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FOREWORD

This report describes an in-house test conducted by personnel of the
Turbine Engine Division and Technica l Facilities Division , A i r Force Aero
Propulsion Laboratory, Wright-Patterson Air Force Base, Oh io,under
Project 3066, Task 16, Work Unit 02.

The work reported herein was performed during the period 2 August

~~~ ~~.2Q 5ep~,~~ber 1978 under the direction of the project engineer ,
Robert J. May, Jr. (AFAPL /TBA).

The author wishes to thank the technicians i nvolved for their hard
work in this program , especially Messrs Richard G. Homer, Paul R. Hage-
dorn , Jerrold F. Carnes , Leroy P. Sauer, Don ald J. Perdzoc k, and Robert
Graf. Special mention goes to Mr. Mark Reitz for his aid in data reduc-
tion and report preparation . The author also wishes to express his
thanks to the Detroit Diesel Allison Division of General Motors,
especially Mr. Darwin Hoose and Mr. Gary Williams for their patience and
assi stance.
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SECTION I

INTRODUCTION

This report describes an Accelerated Mission Test (AMT ) of a Detroit
Diesel Allison TF41 -A-l turbofan engine , S/N 142163. The primary objec-
tive of the test was to evaluate the structura l reliability under
realistic usage conditions of a series of structural improvements known
as “Block 76” hardware (Table 1). Two hundred sixty-three hours of AMT
testing were initially scheduled for this engine build. However, the
test was prematurely terminated after only 189 hours due to the failure
of a first stage high pressure turbine blade . The test was conducted
between 2 August 1978 and 20 September 1978 in the Air Force Aero Propul-
sion Laboratory ’s “D” -Bay sea level engine test facility .

This test was conducted as part of a fleet l eader program which also
included flight test of this engine configuration by both the Navy and

- - . Air Force. This was the second AMT test of this serial number engine.
The initial test ended after only 106 hours due to a failure in the second
stage high pressure turbine (ref 1). The engine was rebuilt using the
turbine section from TF41 S/N 141677 which had previously undergone AlIT
testing at the Propulsion Laboratory (ref 2). This engine did not have
cast first stage high pressure turbine blades and repThcement “Block 76”
cast blades were not available. Therefore, the forged blades from 141677
were used in this test.

1
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SECTION I I
TEST OBJECTIVES

OBJECTIVE 1: Establish durability and operability characteristics of a
TF4 1 with “Block 76 hardware modifications under realistic usage con-
dit ions.

In the past , severa l TF41 fixes and modifications we’~ introduced into
the fleet without proper testing and evaluation. These hastily adopted

fixes , in addition to not solving the problems they were intended to , have
resulted in unexpected interactions which have caused failures in other
components . By the time these problems surface , the entire fleet has
been retrofit and the purging process is time-consuming and causes
related non-technical problems . According to the 1975 TF41 Executive
Review Group Report (ref 3), “this issue can be resolved by designing
proper test programs to prove the improved parts are really improved .”

The report further states that the consequence of the proposed fixes
should be demonstrated in the context of the total engine and under
realistic usage conditions. This test objective is aimed at meeting this
ERG recommendation by running a production TF41 , modified with the pro-

posed “Block 76” hardware , through a test program which is representative
of the type of usage that the engine will see in the field . The “Block
76” hardware modifications and their purpose are described in Table 1.

OBJECTIVE 2: Demonstrate the durability of various overhaul repair
schemes under realistic usage conditions.

During overhaul of the TF41 ’s at both Air Force and Navy facilities ,

it is often necessary and desirable to “repair ” or “rework” some parts

rather than replace them with new ones. In keeping with the 1975 TF41
Executive Review Group ’s mandate that “there must be very careful testing
and verification of the adequacy of repair procedures, especially for the
critical hot section of the engine ,” some rework schemes were i ncorporated

in this engine to verify their reliability .
The specific rework schemes included in the build-up of this eng ine

are:
- 15 first stage low pressure compressor blades with weld repairs.
- 7 first stage low pressure compressor blades with hard coat

replacement.
- 5 combustion liners repa i red with “L605” rings.3
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- 10 primary combustor air scoops with weld repairs.
In addition , several “improved ” parts were tested incluct i~’i:

- H.P. fuel pump with Viton HMG di3phragm
- viscoelastic wrapped inlet extension

OBJECTIVE 3: Document overall engine performance deterioration.
The 1974 TF41 Executive Review Group (ref 4) listed engine thrust

deterioration as a problem area. However, the engines in the field have
been seeing less than 200 hours of use before overhaul due to assorted
durability problems . In this relatively short amount of time , the engines
have not deteriora ted to the point of causing a problem . However , many
of the CIP objectives, including the “Block 76” hardware modifications ,
are aimed at improving engine life to the point where the TF41 is a “firm
1000 hour MOT engine with a 500 hour hot section periodic inspection .”
Under these conditions , deterioration is expected to become a problem .
A recent TF41 Management Review Group established engine thrust deteriora-
tion as a prime area of concern .

Some deterioration data has been generated by past AEDC tests of TF41s.

However, the engines did not have the “Block 76” hardware modifications
which may impact the engine ’ s deterioration characteristics. More impor-
tantly, due to the nature of the test objectives , most of the AEDC engine ’s
test time was at steady state conditions. However, due to the many tran-
sients imposed on the engine in the A7 aircraft , the AEDC engine ’s
deterioration would not be totally representative of the deterioration
that an engine would exhibit after an equiva l ent number of hours in
operational usage. The deterioration data from this type of accelerated
mission test should be more representative of field usage and its effects
on engine deterioration.

OBJECTIVE 4: Investigate burner outlet temperature profile changes as
the engine deteriorates.

One of the major causes of first stage turbine nozzle failure in the
TF41 has been the high peak burner outlet tempera tures encountered tran-
siently and steady state. Several changes have been made in the combustor
and control to reduce these peak temperatures. However, the impact of
combustor deterioration and deterioration in the upstream compression
components on burner peak temperature is an area where little data has
been generated . In fact, the 1975 TF41 Executive Review Group recomended

4
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that AMT “testing should include periodic traverse measurements as a
function of cycle time to account for combustor performance degradation ”
(ref 3).

The best method for accomplishing this objective and the one recom-
mended by the 1975 ERG is to install high pressure turbine nozzle vane
leading edge instrumentation. However , discussion with NAPTC personnel
at Trenton , where this approach was used in a performance test, reveal ed
that the vane instrumentation is so delicate that it is Thappropriate
for AlIT type of testing. The instrumented vanes would have to be
removed while the cyclic testing was being conducted and then reinstalled
to take a temperature profile measurement at different time intervals
throughout the test; this would result in unacceptable time delays

Also ,the Navy ’s experience showed that continued removal and reinstalla-
tion of this instrumentation resulted in an unacceptably large number of
thermocouple failures.

An alternate approach would be to measure the turbine exhaust gas

tempera ture profile and at least qualitatively relate it to the turbine
inlet temperature profile. A 45 thermocouple rake was fabricated to fit
in the TF41 tailpipe which allowed mapping of the exhaust gas temperature
profile during the steady state power calibration portions of the test
and was easily removable for cyclic 

testing.5
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SECTION III
ENGINE DESCRIPTION

The TF41-A-l is a mixed flow turbofan engine manufactured by
Detroit Diesel Allison Division of General Motors and is currently used
to power the Air Force and Navy ’s A7 aircraft. The engine is a twin
spool design with a three-stage low pressure compressor driven by a two-
stage low pressure turbine. The core engine consists of a two-stage
intermediate pressure compressor also driven by the low pressure turbine
and an 11-stage high pressure compressor with variable inlet guide vanes
driven by a two-stage high pressure turbine . In the production version ,
first and second stage vanes and the first stage blades of the high pres-
sure turbine are aircooled . The main burner is an axial flow design
incorporating ten cannular combustion chambers . The core engine exhaust
gas and the bypass air are mixec’ downstream of the low pressure turbine
and exhausted out a fixed area convergent nozzle. The engine is shown
schematically in Figure 1.

The TF4I has a design (sea level static , standard day, intermediate
power) airflow of 261 lb/sec , a design bypass ratio of .7, a design fan
pressure of 2.45 and a design overall pressure ratio of approxima tely 22.
The maximum turbine inlet temperature is estimated at approximately 2625°R.
The engine is rated at 14,500 lb of thrust at sea l evel static standard
day conditions wi th a specific fuel consumption of .654.

6
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SECTION IV

FACILITY DESCRIPTION

This AMT test was conducted in the Air Force Aero Propulsion
Laboratory ’s “O” -Bay sea level engine test facility , located in Building
7lA at Wright-Patterson Air Force Base, Ohio. The cell is a conventional
“U” shaped configuration with a 50 foot by 50 foot cross section test
area .

“D” -Bay ’s thrust bed is rectangular in shape and utilizes a hinge
type fl exure at each corner. The maximum thfust load rating is 60,000
pounds and is measured via an Ormand , constant temperature load cell.
The load cell is capable of measuring both forward and reverse thrust.

Test cell air is drawn down vertically through the inlet and then
passes through a set of turning vanes and a large mesh bird screen.
Behind the engine , air is processed down an 11 ’ diameter test cell aug-
mentor and blast suppressor entering a large square plenum chamber .
Located directly above the plenum chamber is a large vertical chimney
which contains 42 tubular shaped mufflers for suppressing the noise level
of the exhaust flow. The test cell airfl ow design point is 2300 pounds
per second wi th less than five inches of water inlet pressure drop .
Higher airfl ows are possible , assuming greater inlet depression is
acceptable. Water cooling in the exhaust stack is available if required
and the augment tube will traverse , providing the capability for adjust-
ment of the augmentor to tailpipe distance .

Fuel is stored in the AFAPL centralized Fuel Farm. Nearly 800,000
gallons are stored in 32—25,000 gallon tanks . The test cell fuel system
can acconinodate a flow rate in excess of 100,000 pounds per hour. The
system is also designed to provide a 100,000 pounds per hour per second
transient flow rate capability . Fuel inlet pressure can be adjusted
over a range from 0 to 100 psig.

Starting air is suppl i ed by three Ingersol-Rand , Pac-Air 3000 compres-

sors. These will generate approximately 5.4 pounds per second total flow
rite at pressures up to 100 PSIG.

The entire “D”-Bay test facility and the test engine are controlled by

L

a Taylor 1010/72 process control computer. The 1010 is a direct digital

control (DDC), real time processor which interfaces with the engine and

8

~ 

. . -—- -  ~~
- - - . -~~~~~~~-- - ..~~~



!~
— 

~~~~~~~~~~ 
- -

~~~~~~~~~~~•~~
_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~~~~~~~~~~~~~

facility through a series of analog and digital inputs which provide the
computer wi th the information necessary to regulate , control , and optimize
all phases of the “D” -Bay operation. The system in “D” -Bay is redundant
wi th two i denti cally configured process control computers connected
together with a high speed memory link. A “bus switch” is used to allow
the input and output lines to be rapidly switched to the backup computer
in the event of a primary computer failure . In addition to the control
function , the Taylor 1010 and its peripheral equ i pment provide “Do —Bay ’s
prima ry means for acquiring and displaying data . A Modcomp 11-26 computer
was linked to the Taylor system and provides the means for data storage.
Approximately 76 variables (engine and facility ) as wel l as the output
from all facility devices (i.e., pumps , valves , etc.) were acquired and
stored at the rate of once per second .

Engine throttle control is provided by an AlEC throttle control unit.
Throttle actuation is accomplished electrically through a buffer/transmitter-
stepper drive motor, receiving commands from the electronic logic package
located in the control room. Pre-set or variabl e actuation rates may be
used or the throttle may be manually moved via a “joy stick° actuator.
Throttle movements can be made manually or the throttle system can be inter-
faced with the computer to automatically reproduce any input throttle profile.

A picture of the facility with the TF4l installed is shown in Figure 2.
A more detailed description of the facility and the computer can be found in
reference 1.
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SECTION V
TEST CYCLES

Figures 3, 4, and 5 graphically represent the throttl e transient
• profiles run during the test. Percent of design high pressure compressor

rotationa l speed is plotted versus time . These cycles were programmed
into the control computer , making use of the high pressure compressor
speed, power lever angle relationship for this eng i ne which was generated
during the power calibration portion of this test. This is required
because the automatic throttle controls power lever angle rather than
compressor speed.

The cycle depicted in Figure 3 is designated the Flight cycle (also
referred to as an “A” cycle) and is representative of the actual flight
usage that the TF41 ’s are seeing in the field. This cycle lasts 43
minutes and 29 seconds . It consists of a considerable number of eng i ne
accels and decels as well as a significant amount of time at maximum
power. Figure 4, graphically depicts a Start cycle (also referred to as
a “B” cycle) representative of flight line maintenance operation. Each
“B” cycle includes 10 minutes and 30 seconds of engine operation and
contains three engine starts and the remaining time at idle power.
Figure 5 is a so-called Ground cycle (also referred to as a “C” cycle)
which reproduces typical test cel l and trim pad operation. This cycle
lasts two hours , six minutes , and 15 seconds. It is composed of several
accels from idle to relatively high power settings , followed by steady
state operation at this condition , and then a decel to idle.

A complete TF41 AMT test consists of 15+ blocks of testing which is
approximately 263 hours of operation. Each block is made up of 20 “A”
cycles, four “B” cycles , an d one “C” cycle. A complete tabulation of
the steps in each cycle may be found at the back of the test plan ,
Appendix D.

This combination of cycles is representative of the type of usage
that a typical TF41 is subjected to in the field. A joint Allison and
Air Force project compiled and analyzed data from many sources in order
to derive these throttle profi l es. Navy “Inflight Engine Condition
Monitoring System” (IECMS ) Data was used to provide records of engine
histories during actual flight. An extensive program of pilot interviews

11
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~1
was used to determine mission mix , estimates of throttle movement
frequency , time at maximum power, effects of flight position (i.e., lead
or wingman), mission profile definition (altitude , Mach number , time ,
weight, configuration), and the effects of pilot experience l evel . Also
a flight test program was run at AFFTC , Edwards AFB CA, using specially
instrumented engines to define typical ranges of engine parameters during
operationa l flight. Finally, engine data recorded during flight as part
of the “Engine/Airframe Structura l Integrity Program ” (ENSIP/ASIP) was
assessed .

All this data was analyzed and used to define the three real time
cycles and the proper mix that would directly relate to real engine
usage. The non—damaging portions of the cycles (i.e., low power opera-
tion and small throttle changes) were eliminated in order to compress

the cycles. Thus , one AMT test hour is approximately equivalent to 1.9
flight hours.

15
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SECTION V I

INSTRUMENTATION

All instrumentation located in the test facility , either engine or
facility related , passes its signal through a signal conditioning room
before being routed to the control computers. This provides a common
interface l ocation for all patching , calibrating , and adjusting activi-
ties. The signal conditioning room is provided with its own interactive
terminal link to the digita l control system.

On the engine test deck a signal distribution bus , or engine boom ,
is cantilevered from the cell wall to provide a hook-up point for all
engine data signals. A completely enclosed transducer cabinet also
provides for local conversion of pressure signals to 0-5V output. This
engine boom is permanently wired into the signal conditioning room and
provided with various connectors for pressure , hydraulic , electrical , or
thermocouple signals.

The followi ng is a brief description of the current data channel
capability :

Temperature Channels. Ninety-six (96), tempera ture (thermocouple)
channels are provided . These channels are complete with all necessary
signal conditioning and distributed into 40 Type K, 40 Type J , and 16
Type I couples. An ice point reference junction is provided for each
channel in the signal conditioning room. Thermocouple jack panels on
the engine boom are provided to facilitate installation .

Pressure Channel s. The engine boom contains 68 pressure taps of
two different types. Sixty of the taps are fitted with Tomco quick dis-
connect fittings and are limited to 500 psig (by the disconnect) and the
other eight are fitted with ordinary pipe fittings for high pressure

hydraulic lines. A heated , enclosed cabinet is positioned on the engine

deck for the mounting of transducers, thus limiting the distance the
actual pressure signal must traverse. Each channel of pressure must be
equipped with a signal conditioner/transducer to provide a O-5V output

linear over the range of pressure to be measured . Cables to support these

signals are provided from the engine deck to the signa l conditioning room.
A signal patch panel then provides a permanent path to the digital control

system in the control room.
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Undesignated Channels. There are 32, O-5V input channels which
are currently undesignated . These are provided with a Mil -Std , five pin
connector at the engine boom . These connec tors are then provided with a
signal cabling to the signal conditioning room and can be connected to
the digital control system through a patch panel .

These channels are used to support signals from speeds , vibratic
flow-rates , positions , etc . The software which stipulates the parameters
of the measured variable allows a change to be made in the designation via
a keyboard entry from the contro l system , CRT terminal.

Engine Instrumentation. The following is a list of the primary
engine related instrumentation which was available and operative during
this test of TF41 S/N 142163 . All the instrumentation was displayed as a
digita l output on a cathode ray tube (CR1 ) display which was updated con-
tinuously once per second . Hard copy data was recorded , as required ,
automatically using a line printer at the rate of once per minute . In
addition , all engine parameters were stored on disk (at a once per second
rate) using the Modcomp II computer. Finally, 16 channels of oscillo-
graph recorder were available to continously record some of the more
important engine parameters.

1. Engine inlet total temperature (°F) - the average of three
iron-constantan thermocouples l ocated in the air inlet bellmouth. The
accuracy of this reading is ±1°F.

2. Engine inlet total pressure (PSIA) - the average of three
total pressure probes located in the air inlet bellmouth. The accuracy
of this reading is ±.Ol PSIA.

3. Inlet static pressure (PSIA) - the average of three
static pressure taps located in the air inlet beilmouth. The accuracy
of this reading is ±.Ol PSIA.

4. Low pressure compressor rotor speed (% Design RPM) - from
an engine furnished tachometer on the L.P. gearbox. The accuracy of this
reading is ±.2%. In addition to the CR1 display, it is also continuously
recorded on an Offner oscillograph recorder.

5. H ig h pressure compressor ro tor speed (% Des ign RPM) - from
a test equipment tachometer mounted on the H.P. gearbox . The accuracy of
this reading is ±.l%. In addition to the CRT display, it is continuously

recorded on an Offner oscillograph recorder.

17
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6. Turbine outlet temperature (°F) - from nine engine fur-
nished chromel -alumel thermocouples connected in parallel and electroni—
cally averaged . The accuracy of this reading is ±4°F. In addition to
the CRT display , it  is also recorded continuously on an Offner oscillo-
graph recorder.

7. Fuel flow (LBM/HR) - from a test cell furnished flow meter
located in the fuel supply line to the engine . The range of this meter
is 0-11 ,000 LBM/HR. The accuracy of this reading is ±.5%. In addition to
the the CR1 display , it is continuously recorded on an Offner oscillograph
recorder in the control room.

8. Fuel inlet temperature (°F) - from a closed-tip type
i ron-constantan thermocouple located in the test stand fuel line near the
flow meter. The accuracy of this measurement is ±1°F.

9. High pressure compressor discharge static pressure (PSIG)
from a static pressure tap located on the number nine strut in the diffuser.
The measurement is from an engine furnished fitting on the fuel control
sense line. The accuracy of this measurement is ±.05 PSI.

10. High pressure compressor discharge temperature (°F) - from
two engine furnished chromel-alumel thermocouples located in numbers three
and nine fuel nozzles and averaged . The accuracy of this reading is ±1°F.

11. Fuel manifold pressure (PSIG) - from a pressure tap on the
fuel manifold on the left side of the engine . The accuracy of this
measurement is ±1%. In addition to the CRT display , it was also continuously
recorded on an Offner oscillograph recorder.

12. Low pressure turbine discharge total pressure (PSIG) - from
nine engine furnished total pressure probes spaced circumferentia lly in
the turbine exhaust. The measurement is picked up from the P5.1 pressure
manifold tap. The accuracy of this measurement is ±.l PSI. In addition
to the CR1 display it was also continuously recorded on an Offner oscillo-
graph recorder.

13. Engine main oil pressure (PSIG) - from a high pressure fit-
ting on the oil filter. The accuracy of this measurement is ±.5 PSI. In
addition to the CR1 display , it was also continuousl y recorded on an Offner
osci 1 lograph recorder.

18
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14. Low pressure cooling air discharge temperature (°F) -

taken at the jack on the L.P. cooling air duct fitting using an iron-
constantan thermocouple. The accuracy of this measurement is ±1°F.

15. Engine vibrations (mils) - measured using type “106”
vibration pickups. In addition to the CRT display , it was also conti n-
uously recorded on an Offner oscillograph recorder.

- Front compressor (vertical) - mounted on the front
flange on top of the engine .

- Rear compressor (vertical) - mounted on the fuel
manifold boss on top of the engine .

- Turbine (near vertical) - mounted on the low pressure
turbine oil tube boss on the bottom of the engine .

16. IGV position (degrees) - an angle probe mounted on the
engine airflow regulator and measures regulator travel in terms of HP
inlet guide vane angle.

17. Power lever position (degrees) - measures the tota l cam-
box lever travel . The accuracy of this measurement is ±1°. In addition
tu the CRT , this parameter is a digital displa y on the auto-throttle
control panel and continuously recorded on an Offner oscillo graph recorder.

18. Engine oil inlet temperature (°F) - from a closed tip
iron-constantan thermocouple located in the tube to the L.P. turbine bear-
ing. The accuracy of this reading is ±1°F. In addition to the CRT display ,
it is also continuously recorded on an Offner oscillogra ph recorder.

19. Engine thrust (LBF) - from load cell defl ection. The range
of the load cell is -60 to +60 KLBS . The accuracy of this reading is
±100 LBS .

20. Fuel inlet pressure (PSIG) - from a measurement taken near
the L.P. fuel pump inlet. The accuracy of this measurement is ±1 PSIG.
In addition to the CR1 display , it is also continuously recorded on an
Offner oscillograph recorder .

21. Oil tank temperature (°F) - from a closed tip iron—
constantan thermocouple mounted in place of the oil tank drain plug which
senses engine oil outlet tempera ture as measured at the oil tank. The
accuracy of the measurement is ±1°F. In addition to the CR1 display , it
is also continuously recorded on an Offner oscillograph recorder.

19
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22. Junction box temperature (°F) - from an iron-constantan
thermocouple installed on the small mounting lug for the ballast
resistor in the 15.1 thermocouple junction box . The accuracy of this
measurement is ~1°F.

23. Pilot fuel manifold pressure (PSIG) - from a pressure
tap on the pilot manifold near the main manifold pressure tap. The
accuracy of this reading is ±25 PSIG. In addition to the CR1 displa y , it
is also continuously recorded on an Offner oscillograph recorder.

• 24. Temperature limi ter amplifier current (Milliamps) -

measures current to the main fuel control limiting solenoid. Taken from
pins 12 and 13 of amplifier test connector on the temperature limiter

amplifier. The accuracy of this measurement is ±.5 milliamps. In
addition to the CRT disp lay , it was also continuously recorded on an
Offner oscillograph recorder.

25. Ambient pressure (in HG) - from a barometer located on
the outside wall of the test cell.

26. Wet bulb temperature (°F) - measurement made periodically
in the test cell using a sling psychrometer.

27. Dry bulb temperature (°F) - measurement made periodicall y
in the test cell using a sling psychrometer.

28. Eleventh stage bleed total pressure (PSIA) - from a pres-

sure probe located in the 11th stage compressor customer bleed port.
The accuracy of this reading is ±.l PSIA.

29. Eleventh stage bleed static pressure (PSIA) - from a

static tap on the probe l ocated in the 11th stage compressor bleed port.

The accuracy of this reading is ±.l PSIA.
30. Fan discharge total pressure (PSIG) - from a dua l pres-

sure probe located in the forward borescope port. The accuracy of this

reading is ±.I PSIG.
31. Intermediate pressure compressor discharge total pressure

(PSIG) - the other half of the dual pressure probe located in the forward

• borescope port. The accuracy of this reading is ±1 PSIG.
32. Fan discharge total temperature (°F) - from a dual probe

located in the forward borescope port using a chromel-alume l thermocouple.
The accuracy of this reading is ±4°F.

20
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33. Intermediate pressure compressor discharge total

temperature (°F) - the other half of the dual probe located in the

forward borescope port also using a chrome l-alume l thermocouple. The

accuracy of this reading is ±4°F.
34. Exhaust gas temperature rake (°F) - a 45 thermocouple

rake located directly behind the last stage of turbine. The chromel-

alume l thermocouples are mounted on an adapter that fits between the

engine case and the tailpipe (see Figure 45). The accuracy of these

readings is ±4°F. Each thermocouple is read individually.
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SECTI ON V I I
DISC USSION OF THE TEST

SUMMARY
An accelerated mission test of a TF41 (S/N 142163) with “Block 76”

hardware was conducted at the Air Force Aero Propulsion Laboratory ’s
sea l evel engine test facility , “D”-Bay . A complete accelerated mission
test normally consists of 263 endurance hours, made up of 305 “A” cycles,
60 “8” cycles, and 15 “C” cycles. Only 189 endurance hours (214 total

— operating hours) were completed before a first stage high pressure tur-
bine blade failure ended the test. Two hundred twenty-three “A” cycles ,
27 “B” cycles , and 11 “C” cycles were completed .

ENG INE HISTORY
The original build of 142163 underwent an accelerated mission test

in D-Bay and suffered a second stage high pressure turbine blade failure
and heavy secondary turbine damage after 106 AMT hours (ref 1). The
engine was rebuilt for this test using the forward section from engine
142163 and the burner and turbine sections from 141677. No refurbishment
was done on any of the compression system components. During the initial
checkout and trim at Allison , several seal related problems were dis-
covered and the engine was disassembled several times . In addition ,
nearly 27 engine operating hours were accumulated . During initial check-
out runs after initial installation in “D” —Bay, a facility—caused low
pressure turbine cooling air discharge problem was discovered . Nearly
13 more engine operating hours were accumulated while trying to isolate
and solve this problem . In other words, more than 40 hours of operation
were put on this engine build before actual AMT testing began.

E N G I N E  RELATED I N C I D E N T S
In genera l , up to the turbine failure , the TF41 engine tested in this

program operated extremely well , with a minimum number of mechanical
problems . The more important engine related incidents that occurred

• during the test are summari zed below :
- Oscillation in NH (±2%) - occurred during initial running of

the engine. Stable operation returned after bleeding the fuel system.

- Failed Ignition Exciter Box - During an engine start for the
initial performance calibrations , the engine did not light-off immediately.

- - - 
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However, once a light-off was achieved , the raw fuel which had been
dumped in the tailpipe was also ignited and flame was observed out the
nozzle. The engine was shutdown and inspected . No damage was observed .
The problem was traced to a faulty ignition exciter box which was only
firing the l eft side ignitor plug. This box was replaced with one from
the Propulsion Laboratory ’s prototype YTF41 (S/N 141003).

- Failed Ignition Exciter Box - after approximately 19 AMT hours
at the start of the 27th “A” cycle , the engine failed to light—off. The
problem was traced to the ignition exciter box which was not firing either
ignitor plug. The exciter box was replaced with a new one.

- Fuel Leak - after approximately 65 AMT hours visual inspection
of the engine revealed external fuel leaks around the #8 and #9 fuel
nozzles. These nozzles were removed . One pinched and one split “0”
ring were discovered and were replaced .

- High Turbine Vibration - after approximately 108 AMT hours
during a slow accel from idle to intermediate subsequent to a T5.l pull -
down check , a high turbine vibration alarm was encountered (>5.0 mils).
The engine was immediately returned to idle power where another high
turbine vibration alarm was triggered so it was shut down . A very
thorough inspection did not reveal any apparent damage so the engine
was motored on the starter. Coastdowns , etc., all appeared normal and
the engine was started and run at idle power. Performance and vibration
parameters all appeared normal so AMT testing was continued .

- Turbine Blade Failure - after approximately 189 AMT hours ,
during a snap accel from idle to intermediate power at 23 minutes and
47 seconds into the 223rd “A” cycle , turbine vibration levels showed a
marked increase from 1.3 mils to 4.0 mils. This is still below tech
order and computer alarm limits to 5.0 mils. Neither the compressor
vibrations nor the mid-frame vibrations showed any significant change.
This “A” cycle was completed without further incident , although turbine
vibrations behaved erratically. Early in the next “A” cycle turbine
vibrations reached nearly 6.5 mils during the first engine acceleration
from idle to 90% speed and the control computer returned the engine to
idle and eventually shut it down . Visual inspection revealed light
damage to the second stage low pressure turbine vanes and one tailpipe
bolt was sheared off. The engine was prepared for borescoping and this
inspection revealed a failed high pressure turbine blade. The engine
was removed from the cell and returned to Allison.

TEST PROCED URE S
Throughout this entire test program , the engine was operated in

accordance with the procedures and limits contained in Air Force Tech
Order , 1.0. 2J-TF41-6 (ref 5) and Allison Publication Nr 1F2, TF41—A-1
Engine Operation and Service (ref 6). Prior to each day ’s running , a

pre—test checklist , including a visual inspection of the engine and test
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cell were completed . Oil level was checked several times during the day
and rotor coastdowns were recorded upon the last shutdown of each test

• period.
A functional check of the engine ’s limi ters, governors , and schedules

was performed before the endurance portion of the test and a similar check
was planned after every 100 AMT hours of testing. A pre-test steady-state
power calibration , between 50% power and maximum power was also carried
out. Actually, two steady state power calibrations were performed back to
back. Due to an installation problem , the left side forward borescope
port was not accessibl e so the fan/IP discharge pressure and temperature
instrumentation could not be run simultaneousl y. An additional series of
steady-state points were run to define the high pressure compressor rotor

speed/power level angle relationshi p needed to input the test cycles into
the automatic throttle controller. Additional calibrations were scheduled
in 100 AMT hour intervals and after completion of the test.

Engine maintenance and inspections were planned at 50 hour intervals
according to Allison publication lF2 (ref 6). Borescoping of the engine
was to be performed after every 100 AMT hours. Oil samples were taken
after approximately 25 hours of engine operating time .

During the test operation , all facility and engine instrumentation was
monitored by the test operator and the test cell observer using CRT displays .
Hard copy data was recorded using the line printer during the six minute
constant power l evel operation at intermediate power (referred to as the
“Intermediate Power Flat”) which occurs near the end of every “A” cycle
and was processed by a data reduction computer program (using methods
outlined in Appendix A) after each day ’s run. Seventy-six engine and
facility parameters were recorded and stored on a computer disk at a one
per second rate throughout the duration of the test. In addition , 16
channels of oscillograph recorder were available to continuously record
some of the more important engine parameters (See Section VI).

Normally, the endurance portion of an AMT test is run in a series of

blocks , each block consisting of 20 “A” cycles , followed by 4 “8” cycles ,

followed by 1 “C” cycl e. H owever , due to the difficulty in changing cycles
in the control computer, this sequencing was not followed.

24 

•~~~~~. - -  ~~~~~~~~~~~~~~~~~~~~~ . •



5-T__ — -- . 
- - 5 - -..

INLET TEMPERATURE/TURBINE STATOR INLET TEMPERATURE (T4) TIME SUMMARY

Previous TF41 AMT tests were run with controlled eng i ne inlet tempera-
ture. Forty-one percent of the test was run at 70°F ± 5°F, 38% was run at
90°F ± 5°F, 9% was run at 110°F ± 5°F, and the remaining 12% (the “C”
cycles) were run at various inlet temperatures. It was not possible to
match this distribution since “D” -Bay does not have any means for con-
trolling the inlet air temperatures. The ambient temperature distribution
that was run during this test is presented in Figure 6.

One of the important parameters in an AMT test is the turbine stator
inlet temperature (T4) time history . Enough data is recorded during the
six minute intermediate power “flat” near the end of each “A” cycle to
allow calculation of a turbine stator inlet temperature (see Appendix A).
Figure 6 is a histogram plot of this 14 data for the AMT test of TF41 S/N
142163. This distribution compares favorably with those from other TF41
AM T tests.

It should be noted that this data only represents the T4 distribution
at one steady-state condition. It does not reflect any transient conditions
or part power.

FUNCTIONA l. CHECK DATA
Functional checks of the engine ’s limiters , governors , and schedu l es

were performed before the test and after 100 AMT hours . The following
checks were made according to T.0. 2J-TF41-6 (ref 5) procedures: IGV ram
closing schedule , NL governo r, P3 l imiter , T5.l pulldown , NH governor , and
acceleration control unit (ACU) and deceleration control unit (DCU). The
results of these checks are contained in Tables 2 through 5 and Figures 7
and 8. Note that severa l of the parameters were slightly out of limi ts
but adjustments were not made due to a lack of the proper adjustment tools.
Discussions with Allison engineers confirmed that th”se apparent out—of—
limit conditions , even if real , were not important to the overall objectives
of this test nor did they present an engine safety hazard.

OIL SAMPLING /CONS UMPTION
The AMT test of this TF41 was used to evaluate the foaming tendencies

of two lubricants . MIL-L-23699 oil was used for the first 125 AMT hours and
MIL—L-7808 oil was used for the remaining hours. Because of this oil
evaluation , oil samples were taken more frequently than the norma l 25 hour

25 
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CALCULATED TURBINE INLET TEMPERATURE DISTRIBUTION
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TABLE 2
NL GOVERNOR CHECK

1.0 0 121
Limit Hours Hours

NL (RPM) 7947-8002 7965 7930*

*Low but no adjustment made

TABLE 3
NH GOVERNOR CHECK

T.0. 0 121
Limit Hours Hours

NH (RPM) 1 3000-13070 1 3017 12991*

*Low but no adjustment made

TABLE 4
P3 LIMITER CHECK

T.O. 0 121
Limit Hours Hours

P3 (PSIG) 145—155 152.4 151

TABLE 5
T5.l PULLDOWN CHECK

1.0 0 121
L imit Hours Hours

T5.l (°F) 884.5-888.5 888 887.9
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intervals. The samples were sent to the Air Force Aero PropuLion
Laboratory ’s Fuels and Lubrications Division for analysis. The tests
performed included foaming, spectrometric oil analysis (SOAP), complete
oil breakdown rate analyzer (COBRA) measurements , ferrography , gas chroma-
tography , viscosity and total acid number (TAN) determinations. Results
of these analyses are contained in Appendix B.

All oil added during the test was recorded . Figures 9 and 10 are
plots of oil consumption between fill s and overall oil consumption , as a
function of total engine operating time . Oil consumption was not a prob-
lem during this test. The average overall oil consumption remained
fairly constant at about .15 quarts/hour , which is well below the T.O.
l imit of .5 quarts/hour.

PHASE INSPECTIONS/BORESCOPE
Engine inspections were performed at 50, 100 and 150 AMT hours

according to the instructions in section 7 of Allison publication No. 1F2 ,
TF4-1A-l Engine Operation and Service (ref 6). No discrepancies were
identified during these inspections.

At approximately 100 AMT hours , the engine was borescoped . It was
prepared for borescoping by AFAPL personnel . All fuel nozzles , HPT-2
borescope port plug and intermediate case plugs were removed . The bore-
scope inspection was performed by the Allison field service group. No
apparent problems were found and the results are summarized in Appendix B.

After the high turbine vibration caused emergency shutdown during the
224th “A” cycle , the turbine section was borescoped by Laboratory person-
nel . A broken first stage high pressure turbine blade was discovered .

START S AND SHUTDO WNS
With the exception of the two ignition box failures , the eng i ne in this

program did not exhibit any starting difficulties . Three hundred sixty-
eight successful engine starts were accomplished . The average peak turb ine
outlet temperature during these starts was 740°F. The maximum observed peak
outlet temperature during a start was 1036°F.

• HP and LP rotor coastdowns were recorded after the final shutdown of
each test period . The coastdown times did not exhibit any significant
change throughout the duration of th2 test and remai ned well above the 1.0.
minimums of 60 sec for the LP and 20 sec for the HP.
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Initial coastodowns - LP - 148 sec
HP - 93 sec

Final coastdowns - LP - 141 sec
HP- 88 sec

VIBRATIONS
Turbine , compressor , and mid-frame vibrations were recorded during

the power calibrations at 0 and 100 AMT hours and are plotted as a func-

tion of high pressure compressor RPM in Figure 11 . Through the test, the

vibrations rema i ned well below the 1.0. limit of 5.0 mi ls , until the

turbine failure . In addition , they did not show ahy significant change

with engine operating time.
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SECTION VII I
ENGiNE PERFORMANCE

“A” CYCLE PERFORMANCE DATA

A steady-state data point was recorded at intermediate power during

the six minute “flat” near the end of each “A” cycle. The raw data was
processed through a data reduction computer program based on the equations
in Appendix A. Plots of corrected high pressure rotor speed (NHC1),
corrected low pressure rotor speed (NLC1), corrected fuel flow (WFC59),
corrected turbine discharge pre ssure (P51C), corrected airflow (W2C1),
turbine inlet temperature corrected to 77°F (T4C77), and trimmed turbine
exhaust gas temperature corrected to 77°F (T51TC7) and corrected to 59°F
(T51TC5) versus thrust corrected to 59°F (FGC59) or 77°F (FGC77) are pre-
sented in Figures 12 through 19.

Even though all the data points plotted are at intermediate power,
there is a variation in corrected thrust due to the varying engine inlet

temperature and enoine deterioration. The relatively larqe amount of scatter
in the data is the result of several factors. The control computer , which
acquires the instrumentation signal , processes it , displays it on the CR1,

and records it on the line printer , introduces a certain amount of random
scatter due to the limited word storage size which limits the number of
significant figures available. This problem appears to be most pronounced
wi th thermocouple readings where a ±6°F “bounce ” is introduced and the
measured thrust which can only be read to ±100 lb. An obvious solution
to this probl em would be to take many readings over a given time span and

average them. However, this is not feasible since data can only be recorded
at a once per minute rate and the engine takes nearly five of the six avail-

able minutes to stabilize. Even with the scatter, the trends shown by these

pl ots are typical of a TF41 , and confirm that the engine was operating
properly throughout the test until failure .

MAXIMUM POWER PERFORMANCE DETERIORATION

• One of the prima ry objectives of this test was to quantify engine per-
formance deterioration under realistic usage conditions . In past tests,

one approach has been to track maximum power thrust (recorded during the

six minute “flat” of each A cycle) as a func tion of engine opera ti ng time.
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CORRECTED HIGH PRESSURE ROTOR SPEED VS CORRECTE D THRUST
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Figure 12

Corrected Hi gh Pressure Rotor Speed versus Corrected Thrust
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CORRECTED LOW PRESSURE ROT OR SPEED VS CORRECTED THRUST
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FIgure 13

Corrected Low Pressure Rotor Speed versus Corrected Thrust
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CORRECTED FUEL FLOW VS CORRECTEO THRUST
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Figure 14 - Correc ted Fuel flow versus Corrected Thrust
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CORRECTED TURBINE DISCHARGE PRESSURE VS CORRECTED THRUST
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FIgure 15 - Corrected Turbine Discharge Pressure versus Corrected Thrust
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CORRECTED INLET A I R F L O W  VS CORRECTED THRUST
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Figure 16

Correc ted In let A i r fl ow versus Correc ted Thrus t
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CORRECTED TURBINE INLET TEMPERAT URE V S CORRECTED THRUS T
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Figure 17

Corrected Turbine Stator Inlet Temperature versus Corrected Thrust
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CORRECTED EXHAUST GAS TEMPERATURE VS CORRECTED THRUST
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Figure 18

Corrected Exhaust Gas Temperature versus Corrected Thrust
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CORRECTED EXHAUST GAS TEMPERATURE VS CORRECTED THRUST

a
a
C
a
C.,,,
4-

a
a

c
U)
-4-
-V

a
a

C
a
-4,

acbc,
LLJ •

I~~~. 
0

T

~ 1250.00 1300.00 1350.00 1400.00 1450.00 1500.00 1550.00
FGC59—LOS *10’

Figure 19

Corrected Exhaust Gas Temperature versus Corrected Thrust
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One of the problems wi th this approach is that thrust is a function of
ambient temperature and in Propulsion Laboratory facilities , there is
no control over inlet air temperature . Therefore , a search of the data
must be made to determine an ambient condition with a reasonable spread
in engine hours and enough data points to ~ able to draw meaningful
conclusions .

Figure 20 presents some corrected engine performance parameters at
maximum power as a function of total engine operating time at an inlet
temperature of 80°F. At this condition , the engine should be operating
at the exhaust gas temperature limit and this is shown by the plot of
T51T/e77. The data also shows that at this condition , low pressure com-
pressor and high pressure compressor speeds both showed abou t a 1%
reduction over the first 50 hours of operation and then very little
change thereafter. The thrust data shows a considerable amount of scat-
ter. However , a trend appears to exist showing about a 1.5% reduction
in thrust over the first 50 hours and little change during the rest of
the test. Fuel flow and turbine inlet temperature both show initial
reductions but then reverse and increase for the remainder of the test.
By the end of the test, calculated turbine inlet temperature was running
nearly 25°F higher than at the beginning of the test for the same l evel
of exhaust gas temperature . These deterioration effects seem to be
somewhat less than has been observed in previous tests. This can probably
be attributed to the fact that the eng ine had accumulated nearly 40 hours
of operation before the test due to build -up and facility problems . Also
the compressor section of the engine had not been refurbished after the
previous AMT tests. Usually, most of the deterioration takes place during
early operation and this data is not included in these plots.

Another method for tracking engine performance deterioration was
devised which made use of the entire mass of the “A” cycle data despite
the differences in engine inlet temperature . Assuming that the data pre-
sented in Figures 12 through 19 are linear functions of corrected thrust
and further assuming that the derivative of this relationship does not
change with engine deterioration (i.e., the slope of the curve), then all
the recorded data points can be extrapolated to the same condition allowing

• a consistent comparison as a function of total enqine operating time . Com-
parisons were made extrapolating the data to a constant corrected trimmed
exhaust gas temperature and also for a constant corrected low pressure rotor
speed .
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Figure 20

Deterioration Characteristics at Constant Ambient Temperature
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Figure 21 presents plots of some importan~t engine performance parameters
as a function of operating time based on extrapolating the “A” cycle data to
1511/077 of 1067°F. This would be representative of operation at intermedi-
ate power on an exhaust gas temperature limit. Initia lly, in  order to check
the assumptions of this analysis (at least for T51T) the data in Figure 18
was statistically analyzed in blocks of 50 hour increments . Th’ . simple
check confirmed that linearity is a good assumption and that there was
negligible change i n  slope with increased engine operating time . The plots
shown in Figure 21 indicate nearly the same deterioration trends as seen
previously in Figure 20. Both high pressure and low pressure compressor
corrected speeds show initial reduction of about 1% after the first 50 hours
and remain fairly constant thereafter. The corrected thrust data has a
considerable amount of scatter although a trend of about a 1.5% reduction
for the first 50 hours and no change thereafter is evident. Both corrected
fuel flow and corrected turbine inlet temperature show initial decreases
but reverse trend after about 100 hours and increase through the end of the
test. The break in the data between 90 and 125 hours is caused by running
“B” and “C” cycles as well as functional checks and power calibrations which
do not contribute any data to this analysis. Al so, the first 11 hours of
operation were taken up with engine- checks and calibrations.

Figure 22 presents plots based on extrapolatin g the “A” cycle data to a
corrected low pressure rotor speed of 8600 RPM . This would be representa-
tive of maximum power performance during operation on the mass flow limi-ter.
The trends indicate that there would be very little effect on thrust and
high pressure rotor speed . Exhaust gas temperature shows a slight increase
over the first 50 hours and little change thereafter. Fuel flow shows a
very slight increasing trend and turbine inlet temperature shows a very
definite increase by the end of the test.

Table 6 summarizes the deterioration effects that could be expected by
the end of this test for operation on both the exhaust gas temperature limit
and the mass flow limit. Again , these effects are somewhat less than expected —

due to the considerable amount of engine run time accumulated prior to the

• start of the actual AMT test.

PERFORMANCE CALIBRATIONS
Steady state power calibrations were performed before the AMT test and

after 100 AMT hours (121 total test hours). The eng ine was allowed to
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Deterioration Characteristics at Constant Corrected Exhaust Gas
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Deterioration Characteristics at Constant Corrected Low Pressure
Rotor Speed
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TABLE 6
ESTIMATED DETERIORATION EFFECTS AFTER

214 OPERATING HOURS

PARAMETER 1511/077 = 1067°F NL//~~
’ = 8600RPM

FG/6 -1.5% 0

NL//T’ - .5% N/A
NH/rE - . 5% 0

T51T/e77 N/A +.7%
- 

. WF// ~~~ 
I 

+ .5~
r4/o77 +1 .2” +1 .2%
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CORRECTED L. P. ROTOR SPEED VS CORRECTED THRUST
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Figure 27 - Corrected L.P. Rotor Speed versus Corrected Thrust
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Figure 28 - Corrected Exhaust Gas Pressure versus Corrected Thrust
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CORRECTED H. P. ROTOR SPEED VS CORRECTED THRUST
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Figure 29 - Correc ted H .P. Rotor Speed versus Correc ted Thrus t
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CORRECTED I NLET A i R F L O W  VS CORRECTED THRUST
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Figure 30 - Correc ted In l et A i rflow versus Correc ted Thrus t
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CORRECTED TURBINE INLET TEMPERATURE VS CORRECTED THRUST
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FIgure 31 - Corrected Turbine Stator Inlet Temperature versus Corrected Thrust
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CORRE CTED TURBINE INLET TE M PERATURE V S CORRECTED THRUST
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Figure 32 - Corrected Turbine Stator Inlet Temperature versus Corrected Thrust
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CORRECTED EXHAUST GAS TEMPERATURE VS CORRECTED THRUST
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FIgure 33 - Corrected Exhaust Gas Temperature versus Corrected Thrust
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CORRECTED EXHAUST GAS TEMPERATURE VS CORRECTED THRUST
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Figure 34 - Corrected Exhaust Gas Temperature versus Corrected Thrust
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CORRECTED FUEL FLOW VS CORRECTED THRUST
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Figure 35 - Corrected Fuel Flow versus Corrected Thrust
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CORRECTED SFC VS CORRECTED THRUST
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Figure 36 - Corrected SFC versus Corrected Thrus t
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BYPASS RATIO VS CORRECTED THRUST
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FI gure 37
Bypass Ra tio versus Correc ted Thrus t
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I.P. CORRECTED FLOW VS CORRECTED THRUST
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Fiqure 30 - I.P. Corrected Flow versus Corrected Thrust
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HF. CORRECTED FLOW VS CORRECTED THRUST
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Figure 40 - Fan Operating Line
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Figure 42 - H.P. Compressor Opera ting L ine
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stabilize for at least five minutes before data was recorded at four or
five power settings between 8500 pounds thrust and inte rmediate power.
Two complete data points were recorded after the eng i ne had stabilized
and were averaged . The data was then corrected according to the procedures
outlined in Appendix A.

Fan and intermediate pressure compressor discharge temperature and
pressure probes were used during the steady-state power calibration por-
tion of the test. Norma l test procedures call for this instrumentation to
be inserted in the forward borescope ports on either side of the engine .
However , the design of the thrust frame adapter did not allow access to
this left hand port. Thus , two separate calibrations had to be run , one
with pressure and one with tempera ture instrumentation. The data was then
plotted as a function of corrected low pressure compressor rotor speed in
order to establish a consistent set of pressures and temperatures .

Figures 23 through 26 compare the AFAPL pre-test performance calibra-
tions with Allison ’s “as shipped” performance data . The overal l engine
performance data (Figures 23 and 24) show excellent agreement with the
Allison data . However , the AFAPL compression system component data
(Figures 25 and 26) shows a consistent l~ difference with the “as shipped”
data . This is probabl y due to the inability to run both compressor pres-
sure and temperature instrumentation simu l taneously. This does not present
a major problem though , since the changes in these parameters are more
important than their absolute values .

Figure 27 through 42 present plots of the corrected performance data
for the two steady-state power calibrations. The most significant changes
appear to be a 1.5% increase in specific fuel consumption , a 20°F increase
in turbine inlet temperature at constant thrust , and a 1° upward shift in
high pressure compressor operating line .

The addition of the inter—compressor instrumentation allow s calculation
of the individua l compressor component efficiencies . This data is presented
in Figure 43. The fan efficiency shows a slight increase after 121 operat-
ing hours , probably due to the small change in operating line rI~own in
Figure 40. The overal l low pressure compressor efficiency shows a negligible
change. The high pressure compressor efficiency did show some loss , approxi-
mately 1% at high corrected speeds. This shift is most likely due to the
change in high compressor operating line , shown in Figure 42. These rela-

tively small changes in compression system performance could probably be

IL 
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expected since most deterioration effects take place early when
clearances , etc , are tight and the compressors were not refurbished
after the initial NIT (144 operating hours).

Historically, most engine performance deterioration is caused by
turbine efficiency losses , especially in the high pressure turbine.
Inter-turbine instrumentation is not availabl e to allow definition of
turbine efficiencies . However , baseu on the assumptions and calcula-
tions detailed in Appendix A , estimates of high pressure and low pres-
ure turbine efficiency can be made and are shown as a function of
turbine pressure ratio in Figure 44. First of all , these calculated
efficiencies show very good agreement wi th the turbine efficiencies
predicted by the steady-state average production TF4l performance simu-
lation (ref 7) with the excepti on of the l ower values of low pressure
turbine pressure ratio. Comparing the data between the 0 and 121 hour
power calibration shows that there was less than 1/2% loss in low pres-
sure turbine efficiency but nearly a 1—1/2% - 2~ loss in high pressure
turbine efficiency .

This steady—state performance data provides the necessary information
to understand what is happending to the engine as it deteriorates . The
effects of deterioration on the cycle match can best be understood by
initially comparing the operating characteristics of a deteriorated and
undeteriorated engine at a constant turbine inlet temperature and assuming
operating with a choked nozzle and no control system constraints. The
degradation in turbine performance causes a reduction in available work at
a constant turbine pressure ratio. The deteriorated turbine can no longer
extract the necessary energy to drive the compressors to the same speeds
as an undeteriorated engine. Consequently, both the low pressure and
high pressure rotors must unwind to l ower speeds. There will be a greater
impact on the high pressure rotor due to the larger reduction in high
pressure turbine performance.

In addition to the speed reduction , a different operating line is

followed by the high pressure compressor as speed is reduced . Assume that
both the deteriorated and the undeteriorated engines could be run at power
settings that would result in equal high pressure compressor corrected inlet
airflow . At this condition , the deteriorated engine would be running at a
higher turbine inlet temperature due to the reduced turbine performance
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capability . In order to choke the high pressure turbine nozzle with the
higher turbine inlet temperature but the same flow, requires the deter-
iorated engine to have a higher pressure. This is the same as back
pressuring the high pressure compressor away from its normal operating
line to a higher pressure ratio as was seen in Figure 42. Thus ,
deterioration causes a reduction in high pressure compressor surge margin.

The fan operating line showed a very slight shift upward (Figure 40)
which is the result of the slightly increased exhaust gas temperature due
to deterioration as shown in Figure 34. The mixed exhaust nozzle total
temperature is probably slightly higher than the undeteriorated case.
Coupled with the same total corrected fan flow (Figure 30) and the fixed
exhaust nozzle area , result Tn back—pressuring the fan away from its norma l
operating line to a higher pressure.

The intermediate pressure compressor operating line did not show any
significant effects of deterioration . With this component it is more difficult
to rationalize what is happening. Due to the shape of the speed lines ,
the raised operating line of the high pressure compressor in the deteriorated
engine causes a reduction in the required high compressor inlet corrected
flow. Apparently, the reduction in intermediate pressure compressor
corrected speed caused by the raised fan operati ng line (higher discharge
temperature for the same speed) was sufficient to reduce the intermediate
pressure compressor exit corrected flow to that required by the high pres-
sure compressor without shifting operating line.

Once again , it should be emphasized that these deterioration effects
are somewhat less than expected due to the extensive pre-test engine
opera tion.

E XHAUST GAS TEMPERAT URE SURVEY
An exhaust gas temperature survey was also run in conjunction with

the steady-state performance calibrations at 0 and 100 AMT hours . A 45
r”or’nocouple rake was positioned in the turbine exhaust (Figure 45). A
s~e ~ -state data point was recorded . The rake was then rotated one
!ai~ p i ;~p bolt hole to give a different angular positioning of the probes.

w~~% repeated a total of fourtimes giving a total of 180 temperature
iç~~ to map the exhaust gas temperature profile. The results of this

- .
~~ .‘ 0 ~~~ 100 AMT hours are plotted as i sotherms in Figures 46 and 47.
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Temperature Probes Installed in Tailp ipe
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(See reference 8 for details). Table 7 also presents some pertinent
data from this analysis.

Some i nteresting observations can be made from these plots . First
of all , there does not appear to be any significant shift in profile as
a function of engine operating time . Neither the magnit ude of the maxi-
mum temperature fon ts location changed significantly as the engine
deteriorated . This would imply that deterioration in the burner and
upstream components is not affecting the burner exit temperature profile.
However, assuming a uniform constant temperature drop across the turbine ,
there will be almost a 200°F spread in burner exit temperature . In
other words, for a calculated burner exit temperature of 2165°F , tempera-
tures in excess of 2265°F will exist at some locations behind the burner .

Another interesting comparison is between the average exhaust gas
temperature from the rake data with the untnin~’ned exhaust gas temperature
from the engine mounted probes . The average of the engine thermocouples ,
which is input to the fuel control , tends to overpredict the exhaust gas
temperature as estimated from the average of all the rake readings. This
difference was nearly 10-15°F and only showed a small change between the
pre-test survey and the one after 121 operating hours .
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TABLE 7
EXHAUST GAS TEMPERATURE SURVEY RESULTS

PARAMETER 0 HOURS 121 HOURS

15.1 Max 1 267.3°F 1261.9°F

T5.1 Mm 1079.8°F 1071.7°F

T5.1 Avg Rake 1168.3°F 1166.6°F

T5.l Eng Harness 1174.2°F 1182.7°F
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SECTION IX
RESULTS OF TEARDOWN INSPECTION AND FAILURE ANALYSIS

After approximately 189 AMT hours , during a snap accel from idle
to intermediate , turbine vibrations displayed a marked increase in level
and erratic behavior. This “A” cycle was completed without further inci-
dent. However, on the initial accel of the fol l owi ng “A” cycle , turbine
vibrations peaked at well over 5.0 mi ls. The engine was imediately
returned to idle power and then shutdown . The engine was prepared for
borescoping which revealed a broken first stage high pressure turbine
blade. The engine was removed from the cell and returned to Allison for
a failure investigation.

At Allison , the engine was torn down to its major modules. The
details of the teardown inspection are contained in Appendix C. ~4 brief
sumary of the major findings follows :

- L.P. Turbine (Figure 48)

• Some blades and vanes have light FOD damage .
- H.P. Turbine

• First stage vanes showed some cracks and distress (Figures
49 and 50).

• First stage blades — one broken and five with l eading edge
cracks (Figures 51 thru 53).

• Second stage vanes showed light to heavy FOD and some vanes
have large pieces missing from the trailing edge (Figure 54).

• Second stage blades showed light to heavy FOD (Figure 55).
- Burner

• Eight primary air scoops showed crack indications .

• All liners and nozzle assemblies showed cracks and fretting .

FAIL URE ANALYSIS
The prima ry cause of engine failure was the broken forged first stage

high pressure turbine blade. The blade failure occurred in fatigue which

initiated at the l eading edge .95 inches from the platform. The origin

of failure was in an area of deterioration which extended .65 inches from

the fracture along the l eading edge toward the platform .
Fluorescent penetrant inspection of the failed blade showed no

additional indication of cracks or surface irregularities.
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Fi gure 48
Low—Pressure Turbine Rotor Assembly
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Figure 51
Fi rst—Stage High— Pressure Turbine Rotor
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Figure 52
Failed First—Stage High Pressure Turbine Blade
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Examination of the fracture surface using the Scanning Electron
Microscope showed that striations indicative of fatigue were present
and progressed toward the trailing edge.

Metallographic examination showed a line type fracture path typical
of fatigue progressing from the deteriorated leading edge which contained
oxide and alloy depletion. A transverse section of the blade .1 inch
below the fracture showed the maximum wall thickness to be .05 inch which
meets eng ineering drawing requirements . Part of the leading edge was
missing adjacent to an area of oxidation type attack. Coating was present
at the trailing edge with a structureless zone adjacent to the coating
which is presumed to be alloy depletion . Area s of heavy oxidation at the
leading edge surface and interna l cooling passages were observed . Coating
thickness was .0005 and .001 inch along the pressure and suction surfaces
respectively. Base metal structure at the leading and trailing edges
appeared normal with no evidence of overtemperature.

Hardness determinations were made for the leading and trailing edges,
mid-airfoil , and base to determine if a lack of internal cooling resulted
in an overtemperature condition. The values obtained showed a slight
hardness reduction at the leading and trailing edge which is considered
normal and not indicative of overtemperature .

Chemical analysis showed conformance to the appropriate specified
limits.

The blades in the first stage high pressure turbine were not new for
this test. They had been originally run through an AMT test on TF41 S/N
141677 (ref 2). These blades had accumulated nearly 350 hours of AMT
testing and a total of 429 total operating hours before the failure .

All the other teardown findings were considered to be normal wear
for 189 NIT hours, or secondary damage caused by the first stage blade
failure. Therefore, they were not metallurgically analyzed in great
detail.
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SECTION X
SUMMARY AND CONCLUSIONS

An accelerated mission test of a TF41-A-l engine S/N 142163 was run
at the Air Force Aero Propulsion Laboratory ’s “D” -Bay sea level engine
test facility . The objectives of the test were to continue to test the
durability of a set of hardware modifications known as “Block 76” hard-
ware, to verify the reliability of several rework and part repair schemes,
to track and document overall engine performance deterioration and investi-
gate burner outlet temperature profile changes . The test was initially
scheduled for 263 hours but was prematurely terminated after 189 AMT hours
(214 total engine operating hours) due to the failure of a first stage
high pressure turbine blade.

The engine was returned to Allison for a teardown inspection. The
forged first stage high pressure turbine blade failed in fatigue origi-
nating at the l eading edge of the blade in an area of deterioration .
Alloy depletion and oxidation was pronounced in a leading edge deteriorated
zone. Five other first stage blades also showed leading edge deterioration
and cracks. These were not new blades but had been run through a previous
AMT test and failed with nearly 350 AMT hours of operation . This is the
first time this failure mode has been observed in a TF41 first stage high
pressure turbine blade and the actual cause is unknown .

In general , the “Block 76” hardware performed very wel l and was not a
factor in the engine ’s failure . Many of the first stage vanes showed some
cracks and distress but this was considered normal wear for the equivalent
amount of running time . These vanes also had been run on 141677 and thus
had accumulated 350 AMT hours of operation .

None of the reworked and repaired parts showed indications of unusual
di stress. The other items noted in the teardown inspection report were
either considered normal wear and tear or are secondary damage caused by
the first stage high pressure turbine blade failure and are not areas of
major concern .

Deterioration effects were less pronounced than expected , probably due
to the significant amount of run time accumulated on this engine before the
actual AMT test (nearly 40 hours). Analysis of the i ntermediate power data
recorded during each “A” cycle shows that , at a constant corrected exhaust
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gas temperature, about 1.5% in net thrust was lost with most of it

occurring during the first 50 hours of operation. The data also pre-
dicted that little deterioration in performance could be expected if this
engine was operated at a constant corrected low pressure rotor speed I;

(i.e.,coldday operation).
The steady-state part power calibration data indicated a 1.5%

increase in fuel consumption and a 20° increase in turbine inlet tempera-
ture at constant thrust after 100 AMT hours. Fan operating line shifted
up slightly and high pressure compressor operating line moved up about 1%.
These shifts in performance were probably the result of a deterioration
in high pressure turbine performance. Calculations indicate a 1.5% - 2%
loss in turbine efficiency after 100 AMT hours of operation.

Exhaust gas temperature surveys were performed at 0 and 100 AMI hours.
Analysis of this data indicates that there was no significant shift in
profile with increasing operating time. Neither the magnitude of tne hot
spot nor its location changed . This would imply that there is no signifi-
cant shift in burner exit temperature profile as the engine deteriorated.

The origina l plan for testing the “Block 76” hardware included 526
hours of AMT testing in two builds separated by a teardown and overhaul .
This was the second failure that occurred on this engine during AMT testing,
neither of which was related to the “Block 76” parts. Only 295 AMT hours
have been accumulated, so the engine will once again be rebuilt and
returned to “D”-Bay for conti nued AMI testing of the “Block 76” hardware.
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APPENDIX A: PERFORMANCE CALCULATIONS

APPENDIX A SYMBOLS

SYMBOL NAME SOURCE UNITS
A4 Turbine inlet nozzle area Constant IN2

ABLEED Bleed port area Constant IN2

ASCRN Inlet FOD screen area Constant -

CPFG Specific heat correction/thrust Calculated -

CPN Specific heat correction/speed Calculated -

CPP21 Specific heat correction/P21 Calculated -

CPP23 Specific heat correction/P23 Calculated -

CPP3 Specific heat correction/P3 Calculated -

CPP5 Specific heat correction/P5 Calculated -

CPT21 Specific heat correction/T21 Calculated -

CPT23 Specific heat correction/T23 Calculated -

CPT3 Specific heat correction/T3 Calculated -

CPT5 Specific heat correction/T5 Calculated -

CPWA Specific heat correction/airflow Calculated -

CPWF Specific heat correction/fuel flow Calculation -

CVPFG Humidity correction/thrust Calculated -

CVPN Humidity correction/speed Calculated -

CVPP21 Humidity correction/P2l Calculated -

CVPP23 Humidity correction/P23 Calculated -

CVPP3 Humidity correction/P3 Calculated -

CVPP5 Humidity correction/P5 Calculated -

CVPT21 Humidity correction/T2l Calculated -

CVPT23 Humidity correction/123 Calculated -

CVPT3 Humidity correction/T3 Calculated -

CVPT5 Humidity correction/T5 Calculated
CVPWA Humidity correction/airflow Calculated -

CVPWF Humidity correction/fuel flow Calculated -

EPR Engine pressure ratio Calculated -

FGM Measured thrust Measured LBF
FG Thrust Calculated LBF
FSCRN Inlet FOD screen force Calcul ated LBF
Hi Engine inlet enthalpy Table Look Up BTU/LBM
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APPENDIX A
SYMBOLS (Cont’d)

SYMBOL NAME SOURCE UNITS
H21H Fan hub exit enthalpy Table Look Up BTU/LBM
H21HI Fan hub ideal exit enthalpy Table Look Up BTU/LBM
H21T Fan tip exit enthalpy Table Look Up BTU/LBM
H21TI Fan tip ideal exit enthalpy Table Look Up BTU/LBM
H22 I.P. compressor exit enthalpy Table Look Up BTU/LBM
14221 I.P. compressor ideal exit enthalpy Table Look Up BTU/LBM
1123 H.P. compressor inlet enthalpy Table Look Up BTU/LBM
H3 H.P. compressor discharge enthalpy Table Look Up BTU/LBM
H3I Ideal H.P. compressor discharge

enthalpy Calculated BTU/LBM
144 H.P. turbine inlet enthalpy Calculated BTU/LBM
1441 H.P. turbine rotor inlet enthalpy Calculated BTU/LBM
H42 H.P. turbine exit enthalpy Calculated BTU/LBM
14421 L.P. turbi ne ideal inlet enthalpy Calculated BTU/LBM
H43 L.P. turbine inlet entha l py Calculated BTU/LBM
H5 Untrimmed exhaust gas enthalpy Table Look Up BTU/LBM
H5I Ideal turbine exit entha l py Calculated BTU/LBM
HF4 Entha lpy of the fuel Table Lc ~

‘ Jp BTIJ/LBM
LHV Fuel lower heating value Constant BTU/LBM
NH HP rotor speed Calculated RPM
NHM Measured HP rotor speed Measured RPM
NI LP rotor speed Calculated RPM
NLM Measured rotor speed Measured RPM
OPR Overall compressor pressure ratio Calculated -

PAMB Ambient pressure Measured IN HG
P1 Engine inlet total pressure Measured PSIA
P2114 Fan hub exit pressure Calculated PSIA
P211 Fan tip exit pressure Calculated PSIA
P21M Measured fan exit pressure Measured PSIG
P22 I.P. compressor exit pressure Calculated PSIA
P23 H.P. compressor inlet pressure Calculated PSIA
P23M Measured H.P. compressor inlet

pressure Measured PSIG
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APPENDIX A
SYMBOLS (Con t’d )

SYMBOL NAME SOURCE UNITS
P3 Compressor discharge total pressure Calculated PSIA
P4 Turbine inlet total pressure Calculated PSIA
P43 L.P. turbine inlet pressure Calculated PSIA
P5M Measured exhaust gas total pressure Measured PSIG
P5 Exhaust gas total pressure Calculated PSIA
PRFH Fan hub pressure ratio Calculated -

PRFT Fan tip pressure ratio Calculated -

PRHP H.P. compressor pressure ratio Calculated -

PRHPT H.P. turbine pressure ratio Calculated -

PRIP I Sp . compressor pressure ratio Calculated -

PRLP L.P. .compressor pressure ratio Calculated -

PRLPT L.P. turbine pressure ratio Calculated -

PRT Overall turbine pressure ratio Calculated -

PS1 Bell mouth stati c pressure Measured PSIA
PS3 Compressor discharge static

pressure Measured PSIG
RES 15 Ballast resistance Constant OHMS
RH 15 thermocouple harness resistance Constant OHMS
SFC Specific fuel consumption Calculated LBM/HR/LBF
SGF Fuel specific gravity Constant -

SGFM Calibrated specific gravity Of
flow meter Constant -

SGFT Fuel specific gravity at fuel tank Measured -

Ti Engine inlet total temperature Measured °F
T21H Fan hub exit temperature Calculated °F
1211 Fan tip exit temperature Calculated °F
T21M Measured fan exit temperature Measured °F
122 I.P. compressor exit temperature Calculated °E
123 H.P. compressor inlet temperature Calculated
T23M Measured H.P. compressor inlet

temperature Measured °F
T3M Measured compressor discharge total

temperature Measured °F
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APPENDIX A
SYMBOLS (Cont’d)

SYMBOL NAME SOURCE UNITS
13 Compressor discharge total temp Calculated °F
14 Turbine inlet total temperature Calculated
T43 L.P turbine inlet temperature Calculated °F
T5M Measured trimmed exhaust gas temp Measured
15 Trimmed exhaust gas total temp Calculated °F
T5UT Untrimmed exhaust gas total temp Calculated °F
TFUEL Fuel temp at engine Measured °F
IFUELT Fuel temp at tank Measured °F
TPR Overall turbine pressure ratio Calculated -

TJB Junction box temperature Measured °F
TJBS Standard junction box temp Constant
Vp Vapor pressure Tabl e Look Up IN HG
WA Engine inlet airflow Calculated LBM/SEC
WA22 Engine core airfl ow Calculated LBM/SEC
WA4 Turbine inlet airfl ow Calculated LBM/SEC
WAI Total corrected engine inlet

airflow Calculated LBM/SEC
WBLEED 11th stage bleed flow Calculated LBM/SEC
WFCS Fuel flow corrected for specific

gravity Calculated IBM/SEC
WFM Measured fuel flow Measured LBM/HR
WF Fuel flow Calculated LBM/HR
WG4 Turbine inlet gas flow Calculated LBM/SEC

Bellniouth pressure differential Calculated IN H20
Burner pressure drop Constant -

Inlet pressure correction Calculated -

o Inlet temperature correction Calculated -

0* Inlet temperature correction/T5 Calculated -

Burner efficiency Constant -

Overall compressor efficiency Calculated -

~FH 
Fan hub efficiency Calculated -

~FT Fan tip efficiency Calculated -
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APPENDIX A
SYMBOLS (Con t’d)

SYMBOL NAME SOURCE UNITS

~HP 
H.P. compressor efficiency Calculated -

H.P. turbine efficiency Calculated -

~IP I.P. compressor efficiency Calculated -

~Lp 
L.P. compressor efficiency Calculated -

~LpT 
L.P. turbine efficiency Calculated -

Overall turbine efficiency Calculated -

- - -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



—~---—--~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _  ,.— 

~-~~~—.- - -

~~~

-

~~~~~~~

-—
~~

—-—--

~

- 

~1

CORRE CTION OF MEASURED PARAMETERS
Most of the engine parameters measured during the test must be

corrected for several different effects. These effects inc l ude the
standard inlet temperature and pressure corrections as well as empiri-
cally derived corrections for humidity , specific heat , instrumentation ,
and installation effects. The expressions for these correction factors
were obtained from Technical Order 2J-TF41-3. The procedure for cor-
recting the data is outlined below . Note that corrections can be made
for a standard temperature of 59°F or 77°F.

Inlet Condition Correcti ons
TSTD = 518.7 or 536.7°R

= Tl/TSTD
= P1/14.696

Humidity Corrections

HUM = 4353 2(Vp j
PAMB_V~

CVPFG = 1.0 + .0000143 x HUM
CVPN = 1.0 - .0000343 x HUM
CVPWA = 1.0 + .0000457 x HUM
CVPWF = 1.0 - .0000814 x HUM
CVPP21 = 1.0
CVPP23 = 1.0
CVPP3 = 1.0
CVPP5 = 1.0 + .0000079 x HUM
CVPT21 = 1.0 + .0000107 x HUM
CVPT23 = 1.0 + .0000143 x HUM
CVPT3 = 1.0 + .00003 x HUM
CVPT5 = 1.0 - .0000264 x HUM

Correc tions

CPFG = 1.0 - .0001214 (Tl-TSTD)
CPN = 1.0
CPWA = 1.0
CPWF = 1 .0 - .0003846 (Tl-TSTD)
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CPP21 = 1.0 - .0000806 (T1-TSTD)
CPP23 = 1.0 - .0000806 (Tl-TSTD)
CPP3 = 1.0 - .0000645 (Tl-TSTD)
CPP5 = 1.0 - .000071 (Tl-TSTD)
CPT21 = 1.0 - .O0OOU~ (Tl-TSTD)
CPT23 = 1.0 - .0000097 (T1-TSTD)
CPT3 = 1.0 + .0001355 (Tl-TSTD)
CPT5 = 1.0 - .000071 (Tl-TSTD)

CORRECTED PARAMETER CALCULATIONS
Thrust
During the test, the engine is mounted on a thrust stand . The

measured scale force is displayed on the CRT and recorded on the line
printer. However, in the “D” -Bay installation , the inlet FOD screen
is mounted on the thrust balance. Therefore, the displayed thrust
includes the screen drag which must be accounted for. This loss can be
estima ted by assuming ambient pressure on the upstream side of the screen
and engine inlet total pressure on the downstream side with no change in
velocity across the screen. The screen force can be calculated as:

FSCRN = ASCRN x (PAMB-Pl ) (1)

Thrust must also be corrected for humidity , CP , and inlet pressure effects
according to the following equation :

FG — (FGM + FSCRN) x CVPFG x CPFG
— 

(2)

Fuel Flow
A flow meter is installed in the fuel line ahead of the engine and its

output is displayed on the CRT and recorded on the line printer. However,
the flow meter is calibrated for only one fuel specific gravity (.762 in
this case). The actual specific gravity is a function of both fuel tempera-
ture and the particular batch of fuel being used . The displayed fuel flow
must be corrected for specific gravity effects using the followi ng equations:

SGF = SGFT - .0004 x (TFUEL - TFUELT) (3)

WFCS = WFM x (~ f._)
SGFM (4)
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This fuel flow is then corrected for humidity, CP , inlet temperature and
and pressure , and l ower heating value effects according to the following
equation:

LHV
WF — WFCS x CVPWF x CPWF x 18400

(5)

HIGH PRESSURE ROTOR SPEED
The high pressure rotor tach reading must be corrected for humidity

and inlet temperature effects.

NH — NHM x CVPN
(6)

LOW PRESSURE ROTOR SPEED
The low pressure rotor tach reading must be corrected for humidity

and inlet temperature effects.

NL - NLM x CVPN
(7)

HIGH PRESSURE COMPRESSOR DISCHARGE PRESSURE
The measured variable at this station is a static pressure which must

be converted to a total pressure . It must also be corrected for specific
heat, inlet pressure , and instrumentation.

= [(.~
-
~~ 

x CPP3) + 4.56] x 1.0512 (8)

EXHAUST GAS PRESSURE
The measured exhaust gas pressure must be corrected for humidity , CP ,

and inlet pressure effects.

P5 — P5M x CVPP 5 x CPP5
6 (9)

HIGH PRESSURE COMPRESSOR DISCHARGE TEMPERATURE
The measured high pressure compressor discharge temperature must be

corrected for humidity , CP, inlet temperature, and instrumentation effects.

T3 
= [(

T3M + 459.7 x CVPT3 x CPT3) + 1.2] x 1.003 - ~~~~~~~~~~~~ (10)
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EXHAUST GAS TEMPERAT URE
The measured exhaust gas temperature must be corre..~.ed for humidity

and CP effects. In addition , it must be adjusted to a standard junction
box temperature and corrected for the ballast and harness resistance.
A non-standard inlet temperature correction (~~.8788)  is also used because
TF41 past history has shown it correlates the data better.

= ( [T5m x (1.0 + 
~~~~~)] 

- ~~ x TJB)

+ ([ 459.7 x (1.0 - 0*)] + [
~ 

x o~ x TJBS] )

([1.0 + 

~ 
x o~) (11)

where:

0 .8 788
* = CVPT5 x CPT5 (12)

AIRFLOW
The calculated airfl ow is already corrected for inlet pressure and

temperature effects but must still be corrected for humidity .

= WAI x CVPWA (13)

FAN TIP DISCHARGE PRESSURE
The measured fan tip discharge pressure must be corrected for specific

heat , inlet pressure, and instrumentation .

P21T 
= [(

P21M x CPP21 ) + 1.19] x .9911 (14)

FAN HUB D ISCHARGE PRESSURE
This measured variable is fan tip discharge pressure and this must be

converted to the hub discharge pressure. It must also be corrected for
specific heat and inlet pressure.

~ II!. [(~.?]fl x Cpp2l ) + 4.14] x .95 (15)
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INTERMEDIATE PRESSURE COMPRESSOR DISCHARGE PRESSUR~E
The measured intermediate pressure compressor discharge pressure

must be corrected for specific heat, inlet pressure, and instrumenation.

P22 
= [(

P23M x CPP23) + 1.41] x .9776 (16)

HIGH PRESSURE COMPRESSOR INLET PRESSURE

The measured variable is intermediate pressure compressor discharge

pressure and this must be converted to the high pressure compressor inlet

pressure. It must also be corrected for specific heat and inlet pressure.

P23 
= [(

P23M x CPP23) + 3.38 x .9413 (17)

FAN TIP DISCHARGE TEMPERATURE
The measured fan tip discharge temperature must be corrected for

humidity , specific heat, inlet temperature , and instrumentation.

T21T 
= [(

T21M + ~~~~ x CPT21 x CVPT21 ) + 68.ll x .9028(18)

FAN HUB DISCHARGE TEMPERATURE
The measured variable is fan tip discharge temperature which must be

converted to fan hub discharge temperature. It must also be corrected for

humidity , specific heat, and inlet temperature .

= [(
T21M 

~~~ x CPT21 x CVPT21) + 200.8] x .76

(19)

INTERMEDIAT E PRESSURE COMPRESSOR DISCHARGE TEMPERATURE
The measured intermediate pressure compressor discharge temperature

must be corrected for humidity , specific heat , inlet temjerature and

instrumentation.

T22 
= [(

T23M + ~~~~ x CPT23 x CVPT23) - 58.7] x 1.0895 (20)
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HIGH PRESSURE COMPRESSOR INLET TEMPERATURE
The measured variable is intermediate pressure compressor discharge

temperature and must be converted to high pressure compressor inlet temp-
erature. It must also be corrected for humidity , specific heat , and nlet
temperature .

T23 
= [(

T23M + ~~~~ x CPT23 x CVPT23) - 60.9] x 1.0926 (21)

CALCULATION S OF PERFORMANCE VARIABLES
The following section presents the methods used to calculate some

engine performance parameters from the temperatures , pressures , forces, and

flows measured during the test. The engine parameters that can be calcu-
lated include: total engine airflow , engine core airflow , turbine inlet

temperature, bypass ratio , overall compressor efficiency , overall turbine

efficiency , overall compressor pressure ratio , overall turbine pressure

ratio , engine pressure ratio , and specific fuel consumption .

Total Engine Airflow
The inlet bellmouth has static and total pressure probes which have

readings displayed on the CRT and recorded on the line printer. The

parameter, ~P/6 is calculated from the difference in these pressure read-

ings and used to enter the curve in Figure 58 to yield engine total

corrected airfl ow. (This curve is from the bellmouth manufacturer and is
only good for belimouth number 6872762 and screen number 7872166 or 67983644).
This airflow must then be corrected for humidity and Cp effects as outlined

earlier. The calculation of ~P/6 is:

- P1 - PS1
6 P1

14.696 (22)

Turbine Inlet Temperature and Engine Core Airflow
The calculation of turbine inlet temperature and engine core airflow

is an iterative calculati on using fuel flow, compressr~r discharge pressure

and temperature (appropriately corrected), turbine inlet nozzle flow area,

and some assumed burner performance parameters. For the calcula tions
summarized in this appendix , burner pressure drop was assumed to be .055 and
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burner efficiency was assumed at .999. The calculation procedure is as
follows :

= 

~~~
‘B~

’3 (23)

Assuming that the turbine nozzle is choked :

WG4/fl~ . 32 LBM
P4 A4 

- .51
LBF (24)

Substituting equation (23) into equation (24) yields:

WG41T4 = .53l2(A4) (P3) (1 — APB) (25)

The other governing equation in this case is the energy balance across the
burner:

H4 = H3 + 
~~~~~ 

(LHV + 182. - HF4) (26)

I The procedure for solving these two simultaneous equations , noting :

WA4 = WG4 - WF (27)

is to guess a T4 and calculate WG4 from equation (25). An H4 can then be
calculated from equation (26). 14 can be obtained from the calculated H4
using thermodynamic tables . The entire procedure is then repeated until
the guessed 14 and the T4 calculated from equation (26) are within 1°.
When thi s i nteration converges, a solution is obtained for both 14 and WA4.

Before engine core airflow can be calculated , an estimate of the 11th
stage customer bleed flow must be made. Assuming that the discharge port
is choked and further assuming a 5% total pressure loss between compressor
discharge and the bleed discharge and a 5% reduction in effective area, the
estimated bleed flow rate is:

WBLEED = .532(.95xP3) (.95 x ABLEED )
(28)
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The engine core airflow (IP compressor inlet airflow) can then be calcu-

lated by adding the turbine cooling flow and the 11th stage bleed flow

to the turbine inlet airfl ow and allowi ng .2% for leakage.

WA22 = WA4 + (.0604 x WA4) + WBLEED
.998 (29)

Bypass ratio can then be calculated using the results of equation (29)
and the previously calculated engine total corrected airfl ow.

WA/i ~BPR = ~~~~~~~ (,,~-)-WA22
WA22 (30)

Overall Compressor Performance
The overall compressor pressure ratio can be calculated very simpl y

by dividing the measured compressor discharge pressure (appropriately cor-

rected for instrumentation , humidity and specific heat effects) by the

engine inlet pressure .

OPR = P3
(31)

The overall compression system efficiency can be calculated , knowing

the overall pressure ratio , engine inlet temperature and compressor discharge

temperature (appropriately corrected) through the followi ng equation :

— 1431 - Hi
~C H 3 — H l  (32)

141 and 143 can be determined from the appropriate thermodynamic tables as a

function of 11 and 13. The ideal compressor discharge enthalpy can be

calculated as a function of overall pressure ratio and engine inlet enthalpy .

H31 = f(OPR,Hl) (33)

FAN TIP PERFORMANCE
The fan tip pressure ratio can be calculated very simply by dividing

the measured fan tip pressure (appropriately corrected) by the engine inlet

pressure.

PRFT = P211
(34)
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The fan tip efficiency can be calculated knowi ng the pressure ratio ,

engine inlet temperature and fan tip discharge temperature (appropriately

corrected) through the following equation:

~FT = 142111-Hi
14211 -Hi (35)

141 and 14211 can be determined from the appropriate thermodynamic tables as

a function of 11 and T2l1. The ideal fan tip discharge enthalpy can be

calculated as a function of fan tip pressure ratio and engine inlet

enthal py.

142111 = f(PRFT, 141) (36)

FAN HUB PERFORMANCE
The fan hub pressure ratio can be calculated very simply by dividing

the fan hub pressure (appropriately corrected) by the eng i ne inlet pressure.

PRFH = P21T
P1 (37)

The fan hub efficiency can be calculated knowi ng the pressure ratio ,

engine inlet temperature and fan hub discharge temperature (appropriately

corrected)) through the following equation :

~FH = 1421141 H1
H2114 —In (38)

Hi and H21H can be determined from the appropriate thermodynamic tables as

a function of Tl and T21H. The ideal fan hub discharge enthalpy can be

calculated as a function of fan hub pressure ratio and engine inlet

enthal py.

H21HI = f(PRFH, 141) (39)

INTERMEDiATE PRESSURE COMPRESSOR PERFORMANCE

The intermediate pressure compressor pressure ratio can be calculated

very simply by dividin g the intermediate pressure compressor discharge pres-

sure by the fan hub di scharge pressure (both appropriately corrected).

PRIP = P22
~~~1i~ (40)
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The intermediate pressure compressor efficiency can be calculated
knowing the pressure ratio , fan hub discha rge temperature and intermediate
pressure compressor discharge temperature through the following equation :

= H22I-H21H
H22 - H21H (41)

H21H and 1422 can be determined from the appropriate thermodynamic tables
as a function of T21H and T22. The idea l intermediate pressure compressor
enthalpy can be calculated as a function of intermediate pressure compressor
pressure ratio and fan hub discharge enthalpy.

14221 = f(PRIP , H21H) (42)

LOW PRESSURE COMPRESSOR PERFORMA NCE
The low pressure compressor is made up of both the fan and the

intermediate pressure compressor. The low pressure spool pressure ratio
can be calculated by dividing the intermediate pressure compressor dis-
charge pressure (appropriately corrected) by the engine inlet pressure.

PRIP = P22
(43)

The low pressure compressor efficiency can be calculated knowing
the pressure ratio , intermediate pressure compressor discharge temperature
(appropriately corrected) and the engine inlet temperature through the
followi ng equation:

~LP = H221-Hl
H22 — Hl (44)

Hi and 1422 can be determined from the appropriate thermodynamic tabl es as
a function of Tl and 122. The ideal low pressure compressor enthalpy can
be calcula ted as a function of low pressure compressor pressure ratio and
engine inlet enthalpy (equation (42) ).

HIGH PRESSURE COMPRESSOR PERFORMANCE
The high pressure compressor pressure ratio can be simply calcula ted

by dividing its discharge pressure by its inlet pressure (both appropri-
ately corrected)~
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PRHP = P3
(45)

The high pressure compressor efficiency can be calculated knowi ng
the pressure ratio , and high pressure compressor inlet and discharge
temperature through the following equation :

~HP = H31-H23
H3 - H23 (46)

H23 and H3 can be determi ned from the appropriate thermodynamics tables
as a function of 123 and T3. The ideal high pressure compressor enthalpy
can be calculated as a function of high pressure compressor pressure ratio
and inlet enthalpy .

1431 = f(PRHP, 1423) (47)

Overall Turbine Performance
The overall turbine pressure ratio can be calculated from the

measured exhaust gas total pressure (appropriately corrected) and the
turbine inlet pressure calculated in equation (23) ).

TPR = P4
(48)

The calculation of overall turbine efficiency is somewhat more
complicated than the similar calculation for the compressor. First the
turbine rotor inlet enthalpy must be calculated from the turbine nozzle
cooling flow and the turbine inlet temperature calculated previously.

H4l = (WG4) (H4) + .0318 (WA4) (H3)
- 

WG4 ÷ .0318 (WA4) (49)

Next, the untrimed exhaust gas temperature must be calculated from the
measured trimed exhaust gas temperature (corrected for instrumentation ,
humidity , and specific heat effects) the 15 ballast resistance , the 15
thermocouple harness resistance and the 15 junction box temperature.

T5UT = T5M + (~~~
-
~
.) (T5M-TJB) (50)
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The turbine discharge entha l py can be determined from the calculated
temperature and fuel-to-air ratio using the appropriate thermodynamic
table. The overall turbine efficiency can be calculated using the
following equation.

~ = H4l - H5T 
~~~~~~~~ H5T (51)

The ideal turbine discharge entha l py used in the above equation can be
calculated as a function of overall turbine pressure ratio and turbine
rotor inlet entha l~Yy.

H51 = f(TPR,H41) (52)

LOW PRESSURE TURBINE PERFORMANCE
There is no inter-turbine instrumentation so, in order to calculate

low pressure turbine performance , several assumptions must be made. The
most critical of these is that the low pressure turbine inlet nozzle remains
choked over the region of interest. The TF41 production engine simulation
(ref 7 ) predicts that the low turbine inlet nozzle flow function remains
constant between intermediate and idle at sea l evel static conditions ,
lending some credibility to the choked flow assumption.

The work of the low pressure turbine must equal the work required to
drive the low pressure compressor.

WLC ~HLC = WLT t~HLT (53)

(wA-WA22) (H21T-Hi )+WA22(H22-Hl )= (WA22+WF) (H43—H5) (54)

Rearranging and solving for the low pressure turbine inlet enthalpy yields

ff43 = ff5 + (WA - WA22)(I-12l1-Hl)+WA22 (1422-l-fl)
WA22+WF (55)

Making use of the appropriate thermodynamic table allows determination of low
pressure turbine inlet temperature and , along with the choked flow assumption
and the low turbine flow function from the TF41 simulation , yields the lo~
pressure turbine inlet pressure.

110 

~~~~~~~~~~~~~~



_______ 
-.  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~Li_ -

P43 = (WA22+WF) /T4~72.7 (56)

L The low pressure turbine pressure ratio is simply the inlet pressure

divided by the turbine discharge pressure.

PRLPT = P43
(57)

The low pressure turbine efficiency can be calculated knowing the pressure

ratio , low turbi ne inlet temperature , and untrimmed turbine discharge

temperature through the following equation:

~LPT = H43-H5
H43~H5I (58)

H43 and H5 can be determined from the appropriate thermodynamics tables

as a function of 143 ,T5UT and fuel—to—air ratio. The idea l low pressure

turbine discharge enthalpy can be calculated as a function of pressure

ratio , low turbine inlet enthalpy, and fuel—to—air ratio.

1451 = f(PRLPT,H43,FAR) (59)

HIGH PRESSURE TURBINE PERFORMANCE
The high pressure turbine pressure ratio can be calculated using the

inlet pressure calculated in equation(31)and the discharge pressure calcu-

lated by equation (56)

PRHPT = P4
(60)

The high pressure turbine discharge enthalpy can be calculated from the work

balance with the high pressure compressor and allowi ng an additional 500

horsepower for gears, pumps , etc.

WA22(H3-H23)+(353/WA22)= (WG4+.0318WA4)(H41-H42) (61)

1442 = 1441 - WA22(H3-H23)+(353/WA22)
(W(~4+.O31~WA4) (62)
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The high pressure turbine efficiency can then be calculated knowing the
pressure ratio and high pressure turbine inlet and exit enthalpies
through the following equation :

= H4l - H42
H41 - H42I (63)

The ideal high pressure turbine discharge enthalpy can be calculated as
a function of pressure ratio , high pressure turbine inlet enthalpy and
fuel—to—air ratio.

H421 = f(PRHPT, H41 , FAR) (64)

Engine Pressure Ratio
The engine pressure ratio can easily be calculated from the measured

exhaust gas pressure (appropriately corrected ) and measured engine inlet
pressure .

EPR = P5
PT (65)

Engine pressure ratio is a very important parameter because it is directly
related to both nozzle pressure ratio and thus thrust and is also generally
very close to fan pressure ratio. This parameter is an excellent indicator
of engine performance.

Specific Fuel Consumption
The engine ’s specific fuel consumption can easily be calculated using

the results of equations (2) and (5).

SFC = (~~L) ,/~~/(f.~~.)6 (66)
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DEPARTMENT OF THE AIR FORCE
AIR FORCE A E R O  PROPULSION L A B O R A T O R Y  (A F S C ~
W R IG H T - P A T T E R S O N  A IR  FORCE BASE , OHIO 4 5433

R E P L Y  TO ~J~I~7
A T T N  OF~ SF1 7 Nov 78

SUBJECT Analysis of Lubricants from TF—4l AMT Engine , S/N AE142L....1
(OP—i 33)

T O ~ AFAPLJTBA (R. May)

1. Periodic l ube samples were removed from S/N AE142163 for
analyses to assess the lubricant condition and to determine
wear metals present. Tests included foaming, spectrometric
oil analysis (SOAP), complete oil breakdown rate analyzer
(COBRA) measurements , ferrography , gas chromatography, viscos-
ity and total acid number (TAN) determinations. Results of
the tests are described individuall y below and all data are
summarized in Attachment 1.

2. The engine oil tank site glass was also removed for
television viewing of the lubricant to evaluate the extent
of foaming. Coments on that test are given in the attached
memo for the record.

3. It should be noted that the engine was initially serviced
with 0-69—2 (MIL-L-78O8 l 5D-l ) followed by O—78-6.(MIL—L-
23699 O-6A-4, Lot 12), and then 0-71-10 (MIL-L-7808 5K-i).
The changes were performed to provide information on engine
foaming characteristics of two r’~latively high foaming lubri-cant formulations as determi ned by laboratory testing.

4. Gas chromatography was used to monitor changes of l ubricant.
During the significant test cycles for 0-78—6, it contained
less than 2% of 0—69-2. During the equivalent cycles for
0-71-10, less than 1-2% 0—78-6 remained . No abnormal changes
due to usage were detected on any of the samples.

5. Foam tests indicated that 0—69—2 did not foam significantly,
while both 0—78-6 and 0-71—10 failed the foam test. Samples
taken from the engine confirmed those data.

6. Viscosities and TANs of several samples were obtained to
ensure that no significant degradation had occurred. Values
found indicated that no significant degradation had occurred.
COBRA, which is used as a guide to lubricant degradation , con-
firmed the TAN data.
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7. SOAP and ferrography were employed to determine the presence
of and characteristics of wear metals. SOAP did not indicate
appreciabl e amounts or significant wear metals. All ferrograms
suggested a very low or norma l wear situation.

8. In sumary, the lubri cants did not degrade appreciably
during use and the wear situation in the oil-wetted sections
of the engine was normal up to and including the last sample.

PHILLIP W. CENTERS HOOVER A. SMITH
Lubrication Branch Lubrication Branch
Fuels and Lubrication Division Fuels and Lubrication Division

2 Atch
1. Data Summary
2. Memo for Record 27 Sep 78
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APAPL/SFL/ 1’ W CI TI /11 A S~1IT1I/ ibp/27 Sep 78

~thO POR TJJI3 RECORD ‘2?  $~ r’ 
-

~~~

SU1~JLCT: Lvaluation cC Foaning Tendencies of 0-7 1-10 and 0-78-6
Lubricants in a Test Ccli TP-4 1 En:~ine

1. An accolcrate1l mission test (A ’~’I) TF-4 1 en~ine ran in ‘0” bay
was used to evaluate the foan1nc~ tendencies o~ two lubr icant s.
The lubricants were 0-71-10 (~ oyal ~ IL -L— 7 3O ~ C ~ual 5K— 3) and
C— 73- G (A03 ~~~~~~ L~t 1’ , ::IL -L--2 ~~~9).  Uoth lub ricants ha~1previously .il~ d the Peicral Test liethod 3213 foam test perforned
in this Laboratory .

2. The evaluation of the above two oils required that the site
gl ass cn the 1T-41 oil tank be nodificd so that f oa ming in the
ta nk could be viewed usin~ a television cariera which provided
input to CI~anne1 fl of the TV ttonitor in the t ’~~~II bay control roon .

- 
-
. 

It was also necessary to install na additional oil pressure
trans~ucc? (O-l~ O psi~) on the out; ut side of the nain oil ~iun p
to accurately nonitor variations in oil p~essu ro.

3 The TP—41 cn-~iue (SJ~ AE l~12163) was init ially serviced with
rj~~9 2  (: :obj l ‘~~-lS4A ::IL-L—7~3:C) - That oil was rc~ 1aced with
~)—7~--( by dr~i~nin~-~ tho oil sys te:i and/or tank give ti’~cs .  After
c ach refill .;it~i O— 7 .~-6. the ~ in~ was run a in-t~iu~ of o~~ -half
ho~r. Chan : cs were schedu led so that  a short cn~ine run 2 eriod
followed in the iiorua l X IT procedures .

4. Based upon gas chror~atog raphic analysis of riixod lubricants ,
the system lube capacity (as equipped on S/N A~ 142 163) was 3.9
gallons (14.8 ~3. Aft er the lubo 0-69-Z was drained and replaced
f or the f ifth tine , the lubricant was analyzed as 97.5 vol . ~0-73-6. The oil chan~c process started at 10:10 total cn~ ino
hours. That oil was continucd in use until about 14C:0~ total
engine hours . At no timo during the test throu::h the various
cycles (A , B , C) was any rnore than 1/8 - 1/4 inch of foam detected
on the lube in the oil tank . The nain oil I~ressure remained
very steady throughout the test. It was ~1so typical that the
on~ino was run one quart low to aid in v±cwin~ foam in the lube ~~~

‘ 
~~~

tank.

5. The 0-78-6 lube was then changed to 0-71-10 using the sane
procedure as above . At 205:03 total eng ino hours , the lubricnn t ~~~
uss 9I~.4 vol . t 0—71-1. Again , significant variations in oil
pressure wore not noted . Up to 2 13:4 6 total caginc hours , no
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more than 1/4 - 3/3 inch of foam was seen in the tank . Again , the
on~ liie was operated at one quart low o;~ lub ricant . At 213:’1C. hours ,
there was a failure in the turbine section of the eng ine which re-.tuired
tcruination of the test.

6. In su~n:ary , in a non-standard lubricant capacity TP-4 1 ran for an
approxinate total of 2X hours , no evidence o~ si,~;iiuicant Loaning
wa~ found when usi iv; either 0-73-s or 0-71-10 or mixtures . The engino
test lube s consistentl y failed the laboratory foam test.

7. ~~~ above t~~ ts and data , along with previous tnformatior~, tend to
coafir .~ the di.~~ ’~r’~ ces in individual cn~incs re,~arding foanin~ . This
is especially true in en; Ines which have capacities greater than the
standard TF4 1-A- 1 Air Force engine .

S. The t’~chn1que of using TV to monitor engine oil , if the tank is
modiflcd~ appears to be satisfactory . Future efforts might include
a repeat of the test whenever a standard Air Force TF-4 1 becomes
available.

p. . II .  A.  SMIT:-!
) : b~’icat ion Branch I.uhric~ tion ~ranch
1k1013 ;Ln~ L-e~~ ication Pivision Fuels and Lubrication Division

£~JIS PA~Z IS 8~sVR~~ CQr 
~~~~~~~~~~~~~~~~~~~

2
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To C.C. Van Cleve Address

From A .C. Anderson Date September  ] , 1978

Subj ect Tr i i~ Re p o r t , Borescope  J n ~~p e ct i on . TF4 1 Eng ine 1421 63 At l-’r i g l t—

P a t t e r s o n  M B , 011 August  30 , 1978

The ~.r r it er  t raveled to Wrig h t — P a t t e r s o n  A i r  Force  P~ar e  on A u g u st  30 , l9~~ t:o

perfona a rou t  inc’  bore~;co pc i i~sn~ ct ic ’ n on e n g i n e  142163 u nd e r g o i n g  mission
t e s t i ng  a t  the  ASI) P r o p u l o lo n  L a b o r at o r y .

The en g in e  in qn c r t  ion h a d  u n d e r g o n e  some 99 p lu s  hours  ci sirn i l ated  mi 55100
t e st  in~ O h ) c h t  equ ~~t e u  to s~ r~c 200 hours  of service ore - .

HO L s ect i on  in a p ec t i o n  of t h i s  eng ine  d i sc losed  no c o n d i t i o n s  t h a t  would
- .
. 

prevent  c o i t i nu c d  o p e r a tio n  at  t h i s  t i ae .

~:ii~or d i s c o l or a t i o n  (da rk )  vas e v i d e n t  in va ry ing d e -p r e e  co the  No.  2 an d / o r
No.  S v w~~r in the N o.  3 , 4 , 5 ,7 , 3. and 9 ] i n ~ r p c s i t i i .n s .  No e ros ion  or d r r r ~~..r
was e v i d e n t  at these discolored loca t ion s .  Nc van e-  cracking was evident  at  r .ov
pos i t i on .

IIPTI h l adss  appeared to ho in exce l len t  con d i t i on  as well as o il  v i s i b l e  down —
stream areas of the t u r b i n e .

Inspection of the  HPC inlet , 7—8 stage area and EPC ou t l e t , i~rc inlet  and LPC—
IPC outlet disclosed no evidence of POD or inges t ion  of damaging  e lements .

All fuel nozzles exhibited carbon build—up considered normal for the time and
conditions operated . Hr. Bob ~ay requested information on possible cleaning
procedures to remove the carbon deposits. At the time of the visit , carbon
remover was not availabl e to the test stand personnel. The writer has since
copied nozzle cicrning procedures presently published in T.0. 2J—TF41—6 and
forwarded this information to ASD via DAZO. incidentally, the nozzles in
question were to be reinstalled without cleaning at this time.

OJT on the use of the Olympus fiberscope was provided to three ASD maintenance
personnel to enable an in—house inspection capability for future inspections .
Copies of published limits , procedures and techniçucs were furnished , discussed
and der4onstrated. Evaluation of conditions noted were discussed with emphasis
on hazardous conditions.

The ASD personnel were most cooperative and appreciative of this assistance and
appear to he most capable. 

,,3
~~~

’ 

,
.

~~~ 
,,.

~~~~~
jw  A.C. Anderson

Senior Service Engineer

C.A. Williams, D.P. loose, R.O. Liedtke , File 15, J42163
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APPENDIX C TEARDOWN INSPECTION REPORTS

EXPERIMENTAL ASSEMBLY & TEST INSPECTION S/ N 142 163/5b
Page 1 of 1

TEARDOWN INSPECTION REPORT

UN?T__ IA2J _... _ T O  _____________ MODEL TF4 1 7 Novernbc~ 1978
• k IKI I TOTAL EN JRANCF

INSPECT~~S is er, Ice~ y TIME ______________________ T I M E  ________________

dl
______________________________________ Addendum “B” - ________-

PART S NOT LISTED ARE VISUALLY O K

PART NAME (P/N & S/N) DEFECTS

Whee l —LPC Stg 1 Zyglo OK.
P/N 68662 18D , S/N MMIOI8O

8lade-LPC St g 1 Zyglo OK.
P/ N 6892422W — 25 pieces

Sea l & Retainer Plate— LPC Whee l #1 Zyg lo OK.
P/N 6868141

Stop Plate— LPC I Whee l Zyg lo OK.
P/N 68ó62 1 9B , S/N 114

This completes Addendum “B” . Any addit iona l inform~ition w i l l  be subm itted ~.s anot~ r
addendum to t h i s  report.
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E~’PE P.IMENTAL ASSEMBLY & TEST INSPECTION ~~Lt~ 
l - l ~~~/

TEARDOWN INSPECTIOI4 REPORT I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 5 - M~~~~~L ~~~~~~~~ ~~~~~~ ~
‘~~I t ’ -~ 1~~7~

Duckett/Torns TOtAL £N(IJRA1~~(INS~ fT~~S_ ... _ TIME _ .  __________ TIME

~EAS~~ HPT St9 1 IE3laci e F a i l u r e  
_________

PARIS NOT LISTED ARE VISUA LLY OK

PART NAME (P/N a sm) DEFECTS

Fa iring Support Assy—LPT L i ght fore ign ohj --- t damage in ID. .  .n ick ~ and denis.
P/N 686679 1 — 10 p ieces  One l o f t i n g  is cracked forward of strut.

Support & Fi tt i ng Assy-E3rg LPT Outer heat shroud crocked forword of siruls in
P/N 6866555 three places.

R i n g  Assy—Rot LP2 Nozzle One ring rub Spol und Iwo 3/4 ” cracks.
P/ N 6861039

Rotor Assy—LPT Some blades and vanes have I i ghi to hen vy  fore ian
P/N 6867969 object damage.

Vane Assy—HPT S-fg 2 - L ight  to heavy fo ruian object damage . Sor~ va tv’ .~
P/N 6866849 have large pieces miss ing f rom trailing edges.

Wheel Assy-HPT St9 2 Li ght to heavy foreign object damage on severa l
P/N 6861136 blad es.

Sea t Segrnents—HPT Stg 2 Lig ht spl atter of meta l in ID of seqrnents.
P/N 6865628

Liner & Nozzle Assy—Combustion

Pos. 1 , P/N EX126821 Two smoke chutes hove heavy eros on. Four large
Liner S/N SLF2O37A cracks on OD of nozzle. One cracL in II’ of r,oz~~lo . -

Nozzle S/N S02—2265 marked . Fretting on flanges of nrzzle .

Pos. 2, P/N — — —  Four smoke chutes hove heavy erosion. Four cracks
Liner S/N — — —  at crossover tube mountirlgs . Heavy f ret t ing on
Nozzle S/N — - -  crossover tubes and flange. Heavy f r c-tting on

nozzle flanges.

Pos. 3, P/N — — —  Three smoke chutes have med i um erosion. Small crack
Liner s/N ——— in nozzle and fretting on nozzle flanges.
Nozzle S/N

Pos. 4 , P/N - — —  Two smoke chutes Isive heavy crosioo . Heavy fr~ - l I m g
Liner S /N — — —  on nozzle f lang es.
Nozzle S/N —

Pes. 5, P/N — — —  Heavy f ret - I  inq o,I n o z z l e  I longes. I. Iq hl f rel l  i,~qLiner S/N -— - on crossover tube and connector.
Nozzle S/N

Pos. 6, P/N — — —  Frett ing spoi s on crossover lube and cor IrI” c io r.
Liner S/N — — —  Heavy f retting Oil noz?le f langes . Two crack s on
Nozzle SIN --- nozzle .. .thoy ore mdrked .
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E\PERIMEN TAL ASSEt~-1BLY & TEST INSPECTION LL~2J~ L~
TEARDOWN INSPECTION REPORT 

Pogc- 2 of 1

UNIT 
142163 It) 5 _~~,~~___ Jf~j 1 (~1(~~~~~~°P~~~~~w ’978

TOTAL (NDURAAC E
INSPECI~~ S _______________________________________ .__ TIME — TIME _____________________—-

~~ASON
~OR 1.0

PARTS NOT LISTED ARE VISUALLY OK

PART NAME (P/N ~ S/N ) DEFECTS

L I ner & Nozzle Assy—Combustion
Pos. 7, P/N ——— Heavy frettin g on connector. Two smoke chutes

Liner S/N — — —  have heavy erosion. One crack at crocc’,vnr lube

Nozzle S/N ——— mounting . Three cracks in nozzle. Heavy fretting
on nozzle flanges.

Pos. 8, P/N ——— One smoke chute has heavy erosion . Crack at cross-
Liner S/N — — —  over mounting . Fretting on crossover tube arid
Nozzle S/N ——— connector. Heavy fretting on nozzle flanges.

Pos. 9, P/N ——— Two cracks at crossover mounting. Four :racks in
Liner S/N — — —  nozzle. Heavy fretting on nozzle flanges.
Nozzle S/N —--

Pos. 10, P/N --— Three smoke chutes have med i um erosion. Two cracks
Liner S/N — — — at crossover mountings. Heavy frettin g on conneclor.
Nozzle S/N — —— Frett i n9 on nozzle f l an g e .

Whee l & Shaft Asm-HPT Stg 1 3/4” Broken off one HP1 Blade. Heavy scratches and
P/N 6887655 rub places on shrouds of HP1 Blades. Five blades

have cracks on leading edges.

Vane Assy—LPT Stg 2 Two vanes have small piece broken out of each vann .
P/N 6860042

Scoop Asm-Primary Eight scoops have cracks as marked .
P/N 6863363

Vane Assy—HPT Stg 1 All vanes cracked as marked .
P/N,862t?5- 20 pieces

This comp l etes the report. Any additio na l information wi l l  be submitted as an addendum .
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_________________- - 
-~~~~~~~~~~~

EXPERIMENTAL ASS~MBLY & TEST INSPECTION -

( 
TEARDOWN INSPECTION REPORT rJ 1T- vur :;~ 

-

142163 5 _ _~~~~~~~~ _~~j~~I_1_______ - 
4 October 1978

CT~~ 
FIsher /Nice l y /Stephe n s _______ _

~~~~

_________ ________________

Addendum “A”

PAR TS NOT LISTED ARE VISUALLY O K

PAR T NAME (P/N ~ S/N i DEFECTS

Whee l Assy—LPT Stg 1 Sleeve & driving dowels Ins t all ed at l ime
P/N 6867616, S/N 52BD of Zyg lo. Zyg lo OK .

Whee l —Turbine Stg 2 HP Zyglo OK.
P/L P/N 6861135 , S/N WY15166

Wheel—Turbine Stg 1 HP Shaft attached to whee l at time of Zyalo.
P/L P/N 6877818, S/N 10121 Zyglo OK.

Blade—l-IPT Stg t (r-,~ ~~ Per Zyg to 50 p ieces OK; ‘1° pieces wit h
P/N 6869795 - 100 pieces Ind i cations as charted . Severa l b l ot ~have I i q i t  to heavy erosion on lead in -: r~~ -~e .

LFT
Blade—HE~T Stg 1 Per Zyglo ~ pieces OK altho uah some t-~~v~PIN 6865616 — 109 p i eces fore i gn objeci danaqe . See charts tor Ii

blades with indic ation s . Severa l 5l~ c’- s
have fore i- i n objec t damaae and icht  fre tti n g
on blade shrouds.

Blado—LPT St g 2 Severa l blades have fo re ign  ob jec t  ca m~
P/N 6864002 — 78 pieces requ ire rework . Rework of 20 p ieces ecccnnl i - -~- -

Per Zyglo 1 p iece had ind i ca t ions as chiried .

Vane Assy-LPT Stg 1 Per Zyg lo 7 pieces OK; 6 with indication s
P/N 6865418 — 13 p ieces as charted .

— 20 pieces ) See charts for Zyglo results.
/ c.~.ia_

Vane Assy-HPT Stq 2 See charts for results of Zyg lo.
P/N 6866849 — 21 pieces

6868836 — 1 piece

Whee l—LPT Stg 2 Whee l Zyg loed with Shaft attached.. .was OK.
r/N 686003OJ , S/N 486BD
[‘/L F’/N is  68657??.

Shaft-I PT Rotor Magnag lo OK .
P/N 6860031 , S/N KKO1O 4
P.L P/N is 6878261 .

Pl aic—HPT Si g 1 Zyg l o OK.
P/N 689424 1 - 32 p ieces

6894242 - 1 piece

Blade— IIPT St g 2 Al  I b lades have heavy fore iqn oh j -c t  ~~~~~~~
P/N 6869(179 — 55 pa i rs  Blades Zyq toed for other ly pe I1t’f ~~~ C t c .

nothing f o u n d  Othe r  than fore i gn oh k’ct Pim i l.
w hIch w as not charted . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _



/ii 14? I’ f /ALXPIkIMLNIA L AS~LM[jLY AND ii 51 INSI’LCI l Ots 7j~~~ ;;i ~~~

114 1 - 1.1’ . T U R B I N E  - 1st STAGE BLADE Ref : 6860004

Un it /~,4/&’
3T.D. ‘~~~ lnspoc1or~~~fr/.I.c_a41. c~-4_Ah1gate /~~~ —/~~~—~~~f

____  
cv

L. 
_ _ _  

_ _ _

ii —,.
~

U _ i / /  ~~~~~~

-‘r II
Ill UI -\ II

Lead ing Edge Lead i ng Edge Lea d in g Ed~~

P/N~~~~ _~~i(.~ P/N_ (
~~6~~~ib

S/N
_________ ;/N

______ — 
S/N

_________

Pos. .3 Pos.�~ _ -  PQs. /O~~

I

ll vi- I Il
— — P.4,,Iq Vi~ ‘ 1 /  \II~ Li

i

~~~~~

, 

(/) U)
Leod i n; Ed ge Lead I nq I. de~ I rid i Ih~ Ld~

~~~~~~~~~ 
P/N (~~(,�7,I~ P/N_______

S/N_________ S/N_~~ S/N 
_______

Pos. 
_____
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L XPEI< I NIH IAL ASSI . PLLY AND 11 SI I 11SF’LC II ON /~J I - - ‘-/  ‘ A
r- ,

114 1 — L.P. TURBINE - 1st STACL BLADE Ref: 686CJD04

______T M. .! ~~~ inspector ~~~~~~~
i(

~~~
..
~~7,~hi. ~a1e /~~~~~~~ iR~

I

Lead i ng Ed ge Lead i ng Edge Lead i- ,~ Ed~~

P/N C~S~ i~ P/N~~~
(
~~~ t~ P/ N 6 .

~~~
1(

~
.

_________ 
S/ N~~~~~

Pos. (o~~ Pos. 3~~

______  

J 
______  

Jj 
______

VA \// _ \f l  _
Lead ing Edge Lead i ng Ldqo Le.jd i nq Ld~ e

P/N 4 ~~ ~~ P/N ~~ (1.

S/N________ S/N________ S/N —
Pos, 2 

~ Pos. Pos.
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LXPIRIMI N1A L ASSLMLN Y AND 1ES 1 INSI’I.CT ION rOIJ. ~I~~- i I

TF4I — H.P. TIJRBINL - 1st SIAOE BLADE Rot : 6866370

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
,0..,,- 7g

I
P/N ~~~~~ ~tII1( lu ~~~~~~ 

ci—iiii -
S/I” L_ )X. I  

~5J  
~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~
Pos. ~77 

~~~~~~~~~~~~~~~~~ 

Pes~~J~~~

~~~~~~~~~~~~~~rr
_

_

i

~~~~~~~ P/N~~~~~2 ~~~~~~~~ ~111~~ p,w~~
S’6~~~~~ç~;i ~~ ti~i

1J 
_ _

_ 
_ _

_
~c~1ETP,. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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EXF’L11 I t-~i r~ I AL A SSLMI - I  i AND 1 E~ T I NSPLCt ION

1141 — H.P. TURLIINI — 1st STAGE BLADE Ref 61.B-e 370

Unii/g2./~~3 T . D .  £ I rs pec t o  ~~~~~~~~~~~~~~~~~~~~~~~~ t e
_____________________

I %JJ I
~iu____ ~~~ P/N~~~ ?ó ~~~~~~~~

_ _ _ _ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
5t p

~ 1

I 1
P/u ? 795~9~ ~~ P/N~~~8~ __

9~~~
_L 5~~~~~ ~~ C o/

)  T~r1Fi’ P’ 

_ _ _ _  I I ~TI 7

II \
~I~T \ J  ~i I \ ~~ j

~~~~~~~P/N f4~jJji~ ‘3 ~iII~5I1~ ~~~~ 6 S~~ ‘17 ~~ L~c~iI~i1Ir
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~~~ _ J / ~~~ 4L~~~

j

~~~~~~;j c~)  ~
_ _ _ _ _ _ _
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IX I’LRIMLNIAL A~~I Ml~ ~ AND U 1 N i l  ( 1  uN

h i 4 I  — • F’~ T 1~~t t1~~ — 1st  S1A(~ BLALIL Bi~f

u r i t /Y ~~/~ 3 T . D .  .5 l’ .s pecto .  E & c ~. 
‘ t ~~~ t .  

_ _____________________

~~~~~~~~~~~~ p/u ~~~~~~~ ~~~~~~~~~~~~~~ ~~~�97?~~
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‘
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1
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_
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~I/U 14 11e’./ A
1 .1( 1 1 ’ / e f

EXPIRIMINIAL ASSLM ULY AND 1151 INSPECT ION -

TF4 I — H.P. TURB I NE - 1st SIAGI BLADE Ret : 68663)0

~~~~~~~~~~~~~~~~ 
Inspector ~~~~~~~~~~~~~~~~~~~~~~ Rit e /~~ ~~~~~~~~~

_

~~

5___ 

~~~~~~~~~~~~ 
( :j~=~ P/N~~~~?7~S~~~~

- S/I” 4 F*~,9o’~7 ..< S/F~~~~~#~ I~,Ze -
Pos. 3~ ~~~~~~ Pos . ~,i

q~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~
I TI! ~ I JI ~P/N (ø~~ ?7?5 ~~~~~~~~~ P/N ~~~ 7?~~

% 
Pos~~7~~~~~~~~~~ ~

) ~P~~qk’iii:
}
::—
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S/N 1 4 ? I 6 f / ’ A
‘. 1

EXPERI MENTAL ASSLMULY AND 1151 INSPECTION

T F 4 I  - H.P. TURBINE - 1st STAGE BLADE Rot : 6866370

U n I t l~~z.I(13_TA) . Inspector ( I~j~_________________________

~~~Th
1

~~ 

~r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

c~ 

~ ~~_ _  1

P/N ~~~~~~~~ 
P/N~~~~~~~~~~h~ SIT f.~~~Z c~oSi

~Jf~\3J~~1j\ ~ J_£k— -~ ~~ P/N ~~~~~~~ k~~~~~~P/N (
~~
6 ?‘ Pc’c~] ~ —L~i; cL~ ~~-~~‘Li
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S/N 1 4?1I- , ’/’A
~) t I  ‘ i

EXI’LR I MLN I AL ASSLMtW Y ANt) 1 [SI I tisri.c lION

T141 — H. P. TURBINE - 1st STAGE BLADE Ret: 6816370

Un /’/2/&~ T .D. 5 Inspector F I iI I-  /~~~~ /~ -

P. ~ ________

_ _ _ _  

I I

~~~~~ ~~~~~~~~~~~~~~~ ~~~

..

~ _ _ _

-~~~ S / I ”_L.~’9J/ O / 3~ ~<
‘ S/ t ~_h.~~’j i~/j ~SS

- Pos._________ P(.. 
~~~~~~

_

.1 ‘9j2.

~~~~~~~~~~~~~~~~~ ~~~~~~~~

~ P/N L~ (’ 17 ~~~~ 
_ _ _ _  ~~~ P/N_________
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LXI’LR I MENTAL n5sLMUL~ ?~ ILST I NSI’ECT ION I

1141 — 11. 1’. TURBINE — 1st STAGE BLADE Rof: 6861247

Unit ~ T.D.~~~~~~_ Inspector ~~~ 
~~~ Date /° ‘~~ 71

B la de P/N~~51~~7~�has IndIcations as shown.

Position S/N

50 L / , ~ c~-u-

73 L~~~ tio~~3t

~~~~~ 
Z.C L/ 9~

_ _ _ _ _ _  

1~~~) G- O 7LS
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EXPERIMENTAL ASSEMBLY & TEST INSPECTION S/N I- 1~~1 ’ ’ ’  A
I I  .)~ 
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TF4 1 - H.P. TURBINE 1st STACE BLADE ~~f : 6861247

uf l i t / ’~’2/L~ 3 T.D. 5 
— 

Inspector_,4~L~i/??~~~~~
s.
~
.1 Date / — / 7j

Blade P/N6t69775ha5 Indications as shown.

Posit I on S/N
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TF4I - H.P. TURBINE - 2nd STAGE VANE ASSY Rof:
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LoadIng Ed ge Tra ilin g Edge
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EXPERIMENTAL ASS EMBLY AND TES T INSPECTION

1141 - H.P. TURBINE - 2nd STAGE VANE ASSY Ret:
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EXPERIMLIf1AL ASSEMBLY AND TLST INSPECTION
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EXPERIMENTAL ASSEMBL Y AND TEST INSPECTION
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TEST PLAN

AIR FORCE AERO PROPULSION LABORATORY

10 April 1978

1. TITLE: TF41 Accelerated Mission Test (ANT).

2. JON: 30661602

3. PROJECT ENGINEER: Robert J. May , Jr. TBA 54830

4. PROJECT TEAM : Mark Reitz TBA 54830
Dorett a Holland TFIC 55636

5. CONFIGURATION: Engine Type — TF4 1—A— l

Serial Number — 141163

Special Features — Block 76 Hardware

//6 bearing cast suppor t

HPT— l cast blades

HPT—l bull nose vanes

#5 bearing rear seal deletion

HPC 4—5—6 Eiffel tower vanes

HPC— l blades

fuel manifold

NL an t i c ipa to r

HPT— l lockplate damper

viton wills ring

— Reworks and Repair Schemes

H.M. Governor — new viton diaphr agm

5 liners repaired with L605 ring

10 we]•d repaired air scoops from Alemeda

LPC—J. blades (15 weld repaired ,

7 hard coat replacement , 3 standard)
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6. FACILITY: “D” stand , sea level engine test facility, AF Aero Propulsion

Laboratory.

7. FUEL/LUBES : FUEL: MIL—T—5624, JP4

LUBE OIL : MIL—L— 7808. See Hoover Smith , SFL , 54667

for a particular drum of MIL—L—78 08 to be used for this test in D—bay .

8. TEST OBJECTIVES:

8.1 Establish durability characteristics of a TF41 with “Block 76”

modifications.

8.2 Document overall engine performance deterioration of a TF41

wi th “Block 76” hardware modifications and attemp t to isolate major

contributions to engine deterioration .

8.3 Document burner outlet temperature profile changes due to

engine deterioration .

8.4 Demonstrate durability of several proposed reworks and repair

schemes.

9. INSTALLATION :

9.1 Install engine in “D” bay according to standard TF41 procedures.

9.2 Instrument as specified in instrumentation section of this

plan .

9.3 Install tailp ipe and exhaust nozzle.

9.4 Install TF41 airmeter beilmouth and screen .

9.5 Connec t power lever to automatic throttle control and use

standard throttle rigging. Refer TO 2J—TF41—3 for specific details.

9.6 Service engine with oil provided by SFL.

9.7 Take a 1 pin t sample of oil (from oil drum) to SFL.

_ _ _ _ _ _ _ _ _ _ _ _  
_ _  
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9.8 Provide bleed take—off pipe for 11th stage UP comp resso r

bleed ports. The amounts of bleed are :

HPC—ll 1.5 ibm/sec

9.9 Recalibrate all instrumentation.

10. INSTRUMENTATION :

The following list describes the ins trumen tation req uirements for the

ANT cyclic test on engine S/N 141163.

10.1 Engine inle t tempera ture

10.2 Engine inlet pressure

10.3 Bellmouth static pressure

10.4 Low pressure rotor speed

10.5 Hi gh pressure rotor speed

10.6 Turbine outlet temperature

10.7 Fuel flow

10.8 Fuel inlet temperature

10.9 Low pressure and intermediate pressure compressor discharge
4

pressure (dual probe).

10.10 Low pressure and intermediate pressure compressor discharge

temperature (dual probe).

10.11 Hi gh pressure compressor discharge stat ic pressure

10.12 High pressure compressor discharge temperature

10.13 Fuel manifold pressures , pilot and main .

10.14 Low pressure turbine outlet pressure .

10.15 Main oil AP

10.16 Engine main oil pressure

10.17 Low pressure cooling air outlet temperature

10.18 Engine vibr ation
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front compressor (vertical) — front flange top

rear compressor (vertical) — fuel manifold boss, top

turbine (near vertical) — LP turbine oil tube boss, bottom

10.19 IGV position

10.20 Power lever position

10.21 Accessory bleed air, total pressures and static pressures for

the HPC 11th stage.

10.22 Engine oil inlet temperature

10. 23 Engine thrust

10.24 Temperature limiter amplifier current

10. 25 Junction box temperature

10. 26 Exhaust gas temperature rake

10.27 Dry bulb temperature

10. 28 Wet bulb temperature

11. SPECIAL REQUIREMENTS:

11.1 A once per second digital recording and storage capability is

required for every engine and facility parameter measured and the status

of every facility device used during this test.

11.2 Continuous recording of the following parameters on an

oscillograph recorder is also required :

— turbine outlet pressure

— turbine outlet temperature

— high pressure rotor speed

— low pressure rotor speed

— f uel flow

— temperature limiter amplifier current

— power lever ang le

167
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— oil inlet temperature

— oil outlet temperature

— main oil pressure

— differential oil pressure

— fuel manifold pressure

— fuel temperature

— compressor vibrations

— burner vibrations

— turbin e vibrations

12. OPERATING LIMITS:

12.1 The engine operating limits are those applicable to any TF4 1

engine and are spelled out in TO 2J—TF41—6. The operating limits that are

ente red in the control computer should be coordinated with the TF41 test

project team.

12.2 Once the engine and facility limits have been determined

and the data base has been prepared and loaded into the control computer ,

the computer should be set up to simulate the engine running. Each measured

parameter should then be arbitrarily set above and below its high and low

limit in order to insure that operating limits have been input properly

and to document how the computer will react to an out—of—limits situation.

13. STANDARD PROCEDURES :

This test will be conducted according to “D” bay standard operating and

eme rgency procedures as out l ined  in the operator ’s manual .  The TF4 1 pr esta r t

chec kl ist will be comp lied wi th  be fore thc in i t i a l  s ta r t  of the day . In

addition , the following procedures will be followed :

13.1 Record all start and stop data including reasons for shutdown .

1 68 
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13.2 No control system or operating limit adjustments shall be

made during this test without the specific approval of the project engineer

or other team member in his absence.

13.3 Take care to note in the engine log all incidents of the run

such as overspeeds, overtemperature , leaks, vibrations , irregular functioning

of the engine, facility or instrumentation, smoking,or sparking,and

describe any corrective action taken.

13.4 Daily record specific gravity of the fuel and reference

temperature in the engine log.

13.5 Oil servicing shall be in accordance with current TF41—A—l

instructions. Maintain daily log of oil added and oil consumption during

the entire test.

13.6 Log all maintenance, planned inspections, beroscope inspections,

etc.

13.7 The low pressure compressor and intermediate pressure compressor

pressure and temperature instrumentation should be removed during the

cyclic testing portion of this test. This instrumentation should be installed

only during power calibrations.

13.8 The exhaust gas temperature rake should be installed in the

tailpipe only during power calibrations and not during cyclic testing.

13.9 Turn on data logger just before the 6 minutes flat at

intermediate power near the end of each “A” cycle.

13.10 Record T4, Tl , and T5.l at the end of the 6 m inutes flat at

intermediate power near the end of each “A” cycle.

13.11 Power calibration and exhaust gas surveys should be run with

the 11th stage bleeds blocked off.

13.12 The engine should be allowed to stabilize 5 minutes before
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recording power ca l ibra t ion  data .

13.13 The desired tolerance on speed settings during the “automatic ”

portion of the test shall be + 50 rpm HN (± O.47.)~

13.14 Once every four hours measure and record barometric pressure ,

wet bulb teaiperature,and look—up vapor pressure from the appropriate curve .

13.15 Check oil level after every four “A” cycles, or more often

if oil consumption is running abnormally high.

13.16 Monitor starter oil temperature during all motoring of the

engine. The starter oil temperature should not exceed 300°F.

13.17 Thoroughly wash inlet FOD screen when total pressure drop

exceeds 8 inches of 1120.

13.18 Rotor coast—down speeds need only be recorded when the oil

level is to be checked and for the final shutdown each day.

13.19 Maintain a log of total engine time, total ANT time , and

the number and types of cycles that have been run.

13.20 Insure that the data acquisition and storage system is

operating properly. (Specific instructions to be provided.)

14. INITIAL ENGINE/ FACILITY CHECKOUT :

The following procedures should be followed during the initial

run ning of the engine after in stallation in the test cell :

— motor the engine for at least 30 seconds on the starter~

— start the engine and stabilize at idle for 5 minutes,

— check all instrumentation readings.

— if the facility and engine operation appear norma l, perform

a walk—around inspection, check ing f or leaks , loose ffttings

etc.

‘S
— if there ar e no discrcpancies,make a slow accel to 85% NH

and stabilize , check ing all eng ine and facility parameter;
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— if the facility and engine ope ration appear normal , slowly

accel to 90% NH , stabilize , and check all engine and fac i l i ty

parameters.

— if the facility and engine operation appear normal, slowly

accel to intermediate power, stabilize, and check all engine

and facility parameters.

— perform a slow decel to idle and stabilize.

— — if the facility and eng ine opera tion appear norma l , per form

a snap accel to intermediate, stabilize, and then a snap decel

to idle.

— if no engine or facility discrepancies have been discovered

up to this point , continue with I- ne test plan performing

the engine functional checks described in the following

section . If problems have been identified, shut down , make the

necessary repairs , and then complete the remaining steps of

this section .

15. ENDURANCE TEST:

The engine will be trimmed and set up before delivery to AFAPL by

Allison .

15.1 Engine Functional Check (initially and every 100 hrs thereafter)

see TO 2J—TF416, para 10—35 and Table 10—4.

15.1.1 Check IGV ram clos ing schedule. Determine tha t  the

attached schedule is satisfied (ICy +33° and +7).

15.1.2 Check NL governor with puildown tool according to

TO 2J—TF41—6 , para 10—63.

15.1.3 Check T5.l pulidown according to TO 2J—TF—41—6 ,

pare 10—66.
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15.1.4 Check P3 l imiter according to TO 2J—TF4 1—6 , pa ra

10—64.

15.1.5 Check NH governor according to TO 2J—TF41—6 , para

10—59, 10—60, 10—62.

15.1.6 Check ACU and DCU according to TO 2J—TF41—6 , para

10—70, 10—71, 10—72, 10—73.

15.1.7 Check mass flow l imiter using the Ti simulator and

acco rding to TO 2J—TF4 1—6 , para 10—60.

15.2 High pressu re rotor speed and powe r lever ca1]o1~-iti on

( i n i t i a l ly and every 100 hours)

15.2.1 Stabilize 5 miflutes at each NB speed listed

10,000 ± 100 rpm

• 10, 500 + 100 rpm

10, 900 + 100 rpm

11,300 ± 100 rpm

11,700 + 100 rpm

12 ,100 ± 100 rpm

12,300 ± 100 rpm

15.2.2 Plot NH (rpm) versus power lever ang le. Determine

power lever angle corresponding to the following speeds and provide this

information for input into the automatic throttle control.

NB ( r pm) %rpm PLA

10,332 
- 

80

10,589 82

10 .977 85

I1 .23~ 87

A l . 88

1 7 2
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NH (rpm) %rpm PLA

11,632 90

12 ,010 93

12,140 94

12,269 95

15.3 Performance calibration ( i n i t i a l l y  and every 100 hours)

15.3.1 Blank off bleed ports,

15.3.2 Install low pressure compressor and intermediate

pressure compressor discharge instrumentat ion .

15.3.3 Stabilize for 5 minutes at the following levels of

cor rected thrus t :

9000 ± 200 lb
- -. 10,000 ± 200 lb

11,000 ± 200 lb

12,000 ± 200 lb

13, 000 ± 200 lb

14, 000 ± 200 lb

in termedia te

15.4 Exhaust gas temperature survey

15.4.1 Blank off  bleed ports

15.4.2 Install thermocouple rake

15.4.3 Stabilize for 5 minutes at intermediate power and

record data.

15.4.4 Shut down

15.4.5 Rotate tailpipe one bolt hole and repeat.

15.4.6 Repeat twice until a total of 4 data points have been

obtained .
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15.5 Rescheduled Inspections

15.5.1 Per form engine boroscope inspection of the hot section

a f t e r  each 100 hours of AMT testing.

15.5.2 Standard field service inspections shall be made and

documen ted thro ughout the test. Reference TF41 Service and Opera tion

Manual , Allison Publica tion No. 1F2 , 1 March 1974, Section 7.

— conduct 50—hour phase inspection

— conduc t 100—hour phase inspection

— conduct 150—hour phase inspec tion

— conduct 200—hour phase inspection

15.5.3 Take two 1 pint oil samples immediately after initial

servicing and at approximately 25—test—hour intervals thereaf te r .  The

container will be provided by and the samp les shou ld be sent to SFL , Hoover

Smith , 54667 . SOAP and ferrograph analyses should be run .

15.6 Cyclic testing

15.6.1 The actual test consists of running the eng ine through

a specified numbe r of test cycles , labeled the “A” , “B” , and “C” cycles.

A detailed description of these cycles is included on the attached pages.

The test consists of 15 blocks made up of 20 “A” cycles , 4 “B” cycles ,

and 1 “C” cycle each.

15.6.2 Set the 11th stage bleed at approximately 1.5 lbs/sec

(.62’s diameter or if ice p late) un less the test engineer specifies a different

bleed flow rate.

15.6.3 Remove high pressure compressor and intermediate

pressure compressor instrumentation.

15.6.4 Remove exhaust gas survey rake

15.6.5 Enter “A” cycle into autothrottle and run 20 cycles.

1 74
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15.6.6 Enter “B” cycle into autothrottle and run 4 cycles

15.6.7 Enter “C ” cycle into au to th ro t t l e  and run 1 cycle

NOTE : The sequence of “A” , “B” , and “C” cycles is relatively insign i f i c a n t .

The numb er of each type of cycle run is important .  The sequence

may be a ltered to bet ter  f i t  available test time .

15.6.8 Repeat 14.7.5 — 14.7.7 , 14 times, perfo rming the

required inspections and calibrations etc. Run 5 extra “A” cycles.

(This makes for approximately 263 hours of ANT test ing)

15.6.9 Upon comp letion of 263 hours of cyclic tes t ing,  remove

the engine and return to Allison for a teardown inspection.
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CY CL E A

i:LK; I Ii O~ L F~A1 O~-i
p/I.

l I ME (Mir~ :Scc) ACTlOI’~1 ~ &S° CIT (CALI 1~RATION C’’~ 
/~)

THROTTLE FC- P ,-S~ L
E 1AI’~E D AT 

— — 
CIT CONDtT :~~ -~~

0:00 :30 St a r t -  En~~nc ond acccl to 55%

0:30 2:00 En ~~i~c at Idle pwr

2:30 :30 Accel to 90% NH DbI. datum c~n

3:00 2:30 Ac c- cI  to I I e r rncd ~ote  Dh T Datum or~

5:30 1:00 Dcccl  10 85% N 1- 1 Db I Dctu,n 011

6:30 2:00 Accc l  lo l n t e t n ’ d cit c (11~0% N~-j)

8:30 :30 D cc cl  Ic i 90% N~
9:00 :15 D ece l  ~c 55% N f - j

9 :15 :10 A cce l  to l, -tR - I rc(flaIc

9:25 :25 Dcc c? to 93% N~-~
9:50 3:48 A ccc l  to lnt~ rrnediot c , t~~~~f 1 Decal to 9~%• (19 1 ~rn~~) . E0ch t rc i~~~Cn w i l t  I cjl-z e 6 sec

13 : 3 8  :12 Acccl to Intern - -~c licIe , I r  ~~~~~~~~i to t a L e  6 sec.

13 :50 :30 E)ecel to ~8% NH
~ 4 :20 ;OEl Acce I to In~ c i  racd~ciIc

14:2 8 :15 Deed So 55% N1~

14:43 :45 Accel to Intc rnicd iole

15:28 :30 Dcccl to 60% NH

15:58 :08 Accel lo lnte rmcdiote

16 :06 :15 Dcccl to 55% NH

16:21 :45 Ac c cl  10 Irite rina diot e - 

-

17: 06 :30 Dec o? to C~% Ntl
17:36 :03 Acc el to Irtarir ’ed icutc

:07 Dcc cl t c~ 85% N H
1 7: 5)  :35 Accc l to m R  un -:Iiote

18:26 :15 Dcccl to 90% NIl

18:4 1 :08 Acce I lo uh f- , I ’~c ( I , 0 t e

10:49 :07 Dcccl ~o 85% N I l

18:56 :35 Acce l t~~~

19:3 1 :15 Dcccl t o 90%

1 76
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CYCI~~ A

11.10111 OPERATION

P/i

TIME (Mm 5cc) ACIION @ 66° CIT (CALIBRATION CiRVE )
T I t I ~ OTT I .E FOR A LL

ELAPSED AT CIT C O N D I T I O N S

19:46 :08 Accel to li-,icrincdkte

19:54 :07 Dcccl  to 85% NH
20:01 :35 Accc~ to l,htc rrnccliote

20:36 :15 Dcccl to 90% N 1

20:51 :08 Acc el  to Intermediate

20:59 :07 Dcccl t o  85°,6 NI-I
21 :06 :35 Accc l  to lntcrr .iccUcitc

2 1 : 4 2  : 15 Dcccl to 90% NH

21 :56 :03 Acce? to Interme clia le

22 : 04 :15 Dc ccl  to 55% NH

22 :1 9 :35 /~cc c l  lo li~ Icr inccl ia Ic

22 :54 :30 D ccc l  to 88% N~-l

23 ;24 :03 A ccc l  t~ lnt cim ccflate

23 :32 :15 D cccl  lo 55% N 11

23 :47 :35 Accc l  t o l n t e i m e d i o t e

24 :22 :30 Dcc c.? to 88% NH

24:52 :08 Acc cl to Ir,lcrmediole

25:00 :15 Dcc cl  t o 55% N H

25:15 :35 Acc e l  to hite,,,hcdiale

25:50 1 :00 Dcc cl to 88% N1~1

26:50 :08 Accel  to In t ern ie d io le

26:58 :07 Dcccl to 85% NFl

27:05 :35 Accel 10 In t cr ,nc ci iote

27:40 :15 Dcccl to 90% N) .1

27:55 :03 Accel to lnler ,ne cflotc

28:03 :07 Dcccl to 85% N~
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CYCI.1 A

P/i

lIME (Mi~ : 5cc) ACT !ON @ 66° CIT (CAt IU~A 1ION CLK(V~
THI~OTTlf J~ ’~ A Ll

Cl coN D!!j
~~~~26: 10 :30 A~ cc l to ln t e , sncdj ol c

28: 40 :15 Dcccl to 90% N 11

28:55 :08 Acce l  to tnterrned iote

29:03 :07 Dc ccl  to 85% NH

29:10 :30 Acc e l  to I n t e r med ia t e

29:40 :25 Dc ccl  to 90% NH

30 :05 :2 5 Dccc l to 55% NH

30:20 :10 Acc cl  to I n t e r m e d i a t e

30:30 :05 D cccl  to 38% NH

30:35 6:00 Accc l to lntermc diole

36:35 :15 Dcccl to 55% N Fl
36:50 1:10 Accct to Intermediate

36:00 :05 Dc ccl  to 80% N H

38:05 :05 Acce l  to 67% N H

38:10 :05 Dcccl to 80% Ni-i

38 :15 :05 Accc l  to 90% NH

38 :20 : 1 5 Dcccl to 55% NH

38 :35 :30 Acc el t o Intermed iate

39:05 :05 Dcccl to 82% NH

39:10 :05 Accel to 90% N H

39:15 : 15 Dcccl so 55% J ”J H
39:30 :30 Acce l to I n t e r m e d i a t e

40:00 :05 Dcc cl  to 62% NI-I

40:05 :05 Accel to 90% Nj- I

40 :10 3:19 Dcccl tc, 55% NH

43:29 Shut do ~’n elhgine

• 45 :29 Motor (rhg nc on Starter

47:59 Sl a i l  [n~j in.: a’aJ Accel to Idle

40: 29 (n 8u~c et kite Pwr Rcad y (or Next Cyck

TOTAL CYCLE ENDURANCE lIME ; 43 M;~. 29 Sec.
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CYCLE B

FUGIIT LINE OPERATION

‘Vt.
TIME (Mm : Sec) AC~ ION ~~~ 66° CuT ( CA L I BR A T I O N  (:u~v()

T H R O I T L E  FOR AL L
ElAPSED AT 

— 
Cii C3NDj3~Q~41_

0:00 3:00 Eng it~c at Idle f’wr

3:00 Shutdown Eng ine

5:00 Motor Ericjine on Starter

7:30 :30 Start Eng inc and Accel to Idle Pwr

8:00 3:00 Eng ine at kAle Pwr

11:00 Shutdo~vii Eng ine

13:00 Motor Eng ine on Starter

15:30 :30 Start Eng ine cod Aced to Idle Pwr

16: 00 3:00 Engine at Idle Pwr

19:00 Shutdown Engine
-
• 21:00 Motor Eng ine on Starter

23:30 :30 St ar t  Eng ine oo d Acc et  to Id le  P~vr

24 :00 Eng ine at Idle  Pwr Read )’ for Nex t  Cyc le
(A or C dcpcnd ng on sche dule )

TO 1AL CYCLE ENDURANCE.TIME 10 Mm 30 Sec
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CYC(.E C
GROUND OPERATION

SEE T EST CYC LE S E QU ENC E

P/i
TIM E ~ltr : Mm : 5cc) ACTION @ 66° CIT (CALIBRATION CU~V E~

THROTtLE FOR ALL-
E LAPSED AT CIT CONDlT l0NS~

0:00:00 3:00 Eng ine ot Idle Pwr

0:03:00 3:15 Aced fo Intermed iate (No DO)

0:06:15 3:00 Dcccl to Idle Pwr

0:09:15 3: 15 Aced to I n te r m ediate

0:12:30 3:00 Dcccl to Idle Pwr

0: 15:30 3:15 Acc el ro I n te r m ediate

0 : 18 : 4 5  :3:00 Dcccl to Idle

0:21 :45 3: 15 Acce l  Jo In t c r r n cd i a t ~
0:25 :00 3:00 Decel ~o kite

0:28 :00 3:15 Acc el to In t er n ie di ot e

0 :31: 15 3:00 Dcccl to Idle

0:34 :15 3: 15 Accel to In t erm ed i a t e

0 :37:30 3:00 Dccc l tc kA le

0:40 :30 3:00 Accel to 95%

0:43: 30 3 :00 Deed to Id le

0:46 :30 3:00 Acce to 95%

0:49:30 3:00 Dcccl to Id le

0:52 :30 3:00 Acce l to 95%

0 :55 :30 3:00 Decel to I d l e

0:58 :30 3:00 Accel to 95%

1 :01 :30 3:00 Dcccl to Idle

1 :04:30 3:00 Accel to 95%

1 :07:30 3:00 Dcccl f~ Idle

1:10:30 3:00 Accel to ?O%

• 1:13:30 3:00 Decel to Idle

1:16:30 3:00 Aced to 90%
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CYCLE C

GROUN D OPERATION
SFE TEST CYCLE SEQUENCE

IyL•
TIME (Hr :Miri :5cc) ACTION ~~) 

66° CIT (CALIBRATION CURVE)
THROTTLE FOR Alt.

ELAP SED AT CIT CO~~~~~O~~~
1:19:30 3:00 Doccl to Idle

1:22:30 3:00 Accel to 90%

1:25:30 3:00 Dcccl to Idle

1:28:30 3:03 Aced to 90%

1:32 :30 3:00 Dcccl to Idle

1:34 :30 3:15 Acccl lo Int er m ediate

1:37:45 3:00 Dcccl to kAle

1:40:45 3:15 Aced to In termediate

1:44 :00 3:00 Dcccl to Idle

1:47:00 3:15 Aced to Int er n iediote

1:50:15 3:00 Dcccl to I dle

1:53:15 3:15 ~\cccI to In termed i a te

1:56 :30 3:00 Dcccl to I d le

1 :59 :30 3:00 Aced to In termed ia te

2:02:45 3:15 Dcccl to Idle

2:05:45 Shutdown Engine

2 :07:45 Motor Eng ine on Starter

2:09:45 Start and Aced to Idle Pwr

2:10:15 :30 Eng ine at Idle Pwr Ready For Next Cyct9

TOTAL CYCLE ENDU RANC E TIME 2 Hrs 6 Mm IS Sec

181  

- 

- -  

~~~~~~~~~~~~~~~~~~~~~~~~~~ - - — ~~~~-~~~~~ ~~ ________



r — 

- 

_____-
~~~~

- - -  -
~~~~~~~~~~~~~

-
~~~~~~~~~~~~~~~~~

-

~~~~~~~~~~~~~

---

~~~~~~~~~~~~~~ 

- 

~~~~~~

— -

~~~

---- --
~~~~~~~ 

- —-

REFERENCES

1. May , Robert J.,Jr.; McErlean , Donald P.; Holland , Doretta , “B u i l d  1
of an Accelerated Mission Test of a TF41 w i t h  Bloc k 76 Hard ware ,”
AFAPL-TR-79-2020, March 1979.

2. May , Robert J., Jr., ‘ Accelerated M i s s i o n  Test of a TF4 1 w i t h  Aircooled
Second Stage Turbine Blades ,” AFAPL-TR-78-87 , Nov 1978 .

3. “TF41 Engine Review ,” A ir Force Executive Revie w Group Final Report ,
Sept 1975.

4. “TF 41 Engine Review ,” Air Force Executive Review Group Fina l Report ,
July 1974.

5. “Air Force T .0. 2J -TF—4 1-6 ,” Tec hnical Manual and Overhaul Instruction ,
Turbofan Eng i nes , TF4 1-A l and TF4 1-A2 , April 1972.

6. “TF41-A-l Engine Operation and Service ,” Allison Publication Number
lF2 , March 1977.

7. “Users Manual ,” TF41 Deck No. B17W , Detroi t  Diesel All ison Engineer ing
-
• Dept., Report No. 84580, 9 March 1977.

8. Chaffee, David R.; Reitz , Mark D., “Sampling and Analysis of TF41
Turb ine Exit Temperature Profiles, ” (To be Published).

BIBLIOGR A PHY

“Accelerated Mission Test on Aircooled H.P. Turbine Hardware ,” Detro it
Diesel All ison Test Report No. 77B37 , 9 March 1977.

“Air Force T.0. 2J-TF-4 1-3 ,” Technical Manual and Overhaul Instruction,
Turbofa n Engines , TF4 1-Al and TF4 1 -A2 , Sept 1, 1969 .

Decker, V.L.; Garretson , T.D., “Some Selected Problems with Aircraft Tur-
bine Engine Trim ,” AEDC TR-76-16, April 1978.

May, Robert J.,Jr., “Three-Stand Sea Level Engine Test Facility Checkout
Test Us ing a T F41 ,” AFAPL-TBA-TM-77-25, Oct 1977.

Mendenhall , Will iam , “Introduction to Probability and Statistics,” Duxburg
Press , Belmon t, California , 1971.

Peer , Yitzhak; Holley , Jane; Keene, Don; Omizuka , Ellison; “A-7D TF41 Engine
Operat iona l Usage In vestigati on ,” USAF Test Pilot School Letter Report ,
June 1975.

Strout, W .E., “Investigation of High H.P. Turbine Cooling Air Temperature
on Returned AFAPL TF41 Eng ine,” Detroit Diesel Allison Report No. 78C90,
August 22, 1978.

1 82
~ U.S.Oovernmaflt Printing Office: 1979 — 657.002/63 

~~--~ -— ~~~~~~~~~~~~


