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OPINION |

Borescope ascendancy

Time to topple the venerable compression test?
BY MIKE BUSCH

THE DIFFERENTIAL COMPRESSION check
has been a mainstay of piston aireraft
engine maintenance for 80 years. Like any-
thing else in aviation that’s been around for
a long time, various old wives’ rales have
evolved about the procedure, passed on
from journeyman mechanic to apprentice,
and later taught in A&P schools and docu-
mented in various textbooks and advisory
circulars. Ask your mechanic why he per-
forms a compression check a certain way or
interprets the test results as he does—and, if
he's honest, he’ll probably answer, “That’s
the way I was taught to do it, and that’s the
way ['ve always done it”

One pervasive old wives tale has it that
compression readings in the high 70s are
excellent, in the low 70s are good, in the high
60s are marginal, in the low 60s are poor,
and anything below 60,80 {s unairwouthy.
Another widely accepted old wives’ tale is
that an engine with compressions in the low
60s is a “tired engine” that will not put out
full rated horsepower. Both are dead wrong.

More than three decades apo,
Continental Motors issued a service bulletin
(M84-15) debunking the first of these super-
stitions by establishing a new go/no-go
criterion for compression tests: the master
orifice tool. Mechanics who followed this
guidance were astonished to ind that com-
pression readings in the low- to mid-40s
were deemed acceptable by Continental.

This 1984 guidance was based on a series
of engineering studies performed using an
10-550 engine mounted in the dynamom-
eter test cell at the Continental factory in
Mobile, Alabama. Those studies revealed
that when the compression ring gaps on the
10-550’s pistons were filed oversize inten-
tionally to reduce the compression of all six
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VISUAL DIAGNOSIS

These images were captured with a ViVidia Ablescope VA-1400 (below). The quality is pretty spectacular for a $200 scope. -MB
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THE VIVIDIA ABLESCOPE VA-400 viewing angle can be adjusted from O degrees to 180
degrees by pressing the plunger on the handgrip.

THIS IS a very sick exhaust valve on the
verge of failing catastrophically. Note the
asymmetrical appearance: That's bad!

cylinders te 40/80, there was no measurable
loss of horsepower output (although there
was an increase in oil consumption). This
eflectively debunked the “tired engine” old
wives’ tale.

ENTER THE BORESCOPE

Nineteen years later, Continental threw
mechanics another curveball by issuing
Service Bulletin SB03-3 {which super-
seded M84-15), directing that a borescope
imspection of each cylinder be performed at
each annual and 100-hour inspection, and
any other time that a compression test is
done. It further made it clear that the bore-
scope, not the compression tester, was to
be the gold standard for assessing rhe air-
worthiness of a cylinder. It directed that
if a cylinder Runks a compression test but
the borescope reveals no obvious cause for
the low compression, then the engine is
to be Aown for at least 45 minutes and the
compression test be redone. Only ifa ¢yl-
inder flunks its compression test twice in

CLOSEUP OF THE HEALTHY O-320 exhaust
valve, with a good view of the seat and
valve-sealing surface.

a row {with at least 45 minutes of fiying in
between) is it deemed unairworthy,

Continental's SB03-3 was preity shock-
ing to mechanics when it was first published
in March 2003. In those days, few GA main-
tenance shops owned a borescope (unless
they did a lot of turbine work), and there
was no training available to mechanics on
how to use one to inspect a piston aircraft
engine cylinder. Most A&P schoals still
don’t teach anything about how to use bore-
scopes in piston enging maintenance.

The service bulletin recommended
using a low-cost rigid optical borescope—
the Lenox Autoscope, which was so named
because it was designed for automotive use,
and at more than $2,000 was one-tenth the
cost of the fiber-optic borescopes being used
for turbine engine hot-section inspections.
5iill, lots of mechanics and small GA mainte-
nance shops were not amused by being tald
that they had to shell out two large to buy
one of these instruments. Fourteen years
later; some A&Ps still don't own a borescope.
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By
LYCOMING O-320 exhaust valve. Note the
symmetrical "bullseye” appearance indi-
cating a healthy valve.

™

©-320 CYLINDER BARREL and piston. This
jug is very worn: Note the vertical scor-
ing and lack of crosshatch.

EYEBALLING THE COMBUSTION CHAMBER
I was an early adopter of borescopy. Having
gone threugh the painful experience of
pulling cylinders because of low com-
pression readings, only to find nothing
physically wrong with them, T was anx-
ious to adopt this more enlightened way
of evaluating cylinder condition. T bor-
rowed a Lenox Autoscope from a shop
on my field and began inspecting the 12
cylinders on my Cessna 310. It was an eye-
opening experience, almost as if I could
climb inside each combustion chamber—
or at least stuff one eyeball inside,

By inserting the scope through the top
spark plug hole and twisting and turning
it, I could get a decent view of the inrake
and exhaust valves, the eylinder walls,
and the pision crown. T found it spellbind-
ing. Direct inspection of the combustion
chamber provided a much better picture
and deeper understanding of the true con-
dition of the cylinder, compared with the
crude, indirect assessment provided by the
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If.you. hav_e__Qé_e_e_of these:::you could

Pltig®NPIay With one of these——

differential compression test. A compres-
sion test could tell you that air was leaking g
past the exhauvst valve, but with the bore- . Bendix/King GARMIN GMA340
scope you could tell whether it was because
of a benign glob of lead on the seat that
would quickly resolve itself the next time
the engine ran—or a malignant, warped or
eroded valve likely to fail catastrophically
in the next 10 hours. How cool was that?
Over the vears, the compression test
has proved untrustworthy and prone
to false positives, resulting in tens of
thousands of cylinders being removed
unnecessarily {including a few of ming).
That’s why the $B03-3 guidance calls for
any disqualifving compression test that is
not corrobarated by borescope evidence
be reiested after flying for at least 45 min-
utes. That’s excellent advice. T've seen
many cases where a cytinder thae flunked

the first compiession test easily passed the ENGINEERING .
second one. In one notable case involving a INCOHPORATED

Cirrus 5R22, a cylinder that tested at 38/80 Learn more at PS-Engineering.com
(and that the shop doing the annual wanted or call toll-free 800-427-2376

to yank} wound up measuring 72/80 on the
retest after a one-hour flight.

$B03-3 did not go so far as to recommend
that borescope inspections should replace
the venerable compression test. Continental
couldn’t do that, because the requirement to
perform a compression test is written into
the FARs (Part 43, Appendix D), But SB03-3
did all it could to convey that Continental is
no big fan of the compression test for deter-
mining cylinder airworthiness. (A senior
Continental executive once confessed to me
that if they could've dropped the compres-
sion tesi altogether, they would have)

[ consider SB03-3 to be the best thing
ever written on the subject of how to decide
whether a cylinder needs to come off. It has
saved owners of Continental engines mil-
lions of dollars in maintenance costs. In my
view, it’s high time that Lycoming followed

suitand revised its archaic guidance on the Cruise COI’T’IfOI'fClbW Under Power to the
subject. {Last year, Continental incorpo- BeST SOGﬁng S"es in AmeriCCl

rated the contents of SB0O3-3 into its new
Siandard Practice Maintenance Manual

M-, 50 it no longer exists as a separate ser- | — I M M
g b R R | —

vice bulletin.)
WES CHUMLEY

TODAY'S SCOPES: wWow! , 803.726.8884 * info@stemme.com
In the computer industry, Moore's Law stemme.com

(named after Tntel co-founder Gordon
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Moore) staies that the number of transistors
packed on an integrated cireuit will dou-
ble every two vears. Something similar has
taken place in borescope technology in the
14 years since SB03-3 was published. Today’s
borescopes use finy, cheap, solid-state CCT
cameras to replace the costly optics that
were previously required. The result is the
current crop of scopes is both vastly better
and an order of magnitude cheaper than the
benchmark Lenox Autoscope,

My current favarite is the Vividia
Ablescope VA-400 scope from Qasis
Scientific (see page 86), which you can pur-
chase on Amazon.coin for less than $200. it
comes with a USB cable that can be plugged

Continental’s
guidance on
borescope inspections
has saved owners
millions of dollars in
maintenance costs.

into any notebook PC or Android tabler,
and with software for both Windows and
Android that can capture both still phetos
and videos. In addition to its impressive
image quality and excellent lighting, the
ViVidia scope has the unique ability to
adjust its viewing angle from zero degrees
(looking straight down at the piston) to 180
degrees (looking backwards at the valves),
or anything in between, {(By contrast,
the $2,300 Lenox Autoscope has a fixed
90-degree viewing angle and no capability
for capturing images.)

With scopes of this quality available for
$200, there’s np excuse for any A&P not to
own one and to use it as his primary means
of assessing cylinder condition. In fact,
anyone who does owner-performed main-
tenance should consider buying one.

Compression testers lie all the time.
Borescopes never do. AOPA

MIKE BUSCH is an A&P/1A,
EMAIL mike busch@savvyaviatorcom
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