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— Focal Peint —
25 Years of Achievement

The Royal Air Force will be celebrating 1992 es
the silver anniversary year of its Hercules aircraft
operation. We proudly salute the RAF for the out-
standing performance of its C-I 30 program, and we
extend special recognition to the air and ground crews
throughout the United Kingdom whose superb contri-
bution over the years has made this success possible.

In the closing weeks of 1991, LASC had the dis-
tinct privilege ofhonoringthesededicated professionals
by participating in the kickoff of the anniversary cele-
bration. A delegation from Lyneham Air Base in
England brought one of their prized C-l 30 aircraft to
Lockheed’s Marietta production facility for a re-enact-
ment of the first delivery to the RAF in December of
1966. The particular RAF Hercules used for this flight is rather special. Designated es
the “Silver Jubilee” C-I 30, and shown on the cover of this issue of Service News, the
aircraft has a distinctive and innovative paint scheme that leaves no doubt es to the
pride the RAF has in its Hercules fleet.

Bill Abballe

The people who have operated end serviced this outstanding fleet over the past
25 years have every right to be proud of their special history. A total of 66 C-lI 30
aircraft were delivered to the RAF, and they have been used with exceptional skill end
professionalism. From early on, the RAF used its fabled aeronautical expertise to
advance the capabilities of the Hercules design. The RAF pioneered increasing the
cargo capacity of the C-l 30 by lengthening its fuselage, and also provided unlimited
range for the Hercules by outfitting it for aerial refueling.

These innovations contributed to the success that allowed en almost 25-year-old
fleet to operate at nearly double its normal task role in support of Desert Storm. The
same kind of performance has been achieved in humanitarian efforts es well. When
the RAF was celled upon to drop relief supplies to Kurdish refugees on the Turkish-
Iragi border, they had only to call on the experience gained in earlier missions. As early
es 1967, the RAF successfully met the challenge of a massive airlift out of Aden. The
challenge was repeated in 1973 with famine relief missions in mountainous areas of
Nepal, and many times since then.

The crews who fly and support those missions and the RAF team members who
visited Marietta affectionately cell the versatile Hercules “Fat Albert.” They believe
Albert will go anywhere and do whatever is needed. They ought to know: they've
been there and they've done it. We tip our hat to everyone involved in the RAF C-I 30
program end wish them another 25 years of continuing achievement.

Sinocoarely,

: Eh{- E .'_".:l:"f-'glgr_f’--{__q__ﬂ

Regional Manager
International Sales

- Western Europe
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Understanding Thermocouples

y Darel A. Traylor, Service Analyst Coordinator,
Airlift Field Service Department

An Allison 501/T56 engine that seems to
proving with age-producing more torque at the s
indicated turbine inlet temperature (TIT), for example-
-should immediately attract your attention. Some

things are just too good to be true, and this is one of

them. There is a strong possibility of trouble in the TIT
indicating system of this engine and prompt action is
needed to prevent overtemperature damage.

One common problem that can cause just exactly

these symptoms is bad thermocouples. When one or

more of these TIT pickup units fail, incorrect TIT

readings will be displayed in the flight station and
incorrect temperature inputs will be received by the
temperature datum (TD) control system. Worse still, the

turbine may be exposed to excessive temperatures as a Fuel Flow (Ibs/hr) 1 ,100

result.
A Case Study
You don’t have to be an expert with 20 years of

experience to troubleshoot potential overtemperature
problems in501/T56 engines successfully. In fact, all
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Engine Power
Increasing With Age?

Don’t
You

Believe
It!

that is really required is to be in the flight station with
four engines running and the engine instrument panel in
front of you.

Let us use the following set of engine readings as an
example:

5 g i - o R A L T e B Ty
= o N el S " e o Vi ¥ PRl A o P BTN T T

Engine No. 2 3 4
Torque (in-lbs)
TIT ('C)

15,000 15,000 16,500 15,000

1,010 L,()10 1,010 1,010

1,100 1,300 1,100

Something unusual is going on here. With the TD
control system selected to AUTO, the above readings
show that No. 3 engine is using more fuel and develop-
ing more torque than any of the other three engifiks.
fuel flow is also greater than is normally required for the
engine to reach 1010°C.

Previous Page Table of Contents Next Page




If the No. 3 throttle lever is now retarded until the
torque and fuel flow values for the No. 3 engine are
even withthose of Nol1, No. 2,and No4 engines, we
will see that No. 3 engine indicates approximately
988°C TIT, which is 22°C lower than the others. How
can this be? The answer is simple: it can’t be. There is
missing heat in this equation.

If the engine instrument indicating systenfusc-
tioningproperly, torque, fuel flow, and temperature will
always show a close relationship. But in the case of the
No. 3 engine, we have seen 1,300 pounds per hour of
fuel flow and 16,500 inch-pounds of torque being
generated with only 1010°C indicated on the TIT gage.
At first glance, No. 3 would appear to be a remarkable
engine. It looks like we are getting something for
nothing; more power for the same temperature. Unfortu-
nately, it doesn’t work that way.

Where there is more power and greater fuel flow,
we can be certain that extra heat is being generated,
even if it does not show up on the TIT gage. This
additional heat has to be somewhere, arisl some-
where. It's in the turbine area, reducing this engine’s
service life. Instead of an exceptionally good engine,
what we probably have here is a sick engine.

Let’s try something else with this same set of four
engines. Switch them all to NULL and set the throttles
to 1,000 pounds per hour fuel flow.

This set of figures gives us further information
about the nature of our problem. No. 3 engine is gener-
ating heat that its TIT monitoring system does not know
about. By far the most likely cause of this condition is
the failure of some of the engine thermocouples to
perform their jobs properly. Turbine damage and
reduced service life will surely result if this situation is
allowed to continue.

Note that with all the engines set to NULL, the
throttles may not be perfectly aligned because of differ-
ences in the individual fuel controls, and the engine
readings will not always line up as neatly as in our
examples. But the point is clear: thanks to malfunction-
ing thermocouples, this aircraft's engine temperature
control system is not operating as it should.

Here are some operational guidelines that can be drawn
from these examples:

1. If torque and fuel flow are higher on one engine
than on the other engines, the TIT is probably
higher as well, even though it may not show up on
the flight station TIT gage.

2. With all engines in AUTO, the throttle levers

should be approximately aligned when the same TIT
is indicated.

3. If torque and fuel flow are high on one engine in
AUTO with the throttles aligned, and the TIT
indications are equal, it is best to use the torque and
fuel flow readings of the other engines to set power
on the high-reading engine.

4. When you see differences like this between engines,
write if up. This may prevent serious turbine dam-
age at a later date.

Engine Temperature Control

To really appreciate the significance of proper
thermocouple maintenance, it is helpful to review the
function of the TD control system in more detail.
Nothing is more important to the overall operation and
service lifeof the Allison 501/T56 engine than a proper-
ly operating TD control system. The thermocouples are
critical, arguably the most critical, parts of this system.
Failed thermocouples prevent the system from operating
properly, which can lead to increased operating temper-
atures and greatly shorten engine life.

Here is the reason why. Fuel flow in581/T56
power plant is regulated by an electronically controlled

Figure 1. This thermocouple is typical of the air-cooled design
used in the T56-A-15 and other series-111 engines.

Lock
Previous Page Table of Contents Next Page




turbine inlet temperature schedule above the throttle
crossover. Crossover occursat +2)degrees coordi-
nator position. This is the point at which the TD control
system makes the transition from the temperature-limit-
ing mode (0 to 65 degrees coordinator position) to the
temperature-controlling mode (66 to 90 degrees coordi-
nator position) for temperature-scheduling operation.

In order for the TD control system to operate
properly in the temperature-controlling range, two
things are required. The first is that a temperature
reference signal has to be established (scheduled) for
each position of the coordinator above crossover. This
signal is used by the TD amplifier as a reference base.
The second is that the actual TIT must be measured and
transmitted to the TD control system for comparison
with the reference signal.

The reference voltage is established within the
engine TD amplifier, using input from a potentiometer
in the coordinator. The voltage of the reference signal is
dependent upon the position of the throttle above
crossover. The scheduled reference temperaturé for
56-A-9, T56-A-7, and01-D22 engines is from approxi-
mately 760°C to 971 “C, and increases linearly from the
crossover point to 90 degrees coordinator position. For
T56-A-15, T56-A-16, and T56-A-423 engines, the
temperature range is from about 820 to 1077°C. In the
case of the 501-D22A, itis 810°C to 1071 “C.

Once the appropriate reference signal has been
established, a comparison signal that reflects the actual
TIT must be generated. This task is performed by the 18
thermocouples installed around the outside of the turbine
inlet case. During engine operation, the TD amplifier
compares the signal sent by the thermocouples with the
reference signal and then commands any necessary
changes in fuel flow to ensure that the engine reaches
the TIT scheduled by the throttle position.

The thermocouples are thermoelectric devices
consisting of two dissimilar metals which generate
specific voltages between points of contact over a given
temperature range. The dissimilar metals used in the
thermocouples installed iB01/T56 engines are wires
made of two different heat-resistant platinel alloys. The
wires are joined together at one end to form a junction
(Figure 1), with the free ends welded tumel and
chromel wires. These are then connected to a flight
station TIT indicator or a TD amplifier, completing the
circuit.

For installation in the engine, the platinel junction
is enclosed in a heat-resistant probe body and positioned
in such a way that it is exposed to the stream of hot gas
that passes through the turbine inlet. The difference in
temperature between the sensing element-the thermo-
couple junction-and the component that serves as a
junction at the other end of the circuit causes a voltage
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Foue 2. Both thermocouple types have two separate sensing
elements. This unit is of the older, non-air-cooled kind.

to be generated. This voltage can be used to accurately
determine the temperature at the turbine inlet.

The 18 thermocouple assemblies use804/T56
engines each have two separate sensing elements (Figure
2); in all, 36 junctions are therefore involved. One
element of each of the 18 units is connected in parallel
to provide an averaged signal to the TD amplifier. The
TD amplifier uses this signal to determine the actual TIT
of the engine. The other element is also connected in
parallel. It provides the averaged signal representing
TIT that is shown on the flight station TIT indicator.

The reason that the01/T56family of engines uses
a system of multiple thermocouples connected in parallel
is to provide an accurate, overall temperature reading.
Because of the gas flow velocities involved and the short
distance between the fuel nozzles and the turbine inlet,
the combustion gases may mix incompletely. This
causes temperature variations at the turbine inlet.

The temperature averaging function of the thermo-
couple circuit has the purpose of sampling a number of
these hotter and cooler areas. It is then able to supply a
valid average temperature signal to the TD amplifier and
flight station TIT indicator.

Thermocouple Types

Two basic types of thermocouples are used in
501/T56 engines, one which is air-cooled, shown in
Figure 1, and one that has no special provision for
cooling, shown in Figure 2. The newer, air-cooled type
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is used in T-56-A-15,T56-A-16,501-D22A, and similar

series-1ll Allison power plants. The older type is used
with T56-A-9, T56-A-7, and 501-D22 engines. The two

configurations have some physical similarities but are
functionally distinct. They should never be intermixed

in any installation.

Air-cooled thermocouples were developed after
experience with the higher temperatures encountered in
the operation of the series Ill turboprops showed that
increased service life could be expected from thermo-
couples designed to take advantage of the flow of
cooling air available along the inside surface of the
turbine inlet case in these engines.

Thermocouple Problems

As in other sophisticated control systems, the
various parts of the engine temperature control system
are sometimes subject to mechanical or electrical prob-
lems. Fuel controls, TD valves, TD amplifiers, and
even wiring harnesses occasionally require trouble-
shooting and repair or replacement. Fortunately, these
components usually produce distinctive symptoms when
they fail, which simplifies the troubleshooting process.

Thermocouple trouble is different. Degradation of
the thermocouple system often starts out almost imper-
ceptibly and progresses in insidious steps that are easily
overlooked. By the time the problem is noticed, an
engine may already be damaged. Worse still, an engine
that has been exposed long enough to the severe over-
heating that can result from neglected thermocouples
may be subject to sudden failure.

The basic problem, as we have noted, is too much
heat. Where one or more of the thermocouples around
the turbine inlet are damaged or inoperative, the temper-
ature signals being received by the TD amplifier and the
TIT indicator will no longer represent the true TIT
values. The reason has to do with the design charac-
teristics of the TIT indicator and the TD ampilifier.

These devices respond to variations in the minute
voltages generated by the thermocouples as the TIT rises
and falls during changes in engine power. But the
voltages will reflect the actual temperatures involved
only as long as normal operating conditions prevail in
the TD control system. The electrical resistance loads in
the system circuitry are designed to yield accurate
results with 18 fully functional thermocouples. The loss
of any of the thermocouples will be accompanied by a
reduction in current flow that affects the voltage values
from which the temperature data are derived.

As a practical matter, this means that if the current
flow is reduced by the failure of one or more thermo-
couples in the circuit, the voltage “seen” by the TIT
indicator and the TD amplifier will also be reduced.

Since lower voltage will be interpreted by the engine
temperature control system as lower TIT, this sets the
stage for overtemperature problems.

Eroded or defective thermocouples that are still
producing current can also cause temperature control
errors, although for a different reason. In fact, the
temperature error in these cases can be even more
severe than when a thermocouple has dropped com-
pletely off line. In the following paragraphs we will see
in more detail the various ways in which thermocouple
damage can produce the incorrect TIT signals that cause
overtemperature problems.

Open Junctions

The most common types of thermocouple damage
that lead to overtemperature conditions 501/T56
engines are open junctions in air-cooled aod-air-
cooled thermocouples, seriously eroded probe tip aft
walls in air-cooled thermocouples, and missing probe
tips in non-air-cooled thermocouples. Let us first look at
what can happen when one or more thermocouples have
open circuits.

When a thermocouple develops an open circuit, it
generally occurs adjacent to the weld point of the two
platinel alloys in the sensing element (Figure 1). For the
purposes of the following discussion, we will assume
that this has occurred and that both circuits in a thermo-
couple have failed simultaneously.

A thermocouple that has open junctions completely
vanishes from the engine as far as the TD control system
is concerned. When such a failure occurs, the loss of
current flow from the missing thermocouple has the
immediate effect of decreasing the voltage sensed by
both the TIT indicator and the TD amplifier. This causes
the average temperature signal sent to the TD amplifier
and the TIT indicator to decrease.

The reduced temperature signal to the TD amplifier
no longer satisfies the reference signal, so more fuel is
allowed to go to the fuel nozzles. This increased flow
raises the turbine inlet temperature. The fuel flow will
continue to increase until the reference signal is matched
by the signal from the remaining thermocouples.

Once this has occurred, the TD system will regard
the situation as normal and the flight station TIT indica-
tor will display a normal temperature reading. Actually,
the apparent restoration of “normal” operation after the
loss of the thermocouple has been accomplished at the
cost of increasing the TIT.

Since the engine is now operating at a higher
temperature than normal, chances are increased that
additional thermocouples may fail, in a sort of domino
effect. The engine will then operate at ever-increasing
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Figure 3. The thermocouple probes sample the gas stream at
two levels and measure the composite result.

actual TIT while normal indications continue to be
displayed on the TIT indicator. The true TIT can
increase up t@.5°C for each thermocouple that fails
because of open junctions. Thus with five open thermo-
couples, a normal reading of 1077°C might be indicated
during takeoff roll, but the true TIT could be in the
neighborhood of 1095°C. Such exposure to excessive
operating temperatures is very hard on engines.

ProbeTip Aft Wall Erosion

A different thermocouple problem affects mainly
air-cooled thermocouples. This is erosion of the probe
tip wall, and it has more serious possible consequences
than an open-circuit condition. In this case, a hole is
eroded in the downstream side of the thermocouple
probe tip, but the two sensing elements remain intact.

This kind of damage (see photo 6, page 9) destroys
the ability of the thermocouple to measure the tempera-
ture of the gas stream accurately. The result is an
erroneous signal that will be averaged into the tempera-
ture readings being passed along to the TD amplifier and
the flight station TIT indicator.

The thermocouples used in 501/T56 engines are
temperature sensing, gas sampling devices. Their
bimetallic junctions are not exposed directly to the hot
gas, but are instead enclosed in a probe. This probe is
designed to obtain samples from two different immer-
sion levels in the gas stream, mix the samples, and then
direct the composite sample over the sensor junctions
within the probe. After the temperature of the composite
sample has been measured, the gas is exhausted from the
downstream side of the probe (Figure 3).

When the probe tipft wall is eroded away, thgas-

sampling function of the probe is upset. The combustion
gases are not properly mixed and are not directed over
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the sensor elements before they escape from the down-
stream side of the thermocouple. This yields a tempera-
ture signal that is lower than normal.

Eachthermocouple damaged in this way will cause
the signal to be approximatelf.5°Ctoo low. Since the
TIT signal will now be below the reference signal, the
TD amplifier will initiate an increase in the fuel flow to
raise the average TIT signal to satisfy the reference
signal.

When the system stabilizes, the real TIT will be
7.5'C above the indicated value. Again we have an
overtemperature condition, but in this case one of
greater magnitude. Multiple failures of this type will
compound the problem.

Missing Probe Tips

The last thermocouple problem we will consider in
this presentation concerns non-air-cooledthermocouples
with missing probe tips. This is potentially the most
serious condition of all from the standpoint of the
possible effects on the TD control system. In this case,
the probe tip is completely missing from the affected
thermocouple, but again, the two sensing elements
remain intact.

When a thermocouple probe tip is missing (see
photo 4, pag®-9), the ability of the probe to perform its
vital gas-sampling function is completely lost. The gas
sample cannot be obtained from deep within the gas flow
where the temperatures are highest. Instead, the sensing
elements are exposed to the relatively cool environment
at the periphery of the combustion gas path. This means
that the affected thermocouple will introduce an exces-
sively low gas temperature signal into the system, with
serious consequences for the operation of the engine.

In addition to whatever foreign object damage the
separated probe tip may inflict on its way through the
turbine, the presence in the system of a thermocouple
without a probe tip has a marked effect on the average
temperature signal being received by the TD amplifier
and TIT indicator Each missing probe tip will cause the
average temperature reading to be about 22°C too low.

Here again, since the TIT signal will then be below
the reference signal, the TD amplifier will call for
additional fuel to raise the average TIT signal to match
the value of the reference signal. The result is a severe
overtemperature condition, one much worse than any of
those previously described.

To gain an appreciation of just how serious the
impact of lost thermocouple probe tips can be, assume
that we are operating a T56-A-7 engine that is perform-
ing normally except that three of its thermocouples have
missing probe tips. Since eag@ontinued on page 10)
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THERMOCOUPLE INSPECTION Checklist

The purpose of thermocouple inspections is to find
deteriorating thermocouples before they have failed com-
pletely and caused reduced turbine life. Allison recom-
mends that all thermocouples be able to pass each of the
following inspection criteria. If a thermocouple fails any of
the inspections or test requirements, it must be scrapped.

1. Connector studs. Check the four connector studs for
security. Condemn the thermocouple if any stud will turn
when you apply a maximum of 25 inch-pounds (2.8 N.m.)
of torque to the connector nut when it is bottomed on the
stud flange.

2. Probe wear. Check for local probe body wear.

e Reject non-air-cooled thermocouples with local
wear exceeding 0.020 inch in diameter on the surface
of the main part of the probe body. The probe body in
this area is 0.350 to 0.353 inch in diameter.

o Reject air-cooled thermocouples with local wear on
the main part of the probe that exceeds 0.011 in
depth. This section of the probe is 0.409 to 0.415
inch in diameter.

3. Inlet holes. Check the gas inlet holes in the probes of
both air-cooled and non-air-cooled thermocouples for
enlargement or elongation. A good way to do this is to
grind a 0.125~inch drill rod flat on two sides, 1 80° apart.
Rotate the drill rod between your fingers while trying to fit

it in the gas inlet holes. Do not use excessive force. Reject
any thermocouples which allow the drill rod to enter.

4. Probe tipdamage. Reject thermocouples which exhibit
burned-off probe tips, or distortion or melting affecting
metal strength. The inlet holes must not show a metal
buildup. No probe foreign object damage is permitted.

5. Warped probes. Reject any air-cooled thermocouples
with a bent or bowed probe. This indicates that an over-
temperature condition has existed in this area. Replace the
associated fuel nozzle and make a special borescope
inspection for damage to the turbine first-stage vanes and
blades. Check thermocouples for warpage as follows:

e Insert non-air-cooled thermocouples in the Allison
PN 6799628 warpage measuring fixture. Hold the
flange tightly against the fixture and rotate one
complete turn. Reject the thermocouple if the probe
end contacts the fixture.

e For air-cooled thermocouples, or for both thermo-
couple types if the measuring fixture is not available,
reject any thermocouple that shows more than 1 /I 6-
inch of bending of the probe tip. Use a straightedge
such as a 6-inch steel scale for reference.

6. Probe tip aft wall erosion. Reject any air-cooled therm-
ocouple that has aft wall erosion or gas exit hole enlarge-
ment that affects gas flow through the probe.
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7. Blocked cooling passages. Check air-cooled thermo-
couples for obstruction of the cooling air inlet and dis-
charge holes, or for any restriction of flow through the
cooling air cavity. Inspect the interior area by using a piece
of white paper to reflect light into the cooling passage. Use
a scribe or similar tool to remove any foreign particles
found during inspection. If the blockage cannot be re-
moved, reject the thermocouple.

8. Electrical resistance. Check the resistance between
the terminal studs and probe body, and also between the
indicator and amplifier studs. If the resistance is less than
20,000 ohms, subject the thermocouple to a temperature
of 400°F (204'C) for 30 minutes to drive moisture out of
the thermocouple assembly. Allow the thermocouple to
cool to room temperature in a dry atmosphere and recheck
the resistance. If the resistance reading is still less than
20,000 ohms, reject the thermocouple.

Keep in mind that prolonged engine operation at less
than 700’CTIT prior to resistance checking may result in
carbon deposits forming within the thermocouple probe.
These deposits may cause an indication of low resistance
to ground, or low resistance circuit to circuit. Some
thermocouples rejected for low resistance may, therefore,
be salvageable.

To restore a thermocouple that is fouled by carbon
deposits, heat the thermocouple (probe only) in a Jet-Cal
tester to 1 400°F (760°C). If such a unit is not available,

B, Check for probe tip
=— afl wall efasion.

v

8

a carefully employed propane torch may be substituted.
Heat the lower 2/3 of the probe to a cherry red glow with
the torch and maintain heat for 3 minutes. Be sure to
protect theterminal end of the thermocouple from the heat
of the torch.

Allow the thermocouple to cool to room temperature
and recheck the resistance. Thermocouples that test good
after this treatment may be reused if all other test and
inspection requirements are met.

Before reinstalling any thermocouples, test each with
the Allison PN 6799327 or PN 23003276 Thermocouple
Resistance Tester, following the instructions included in
the authorized manuals. With 10 amperes of electrical
current supplied by the tester, thermocouples that show
either of the following symptoms must be rejected:

e The tester meter shows no indication, which
strongly suggests an open circuit in the thermocouple.

e The tester meter reads full scale. This indicates a
shorted thermocouple.

The bottom line is that a thermocouple should pass
each and every one of these requirements to be deemed
serviceable. Remember that the point of an inspection isto
ensure that the thermocouples that are put back into an
engine will be capable of performing properly until the next
inspection is due. m
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thermocouple with a missing tip introduces an error that
results in the average TIT signal being 22°C below the
true temperature, and there are three thermocouples
with missing tips, the indicated TIT for this engine is
going to be approximately 66°C below the real value.

This means that at an indicated takeoff TIT of
971 “C, the actual TIT would be 1037°C. Even at the
maximum continuous Permissible TIT of 932°C indicat-
ed, the true TIT would exceed that of takeoff TIT,
which is operationally limited to five minutes. Very
substantial engine damage could result in short order
from operation at such temperatures.

Thermocouple Maintenance

Even under the best of conditions, the effects of
heat, erosion, and sulfidation will eventually exact their
toll on all thermocouples. This is why thermocouples
should be inspected at regular intervals as specified in
the authorized maintenance manuals. Since properly
functioning thermocouples play such a vital role in the
engine control system, a well-designed and conscien-
tiously followed thermocouple maintenance program is
crucial to long engine life.

All thermocouples should be regularly removed,
inspected, and tested as described in T.O. IC-130B-6 or
SMP 515C, and the applicable Allison manual. The text
and photos on pages 8 and 9 highlight a number of the
steps in the inspection procedures. One of the most
important things to remember about thermocouple
inspections is to do them often enough. Finding more
than three defective thermocouples in one engine at
inspection time isa. good indication that the period
between inspections needs to be shortened.

Defective Fuel Nozzles

When thermocouples are removed for examination,
be sure to tag them as they are removed and keep a
record of the positions where they were located. The
condition of individual thermocouples often provides
valuable clues about underlying problems involving
other components. Thermocouples with badly burned
probe tips or unusual carbon deposits suggest malfunc-
tioning fuel nozzles or defective combustion liners, as
does repeated thermocouple failures at the same loca-
tion.

Inadequate maintenance of fuel nozzles can consid-
erably shorten engine life. Allison recommends that all
fuel nozzles be removed regularly, inspected, and
functionally tested as part of an ongoing fuel nozzle
maintenance program. An inspection interval of 1200
hours is suggested as a starting point for operators
initiating such a program.
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For operators not equipped to accomplish fuel
nozzle inspection at the operating facility, the most
practical approach will be to remove the nozzles and
replace them ever200 hours with a set known to be
serviceable. Also, don't overlook bad fuel as a possible
sourceofthermocoupleproblems. Fuel contaminated by
dirt or microorganisms can lead to thermocouple trouble
by clogging fuel nozzles and altering fuel spray patterns.

Preventing Overtemperature Damage

The proper operation of all 18 dual thermocouples
is crucial for long life and efficient performance of any
of the power plants in the 501/T56 family. A little extra
time and effort spent making sure that these thermo-
couples are functioning as they were designed to do is a
worthwhile investment.

Beyond careful adherence to the thermocouple
maintenance and inspection procedures set forth in the
authorized manuals, the best insurance agaivest
temperature damage brought on by malfunctioning
thermocouples is vigilance. It is hard to improve upon
the protection offered when flight crews and mainte-
nance crews remain on alert for signs and symptoms of
something amiss in the TD control system that just
might turn out to be thermocouple trouble.

Unusual relationships among torque, TIT, and fuel
flow indications are always signs of a problem. This is
where the operational hints given at the beginnintpisf
article can be helpful. Adjust engine operation accord-
ingly and then notify maintenance, the sooner the better.

Finally, an important thing to keep in mind is that
turbine engines never get better with age. They can only
deteriorate as the combined effects of heat, erosion,
sulfidation, corrosion, and wear gradually reduce their
efficiency. Anytime you see &0I/T56 engine that
seems to be getting better as the hours accumulate,
don’t you believe it! Investigate!

The author and Service News wish to express special
thanks to Leon D. Smith, manager of the Allison Gas

Turbine Division Southeastern Zone, and his staff for
their support and assistance in the preparation of this

article.
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25 Years With the Hercules . ..
. . . Good Show, RAF!
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