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A NOTE ABOUT THE JUNE CHAPTER MEETING: We were originally going to postpone the meeting date 3
time to next week, when we were going to visit an RV 8 project. Those plans fell through when the builder m
his airplane to a painting facility, so we have reverted to the usual meeting time and place of the Second Wed
(June 9) at Skylane. We will be viewing a 30-minute video after the meeting provided we can get a video pro

The following report was published on the Lancair web site, and provided to me by Earl Schroeder. Thanks,
It was written by Fred Moreno, Chris Howden and Laurie Fitzgerald.

Anatomy of a Hydraulic Leak

Hydraulic Fittings Need to be Very Carefully Tightened

A hydraulic fitting failed and resulted in a gear
up landing. What happened? The simple answer is
that a % inch aluminum hydraulic line terminated
with a single flare into a 37 degree aircraft fluid
fitting forced the flared tubing out of the flare nut in
spite of being tight.

A more complete answer, one that might help
prevent further such incidents, is more complex.
The initial investigation suggested a possible cause.

The owner is particularly careful and thorough
in his assembly procedures. For the hydraulic fit-
tings, the tube was correctly assembled to the fit-
ting, tightened and checked, then checked by an-
other, and finally checked a third time, in effect a
triple check.

The fitting in question had been fitted and refit-
ted five times as it was required to be removed dur-
ing maintenance procedures.

Why do we check?

There is excellent precedent for this type of
repetitive process in the industrial world. Testing
has shown that when doing simple repetitive tasks,
trained human beings using appropriate tools in a
hospitable work environment nonetheless make
errors at roughly a 1% rate, that is, one error per
100 tasks. A 1% failure rate is not a very high qual-
ity standard. However, if the task is accomplished,
and the person then checks their own work, the
error rate in checking is also about 1% so that the
overall error rate drops to 1% of 1%, or one in
10,000. If a second person then checks

the work of the first, the 1% rule applies again and
the overall error rate is down to roughly one per
million. This level of quality is the goal of modern
manufacturing processes worldwide.

Hypothesis

However, what if the fitting nut had been
slightly over-tightened at any or all of the repeti-
tions? Imagine the following. The fitting is tight-
ened. The next guy put a wrench on it and gives it
an extra tug “just to be sure.” The third fellow does
the same. After this level of checking, there would
be about a one in a million chance that the part
would be accidentally left loose. But what happens
if as part of the checking procedure it ended up
tightened too much?

Approved Maintenance Data

The document AC 43-13 outlines recom-
mended practices for hydraulic lines and fittings on
aircraft. The recommended torque for the nut is
shown in that document. There is about a threefold
difference between aluminum tubing used in air-
craft, and steel tubing used in many applications
including aircraft and automotive brake lines which
use a 45 degree instead of a 37 degree flare angle.

AC 43-13 also specifies that aluminum hydrau-
lic lines of 3/8 inch diameter and below are to be
made with double flare ends with single flares be-
ing used on larger tubing sizes. See figures below.
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Double flare tube end

Single flare tube end

Yet single flare fittings are used almost exclusively on smaller
general aviation and specified by kit manufacturers for amateur
built experimental aircraft for all tubing sizes. This was the case
with the leak described above. Why are single flares so widely
used? We have three theories, none confirmed.

1. It is much harder to consistently make a double flare on the
tube end. It is much easier to get consistently acceptable quality
with single flare, and so this has been adopted as an “industry
standard” by general aviation manufacturers. This has carried
over to amateur built experimental aircraft.

2. Because the double flare folds the tube back on itself with a
zero radius bend, there may a new long term failure mode intro-
duced, possible cracking of the flare around the perimeter.

3. Much of the data in AC 43.13 comes from WWII when aircraft
were quickly and frequently serviced during the night shift. It
was much more likely that fittings were assembled without
torque wrenches and over tightened repetitively “just to be
sure.” If you start getting a lot of leaks from abused single flare
fittings, it may have been that the double flare became the rec-
ommended procedure at wartime airports when maintenance
was done in a hurry and over-tightening could have been com-
mon.

Whatever the reason, single flare fittings are used on smaller
aluminum tubing throughout aviation today. We wanted to know
why this particular single flare tube end failed so another failure can
be avoided in the future.

The Tests

To test the hypothesis that over tightening was the culprit, we
conducted a multi step experiment. First we made up a % inch 37
degree single flare aluminum tube end using a flaring tool set ob-
tained from Aircraft Spruce. The actual flaring tool is shown below.
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Thirty-seven degree flaring tool

Before flaring, the tube must be prepared by cutting, deburring,
and is then put into a clamp shown in close up below.

Tube clamp that holds tube during flaring process
Tube end preparation prior to flaring is critically important.

X  First, if you use a rotary type tubing cutter (like a plumber uses
for cutting copper tube), the cutting processes introduce com-
pressive strains in the tube which must be removed prior to
flaring This means filing back from the cut surface to remove
all the stressed material, a distance of up to 3 mm or 1/8 inch. If
this damaged zone is not removed, the flare will split when
formed. For this reason, some builders use a fine tooth hack
saw to cut the tubing, and then file the end square and smooth
while removing the cut marks.

X The finished cut must be perpendicular to the tube centerline.
Otherwise the flare is lopsided and will deform when the nut is
tightened.

X The cut must be finished by de-burring the interior and exterior
of the tube to remove sharp edges. Failure to remove sharp
edges will result in a split periphery of the flare when the flare
is formed.

X Note in the photo of the tube clamp the notation on the clamp
“3/32.” This is the amount that the un-flared tube must project
above the clamp (in inches) before flaring so that the flared
section ends up the proper length. Making the flare too wide or
too narrow can create problems. Too wide and the flare may
split or may not fit inside the AN 818 nut. Too narrow and the
flare will not be wide enough resulting in excessive stress on
the aluminum tube which will plastically flow (as we later dem-
onstrated in our testing) and ultimately fail.

If you prepare the tube end square, deburred, and flare the ap-
propriate length of tubing (3/32 in or about 2.5 mm for our tool),
you should get an assembly that looks like this.

New tube flare, never used, with proper tube flare length
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In our first tests, we made up a flared % inch aluminum tube
end, added an AN 818 nut and ferrule and then tightened onto a
bulkhead fitting at 100% of recommended torque (50-65 in Ibs. or
about 5 ft Ibs.). We used a new Kinchrome 3/8 drive torque wrench
with a fresh calibration certificate driving the nut through a crow
foot open end adapter as shown in the figure below.
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Three-eighths drive torque wrench with crow foot to drive AN 818 nut

We adjusted the torque setting to reflect the change in leverage
arising from the crow foot. We tightened the assembly to 100%
torque once, removed, and then inspected. After five tightening and
loosening cycle at 100%, the flared end appeared as shown below.

Proper flare tested with five cycles at 100% of recommended torque

After five cycles, the flared tube end appears slightly more pol-
ished, but the flare is not deformed or thinned in any way. Repeated
cycling did not damage the flare.

We took the same part and then tightened it to 150% of recom-
mended torque, removed, and inspected. Once cycle of over-
tightening produced the result shown below.
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Tube flare after one cycle at 150% of recommended torque

While difficult to see in the photo, inspection with a magnify-
ing glass showed that only one cycle at 150% torque was adequate
to deform the flare, thinning the flare wall, and extruding metal to-
ward the periphery which was now much thinner and starting to
approach a knife edge. Clearly one cycle of torque overload had
extruded the aluminum outward and permanently deformed the
flare.

We reassembled the tube end shown above with nut and ferrule,
and conducted four more cycles at 150% torque to see if the damage
would progress with each abuse. It did. The result of five overload
cycles is shown below.
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Tube flare after five cycles at 150% of recommended torque

By the end of the fifth overload cycle, the tube flare wall was
substantially thinned with much material extruded out the top of the
flare where it formed a knife edge and interfered with the internal
threads of the nut. To get the nut off we had to pull hard which bent
that portion of the knife edge which is the upper half of the tube
flare in the photo above. Clearly this flare is well on its way to fail-
re.

We did one last experiment to see what happens if you tighten
without a torque wrench and then check “just to make sure.” One of
us used a plain wrench to tighten the AN818 nut what we thought
felt like “tight enough.” After having pulled the torque wrench a
few times, it is not surprising that a value of 4.5 foot pounds was
obtained, close to the specification of five 5.0 foot pounds. Another
individual tried it, and checking with the torque wrench showed 4.0
foot pounds, not bad for an uncalibrated hand.

Then we completed the test. Starting at 4.0 foot pounds, one
person was asked to “check the tightness” by pulling the wrench
until the nut just started to move, a tiny fraction of a turn. Then a
second person did the same. Thus we have a fitting that was tight-
ened, then “checked” and then “checked” again by another party.
The finish torque measured was just over 7.0 foot pounds, or nearly
150% of recommended torque, more than enough to damage the
flare. Repeat this cycle enough times, and the flare will become
badly extruded with a very thin wall, and a failure is waiting to hap-
pen.

c

Conclusions and Recommendations

The smaller diameter aluminum tubing and 37 degree flare fit-
tings we use on our aircraft for brakes and hydraulic lines is very
sensitive to extrusion by over tightening of the AN818 nut. It only
takes a onetime 50% overload to damage the tubing flare. A few
cycles of overload at less than 50% excessive torque can compro-
mise the strength sufficiently that a flare which may be appear to be
in good condition can fail when hydraulic pressures are applied.

Always use a torque wrench when tightening your flare
fittings, particularly the 4 inch size. Buy a set of crow feet so that
you can put your torque wrench on your AN818 nuts. Treat these
parts gently, and DO NOT make it “just a little tighter just to make
sure.” Do it too often and inadvertently you will make sure that you
end up with a hydraulic line failure.
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EAA Chapter 21

Send Your Dues Payment To:

11688 Heim Road
Chandler IN 47610

Address Service Requested
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Evansville, Indiana

Pete Wiggin — Newsletter Editor
eaa2lnleditor@hotmail.com

Upcoming Chapter 21 Events

EAA21 Chapter Meeting: Wednesday June 9 ™ 7:00 PM, Skylane Airport
Skylane Airport (3EV) located at 2029 Allens Lane, */1, mile east of St. Joseph Ave, Evansville, Indiana

At the next Chapter meeting, we hope to show a 30-minute video. Possibly an episode of the Sky King TV series.
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Evansvitie, Indiana
GOURMET BURGERS, BRATS and DOGS

Our EAA Chapter is pleased to announce the opening of EAA 21 Club. We will be preparing Ham-
burgers, Brats and Hot Dogs for all that fly-in. Just as New York's 21 Club has become known as
the HAPPENING PLACHo be and be seen, EAA 21 Club is the place to be on the first Saturday
(with a couple of exceptions) each month.

When: June 5, July 10, August 14, September 4, October 2; 10:00 AM till 2:00 PM Central time

Where: Henderson Kentucky City-County Airport (KEHR)
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