batteries in this range. Need 
more power or more time? Just run a 
few of them in parallel.

• Hangar overhead lights are a must. 
I see making 12-volt “fluorescent 
replacements” similar to the LED 
striplight technique I used in my 
KITPLANES® December 2019 column 
(“We Shall Be Led Into the Light”). 
However, instead of using PVC, I’ll 
probably use 8-foot-long sections 
of thin plywood to mount the light 
strips on. Maybe not. We’ll see.

• Compressed air is a must. Two 
choices—there are inexpensive 
12-volt compressors, but they take a 
long time to build up a small amount of 

pressure. I need a fair amount of 80-psi 
air to do the compression leak-down 
test on the engine, so I’ll do an experi-
ment to see whether using a small 
12-volt compressor with an accumula-
tor tank or using a 110-volt AC inverter 
to run a medium-size regular com-
pressor is the correct compromise.

• Small battery-operated hand tools 
(drills, soldering irons, Dremel tools 
and the like) and other devices like 
flashlights that can use rechargeable 
batteries are going to be necessary. 
The tools’ battery chargers require 
110 AC, so that tilts the table toward 
the AC inverter even further.

• The “hangar radio” will generally be 
a 12-volt junker airplane radio that 
has a 110-volt battery supply for 
power. We can now bring that radio 
back to 12 volts directly.

A Grid-Free Hangar

AERO ’LECTRICS
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A small 12-volt, 10-amp-hour battery. This one is what I use to keep the hangar radio 
going using the small 1.5-watt (100 mA) charger on a constant float charge.
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• Refrigerator: Fuhgettaboutit unless 
we can find one of those cheap 
12-volt automotive chilling boxes 
I’ve seen from time to time on late-
night TV ads. Call them adult bever-
ages cooling containers if you will.

• I’m sure that somewhere there is a 
12-volt shop drop cord with an LED 
bulb, but I haven’t been able to find 
one. I’ll do a deeper search and see 
what I can find.

• There needs to be a tap for a char-
ger for the aircraft battery from the 
system. That is going to be impor-
tant because expensive aircraft AGM 
batteries do not lend themselves 
to ham-handed charging design. 
A $300 lump of lead converted to 
electrons will break the budget if we 
mess this one up. 

Given all these wants and wishes, there 
has to be some sorting out of what we will 
need to make this system work. You’ll also 
need to decide whether you want this sys-
tem to work 24/7/365, twice a week, twice 
a month or some other combination.

It is also true that solar panels do not 
deliver constant voltage or current. The 
voltage and current they deliver is totally 
dependent on how much sunlight falls 
on the panel, the temperature and the 
cloud cover. So, it is dependent on the 
engineer to design a 12-volt battery char-
ger that takes a wildly varying amount 
of wattage (volts x amps) that the solar 
panel delivers and converts this power 
efficiently into volts and amps that the 
battery can store. In general we call this 
a constant-power circuit.

It is also true that solar panels need to 
be “adjusted” four times a year for opti-
mum power (see “Sunshine Comes Softly 
Through My Solar Panel Today,” February 
2008). I’m not quite sure right now how to 
do that, but I have the feeling that I’ll know 
pretty well when this project is all over.

Would it also be a good idea to back 
up our solar power source with a wind 
generator? Most airports I’ve been to 
have a goodly amount of wind since 
they are often in flat, unprotected areas. 
What would that generator look like? 

And can we make it from tin cans, chew-
ing gum and baling wire or by using a 
12-volt computer cooling fan as the 
power source?

Is it possible to use the same charging 
control circuit for the small 1.5-watt solar 
panel and the large 25-watt panel? I think 
so, but that is just more research.

Honestly, I don’t know what the final 
design is going to look like. Wernher 
von Braun said that, “Research is what I 
am doing when I don’t know what I am 
doing.” I just know that I’m going to put 
together a hangar power project for you 
that is the best available anywhere.

By Oshkosh of this year, I ought to be 
able to make the traditional Monday 
morning of the first-week forum session a 
real report on the entire system, solar cells 
to inverters. I hope to see you all there.

Along the way I may just delve a month 
or two into other interesting things like a 
cheap and dirty audio panel for less than 
$25 and stuff like that. Hang on—it’s 
going to be an interesting ride.

Until then…Stay tuned… J

The workhorse of the hangar power supply: This 12-volt, 35-amp-hour battery (left) will keep the lights on for a week’s work in the hangar, 
including a small 12-volt droplight for close work inside the aircraft. The 35-amp-hour battery (right) that was resurrected from near 
death by the Harbor Freight recharger we talked about in the May 2018 issue (“Harbor Freight Leads the Charge!”). Used in parallel with 
the workhorse on the left, it gives nearly two weeks of full-light workdays or a couple hours of work with the compressor used for engine 
leak-down testing.

This 25-watt solar panel (left) produces about 2 amps output in full sunlight or a bit less on a cold winter day in moderate sunlight. 
The small 1.5-watt solar panel (right) is used to keep the 10-amp-hour radio battery on continuous charge.
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Pumping avgas and waxing flight school airplanes got Tom into general aviation in 1973, but 
the lure of racing cars and motorcycles sent him down a motor journalism career heavy on 
engines and racing. Today he still writes for peanuts and flies for fun.Tom Wilson

Recidivist readers will recall last month 
I went on a bender over a breeze in 
Mojave and how a single chock saved 
the day. That is, in a steady 35-mph wind 
gusting well over 40 mph, a single chock 
proved sufficient to hold my otherwise 
untethered Starduster from wandering 
off on its own unsupervised investiga-
tion of the Mojave Air & Space Port. 

I’m sure readers in the Midwest and 
other windy climes were amused by my 
recounting of just how much power the 
wind has. After all, a 35-mph blow is just 
another day in many parts of the coun-
try, and to hear one of those pampered 
West Coast softies caterwaul about a 
blustery afternoon is to be reminded 
of just how characterless fair-weather 
people can be. And to think we don’t 
get any snow, either. 

There’s some truth in all that, as is my 
thought that one of the most two-edge 
developments in aviation was the inven-
tion of the runway. By designating a nar-
row strip as The Place for departing and, 
most significantly, alighting, we’ve boxed 
ourselves into a narrow bit of the compass 
with sometimes disastrous consequences. 

Now, it’s true we get a lot fewer cow 
patties on our loafers these days and an 
A380 Airbus would require an excep-
tionally large pasture, but without the 
benefit of a square field we’ve invented 
and empowered that great evil, the 
crosswind. Early aviators didn’t much 
know about crosswinds as they had any 
point on the compass at their disposal, 
along with dirt to dig their tail skid into. 
Just think, brake and directional control 
all in one hickory stick. But today we 
have hard narrow strips and many fewer 
cows to work with. 

And so we arrive at another point of the 
event recounted in last month’s column. 
The wind, strong and steady as it was, was 
blowing at 270 or a touch more north. The 
runway available was 26, so not much of 
a crosswind at all. We may not have had 
a square field to work with, but the bit we 
did have was at least favorably aligned. 

Let’s also note the asphalt Runway 26 
at Mojave is 7049 feet long and 100 feet 
wide, sufficient to get a three-cylinder 
Lancair off the ground on a hot day while 
carrying full fuel and president Taft. Add 
in 35 knots of free headway and it’s clear 
nothing short of a cement 747 was going 
to need much runway that day. 

So, why in tarnation was everyone 
taxiing downwind about a mile to put 
the full length of the runway in front of 

them? I’m pretty big about the air above 
me and the runway behind me doing 
me no good, but really, taxiing in a wind-
storm had to hold more issues than giv-
ing up some of that 7000 feet. 

Or maybe it didn’t. Klaus Savier, all 
around smart dude, the big spark at 
Light Speed Engineering and there that 
day piloting one of his two Rutan-design 
canards says his VariEze is “incredibly 
good” in crosswinds, and his Long-EZ 
almost as good except it has a lower 
wing loading and so is slightly more 
wind sensitive. Aside from getting the 
ailerons blown back and forth some in 
the downwind taxi, it was not that big a 
deal to the canard crowd. 

I’m already on record as saying my 
Starduster Too Heavy (540 engine, 

Cutting It Short

REAR COCKPIT

Seen from somewhere around the Starduster’s service ceiling, the Mojave Air & Space Port 
obviously offers more than generous takeoff opportunities, especially when pointed into 
a 35-knot breeze. (Photo: NASA)
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three-blade aluminum prop, full interior 
and my expense-account fed corpus) 
was also easily controllable, except 
anytime I was cross to the wind it took 
about as much brake, power and rud-
der as either I had or wanted to use. 
It did, in fact, near uncontrollably 
weathervane toward a couple getting 
into their low-wing whatever as I went 
catawampus to the wind across the 
ramp. Big blasts of 540 power put me 
back on the path of righteousness. 

On the other hand, I’m still thumbing 
rosary beads in thanks I hadn’t taken the 
Cessna 140A we also have in the hangar 
to Mojave that day. It’s got the wing 
loading of a sheet of paper, sproings 
on springy steel gear that drives like a 
pair of knock-kneed pogo sticks and, 
in sympathy with seemingly the rest of 
the general aviation fleet, is criminally 
underpowered. It’s a wonderful little 
airplane but can be overmatched by a 
mad house fan. 

But I digress. As I sat there ready to 
call ground for taxiing, I knew he was 

going to tell me to go all the way to Bar-
stow before turning around and facing 
the wind. And that I should tell him no, 
I want to go either from the closest run-
way access or even right from the ramp 
(pretty much SOP at Mojave on windy 
days). A helicopter took off just in front of 
me on the ramp; no reason I couldn’t too 
except it was admittedly still a little too 
populated right when I was ready to go.

But I didn’t say any of that. Figuring it 
wasn’t that windy (maybe) and how the 
controller fired off his instructions to me 
like an MG42 with a hot barrel and how 
I could see a regular parade of canard 
things wiggling their way to the end of 
the taxiway, I figured I would go ahead 
and be a good Cub Scout and get in line. 
So I did, and yep, used far less than 100 
feet of that 7000 available to get airborne. 

So here’s the point. Why didn’t some-
one else early on ask for an abbreviated-
length takeoff and set a precedent? Why 
didn’t I? Or even better, how come the 
controller can’t volunteer the option? 
We know why—because if something 

goes wrong then somehow in court it’s 
the controller’s fault. That’s just dumb 
as under the conditions an abbrevi-
ated-length takeoff would have allevi-
ated some definite taxiing risks for a 
minuscule increase in takeoff risk. And 
besides, we’re still the pilot in com-
mand, so even if we’re reminded—in a 
neutral way—that it’s legal to request 
an abbreviated length takeoff, it’s still 
up to us to make the decision and take 
the consequences. 

Next time I’ll at least ask for the short 
taxi option. For now I’m reasonably at 
peace with my decision to make like 
a lemming and go with the crowd. It 
was fine windy-day practice, but I don’t 
necessarily feel like doing it again. Fur-
thermore, there are plenty of low-wing-
loading aircraft in the Experimental ranks, 
and it’s reasonable to assume they may 
not have such benign high-wind man-
ners as the Long-EZs and one Starduster 
at Mojave that day. It would be good to 
keep in mind all your options in such an 
airplane when the wind blows. J
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In many ways, Robrucha’s  
cartoons are as much a part  
of KITPLANES® as the airplanes 
themselves. Through the years, his clever, classy, always humorous 
artwork has graced our pages, enlivened our content and tickled our 
readers. But now we bid farewell to Robrucha’s presence on our back 
page as he eases into full retirement—though you may see him still 
appear in our Builder’s Marketplace section for a time. With that, we’d 
like to leave you with a very small sampling of some of our favorites. 
Clear skies and tailwinds, Bob. 

—The KP Editorial Staff






