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When a young man named Charles 
Lindbergh decided it was time for a Paris 
vacation back in 1927, he started his plan-
ning by measuring the distance for his 
trip on a globe in the public library, then 
added a few hundred miles for reserves. 
He then gave that number to the designer 
and said that making that distance was all 
that mattered—there were no other hard 
design criteria for the airplane. Likewise, 
when Burt Rutan’s brother casually asked 
about a cross-country that would land 
and take off at the same place, but he only 
wanted to fly in one direction, a strange 
aircraft named Voyager emerged from the 
drawing board—good for flying a long 
way in one direction, but pretty much 
useless for anything else.

These (and many other) aircraft are 
examples of what aeronautical engi-
neers refer to as “point designs.” They are 
the answers to a particular, well-defined 
problem. They don‘t necessarily answer 
any other problem, and by focusing on 
one particular idea, they often fall short 
in answering many other criteria that 
other aircraft might fulfill. Spacecraft 
are often point designs, the amount of 
energy required to lift a machine off 
of the planet being so large and the 
margins being so small. You don’t just 
randomly launch a rocket to the moon 
that was designed to go to the space sta-
tion—it simply won’t work.

Likewise, that beautiful Cub deriva-
tive that is perfect for taking two people 

up into the air on a nice day is not the 
airplane to launch for a 2000-mile cross-
country in all kinds of weather (unless 
you’re young and have the last name of 
Buck). But taking a high-performance 
speed machine with all the bells and 
whistles out for a leisurely sunset flight 
over the local pasture probably won’t 
work either.

I was thinking about this a while back 
when I was working to add differen-
tial brakes and a swiveling steerable 
tailwheel to the Xenos motorglider proj-
ect we’ve had in our shop for a while. 
Sonex’s founder, John Monnett, built 
the airplane simple for a reason—simple 
requires less maintenance and is both 
cheaper and easier to construct. So he 

Paul Dye
Paul Dye, KITPLANES® Editor in Chief, retired as a Lead Flight Director for NASA’s Human Space Flight 
program, with 40 years of aerospace experience on everything from Cubs to the Space Shuttle. An avid 
homebuilder, he began flying and working on airplanes as a teen, and has experience with a wide range 
of construction techniques and materials. He flies an RV-8 that he built, an RV-3 that he built with his 
pilot wife, as well as a Dream Tundra they completed. Currently, they are building a Xenos motorglider. 
A commercially licensed pilot, he has logged over 5000 hours in many different types of aircraft and is an 
A&P, EAA Tech Counselor and Flight Advisor, as well as a member of the Homebuilder’s Council. He consults 
and collaborates in aerospace operations and flight-testing projects across the country.

Point Designs

EDITOR’s LOG

Burt Rutan’s Voyager, on display at the National Air and Space Museum, is a prime example of point design. It was good for flying non-stop 
around the world without refueling, but was pretty much useless for anything else. (Photo by Jorfer, via Wikimedia Commons)
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built it with a single hand lever that 
brakes both wheels at once, and the 
tailwheel is firmly linked to the rudder. 
This works great when you have a wide-
open runway/taxiway system that allows 
large radius turns. 

But my little slice of aviation heaven 
requires me to make a hard left, then a 
hard right on a fairly narrow taxiway to 
get to a wide runway. In order to use the 
airplane as it was built, I’d need to walk 
the airplane past those turns while lift-
ing the tail, then get in and start it up. 
So doing a few sketches of turn radii, 
taxiway configurations, and the airplane 
dimensions, I determined that if I incor-
porated a swiveling tailwheel, I could 
make the route work without getting out 
of the airplane. Of course, in order to take 
advantage of the swivel, I’d need differ-
ential brakes, which meant adding brake 
pedals, two master cylinders, and the 
necessary plumbing to accommodate 
individual brake systems for each wheel. 
This was more complex, more costly, and 
slightly heavier. But it solved my particu-
lar problem—it was a point solution.

The problem with point solutions 
is that while you might expand an air-
plane’s envelope in one direction, you 
will almost always shrink it in another. 
It’s like standing inside a large bag or bal-
loon and poking your arm in one direc-
tion—the envelope will always draw 
in elsewhere. There is only so much 
performance to be had. If you make an 
airplane faster, it will generally increase 
the stall speed. Give it longer range, you 
have a lower percentage of useful load 
that isn’t fuel. Making it lighter overall 
generally means that the structure will 
have lower strength margins…and so 
on. Getting a single airplane that does 
all things well is not easy, although there 
are designs out there that hit magical 
combinations where they do many 
things better than others. 

But still, point designs have their 
place. Bopping around in the back-
country, it’s nice to have those big, 
draggy tires and large-stroke suspen-
sions when you’re trying to land on a 
postage stamp carved out of the side 
of a cliff. But you don’t necessarily want 
to sit in that 65-mph wonder all the 

way from the west coast to Oshkosh. 
And that super fast machine that can 
carry two people and their toothbrush 
(they’ll have to share one unfortu-
nately; the cabin sacrificed space for 
frontal area) isn’t going to be your first 
choice to take to the Chicken Strip in 
Death Valley. 

The key, of course, is to figure out what 
you most want your airplane to do. Just 
like Lindbergh sketching that route from 
New York to Paris, you need to define 

your mission (or missions), then find (or 
design) an airplane that can do all of 
the jobs you want it to do. Or, of course, 
you can build a bigger hangar that fits 
more airplanes—sometimes those point 
designs are just so far out on the fringe 
that you need several in order to reach 
all of your goals. If that is not an option, 
don’t forget the old rule that you don’t 
get somethin’ for nothin’, and that com-
promise is the art of achieving as much 
as you can reasonably afford. J
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Torque Plates Update
After being flabbergasted by the high 
price of Lycoming torque plates (several 
hundred dollars each) and making a few 
of my own out of desperation [“Main-
tenance Matters,” October 2016], I 
was impressed to find someone making 
torque plates and selling them for a rea-
sonable price. Honestly, if I had known 
about these before, I never would 

have bothered to make my own. Ryan 
Machine, LLC now makes Lycoming 
torque plates that sell for $47.60 each. 
You can see these and their other prod-
ucts at www.ryanaircrafttools.com.

Dave Prizio

Ballistic Parachutes
I noticed in the September 2018 issue 
on page 42 the full-page photo of an S-9 
Chaos under ’chute and missing a wing. 
This photo has been well circulated 
and, as expected, caused much havoc at 
RANS. My only wish is editors would 
take the time to learn the backstory on 
this incident. Here are the facts:
 The plane was over gross.
 The plane was over VNE.
 It was an over negative G pull that 
caused the lift strut failure (due to the 
above factors). I have performed many 
outside loops in S-9s and S-10s, which 
share identical wings and tail structures. 
 Most importantly, the plane was 
not equipped with the recommended 

jury struts. These few ounces of metal 
tubes would have doubled the nega-
tive strength of the lift struts, and the 
wing would have never departed. We 
made custom jury struts for their planes 
because we knew they were exceeding 
the margins for the non-jury-strutted 
lift struts, but they were never installed 
because it presented extra work during 
loading the planes for transit. A simple 
addition to the caption on the photo 
could have helped: The wing failure was 
due to the owners not installing the rec-
ommended jury struts.

ranDy SchliTTer
ceo, ranS DeSignS, inc

Don’t ignore the Paperwork
In the September 2018 issue were two 
articles that got me thinking it was 
time to review my paperwork. The first 
was “Editor’s Log” about knowing your 
operating limitations. (What?) I fin-
ished my RV-7 10 years ago and cannot 
honestly say that I have a list of operat-
ing limitations in my aircraft. You can 
bet I’ll be checking on this and making 
a list of operating limitations soon.
 The second article was “Maintenance 
Matters,” which covered required main-
tenance records—where and how they 
should be written down. I realized after 
reading the article that my record keep-
ing leaves something to be desired. Soon 
I will attend to this error as well.
 We all get carried away with the joy 
of flying our creations but may not be 
diligent in keeping to the letter of the 
law as to record keeping. 
 If you print this letter, please don’t 
show my name. I’d hate to have an 
overzealous FAA inspector descend on 
me before I’ve had time to fully comply 
with my record keeping. J

LETTERS
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The Bel-Aire 4000 flies on lower wings from a Piper 
PA-22 Colt and upper wings from a PA-12 Super Cruiser.

By Scott M. Spangler

Fixed  FormationBu
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er SPOTliGHT



Photos: Gerry Belcher and Scott M. Spangler  KITPLANES   November 2018 7 

Fixed  Formation

“Dimensionally, the Bel-Aire 4000 is 
the same as a 1929 Travel Air 4000,” said 
Bill Bardin, who built the plane with 
his partner, Gerald “Gerry” Belcher in 
Belcher’s shop in upstate New York. The 
look-alike biplane represents the best of 
old-school homebuilding from the early 
1950s, when barnyard engineers united 
parts of factory-made airplanes to new 
construction. Bardin calls it a “design-
build” homebuilt, now an outlier in the 
realm of experimental aircraft that ama-
teurs build from kits or plans. 

Bardin and Belcher harmonized a 
quick compilation of the Bel-Aire’s 
anatomy: Sprouting from its new steel-
tube fuselage and tail feathers, its lower 
wings are from a Piper PA-22 Colt, and 
its upper wings are from a Piper PA-12 
Super Cruiser. The upper ailerons are 
slaved to the lower, which results in 
delightfully light controls, said Bardin, 
who made the Bel-Aire’s first flight on 
June 14, 2017, his 64th birthday. 

“The original Travel Airs had a nine-
cylinder, 520-pound, 200-hp Wright 

J5 radial engine,” said Belcher. The Bel-
Aire’s seven-cylinder, 450-pound 220-
hp Continental W670 didn’t exist then, 
but few can find—or afford—a running 
Wright today. Overall, the Bel-Aire 
is 40 pounds lighter than the original 
Travel Air 4000. 

The biplane’s journey began in 2004, 
“when a fellow down in Durham, North 
Carolina, Joe Hunt, overhauled two 
[220-hp Continental W670] cores for 
us into one engine,” said Bardin. One 
was built for a WW-II M2 light tank, 



and Hunt combined them in “a certified 
engine and prop combination,” so they 
only had a 25-hour Phase I test period. 

“It was a lot of fun, and it flies great!” 
said Bardin, adding that he completed 
the test period in about two weeks, just 
before EAA AirVenture Oshkosh 2017. 
“My brother and I came here in 10.5 
hours and three fuel stops. I usually cruise 
around 90 mph for fuel efficiency. It’s got 
a 2900-pound gross and a big, wide CG 
window, but you can’t carry a lot of bag-
gage because there’s no place to put it.”

Bardin, a pilot since 1975, has owned 
a bunch of airplanes. “Old airplanes have 
always intrigued me,” he said, especially 
the amphibious Republic Seabee. That’s 
how he met Belcher, whose shop and grass 
strip, about 35 miles from Rochester, 
New York, is not far from Bardin’s sum-
mer home. (He winters at a fly-in commu-
nity in North Carolina.) 

“We met through another Seabee 
owner,” said Belcher, an A&P with 
inspection authorization. “It’s a pretty 
small community, and there aren’t many 

mechanics around that know the air-
plane, so we came together working on 
Seabees 15 or 18 years ago.” 

It seems the perfect partnership. 
“Bill’s an engineer type with several 
thousand hours of flying, and I’m the 
A&P type. I’m a pilot, but we’re at dif-
ferent levels. His father was a Piper 
dealer. He and his three brothers were 
raised with airplanes,” said Belcher.

“I’ve been in construction my whole 
life; a pipe welder and instructor, my part 
is the metal work,” said Bardin. “Gerry is 
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(Left) The 220-hp Continental W670 and factory-adjustable prop form a certification combination that required a 25-hour Phase I test 
period. (Right) Bill Bardin, left, and Gerry Belcher with their Bel-Aire 4000 at EAA AirVenture 2017.



the wrencher. Nick Fratengello, an older 
fella, is the third member of the team, an 
artist” who works with Ceconite fabric 
and Air-Tech Coatings. Bardin’s brother 
Mike “is into computers, and he came up 
with the Bel-Aire 4000 artwork.”

Beginnings
Bardin and Belcher started work on the 
Bel-Aire’s airframe in 2008, but the proj-
ect really began 20 years ago, when they 
built a replica Travel Air 2000 with a 
V-8 engine. “It was the prototype, serial 
number 1,” said Bardin. “We learned a 
lot of lessons from that airplane. It had 
wooden wings and was quite heavy.”

That project began when Belcher 
bought a 1926 Travel Air 2000 in Mis-
sissippi and trucked it home. “A big 
investment, my wife looks at it, wings 
off on the truck, and says, ‘That’s great.’ 
First thing I did was take it apart. Then 
she sees the pieces in the hangar and 
asks, ‘What happened?’”

It was all part of the grand plan. “I 
built jigs for all the pieces, the fuse-
lage, landing gear, and tail feathers, 
and then restored the original; it’s at 
the Hammondsport museum right 
now. Then I built a replica of that air-
plane with wood wings and wooden 
tail feathers,” said Belcher. 

Given the cost of restoring the 
original’s “100-horse OXX-6 Curtiss 
engine,” he replaced it with a 350 Chevy 
V-8 and reduction gearing from an air-
boat. “This was right out of the box 
from Jasper Engine. Nothing fancy. Iron 
heads, short stacks, Holley carburetor. It 
ran great, and we put about 650 hours 
on it,” Belcher said. 

“But it flew like a dump truck. It took 
as much effort to get it out of a maneuver 
as it did to get it into it.” Replicas built 
without plans get heavy, said Belcher. 
“You decide to put a heavier bolt there, 
let’s leave this a bit bigger. The airplane 
came out 400 pounds heavier than the 
original” Travel Air 2000. 

Building the Bel-Aire 4000
After selling the Travel Air 2000, 
Belcher and Bardin decided to build a 
better one. At a quick glance, the result-
ing Bel-Aire 4000 looks like an antique 
Travel Air. “We replicated it dimension-
ally and aesthetically, but internally, it 
is a modern airplane,” said Belcher. The 
primary difference between the Travel 
Air 2000, 3000, and 4000 was the 
engine and wings attached to a common 
fuselage. Belcher and Bardin did essen-
tially the same thing with the Bel-Aire 
4000, using modern materials.

Bardin TIG welded the fuselage using 
4130 chromoly steel. “Back in the day, 
they used heavy 1025 steel,” said Belcher. 
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(Left) The Bel-Aire 4000 came to life in Gerry Belcher’s shop at his grass strip in upstate New York. (Right) Joe Hunt combined two W670 
Continental radials, one meant for a WW-II tank, into the Bel-Aire’s powerplant.

With the engine mounted, Belcher and Bardin weigh the Bel-Aire 4000, which tipped 
the scales at 1823 pounds empty.



The original tail feathers were a combina-
tion of metal with wood formers. “Ours 
are all TIG-welded aluminum.” They 
changed the trim from “a cable and spring-
loaded clicker system to a more conven-
tional rotary system, like a Cessna.” 

“Duplicating wood wings is very 
labor intensive and very specific because 
of weight,” said Belcher, so they went 
with the flap-free, fabric-covered, all-
metal Piper wings, building a center sec-
tion with fuel tank for the upper wings. 
They kept the Super Cruiser’s fuel tanks, 
which work with the center section 
tank for 54 gallons total. They turned 
the right low-wing tank into a storage 
locker, and the left tank bay into a rein-
forced wing walk, said Belcher. 

Unlike its predecessor, the Bel-Aire’s 
custom aluminum interplane struts have 
no adjustments. Bardin welded them to 
establish the correct angle of incidence 
and dihedral. The original only had 
lower ailerons. The slaved upper and 
lower ailerons “give it very precise, easy 
controllability,” said Belcher. “The air-
plane pretty much flies hands off.”

With two different sets of “wings 
and a different stagger, the aerody-
namics that defined the CG was a 
question,” said Belcher. His younger 
brother Mike, an Air Force engineer 
and retired B-52 pilot, “worked out all 
the numbers for us.” With a different 
chord, the Piper wings give the Bel-
Aire more wing area than the original, 

so he adjusted the location of the wing 
mounts to make it all work. “Mike also 
figured out the engine mount to put 
the CG in the right place.”

Working on a budget, Belcher and 
Bardin made their own flying wires. 
“We researched the alloys and had the 
threads rolled” on round stock rather 
than streamlined. “We were investing 
money in the project, and we didn’t know 
if it was going to fly or not.” Store-bought 
streamlined flying wires don’t come 
cheap, said Belcher, and making them 
with the proper materials and processes 
was an economy that didn’t sacrifice 

safety or seriously affect performance.” 
All biplanes are draggy, said Bardin, 
and with the fatter Piper wings, the air-
plane tends to be a bit slower and cruises 
between 90 and 95 mph. 

Landing Gear and Brakes
The only serious trial-and-error engi-
neering challenge Belcher and Bardin 
faced was the landing gear. “Once we 
started taxiing, the geometry wasn’t 
quite working for the steering, the tail-
wheel, and the brakes,” said Bardin. “We 
didn’t have enough brake effectiveness 
with the pedals and master cylinders. 

www.kitplanes.com & www.facebook.com/kitplanes10 KITPLANES   November 2018

(Left) Building economically, they used round flying wires of the same alloy as the more expensive streamline versions. (Right) Grove 
Aircraft designed the hubs that connect the brakes to the spun-aluminum rims that started life as spare tires for Ford Mustangs.

A streamlined strut slaves the ailerons on the Piper wings flying forever in fixed formation.
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We had to change it around to get the 
right amount of pressure on the calipers. 
It was a lot of trial and error.”

Sourcing parts is another challenge 
facing those looking at a past aviation 
era. Flying from farm fields, big wheels 
don’t trip on bumps, and divots could 
put a Golden Era biplane with smaller 
wheels on its back. “You can still find the 
original Travel Air wheels, but you’ll pay 
a fortune for them,” said Bardin. Dis-
cussing this challenge with his brother, 
who’s into cars, “He said the Mustang 
spares might work, and you can find 
them on eBay for $50.” 

Examining one of the Mustang 
spares, “the spun aluminum one-piece 
rims are 4 inches wide and very close 
in size to the Travel Air originals,” said 
Bardin. In researching their other uses, 
Belcher found that “drag racers use 
them [up front] because they have good 
side-load numbers, and that’s what you 
want on an airplane.”

“We worked with Grove Aircraft 
Landing Gear Systems to convert their 
brake system” to the wheels, Bardin 
said. “They gave us some drawings, and 
we had a machinist build us some hubs 
that mounted the brakes to the wheels.” 

The original had hydraulic shoe 
brakes, said Belcher, and the modern 
Grove brakes “work great; they hold 
the airplane at runup, but they won’t 
put the airplane on its nose.” The air-
plane also has a set of wheel pants, said 

Nestled between the gear legs is a working wind-driven generator.

Bel-Aire 4000    
Estimated completed price . . . . . . . . . . . . . . . . . $153,500

Estimated build time . . . . . . . . . . . . . . . . . . . . 1820 hours

Number flying (at press time). . . . . . . . . . . . . . . . . . . . . .  2

Powerplant. . . Continental W670-6A, 220 hp @ 2075 rpm

Propeller . . . . .  McCauley 41D5926 (102-inch diameter) 

Fuel consumption . . . . . . . . . . . . . . .12.8 gph @1800 rpm

Endurance . . . . . . . . . . . . . . 3.8 hours (with 10% reserve)

                       

AIRFRAME
Wingspan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 ft 6 in

Fuel capacity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 gal

Maximum gross weight. . . . . . . . . . . . . . . . . . . . . . . 2900 lb

Empty weight. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1823 lb

Useful load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1077 lb

Full-fuel payload . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 753 lb

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

 
PERFORMANCE
Cruise speed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 kt

Maximum rate of climb . . . . . . . . . . . . . . . . . . . . . . 800 fpm

Stall speed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 kt

Takeoff distance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 600 ft

Specifications and pricing provided by the builders.



Belcher. “They’re big teardrop Dumbo 
looking things, and I had them on the 
[Travel Air 2000 replica]. They turned 
it into a 1930s circus plane.” 

The landing gear struts are similar 
to the original, but Belcher modified 
them to employ standard-size bungee 
cords. Nestled between the gear legs is 
a working air-driven generator that one 
day will power the lights, said Belcher. 
“We got that from a guy who stuck his 
nose in the hangar when we were work-
ing on it and said, ‘Hey, I got a generator 
that came off a Travel Air, let’s try that.’ 
Sometimes we tell people that it’s the 
aux power unit. We shut off the engine 
and use that to save gas.”

About that Tank Engine
“When I was learning to be an A&P 
35 years ago, doing OJT with a gentle-
man who opened up a small grass strip 
that had been abandoned for 35 years, 
I found it in one of the buildings I was 
cleaning,” said Belcher. “The crate was 
deteriorated, but the engine was brand 
new. It was a tank engine, and the son of 
the airport’s original owner said his dad 
bought it surplus in 1946.”

Following the ancient law of findings 
keepings, his boss told Belcher to take 
the tank engine with him three years 
later when he took the next step in his 
career. “I’d never monkeyed with round 
engines before,” said Belcher, so he put 
the potential training aid “in my barn 
and didn’t look at it for 40 years.” 

Then his older brother Glen discov-
ered it, asked about the big tank mount-
ing ring, and what Belcher planned on 
doing with the engine. Not seeing any 
missing parts, he thought he could make 
it run. A talented car and truck engine 
guy, “I thought he was kidding.” He 
wasn’t. He built a test stand and went to 
work. “He got it running in one week-
end,” said Belcher.

“After that, we bought a certified 
W670, and Joe Hunt put them together 
in one engine.” Resting his hand on the 
engine, Belcher said, “This engine has 
parts from the tank engine. My brother 
has since passed; it’s a tribute to him.”

It took some work to find the certified 
prop. With factory-adjustable pitches, 
they work on a variety of WW-II era 
engines. “There weren’t many left 
because they were popular with crop 
dusters,” said Belcher. “This is a 104-
inch prop. Dusters often shortened 
them with a saw to improve ground 
clearance when they were squatting on 
the gear with a full hopper.”

With a full 12-volt electrical system 
and 30-amp generator, a starter makes 
the engine go, said Belcher. “We stayed 
with the same old Stearman primer sys-
tem, but it has a more modern ignition 
system, switches, and sensors. To keep 
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(Left) On the lower left wing, the builders replaced the PA-22 fuel tank with a reinforced wing walk. (Right) On the lower right 
wing, they turned the tank area into a storage locker, important in an airplane with no meaningful baggage area.

Bill Bardin pulls the prop through before taking off from his winter home at the Gilliam- 
McConnell Airport in Carthage, North Carolina.



the battery in top form, the battery char-
ger plugs into a dedicated fuselage recep-
tacle. “We’re gonna put lights on it, with 
a strobe on the bottom,” said Bardin. 

In the cockpit, “we used the same 
six-pack instruments you’d find in any 
Cessna.” Instead of the curved, one-piece 
Travel Air windshields, the partners 
found the three-pane Stearman frames at 
the Oshkosh Fly-Mart. “They are a little 
more stylish,” said Belcher, “and they give 
the airplane a unique character.”

In the end, said Belcher, “We were 
lucky.” But they made their luck. To 
set a baseline, they studied the original 
airplane and collected all the pertinent 

historical information they could find 
and glean from Travel Air aficionados. 
And then they adjusted. “We didn’t have 
a lot of tearing out once we figured it 
out, the thrust line and all that stuff; we 
jigged it up in the hangar.” 

“The project took seven years, with 50 
percent done in one year,” said Belcher. 
“We worked part time, when we’d get a 
few nickels together.”

First Flight 
Bardin made the first flight at Belcher’s 
2800-foot grass strip right after the 
DAR inspected the airplane and signed 
its airworthiness certificate on June 14, 

2017. Belcher made his first flight a cou-
ple of weeks later, after Bardin finished 
the 25-hour Phase I test period, and said, 
“It’s a two-finger flyer that’s solid as a 
rock—no shuddering or shaking.” 

“We really don’t have any plans for 
the airplane,” said Belcher. “Eventu-
ally, it might get shoved into the barn, 
but I think it’s a good enough idea that 
I’d really like someone to buy the air-
plane, all the jigs, our knowledge, and 
build it as a kit. It’s not that hard. With 
all of the welding done, as a kit it would 
be a simple airplane. At this point, it’s a 
toy. We’re going to fly it a lot and have 
fun with it.” J
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The Bel-Aire 4000 cockpit is outfitted with a standard steam-gauge six-pack.
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This story is about a company that 
makes aircraft gauges, but bear with me 
a bit while I set the scene.

My Searey’s instrument panel is caught 
in a time warp, somewhere between 
steam gauges and glass cockpit. When 
I completed the kit back in 2003—“fin-
ished” is not the operative word for an 
airplane I built myself—it had a six-pack 
of flight instruments more than ade-
quate for VFR flight. A few years later, 
I replaced those six gauges with a Dynon 
D10A EFIS, which did everything they 
did, and more. A year after that, I added 
a big GPS and, more recently, an even 
bigger GPS (an iFly 740). 

That gave me a hybrid, poor man’s glass 
cockpit, with the two digital displays for 

flight info and residual round gauges for 
engine and fuel, plus 2¼-inch gauges for 
airspeed and altitude in case the electrical 
system goes pfffft, which it did two years 
ago when the voltage regulator died a 
long way from any place I wanted to land. 
Electrical failure stays in the back of your 
mind forever, by the way.

The glass displays give me more than 
enough information to navigate and 
fly—except that I almost never look at 
the EFIS’s airspeed display. It’s just num-
bers. I want to know about how much 
airspeed I have without doing math, 
especially when landing. Digits are great 
for other purposes, such as headings and 
altitude and elapsed time, but for land-
ings, I’m an analog pilot. 

So, when my Searey’s original 2¼-inch 
round tachometer went berserk recently, 
I had to decide whether I was analog or 
digital for engine rpm. After mulling it 
over a bit, the answer came back: analog. 
Let’s leave well enough alone in an air-
plane intended for fun flying.

OK, I figured, a tach is a tach, right? 
So I went online to my favorite big-name 
aircraft-stuff retailer—you’d recognize 
the name—and quickly found a lighted 
tach with a colorful dial, coded espe-
cially to match my turbocharged Rotax 
914. It has white numbers on a black 
dial, with colored bands to indicate the 
914’s speed ranges of red for 0–1800 rpm 
(too slow), green for 1800–5500 (just 
right), yellow for 5500–5800 (for five 

Analog gauges still have a place in the digital era.
By Don Maxwell

UMA Instruments
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minutes), and a bright red line at 5800. 
Those colors looked gorgeous on my 
computer monitor.

Hey, and it was a UMA tach—cool! I 
had several other UMA gauges, and they 
had always worked reliably and were, 
as far as I could tell, perfectly accurate 
(unlike a few other gauges I’d had). And 
they’re made in America, too.

I entered my credit card number. 
Expiration date. Security code. Done. 
Gotta love computers!

Whoops. Not done. A few days later, 
an email arrived from the big-name 
retailer, saying that installing a dial 
light made it a special order. Colors 
were special order, too. I’d have to con-
tact the manufacturer. 

Wha-a-at? It says right there on 
the website…

Oh, well. There was no good in argu-
ing with an email message. I phoned the 
number for UMA. 

The Analog World
A woman answered—surprising in this 
age of Siri, Alexa, and robot phone sys-
tems. I was actually a bit shocked. And 

unprepared; I was already on speaker-
phone with the keypad displayed, ready 
to press 1 to place an order. 

She said she was Sharon. How could 
she help me? It seemed almost as 
though we were old friends. Or she was 
a friend’s mom. I sputtered out about 
my big-name retailer order as best I 
could, and right away she was explain-
ing in clear but technical language what 
needed to be done. 

The lighting and colors were extra 
features because most customers didn’t 
need them. 

I heard keys clicking, and in a few 
seconds she said, “I’ve just checked your 
[big-name retailer] order and our own 
records. You’ve paid for the tach, but 
we haven’t shipped it yet. So it’ll be easy 
to open the case and silk-screen the dial 
and install the electroluminescent light. 
And there’ll be two more wires for the 
lighting power.” 

Wow! I was feeling better already. 
It was about then I noticed that 

UMA was located not too far from my 
home. Hmm…Could I pick up the tach 
at the factory? That seemed like it might 

be quicker than waiting for delivery, and 
the gasoline wouldn’t cost much more 
than shipping.

“Of course,” Sharon said. “Let me just 
check with Marie to see when she’ll have 
it finished. Is it all right if I put you on 
hold for a minute?”

Well! This was getting a little 
strange. I hadn’t expected any of this…
humanity. It’s an instrument factory! 
They make precision instruments. 
Should there really be a Marie who 
is going to install electroluminescent 
lighting in my tachometer? It hadn’t 
occurred to me to wonder.

Sharon was back in less than a minute. 
“Marie says it will be ready on Thurs-
day.” (It was then Tuesday afternoon.) 
“But maybe Friday would be safer, just 
to be sure nobody’s child gets sick or 
anything like that. Or you can pick it up 
any time after that, of course.”

2018 panel with new UMA tachometer in the center upper row and airspeed indicator 
closest to the two glass displays. The iFly 740 GPS shows a synthetic view of the runway 
above a sectional-chart moving map.

Sharon, the public face of UMA, talks with 
customers, takes orders, troubleshoots, 
and much more.

Original 2003 “steam-gauge” instrument panel (awaiting the transponder).

The new UMA 2¼-inch tachometer with 
colors and lighted dial.



“Friday,” I managed to say. “Yes. Sure, 
Friday will be great. Uh, what time 
would be best?”

“Oh, any time at all. We’re open ’til 
five. Just whenever you get here.”

It was like talking with somebody’s mom.
But not just anybody’s mom. “Remem-

ber,” Sharon said, “for electrolumines-
cent lighting you’ll need an inverter to 
power it: 120 volts output, AC.” She was 
knowledgeable, too.

I said I had an inverter… 
“Well, we make them, but almost any 

will probably do. Just bring yours along, 
and Sefik will check it and let you know 
whether it will work.”

Sefik, eh? This is really getting interesting.
She said, “There’ll be an extra charge 

for the options. Fifty dollars. You can 
pay when you get here.”

“Um, do you suppose it would be all 
right it I looked around a bit while I’m 
there? I’ve never been in an instrument 
factory before.”

“Sure,” Sharon said. “We love to 
show customers around. There’s even 
an invitation in our catalog. Happens 
all the time.”

I was beginning to believe her.

Small Town America
On Friday I drove up into the Shenan-
doah Valley, to the very small town of 
Dayton, Virginia, surrounded by lush, 
rolling farmland and close to the James 
Madison University campus in Harri-
sonburg. The UMA building is on Main 
Street. It looked just like the picture on 
their website—unassuming and busi-
nesslike, and with a neat little two-per-
son bench beside the door.

The door opens right into a practi-
cal room, a lobby with a couple of large 
tables and a photocopy machine, and 
several doorways leading to other parts 
of the building. Through one doorway a 
woman sat between a sturdy desk and a 
computer table. Sharon, of course.

She had my tach right there on her 
desk. I opened the box—and it was, in 
fact, gorgeous! The colored bands were 
crisp and bright against the matte black 
face and the white numerals.

“Did you bring your inverter?” she 
said. “Let’s take it back for Sefik to 
check and be sure it will work.”

Just then, a young woman about 
30 came out of another office. Sharon 
said, “Nadia, this is the gentleman who 
wanted to look around.”

Nadia shook my hand and said she 
was the owner’s daughter, and of course 
she’d be delighted to show me around.

And now you know why I asked you 
to bear with me, back at the beginning.

What UMA Does
UMA makes precision gauges, not 
digital displays. And as I learned that 
afternoon, it makes nearly every part that 
goes into those gauges: gears, bellows, 
pointers, dials, cases—everything.
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A portion of the machine shop, with Valeriy preparing to turn 
an altimeter part. A CNC machine is in the background.

Ammeter shunts after soldering.

The main assembly 
room, where everything 
comes together.



I asked Nadia what UMA stands for. 
“UMA no longer stands for any-

thing,” she said. “We just go by UMA,” 
and she said it like the letters’ names, 
You Em Ayy. (There are periods in the 
company name above the front door 
and on her business card, but nowhere 
else that I know of. I had been calling 
it You-Ma.)

She said that about 75% of their busi-
ness nowadays is for aircraft instruments, 
but in the very beginning, back in 1936, 
UMA stood for United Medical Appa-
ratuses, and one of its early products was 
a sphygmo-oscillometer, a complement 
to the device commonly used to mea-
sure blood pressure (a sphygmomanom-
eter). UMA’s sphygmo-oscillometer—an 
updated version is still in production—
measures blood flow with precision, and 
that ability has saved many diabetics’ 
limbs from amputation by proving that 
blood circulation was sufficient. 

With WW-II and America’s sud-
den need for warplanes and the myriad 

gauges they required, UMA became 
United Medical and Aircraft. In 1974 
three Grumman engineers bought the 
company and, seeking a better environ-
ment for their children, moved it from 
New York City to the Shenandoah 
Valley of Virginia. One family didn’t 
take to small-town life and soon went 
back to the city. The other two carried 
on together until Nadia’s father, Awad 
Da’Mes, bought his partner’s share. He 
is in his 80s now but still comes in to 
work, although Nadia is the operations 
manager and takes care of the day-to-day 
activities. As I learned that afternoon, 
she knows how to do almost every job 
the company has.

Work in Progress
Nadia led me down the hallway, past 
her office and back into the first of 
several work rooms that were larger 
the farther back we went. The type of 
work done in them ranges from mainly 
mental in front to small-part assembly 

in the middle, and on to huge, heavy 
machine tools at the back. 

At first I was confused, partly because 
I had assumed without thinking that 
everything would be sterile and spartan, 
an assembly line operated by colorless, 
robot-like workers performing the same 
mindless tasks over and over again. But 
I had assumed all wrong—just as I had 
when I first dialed the UMA phone 
number earlier in the week. Everything 
was different from what I had imagined. 
And one result was that it took me a 
while to get oriented to how gauges are 
created and how the 25 employees inter-
act with each other.

Part of my confusion came because 
people don’t stay at one workstation all 
the time. The parts and gauges come to 
them, but they also move with the gauges, 
as well as conferring with each other. 
Each person, I eventually saw, is self reg-
ulating—a real craftsman and an integral 
part of the overall process, rather than a 
simple cog in an impersonal machine.
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Bellows for altimeters during the assembly process. A mounted bellows with hairspring.

Soldering tachometer circuit boards. Tavon preparing to silkscreen dials.



When we arrived at the very back of 
the building, I was beginning to figure it 
out. The process starts at the back, where 
raw materials and the few parts that 
UMA doesn’t make itself arrive, and are 
stored until needed.

Next (moving toward the front) is 
the machine shop, the largest room 
in the building. There are heavy-
duty metal lathes, drill presses, power 
saws, and two giant CNC machines 
that convert chunks of aluminum and 
brass into instrument parts. Several 
highly skilled machinists work there, 
making parts ranging from rugged 
ammeter shunts to the most delicate 
brass gears, some only 2 or 3 millime-
ters in diameter.

Those completed parts are moved into 
the main assembly room, where several 
different workers fit them together and 
solder circuit boards.

In the next room, toward the front 
of the building, workers paint cases, 
silkscreen dials and pointers, assemble 
mechanical parts, and so on. This is 
where parts become gauges. Eventu-
ally the assembled gauges are tested 
and calibrated.

This is also where the medical instru-
ments are built. They are self contained 
in rugged metal cases with hinged lids 
and heavy-duty leads and hoses. They 
can be used equally safely in sterile 
hospital operating rooms and in the 
field where no electrical power is avail-
able and conditions aren’t inherently 
sanitary. They don’t look anything like 
aircraft gauges, but inside many of the 
parts are the same.

While Nadia was describing the vari-
ous types of assembly activities, a woman 
passed by, carrying a tray of gauges. “I 
built your tach,” she said as she ducked 

through a doorway. That was Marie—
and I was so tickled to see that she was, 
indeed, a real person.

Engineering and R&D
Adjacent to the assembly rooms is engi-
neering, with easy access for workers to 
discuss any problems and ensure that 
assembly goes well and instruments 
work properly. One of the engineers is 
Sefik, who checked my inverter and pro-
nounced it “OK, good.” 

Engineering is also where research 
and development happens. Brian, the 
other engineer, was excited about a new 
2¼-inch precision altimeter that he was 
developing. His prototype had two con-
centric pointers, each with its own num-
bered scale, to indicate feet and thousands 
of feet. The gear train in that little gauge 
looked exquisite, with tiny, tiny gears and 
shafts, and jeweled bearings.
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Assembling a pointer. The hammer will be used to seat the 
pointer on the tiny brass bushing.

Christina testing an airspeed indicator.

Calibrating a 1-inch diameter oxygen sensor. An ultrasound wattmeter, ready for testing.



Lest you assume that’s not a big deal, 
just try to find one for a price you like. 
My favorite big-name retailer lists only 
one, made in Germany, for $993.

Several companies make non-pre-
cision 2¼-inch altimeters—UMA 
made the one in my Searey. But the 
tip of the single pointer in my non-
precision gauge moves only about 1 
millimeter (just over 1/32 inch) for a 
100-foot change in altitude. That’s 
barely perceptible in the best of con-
ditions and rather disquieting in tur-
bulence or at night.

Brian’s prototype precision 2¼-inch 
altimeter, on the other hand, should be 
just as useful as—and more intuitive 
than—the traditional 31/8-inch four-
pointer gauges that almost all pilots 
learned to fly with until about 10 years 
ago, while taking up only half the space 
in an instrument panel. (Half? Yes. 
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Engineering: Sefik, who checked my 
inverter.

R&D: Brian showing off a 2¼-inch preci-
sion altimeter prototype.
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Round gauges have square bezels, so 
for area, square a side instead of multi-
plying it by pi.)

Keep in mind that this is a mechani-
cal gauge—no electricity needed. It 
doesn’t duplicate a digital altimeter; 
it’s an entirely different animal. It (plus 
a mechanical airspeed indicator) will 
make an airplane not merely legal to fly 
if the glass panel dies, but practical to 
do so—the same if there’s no glass panel 
installed at all.

Quality
The quality control department is con-
nected to the assembly room, too—
although it’s somewhat misleading 
to think of UMA’s quality control as 
a separate entity because inspection 
and quality control are integral parts 
of each stage in building any gauge 
or instrument. Everyone checks their 
own work against established crite-
ria, and someone else double-checks 
before the gauge can be moved to the 
next stage or department.

After a product is finished, it goes to 
the shipping department. But calling 
it “shipping” is convenient shorthand. 
This is where orders are filled by col-
lecting the items as they become ready, 
placards and labels are attached to 
them, gauges and other parts are boxed 
individually, and items are checked off 
on a customer’s order. 

Before the boxes are packed for ship-
ping, yet another quality control check 
occurs—and then it is rechecked and 

verified by a supervisor. Finally, the 
order is weighed and labeled. When all 
that is complete, the order is ready for 
pickup by FedEx or UPS for delivery 
to the customer. 

Family Business
UMA is a family business. The company 
is owned and operated by the Da’Mes 
family, and the workers all seem to relate 
to the company and each other as they 
would to a biological family. It impressed 
me as a very schmoozy place, yet one 
where everyone is sharply focused on 
producing excellent instruments.

The CEO and president of the com-
pany is Nadia’s father, Awad Da’Mes, a 
brilliant and genial man. He came to the 
USA from Palestine as a young engineer, 
attended grad school, and then went to 
work for Grumman, where he met the 
other two original owners of UMA.

Nadia grew up in the business. She 
worked there after school and in sum-
mers and whenever she happened to be 
around, even when she wasn’t work-
ing officially. She can do most of the 
manufacturing operations, including 
painting and silk-screening, and she 
understands the intricacies of the other 
work, even if she isn’t as expert as some 
of the specialists.

She majored in biology, and after col-
lege worked in a lab for a while. But she 
said it felt like she was in a cage. Now that 
she is the operations manager at UMA, 
she finds all aspects of her work fulfill-
ing. She says she enjoys working with 

customers and loves listening to them 
brag about the airplanes they have built.

The Future of Gauges  
in the Digital Age
One of the most obvious things about 
UMA is that they make gauges by hand. 
It’s labor-intensive. There’s not a pick-
and-place robot in the building.

Can that method of manufacturing 
be competitive in this era of mechanized 
manufacturing? Apparently, it can. 
Nadia says that their sales have increased 
steadily during the glass-cockpit era. 
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Nadia and her father, Awad Da’Mes, with an early sphygmo-
oscillometer on the desk.

Precision 2¼-inch altimeter prototypes. 
The smallest gear visible is about 3 mil-
limeters in diameter and is made in the 
UMA machine shop.

Nadia (left) and Marie, who said, “I made your tach.”



About 75% of UMA’s business is custom 
work that by nature requires humans.

Despite the labor-intensive production, 
UMA’s prices are competitive. Take my 
tachometer as an example: The big-name 
retailer sells about 13 different 2¼-inch 
round analog tachometers for Rotax 
four-stroke engines, five of them made 
by UMA. Prices range from about $75 to 
$300, with UMA’s basic model listed at 
$140. (It’s hard to make useful compari-
sons from a catalog because types of speci-
fications vary by manufacturer and there’s 
little indication of quality.)

So, my cost seems very reasonable: 
$250 for a custom-made 2¼-inch preci-
sion tachometer with electroluminescent 
lighting and a brightly colored dial. Not 
to mention a free tour of the factory—and 
meeting the person who built my tach!

Analog Digital Glass Gauge
It seems to me that the issue here is not 
so much analog versus digital because a 
glass panel can display analog informa-
tion just as well as digital. That’s mainly 

a matter of personal preference. For the 
same reason, it isn’t gauge versus glass, 
either. It’s more like gauge and glass 
because they’re complementary.

But as far as flight safety is concerned, 
it’s essentially electrical and mechanical. 
Electrical instrumentation, whether pre-
sented by a pointer on a dial or a glass 
computer display, can be extraordinarily 
powerful and helpful to a pilot. But it 
also has many different failure points, 
any one of which can suddenly make the 
screens go dark. That’s when mechanical 
gauges really shine.

So, aircraft need mechanical dis-
plays of critical flight information—
airspeed and altitude at the very 
least. (Whether they should also have 
mechanical backups for other instru-
ments may be more complicated.)

UMA’s customers also include 
restorers of older aircraft who want the 
gauges to be as close as possible to the 
originals—or at least to resemble the 
originals closely enough that the air-
craft appears to be completely original, 

even if they are more effective. UMA’s 
custom, hands-on construction is able 
to meet those needs. And it’s only a 
phone call away.

I asked Nadia what UMA’s biggest 
problem is, expecting she’d say some-
thing about competition from cheap 
foreign labor. Her answer surprised me. 
Even though the company is located close 
to a large state university and in an area 
with several major industries, she says 
they have trouble finding skilled work-
ers, especially machinists and mechani-
cal and electrical assemblers. Fortunately, 
they have been able to recruit several 
local residents who grew up in countries 
where technical education is more highly 
valued than it is today in the USA.

My biggest problem, on the other 
hand, is waiting for that 2¼-inch pre-
cision altimeter to go into production. 
I’ve already ordered one to replace the 
non-precision gauge in my Searey. And 
when it is ready, I’ll probably drive up 
to Dayton, Virginia, and thank its 
builders personally. J
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It’s probably not hard to believe that a 
straightforward way to determine your 
aircraft’s climb performance is to go out 
and perform climbs. The “sawtooth” 
climb flight test technique works very 
well but takes a lot of time. If you own 
your own airplane, maybe that’s OK; 
after all, you log it by the hour. However, 
a less intuitive but more efficient way to 
determine climb performance is to use 
the “level acceleration” method. 

Sawtooth Climbs
Before getting into the level acceleration 
flight test technique, a brief overview of 
the sawtooth climb method is in order. 
The basic approach is to perform a climb 
over a measured change in altitude at 

constant airspeed. You measure the time 
to climb the known height and convert 
this to a climb rate. On a nonstandard 
day, you can measure the outside air 
temperature (OAT) and make appro-
priate corrections. You repeat this pro-
cess varying airspeed and then plot the 
resulting rates of climb versus airspeed 
to determine the best angle and rate of 
climb. An advantage of this technique 
is that the flying and data reduction 
are easy. The downside is that you need 
about 10 good climbs to define the full 
curve, and this takes me over an hour to 
achieve at a single weight and altitude. If 
you want to define a climb profile (deter-
mine how VX and VY vary with altitude), 
you are going to invest several hours in 

climbing and descending. Or…if you’re 
tight on time or want to conserve fuel, 
you can try a different approach.

Rate of Change of Energy
You add energy to your plane by burn-
ing fuel. Imagine that the energy from 
fuel burnt can increase potential energy 
(height) or kinetic energy (velocity) at 
the same rate. This equivalence will 
allow us to measure the rate of change 
of velocity in level flight (acceleration) 
and then at any airspeed calculate an 
equivalent rate of change of height (rate 
of climb). In about an hour I can test the 
climb rate of my aircraft over its entire 
altitude range. The downside to this 
quicker test method is that there is some 

A faster way to gather data 
over a wide range of conditions.

By Nigel Speedy

Using Level Accelerations to Determine 

Climb Performance
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you can do this. First, you can trim dur-
ing the climb and then continuously run 
the trim forward/nose down as you accel-
erate. The advantage to this method of 
trimming is that the trim tab (and hence 
trim drag) is always in the correct posi-
tion for the speed you are at; hence the 
purists would argue it is more accurate. 
The disadvantage is that it is hard to trim 
precisely as the speed is rapidly chang-
ing, which makes it harder to maintain a 
constant altitude. Second, you can set the 
trim for the maximum speed, slow down 
and do the climb holding back pressure 
on the stick and then relax the back pres-
sure as you accelerate. I personally find 
the second method easier.

Data Reduction
Post flight you are going to have to iden-
tify the part of the data recording that 
includes the various accelerations. The 
best way to do this is to note the time 
just before you start the climb and then 
again after the acceleration is over. On 
my Dynon SkyView the time recorded 
in the user data log is the Zulu time, 
so I use that as my reference. An hour 
of flight time recorded at 1 Hz results 
in a 3600-line spreadsheet, which is 
unwieldy to work with. Rule 1 is never 
touch the raw data. Always make a copy 
first and then manipulate the copy. 

Once you have a copy, delete every-
thing before and after the data point of 
interest. This will reduce the 3600 lines 
down to around 180 lines. Next you 
can delete all the columns/parameters 
that are not related to this test. Again, 
this makes it far easier to work with. 
The columns you will need are pressure 
altitude, indicated airspeed (IAS), and 
true airspeed (TAS). Add a new col-
umn for elapsed time, starting at zero 
and incrementing at the time between 
each sample of your EFIS (e.g., if you are 
recording at 1 Hz, increment the time 
by 1 second). Next, plot the altitude and 
true airspeed against elapsed time. This 
should look like the “Altitude & Air-
speed During Level Acceleration” graph. 

You are only interested in the data 
starting from when you level off until 
you reach maximum speed, so you can 
further trim away the data from the 
climb before you level off and after max-
imum speed is reached. In the example, 
I deleted data before T=23 seconds and 
after T=140 seconds. This reduced data 
set will look like the example of EFIS 
recorded data (note that only the first 
10 lines are shown). The last column 
is the ratio of TAS/IAS; you will need 
this later to convert TAS back to IAS. 

Now, plot this reduced data set of true 
airspeed against time (with time = 0 as 

math to do after the flight. The good 
news is you only need to get the equa-
tions right once and then you can let a 
software tool like Microsoft Excel do 
the hard work for you.

Flight Profile
For this flight I took off with 30 gallons 
of fuel, which put the start weight at 
1500 pounds (mid) and cg at 80.0 inches 
(forward). I flew a level acceleration at 2, 
6, 10, 14, and 18,000 feet pressure alti-
tude, which covers the practical operat-
ing altitudes of the RV-8. 

Flight Test Technique 
The setup for a level acceleration starts 
below the test altitude. You need to 
start far enough below the test altitude 
for the engine and airspeed to be stabi-
lized—500 feet will do the trick with 
RV-like performance. 

The airplane is slowed to just above 
the stall and then a climb is commenced 
with maximum continuous power. I 
used wide open throttle, 2500 rpm, and 
mixture leaned to 1200° F EGT. To 
properly identify VX and VY, it is neces-
sary for the acceleration to start at an 
airspeed slower than both these speeds. 
This means you will need to be close to 
the stall during the setup climb to the 
test altitude. As you reach the test alti-
tude, lower the pitch attitude quickly to 
transition to level flight and accelerate. 

Rather than a nice gentle level-off that 
starts at 10% of the rate of climb before 
the test altitude, wait until 2.5% of the 
rate of climb. For example, if the climb 
rate is 1000 fpm, don’t start leveling off 
100 feet before the test altitude; wait 
until you are about 25 feet below. Try 
to maintain the test altitude as closely 
as possible. A good scan of the aircraft 
pitch attitude, EFIS velocity vector or 
flight path marker, VSI, and altimeter 
is required. If your height wanders up 
or down a little, it is better to stay at 
the new altitude rather than correcting 
back to the target. Concentrate on hold-
ing altitude as you accelerate from just 
above the stall out to the maximum level 
flight speed at that altitude. 

Due to the large airspeed change, you 
will need to trim, and there are two ways Level acceleration time history.



the first data point). This will look like 
the “True Airspeed v Elapsed Time” 
graph. The TAS data probably won’t be 
a perfectly smooth curve due to little ups 
and downs in altitude while you accel-
erated. In my case I initially let the alti-
tude climb by 40 feet and then dropped 
20 feet low toward the end. Ideally, you 
would like to keep these altitude excur-
sions to less than 25 feet. You will iron 
out these fluctuations by adding a trend 
line to the TAS data. Use a polynomial 
of 4th order, and display the equation 
with at least five significant figures. Now 
you will use the trend line polynomial 
equation to generate a smooth relation-
ship of TAS versus time, starting from 
the lowest speed as you leveled off to the 
maximum speed. 

The next step is to use the trend line 
true airspeed versus elapsed time equa-
tion and convert to rate of climb. An 
example of the steps used is shown in the 
“Calculated Data” example spreadsheet.

The calculated data begins with a 
column for time starting at zero and 
increments in 1-second steps. The 
curve fit TAS is calculated using the 
equation from the trend line equation 
from the “True Airspeed v Elapsed 
Time” graph where “y” is the TAS and 
“x” is the time. Convert TAS (knots) 
to VT (ft/sec) by multiplying by 1.68. 
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Level acceleration calculated data.

Level acceleration curve fit.

EFIS data.

EFIS RECORDED DATA

Time 
(sec) 

IAS 
(knots)

Pressure 
Altitude 

(ft)

True  
Airspeed 
(knots)

TAS/
IAS

0 55.1 6012 60.4 1.10

1 59.2 6013 65 1.10

2 63.6 6013 70 1.10

3 67.9 6010 74.5 1.10

4 71.8 6001 78.7 1.10

5 75.3 5993 82.6 1.10

6 77.8 5990 85.3 1.10

7 80.2 5990 88 1.10

8 82.8 5990 90.8 1.10

9 85.2 5990 93.4 1.10

10 87.6 5994 96 1.10

Term Meaning Value/Conversion Units

dH/dt Rate of Climb (ROC) (VT/g) * (dV/dt) Feet per second

VT True Airspeed (TAS) Knots * 1.68 Feet per second

g Acceleration due to gravity 32.2 Feet per second squared

dV/dt Acceleration Change in TAS per second Feet per second squared

IAS* dH/dt Cruise climb parameter, indi-
cated airspeed times climb rate Knots * feet per minute

CALCULATED DATA
Time 
(sec) 

Curve Fit TAS 
(knots)

VT  
(ft/sec)

g(ft/
sec2)

dV/dt  
(ft/sec2)

dH/dt  
(ft/min)

IAS 
(knots)

IAS*dH/
dt

0 62 105 32.2

1 66 111 32.2 6.30 1304 60 78428

2 70 117 32.2 6.15 1343 63 85281

3 73 123 32.2 6.00 1378 67 91990

4 77 129 32.2 5.86 1409 70 98520

5 80 135 32.2 5.72 1436 73 104843

6 84 140 32.2 5.58 1439 76 110935

7 87 146 32.2 5.44 1479 79 116776

8 90 151 32.2 5.31 1495 82 122348

9 93 156 32.2 5.18 1508 85 127640

10 96 161 32.2 5.05 1518 87 132640

Definition of terms.



“G” is the gravitational constant. By 
using a 1-second time interval, dV/
dt (the rate of change of velocity with 
respect to time) is simply the current 
VT minus the previous VT. Calculate 
the climb rate dH/dt = (VT/g) * (dV/
dt) * 60. Multiplying by 60 in this last 
step is necessary to convert feet per sec-
ond into pilot friendly units of feet per 
minute. The last step is to convert TAS 
back to IAS because this is what you will 
be referring to on your airspeed indica-
tor. From the EFIS recorded data under 
these test conditions, the last column 
shows IAS = TAS/1.10; use this relation-
ship to calculate IAS. The last column is 
used to determine the cruise climb. It is 
the IAS multiplied by the dH/dt. Now 
you are ready to plot dH/dt versus IAS 
and IAS*dH/dt versus IAS. 

Best Angle of Climb Speed (VX) 
You can determine the speed for best 
angle of climb (VX) by drawing a tangent 
on the “Climb Rate v Airspeed” graph 
from the origin of the climb rate to the 
climb rate curve. Climbing at this speed 
will yield the greatest height gain per dis-
tance traveled. In straight-wing, propel-
ler-driven aircraft, this speed tends to be 
just above the stall. In my RV-8, the best 
angle of climb is at 60 KIAS, which is 
also the power-off stall speed. My POH 
lists the VX as 75 KIAS. This slightly 
faster climb speed still results in a steep 
climb angle but has a decent margin to 
the stall. In this case there was no signifi-
cant change in VX as altitude increased 
(the theory is that VX slowly increases 
with increasing altitude). 

The most common use for VX is clear-
ing obstacles during a short field takeoff. 
If you truly have obstacles to clear, VX is 
the best speed for the job. The disadvan-
tages of climbing at VX are the small mar-
gin to stall speed, poor forward field of 
view with a high nose attitude, and poor 
engine cooling. In the event of an engine 
failure, the aircraft will decelerate quickly, 
making recovery challenging. Use VX if 
you must, but as soon as you are clear of 
obstacles, accelerate to VY or faster.
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Best Rate of Climb Speed (VY) 
The airspeed for best rate of climb VY is 
simply the peak or highest point of the 
climb rate on the “Climb Rate v Air-
speed” chart. Climbing at this speed will 
yield the greatest height gain per minute. 
In my RV-8, VY is 100 KIAS at 2000 feet 
and reduces by around 1 knot per thou-
sand feet. This is shown by the sloping 
line joining the peak of the climb curves 
at each altitude. 

The most common use for VY is gain-
ing height quickly immediately after 
takeoff. Climbing at VY results in higher 
stall margin, better field of view, better 
engine cooling, and easier recovery from 
an engine failure than VX. 

Best Efficiency of Climb or Cruise 
Climb Speed (VZ) 
VX and VY are both maximum effort 
speeds; that is, they maximize a single 
parameter of performance. When flying 
cross-country, the climb rate (fpm) and 
the forward rate (knots) are both impor-
tant. You want to get to altitude, but you 
want to get to the destination as well. If 
you multiply the climb rate by the air-
speed and then plot the result against 
airspeed, the resulting curve looks like 
the climb rate curve but the peak is 
shifted right. If you climb at the airspeed 
where the fpm*knots is maximized, this 
can be defined as cruise climb (VZ). 
This idea is a play on Carson’s speed for 
cruise flight, which sought to maximize 
Velocity * L/D. 

The term VZ was coined by Norm 
Howell in his master’s thesis titled 
“Introducing VZ: Best Efficiency Climb 
Speed for Small Airplanes.” VZ is a higher 
airspeed than VX or VY and results in a 
lower pitch attitude for better forward 
field of view, more comfort for passen-
gers, better engine cooling, and easier 
recovery in the event of an engine fail-
ure. In a normal takeoff, I continuously 
accelerate from liftoff speed to achieve VZ 
at 1000 feet AGL. VZ in my RV-8 is 125 
KIAS at 2000 feet and reduces by about 
1 knot per thousand feet.

Don’t be Precisely Inaccurate
This discussion is aimed at the engineers 
in the audience. Once you have all your 
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Climb angle and rate.

Cruise climb.

SUMMARy OF TEST RESULTS 
Parameter Speed

Best Angle, VX 75 KIAS

Best Rate, VY 100 KIAS

Cruise Climb, VZ 120 KIAS

Climb Schedule 120 KIAS to 10,000 feet, then 100 KIAS



climb performance plotted, avoid the 
temptation to agonize over the exact 
speed for VX, VY, or VZ. One thing you 
will notice about the climb performance 
of RVs is the top of the curves are rela-
tively flat. This means that over a wide 
speed range, there is only a small change 
in climb rate. This insensitivity is a good 
thing. It also means that writing VY = 
83.47 knots in your POH is really no 
better than 80, 85 or 90 knots. Rather 
than being precise, pick a nice round 
easy-to-remember number that corre-
sponds to a marking on your airspeed 
indicator. Airplanes tend to fly nicer at 
higher airspeeds than slower ones, so if 
you determine VY is 83.47 knots, round 
up to 85 rather than down to 80. 

It is normal for VY to reduce a little 
with altitude. While it may be precise to 
say the best rate of climb speed reduces 
at 1 knot per 1000 feet in an RV-like air-
craft, trying to fly that schedule precisely 
is overthinking the matter. Based on 
my climb test results, my normal climb 
schedule is as follows: 120 KIAS to 
10,000 feet, then 100 KIAS above that.

Safety
The biggest risk with the level accelera-
tion flight test technique is stalling at 
high power and low altitude. In gen-
eral aviation aircraft, all the important 
speeds are between the stall and around 
twice the stall speed. So to get good data, 
you want to be as close to the stall as pos-
sible prior to leveling off and accelerat-
ing. Stalling with climb power tends to 
make the stall characteristics worse. The 
effects of the engine torque and spiraling 
slipstream are greatest, and ailerons are 
less effective due to the low speed. You 
will want to practice deliberately stall-
ing and recovering in this configuration 
at altitude before you risk it happening 
closer to the ground. 

Conclusion
The level acceleration method works 
well, but good results require a data 
acquisition system, smooth and accu-
rate flying, and, last but not least, a little 
data reduction. The payoff is economi-
cally gathering a lot of data over a wide 
range of conditions. J
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As the 2020 deadline gets  
closer, here’s what is  

happening on the  
ADS-B scene.

Time is  
Running Out!

By Dick SunDerlanD
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with integral GPS (if they don’t have a 
usable WAAS GPS source).

Figure 1 shows the trend of GA 
installations though June 2018 and the 
goal/expectation of 100,000 U.S. GA 
fixed-wing installations by the end of 
2019. As of the end of June 2018, there 
were 43,250 good GA installations. My 
projections show that installations will 
reach the 80,000 range by the 2020 
deadline, including cleanup of aircraft 
that are currently non-performing emit-
ters (NPE). That will leave about 80,000 
aircraft of the approximately 160,000 
on the U.S. GA registry that are either 
hangar queens, awaiting equipage, no 
longer desirous of flying in rule airspace, 
or the owners are banking on a delay.

Figure 2 shows the percentage of NPEs 
for various classes of aircraft. The good 

news is that this shows improvements 
in all classes except air carriers over the 
prior year. Experimentals/LSAs con-
tinue to have the worst NPE percentages.

What is Happening in the  
GA Hardware Markets?
Hardware offerings for the lower end of 
the GA 1090 Out market stabilized in 
the last year. Prices have stopped falling 
and appear to be about 10% lower than 
last year. There were few new Out prod-
uct introductions. Manufacturers are in 
the production stage now. There really 
isn’t time for a new vendor or product to 
establish itself and gain market penetra-
tion. At this point, approximately 50% 
of my projected GA installations have 
already been installed. 

Apareo, Garmin, L3/Lynx and Trig 
appear to be the winners in the 1090 
space. That hasn’t changed from last year. 
There have been several innovative 978 
Out products introduced over the last 
year. In light of the very limited enthu-
siasm for 978 Out products, it is unclear 
what their market penetration will be. 

In the Experimental arena, there have 
been some notable vendor stumbles in 
the past year. This includes the Nav-
Worx crash plus production stoppages 
from other vendors. This reinforces that 
building reliable electronics to specifica-
tion is not easy.

The portable In market, in contrast, 
continues to see a variety of new products 
that generally have wireless connectiv-
ity to tablets or panel-mounted screens. 
Stratux, the DIY dual band receiver, 
now has a version with an AHRS. 

This article covers the goings on in the 
ADS-B space in the past year. It is the 
third article in a series. The first was in the 
June 2016 issue. It was a tutorial about the 
ADS-B system and configuration consid-
erations. The second article appeared in 
the August 2017 issue. Like this one, it 
was an update on the ADS-B scene. If you 
are still deciding upon your ADS-B solu-
tion, you should read the prior articles, 
which are available to subscribers in the 
KITPLANES® online archives (www.
kitplanes.com/magazine). The consid-
erations about what to install haven’t 
changed. The gold-standard installation 
is still 1090 “Out” with dual-band “In.”

As of the publication date, we are 
about 14 months from the deadline of 
January 1, 2020. It is obvious not all 
the projected aircraft will be equipped 
by 2020. It’s not apparent what, if any-
thing, the FAA will do about that!

Current Status of Installations
Installation of 1090 ES units contin-
ues to overwhelmingly dominate Out 
installations. Only about 6.4% of the 
ADS-B Out units installed in the U.S. 
GA space last year were 978 MHz units. 
This percentage could increase going 
forward if there is a surge of lowest 
cost/minimum compliance customers 
willing to accept the limitations of 978 
Out. They will pair an existing Mode C 
transponder with a 978 Out transmitter 

Figure 1: Good ADS-B GA installations with a goal of 100,000.

Figure 2: Trend of percentage of non-performing emitters by class.



of the U.S. They have not said what they 
are going to do about it.

UAS and Airplanes
There has been no new regulatory action 
regarding UAS and aircraft, but I sus-
pect some loosening of UAS regulations 
in the near future. There continues to 
be experimentation toward expanding 
UAS operations using ADS-B and 
other technologies. 

Totally Satellite-Based  
ADS-B Services
Experiments toward a completely satel-
lite-based ADS-B system continue. The 
satellite-based approach is attractive 
because it would provide worldwide cov-
erage including over oceans. This could 
also be a turnkey ATC system for coun-
tries without a radar infrastructure. The 
most prominent of these experiments is 
with the low-orbiting Iridium/Aireon 
satellites and NavCanada and the FAA. 
It is not on the near horizon for general 
aviation. I suspect military ELINT sat-
ellites, both ours and adversaries, have 
been tracking Mode C emitters for 
years. Mode S ES would add another 
whole level of specificity to those efforts.

The Rebate Program
The rebate program ended in September 
2017. About 10,200 of the 20,000 slots 
were paid out. I consider the program 
a bust. The goals seemed to have been 

View From the Repair Stations
I interviewed several repair shops that 
service GA aircraft for their view of 
what is happening. They continue to 
be frustrated with the sense from some 
owners that the FAA will delay. Their 
volume of installations nearly doubled 
in 2017. More than 75% of customers 
so far have some other unrelated work 
done during an installation. Their lead 
times are extending but still not to 
the crunch stage. They think that will 
change in 2019. As the deadline draws 
nearer, they see approaching their limit 
for installing units. Shops are strug-
gling to find good technicians. They 
feel the rebate program provided only a 
minor spike to the market. They are not 
requiring slot reservations or anything 
beyond their normal deposits. They see 
equipment manufacturers as being able 
to keep up with demand. They do not 
expect the FAA to delay the deadline. 

So far, 1090 Out remains the over-
whelming preference. They haven’t 
seen a distinct shift toward minimum 
compliance customers. Most users are 
installing some form of In via integral 
receivers or portables. Shops feel Cirrus 
aircraft and post-1990 Cessnas are eas-
ier installations, even though they may 
involve integration with a flight man-
agement system (FMS). This is because 
of newer wiring, fewer prior upgrades, 
and better documentation. 

International Mandates
There have been no new international 
mandates since the Mexico announce-
ment in February 2017, which matched 
the U.S. timing but was 1090 only. So 
far, no other nations have adopted the 
978 frequency for Out or In. European 
authorities have admitted that instal-
lations are falling short of their goals, 
which were much less broad than those 
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Levil Aviation’s Beacon is a 978 MHz 
universal access transmitter that meets 
ADS-B Out requirements. All essential 
components are inside an antenna that 
mounts on the outside of the aircraft. 
(Photo: Courtesy of Levil Aviation)

BendixKing’s KT 74 is an ADS-B Out transponder that broadcasts on 1090 MHz. A slide-in 
replacement for KT 76 and KT 78 transponders, it can be expanded to receive ADS-B In 
using UAT. (Photo: Courtesy of BendixKing) 

Garmin’s GDL 82 is an easy-to-install 978 MHz ADS-B Out datalink that is designed to 
work with existing transponders. It includes a built-in WAAS GPS position source for 
ADS-B reference only. (Photo: Courtesy of Garmin)



to create awareness of ADS-B, as well 
as the 2020 deadline, and to front-load 
installation shops. The effort seemed to 
be undone by perceptions that hardware 
prices would drop further, equipment 
capabilities would increase, and/or the 
deadline would be extended. 

Current Usage of ADS-B Data
Currently, ADS-B data is being fused 
into the ATC system, along with Mode 
C traffic and primary radar returns. The 
FAA has software to select the most 
valid information. At the time of this 
writing, no control towers had installed 
ADS-B In receivers for traffic. At this 
point, the FAA has not revealed any 
special day-one plans. One thing not 
to expect is any reduction in radar sites. 
The FAA has been quietly walking back 
one of the big cost savings in the original 
NextGen justification. Now they need 
primary radar for security reasons and 
secondary radar for backup of ADS-B!

The FAA’s Outreach
The FAA continues to promote ADS-B 
Out, the benefits of In, and deadline 
awareness. They are expected to announce 
additional FIS-B (weather) products this 
year. As always, whether you receive the 
new products is dependent on the soft-
ware in your receiver. They are also going 
to announce a policy on acrobatic planes 
and maneuvers, which is expected to be 
similar to the Mode C policies. I expect 

the FAA will address new implementa-
tion issues as they crop up. These efforts 
will become increasingly intense as the 
deadline approaches. 

The FAA is also proactively pursuing 
NPE issues. They recently implemented 
a software program that will allow them 
to disregard non-compliant Out trans-
missions and to not send traffic to them. 
In some instances, they have sent out 
certified letters to NPE owners telling 
them to fix a situation. 

Exemption 12555
In 2015, the FAA granted a limited 
waiver regarding some GPS sources 
called Exemption 12555 (also known as 
“twelve triple nickel” by the cool people). 
It is just now becoming well known to 
the aviation public beyond the airlines. 
It is not an exemption from the ADS-B 
Out requirement. It was granted in 
response to a petition by the airline 
industry via their trade group, 
Airlines for America. 

The optics of the exemp-
tion are much worse than 
the reality. It is a limited 
exemption, under certain 
conditions of GPS satel-
lite unavailability, for air-
planes with some already 
installed older-style GPS 
receivers attached to Mode 
S ES transponders to fly in 
rule airspace. With some 

equipment, predictive software must be 
run before every flight, alternate routing 
may be required, and secondary radar 
coverage must be available. That could 
be very onerous, so there will be tremen-
dous pressure to bring those aircraft into 
full compliance.

This is not the same as the NavWorx 
GPS controversy. Operators had to des-
ignate specific aircraft by August 2018 
and state when they would become fully 
compliant or at the latest be removed 
from service by the end of 2024. It is 
expected to be multi-thousands of air-
craft, including foreign air carriers fly-
ing into U.S. airspace. All aircraft with 
the specified types of GPS receivers can 
apply for this exemption. Aircraft with 
WAAS receivers won’t need the exemp-
tion. The five-year period is to allow some 
aircraft to be retired before being expen-
sively upgraded. It also allows upgrades 
to be done at major maintenance checks 
and to allow a new generation of GPS 
multi-frequency/multi-constellation GPS 
receivers to become available. 

After initially considering 12555 a 
cave to the airlines, I have come around 
to a different position. I now see it as a 
partial tactical retreat by the FAA to 
give the airlines some relief without 
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The uAvionix skyBeacon is a 978 MHz ADS-B Out solution that replaces an existing wing 
tip position light. It works with any Mode C or Mode S transponder and includes a built-
in WAAS GPS receiver. (Photo: Courtesy of uAvionix)

The Dynon DRX is an affordable ADS-B traffic and weather 
receiver that is small enough to fit in a pocket. It can send 
ADS-B traffic and weather to most aviation apps that 
receive ADS-B over Wi-Fi. (Photo: Courtesy of Dynon)



compromising safety and having mini-
mal impact on system operation. By 
granting the exemption so far ahead, it 
also makes it more awkward for the air-
lines to ask for an overall delay.

Will the FAA Delay?
Now the critical question: Will the FAA 
delay the deadline? The FAA has ada-
mantly and consistently stated they will 
not delay. They state that Out is a critical 
component of the NextGen moderniza-
tion effort, and we have had 10 years 
to comply. I do not believe a new FAA 
administrator will change things.

The situation is impacted by four 
user groups: the airlines, the military, 
business aviation, and non-business 
GA. Each party has different needs and 
political power. 

The Airlines Situation
All the major airlines have publicly 
stated they will be compliant or utilize 
Exemption 12555 by the mandate date. 
Some airlines are near 100% compliant 
now. I doubt any airline will gamble on 
a delay. That is because, for example, 
even a small Boeing 737 can generate 
well over $100,000 per day in revenue 
that is lost forever if it is grounded. Sec-
ondly, if an airline is fully or partially 
grounded, their customers will go to 
the competition. Thirdly, complying air-
lines will be reluctant to lend a hand to 
non-complying ones in asking for a delay.

Airlines installations have shown by 
far the largest year-over-year increases 
and progress toward goals of any air-
craft category. 

Airlines plan backwards from a needed 
date. They install equipment at heavy 
maintenance checks and often only 
one segment at a time, such as wiring or 
antennas. Expensive hardware is installed 
last. Airlines are pros at fleet-wide retro-
fits. Airlines hitherto have not generally 
installed WAAS GPS receivers because 
they already have a variety of navigation 
sources fused together for their needed 
accuracy. Compliance costs for airliners 
vary widely depending on age of equip-
ment and what avionics have been previ-
ously installed. Airlines are not typically 
installing In. There are some interesting 
future applications such as In enabled 
closer in-trail separation of aircraft. 

More than 99% of the passenger 
enplanements are flown by the airlines, 
so their interests are far more apparent 
to the politicians. However, in this case 
the airlines are in a weak position to ask 
for a delay due to the already discussed 
Exemption 12555. Also, their failed 
privatization/corporatization effort has 
weakened their clout. 

The Military Situation
The Department of Defense (DoD) 
has major concerns about security 
issues with ADS-B Out. However, they 
recently signed an agreement with the 
FAA as to how they will comply with 
the mandate. This essentially takes the 
DoD out of any FAA delay calcula-
tions. The General Accounting Office 
issued a very critical report blaming 
the DoD for ignoring critical security 
issues since 2008 when ADS-B was 
being designed. Previously, the FAA 
could filter out military operations. 
Now with flight-tracking systems like 
FlightAware, using ADS-B and multi-
laterization technologies, the public 
and bad actors can track all transpon-
der and Out equipped aircraft.

The expectation is that the DoD’s 
fleets of transport aircraft, tankers, VIP 
aircraft, and trainers will be the first to 
install Out. The drone, stealth aircraft, 
and tactical aircraft may get some sort 
of exemption. There are about 12,000 
DoD aircraft, of which about 3,500 are 
in the categories that the DoD is putting 
a priority on equipping. At the time of 
this writing, it is unclear how many will 
be done before the deadline. Inciden-
tally, the FAA’s fleet of aircraft will be 
compliant by the deadline.

The Business Aviation Situation
Business aviation is the segment seem-
ingly most skeptical of the Out deadline. 
They are trailing badly on installations, 
and many seem to be banking on an 
extension. The business aviation fleet 
has a tremendous variety of configura-
tions and a substantial number of older 
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The Department of Defense has major concerns about security issues with ADS-B Out. 
Military aircraft like the F-35 may receive some sort of exemption. (U.S. Air Force photo by 
Senior Airman Julius Delos Reyes [Public domain], via Wikimedia Commons)

All the major airlines have publicly stated they will be compliant or utilize Exemption 
12555 by the mandate date. (Photo: PlanespotterA320 [CC BY-SA 4.0  (https://creativecommons.org/
licenses/by-sa/4.0)], from Wikimedia Commons)
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continue. I feel any overall delay would 
have to be driven by Congress, which 
looks unlikely at this time. 

Conclusion
Fourteen months and counting. There is 
no indication from the FAA of a delay, 
and in my opinion an overall delay is 
not likely. If you intend to use a shop 
for an installation, it’s best to be alert 
to changes in their lead times. Better to 
install now. That will illuminate you as 
traffic. Even better, install In as well for 
cockpit display of weather and traffic. 
Until next year… J

Summary of Delay or Not?
In my opinion, the FAA will not delay. 
That is because the airlines will have 
complied, the DoD has an agreed upon 
plan, the business jet community is too 
fractured to be effective, and the rest of 
GA is impotent on this issue. I expect 
some sorts of very limited, short-term 
accommodations for non-complying 
aircraft with pain attached. This may 
take the form of delayed handling, 
longer routes, denial of service during 
peak hours, etc. The normal inopera-
tive equipment and ferrying for main-
tenance practices will undoubtedly 

aircraft. One repair shop said owners are 
more interested in installing Wi-Fi than 
Out! He also said 50% of the owners are 
trying to do it cheaply, the other 50% 
doing it right. A typical bizjet ADS-B 
Out only installation might be above 
$100,000. Business aviation has privacy 
concerns too, but unlike the DoD, they 
don’t have the leverage to get their desires.

Both the airlines and bizjet opera-
tors tend to see no immediate benefit of 
Out. Therefore, they view it as a tax to 
be paid as late as possible. They see no In 
benefits because they already have some 
form of weather like Sirius or onboard 
radar and traffic like TCAS. Addition-
ally, they are almost always on IFR 
flight plans with access to center and 
TRACON weather and traffic. Airline 
and bizjet installations are much more 
expensive than lower-end GA installa-
tions. That is because of higher speci-
fications, dealing with pressure vessels, 
integration with multiple systems, the 
need for specific STCs, documenta-
tion, and training. Interestingly, there 
are stories of dual-band In receivers 
and iPad/laptops with ForeFlight type 
software on the glareshields of some 
extremely expensive aircraft!

The Non-Business  
GA Fleet Situation
The non-business GA fleet is the larg-
est but the least politically powerful 
player in the ADS-B debate. This weak 
position is due to the FAA’s early and 
consistent messaging on the ADS-B 
deadline and the poor uptake on the 
rebate program. 

The non-business GA fleet is the largest but least politically 
powerful player in the ADS-B debate. At this point, there’s no 
indication of a delay, so it’s probably time to write the check and 
install ADS-B. (Photo: Louise Hose)

Business aviation is trailing badly on ADS-B installations. Many seem 
to be banking on an extension. (Photo: Privatejetexpert [CC BY-SA 4.0 (https://
creativecommons.org/licenses/by-sa/4.0)], from Wikimedia Commons)

Augmentation of the raw GPS signal is necessary for precise fixes. This can be due to 
atmospherics, satellite orientations and outages, or just to increase accuracy. This is done 
for several user groups like surveying, shipping, geophysical sciences, etc. in addition to 
aviation. It has spawned its own set of acronyms, which are not new this year but seem to 
be more prominent in discussions. 

Space Based Augmentation System: SBAS is a space-delivered correction to a GPS system. 
Wide Area Augmentation System: WAAS is an SBAS used to augment the U.S. GPS 

system for aviation. It is transmitted to GPS receivers from geosynchronous satellites. It 
enables the equivalent to Category I instrument approaches. You often see SBAS and WAAS 
used interchangeably, which is technically incorrect. 

Ground Based Augmentation System: GBAS is a ground based system used to  
augment a GPS system for higher-level precision approaches. 

 Local Area Augmentation System: LAAS is a GBAS used to augment the U.S. GPS 
system for precision landing. The correction is transmitted to the aircraft via VHF radio. It 
enables the equivalent to Cat ll and III instrument approaches.

Airplane Based Augmentation System: ABAS is an in-the-aircraft technique to correct 
GPS signals for higher accuracy. 

Receiver Autonomous Integrity Monitoring: RAIM is the most widely used ABAS 
technique internal to a GPS receiver. It is software that uses different combinations of GPS 
satellites to produce several different position fixes. The best position fix is selected.

—D.S.

Augmentation and More Acronyms!
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The SR-1 race plane I’m building 
will belong to the C1a/0 class, which is 
planes weighing less than 661 pounds 
(300 kilograms). This includes fuel and 
pilot, so once you subtract those and an 
engine, your airframe weight is in the 
300-pound range—or 4800 ounces if 
you think like I do! I weigh every part 
with a gram scale and will chase after 
weight savings in the tenth of an ounce 
range. It’s a bit crazy, but given the 
weight limitations of the class, I don’t 
have much choice. 

It’s the fun kind of crazy though, and 
it’s what makes the C1a/0 class special. 
Once you get into the larger weight 
classes, you can often brute force your 
way to a record if you can afford to just 
put a large enough engine in something. 
With C1a/0, you’re happy to just get 
a light four-banger up front—forget 
about turbos and spray bars and all that 
cool Reno stuff. 

That’s all to say, weight counts a lot 
sometimes, and we builders are some-
times willing to pay a bit more to shave 

pounds or even ounces. Tungsten (in the 
MT-17F alloy form discussed here) has 
a density approximately 1.5 times that 
of lead, which when used for a control 
surface counterweight, either allows you 
to use less weight or frees up your design 
options due to the higher density. But 
where to get this exotic stuff? This month 
we talk to Kevin Anetsberger, director 
of sales at Midwest Tungsten Service 
(MTS), a large commercial vendor of 
tungsten and supplier of both tungsten 
bucking bars and counterweights. 

A visit to  
Midwest Tungsten Service.

By Eric StEwart
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KITPLANES®: How did MTS get 
its start? Are you primarily servicing 
the aerospace industry, or is that just a 
minor aspect of your business?

MTS: Midwest started in 1958, 
serving companies in the vacuum met-
allizing industry by supplying them 
with tungsten filament wires used in 
the evaporation of metal onto plastics 
to make them reflective, i.e., chromed 
plastic. Tungsten has a very high melt-
ing point, so you can pass a lot of current 
through it—it’s what incandescent bulb 
filaments are made of. 

The vacuum metallizing industry was 
the full extent of our business until about 
1990, when MTS used the strength of 
its relationships in the tungsten indus-
try worldwide to offer a wider range of 
tungsten raw materials for sale. In addi-
tion to raw materials, MTS also has a 
full machine shop capable of machining 
tungsten-based materials, which can be 
difficult to do. We serve the automo-
tive, medical, and aerospace industries, 
among many others.

KP: What are the main different 
grades/alloys of tungsten available? 
What are the benefits/disadvantages 
associated with them?

MTS: In the broadest sense, there’s 
pure tungsten and tungsten alloys. 
Pure tungsten is expensive and dif-
ficult to machine, but has the highest 
melting point of any metal and can 
be made into wire and thin sheet. The 
tungsten alloys are less expensive and 
easier to machine, however, they do 
not have the temperature resistance 
of pure tungsten and cannot be made 
into wire or thin sheet. Alloys are great 
for weight or radiation shielding. Pure 
is better for high temperature applica-
tions. There are specialty alloys like 
copper-tungsten that are great for elec-
trical contacts.

KP: Tell us a little bit about your 
bucking bars? I understand you have 
stock shapes, as well as custom ones. 
Approximately how much more are 
the custom bars? What are the bene-
fits of tungsten bars versus traditional 
steel bars?

MTS: Tungsten alloy is a great 
material for bucking bars. The density They also make tungsten filament wires used to vacuum metallize plastics.

Midwest Tungsten Service machines and forms parts from solid billet. 

Tungsten has a density approximately 1.5 times that of lead, making it a good choice for 
the SR-1 race plane’s aileron counterweights. (The tungsten is the block on the left with 
the faint circle drawn in the middle.)



of these bars is about 2.5 times that 
of a standard steel bar. The increased 
density means that less momentum is 
transferred to the hand of the person 
doing the bucking, resulting in less 
fatigue and a decreased risk of repetitive 
motion injury. The resulting bucked 
rivet is generally better, also. 

That being said, tungsten alloy is a 
sintered material and is not as good a 
choice for bars that are thin or have 
angles or cantilevers, as these geom-
etries are prone to breakage. Our 
standard bars avoid these geometries. 
We do make custom bars, but prior to 
making them we will offer advice as 
to whether or not a customer’s design 
might be prone to failure. We don’t 
really charge a premium for custom 
bars, but they do take longer to deliver. 
Tungsten bucking bars are certainly 
more expensive than a standard steel 
bar, but you get what you pay for. If 
the result is doing the job better, faster, 

and with less wear and tear on your 
body, it might actually be a bargain.

KP: Tell us a little bit about your 
counterweights/ballast? Are they typi-
cally all custom designed? If someone 

wants custom counterweights, do 
they need to provide you with a CAD 
file, or will a set of hand-drawn engi-
neering drawings be sufficient? Are 
there profiles that are easier or more 
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MTS machine shop. You can find instructions for machining tungsten on the MTS website: 
https://tinyurl.com/tungsten-machining.

Bucking bars from simple to specialized. Bars like the one in the upper right are where tungsten bars shine—small enough to fit in 
most places but still massive enough to do the job.



difficult to do? Have you machined 
any custom counterweights for Van’s 
RV aircraft (or any other experimen-
tal aircraft)?

MTS: Most of our ballast work is 
custom. There are a few exceptions for 
things like NASCAR weights, fidget 
spinner weights, pinewood derby 
weights, and firearm buffer weights, 
which are all pretty much standard. We 
accept CAD drawings or solid models 
in all formats. Certain geometries can 
be challenging, but we rarely have to 
reject a design for machining issues. 
Most ballast weights are pretty simple, 
though. For aircraft we typically do 
things like aileron weights or maybe 
crankshaft weights for an engine. Obvi-
ously, the goal in these situations is 
to damp vibration, not to add to the 
weight of the aircraft.

KP: Any suggestions on machin-
ing? Can a person machine tungsten 
stock on a manual mill/lathe, or does it 
require CNC?

MTS: I would not recommend a 
casual machinist attempt to machine 

pure tungsten, but the tungsten alloys 
are doable by a reasonably practiced 
machinist. The raw material is expen-
sive, though, so mistakes are costly. If 
someone really wants to do their own 
machining, we can make recommen-
dations on speeds and feeds, as well as 
what tools to use. Our website contains 
a page that discusses machine fabrica-
tion of tungsten alloys: https://tinyurl.
com/tungsten-machining.

KP: Please briefly discuss your weld-
ing rods and what you offer that might 
not be available from the local welding 
supply shop.

MTS: Tungsten welding rod is one of 
our newest products, but has been met 
with great enthusiasm in the market-
place. We are currently the largest seller 
of welding rod in online marketplaces 
like Amazon.com. The electrodes are 
doped with trace amounts of different 
materials depending on the base met-
als to be welded and are color coded 
accordingly for easy identification. We 
were able to leverage our many years 
of tungsten experience and develop a 

product that works really well and is 
reasonably priced.

KP: Any other products or applica-
tions we haven’t touched on yet?

MTS: We have just finished develop-
ment of a tungsten alloy replacement pis-
ton for rivet guns. Our piston is a drop-in 
replacement for the standard piston that 
comes in the gun but allows the rivet gun 
to deliver more force per stroke. This 
means faster, more accurate riveting. The 
product is in the final testing stages to 
determine how well both the piston and 
the guns hold up under extended usage. 
So far, all signs are good, and we are really 
excited about being able to offer these in 
the very near future. J

Thanks to MTS for answering our ques-
tions. If you want to learn more or purchase 
a bucking bar, check out their website at 
www.midwesttungsten.com. MTS is 
a sponsor of the SR-1 project—counter-
weights, of course! I already had a tungsten 
bucking bar from building my RV-4 and, 
no kidding, they are the cat’s meow!
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Tungsten piston (above) allows a rivet gun to deliver more force per stroke for faster, more 
accurate riveting. The illustration shows the location of the piston in a typical rivet gun.
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Sometimes stuff happens.
By Luca PerazzoLLi

A Ground  
Loop Story

The author removing rivets from  
the damaged side skin. It’s a  

tedious process that requires  
precise technique  

and patience.
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The Damage
Back at the hangar, the owners (Franz 
and the pilot) and I started to do dam-
age assessment. We removed the tail-
wheel, which was deeply embedded in 
the dirt, and found that the tailwheel 
fork was rotated off the axis of the plane 
by 45 degrees; it had sheared off the 
fork’s AN3 bolt! 

During the ground loop, the engine 
was running at idle, but the propel-
ler didn’t hit the ground, nor did it stop 
during the aircraft excursion. The wings 
didn’t hit the ground either, so the wing 
tips and the ailerons were unharmed. The 
right main tire, the outside one during 

rotation, was worn-out, and the outer 
edge of the wheel was partially ground 
away, yet the tire had its original 40 psi 
of pressure. During the rotation, the 
tire bent so severely that it destroyed the 
fiberglass wheel pant and left the edge of 
the wheel and brake assembly exposed to 
the concrete. Then the tire went back to 
its original position—incredibly without 
losing any inside air pressure. 

The main problems were, obviously, 
in the fuselage tail cone. The instant 
stop of the tailwheel digging into the 
dirt bent all the rear parts of the fuse-
lage, stretching the right fuselage skin 
and compressing the left one. The forces 

It was a calm Sunday morning in July 
at our airport. Friends and fellow air-
craft enthusiasts milled around their 
airplanes, celebrating the joy of flying. 
An RV-8 taxied out and took flight. The 
pilot and co-owner (but not the builder) 
had a friend with him and was making 
his first flight with a passenger and only 
his second flight as PIC following his 
transition training.

The airplane had 65 hours since its 
first flight, and I knew this baby very 
well. My friend, Francesco “Franz” 
Dante, bought and built the kit after see-
ing mine. Thanks to my “repeat offender 
syndrome,” I spent a couple of days help-
ing him complete his beloved Van’s RV-8. 

Franz had just supervised the pre-
flight inspection before the plane took 
to the air. After 30+ minutes of unevent-
ful flight with the usual RV grins, it 
was time to land. The mains touched 
first, then the tailwheel. A typical small 
bounce was followed by a slowing land-
ing roll, with a little change of direction 
to the right, a correction to the left, then 
suddenly an abrupt left. Murphy’s Law 
kicked in, and the tailwheel went off 
the concrete, driving into the dirt and 
freezing the rotation of the aircraft. 
The pilot’s and the passenger’s RV grins 
went away. We rushed from the hangar 
to help these guys clear the runway, pick 
up some fiberglass pieces, and move the 
airplane to its hangar.

(Left) With the broken parts removed, the tension on the skins was released. (Center) Aft left skin distortion was easy to see with parts 
from the tail cone removed. (Right) Fortunately, the J-stiffeners and fuselage longerons were straight.

(Left) The tailwheel fork was rotated 45 degrees and had sheared off the AN3 bolts.  
(Right) The aft cone of the right wheel pant was missing, the tire was worn-out, and the 
outer edge of the wheel was partially ground away. The fairing bracket was bent, too. 



first thoughts were to exchange the bro-
ken parts and splice on a replacement 
portion for the bent left fuselage skin. I 
was not of the same opinion. An email 
exchange with some photos sent to Rian 
Johnson, Van’s chief engineer, con-
firmed my reservations. After the initial 
shock, the owners decided to move for-
ward as Rian advised: 

“If at all possible, avoid splicing the 
skin. The aft region of the tail cone 
experiences high ground loads from 
the tailwheel and high flight loads. Are 
the skins stretched and permanently 
deformed? Was this a newer RV-8 with 
the fully prepunched fuselage? If so I 
would simply remove the entire skin 
and replace it. It sounds like you are very 

from the tail spring into its internal 
fuselage welded support were trans-
ferred to the bulkheads and onto the 
external skins. The lower rudder fairing 
had been broken by the tailwheel fork. 

I immediately suggested releasing 
stress on the stretched sheet metal by 
removing the rivets, which we did. We 
took off the elevators, the pitch trim, 
and taillight wiring connectors, the rud-
der links, the rudder, and the vertical 
and horizontal stabilizers. In a couple of 
hours, the fuselage tail cone rivets were 
removed. I was worried about the con-
dition of the underlying J-stiffeners and 
fuselage longerons, but after removing 
the parts they returned to straight and 
appeared in good shape. 

Support from Van’s
It was time to get serious about making 
the repairs. The pilot (and passenger) 
were really upset—and Franz was, too. 
All three are Italian Air Force pilots, 
and the owners of the RV-8 are mili-
tary instructors. They were behaving 
professionally but were clearly disap-
pointed and concerned. As they serve in 
the Air Force far away from the RV-8’s 
base, they asked if I could help resolve 
the problems, and I accepted. The first 
order of business was to contact Van’s 
support to learn the best way to repair 
the aircraft. 

In this type of situation, human 
nature prefers to minimize the prob-
lem—and the work—so the owners’ 
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(Left) During the skin removal process, Clecoes kept the skin and structure in position. (Right) The rivets for the side skin stiffeners were hidden 
by paint, so it was scuffed away with a die grinder pad. The row of rivets at the top of the side skin had to be replicated in the new skin. 

•	 The	presence	of	the	pilot’s	colleague	didn’t	give	us	the	chance	to	speak	
frankly:	“Hello,	mate.	Let’s	go	up	on	a	recurrent	flight	together!”

•	 For	the	same	reason,	the	pilot	didn’t	want	to	show	any	weakness	
or	uncertainty.

•	 The	passenger	weighed	200	pounds,	50	pounds	more	than	Franz	
or	me;	more	weight	in	the	back	seat	means	different	tailwheel	
response	(especially	if	you	are	a	rookie	tailwheel	RV	pilot).

•	 Another	factor	could	have	been	that	during	the	earlier	RV	transition	
training,	the	pilot	had	no	problems	and	was	maybe	feeling	overcon-
fident	for	a	simple	mission	(a	Sunday	flight	with	a	passenger).

While	an	error	chain	might	be	relatively	easy	to	reconstruct	during	
an	accident	investigation,	the	presence	of	one	may	be	difficult	to	
detect	as	it	occurs.	“Safety	First”	should	be	a	strategy	and	not	simply	a	
slogan;	it	would	have	been	enough	to	break	a	link	in	the	error	chain	to	
save	the	day.	The	consequence	of	less	than	diligent	behavior	resulted	
in	eight	months	of	a	grounded	airplane	and	300	hours	of	work.
Another	lesson	learned!

—L.P.

The	pilot	(co-owner)	of	the	RV-8	involved	in	the	ground	loop	is	a	
professional	military	instructor	pilot	with	combat	mission	experi-
ence.	In	his	pilot	log,	he	had	about	3	hours	of	Piper	Super	Cub	
training	and	3.5	hours	of	RV-8	tailwheel	instruction	with	Franz—
an	active	military	instructor	pilot	with	extensive	tailwheel	skills.	
The	training	mostly	focused	on	ground	control	during	takeoffs	and	
landings.	We	teach	tailwheel	skills	making	full-stop	landings	(not	
touch	and	goes).	
When	the	pilot	was	ready	to	go,	Franz	asked	me	to	make	the	final	

crosscheck	flight.	Instructing	professional	pilots	is	easy	because	they	
learn	quickly.	The	pilot	had	shown	the	right	conservative	behavior	
with	no	ego	problems.	
I	did	the	flight	and	left	the	pilot	for	his	first	solo;	the	landing	was	

perfect	(no	bounce	or	control	direction	factors).	But	military	pilots	
are	busy,	so	30	days	passed.	On	the	event	day,	the	pilot	arrived	at	the	
airport	with	a	colleague	to	show	him	the	RV-8	and	to	give	him	a	flight.	
Franz	and	I	were	present,	and	I	remember	that	I	had	some	doubts	
about	the	upcoming	flight.	The	error	chain	started:

My	Accident	Analysis	



skilled at RV construction and would 
do a quality job removing the rivets. 
Once you get going, it is an easy process, 
and when all is placed back together, 
you have a stock aircraft again built per 
the plans. This is truly one of the great 
advantages of matched-hole construc-
tion. Parts are relatively cheap.” 

This RV-8 has a pre-punched fuselage, 
so we proceeded as advised.

Repair	Work	
Our airplanes are protected with 
“kasko” (comprehensive) policies, so 
the first action was doing the insurance 
claim. We had the opportunity to meet 
a very professional German insurance 
adjuster, who built a Lancair years ago, 
so he knew exactly how many hours 
we needed. I composed the Van’s parts 
list, and the owners ordered the materi-
als, which arrived in a couple of weeks. 
(Between our passion and Van’s, there is 
always The Pond!) We started to prepare 
all the new parts that would replace the 
broken ones. It’s completely different 
dealing with a repair instead of building 
a kit the first time. 

Despite the easy path offered by 
the prepunched parts, I still had 
to put things together as they were 
before. After match-drilling the bulk-
heads (“a”/“b”/“d”), the aft deck 
(“c”), control stops, spacers, and angle 
(“e”/“f”/“g”/“h”), shown on RV-8 Con-
struction Drawing 71, it was time to 
spend a full day removing the side skin 
3/32-inch rivets. 

I used a center punch to mark the 
middle of the rivet head, inserted a 

new #40 drill bit, and drilled into the 
dimple very carefully to a depth of 
about the height of the manufactured 
rivet head. Then I stuck a 3/32-inch pin 
punch into the hole and used that to 
snap off the manufactured head. I used 

the same pin punch to punch out the 
rivet body through the rivet hole; if 
you are precise you won’t enlarge the 
hole at all. KITPLANES® explained 
this process in the shop tip, “Drilling 
Out Rivets,” May 2017. The rivets of 
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(Left) Even with all of the side skin rivets drilled out, it was still necessary to remove some of the top skin rivets to check the condition of the 
left main fuselage longeron. (Right) New parts for the aft tail cone have been fitted and are ready for match-drilling and priming.

RV-8 Construction Drawing 71.



the side skin stiffeners were hidden by 
paint, so I scuffed it away with a die 
grinder pad. 

During the removal process, I wor-
ried about what would happen to the 
fuselage after taking off the side skin, 
so I replaced the rivets with a Cleco in 
every second hole. This postponed what 
could be a potential problem. To remove 
the RV’s side fuselage skin (and check 
the fuselage longeron), I had to drill out 
some of the top fuselage rivets, too. 
Clecoes helped, as usual. 

Before starting work on the big new 
skin, I focused my attention on the 
tailwheel system. The Van’s tail spring 
mount “i” (squeezed between “a” and 
“b”) and full-swivel tailwheel spring 
(“m” and “n”) received a brand-new 
Screaming Eagle retrofit tailwheel fork, 
a lightweight tailwheel tire, and the 
double-sided control arm with tiedown 
ring from Flyboy Accessories. (Having 
some budget control without spending 

my own money is really nice!) Now we 
had solid aftermarket “p”/“q”/“r” parts 
to replace the standard parts shown on 
Construction Drawing 73.

The difficult part about match-
ing the steel tailwheel spring with the 
full-swivel mechanism was mounting 
it perfectly perpendicular to the air-
plane; working on steel is “other stuff 
drama.” I built a drill jig to complete 
the task, taking the idea from another 
KITPLANES® article, “Finding Hid-
den Holes,” August 2015. 

New	Skin
At this point, it was time to install 
the new fuselage skin. Everything was 
ready, so I just took the Clecoes out 
and removed the old skin. I was scared 
but nothing happened—the fuselage 
longerons maintained the structure in 
position. I had supported the aft fuse-
lage using blocks under every bulkhead 
with proper weight distribution.

The new skin “s” was prepunched, 
but a row of holes needed to be matched 
with the old ones. I removed the 
dimples from this row in the old skin 
with a rivet squeezer and two flat dies, 
then Clecoed the old and new skins 
together and match-drilled the holes. 
(Yes, I ordered two new skins, just in 
case; remember “The Pond” factor?) 
I matched the hole for the outside air 
temperature probe (placed under the 
horizontal stabilizer) and the static-
port hole, then I recovered the left rud-
der cable fairing. The rear lower cone 
of the fuselage “t” needed only dim-
pling, and it was ready to be installed. 
I cleaned, match-drilled, dimpled, 
and primed the parts, as usual, with 
AkzoNobel Epoxy Primer 37035A. I 
was ready to rivet it all together (again) 
per Construction Drawing 74.

Starting with the rear part of the 
structure, the process was standard 
except for some rivet modifications, 
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RV-8 Construction Drawing 73.
The top skin was shade painted to match 
the existing paint scheme.
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(Left) The new skin painted and installed. Note the old skin below the fuselage.  (Right) Close-up of the aft fuselage. The outside air 
temperature probe is located below the horizontal stabilizer. 

RV-8 Construction Drawing 74.



including length changes (compared 
to the drawings) and a couple that I 
installed as “oops” rivets. (An “oops” 
rivet is a solid rivet with a 3/32-inch 
head and 1/8-inch shank. I used them 
to replace drilled-out rivets where the 
holes were oversized.) Franz and I did 
the skin riveting work together. We’re 
builders and friends, and we knew 
what we needed to do—and we did 
it. Riveting with a friend is like f ly-
ing in formation together, but that’s 
another story. The fun observation 
came after finishing the job when we 
triangulated the fuselage to compare 
it to the original building measure-
ments, and we found that the plane 
was just a little bit straighter (in 
eighths of an inch). 

The right wheel and brake had sub-
stantial damage, thus I replaced both 
with new parts, and I decided to change 
the axle, too.

At last, it was time to prime and paint 
the external parts. We asked for profes-
sional help from a friend to match the 
color coat because of the difficult shad-
ings, and this was—for him—a piece 
of cake. We used a two-component 
polyurethane coating for the plane. It 
required no transparent coat, was easy 
to apply, and durable (albeit maybe not 
so light). The vinyl of our formation 
team logo and the Italian mark were 
then easily applied. Once more, it was 
looking like new.

The wheel pant repairs (as many of you 
know) are another world; I started to fix 
them, but the dropping temperatures of 
fall dictated that we wait for spring (and 
68° F) to return. Despite that glitch, the 
airplane was in flying condition.

Paperwork	and	Flight	Testing
Paper procedures are a little different 
in Italy. The airplane repair was fol-
lowed by a DAR visit, who checked 
the plane and signed off the work as 
completed. The owners asked the 
National Aviation Authority (NAA) 
to issue a new permit to fly for the 
aircraft in order to complete the flight 
tests, which would be restricted in 
scope to verifying the original aircraft 
characteristics. Reporting the inci-
dent had caused the previous permit 
to fly to become invalid, in compli-
ance with Italian rules.

Franz did the test and noted no 
change in flight controls. He reported 
a little better ground control after the 
new tailwheel fork installation, as we 
expected. After that, and quite a lot of 
papers, the owners asked for a final per-
mit to fly from the NAA. 

Conclusion
We spent about nine months restoring 
the RV-8 back to flying condition and 
more than 300 man-hours. A tailwheel 
airplane is not difficult to land and con-
trol, but you need to pay more attention 

and increase your situational aware-
ness when you’re rolling on the ground. 
Proper training is crucial. Without it, 
all pilots—bubbas, airline, military, 
and commercial—magnify the risk of 
a ground loop or off-runway excursion. 
A relaxed mind during landing roll is 
never permitted, and you are only safe 
when you remain engaged and focused. 

Last but not least…a tailwheel airplane 
looks hot! J
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Luca “Luke” Perazzolli 
earned his pilot license in 1989 
and has logged more than 
1500 hours in 25 different 
types of aircraft. He currently 
owns a Van’s RV-8 that he 
built in 2010. Luca flies 
aerobatics and is a mountain 
glacier pilot, with ratings for 
snow and uphill landings. He 
is also an LSA instructor, 
Italian EAA technical 
counselor, flight advisor, 
DAR, and experimental 
aircraft flight test pilot. As 
president of EAA chapter 
1581, he is very focused on 
Young Eagle activities. Luca 
also teaches flight testing, 
metal building, 
and aircraft 
electrical 
systems for the 
Italian EAA.

(Left) Lightweight tailwheel tire and double-sided control arm with tiedown ring from Flyboy Accessories. (Right) Wheel pant repairs 
had to wait for warm spring temperatures before they could be completed. 
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When the Creative Homebuilder 
needs to bead some tubing, he skips the 
expense of a Parker beading tool set and 
instead uses his make-your-own (MYO) 
shop skills. He admits that the tools are 
a bit crude, but they work well for his 
occasional usage, and he has made these 
tools to accommodate aluminum tubes 
up to 2 inches in diameter (which mate 
with 2-inch SCAT tube). He starts with 
two different sized hex-head cap screws 
for the mandrel and the housing. The 
housing is rendered smooth sided, bored 
lengthwise, and tapped for the appro-
priate size threaded shank. The smooth-
sided housing’s exterior diameter must 
snugly fit the interior of the aluminum 
tube that needs beading. Ball bearings 

the size of the desired bead are selected, 
and two or four holes are drilled into 
the housing wall at opposite positions to 
accommodate these bearings. The holes 
have just slightly larger diameters than 
the bearings to be used. 

The shank of the mandrel is sharply 
tapered at the end. To use the device, 
the mandrel is slowly screwed inward, 
forcing the balls outward into the side 
holes. While holding the aluminum 
tube stationary, the tool’s housing (with 
its hex head) is rotated, and the bead 
begins to develop. As resistance less-
ens, the shank again advances, and the 
process repeats until an adequate bead 
has formed on the aluminum tube. The 
process is much like using a tube cutter, 

which puts pressure on the tube with a 
cutting wheel, then is rotated until the 
resistance goes away. The cutter is tight-
ened a bit and the process repeats.

The ball bearings are not captured in 
the Creative Homebuilder’s examples. 
He says that most of these tools were 
made for a single use so he didn’t make 
them “user friendly.” Instead, he holds 
the balls in place with a dose of thick 
grease, which serves two purposes—the 
grease retains the balls in the holes, and 
it acts as a lubricant for the process. 
After all, there’s a whole lotta friction 
goin’ on! He also has an extra segment 
of each size tube that he slides over the 
housing to keep the balls in place when 
the tool goes into storage. J

Make Your Own Beading Tool
By KITPLANES® STAff

MYO beading tool for ½-inch aluminum tube. “Exploded” view of the tool for ½-inch-diameter tubing.

The Creative Homebuilder

The Creative Homebuilder’s MYO beading tool for an aluminum 
tube that will match up with a 2-inch SCAT tube.

MYO beading tool and beaded ¾-inch aluminum tube. He used 
this tool and process for the tube secured with a worm–drive hose 
clamp to his MYO air-oil separator hose.
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Ask any pilot—not just readers of this 
series in KITPLANES®—what the main 
cause of accidents is, and they’ll give the 
right answer: “pilot error.” 

The term is handy shorthand for pilots’ 
mistakes—and many pilots don’t think 
it’ll ever apply to them. Of the nearly 
4000 homebuilt accidents covered by 
my accident database (1998–2016), over 
half were due to some mistake by the 
pilot. The same mistakes happen over 
and over again. Most probably believed 
they wouldn’t make that sort of mistake.

Don’t let you be one of them. Let’s 
delve into pilot error a little more closely 
and see what lessons can be found.

Two Flavors
In my analysis, there are two basic “fla-
vors” of pilot error: pilot miscontrol and 
pilot judgment.

Pilot miscontrol involves mistakes 
made in the physical control of the 
aircraft. It includes things like inad-
vertent stalls, over- or undershoots, 
landing with the gear up, etc. These 
are mostly accidents related to training 
and flying instincts. 

Pilot judgment involves bad decisions 
not directly related to stick-and-rudder 
skills. It’s a separate category in my anal-
ysis and will be addressed in a later part 
of this series.

About 38% of all homebuilt acci-
dents involve pilot miscontrol. These 
are cases where the pilot’s manipulation 
of the controls of a perfectly healthy air-
craft directly led to the accident. They 
don’t include instances where mechani-
cal factors were an issue. The NTSB, 
in many cases, attributes the probable 
cause to pilot error in cases where the 

pilot botched an emergency land-
ing. My analysis includes only those 
instances where the pilots’ miscontrol 
is the direct, immediate start of the 
accident chain.

For my analysis, I’ve broken down pilot 
miscontrol into seven subcategories: 
inadvertent stalls, failure to adequately 
compensate for wind conditions, loss 
of directional control (on either takeoff 
or landing), misjudged approaches, bad 
landing flare and/or bouncing, and mis-
managing the aircraft’s systems. 

As Figure 2 shows, three of these 
subcategories each factor into roughly 
a quarter of pilot miscontrol acci-
dents—between 22% and 29% for 
loss of directional control, stalls, 
and the wind. Problems with runway 
contact (bounced landing, bad flare) 
account for another 14%, while system 

The fault is not in the  
stars, but in ourselves.

By Ron Wanttaja

Homebuilt Accidents:  
Pilot Error

This RagWing was hit by a gust of wind during takeoff. 
(Photo: FAA via the National Transportation Safety Board)
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the “bad flare/bounce” subcategory). In 
other cases, the pilot has a relatively low 
number of hours in the aircraft type.

When considering a loss of direc-
tional control accident, the first ques-
tion that usually comes to mind is, “Was 
it a taildragger?”

The flying world has over a hundred 
years’ experience with what is offi-
cially termed “conventional gear,” and 
homebuilt pilots are usually more expe-
rienced than the run-of-the-mill GA 
aviator. Surely we’re past the age when 
tricycle gear makes a difference!

Of course not. Figure 4 shows what 
percentage of the total accidents for tail-
draggers and tricycle-gear aircraft are 
due to a loss of directional control, for 
both takeoff and landing. Taildragger 
pilots lose control on the runway more 
than twice as often as tricycle-gear 
pilots. Eleven percent of all homebuilt 

taildragger accidents are due to a loss of 
control on landing, versus a bit over 5% 
for the trigear planes.

How many planes in the homebuilt 
fleet are taildraggers? There’s no way to 
easily tell. But slightly over half of all 
fixed-wing homebuilts that have acci-
dents have conventional gear. There’s a 
much higher percentage of taildraggers 
in the experimental world than in GA 
in general—which also contributes to 
homebuilding’s higher accident rate. 

Stalls
Stalls occur in about 12% of homebuilt 
accidents. There are two conditions we 
should consider when analyzing stalls: 
those that occur when the pilot is trying to 
perform a forced landing after an engine 
failure and those that happen to an air-
craft with a fully operational powerplant. 
We’ll use the terms “forced-landing stall,” 

mismanagement (such as forgetting to 
put the gear down) and misjudging the 
approach path (undershoot/overshoot) 
are another ~7% each. 

Of course, these subcategories are 
not exclusive—several factors could be 
involved in each accident. 

Loss of Directional Control
Loss of directional control, on either 
landing or takeoff, predominates. Typi-
cally, wind conditions are a factor. As 
Figure 3 shows, the wind was mentioned 
in the NTSB probable cause in roughly 
a third of loss of directional control acci-
dents. This effect of the wind isn’t really 
unexpected, but the surprising aspect 
might be the high percentage of cases 
where pilots lose control and wind was 
not the factor. Some cases reference the 
runway conditions, such as standing 
water or a hard landing (combining with 

Figure 2:  Pilot miscontrol events.Figure 1: Pilot error, combining miscontrol and judgment 
issues, accounts for over half of homebuilt accidents.

Figure 3:  Pilot miscontrol events involving wind. Figure 4:  Loss of directional control on takeoff and landing.



Understand, though, that where a stall 
actually occurs in these circumstances is 
somewhat hard to quantify. The engine 
may fail on initial climb, for instance, 
but the pilot may stall the aircraft while 
on “final” to a pasture. In any case, less 
than 9% of the power-failure-stall cases 
occurred during base or final. 

Pilot Miscontrol versus  
Homebuilt Type
While the above data is informative, it 
looks at the entire homebuilt fleet. What 
about individual homebuilt types?

Let’s look at the pilot miscontrol rate 
for 15 common homebuilt types. All 
of these aircraft suffered 50 or more 
accidents during the 1998–2016 time 
period that my E/A-B accident database 
covers. However, for several types, it’s 
necessary to combine related models 
that may differ to a varying degree. This 
affects older models, especially. Two-
seat Lancairs have been significantly 
improved over the years, but all models 
are combined in my analysis. The Pitts 
tally includes both single- and two-hole 
aircraft (only Experimental/Amateur-
Built examples are included). 

Figure 6 shows the results, in ascend-
ing order of the median total time of the 
pilots involved, with the actual median 
for each indicated on the right axis. 
There’s little correlation between pilot 
miscontrol rates and pilot total time. 
The Zenith CH-701 and the Starduster 

and “inadvertent stall,” respectively, for 
the two conditions.

My 1998–2016 database shows 
about 375 accidents that included 
inadvertent stalls. That’s about 9% of 
all homebuilt accidents.

While the NTSB databases have 
a lot of gaps in the “phase of f light” 
fields, analysis of the available entries 
is eye-opening. Figure 5 illustrates 
where the aircraft was at the time 
of an inadvertent stall. Over a third 
(36%) were either in takeoff or the 
initial climb-out. Remember, this 
data does not include cases where the 
engine has quit. 

In second place? Maneuvering at low 
altitude (MALA). About 17% of stalls 
occur while the pilot is engaging in 
unnecessary low-altitude flight. Of the 
total MALA accidents, about a quarter 
involve stalls at low altitude.

Base-leg stalls accounted for 6% of 
the total; 12% occurred on final. Added 
together, they wrest second place from 
MALA, but that’s cold comfort.

Why do takeoff/initial climb stalls 
predominate? My guess is pilot inatten-
tion. When we come in to land, we’re 
extremely focused on controlling the 
aircraft, and we’re trying hard to main-
tain a slow approach speed. But once the 
wheels leave the runway on takeoff—
well, we have to change radio frequen-
cies, or maneuver to get on track to our 
destination, or a myriad other things. 
Plus, the roar of the full-power engine 

will obscure most hints that the speed is 
getting too low.

The above data covers accidental stalls 
when the aircraft is operating normally. 
What happens when the engine quits? 
From what I can determine, this hap-
pens less often than one might believe. 
My database has 1231 cases of engine 
failure, but forced-landing stalls ensue 
in just under 12% of them (11.7%). 
That’s only slightly higher than the stall 
rate with fully functional aircraft.

Where do forced-landing stalls 
occur? Almost a third (60.3%) happen 
just as we’ve been told for years: initial 
takeoff and climb, just when the engine 
is under maximum load and the aircraft 
is slow already. 
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Figure 5:  Phase of flight for inadvertent stalls of fully operational aircraft.

Figure 6:  Pilot miscontrol rate for common homebuilt types.



have nearly-identical pilot miscontrol 
rates, but the Starduster pilots have 
three times the flight hours. 

In fact, the results blow a hole in 
one of the persistent myths around the 
homebuilding world: that Lancair IV 
accidents supposedly involve a large 
number of low-time pilots. The median 
total time for the pilots involved in 
Lancair IV accidents is the highest of 
the group (2500 hours, versus 1000-
hour homebuilt average), and its rate of 
pilot miscontrol is nearly the lowest of 
this group. Yes, some accidents occur to 
lower-time pilots, but the average total 
time for Lancair IV pilots involved in 
accidents is almost 5000 hours.

On the other hand, 17% of the 
Lancair IV accidents involved stalls 
(both inadvertent and forced-landing). 
That rate is almost 50% higher than the 
homebuilt fleet in general.

The high rate of pilot miscontrol for 
the Searey might attract your atten-
tion, but consider: the Searey is an 
amphibian. It’s exposed to operating 
conditions the other aircraft are not. 
It’s no surprise that water operations 
are more hazardous—any insurance 
company will confirm it.

What about the taildragger/trigear 
divide? The RV-6A is the only example 
that’ll give us our 50-accident mini-
mum for both the taildragger and 

trigear configurations. The results there 
are kind of surprising: The taildragger 
versions have a lower rate of pilot mis-
control: 43% versus 46%. But the 
median total time for taildragger RV-6 
pilots is almost twice as much: 1500 
hours versus 800. 

Wrap-Up
In Shakespeare’s Julius Caesar, Cassius 
points out the folly of blaming events 
on fate, rather than one’s own actions: 
“The fault, dear Brutus, is not in our 
stars, but in ourselves…”

There’s a lot of Brutus in the ranks 
of homebuilt pilots. They know pilot-
related issues are the leading cause of 
accidents—but exhibit blindness when 
it comes to their own flying. Accidental 
stalls are something other pilots do; oth-
ers may lose directional control on land-
ing, not experienced and cagey pilots 
like themselves.

Yet dozens of pilots each year find 
their skills inadequate to the task to 
the extent that an accident occurs. A 
few may stall out during a forced land-
ing, but the majority are engaged in 
the everyday exercise of their wings. 
We let the airspeed decay, we run off 
the runway during takeoff or landing, 
we misjudge our approaches, we set 
the f laps wrong or forget to lower the 
landing gear.

History shows that even the most-
respected pilots have died from ignor-
ing fundamentals. Let’s try to reduce 
the casualty rate among us less-
famous aviators. J
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This Zenair stalled when maneuvering at low altitude while trying to locate a bear. 
(Photo: National Transportation Safety Board)

(Left) Figure 7: Landing gear configuration in fixed-wing homebuilt accidents. (Right) Most of the Van’s series can be built with either 
tricycle or conventional gear. While the rate of pilot miscontrol is about the same, pilots of the taildragger versions typically have 
almost twice the total flying hours of the trigear pilots.
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(Or how to save 
your achin’ back.)

By Sam Buchanan

A Wood  
Tailwheel 
Lift 

The primary components 
of the tailwheel lift are a 

simple boat trailer winch 
and a dolly that slides on 

an inclined ramp.
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an inexpensive yet highly functional 
means of raising the tail of their aircraft 
can fabricate a tailwheel lift that will 
add a measure of convenience and safety 
to their tool set.

Dimensions are not provided because 
the final size of the tailwheel lift will be 
dictated by the weight of a particular 
aircraft and size of the tailwheel. The 
weight on the tailwheel of my RV-6 is less 
than 100 pounds, so a lift constructed 
primarily of 2x4 common lumber stock 
is more than sufficient to guarantee a 
safe hoist. Aircraft with more load on 
the tailwheel and larger pneumatic tires 
may dictate a more robust structure con-
structed from 2x6 stock. In either case 
the photos show the basic design and 
features of the lift, which can be modi-
fied to fit many different aircraft.

The primary components of the tail-
wheel lift are a simple boat trailer winch 
and a dolly that slides on an inclined 
ramp. I purchased the most inexpensive 
trailer winch I could find on eBay, and 
the wood stock came from scraps stacked 
in the corner of my shop. A pair of cast-
ers and 6-inch lawn mower wheels, along 
with a handful of drywall screws and 
hardware, comprise the materials list for 
the lift. The overall height of my version 
of this device is 40 inches, and it is capa-
ble of raising the RV-6 tail past the point 
of the fuselage longerons being level. The 

Those of us flying aircraft equipped 
with a tailwheel occasionally find reason 
to hoist the tail of our steeds for routine 
maintenance. Oil drains from the engine 
more effectively when the engine is level, 
and access forward of the firewall is 
enhanced by raising the tail of the plane. 
A level aircraft also reduces the likelihood 
of enjoying a dousing of solvent spray 
while cleaning the belly of the plane. 

An item on the condition inspection 
checklist for my RV-6 is lubrication of 
the tailwheel yoke and bearings. The 
RV-6 carries considerable weight on the 
tailwheel, but I’ve always just grabbed 
the tailwheel spring with two hands and 
squat-lifted it up on a prop. But with 
advancing wisdom (some refer to it as 
age), I am less inclined to put my back at 
risk by lifting the tailwheel while in an 
awkward position.

Various schemes have been used to get 
the tailwheel in the air, but one of the 
more clever ideas was a jack incorporat-
ing an inclined ramp that was marketed 
several years ago. I wanted to fabricate 
a steel knockoff of that no-longer-avail-
able device but decided to mock up a ver-
sion of it with wood prior to going to the 
expense of purchasing and welding steel. 
However, the wood device works so well 
I have shelved plans for the steel version. 
Details of the wood tailwheel lift are 
shared in this article, so pilots who want 

design of the sliding dolly is dictated by 
the size of the tailwheel and shape of the 
tailwheel yoke.

The dolly is constructed of ¾-inch ply-
wood and 2x4 studs. My first iteration 
used a 2x4 bottom, but I modified it for 
a metal floor, so the tailwheel can be eas-
ily rolled into position. Steel angle from 
the scrap box is bolted to the plywood 
sides to support the floor, which in this 
case is 1/8-inch 6061 aluminum. A com-
bination of nylon tubing and washers 
keep the steel winch cable centered on 
the 3/8-inch bolt. After the tailwheel is 
rolled into place, a ¼-inch bolt is inserted 
to capture the wheel and prevent it from 
rolling out of the dolly. Notice there is 
a 3/16-inch spacer between one plywood 
side of the dolly and the 2x4. This is nec-
essary to prevent the dolly from pinching 
the ramp when the drywall screws are 
driven tightly. There is also a 1/16-inch gap 
between each 2x4 block and the ramp, so 
the dolly will slide smoothly. Lag bolts 
(1/4 inch x 4 inches) attach the wheel sup-
ports to the aft upright and ramp.

The wheels and casters not only facil-
itate moving the lift around the han-
gar but also allow the device to move 
fore and aft as the lift is operated. The 
angle of the inclined ramp may need to 
be modified for a particular aircraft to 
provide adequate clearance for the rud-
der. In my case an angle of ten degrees 
proved to be satisfactory. 

A Wood  
Tailwheel 
Lift 

The tailwheel rolled into position and ready for hoisting.

A 3/16-inch spacer between one plywood 
side of the dolly and the 2x4 allows the 
dolly to slide smoothly up the ramp.



If you look carefully at the photo on 
the left, you’ll see an eyebolt has been 
slipped into a hole on the ramp to serve 
as a safety in case the winch cog slips. 
Also note how the 2x4 slipper on the 
back side of the dolly is tapered, so the 
dolly can be pulled completely up the 
ramp. A ¼-inch bolt prevents the tail-
wheel from exiting the dolly.

The aft upright is braced with ½-inch 
plywood (because that is what was in 
my scrap box), which results in a sturdy 
design. However, this device is merely 
for lifting the tail of the aircraft—a pad-
ded sawhorse or other substantial prop 
must be placed under the tail cone if 
anyone is going to enter the aircraft in 
the course of maintenance.

This lift can position the fuselage 
longerons in a level attitude with room 
to spare—but don’t forget to securely 
chock the main wheels. Be advised that 

the higher the tail is lifted, the lighter it 
becomes. Aircraft with a forward CG 
may have a tendency to tip forward if the 
tail is lifted too high. Weight may need to 
be added to the lift base and the tailwheel 
tied to the dolly. Caution is prudent dur-
ing the initial test flight of a new tail lift! 

While this project may be superflu-
ous for some planes (the tailwheel on my 
Fokker D.VII replica is light enough to 
easily lift with the armstrong method), 
it is a good example of a useful tool that 
can be constructed with inexpensive 
materials while contributing to personal 
safety and enjoyment during mainte-
nance ops. Some chiropractors may not 
be a fan of the tailwheel lift, but those of 
us with high-mileage personal airframes 
can appreciate the elimination of poten-
tial spine distress. I can also no longer 
find an excuse for not keeping the belly 
of the RV-6 clean! J
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(Above) Notice the eyebolt that slips into 
a hole below the aluminum floor. It serves 
as a safety in case the winch cog slips. 
(Below) The aft upright is braced with 
½-inch plywood, resulting in a very sturdy 
design. Also visible is the eyebolt safety 
inserted into the ramp.

The lift can position the fuselage 
longerons in a level attitude with 
room to spare. Don’t forget to 
securely chock the main wheels. 

The tail lift doing its thing. In 
the background is an ancient 
Murray lawnmower that was 
overhauled and modified to 
serve as a very efficient tug.





The hydraulic brake systems on 
our homebuilt aircraft need to be filled 
with brake fluid before they can func-
tion. This process is often referred 
to as bleeding the brakes. Although 
this is a one-time procedure when the 
brakes are initially installed, there will 
be future occasions when we need to 
top off the system with replacement 
fluid. The process of bleeding has some 
variation depending on the brake 
manufacturer and configuration, but 
the principle is pretty much the same. 
Brake fluid needs to be injected into 
the lowest part of the system (typically 

the bleeder nipple on one of the brake 
calipers) and pumped to the top where 
the master reservoir is located. This 
pumping from the bottom helps air 
bubbles to propagate upward and out 
of the system to their highest point.

The equipment used by professional 
mechanics for brake bleeding can be a bit 
costly and somewhat complicated for the 
occasional use that we builders require. 
With creative selection of components, 
we can assemble our own satisfactory 
pumping apparatus that does the trick. 
Of course, always follow the manufac-
turer’s instructions for bleeding your 

brake system. What we will show here 
is a simple way to pump the brake fluid 
without using special equipment.

Three components are used to cre-
ate the brake fluid pump: a simple high 
pressure oiling can with trigger (less 
than $10) and two short sections of 
tubing. The oiling can with trigger is a 
generic oiler that can be easily obtained 
(I purchased mine from Amazon for 
$8, search for “high-pressure oiler”). 
I recommend selecting one that is 

Bleed Like a Pro!
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PLANE     SIMPLEand

By Jon Croke

Complete brake bleeder: pressurized 
oiler and two pieces of tubing.



Photos: Jon Croke

eliminate leaks. I witnessed one builder 
pumping so hard that the tubing con-
tinued to pop off the bleeder nipple and 
make a huge mess. You should not have 
to build that kind of pressure to bleed. 
It turned out that his reservoir cylinder 
was in a closed position from the brake 

pedal being partially applied and would 
not allow fluid travel. Once that prob-
lem was addressed, the fluid pumped 
without issue. 

For about $10 of off-the-shelf com-
ponents, you can bleed your brakes like 
the pros and save your money for other 
aviation essentials. J
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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.

Nylon brake tube attaches securely to the bleeder nipple.

clear, so you can see what fluid is being 
used and how much is left at a glance. 
It should have a long spout, so we can 
slide a tube over it. The tube you choose 
should fit snuggly over the spout, the 
tighter the better. Plastic vinyl tubes 
can be obtained at your local hardware 
store. Simply try several until you find 
the best fit. My vinyl tubing turned out 
to be 3/8-inch OD with a ¼-inch ID. 
Purchase a foot length of the tube; you 
can cut it later.

The biggest challenge is to now locate 
a piece of tubing that snugly fits over the 
brake bleeder nipple on your caliper. 
I found that the ¼-inch nylon tubing 
used for brake and pitot lines (avail-
able from Aircraft Spruce) fit perfectly 
over my bleeder nipples with a secure, 
leak-free fit. It takes a good hard push to 
pop the tube over the nipple, but it will 
then stay on by itself and not leak while 
pumping. This nylon tubing has an OD 
of ¼ inch, which fits perfectly inside the 
vinyl tubing. Getting the tubing sized 
properly is important; a fit that’s too 
loose will result in leaks and a mess you 
don’t need. Experiment with tubing 
sizes, starting with these recommenda-
tions, and once you have the right size, 
you are set for life!

With the tubing attached, simply 
open the bleeder nipple and commence 
pumping the oiler. It won’t take long 
to locate leaks in your tubing con-
nections—slide them on farther to 
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Vic is a Commercial Pilot, CFII with ASMEL/ASES ratings, an A&P/IA, DAR, and EAA Technical 
Advisor and Flight Counselor. Passionately involved in aviation for over 40 years, he has built 11 
aircraft and logged over 8700 hours in 72 different kinds of aircraft. Vic volunteers as a Young 
Eagle pilot and Angel Flight pilot. He chairs the EAA Homebuilt Council and is a member of 
EAA’s Board of Directors. He also has his own sport aviation business called Base Leg Aviation.

Vic Syracuse

In many of my columns, I extol the 
virtues of following good examples 
and best practices of others. The most 
rewarding part of the work I perform 
when inspecting airplanes is seeing 
some unique ideas implemented by 
other builders. You hear about the prob-
lems I find, both here and on some of the 
forums, and it could get you thinking 
that there’s a bunch of junk out there, 
when actually the converse is true. Even 
in the months that we walk away from 
30%–40% of the aircraft due to findings 
on the prebuy inspection, that means 
60%–70% of the aircraft pass an inspec-
tion and the sale is completed. On top of 
that, those I find in the top 10% seem to 
have three common areas: attention to 
detail during the building process, a will-
ingness to seek advice from other build-
ers and/or technical counselors, and a 
solid approach to maintenance. 

I also espouse that when it comes to 
improving the flight safety record of 
amateur-built aircraft, there are some 
really good practices we can borrow 
from airline and corporate flight depart-
ments. Things such as continuous train-
ing, thorough flight reviews, and proper 
weather assessment can have a really 
positive impact upon flight safety. So, 
it got me thinking about other areas 
that perhaps we could emulate, and the 
maintenance process certainly sticks out 
as a prime candidate. 

We are all aware that the general avia-
tion airplanes we fly have a requirement 
for an annual inspection, called a con-
dition inspection in the amateur-built 
aircraft world. For many owner opera-
tors, just the thought of the upcoming 

inspection can bring stark terror. One 
never knows if it is going to be a routine 
inspection, or the mechanic is going to 
find some problem that may cost a whole 
lot of money to rectify. For those of us 
who built our own airplanes, it’s usually 
not as stressful, but there can still be sur-
prises. Either way, the inspection has to 
be signed off by an A&P or the holder of 
the repairman certificate, or an IA in the 
case of a certified airplane. 

It is here that the airlines and commer-
cial operators have a different practice, 

one we might want to emulate. In fact, 
some of us most likely already do it. Look-
ing at the big picture, an airline operator 
really can’t afford for the airplanes to be 
down for maintenance for any length of 
time. The airplanes only provide revenue 
when they are in the air. One could say 
that our E/A-B airplanes only produce fun 
for us when they are in the air, too! 

I’m going to simplify it a little here for 
the sake of the column, but the difference 
is that the airlines practice what is called 
progressive maintenance, meaning 

Progressive 
Maintenance

CHECKPOINTS

Here’s an air filter that was removed during a condition inspection. It has clear evidence 
of a backfire or induction fire. I bet that didn’t happen the day before the condition 
inspection. Why not take a look during the course of the year at the air filter?



Photos: Vic Syracuse  KITPLANES   November 2018 57 

inspections are constantly being done 
throughout the year. If there are squawks 
with the aircraft, the flight crew writes 
them up after each flight and then they 
are either fixed or deferred by the main-
tenance team. There really is no one big 
“event” where everything is fixed all at 
once. We as the flying public really ben-
efit from this practice. 

So it seems to me that this could be 
another practice we could copy. I have 
been doing this for years on my own 
airplanes, mainly because I don’t like to 
find out about a problem when I want 
to go fly. I believe in post-flight inspec-
tions and then correcting anything, 
however small, prior to the next flight. 
I think it has been a primary reason for 
almost 100% dispatch of all 11 of the air-
planes I have built since 1981, the only 
exception being a failed alternator on 
my RV-4 back when we unknowingly 
used automotive alternators without 
the correct pulley size. 

If you think about all of the things that 
occur during the course of the year, you 
can find some reason to spend a little 
more time with the airplane and call it 
progressive maintenance. Most of us 
are at least visiting the airplane every 28 
days just to update all of the databases! 

Here’s another example that comes 
to mind: ELT batteries rarely expire at 
the same time the annual inspection is 
due, and many of the ELTs are in the aft 
fuselage, behind a baggage bulkhead. 

So, while we are back there changing 
the batteries, why not go ahead and 
inspect the following items: tail cone for 
corrosion, controls for lubrication, jam 
nuts, battery connections, and static fit-
tings for tightness, and vacuum out all 
of the dirt? If completed with the proper 
attention to detail, it may only add 
another hour to the task of changing the 
ELT batteries, but it will be one less thing 
at the inspection event. 

Let’s look at some other examples. 
Some people change electronic ignition 
spark plugs at every condition inspection 
because they are so cheap. Well, what if 
you’ve only flown 50–75 hours in the last 
year? Why not just wait for another 25 
hours, which might be in three months, 
and then change them? It would be 
another reason to take a close look at the 
engine compartment. Remember that 
alternator belt that might be approach-
ing the 500-hour mark? Taking a few 
hours to change it now would really just 
be another little project. 

What about taking the same approach 
with the brake pads and tires? Have you 
ever really seen both of them wear out 

at exactly the same time as the annual 
inspection? I know I haven’t, but I have 
seen some brakes and tires way overdue 
by inspection time. Why risk the air-
plane? Changing the brake pads doesn’t 
take more than a couple of hours, with 
most of the work actually coming from 
removing and reinstalling wheel pants 
and fairings. The same thing with tires—
both mains can probably be done in a 

Take a look at these plugs. Not only is the gap out of range, one even has a short across the 2 electrodes, and the other is pretty worn out! 
There’s a pretty good chance this didn’t happen the day prior to the condition inspection. Take the time to clean and gap plugs during 
the year. Your engine will thank you with better starts and fuel economy.

I’m pretty sure all of the tread didn’t just 
wear out on the way to the condition 

inspection. Why risk an expensive airplane, 
including a chance for personal injury? Yes, 

all of the close-fitting wheel pants that 
seem to be popular do make it harder to 

check the tires, but it is the pilot’s responsi-
bility to perform a proper preflight.



and the time can be spent on inspect-
ing vs. maintenance. (More on that part 
in a minute.) The other tangible advan-
tage is that you can spread the costs out 
across the year, as opposed to one big 
bill at the inspection. 

So what’s the difference between 
inspection and maintenance to which 
I alluded? The way I perform an 

inspection is just that—I try to put my 
eyes and hands on every system to make 
sure it is correct. Things such as check-
ing date codes on hoses, checking the 
security of wiring, checking for SB com-
pliance, and performing compression 
checks come to mind. The reality is, if all 
of the heavy maintenance items are left 
for the annual occurrence, we tend to 
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couple of hours, including repacking 
the wheel bearings, a miserable job in 
its own right. 

Doing each of these tasks in isola-
tion during the course of the year has 
some added benefits. For those of you 
who do your own maintenance, the 
annual inspection can be done in less 
time, it will not be so overwhelming, 

K&N filters are popular on many varieties of homebuilts. Properly cared for with regular cleaning and oiling, they do an excellent job of 
filtering. Most can be checked on a preflight, and if it looks like the one on the left, then take the time to clean it. After all, it is most likely 
protecting a very expensive engine!
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focus on those and can sometimes miss 
the potential next failure item. It’s easy 
to miss something at the end of a long 
day in the hangar, especially when work-
ing in extreme temps, along with being 
under pressure to get home. We get the 
compression check completed, perhaps 
get preoccupied with a sticky valve, and 
then forget to use new washers when 
reinstalling the spark plugs. 

Here’s an approach you might con-
sider for your next inspection: perform 
a thorough inspection of the airplane 

and the systems first. Then sit down 
and review the list of discrepancies 
and put together a schedule over the 
course of the next year to get every-
thing done, except for any unairworthy 
items, of course! It might take a couple 
of years to actually get your own air-
plane worked into a progressive main-
tenance schedule, but be patient and 
give it a try.

I’m willing to bet that you will find that 
using a progressive maintenance program 
can be fun instead of it being an annual 

headache, and you may even take the 
time to learn some new ways of doing 
things. I know I do, as it’s more fun to try 
something new when not under a time 
crunch or when tired. You will still need 
to make the annual condition inspection 
note in the logbook. 

By the way, doing all of the routine stuff 
throughout the year really gives me a lot 
of confidence in the status of the airplane. 
The occasional night flight or instrument 
flight is a whole lot less stressful, which 
for me equates to more fun! J

We’ve all seen those commercials for painter’s tape. They 
make masking look so easy, but it seems every time I use the 
stuff, it leaks. Such was the problem recently while trying to Alo-
dine the exterior of my RV-7A. Chemicals leaked everywhere. I 
needed a better tape. 

I can’t claim to be the first to use electrical tape to mask parts, 
but this idea really made things easier. Electrical tape is expensive, 
but for this use the Harbor Freight 10-roll pack for $5 is perfect. 
For this tip, the cheapo wide painter’s tape also works just fine. 

First mask the edge carefully using the electrical tape, but 
leave the non-mask edge loose. Fold it back on itself a little, so 

about half the electrical tape is stuck, and the other half is lifted 
off the surface.

 Next, cut a piece of painter’s tape the correct length. Lay it 
against the surface, sticky side up, and slide it under the black 
electrical tape. Press the sticky sides against each other.

Now you have the edge masked and a section of sticky sur-
face on the painter’s tape facing up. It’s super easy to lay the 
uncooperative plastic or paper sheeting down without fighting 
with it. Just press the edge to the sticky painter’s tape.

Finally, rub all the edges down really good with an old credit 
card, and you’re ready to paint (or apply Alodine). J

Paint Masking
By Larry LarsonSHOP

TIPS

Mask the edge carefully using electrical 
tape, but leave the non-mask edge loose.

Lay a piece of painter’s tape, sticky side 
up, under the electrical tape, and press 
the sticky sides together.

Lay the edge of the masking paper or 
plastic over the painter’s tape. It will stick 
to the tape.
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Oil pressure is always a concern to any-
one who flies a powered plane. Everyone 
knows that if your oil pressure drops to 
zero, your flight will be ending soon, 
whether you want it to or not. But there 
is much to understand about oil pressure 
beyond knowing you need some. In this 
article we’ll take a look at the basic oil sys-
tem of a Lycoming-type engine and what 
can make oil pressure deviate from the 
green range on your oil pressure gauge. 
Please note that there are fundamental 
differences between the Lycoming oil 
system and the Rotax system.

The Oil System
The oil system begins in the sump 
beneath the crankshaft with a maxi-
mum of eight quarts in a typical four-
cylinder engine and a minimum level 
of 2.5 quarts. The oil first flows through 
a sump screen on its way to the pump. 
The screen’s job is to trap large pieces of 
whatever junk might be in the sump. A 
clean screen is a happy screen. Anything 
else requires immediate investigation 
to determine the source of the deleteri-
ous matter. Your sump screen should be 
checked at least once a year—at every oil 
change is even better.

Once the oil has passed through the 
sump screen, it flows directly into the oil 
pump located at the rear of the engine 
in the accessory housing. Two gears 
turning against each other and driven 
by the crankshaft bring oil pressure up 
to over 100 psi. From there it passes into 
the vernatherm body, where it is either 
routed into the oil cooler or sent directly 

to a bypass valve that sends as much oil 
to the filter as it can handle (typically 
less than 100%). After the oil filter has 
sifted out all but the smallest particles, 
the oil goes to the engine to lubricate 
and help cool the various bearings and 
other moving parts.

Oil pressure is measured at the back 
of the engine in the accessory case by 
tapping into a 1/8-inch NPT hole located 
in the upper part of the case on the pas-
senger side. While it is possible to tap 
into the oil system and measure pres-
sure at other locations, this is the spot 

that Lycoming has prescribed and upon 
which their oil pressure guidelines are 
based. Oil temperature is measured by 
placing a probe in a specially provided 
hole above the vernatherm near where 
the oil filter attaches to the accessory 
case. No other location provides read-
ings that will correlate with the guidance 
provided by Lycoming.

In an engine that is set up to support 
a constant-speed propeller, pressurized 
oil is routed through the prop gover-
nor, also located on the accessory case, 
and through an external oil line to the 

Oil Pressure Problems

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 so far completed three—a GlaStar, a Glasair Sportsman, 
and a Texas Sport Cub—and is helping a friend build an RV-8. When he isn’t building something, 
he 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), 
and a member of the EAA Homebuilt Aircraft Council.

Dave Prizio

Key oil system components for a Lycoming engine: ➊ plug for return line from oil cooler,  
➋ crankcase vent fitting, ➌ oil temperature sensor location, ➍ oil filter, ➎ plug for oil pressure 
sensor, ➏ oil pressure relief valve, ➐ plug for sump screen, ➑ plug for feed line to oil cooler.

➌

➋

➊

➍

➐

➑

➏
➎



Photos: Dave Prizio  KITPLANES   November 2018 61 

front of the engine where it is fed into 
the front end of the hollow crankshaft 
and into the propeller hub. In planes 
without a feathering prop, higher oil 
pressure increases the pitch (decreases 
rpm) of the prop. Thus, when oil pres-
sure drops to zero, the prop will go to 
maximum rpm or flat pitch.

Low Oil Pressure
Lycoming recommends having oil pres-
sure between 55 and 95 psi for normal 
operation. Idling oil pressure should 
be at least 25 psi, and maximum take-
off oil pressure is listed as 115 psi in the 
Lycoming operator’s manual. If your oil 
pressure falls outside of that range, you 
need to find out why, and usually very 
quickly. Of course, other engine manufac-
turers will have their own limits. Be sure to 
know what they are for your engine.

Low oil pressure can have many 
causes. When troubleshooting, my rule 
is to start with the cheap and easy stuff 
first, and work your way up to the dif-
ficult and expensive things. Also, start 
with the common and straightforward 
as opposed to getting sidetracked with 
the complex and less common. Meta-
phorically, if you hear hoofbeats, think 
horses—not zebras.

With that in mind, first check to be 
sure you have sufficient oil. Four-cyl-
inder Lycoming engines need at least  
2.5 quarts to work properly. Ideally you 
should have more like six or seven quarts 
before you begin a flight. Also make sure 
that you are using the correct type and 
weight of oil. Check your engine maker’s 
literature for the correct oil based on the 
current temperature.

Related to the oil level problem is 
excessive oil consumption. You may 
start out with enough oil, but in extreme 
cases you could loose enough oil during 
a long flight to reduce the oil quantity 

to an unsafe level. Badly worn cylinders 
and rings are the most likely cause of this. 
Badly worn valve guides can also lead to 
excessive oil consumption. Usually this 
much oil consumption will show up on 
the belly of the airplane, but crankcase 
vents that tie directly into the exhaust 
system can mask this. For this and other 
reasons, I am not a fan of these setups.

The oil pressure gauge can be the 
source of a low oil pressure reading. A 
sender that has been mounted directly 
to the engine instead of remotely on the 
firewall can get shaken to destruction by 
engine vibration. A loose or broken wire 
will also cause trouble that may result in 
an indication of zero oil pressure. Mod-
ern EFIS systems are particularly vulnera-
ble to improper readings caused by poor 
connections, especially poor ground 
connections. Make sure all of your wiring 
is in good shape, including engine bond-
ing straps, before you dig too deeply 
into the engine. It should be noted that 
taking the oil pressure reading from any 
other point than the prescribed location 
will give incorrect oil pressure readings.

An engine that has been running well 
but suddenly loses 20 to 30 pounds of oil 
pressure is likely suffering from debris in 
the oil pressure relief valve. A large piece 
of debris may cause oil pressure to drop 
to zero at idle. This needs to be fixed 
quickly, but it is not a difficult or expen-
sive repair in most cases.

Mechanical causes of low oil pres-
sure can often be traced to problems 
with the oil pressure relief valve, rang-
ing from debris in the valve to improper 

The sump screen should be inspected and cleaned at least yearly.

Oil system components for a Lycoming with constant-speed prop: ➊ prop governor,  
➋ oil line to prop, ➌ plug for sump screen, ➍ plug for drain to crankcase, ➎ dipstick/
filler tube plug.

➌

➋

➊

➍

➎
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adjustment. Dirt or metal particles can 
get lodged in the valve or embed-
ded in the valve seat, holding the valve 
open enough to allow too much oil to 
get bypassed back into the sump. Usu-
ally removal and cleaning will solve the 
problem, but you may have to repair the 
valve seat if debris is embedded in the 
case material. If this is the case, refer to 
Lycoming Service Instruction 1172 for the 
proper repair procedure. Some adjust-
ment to oil pressure can be made by 
changing the spring in the valve or add-
ing washers under the spring. This can be 
useful to make minor adjustments in pres-
sure, but if some internal engine problem 
is the cause of low oil pressure, this will 
only be a Band-Aid on the problem.

High oil temperature can cause pres-
sure to drop, but probably more often, 
low oil pressure causes a problem inside 
the engine that leads to high oil tem-
perature. These problems can get very 
ugly very quickly. If oil temperature is 
too high, look for obstructions in the oil 
cooler and lines, and in the airflow to 
the oil cooler. There is also an oil tem-
perature bypass valve that regulates flow 
into the oil cooler that may need repair. 
Lycoming Service Instruction 1316 deals 
with this procedure. If you winterize your 
oil cooler to keep oil temperatures up in 
cold weather, be sure to remove it during 
warm weather. Oil temperature should 
be between 185 and 245° F, with a mini-
mum of 100° for takeoff.

Another possible source of low oil pres-
sure is an obstruction at the sump screen. 

Large amounts of debris or sludge can 
restrict the flow of oil into the pump at 
that point. Be especially wary after a field 
overhaul when silicone was used to seal 
the case halves. Excess silicone can come 
loose and block the sump or other oil 
passages. The way to prevent this is to 
use the proper sealing material and pro-
cedure when putting the engine back 
together. Hopefully, the problem can be 
solved by cleaning the sump screen.

The last oil pressure problems are the 
ugly ones. Missing oil plugs in galleys or 
cracks in certain parts of the crankcase 
will reduce oil pressure. Unless these 
occur on the outside, in which vast 

quantities of oil will be flowing out of 
the engine, these problems can be hard 
to detect. Unfortunately, they almost 
always mean a teardown of the engine to 
solve the problem.

Excessive bearing clearances will also 
produce low oil pressure, which will 
require an engine overhaul to fix it. This 
is most often seen after a poor field over-
haul where clearances are at the maxi-
mum or a little more. It is also possible 
to just wear out bearings, but it is not 
likely unless the engine has run out of 
oil. These engines will often have good 
oil pressure when cold but poor pressure 
when brought up to temperature. Oil 

Plugs on either side of the front of the crankcase can be tapped 
to detect oil pressure loss through the system. These are not to 
be used for the primary source of oil pressure information. 

Oil pressure relief valve on a Lycoming O-360 engine. This one is 
adjustable, but some aren’t. Most operators will never need to 
make any changes to the oil pressure relief valve. 

The oil pump is a very simple set of two gears that turn against each other to pressurize 
the oil system. Some old engines may have aluminum or sintered iron gears in the oil 
pump. These should be replaced as per Lycoming Service Bulletin 524.
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pressure will also vary with engine rpm. 
If the variance gets to 40 psi or more, it is 
time to get worried.

Suddenly Low Oil Pressure
If your flight begins with normal oil 
pressure and then it suddenly drops a 
lot, maybe even to zero, there is a good 
chance that you have a bad problem. 
It could always be a gauge failure, but 
betting on that is not where the smart 
money will go. This is one of those 
“squawk 7700 and call Mayday!” kind of 
situations. Fly the plane. Reduce power 
if the engine is still running. Look for 
a place to land. Then make the radio 

call and adjust the transponder. After 
you have done that, it is time to more 
thoughtfully evaluate your situation if 
you are high enough to do so.

If oil is streaming across your wind-
screen, you know that your engine is not 
going to be there for you much longer. If 
it is still running and you are not on fire, 
it may be a good idea to try to keep it 
turning in case you need one last shot of 
power. Follow the emergency checklist 
for your plane.

If your engine is still running smoothly, 
and there is no evidence of a failure 
except a low oil pressure reading, you 
should still prepare for an emergency 

landing, but you will be able to be a 
little more selective on where you put 
it down. Do not assume that it is a failed 
gauge. Do not try to nurse it home on the 
assumption that it is just the gauge.

Suddenly High Oil Pressure
Suddenly high oil pressure is usually 
followed by suddenly low oil pressure, 
because the most likely cause is a bear-
ing that has shifted and blocked an oil 
passage. That shift will invariably cause 
that bearing to fail fairly quickly. Unless 
you are really paying attention, you 
could easily miss the increase in pressure. 
However, if you do see it, that would be 
the time to pull back on the power in 
hopes of preventing even more damage 
to your engine.

A stuck or improperly adjusted oil 
pressure relief valve could cause high 
oil pressure, but that should be obvious 
from startup, not suddenly appear in an 
engine making normal oil pressure.

For most aviators, oil pressure prob-
lems will be very rare. Maintenance-
induced problems will probably top the 
list of probable causes. The three best 
things you can do to avoid oil pressure 
problems are one, change your oil and 
filter regularly and keep your oil at the 
proper level at all times; two, avoid flying 
with oil and cylinder head temperatures 
that are too high or too low; and three, 
use a reputable shop for any major engine 
work that you are not well-equipped and 
trained to do, especially work involving 
splitting open the crankcase. J

A small piece of debris in the seat of the oil pressure relief valve 
caused a significant drop in oil pressure in this engine. With the 
debris removed oil pressure went back to normal. (Photo: Tom Ford)  

This sump screen was badly clogged with debris, reducing the 
flow of oil to the pump and raising the questions, where did all of 
this junk come from, and how much longer was this engine going 
to keep running? (Photo: Vic Syracuse) 

This Lycoming drawing shows the parts of both types of oil pressure relief valves—
adjustable and fixed. Oil pressure can be adjusted by adding washers or changing the 
spring in the valve.
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Bob Hadley is the R&D manager for a California-based consumer products company. He holds a 
Sport Pilot certificate and a Light-Sport Repairman certificate with inspection authorization for 
his Jabiru J250-SP. Bob Hadley

It’s safe to say the majority of milling 
jobs are done using a vise as the sole 
work-holding device. It’s also safe to 
say that many machinists, especially 
new machinists, are reluctant to tackle 
jobs that require removing the vise and 
clamping work to the mill table or a 
tooling plate. This aversion stems from 
the hassle that comes at the end of the 
job—namely, resetting the vise and 
getting it bolted down straight and 
square (as in, as close to 0.0000-inch on 
the test indicator as possible). It makes 
no difference if it’s an 80-pound vise 
on a Bridgeport or a 20-pound vise on 
a mini-mill—it’s the time and trouble of 
lining up, tightening, checking, loosen-
ing, rechecking, and retightening, that 
makes them crazy. However, the more 
you work with hold-downs (in other 
words, the more you remove the vise 
to do other jobs), the better you’ll get 
at squaring your work. You’ll very soon 
get so it only takes a few minutes, at 
most, to square the mill vise. The bot-
tom line is, you should never be reluc-
tant to take on a job because it won’t fit 
in a silly vise! 

Hold-down kits, or clamping kits, sell 
for between $50 and $150, and they typ-
ically come with a half dozen T-nuts, var-
ious sets of clamping blocks and straps 
(usually small, medium, and large), 
flange nuts, coupler nuts, and a collec-
tion of double-ended threaded tie-rod 
sets. Before you buy a kit, measure the 
width of the T-slots on your mill table. 
The three most common T-slot widths 
are 7/16-inch, ½-inch and 5/8-inch. Bench-
top machines are likely to be 7/16 or ½ 
inch. Larger, industrial-grade machines 
tend to have 5/8-inch slots. 

Hold-Downs

HOME SHOP MACHINIST

A typical milling machine hold-down kit consists of various size blocks, hold-downs, 
and threaded rods, plus an assortment of T-nuts, flange nuts, and coupler nuts.

Hold-down basics: The upper left example provides optimal clamping pressure. Any other 
orientation is not correct.
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Both the blocks and straps have 
serrated teeth to adjust the height of 
the stack to match the part or fixture 
to be clamped. Ideally, the heel of 
the clamping strap should be slightly 
higher than the part to be clamped, 
and the tie-rod should be biased more 
toward the part than the clamping 
block or blocks. 

Hold-downs are often used in con-
junction with tooling plates or, in the 
case of the sheet aluminum example 
shown in the photo on the next page, 
with a sacrificial base-plate bolted to the 
table. Tooling plates tend to be made 
from one of the easy-to-machine alumi-
nums (6061 T6, 7075, etc.), but if all you 
need is a sacrificial base between the 
workpiece and the mill table, it could be 
¾-inch plywood or whatever you have 
lying around. The point is, if you’re drill-
ing or milling all the way through the 
thickness of your part, you want the 
cutter going into the base plate and 
not the mill table. I’ve seen many mill-
ing machines with random holes drilled 
in the table—a sure sign of a careless or 
unsupervised machinist!

Mix and match clamping blocks to get the correct height. If a large set is too tall (left) 
and a small set too short, then mate a small one with a large one (right).

Square up tooling plates and sacrificial bases so they can be used to register the workpiece 
square to the machine. Torque all tooling plates and hold-down clamps tight!

A typical hold-down arrangement. Note how the threaded tie-rods are biased toward the 
workpiece and how the heel of each hold-down bar is slightly higher than the nose. 

All hold-down jobs start with a thorough 
cleaning of the mill table, including using 
a T-slot cleaner to wipe any swarf from 
the grooves. 
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Although most jobs can be held suf-
ficiently with two hold-down points, 
consider adding additional hold-
downs if there’s room or if the part has 
unsupported elements such as a flange 
or tab that might be prone to chatter if 
not clamped. 

Hold-downs clamps can also be used 
as work-stops and in conjunction with 
vises and rotary indexers. The only real 
limitation is your imagination. As with 
most subjects, there are many edu-
cational videos just a few keystrokes 
away on YouTube, including some very 
nicely done tutorials by Tormach and 
LittleMachineShop.com. J

An example of using hold-downs in conjunction with a mill vise to secure thin aluminum angle for milling a slot between the two 
clamping points.

(Left) Hold-downs aren’t just for holding; they also make rock-solid work-stops. This job required drilling a hole from a precise 
distance from the long end of several dozen stanchion tubes. A stack of hold-down clamps provided both precision and rapid setup. 
(Right) Close-up of clamping block as a work-stop.

With the sacrificial base installed, you can mill or drill through the part without worrying 
about damaging the mill table. 
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www.airflowperformance.com
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Aircraft Multi-point Fuel Injection
•  Operates all engines from 65 to 800 HP
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•  Manual Mixture Control
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•  No Carburetor heat required
•  Instant throttle response
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OSPREY AIRCRAFT
3741 El Ricon Way, Sacramento, CA 95864
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Please send your questions for DAR 
Asberry to editorial@kitplanes.com with 
“Ask the DAR” in the subject line.

LSA weight increase, compass requirements, 
gyroplane DARs, E/A-B inspector eligibility.

By Mel AsBerry

Question: If a kit aircraft has an 
airframe rated for a gross weight 
of 1500 pounds, but the builder 
assigns 1320 in order to stay within 
the limits of Light Sport, would a 
future owner be able to increase 
the gross weight to 1500 pounds by 
taking the plane back into Phase 1?

Answer: Assuming that the aircraft 
is certificated in the Experimental/
Amateur-Built category, yes, you may 
increase the gross weight up to the 
designer’s limits by placing the aircraft 
back into Phase I and completing flight 
testing to the new gross weight. Simply 
contact your local FSDO or a DAR, and 
they can do the transition for you. Keep 
in mind that once you increase the gross 
weight, the aircraft may never again be 
flown by a sport pilot. 

On the other hand, if the aircraft was 
certificated in the Experimental Light 
Sport category, no modifications may be 
made that take the aircraft out of Light 
Sport parameters as described in FAA 
Part 1.1. Any such modifications would 
void the airworthiness certificate. 

Question: I recently purchased 
a Cygnet SF-2A, and I’m working 

on earning my Light Sport ticket 
with my CFI. We haven’t observed a 
magnetic compass in the plane. The 
MGL panel is tied into GPS only. Is a 
compass required?

Answer: For daytime VFR, an Experi-
mental/Amateur-Built aircraft is not 
required to have any instruments at all. 
But keep in mind that what is legal and 
what is prudent are two different things. 

For night and/or IFR, a “magnetic 
direction indicator” is required per FAR 
91.205. A GPS derived course indicator 
will not satisfy this requirement.

During your check ride, you will be 
required to perform certain tasks. If 
you have an EFIS and it has a magnetic 
direction indicator, it should suffice. 
However, this is something you should 
discuss with your designated pilot exam-
iner (DPE) before the check ride.

Question: Do you know where 
I can find a DAR for a completed 
gyroplane that does not currently 
have an N number? 

Answer: I’m not sure I understand 
your question. If you are looking for 
a DAR to perform an airworthiness 
inspection, you must first obtain an 

N number and register the gyroplane. 
All information used for airworthiness 
is based on, and must match, the regis-
tration information. You cannot start 
any of the airworthiness documentation 
until the aircraft is registered. I hope 
this helps.

Question: I am the second owner 
of a Zenith CH 650 B, a kit-built LSA 
registered as an E/A-B. I wonder 
if you can clarify whether or not a 
third party with an LSA repairman 
maintenance rating can perform 
the annual condition inspection, or 
if only an A&P is authorized to do it. 

Answer: To be completely accurate, 
your aircraft is not a “kit-built LSA.”  It 
is an Experimental/Amateur-Built. It 
is an LSA only in that it may be flown 
by a sport pilot because it meets LSA 
parameters. As an amateur-built air-
craft, only the repairman for that par-
ticular aircraft or an A&P may perform 
the condition inspection required by the 
operating limitations. J
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is the chief avioniker at RST Engineering. He answers avionics questions in the internet newsgroup 
www.pilotsofamerica.com–Maintenance. His technical advisor, Cyndi Weir, got her Masters 
degree in English and Journalism and keeps Jim on the straight and narrow. Check out their 
website at www.rst-engr.com/kitplanes for previous articles and supplements.

Jim Weir

After teaching this stuff for so long,1 
you’d think I wouldn’t get nipped in the 
behind so often. It just goes to show 
that a necessary invention is sometimes 
a mother.

I showed you several times over the 
last couple of dozen sessions that an 
integrated circuit (IC) can be used as 
a variable voltage regulator. They are 
simple, easy to use, and bulletproof. 
Almost. This month’s column is going to 
show how to make a voltage converter 
to most any constant voltage that you 
want, say 5 volts to charge your cell 
phone, 9 volts to run a battery-powered 
radio, 3 volts to replace two AA cells in 
your handheld…indeed nearly any low 
voltage from a plain old aviation 12- to 
14-volt battery bus.

So, to prove to myself that the voltage 
regulator will be stable and within cur-
rent and temperature limits, I chose a test 
load of a regular old automotive incan-
descent lamp. You remember those—the 
ones that glow in the dark and provide 
cockpit heat in the wintertime? Then I 
was going to overload the regulator and 
try to give you some trickery to get more 
current out of the regulator by keeping 
its temperature within published limits 
(and a generous safety factor to boot). 
And then the trickery started. Not on my 
part, but from the voltage regulator IC.

Out of Control
The IC I chose was a 3-amp device, and 
by keeping the current to 1 or 2 amps or 
so, I figured that it should be really child’s 
play to keep current and temperature 
controllable. As it turns out, the child was 
a roaring monster.

Here is what I failed to consider. Every 
semester for the last umpteen years, I’ve 
been teaching my students that tung-
sten is a really strange animal in that it 
has what is called a “positive tempera-
ture coefficient of resistance.” In plain 
language, that means as the tempera-
ture of tungsten goes up, its resistance 
goes up right along with it. Concomi-
tantly, as the temperature goes down, 
the resistance goes down. In general 
for incandescent lights with a filament 
temperature of 2500° C (4500° F), the 

ratio of incandescent resistance to 
room temperature resistance is on the 
order of 10:1. That is, if a 12-volt 2-amp 
bulb has an incandescent resistance 
of 6 ohms (12/2=6), then at room tem-
perature it will have something like 0.6 
ohms of resistance. 

So? Big deal? Yes, big deal. All of 
today’s voltage regulator ICs have what 

Temperature Trickery

AERO ’LECTRICS

The regulator IC mounted to the chassis box of the circuit board. This makes a wonderful 
heat sink, especially as the chassis box will probably be bolted to a large metal part of 
the airplane structure.

1As I step into the classroom once more next month 
for fall semester, I will begin my 51st year teaching 
in the Community College system in California. 
Who knows, I may make it a career.
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is called a “bandgap reference,” which 
means that we are using the natural 
makeup of the silicon atom as an ultra-
stable voltage reference that varies lit-
tle over temperature. This bandgap can 
be diddled a little one way or the other, 
but the most stable and natural voltage 
is 1.2 volts. And this is the lowest volt-
age that the regulator can be adjusted 
to. Both incandescent and LED lamps 
will be stone dead of light at this low 
of a voltage.

So, fat dumb and happy, I adjusted 
the voltage regulator and bulb to what 
my temperature meter showed to be the 
maximum temperature of my regulator 
(about 9 volts with the 12-volt incandes-
cent bulb at about half brightness) and 
watched the temperature climb. When 
it got outside my safe zone, instead of 
turning off the battery supply as I nor-
mally do, I got lazy and just turned the 
regulator down to “zero.” However, as we 
said above, this is not true zero, but about 
1.2 volts. Now the task was to figure out 
how to keep the temperature of the IC 

at something reasonable at maximum 
power dissipation of the IC at 9 volts.

At 9 volts maximum temperature and 
with the bulb at incandescence, I calcu-
lated that the regulator IC was dissipat-
ing about 4 watts, which may not seem 
like a lot of power to you, but to some-
thing a little less than half a postage 
stamp in size is a fair amount of power. 
When I shut it down, it was at about spit-
sizzle2 hot (100° C, 212° F) and climb-
ing. Just to prove to myself that it was 
at maximum, I ran the voltage down, 
down, and the temperature started 
dropping. When I got down to where 
the filament was just glowing cherry 
red, I turned the “brightness” control all 
the way down to “zero.”

As the filament began to rapidly cool 
off, the IC temperature started a rapid 
climb—more rapid than my fingers 
could accommodate. When the temper-
ature passed the 125° C (250° F) mark, the 
internal temperature limit switch of the 
IC took over and saved the IC. But what 
would have caused the temperature to 

take such a dramatic and instantaneous 
rise with the bulb completely unlit?

I wish I had learned how to smoke 
a pipe. Isn’t that the way most of those 
1950s science fiction movie problems 
were solved? The engineer sat back in his 
chair, smoked a pipe, and came up with a 
clever fix to a difficult problem.

Me? I bash my head on the brick wall 
until it hurts too much, then go back and 
fight it out on the test bench. About an 
hour later, it hit me. The output voltage 
wasn’t zero. It was 1.2 volts. The filament 
had cooled off until the resistance was 
the aforementioned 0.6 ohms. The cur-
rent by Ohm’s law was 2 amps, not zero. 
The voltage across the IC was (12 - 1.2 = 
10.8 volts). The power being dissipated 
in the IC was theoretically over 20 watts. 
Measuring the actual current showed 
that the regulator was supplying about 

When converting voltage, you have two options: a linear regulator and a switching regulator.

2“Spit-sizzle” is a time-honored engineering 
term. If you spit on a part and it sizzles, the 
part is above the boiling point of water. Or 
spit. It is right up there with other engineering 
terms like “sewag.”
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0.7 amps, for an actual dissipation of 
nearly 8 watts. No wonder it was getting 
hot at twice the 4-watt dissipation of the 
presumed hot spot, 9 volts. 

Now, with LEDs that’s not going to be 
a problem. LEDs don’t have a gigantic 
coefficient of temperature like an incan-
descent, so that problem would never 
have shown up had I used an LED load. 
But 10-watt LEDs are (a) hard to come by 
and (b) bright enough to blind you in a 
dark aircraft. So, with incandescent bulbs 
on our adjustable voltage regulator, if I’m 
using it with incandescent bulbs (right 
out of the 1920s), then I’d best figure a 
way to get a lot of heat out of it.

Reducing Volts and Heat
So now we come down to the two tasks I 
wanted to cover when I started this arti-
cle…how to make a voltage converter for 
any voltage less than battery bus voltage, 
and how to get rid of heat in the IC when 
you start to draw significant current.

Voltage converter first: You have two 
options, a linear regulator and a switch-
ing regulator. The tradeoffs are that a 
linear regulator only needs the regula-
tor, two resistors, and two capacitors, 
but the efficiency is horrible. With a 
5-volt 1-amp regulator at full output, 
the load (the lights, the cell phone) is 
using 5 watts, but the IC is dissipating 7 
watts for an efficiency of 40%. The same 
situation, same load, same current with 
a switching regulator, the efficiency will 
be between 85 and 90%. The tradeoff 

is that the switcher needs an inductor 
and a high-efficiency Schottky diode in 
addition to the resistors and capacitors 
of the linear regulator.

If you can pick a standard voltage to 
use (3.3 volts or 5 volts), you can eliminate 
the two resistors and just buy the stan-
dard voltage version of the regulator. For 

any other voltage, you buy the adjust-
able version and set the output voltage 
as the ratio of the resistors.

As for getting rid of the heat without 
going to a fancy store-bought heat sink, 
you can simply use the chassis box that 
you will enclose the regulator in, and 
wire the regulator to the PC board with 
short insulated wires. Zero cost and an 
excellent large-area heat sink.

As I write this, we are loading up and 
getting ready to depart for Oshkosh. It 
is going to be a long hot trip across the 
country, and the temperature is going 
to be mostly miserable. Looking at front 
windshield sunshades, I find them any-
where from about $300 (!) down to ten 
bucks or so. Most of them are the fold-
up difficult-to-easily-put-away variety, 
and a lot of them are absorptive fur-
naces, not insulators. I’ll do you one for 
less than $2 that will fit in an old sock, 
reflect 90+% of the heat, and last for 
over a dozen years. And maybe some 
other stuff from Oshkosh for your winter 
musings. Until then…Stay tuned… J

Cut off pins 1 and 3 at half length and bend them up into a tiny hook at their ends. Leave 
pin 2 (the center pin) full length, and bend it up at right angles to the IC with a tiny hook 
at the end.  Connect moderately heavy wires (#20) to these three pins by tinning the wires 
(use a thin coat of solder) and then bending them into a hook. Then hook the wire with 
the hook of the pin, crimp both together, and solder.

IFR approaches inside!

grtavionics.com/approach
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Barnaby Wainfan

WIND TUNNEL

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 began discussing 
the factors that can drive the wing of 
our airplane to be bigger than it would 
be if it were purely optimized for maxi-
mum cruise performance. We also 
looked at how wing loading (W/S) and 
maximum lift coefficient (CLmax) affect 
takeoff distance. Continuing in the 
same vein, we will now turn our atten-
tion to how stall speed affects the size 
of the wing.

Stall Speed
Stall speed (in true airspeed) is a func-
tion of wing loading, CLmax and the den-
sity of the air. 

The equation for the 1 G stall speed of 
an airplane is:
VS = SQRT [(2.0 x W/S)/(ρ x CLmax)]  
Where:
VS = Stall speed  
W/S = Wing loading of the airplane
ρ = Air density 
CLmax = Maximum trimmed lift coeffi-
cient of the airplane. 

All of the quantities used in this equa-
tion must be in consistent units. In the 
English system:

Wing loading (W/S): pounds per 
square foot.

Air density (ρ): slugs per cubic foot (a 
slug is a unit of mass). 

The value of the air density varies with 
altitude and can be found in a standard 
atmosphere table. At sea level its value is 
0.002378 slugs per cubic foot.

Stall Speed (VS): feet per second.
Most of us do not think of airplane 

speeds in feet per second. We generally 
prefer knots. If all of the proper conversion 
constants are incorporated into the equa-
tion, the sea level standard day 1 G stall 

speed of an airplane in knots is given by:
VS(knots) = 17.194 (SQRT [(W/S)/ CLmax]) 

Note that this is the true airspeed 
for a 1 G stall at sea level standard day 
atmospheric conditions, but it is also 
the equivalent airspeed (EAS) at all alti-
tudes. Standard airspeed indicators are 
calibrated in EAS, so for a given airplane 
the indicated airspeed at 1 G stall at any 
given gross weight should be constant 
regardless of density altitude.

The designer cannot affect the density 
of the air, so the two variables available 
to get a desired stall speed are wing load-
ing and CLmax . 

Stall Speed Considerations
The first question the designer must 
answer is, what is the maximum accept-
able stall speed for this airplane? 

Once this is known, we can determine 
if the stall speed is an “active” constraint. 
If the wing is sized based on other con-
siderations, and that wing size gives a 
stall speed below the maximum accept-
able stall speed, then no further con-
sideration is necessary. The stall speed 
requirement does not size the wing. If, 
on the other hand, the stall speed for 
the airplane with the wing sized by other 
considerations is above the maximum 
acceptable value, then getting the stall 
speed down to an acceptable number 
becomes a driving consideration for the 
wing design. 

Stall speed requirements are typically 
set by a combination of four factors: 
regulations, safety, takeoff distance, and 
landing distance. We discussed takeoff 
last month.

Design Process:

Wing Size and Stall Speed

WIND TUNNEL

FAR Part 23 now allows single-engine airplanes to have a stall speed above 61 knots 
if certain occupant-protection requirements are met. This change made it possible to 
certify the Cirrus Vision Jet, which stalls at 67 knots with flaps. (Photo: Marostegui [CC BY-SA 3.0 
(https://creativecommons.org/licenses/by-sa/3.0)], from Wikimedia Commons)
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Regulations
Government regulations concerning 
the design and production of airplanes 
often include “not to exceed” limits on 
stall speed.

Here are some relevant examples:
FAR Part 23 (Single-engine certi-

fied airplane): 61 KCAS (knots calibrated 
airspeed) in landing configuration. This 
regulation explicitly allows the use of 
deployable flaps and other high-lift 
devices to meet the stall speed require-
ment. Recently, FAR Part 23 was amended 
to allow single-engine airplanes to have a 
higher stall speed provided a set of occu-
pant-protection requirements are met. 
(see 14 CFR 23.562—Emergency Land-
ing Dynamic Conditions). This change in 
regulation is what enabled the certifica-
tion of some single-engine turboprops 
and light jets.

U.S. Light Sport Aircraft (LSA): 45 
KCAS without use of moveable devices. 
This means that the airplane must be 
able to meet the 45 KCAS stall speed 
requirement in cruise configuration. 
It is permissible to have flaps or other 
deployable high-lift devices, but no 
credit for their effect is given for deter-
mination of compliance with the stall 
speed requirement. 

European JAR-VLA: Same as U.S. LSA.
FAR Part 103 (U.S. Ultralight): 24 

KCAS. The regulation is silent on the use 
of high-lift devices, but given that the 
regulation also specifies a 55 KCAS maxi-
mum level flight speed, there is little to 
no benefit in using high-lift devices on a 
true ultralight. A few have flaps, but it’s 
not the normally taken approach.

Figure 1 shows stall speed plotted as a 
function of wing loading for three values 
of CLmax (1.5, 2.0, and 2.5). A CLmax of 1.5 
is typical of what can be achieved with 
a clean wing with no high-lift devices. A 
CLmax of 2.0 can be achieved with well-
designed simple flaps. To get to a CLmax 
of 2.5 requires a more complex and pow-
erful high-lift system incorporating slot-
ted or fowler flaps. Getting significantly 
above this for a typical light-airplane 
wing requires more sophisticated and 
complex high-lift systems, and is only 
worth the effort for special cases such as 
extreme STOL airplanes.

Looking at Figure 1, we can see the 
implications of these regulations for the 
designer. The upper red horizontal line 
represents the FAR Part 23 stall speed 
limit. Notice that even with a good high-
lift system (CLmax of 2.5), the wing load-
ing is limited to just over 30 pounds per 
square foot. It’s also interesting to see 
that at that wing loading, the airplane 
would have a flaps-up stall speed of 
almost 80 knots. This wing loading limit 
is what deterred the manufacture of 
single-engine jets like the Cirrus Vision 
jet and single-engine turboprops like the 
TBM 700 until the implementation of 14 
CFR 23.562, which allows higher wing 
loadings with proper enhancements of 
cabin safety features.

The middle line shows the 45-knot 
stall speed limitation for Light Sport 
Aircraft. Here the designer is much 
more limited because the higher CLmax 
values (2.0 and 2.5) represented by the 
lower two stall-speed curves are not 
available for compliance with the regu-
lations; the 45-knot stall speed require-
ment must be met without moveable 
aerodynamic devices. In practical 
terms this means that LSA designs are 
limited to wing loadings of about 10 
pounds per square foot. This particular 
limitation is interesting to bear in mind 
when looking at airplanes (particularly 

kits) marketed as Light Sport legal. If 
the wing loading is much above 10 
pounds per square foot, it’s unlikely the 
airplane can really meet the regulatory 
stall speed requirement.

The bottom red line represents the 
24-knot stall speed requirement of FAR 
Part 103 for ultralights. Looking at this 
limit, it’s immediately clear why true 
ultralights combine very large wings 
with highly cambered airfoils. Because 
ultralights are also limited to a 55-knot 
maximum speed by the regulation, the 
airfoil used can be designed primarily 
for maximum lift, with little or no con-
sideration for “cruise” drag. This allows 
the bare-wing CLmax to be higher than 
that for an airplane that actually has 
to cruise at a reasonable drag level. 
Accordingly, the limit for an ultralight 
probably falls somewhere between 
the upper two stall-speed curves in 
the figure. Even so, we can see that the 
upper limit on wing loading for a truly 
legal Part 103 ultralight is only about 4 
pounds per square foot. This is why a 
single-seat ultralight, with a maximum 
gross weight of less than 600 pounds, 
will have a wing as large or larger than 
a typical two-place trainer or LSA.

Next month we will continue our dis-
cussion of wing sizing with a look at land-
ing distance and safety. J

Figure 1: Stall speed plotted as a function of wing loading for three values of CLmax 
(1.5, 2.0, and 2.5). 
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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

Thanks to the realities of ink on paper 
publishing (long may it live), the heat, 
humidity, rain, lightning, tent-flattening 
wind, and grit on the floor of the com-
munal showers at AirVenture 2018 will 
be fading memories when you read this. 
But as I scribble the week prior to the EAA 
National Convention, the big doings are 
all in the near future, along with the daunt-
ing prospect of simply getting there. 

Now, those of you living in the upper 
Midwest or the Ohio Valley or even along 
the Mason-Dixon line probably wouldn’t 
snag “daunting” out of your flight bag 

when describing the effort needed to 
reach KOSH. Any flivver with the capabil-
ity of one of Clyde’s 172s will take you, a 
friend, and a propane stove to Wisconsin 
with relative ease. The distances aren’t 
endless, the terrain is mainly flat, and 
the magenta lines on the GPS pretty 
much straight. Heck, it even makes sense 
to hitch up a trailer or tank up a motor 
home and drive to AirVenture for those 
in the middle of the continent. You miss 
out on the flying to and from, but have 
an operating kitchen sink and a rainproof 
roof when you get there. 

It’s not so much like that for those 
of us living farther away. And while my 
carping is West-Coast based, I’m sure 
most of my comments are applicable 
to anyone personally familiar with 
Spanish moss or lobster pots, much 
less those in Alaska, Hawaii, or the rest 
of the world for that matter. 

Starting out as I do from near 
San Diego, the real issue is distance. 
According to AirNav, it’s 1477 nautical 
miles—that’s 1699 miles when using an 
odometer—to KOSH from my local fly 
patch. That’s a couple of full days and 

Getting There

REAR COCKPIT

Dawn light over a sleepy Los Angeles marked Doug Kott’s pilgrimage to AirVenture. Taking two days one way in his new RV-9A, the effort 
to fly his plane to Wisconsin was commensurate with the dedication it took to build in the first place. It was a cool trip, too.
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many dollars’ worth of avgas, even in 
something relatively fleet, such as your 
basic Van’s flying rivet collection. And 
should you drop down to the 120-mph 
range, it’s a 14 plus hour drone. Assum-
ing you need to return home, you’ll more 
than double these hours thanks to the 
prevailing westerlies, which somehow 
always prevail more on the nose than 
on the tail. Thus, we arrive at 20 hours 
in the RV and 28 plus hours in more 
basic machinery. Sadly, that’s more than 
some of us fly in a year. You’d have to be 
unusually motivated and retired to con-
sider any of the true low-and-slow set, 
and don’t even think of driving there.

Naturally, at the other end of the 
spectrum we have the speedsters. 
Those possessed of Lancairs and such 
make the San Diego to KOSH run in 
seven something hours, one fuel stop, 
and little fatigue, I’m reliably informed. 
If you have one of those, you can quit 
reading now, I suppose. 

Getting to the big show has been 
such a distant issue—both literally and 
figuratively—that for the first 40 years 
of my aviation life, I never considered it. 
Oh, I had heard about it and was nearly 
barked at by some in the industry, includ-
ing EAA staff who acted like I wasn’t 
truly participating until I had made the 
pilgrimage. Telling them it was a really 
long way to go for a guy with only so 
much disposable income, a family, and a 
deadline-driven job fell on deaf ears, like 
whispering to an air raid siren. I was told 
I “had to go,” but for me Oshkosh was a 
bucket list item, something for that pro-
verbial someday.

Besides, I had Reno. That’s only a 
10-hour drive or four plus hour flight 
in a middling airplane, and when I got 
there they were racing stuff. But get-
ting even to Reno has always been an 
open question. I’ve driven there in a 
car with friends, driven a car there by 
myself, towed a truck/trailer, flown 
commercially, and flown privately. Each 
has its advantages, but flying in the 
Starduster is easily my favorite, even if 
you can’t land at Stead airport where 
the action is and obviously haven’t 
brought an RV to stay in right at the 
field. But it’s within reach. 

Ultimately, like so much I’m grate-
ful for in life, I got to AirVenture thanks 
to friends. They were flying their twin 
and asked my wife and I along as their 
guests; inside, as we turned final for 36, I 
was downright giddy that I had actually 
made it. Thanks Bob and Gail.

Since then I’ve been a pretty regular 
AirVenture attendee, if for no other rea-
son than it helps keep me current for 
KITPLANES® work. My wife and I drove 
once—it was part of a 28-day walk-
about—and I’ve been there via RV-9A 
and some sort of “Boeing with two 
large turbines under the wings,” as old 
crop duster friend Bill Whitlatch called 
those things (it was the only way he’d 
fly cross-country). Like Reno, there is no 
one good way to do it, although flying 
commercially and camping is definitely 
the most cost-effective way to make 
the aerial hajj. 

No doubt the most satisfying way 
of getting anywhere, but especially 
AirVenture, is in a plane you built. It’s 
doubtful I’ll ever make that trip myself, 
but my RV-9A trip was with longtime 
friend Doug Kott who had recently fin-
ished his plane and was making his first 
truly long cross-country, his first trip 
to AirVenture and, obviously, his first 
entrance to the Big Do in a plane he had 
built. I had nothing to do with building 
Doug’s plane—the accomplishment is 
entirely his—but certainly I could sense 
the scale of his achievement and the 
quiet pride he took getting his hand-
somely finished plane to KOSH. 

To that I can only add, simply being 
there by any means can sometimes be 
the realization of a long-held ambition. 
It was for me, and if you haven’t been 
to AirVenture or Sun ’n Fun or Arling-
ton, the air races at Reno, or any of the 
other grand gatherings, then of course 
I’m advising you to get there when you 
can. But I’m also here to say that if you 
can’t—if work or life is getting in the 
way, and all you can do is read about 
it or go to your workshop and build 
another rib, then you’re participating 
as you can, in your own way. And no 
matter what those who are all-in on the 
you-have-to-go program yell at you, I 
salute you for that. J
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