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LESSONS RELEARNED

By Mr. Bobby Moore
MCAIR Senior Field Service Engineer

Solomon said there was nothing new under the
sun. When it comes to F-4 canopy losses, | can
confirm that truth. I've been in the F-4 program for
over 16 years, investigating canopy losses and fitting
and rigging many canopies. Those losses seem to
run in cycles, and the cycles seem to be governed
by the knowledge and concern of our aviators and
maintainers. For example, look at our recent history:

As you can see, '75 was a peak year for canopy
losses. In 1976, we did something about it. We
published articles in TAC ATTACK and McDonnell
Aircraft's PRODUCT SUPPORT DIGEST, and | went
on a whirlwind tour of TAC bases, briefing the
problem.

So here we are again, five years later. The trend is
again up. I've just returned from a trip west where |
briefed the problem at the western F-4 bases. The
information hasn't changed much since 1976; but to
a new generation of aviators and maintainers, it's
news.

The primary cause is still stalls. A stalled canopy is

18

one that is closed, but not really locked. Of a total of
86 canopies lost since 1972, 56 were stalled cano-
pies. The other causes are: inadvertent jettison by
the aircrew member or by FOD; canopy unlocking in
flight because of improper rigging, component fail-
ure, or unintentional lever movement; and shear pin
failure.

The fact that the F-4 canopy is automatic may
contribute to our problems. When the crewmember
moves the lever to the closed position, the canopy
closes and locks itself. In most other aircraft, the
crewmember must make a separate action to lock
the canopy. That action may help to remind him to be
sure the canopy is really locked. The single action F-
4 canopy normally works perfectly; it may ull us into
a sense of complacency as we close the canopy by
rote.

The normal operation of the canopy is pneumatic,
using air from a 3,000 psi storage bottle which is
reduced to 900 psi by a regulator. The canopy
actuators contain pistons with 900 psi air normally
directed to the top of the piston. When the lever is
moved to Open, air also gets directed to the bottom
of the piston which has greater working area than the
top. With 900 psi air on top and 900 psi air on the
bottom, the bottom pressure overcomes the top
pressure because of the greater area; and the cano-
py unlocks and opens.
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When we move the lever to Close, air on the
bottom of the piston is vented overboard, and the
actuator moves in the opposite direction. The upper
end of the canopy actuator is attached to the cano-
py; the bottom end attaches to a torque tube that
moves the linkage. That linkage moves the rollers
that engage the hooks and lock the canopy to the
aircraft. When the canopy is down on the canopy sill
and the linkage has moved the rollers to fully engage
the hooks, the stripes on the linkage will be aligned.

CANOPY SILL

LOCK ALIGNMENT

That's the cue for the aircrew: on a properly rigged
canopy, the aligned stripes mean that all four lock-
box rollers have engaged the four canopy hooks
properly. If the stripes aren’t aligned, the canopy is
stalled: that is, the linkage stopped before it moved
full travel.
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So what happens if you take off with a stalled
canopy? You lose it. The canopy raises in the air-
stream shortly after takeoff. As it does, the piston is
drawn up in the actuator, compressing that 900 psi
air above it. When the canopy shear pin fails, the
compressed air drives the piston back down into the
actuator cylinder with enough hammering force to
bend or break the mounting bolt and shear the
shuttle valve bolts.

To investigators, those broken bolts are a sure
indication that the lost canopy was stalled. If it had
been unlocked or jettisoned, there would have been
air pressure applied to the bottom of the piston which
would have prevented the hammering. If shear pin
failure had caused the loss, the piston wouldn’t have
been pulled up enough to hammer back into the
actuator. So that kind of bolt failure indicates a
stalled canopy.

Why do canopies stall? There are several reasons.
Anything on the canopy sill when it is being closed
will certainly prevent the canopy from closing com-
pletely. Binding linkage can also cause a stalled
canopy. How about throttle and air conditioner set-
tings? That's right—throttle and air conditioner. A test
was made with seven flight-ready aircraft. With the
engines at idle RPM, all the canopies on all the
aircraft closed and locked. With one engine at 80
percent RPM and the other at idle and the air
conditioning temperature set at medium (2 o'clock
position), the front canopies closed, but consistently
remained unlocked.

What happened is that the flow of conditioning air
into the cockpits provided enough resistance to
significantly reduce the rate of closure as the canopy
neared the fully closed position. This allowed the
canopy seal to begin inflating before the canopy was
full down. This premature inflation resulted in stalled
canopies again and again during the test.
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