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"Wo I.

ABSTRACT

Field data was acquired on the L-141 engine over selected
courses at Aberdeen Proving Ground. A laboratory simulation
test was developed from the data and a 10,000 mile equivalent
endurance test was conducted. Purpose was to establish a base
from which a short, severe test procedure could be developed.
A total of 548 test hours was required to accumulate the 10,000
mileage equivalent. Performance tests were made each 100 hours
and oil sample analyses were made approximately every six hours
of test time. No engine mechanical failures were experienced
during the test. Engine wear was not considered excessive. It
was concluded that a short severe test could be developed.
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This report has been prepared and submitted In accordance with the requirements of

Data Item I --icziptons DI-S-1800 and DI-S-1907, and DD Form 1423 dated 28 March

1974. It is -leuiged to provide a summary of the Contractor's efforts on the L-141

Engine Field Jimulation Endurance Test performed under Contract DAAEO7-74-C-0235,
and the results of these efforts.
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SECTION 1

INTRODUCTION

1.1 PROGRAM OBJECTIVE

The objective of this program, as stated In the contract scope of work, was to determine

endurance capabilities of the L-141 Engine under simulated field conditions, in order

to establish an applicable, short severe test procedure for the L-141 Engine.

1.2 DATE AND PLACE OF TEST

Engine tests were performed during the period 14 August - 25 October 1974. These

tests were conducted at USATACOM, Warren, Michigan, utilizing Test Cell 3A in

Building 212.
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SECTION 2

ENGINE AND TEST INSTALLATION

2.1 PHYSICAL DESCRIPTION OF ENGINE

A physical description of the engine used in this test is listed below. This engine

was factory new.

Engine L-141

Type In-Line

No. of Cylinders 4

Bore and Stroke 3.875 x 3

Displacement 141.5

Compression Ratio 7.5-1

2.2 DESCRIPTION OF ENGINE TEST INSTALLATION

The L-141 engine was installed in Test Cell 3A utilizing standard engine test cell

mounts, and connected to an Eddy Current Dynamometer. The engine used was complete

with air cleaner, generator, engine cooling fan, flywheel, exhaust pipe and muffler,

and radiator. General views of the installation are shown in figures 1-1 through 1-6.

Inasmuch as the flow of ventilation air In the test cell was opposite to the normal flow

of air through the radiator, an auxiliary cooling fan was placed in front of the radiator

as shown in figure 1-4. Instrumentation was provided for the following parameters:

Fuel Flow (lb. /hr.) 0-40

Fuel Temperature (OF) 50-151

Engine Output Speed (RPM) 0-4000

Dynamometer Load (lb. - ft.) 0-120

Manifold Vacuum (in. Hg.) 0 to -30

Oil Gallery Pressure (p. s. 1.) 0-100

Engine Coolant Out Temperature (OF) 50-250

Air - Air Cleaner Inlet Temperature ( F) 50-150

Automatic engine visual warning and shutdown equipment was Installed to protect the

engine from damage due to low oil gallery pressure or high engine collant temperature.
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SECTION 3

TEST PREPARATION

The following par:twrophs describe the tasks performed in preparation for the engine

tests, and details pertaining thereto where signiflc:nt.

3.1 ENGINE INSTALLATION AND INSTRUMENTATION

The eb.gine was uncrated, Installed on engine mounts, and aligned with and connected

to the dynamometer. Sensors and the throttle actuator were then installed as depicted

in figures 1-4 through 1-10 and 2-1, and the necessary hook-ups made for instrumenta-

tion, automatic cycling equipment, fuel, electrical power, and exhaust gas pick-up.

After servicing, engine adjustments were then mad3 to the following criteria:

Spark Advance 60BTDC + 1/24

Breaker Points, in. .020 +. 001

Sparkplug Gap, in. .029-.032

Valve Lash (exhaust & intake) . 05 +. 001 (hot)

Idle Speed, rpm 450 -! 10

Idle Mixture - (not adjustable)

Choke - looked in wide-open position

Coolant Thermostat - normal working condition

3.2 INSTRUMENTATION CALIBRATION

AU test cell instrumentation was checked for proper operation, and calibrated to

Insure valid tast results.

3.3 ENGINE BREAK-IN AND INITIAL PERFORMANCE TEST

Engine break-in was performed as follows:

Duration Engine Intake Manifold Vacuum
Run Minutes RPM In. Hg.

1 Idle Idle

2 15 1500 19

3 15 2000 16

4 15 2500 13

5 15 3000 10
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Duration Engine Intake Manifold Vacuum
Run Minutes RPM In. Hg.

6 15 3500 7
7 15 4000 5

8 15 4000 Power Check WOT

9 15 1800 Power Check WOT
10 15 450 Idle

The initial performance test was conducted as follows:

a. Starting at 1800 rpm, conducted full-load power curve "up only" In 400-rpm

increments to 4000 rpm. Took complete set of readings as listed under paragraph
2.2 at each speed increment. Readings obtained are shown in figure 3-1.

b. Operating conditions during full-load performance tests were maintained as

follows:
Air cleaner inlet temp. (700 - 904F)
Air cleaner inlet pressure, atmospheric

Engine coolant (170" - 2000F)

Oil sump max. (240 F)

3.4 CHECK-OUT OF CYCLING SYSTEM AIR ACTUATOR AND CONTROLS

After installation, the air actuator system and controls were checked to insure prcper
operation. To provide proper operation, the air actuator was replaced, and the solenoid

valves and air pressure regulators were overhauled. No initial maintenance was required
on the control tape reader or dynamometer load controls.

3.5 DEVELOPMENT OF FIELD SIMULATION CYCLE

Field Simulation Data provided by the government consisted of figure 4-1 (fIve sheets),
which are in analog form. Since this data was in analog form, it was necessary to hand-

scale the traces and transfer this information to worksheets to develop the field simula-

tion cycle. Figure 4-1 (sheets 2 through 4) have vertical time-lines at 5-second
intervals, so readings transferred to the worksheets were taken at points where the
traces intersect the time lines. The two parameters transferred were engine speed

(RPM) and torque (ft. lbs.) as measured at the rear prop shaft. Engine RPM was

used as recorded. Prop shaft torque was converted to engine torque when the vehicle
was being operated in 1st through 3rd gears by using the following ratios:

3-2



GEAR RATIO

1st 5.712

2nd 3.179

3rd 1.674

After conversion of prop shaft torque to engine torque, the worksheet data (figures

5-1 through 5-4) was analyzed to determine the various RPM and torque combinations

contained in the data. Once this was done, the RPM and torque combinations were divided

into ranges which could be covered by the number of throttle positions and dynamometer

loads provided by the automatic cycling system. Calibration tapes and program tapes

were then puncL id to reflect the RPM and load selections made, and proofed against

the data. Prior to preparation of the program tapes, the calibration tapes were

run to determine the response time required to reach the RPM and load levels required.

To precisely simulate the field mission, a response time of 5 seconds was needed.

It was determined that the response time which could be achieved was on the order of

15 seconds, due to equipment limitations. The dynamometer response time was felt

to be the primary limiting factor. Based upon this limitation and after discussions with

the TACOM Technical Representative, the tapes were programmed to provide commands

to the throttle and dynamometer controls at 15-second intervals. The amount of time

to be run in each of the prescribed courses was determined by utilizing the following

factors:

a. The engine RPM per MPH in each gear

1st = 324.0

2nd 180.3

3rd 94.9

4th 56.7

b. The average RPM in each gear reflected in the field simulation data.

c. The Simulation Program data provided by the Government, which is as

follows:

Lai Mileage/Misslon Course

15.6 Hilly Cross-Country

25.2 Level Cross-Country

29.022 Secondary Road

30.024 Highway

99.846 Miles/Mission
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Based upon the preceding factors, the time to be run in each course was as follows:

3 TERRAIN MILEAGE AVG. SPD. = HRS. RQD.

16% Hilly C/C 1,600 17.29 = 92.54

25% Level C/C 2,500 11. 77 = 212.35

29% Secondary Rds. 2,900 16.33 = 177.55

30% Highway 3,000 45.52 65.91

100% 10,000 548.35

3.6 CORRELATION OF FIELD SIMULATION DATA

After completion of preliminary response-time tests and control tape development,

preliminary cycling runs were performed to determine cirrelation of control tape data

with field data. Changes were made in the tape where required and where possible

to obtain closer correlation, and reviewed with the TACOM Technical Representative

to obtain approval to start the tests. Typical continuous strip recordings of each course

are shown in figures 6-1 through 6-4.
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SECTION 4

ENDURANCE TEST

4.1 METHOD OF TEST

Throughout the test, the following tasks were performed:

a. Prior to start of tests each day, the air throttle actuator and dynamometer

controls were calibrated to correct RPM and load levels.

b. Missions were performed per the developed cycles.

a. A complete set of data was recorded for each mission as shown in figure

7-1. Miles traveled, fuel consumption, and time were recorded as shown

in figure 8-1.

d. The engine w.s serviced and power checks performed after each 100 hours

of endurance. Power check results are shown in figure 3-2 through 3-7.

e. As tests progressed, correlation of lab data with field data was continuously

checked.

f. At endurance completion, the engine was disassembled and inspected.

g. Spectrometric oil analyses were conducted at 5-6 hour intervals throughout

the tests to warn of unusual wear patterns, or impending engine failure.

Summary report results are contained in figure 9-1.

4.2 FUELS AND LUBRICANTS

Lubricant used was Referee oil, Grade 30, conforming to military specification

MIL-L-2104C.

Fuel used was gasoline, Referee Grade, i informing to military specification MIL-

G-46105 (MR) and Referee limits as of 8 October 1967.

4.3 RESULTS OF TEST

Following are pertinent details relative to the resultr of the tests:

a. No engine mechanical failures were experienced during the test.

b. Engine wear as a result of this 10,000 mile test was not considered excessive.

c. Based upon the spectrometric oil analyses, wear rates were highest during

.the highway terrain cycles, which represented the most severe portion of the

overall cycle in terms of steady-state engine loads and engine RPM.

.4
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d. Observed power degradation during the test was less than 5 percent.

e. Average fuel consumption observed during the test was as follows:

Level Cross Country 8.26 MPG

Secondary Roads 12.25 MPG

Hilly Cross Country 8.09 MPG

Highway 14.17 MPG
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SECTION 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

The following conctusions have been reached as a result of the teat activity performed:

a. With the exception of certain features of power-train dynamics, such as

clutch engagement/disengagement and drive-train shock transients, field

engine usage can be simulated in the test lab.

b. Better simulation of field data could be achieved with a greater number of

throttle position and load combinations, and additional study of simulation

techniques coupled with related experimentation. Further, it is felt that

dynamometer response time could be improved through the use of solid-state

dynamometer control electronics.

C. A shortened, more severe test cycle can be developed, which would consist

of a high percentage of the highway terrain portion of the field cycle.

5.2 RECOMMENDATIONS

Based upon the experience pined in this program, it Is recommended:

a. That further study and tests be conducted utilizing a larger engine to determine

more general feasibility of the concept from a broader data base, and that

the number of throttle and dynamometer controls be expanded to allow a

closer reproduction of the field cycle of the engine selected.

b. That the concept of field simulation be pursued to develop field simultion

programs for use in In-Production Tests on production engines, and initial

tests and "do-bugging" of developmental engines prior to fi&ld tests.
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figure 1-1. Engine Test Control Consoles
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figure 1-2. Test Cell Control Room Installation
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figure 1-4. Test Engine with Auxiliary Radiator Fan Installed
(Left Front Quarter View)

figure 1-5. Test Engine Installation (Right Front Quarter View)
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figure 1-6. Test Engine Installation Showing Dynamomneter

View (Right Rear Quarter)

figure 1-7. Engine Test installation Showing Air

Throttle Actuator
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figure 1-8. Engine Test Dynamometer

ILI
figure 1-9. Engine Right Rear View Showing

Instrumentation Connections
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figure 1-10. Engine Right Front View Showing

Instrumentation Connections
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SENSOR
LOCA'TION DATA ACQUIRED BY SENSOR

I ENGINE SPEED
2 FUEL FLOW
3 FUEL TEMPERATURE
4 DYNAMOMETER LOAD
5 MANIFOLD PRESSURE
6 OIL PRESSURE
7 ENGINE COOLANT TEMPERATURE
a CARBURETOR AIR INLET TEMPERATURE

figure~ 2-1. L-141 Engine Instrumentation
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DA 5 AUGUST 1974 HOU S 5.0
BAROMRIC PPSSUE 30-08

INITTAL/PERFOMACE CHECK

FUEL FUEL ENGINE ENGINE MANIF OIL COOLA1NT AIR IME
FLOW T SED LOAD VACUUM PRESSITE TEMP. Me4P.
(lb/hr) (OF) (rp) (ft.lb) (in.H ) (PSI) (OF) (oF)

21.6 71 18oo io6.4 .5 44 174 70

25.7 69 2200 105.6 .8 44 181 70

28.1 69 2600 103.7 1.5 4 45 183 70

31.1 69 3000 93.4 1.5 46 186 70

33.1 70 3400 82.4 1.8 47 190 70

33.5 70 3800 74.o 2. 0 47 196 70

31.9 70 4000 70.7 2.0 47 198 70

figure 3-1A. Initial Performance Test and Power Check Data
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RPM
1800 2200 2600 3000 340 3800 14200

770

. 4.. . .: . .... I . -.- . -

5 - I

I. -

2... .. . .

, -

40-

- o 2 , - . . .

.. .. .5 .. " . .. . .. . . ... .

. .

21

10.1

AIR =NXT

T MP. o

(OF) C

70

figure 3-1B. Initial Performance Test and Power Check Data
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DATE 26 AUGUST 1974 HoURs 1oo

BAR0NE7RIC PBESSUE 29.19

POWER CHECK

FUEL FUEL ENGINE ENINE MANIFOLD OIL COOLANT AIR INLET
FLOW TEMP SPEED LOAD VACUUM PRESSURE TEMP. TEMP.
(1b/hr) (OF) (rpm) (ft.lb) (in.Hg) (PSI) (Or) (OF)

21.0 97 1800 96.6 .5 44 170 90

23.3 96 2200 95.2 .8 144 178 90

28.0 96 26o0 94.6 1.5 45 180 90

31.0 96 3000 89.3 1.5 46 186 90

32.9 96 34OO 79.8 1.7 46 190 90

33.1 96 3800 70.2 2.0 46 193 90

31.5 96 4000 68.3 2.0 46 194 90

figure 3-2A. Power Check (100-hour duration)
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DA 6 SEPTMB 1974 HOURS 200

BAROMSTRIC PBSSURE 30.25

P CHECK

FUEL FtJEL ENGINE ENIGfl MAYM1JVI OIL COOLANIT AIR =LT
FLOW TEMP SPEED LOAD VACUUM PRESSURE TEMP. TEMP.
(lb/ r) (or) (rp-) (ft.lb) (in. Hg (PSI) (or) (OF)

21.5 78 1800 105.1 .5 43 170 73

25.1 77 2200 104.6 .8 44 177 73

27.9 77 2600 98.1 1.5 45 18o 73

30.8 77 3000 90.3 1.5 46 184 73

32.9 77 34oo 82.1 1.8 47 187 73

33.0 77 3800 72.0 2.0 47 190 73

31.0 77 40o 69.3 2.0 47 197 73

figure 3-3A. Power Check (200-hour duration)
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D= 23 SEFMMBE 1Z4 Ho1s 300

BAPommic Th.ssuR 3o.4o

PW CHECK

run. FM~ EIIGIz EINE MA=LD OIL COOLAN4T AIR INLET
no EP SPf WOAD VACUUM PRSStIE TEMP. TEMP.

(1b/hr) (07). (ri=) (ft.1b) (in.Hg) (psi) (OF) (OF)

21.0 68 1800 lo6.1 .5 44 170 70

25.5 67 2200 105.0 .7 44 180 70

28.0 67 26oo 98.0 1.5 45 184 70

31.2 67 3000 93.0 1.5 46 186 70

33.0 67 3400 82.0 1.8 47 191 70

33.5 67 3800 73.0 2.0 47 195 70

32.0 67 4oOO 69.1 2.0 47 199 70

figure 3-4A. Power Check (300-hour duration)
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DAE 9 ocToBER 1974+ Hou~s 4oo

BAROMERIC H.ESSRE 30.01

POWER CHOCK

nm FUEL E3mnIE Emnm MAU . U LD OIL COOLAT AI lUM,
F SPEED WAD VACOUM FBSSURE TEMP. T .

20.9 65 1800 104.1 .5 44 172 70

25.4 64 2200 103.0 .5 44 179 70

27.9 64 2600 97.0 1.3 45 183 70

31.0 64 3000 91.0 1.5 46 187 70

32.9 64 3400 79.9 1.8 47 191 70

33.5 64 3800 71.3 2.0 47 195 70

32.0 64 4000 67.0 2.0 47 199 70

figure 3-6A. Power Check (400-hour duration)
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DA 19 OCTOMM 1974 HOURS 500

BAET IC PESSURE 3

POWER CHECK

FUn FUEL ENINE ENINE MANIFOLD OIL - COOLANT AIR lIET
FLOW M SP OAD VACUUM PRESSURE T . TMP.(lb/b) (OF) (rm) (ft.lb) (inoHg) (PSI) (Or) (OF)

21.1 71 1800 103.0 .5 44 170 70

25.1 69 2200 102.0 .8 44 177 70

28.1 69 2600 97.0 1.5 45 181 70

31.1 69 3000 90.0 1.5 46 187 70

33.0 69 3400 79.5 1.8 47 190 70

33.4 69 3800 71.0 2.0 47 195 70

32.0 69 4000 68.o 2.0 47 199 70

figure 3-6A. Power Check (500-hour duration)
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figure 3-6B. Power Check (500-hour duration)
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DATE 25 OCTOBR 1974 HO1~s 54

BAR01ETRIC MRESSM 30-19

POWER CHECK

FUEL FUEL ENGINE E1NGIN MANIFOLD OIL COOLANT AIR INIET
FLOW T s LOAD VACUUM PRESSM TEMP. TEMP.
(lb/hr) (or) (r ) (ft.1b) (in.Hg) (PSI) (OF) (OF)

21.1 70 1800 1o2.6 .5 414 170 70

25.3 70 2200 101.8 .8 44 177 70

28.0 70 2600 97.8 1.5 45 181 70

31.0 70 3000 89.0 1.5 46 187 70

33.0 70 34OO 79.5 1.8 47 192 70

32.5 71 3800 70.9 2.0 47 196 70

32.0 72 4000 68.0 2.0 47 200 70

figure 3-7A. Power Check (549-hour duration)
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figure 3-7B. Power Check (549-hour duration)



100 MILE SIMULhTED FIELD MISSION

K151 VEHICLE

Course

30 Hard surface
29 Secondary Road
41. Hilly and Level Cross-Country

Simulation Program

Lavsa/ission Lap, MileageAishicr Course

*4 15.6 Hilly Cross-Country
14 25.2 Level Cross-Country
7, 29.022 Secondary Road

72 30.024 Highway

99.846 Miles/Mhission

figure 4-1. Field Simiulation Data (Sheet 1 of 5)
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Page 1 of 5

DATA RE=TION WORKSHET
[LVEL CROSS COMNMY

MGMl SPEED FROP.SHAIJ TORQUE VEICLE GEAR E3IIME TORQUE
,,,(n. .) GEAR RATIO

900 0 2ND 3790

1750 60 2M 3.79 18.87

24oo 50 2D 1 15.73

1000 80 2ND 3.179 25.17

2000 80 2ND 3.179 25.17

165o 80 2ND 2.79 25.17

245o 60 2ND 3.19 18.87,

2000 80 2M , 3.72 25.17

2200 90 2. 3179 28.31

2300 60 2ND 38.87

1900 ,70 210 3.179 22.02

1100 98 2VD 31930.83

1700 6o 2ND 3.17 18.87

1900 50 2ND 1573

1800 55 2ND 73.79 17.30

1500 100 2ND 3.179 31.46

14oo 25 21D ,.179 7.86

2000 4o 2N 3.179 12.

21030 2ND 3.179 9.144

2100 25 2MD 3.179 7.86

1900 4o 23.179 12.58

1700 75 2 3.179 23.59

1500 25 2ND 3.179 7.86

1250 75 21M 3.179 23.59

figure 5-1. Level Cross Country Data Reduction Worksheet (Sheet 1 of 5)

6-26



Page 2 of 5

DATA RDUCTION WCRKSHEET
LEVEL CROSS COU=

ENGINE SID PROP. SHAFT TORQTE VEHICIE GEAtR EMN T(QE

(RPM) (FP LB) GEam RATIO (TL.

165o 50 21D 3.179 15.73

1800 50 21 3.179 15.73

22 50 2ND 3.179 15.73

1500 38 2M .179 11.95

2100 25 21 3.179 7.86

2500 25 2m 3.179 7.86

2500 38 2N 11.79 n.95

2100 50 2D 3179 15.73

1750 50 21M 3.179 15.73

1800 0 2ND .179 0

2250 35 2M 3.179 11.01

2250 25 2N 3.17 7.86

24,00o 30.179 9.44

24oo 38 2NM 3.179 11.95

1800 15 2ND 3.179 4.72

1900 25 21M 3.179 7.86

2200 25 2ND 3.179 7.86

2000 50 2ND 3.179 15.73

16oo 0 2ND 3.179 0

2250 50 2D 3.7 15.73

2500 50 2ND 3.179 15.73

2600 50 2ND 3-179 15.73

21o00 0 2D 0 79 0

figure 5-1. Level Cross Country Data Reduction Worksheet (Sheet 2 of 5)
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Page 3 of 5

DATA REDUCTION WORKSHEET
LEVEL CROSS COUNTRY

MIGMN SPM ~ PROP. SHAT TORQIE VEHICLE GEMR ENGINE TORQ1E
(M (Ir.LB.) GEMR RIAIO (IF...)

1750 0 2ND 0179

1800 50 2WD 31915.73

2250 45 2ND 3.179 14.16

22 25 2ND 3.179 7.86

2250 4o 2D 3.179 12.58

2400 4o 2ND0)17 12-58

2600 30 21MW.7 9.44

26oo 25 2N 1.179 7.86

2250 30 2ND .179 9.44

1500 0 21 0.179

2000 75 2ND 3.179 23.59

2500 25 2M 3.179 7.86

260o 20 2ND 3.179 6.29

2500 25 2ND .179 7.86

2500 10 21M 3.179 3.16

2250 4o 213.179 12.58

2100 42 2ND 3.179 14.16

1900 50 21M 3.179 15.73

1800 0 2NW 3.7 0

2250 20 2ND 3.179 6.29

2250 40 2M__3.179 12-58

2500 4o 2iN3D7 12.58

2400 145 2ND 3.7 4.16

2500 50 2M 317 15.73

figure 5-1. Level Cross Country Data Reduction Worksheet (Sheet 3 of 5)
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Page 4 of

DATA REDtWTION WORSHEET
IVEL CROSS COLT=

ENGINE SPED PROP.SHAFT TORQUE VEHICIE GEAR ENGINE TORQUE

(RPM) (3T.LB.) GEAR RATIO (I.B.)

2600 50 2ND .17 15.7-3

2400 140 2ND 31912-58

2500 25 2ND 3.179 7.86

2500 40 21M 3.179 12.58

2250 -4o 2ND 3.179 12.58

2700 25 2ND 7.86

2250 75 21M 3.179 23.59

26oo 30 2ND 3.179 9.44

2250 50 2ND 3179 15-.73

2000 100 2ND 3.179 31.46

2250 100 m 3.179 31.46

2200 0 2ND 3190

2000 50 2ND 3.179 15-.73

2000 45 2ND 1 14.16

2100 35 2ND 37 .10

2200 35 2ND 3.179 U.01

2250 25 2 3.179 7.86

2250 4o 2ND 3.179 12.58

250O 50 mm 3.179 15.73

2250 4o 2ND 3.179 12.58

2000 25 2ND 3.179 7.86

2500 25 2N 3.179 7.86

2500 10 2ND 3.179 3.15

26oo 25 21D 3.179 7.86

figure 5-1. Level Cross Country Data Reduction Worksheet (Sheet 4 of 5)
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Page 5 of 5

DATA REDUTION WCMUKSHEET
LEVEL CROSS COUI=

- 1I SPEED PROP. SHAF TCRQtE VDIICIE GEAR ENGINE T0RQtZ
(R, (I.T .)._ _, __ _B._GEAR RATIO(..).....

2250 50 21W 317 15.73

2600 25 2 3-179 7.86

2500 50 2,D 3.179 15.73

260 25 2ND 317 7.86

2700 25 ,m .179 7.86

2750 2 . D 3.179 7.86

2750 25 _ _. .. .... 7.86

2500 0 210 3.179 0

1800 -)25 2ND 3.7 7.86

1000 20 ..... 20 ... .3.179 6.29

0 0 0 0 0

figure 5-1. Level Cross Country Data Reduction Worksheet (Sheet 5 of 5)
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Page .I of"

: " DA RED IUCTION WORKSHEET
SECONDARY ROADS

EGINE SPED PROP.SHAN TORQUE VEICIE GEAR EDIGIE TOQE

(RM) ._. _ GEAR RATIO (F.LB.

8O 0 1S . 1 0

1200 30 1ST 5.71 5.25

1500 200 1ST 5.712 35.01

1700 160 _ _ 2ND 3.179 50.33
2400 60 2____M7 18.87

2100 25 21 3.179 7.86

2000 40 2ND 3.179 12.58

2000 0 2ND 3.179 15.73

1500 60 21M 3.179 18.87

16oo 50 3RD 1.674 29.87

1700 40 w 1.674 23.89

1700 0 _ 3RD 1.674 17.92

1600 50 3RD 1.674 29.87

1600 50 3 1.674 29.87

16oo 0 3RD 1.674 17.92

16OO _0 3RD 1.674 29.87

1700 20 1.674 0

1500 50 3RD 1.674 29.87

1600 60 1.674 35.84

1750 40 3RD 1.674 23.89

1600 50 3 1.674 29.87

1750 25 3 1.674 14.93

1500 03R 1.674 0

1500 50 3 1.674 29.87

1500 50 3RD 1.674 29.87

1500 50 13RD 1.674 29.87

figure 5-2. Secondary Roads Data Reduction Worksheet (Sheet 1 of 5)
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Page 2 of 5
DATA EDUCTION WORKSH1T

SECONDARY ROADS

EMN SIED PROP.SHAf TORQt VEHICLE GEAR E2Gfl TOQE

(RIM) (nr.LB.) GEMR RAMI (F.B

1500 50 3RD 1.674 0

.100 50 3 1.6 4 29.87

1100 60 3 1.674 35.84

1250 30 3RD 1.674 17.92

14oo 4o 3 1.674 23.89

150 75 Im 1.674 44.8o

1700 70 3RD 1.674 41.82

1750 55 w 1.674 32.86

1800 4o 3 , 1.674 23.89

1750 50 3R 1.674 29.87

1750 50 3RD 1.674 29.87

1700 50 JR L.674 29.87

1500 30 D 1.674 0

1500 0 _ _ _ 1.674 0

1500 25 3RD 1.674 14.93

1500 50 3RD 1.674 29.87

1300 (-25 3R 1.674 0

1200 80 - 1.674 47.79

2.100 70 3R 1. 674 41.82

14oo 75 RD 8.674 44.8o

80 3R 1.674 47.79

1600 75 3 1.674 44.8o

1600 75 3. 1.674 44.8o

16oo 100 3R 1.674 59.74

1700 95 3RD 1.674 56.75

figure 5-2. Secondary Roads Data Reduction Worksheet (Sheet 2 of 5)
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eage jo

DATA REDUCTION WORKSHEET
SECOICARY ROADS

ENGINE SEED PROP.SHAN] TCRQUE VEHICLE GEAR EI1IE TORQUE
Utpa) (FT.LB.) GEAR =10I UT.LB.)

1750 75 3RD 1.674 44.80

1252 0 30 1.674 0

700 0 3 1.674 0

750 0 .3 . 1.674 0

1500 225 1ST 5.71 39-39

2500 220 1ST 3.71 38.52

2300 115 2ND 3.179 36.17

2600 60 2ND 3.179 18.87

26oo 25 2M 3.17 7.86

2250 10 2ND 3.179 3.15

21o 25 2ND 3.179 7.86

2500 75 2ND 3.179 '23.59

1700 70 3 1.674 41.82

1750 50 3.. 1.674 29.87

1750 50 .... ... RD. 1.674 29.87

70 3RD 1.674 41.82

1750 50 3RD 1.674 29.87

75o 50 3 1.674 29.87

1750 50 3 1.674 29.87

1500 25 3R______ 1.674 14.93

1600 75 3RD 1.674 44.8o

1750 50 3RD 1.674 29.87

1750 50 3 1.674 29.87

1750 70 3 1.674 41.82

165o 4o .,I) 1.6 23.89,

figure 5-2. Secondary Roads Data Reduction Worksheet (Sheet 3 of 5)
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DATA REfIMTION WORKSNEET

"" SECONDARY ROADS

MIGNlE SPED PROP.SHAn TORQUE VEBICIE GEAR ENGlNE TORQUE
(P) (I.L.) GEAR RmA0 (T.L.)

1500 60 ME 1.674 35.84

14oo 60 3 1.674 35.84

1500 70 RD 1.674 41.82

1500 75 3D 1.674 44.80

1250 25 . RD, I.674 1 .93

1200 75 3RD 1.674 44.8o

1250 30 3 1. 674 17-92

i.4oo 60 3D 1.674 35.84

1600 75 w 1.674 4_._8o

1750 75 3 1.674 41 .8o

1750 75 3RD 1.674  44.80

1750 50 w 1.674 29.87

1750 60 3RD 1.674 35.84

150 75 3RD .674 44.8o

16oo .0 3D 1.674 5.97

1700 60 w 1.674 35.84

1700 75 3RD 1.674 44.80

1500 15 3RD 1.674 8.96

1300 10 3RD 1.7 5.97

1250 90 3R 1.674 53.76

1250 75 1.674 44.8o

1600 9o 3 1.674 53.76

1750 80 3RD 1.674 47.79

1750 60 3 1.674 35.84'

1800 75 3R 1.674 . 44.8o

figure 5-2. Secondary Roads Data Reduction Worksheet (Sheet 4 of 5)
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Page 5 of 5

DATA REDUCTION WORKSHEET
SECONDARY ROADS

ENGINE SPEiD PROP.SHAF7 TORQLZ VEHICIE GEAR ENGINE TORQUE
___ _) _(nr. LB.) GEAR RATIO (I .LB.)

1800 75 3D 1.674 i4.8o

1800 6o 3R 1.674 35.84~

1500 (-) 25 0RD 1.674 0
8wo 1-) 3RD 1.674 o

8o0 (-0-) 3 1.674 0

0 0 0 0 0

figure 5-2. Secondary Roads Data Reduction Worksheet (Sheet 5 of 5)
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k'age I or >

L-141 DATA REDUCTION W0RKSHEET
HILLY CROSS COUWM

ENGITM SPED FROP.SHAFT TORQUE VEHICLE GEAR ENGINE TORQUE
(RPM) (FT. LB.) GEAR RATIO (FTLB.)

8oo 0 0 0 0

1700 175 1 5.712 3o.64

3500 100 3RD_____ 1 .674 59.74

2000 75 3RD 1.674 4.4.80.

2250 87 3 1.674 51.97

2100 87 3D 1.674 51.97

2200 85 3RD 1,674 50.78

2000 90 3RD 1.674 53.76

2250 62 3RD 1.674 37.0o4

2250 62 3RD 1.674 37.o4

2200 75 3RD 1.674 44.8o

2150 37 3RD 1.674 22.10

2250 30 3D1.674 17-92

1900 74 3D 1.674 44.21

1700 -12 3RD 1.674 0

1800 25 3RD 1.674 l14.93

1900 50 3RD 1.674 29.87

2000 15 3RD 1.674....... 8.9

1800 0 ..... 3FD 1.674,  0

2000 0 30 1.674 0

2000 11 3RD .... _674 6.57........

2000 75 3RD 1.674 44.8o

1900 90 .... 3RD ,1. 674 53.76

figure 5-3. Hilly Cross Country Data Reduction Worksheet (Sheet 1 of 5)
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Page 2 of 5

L-141 DATA PMDfTION WORKSIET
HILLY CROSS COMTMY

, ENGINE SPEED . OP.SHAFT TORQUE VEHICLE GEAR ENGINE TORQUE
(n.LB.) a RATIO (n.LB.)

1900 95 ;D 1.674 56.75

2200 75 3D 167 44.8o

2300 20 .D 1.674 .. 1.95

2300 30 3RD 1.674 17.92

240o 50 .. . 1.674 29.87

2300 85 3RD 1.674 50.78

2300 75 ,3RD 1.674 4.8o

2'0OO 75 3RD 1.674 44.8o

2100 75 3 1.674 44.8o

2250 4o 3RD 1.674 23.90

2200 30 3D 1.674 17.92

2100 0 .RD 1.674 . 0

2450 0 3D1.674+ 0

2400 32 3RD 1.674+ 19.12

2250 75 3RD 1.674 44.8o

2000 37 3RD 1.674 22.10

, 2000 87 3RD 1.674 51.27

2300 50 3RD 1.674 29.87

24O 37 3RD 1.67 , 22.10

2300 75 D,, 1.674 44.80

2100 75 3RD 1.674 . 41s.8o

1500 37 3RD 1.67 22.10

1500 25 3RD 1.674 14.93

2000 25 3RD 1.674 14.93

figure 5-3. Hilly Cross Country Data Reduction Worksheet (Sheet 2 of 5)
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Page 3 of 5

L-141 DATA REDUCTION WORXS1MT
HILLY CROSS COMM

EN~nM SPEE PROP.SHAFT TORQUE VEHICIE GEAR MGIM TORQUE
(P)(2T.LB.,) GEAR RATIO (IT. LB.)

2100 25 1.674 14.93

2200 25 1.674 14.93

2300 25 3R .674 14.93

2300 37 3RD 1.674 22.10

2300 .25 3RD 1.674 14.93

2300 37 3RD 1.674 22.10

2300 25 3D 1.674 14.93

2300 50 3 1.674 29.87

2450 65 3 1.674 38.83

2500 62 3D 1.674 37.,04

1700 .... ___D 1.674 37.04

2500 -12 21M 3.179 0

2500 -12 2ND 3.179 0

24co ..- 12 2ND 3.179 0

18OO 0 2ND 0.79 0

1700 0 2ND 3120

1800 25 2M 3.179 7.86

1750 25 2M 3.179 7.86

1700 0 2ND 3.179 0

1750 0 2ND 3190

1700 25 2m, 3.179 7.86

2000 25 2ND 3.179 7.86

1500 62 2m. 3.179 19.56

18oo •48 2ND .179 15.10

figure 5,-3. Hilly Cross Country Data Reduction Worksheet (Sheet 3 of 5)
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L-141 DATA REDUCTION WCRKSHEET
H=lL CROSS COUNTRY

NIGN SpD POP.SHAT TORQUE VEHICiE GEAR EGINE TMQUE

%-(F.LB.) GEAR RATIO (FT.LB.)

2250 50 21M 3.179 15.72

2000 -12 2ND 3.179 0

2300 50 2ND 3.179 15.72

2300 37 2ND 3.179 11.63

18oo 100 o 3.179 31.145

1500 0 2M 3.179 0

2000 14o 2ND 3.179 44.03

2200 75 2ND 3.179 23.59

1800 62 2ND 3.179 19.50

2000 62 2ND 3.179 19.50

2000 75 2ND 3.179 23.59

3000 75 21M 3.179 23.59

2800 87 2ND 3.179 27.36

2-900 105 2ND 3.179 33-03

3000 62 2 3.179 19.50

2200 -50 2ND 3.179 0

2000 -35 2ND 3.179 0

2900 -37 3.179 0

1700 -35 2N) 3.179 0

2000 -25 2ND 3.179 0

2300 25 2ND 3.179 7.86

2300 25 2 3.179 7.86

24oo 0 2ND 3.179 0

2500 25 2ND 3.179 7.86

figure 5-3. Hilly Cross Country Data Reduction Worksheet (Sheet 4 of 5)
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kage : oz

L-141 DATA REDUCTION WCRKSHEET
HILLY CROSS COUNRtY

INGInE SPEED PROP. SMAiJ TORQUE VEHICLE GEAR EMINE TORQUE
M)(IT. LB.) GEAR RATIO (FT. LB.)

2300 50 2ND 3.172 15.72

2500 100 2ND 3.7 14

o3250 100 21 3.179 31.45

3000 137 2ND 3-179 43.lO

3200 75 2ND 3.179 3..59

2500 0 2ND 3.179 0

245o -12 2ND 3.179 0

26oo -1-2 2ND 3.179 0

2300 -37 2ND 3.179 0

2700 -25 2ND 3.179 0

2000 37 2ND .17 11.63

00 0 2ND 3.179 0

0oo -25 2ND 3.179 0

2100_____ 50 2ND 3.179 15.72

2000 25 2ND 3.179 7.86

2100 25 2ND 3.179 7.86

2200 25 2ND 3.179 7.86

figure 5-3. Hilly Cross Country Data Reduction Worksheet (Sheet 5 of 5)
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ITA REBJCTION WORKSHEW

HIMHAY

- EG SPM PROP. SHAFT T0RQTE VMCIE Gam ENI~NE TGEQU
__________ (IT.IB.) GEAR _______ (FT. LB.)

1500 75 21M 3.179 I 23.59

1000 190 2ND 3.179 59.76

1750 150 3D1.674 89.61

3000 140 Wf 1.674 83.63

2000 904m 1.0 90.00

2250 90 4TH 1.0 90.00

2500 90 4mH 1.0 90.00

2600 90 4TH 1.0 90.00

2700 75 4TH 1.0 75.00

2700 75 14THT 1.0 75.00

2700 75 4TH 1.0 75-00

2700 80 4TH 1.0 80.00

2700 85 4TH 1.0 85.00

2700 80 4TH 1.0 80.00

2700 80 4TH 1.0 80.00

2700 80 47H 1.0 80.00

2700 80 4TH 1.0 80.00

2700 75 4TH 1. 0 75.00

2700 80 4+TH 1.0 80.00

2700 125 4m 1.0 75.00

2700 100 4TH 1.0 75-00

2700 75 4TH 1.0 75.00

figure 5-4. Highway Data Reduction Worksheet (Sheet 1 of 2)
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DATA REDUCTION WORKSHEET
COMSE HIGHWAY

mNIE SEED ROP.SHAZT TORQUE VEHICLE GEAR ENGINE TORQUE
-- (4) (IFT.L.) GEAR RATIO (F. L.)

2700 75 4TH 1.0 75.00

2750 70 4TH 1.0 70.00

2700 75 4TH 1.0 75.00

2700 90 4 1.0 90.00

2700 80 4TH 1.0 80.00

2700 75 4TH 1.0 75.00

2700 75 4m 1.0 75.00

2700 75 4TH 1.0 75.00

2700 75 4TH 1.0 75.00

2700 75 4TH 1.0 75.00

2700 75 4TH 1.0 75.00

2700 80 4TH 1.0 80.00

2700 80 4TH 1.O 80.00

2700 75 24TH 1.0 75.00

2700 75 4TH 1.0 75.00

2700 75 4TH 1.0 75.00

2700 75 24TH 1.0 75.00

2700 75 4TH 1.0 75.00

2700 15 4TH 1.0 75.00

2700 75 4.r 1.0 75.00

2700 75 4TH 1.0 75.C

1500 75 210 3.179 23.59

1000 190 2ND 3.179 59.76

1750 le-0 3RD__1.674_ 89.61

3000 140 3D 1.674 83.63

figure 5-4. Highway Data Reduction Worksheet (Sheet 2 of 2)
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M~EL CRO0SS COUNTRlY

BRUSH INSTRUMENTS DIVISION, GOULD INC. CLE4
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LJ CROSS COUNTRY
) MM/SEC.)
)N, GOULD INC. CLEVELAW.4 OHIO PRINTED IN U.S.A.

r1 7'7'

m" innnf- -I: A

-~~ . ...... .......& .Iw

I~ ~ ~ ~ ~ ~ ~~~~!: 1 A I - -------- +-------4----+--

New own-- - h±
_ _ _ _ __ _ - _ _: 7

_ _ _ _! j _ _ _ _ _ _ _ I.-

figure 6-1. Typical Continuous Strip Recording - Level Cross Country
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SECONDARY ROADS
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HILLY CROSS COMRFY

. A .UMENTS DIVISION, GOUL, lNC ;EVrl AND), OHIO FI - S A (0N /E.

I0- T0 VL

2000 o
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figure 6-3. Typical Continuous Strip Recording - Hilly Cross Country
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HIGHWAY
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kage .L or j.

'COURSE: L-J141 ErINE TEST DATA

Imnfls ACCUM. OIL ENGINE
THIS TIME THIS FUEL OIL PRESS. COOLANT CARB.An

'AEM RUN COURSE TEMP. 0 F TEMP. 0 PSI @ RPM OUT--'F IWIT-0 F

START

STOP

START

STOP

START

STOP

START

sTOP

START

STOP

START ,__

STOP

STOP

_______ START____________ ______ ____ __ _____

STOP

_______ START_______ ____________ _______ ___ __ _____

STOPT

_______ START____ _______

STOP

,START

STOP

START

STOP

* ___ START__ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

STOP

M=L S HOURS ACCUMULATIVE

________GALLONS 0 F I.L USED 6-4O figure 7-1. L-141 Engine Test Data



Page 1 or 

OPERATION DATA SUMMARY

GALIDNS TIM AVG.SPEED

TERRA33 MMIAGE F=~ CO~&Th4ED (HOURS) (Mm) AVG .M.

IUVKL CROSS cOUT"' 1,096 132.6 93.0 U.78 8.26

SECONDARY ROADS 1,274 103.9 78.0 16.33 12.25

-H=I CRoss com,,Y 692 85.5 4o.o 17.28 8.09

HIMWAY 1,775 125.2 39.0 45.52 124.17

.INZRMD 5,163 486.6 298.3 17.31 10.61

SUMKAY 10,000 933.8 548.3 18.23 10.7

figure 8-1. Operation Data Summary
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* 40 MARIITTA ST. N.W.. 147m FLOOR 235 KING ST. WrST 24 WORPL
I
E ROAD

ATLANTA. GEORGIA 30303 TORONTO 133. ONTARIO LONDON PW.1g, ENGLANO
4404) 12.7365 4416) 32-1046 01-47-0166

WEAR-CHECK REPORT
MAKE: WHITE MODEL: M151 FLEET/UNIT #: 4700584 DIESEL/GASOLINE/NATL GA.'

-. 8- - 7 I -. * - N (

ALUM.I SON.417655-N CON N N N O N ..... 0i CO .....

INUmI5O' MiEl L REN LEAO M LICON[ SAMPLE I ONDIt, slum Co. TINCTORY
DATA tNS .- r

S "I-d 8-14-74 2 1 2 2 10 420 f 2 6 , +2
,,,,,417 N  IN655 (NjN N jN N N N___ N

, 56805 -LL NEAR METAL LEVELS WITHIN EXPECTED LIMITS. OVERALL ENDGINE AN
,.,(,-5.50 OIL CONDITION APPEAR SATISFACTORY.

^IcJtho 5.0

.I 8-16-741 N N N N NN +21
I .1iJI*J"-" 56739 ESSENTIALLY LITTLE CHANGE IN WEAR TREND. ENGINE AND OIL CONDITI

10 CONTINUE TO APPEAR SATISFACTORY.

2 4 13 1 01100 4 1, 1 7  ~ 2 251 N .+3;

i ""'= 417657 N N N !-N!

56934 WEAR TREND STABILIZED. OVERALL ENGINE AND OIL CONDITION APPEARS
- 15 SATISFACTORY.

CI~ 10

?' 8-16-741 3 111 21 4 Ill 11006 4j 7 3 - 24, N 42;
417658 N N N IN NiN I NI lI I N I N

i's''+ "2 5 WEAR TREND REMAINS STABLE. OVERALL ENGINE AND OIL CONDITION APPEA
T'

15i SATISFACTORY.

'-17-74! 2 1 1 2 1 41 10 .1006 3 1 6 1 3 2 1 N 1+3.
' e59,N I.N IN I N N N N _ J N N NJ

. 69.2 1
r'25 WEAR TREND REMAINS STABLE. OVERALL ENGINE AND OIL CONDITION APP1rAl

'""30 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.""' ll 8-7 2 1 3A10 T 66

30REN WEHIAR RND REA48TAL. ALCODTOS9PERSTI0CO

, ,,,., . 25
LIIM!OIIM P R 1 1  SU 1 -.I t I

.D. LEWIS - MAIL DROP A-23 _____________

;4ICIIIGAN DIVISION - LTV AEROSPACE OL MA, 6 v.r, ____________

" P.O. BOX 909 .,'r1oft ,i .rI,,An.R ________________

-~ WAP.REN, MICHIGAN 48090 313-539-0300 extn: 596, 531

figure 9-1. Spectrometric Oil Analysis Reports (Sheet 1 of 17)

6-49



0 0 MARIETTA XV. N.W.. OATH FLOOR 33 KING ST. WEST 24 WORMS ROAD

ATLANTA. GEORGIA 30303 TONONTO 133. ONTARIC LONOON S.W. lS. ENGLAND

4404) 322.2734 4416) 362.1140 01-047-0801

WEAR-CHECK REPORT
WAKE: WHITE MODEL: M151 FLEET/UNIT #: 4700584 DIES -L/0A^'."!N=/NATL GA

Iu.PR O.cr mAr * m ILI.ALUM. / (IO'. |CHNO. C IRON LFAU! T I ,
NUMION mium rI ilS ,ON. 0 N

SAMPLE -- . .... _
DATA... -

2 21 11 3 1011009 3 72 1 231!N+
S1:o 8-19-74 N N ~i , N~,,:417651 I [ N N N[ Ns
.IbUnI 7107o3 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

So-ce ,I 35
),t ha.mge 30

to 8-20-741 2 13 121100 3T 1 101 2 j22i NI -T417662 .N.N.N N N N N N N
71052 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

S40

s ,C , bit 35

03*0 8-20-741 2 113 4 11006 41 0! 1 N43
OI€I I ,~

417663 _.N NN ..N NNN . N ? ,
,Iw,. 7107370 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

" ' 45

40

:'" 8-20-74311 3 3 13100k 4 121

--Zf" a 417664 N N N N N N I N N , NJ
PAII/ung soWEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.
imee. tasf

;-. chang 45

- o 8-21-74i 3 2 2 4 12!1000 3 10! 2 231 N 1+3
;,-vn=: 417665 ; N! N , I ' L N, N IN I I N;
. "t / . 7 1 0 5 9 . .-- "

M, /P"s 55 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

c.VI g 50

",, 8-21-741 2 1 2 4 1,011000 3' 8 3 241 N +3
417666 'N N N NININ N ,N N _

*," 71136
",s 60 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

" alt

-I J.intIA-Abors~al 1ALU~M for CHNfO.
1 

COt'. ~ON LrArI0LII TIN SvoNM' ~ 'MU4jI________

K.D. LEWIS - MAIL DROP A-23 OILQMAKI!O ,^ ',-.
00, MICHIGAN DIVISION - LTV AEROSPACE N, , fAS LEVEL CROSS-COUNTRY

P.O. BOX 909
WARREN, MICHIGAN 48090 (313) 539-0300 c'tn:596, 7.'1

figure 9-1. Spectrometric Oil Analysis Reports (Sheet 2 of 17)
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40 MARIrrA ST. N.W.. 14TH FLOOR so* ING ST. Wasy 24 WOAPLE ROAD
ATLANTA. GEONOIA 30303 TORONTO 139, ONTARIO LONDON S.W.IS, INdLANO

4404) 622-7340 4414) 362-46 01-947-0261

WEAR-CHECK REPORT
MAKE:WHITE MODEL: M151 FLEET/UNIT #: 4700584 DIESEL/GASOLINE/NATL GA

ALUM. BOR. CHRO. COP. IRON LEAD N MO SNVISC LtUOwoo.
INUM ON I MIUM PER SlUM CON 

SAMPLE
DATA. ...... -TU' SA

RIG R INGS TU , ,m S *

. . .417667. .. ............. ............

.ft/u.iZ 71131s 71/hr 13 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

snr. ,.st 65, h..60
;o 8-22 -74 12 5- 1 I 0 -31 .... I ...7 '---]- ----T -....i 41..

Sam1'p led 1. ~° 417668 15N N IN I I N N
-samN r I 1 1 0

.Sbfui, v 71138
,Ie-fi,s. 70 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.
Sn.e last 65
Oil change

8O 22o72 1 1 3 4 ioloo 1 0110 31 1 6 1 31 24 N +4s.rmaed 8-22-74
S.n""- 417669 N N N N N N N N N N
,.alu.,1 2 711554" .,, WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

;4N, '7 75
OI channe 70

Sualed 8-22-74 3 1 2 5 1 10213 N 4
;oe. 417670 N N N I N N

Lab/u.it T 71140
M'eo/h. 80 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.
,ne" la"t 75

D0 31 1 1 8
smpf.d 8-22-74 N N N

;aoe=417671 j ___ I I I
..ab/urt 71137 - -

WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY..el,.85

)J change 80

Sa~f~ 8-23-741 21 11 61 4 io10 oooI 41 1 1 3 23 1 +
w,,,-,v, 417672 N N N N NjN N N N N

.,-11.hs. 71299
5ll' 9a0t WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.
00I change 8 5

-NormlA-Ablomel ALUM. @0R. CHR 0. COI RON L A M MO S,,I V,.C ..uo.

S-se re INUM ON MIUM PER SUCION4

K.D. LEWIS - MAIL DROP A-23 OIL MAKE &TYPE
MICHIGAN DIVISION - LTV AEROSPACE MISTORV & RCMARKS LEVEL CROSS-COUNTRY
P.O. BOX 909
WARREN, MICHIGAN 48090 (313) 539-0300 extn: 596, 531

figure 9-1. Spectrometric Oil Analysis Reports (Sheet 3 of 17)
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0 40 MARIITTA ST. N.W.. OATH FIOOR 23 KING ST. WENT 24 WORPLE XOAO
ATLANrTA. GEOGIA 30302 TOONTO 138, ONTARIO LONON .W,1l. ENGLANO

4404) 11132.73111 410t342 I.06 OI.S4?-O3

WEAR-CHECK REPORT
MAKE: 'HITE MODEL: M151 FLEET/U\';T #: 4700584 DIESEL/..A.,z. !.../NAT_ GA'

ALL J..COR.. C 5 4 1 Cop-..Go 3 j . i
N--'M ON MUm. I RON u CON

I "'+"4-'67 L . , N I ., __ N .. Lj . _ ;t

SAMPLET R STABLE .A C OAC

L~2 5 4 10 1-0-00 3 4 A 3 2' 1,*
8-23-74 I I

. 417G73 LN _ N N N ._N .N N j

4l,,u'-"71297

95 k7AR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

e, t"1.-I --- 9 0_ , .. , , -

T2'_1 T 510 000' 3 -4 3 !13 N j+

... I I I'"I' "T +I .

4 17674 L N4 i_ N ... ..1 . .
zb/'flif 71297

*.-:,/,,s. 1 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

or ,.o, i0I
SECONDARY ROADS

3 10 06 12  I0 '- Ti..-7~' 3 42 61N +1
NI N , N I N NN

'"'"" 1637 WEAR TREND RSA3L SL ALL CONDITIONS APPEAR SATISFACTORY.

,,.. ,1 I0 4 10 NN IN NN _IN NINlNN
417676' "__ _. - .

',," 71636

163 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTOPY.1...0.... 11
* ~'i~ 10

8-:!.27-74 ~0F
417677 IN N N
71634
*~~ 15WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR sA'~isTACTCrNY.

A A [7 7)Io~ LrA N~r F" j( P'LI " TIPr V I': ." .. ....... + , ' ... .. .......... 'U

... - .. . ...... L.. . .. -+ l .... I . . .. . ..

".",. .;.r" - "'T.L D0 ') A-23 , 1-yr-

N-" ( , ) " " - l r, q ": ' : - T.

figure 9-1. Spectrometric Oil Analysts Reports (Sheet 4 of 17) .......

BESTAVAILABLE ('+' 62



\ j%,Ii 'L 40 MARIISTTA ST.. N-W.. 1Tm FLOOR 335 WHNG ST. WIEST a4 woRpLa ROAD~i Im N~ATLANTA. GORGIA 30303 TORONTO 135. ONTARIO LONDON S.W. INGAND

"-0 2.31(416) 361.1906 01.47.0201! (404) $22-7385

WEAR-CHECK REPORT
.:,,K-: WHITE MODEL: M 151 FLEET/UNIT #: 4700584 DIESEL/GASOLINE/NATL G."

1
ALUM. flCR CHRO. CO.- IRON TINA CON

I-- ~ .N im r~ I RO A slu MO CON" ITI
SAMPLE J NNMUMjrRI_ _ _ _ -

DATA I. , . * -
I ... := ' ..' .,

.. .... *... .... .::-.z. .,....,,'"" I ... . :I

.- ! .,.I J 1 1 2 ,2 lO 1000o1 4 2 i 1 2 5: N !+21
417678 NNi.NLIN IVf I N.

=" ' "71642
120 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

chn'io 'e 20

011 1 T .F' -710 0~2F 1 7 I2 T N+
-rId 8-27-74 1

417679 [ N N N _N I N I .. N N
' ""ur,,U 71644

' "'" 125 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

8 -22 3 3 226 N+2
.''-= 417680 N N NI IN N N NJ

L,,,, 71640

M,"'I71640.WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.130
" "; 30

a28421 1 3 4110 1100k 3 1 1 2 1 2 1 261 N 42

417681 N N N N N N N, N N;

,...,. 71641

WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.135

8 4110 .... 3. 24082-4N N N N N,, 417682 ,,,_.,_2 2_ I - -2 i -. _-_

i h..;;/Mrn 71635 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.
.... 140,

S8-29-741 3 31 1 0 222 26 N

417683 I U_ N, N N N N NJ N LN .... ... N.
71645

" 145 WEAR TRE.ND REMAINS STABLE. ALL CONDITIONS APPEAR SATIS"'ACTOR.Y.
45

Irrl - hM,3fMOI ALUM. ;O* CTO LI*IlO FA ItUI M'"i !2 !,, -A

"NU. .. .. MI . I. ., _,::. . . . . .'1.. . .. I. ,II... . ..

1'.D. LEWIS - MAIL DROP A-23 OIL AKr TYr--

I:-TCITCAN DIVISION - LTV AEROSPACE I .R.,z2onL. roaf!n
0. . B O :X 9 0 9 F ,.=T O -* & t, r ,

AR ;.AP1EN, ."CIIIGAN 43090 (213) 539 0300 c",tn: ?1, 33.

figure 9-1. Spectrometric Oil Analysis Reports (Sheet 5 of 17) .

BESTAVAILAb L , 6-53
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0 40 ,MAXIM.IA w. NW. 14TH F.OOR age KING S. wEST 24 WORPL ROAo

ATLANTA. GEORGIA 30303 TORONTO 311. ONTARIO LONOON S.W.. ENGLANO
(404) 522.7300 4414) 326 .tV466 01.47-01II

WEAR-CHECK REPORT. . ,

1 2j 3 110 .0001 2 2K 1 1L25

4 N N N N .N 1N " N : •

7. r; 3

L ';,.- 716 3

' Z TRN- 7-,r11AINS STABLE. ALL CONDITIONS APPEA" SATISFACTO'Z7.

501.

ae'Ed8-2,9-741

71639
'.' 155 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.$ .": last"
0~ . ,.: 5'5

I i i 
2 5 3

8-30-74 3 ! 10Ii00 3 4 3 5 N I
417686 N N NJNLN N N Nj N

, ./,,. 71633, 71633 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.
+.. . , 160
-., 60

-" 1 1 4j ' J 3 1 N +3I
S8-30-74 1 i I

417687 Nj N N N ,N N IN N N j
L~Ibui'~ 71638

. 165 TREND INDICATING NOMINAL INCREASE IN RING WEAR RATrS (STILL WITHI
'. " 65 NORMAL LIMITS). ALL OTHER LEVELS STABLE.

7 I"

figure 9-1. Spectrometric Oil Analysis Reports (Sheet 6 of 17)
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0, 40 UAIIIeA ST. N.W. 14TOO. FLOOR age KING BY. wal' 24 WORPLI 11AD
nATT, A. '36 140A 303103 TOnO04TO 136. ONTARIO 6N"OON S.W.1, CNQLANO

(O4111111-7366 (4101 2ill l40 O-941-O0

OWEAR-CHECX REPORT
.'T7, HOD M 151 FLEET/UNIT #: 4700584 CESEL/C-A'ML!NE/NATL G,'

* , "-. NLAM $ I 1
NI. . .n I .-. ".". ... -. ,

5 3 2 -, . - 3 - ' , - ' 6 I 6 i l 0 -- ul 0 0 3 - .

4169 N1 N N __ ______
';.. .417690 , , N !N j.N .. N ... N:._ .... t I ~ . _~ I -,

69247
.80 ". T._2ND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

.... .. , HILLY CROSS-COUNTRY 6
. T3, 1 .10 1000 3 6I 3 24 N 1+2

417691 L .. . . I.. N_ .. .
62248
"15 WEAR TRFND STABLE. ALL CONDITIONS APPEAR SATISFACTORY.' 5

.- 2 1 i I 2 1 24 N +21
' , 1769 2 ... .. _ _LT. 't . _',.: _ NI ,

69245
190 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

. 10

4 11 61 21 10110 2 2 24' N I+3'Z,,9-5-74 2 'LN
" " - " : 4 1 7 6 9 3 N N TI

0 9047
L95 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

17~- ~ j 0 2 1 231 N 1+31
°<7 ii; ~1 0K

41-794 LNL 117 N__L11N I N - -~
: 69'048

, , -GOWEAR TREND RE MAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY. '

9-6-7 031 44~ S1 LO 4 6

4169 NLNJ.N, N hIN N I NN4

6049 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.
25

25... A,""'°" ' " " .. IAU. O" I NC MO"' 1 1 Io -- "" L.....

3 0 1 1 1 .4 'r I5 O 1 1 A NIU CON

.. ',D LEWIS - MAIL DROP A-23 O,..L , MA ,'Er. ,YE_____________..CJ7'(AN DIVISION LTV AEROSPACE

.. .... MTCHIG~AN 48090 (313) 539 0300 extn: :or, r31
2 ...... fge 9-1. SpecNtometA OL Analyss Reports (Sheet 7 o S 17) FAC

A.UA . 00'--I, I 6-55



40 NAAIEVVA ST. N.W.. SI OO 2660 KIG R W ST WCAF sa wola W OAPL NATLANTA. WOOGIA 30S03 TORONO 130. ONTARIO 4 "0 UL-.
1

0. ENGLANO
4 4uAi 181.27308 44101 sll-i1 |1441

WEAR-CHECK REPORT

MAKE:WHITE MODEL: N 151 FLEET/UNIT #: 4700584 DIESEL/GASOLJNE/NATL G

- I mu---
ALUM. RON. Co IoN L CoNl MAONC . 211

INUM ON MIUM PE1R MO CON

SAMPLESDATA ,*"@ . A

D 4 44 110 2 2 241N 1+4
3441110 9-6-74

Sample S 417696 N .JL tLk 0 1 NL I tN.
Le/tuvt* 69046
46101171.

s9Ce st 210 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY,
N, chw . 30

Dat a 9 "974 1 ....... 1 ... 1 4 1 1 1 1
sampl * 417697 N N. N N NN
.- wbunt 69442 -

A.ie*/f,,. 215 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.
3unce aost 35
)eI Cha9gOOl 9-9-74 2 1 14 14 110 11001 3 I I 1 1I 2 1241N 1+31
anio.a 417698 N I IN N IN INI I N 1  " N
.ab,,lt S 69418
Ai,--h,. 220 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

"j~f3#' 40

Dole

alSaunigiod

ab/itI 0
dil*91hrl.

),I Cri.. -HIGHWAY-

Osl 9-07 1 51 3 15110 11001 3 I1 41 31 231 ~1mie '.17699 N N N N IN N N N N N
"b/"un 5 69242
lu"eeihr . 225 WEAR TREND STABLE. ALL CONDITIONS APPEAR SATISFACTORY.
rICe 14t
'It Chan" 5

a,-oa, 417700 N IN ININ NII I N N
bunil S 69243

"'/i"hro 230 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.
.rce last
,1 chanmp 10

- Normal A -,Abnormal ALUM. son. CHRo, CP IN L A N O .C "LC . TI VISC LU06

S- evere TNMO IMPNau O

I K.D. LEWIS - MAIL DROP A-23 OL MAKNE* -. .
MICHIGAN DIVISION LTV AEROSPACE CORP.) e MHISTORY&• RCMARKS-, .

P.O. BOX 909
WARREN, MICHIGAN 48090 (313) 539 0300 extn: 596, 531

fIgure 9-1. Spectrometrlc Oil Analysis Reports (Sheet 8 of 17)
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- 40 MARIITrA ST. N.W., 14TO M.OR So$ NIu eUT. WuST 14 WORM.E ROAO
ATLANTA 09OOIA 10302 TORONTO 13S, ONTARIO LONOON G.W.10, NOLANO

14404) 1116 t410) 302 1460 @1-047.001

WEARCHECK REPORT
MAKE: WHITE MODEL: M 151 FLEET/UNIT #: 4700584 DIESEL/GASOLINE/NATL GA

ALUM. iCOR. CHRO* OP IRN L ACNE SIO . IN VcpC MAIN l * tI
INUM ON MIUM PCR #lUM CON

SAMPLE .....- - - - -

DATA -. .... 1 ....N' "u SAC

oat. 2 1 4 5 10 100 3 3 2 24 N +3
Sa" .41l70 N N N N N N N N N N

Sa.mples 417701 - - - -N

., / ot 69316
ilWEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

si 'celowl 235
)d ctSge 15

Oat*1 4 1 1 1 3 1 7 Ill 11001 4 1 F 2 1 2 1 N 1 2
Sniplo 9-12-74NN __ _-

'uevo# 417702 N N I N N N N ' N N.
.a/ufs 69244 WEAR TREND REMAINS STABLE. ALL CONi)ITIONS APPEAR SATISFACTORY.
AlgJP. 240 (NOTE ALTHOUGH STABLE, COPPER IS RJNNING SLIGHTLY HIGHER AT THIS

I Oil Chen 20 LOAD RANGE)

sao"0a 9-13-74 ~~ ~l~lo j1 4 15
sa-mplo 417703 1 , 'I 1 +,
,.ab/ufeil* 69441 NOTE CHROMIUM LEVEL (RINGS) INCREASED SHARPLY DURING THIS 5 HOUR
A"l""'h 245 PERIOD. ALL OTHER WEAR METAL LEVELS REMAINED STABLE.

o, .. .o 25
Datis. 3 1 1Ii 1 1 141

~saf"Otd 9-16-741 I~II 14
L"a'" 417704 N
Utal,6 # 69417'3,n*l4 250 CHROMIUM LEVEL SUBSIDED. ALL OTHER WEAR MFTAL LEVELS REMAIN STATnr,. s .. 250
).# ChemA 30

s 9-16-74 N 1
417705 1N N I NIN/NI N N
69419 WEAR TREND STABILIZED. COPPER CONTINUES TO RUN SLIGHTLY HIGHFR

linesI 255 THAN ON PREVIOUS LOAD SETTINGS.
)0Ce"35

$-a , o1 r ... .

saws 4,, FIRST RUN INTERMIXED

A-k";.mI FA-Abae A " I. ". C .c .op,. IR.o I,..LCAO ACN" MOL$I vc " ..Y.o
seUs a" MIUM PCR slum CON

S .DLEWIS - MAIL DROP A-23 O#t MARC , , :t

MICHIGAN DIVISION LTV AEROSPACE CORP. MISTORY a RMAR HIGHWAY
P.O. BOX 909
WARRZN, MTCHIGAN 48090 (313) 539-0300 extn: 596, 531

- figure 9-1. Spectrometric Oil Analysis Reports (Sheet 9 of 17)
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4d MAaIlrFA 41'. N.W.. 11 flnAON 9 mINe IN. U Y a4 & O LOA
ATLANTA. 0EOUWA 300 V01110" is& WA411 L1O110 w.lt. 6ND&ANO

4041 S 1 llS 414t 8 i .1040 0 e 47 i401

WEAR-CHECK REPORT
MAKE: WHITE MODEL: M 151 FLEET/UNIT #: 4700534 DIESEL/GASOUNE/NATL 0

ALUM . BON. CHRO. COP $PN LIA D OIL?191 . I iv c a t g

INUM ON NOUKMO Cc" ?I" Vie go seO 4.,

DATA .-- . I" .

08" 9-19-74 2 1 3 3 10 100 4 2 24 N +5
" h0,9417706 N N N N N N N_ N I
L Sa uevi 6 9 6 70 -

- .hl 261 WEAR TREND STABLE. ALL CONDITIONS APPEAR SATISFACTORY

oil Chem" 6. 0-- -

oa 9-19-74 33 1 I 304 10I110ot2I I 4I 12 1 1241 N

"I ". 417707 N N N IN  N  N 1  N I[ j NIj9N 672
,mi..iftra 267 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR STAISFACTORY.

11Socerow 12-' cI'.ngoI" " '
001 9-20-74 3NIN 1010t21 1 1 41N 1=4 e~ s, ,-17708 N IN N N N N N N N N

I,,o/vw, 69671
'w& 273 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

0 0 9-21-74 2 1 4 1 12 124 1
sm,,,a 41 7 7 0 9  N N N N N N N NNN

I"Mit/t"s. 281 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

6000 9 2 1 7 4  4 4 5 1 1 0 p o o N 1I ' i ° ° ~" I '  ....i " + 71
s.,.,417710 NI N I N N N IN, N N l I
Lf.M,,4, 9782- _ _ _ _ _ _ _ _ _ _ _ _ _

2 8 7 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.
00 Chan" 0

Oafs 1.3.7 1 2 6 6110 p.0001 4 1 1 1 26 1N 1+4
s.mo.a417711 . N N N I N INI N N N N
.0yiff 6 9 93 9
kif**". 291 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

| .D. LEWIS - MAIL DROP A-23 OfL MARC 0 f INTERMIXED

MICHIGAN DIVISION LTV AEROSPACE CORP
P.O. BOX 909 r .. ?0*. ia.,,

WARREN, MICHIGAN 48090~(313) 539-0300

SI , , figure 9-1. Speotrometric Oil Analysis Reports (Sbeet 10 of 17)
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S40 MAIl TTA o. N.W.. 141" FLOMR see XING ST. WCAT 24 11111110 v F4AD

ALANTiA. 0O0OIA 3100 TOONTO is. ONTARIO LOtOON W. .1 N AN

4404) 1111.73113 4410 13011 0-1474C6

W.AR-CHECK REPORT
MAKE: WHITE MODEL: M 151 FLEET/UNIT #: 4700584 DIESEL/GASOLiNE/NATL GA

LU. OCR. COP" IRON LCCAO T IIN
INU". ON mium PERN SlUM _ CON

SAMPL.EDATA , •

1at 6 7 11 000 5 7 2 26 N
1 7 7 1 2 N N N N N N , N 

N 
+ 4samolo .**r 4 L' L

.abvn 6 9 9 4 0  MINOR INCREASES IN RING & PISTON WEAR RATES NOTED, BUT STILL WELT.
297 WITHIN LIMITS. COPPER LEVEL INCREASING GRADUALLY. ALL OTHE WE,

oto ch"@ 2 METAL LEVELS STABLE.Os,, 75 1 6 19 1 10 00013 1 161 1 3 [ 126 N 4

., 9-25-7411

sNo, a, 417713 N5 N1_ N
.ab/u"It 6 99 4 0 RING & PISTON WEAR RATES UNCHANGED. COPPER LEVEL STILL SLIGHTLY
Ahies."t97 303 HIGHER THAN PREVIOUS. ALL OTHER WEAR METAL LEVELS STABLE.

S.;one last

Samnoted 9-25-74

4s-..l.& 417714 N N N N N N ,, N N N , ,N

Lab/uit= 6 9 9 4 2  RING & PISTON WEAR RATES DECREASING, AS IS COPPER LEVEL. ALL OTH
'Airs. 309 WEAR METAL LEVELS STABLE.

,I 54~ -- -

-, .id9-26-74 N b N I V 1v N II - & I Ii N  I

6RING WEAR RATES FLUCTUATING. ALL OTHER WEAR METAL LEVELS STABLE.
315

Mc"60Dat., 9-27-74 121 1 31 6 10 00 3 12123 N + ,57 ':
"M4ia 417716 N. N. .N. N.N N.

ab/wM~*6994 4  
-- - -__-

fA"to ,/rs4321 WEAR TREND STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

03" 'a 6 9 10 in 4 1 1°41°1 I1 1 1
1Safmonqtl 9-3074 ; ,; 3
rIa.,z 417717 N N N N N N N N
I /.""59299 RING WEAR RATES CONTINUE TO FLUCTUATE SLIGHTLY. COPPER LEVEL

5, ,,al 327 BEGINNING TO INCREASE. ALL OTHER WEAR METAL LEVLS STABLE.
Oil rho"0~72

SN K.D. LEWIS - MAIL DROP A-23 o LCAO l ,Pf g Nl . , uIN . ,seT i

M ICHIGAN DIVISION LTV AEROSPACE CORP ,

I P.O. BOX 909 M,5ToAY A -F-ASN,
c._ WARI'TN, MTCIICAN 48090
0) (313) 539-0300

ftpre 9-1. Spectrometric Oil Analysis Reports (Sheet 11 of 17)
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T

40 iARICITA OT. N.W., 84M FLOOR a1 gINe 1T. WE11 24 WOOPLE "AO
ATLANTA. @ONGIA OOS@ TOONTm IS. ONTARIO LONOON &.W.19. ENGLAkO

(40~l lmTl 41922720 461 *I0 02-19"0S 7-029i

-WEAR-CHECK RZPW
:AE: ,HITZ ",:L:M 151 FLS-=-T/UNrr A: 4700584 DI'SSW'JG/C. VLINEINAT'. c A

": M .fON LAO TIMv , .1.002SA. PIE . . . .. .- - . . . .... .... ___ _....__ _

1 !T'_ _ i !... = , I I .1.- i I I -I i

.- 7 : 1 9 010.L000 5 j 4 jI 2 N,2.i1 w N +2i L9-307 N ,: N ; ,wTN '/NI N N ;
417718 . ' I ,__ _, ..

"" 59300 :. R D STA3LE. ALL CONDITIONS APPEAR SATISFACTOPr.
333

71~

10-2-74 3 , 71 i
41771 9 _N L_-j -__N,____________

. 33... 1NEAR TREND R"TMAiIFS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

-.+- 10-2-74 ; I N ,, I j N
417720 N , N i .....
59336 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

, .. 3'4

0 4 11 1 1 1,

417721 N N N N N JJJNj N C
...•" 59537 - ' :... .

21 1 VEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

* 10-4-74 ,.. 101 10 00 01 2 1 4' 23 3 N 1V,
104-4 I' N' INT I NI Ni N1  j

" 5 +,n" NG W7AR RATES BEGINNING TO INCREASE. ALL OTHER 1EAR % TAL LEVPT

102 STABLE.

2 6 1,0 .000' 2 .. 4 .24 N +6110..-5o.741 ' ,;2 ! ," 4'' t,' oo ' , " ... ' ~ +"'+
.... "4177 3

" ""DUCTION IN RING WEAR RATES NOTED. WEAR TREND STAnLr.

I.- A, -1 -TI-- M

. T,7W', MAIL OTYOP A-23 * III ,." rMIX'"
ir.P':'AT JDIVIZTON LTV AEROSPACE CORP. 0'%.AlrtVfT
,V)* ;f) ; ' O m M i Sr ., f /t A hM fll' .. . ..._ _____________

Sfitgure 9-1. Spectrometric Oil Analysts Reports (Shoot 12 of 17)
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p 0 a@ ANIYA S. N.W.. 14166 FLW*0 36 ICING S. W~uT 2d Weafts ROAD
ATLANTA, 0901101A 30"S2 TORONTO 11111 ONTARIO LONDON G.W.1. CHOLAND

WEARCHECK REPORT
MAKE: WHITE MODEL: M 151 FLEET/UNIT #: 4700584 DIESEL/GASOLINE/NATL 0,

ALUM. I0R. CHWRO. COP. IRON LCAO M O TIN VIS..
$N~UN ON miu "E s ( lIum CON I,*

DSAMPLE . .........
DATA -.-/ ..." ' "

10-5 13 1i L000 2 4 4 24 N +6 4
SamOle: 10-5-74 N N N N N N N NSa"Os Jr 4 1 7 7 2 4 ... . ....7

Lab/unit 59540 RING WEAR RATES FLUCTUATING AND NOW ONLY MARGINALLY NORMAL. ALlsi ,,g 369 OTHER WEAR METAL LEVELS STABLE.
Oil cm-99 114

ied 1C-5-74 N I N N N2N1 Nit.Saml., 417725 , i i i iNl I,Lab/., um* 59541
L,,bur,, 375 RING WEAR RATES BEGINNING TO DECREASE. ALL OTHER WEAR METAL LEV.

" 2 CIO , 03; STABLE.Oil 00a.gai 120

S~,Maled 10-7-748 1
S*m' ," 417726 INA I N N N N N N
00 /uit= z59682 RING WEAR RATES CONTINUE TO FLUCTUATE AND NOW SLIGHTLY ABOVE NORMA

, 381 COPPER LEVEL INCREASED & NOW ONLY MARGINALLY NORMAL. ALL OTHER
0_ __, ENGINE WEAR RATES & CONDITIONS APPEAR SATISFACTORY.

s,, 10-8-74 1 13 0 11100 N
Sampl.D 417727 N N N N NILJ t N I N..I I N[

". 59683 RING WEAR RATES LOWER & NOW WITHIN NORMAL LIMITS. COPPER LEVEL
S"'*" " 387 SUBSIDING. ALL OTHER ENGINE WEAR RATES & CONDITIONS APPEAR SATISF
00 h-ng 132 TORY.

SI.amld 10-8-74 182 N +6
Sai , 417728 N IN IN IN INININI N IN I l !NI

""" 5968459684 FURTHER REDUCTION IN ENGINE WEAR RATES NOTED. ALL CONDITIONS
$on lst393 APPEAR SATISFACTORY.
o0.1chafgo 138

OiS 10-9-74 i1 1  "' 0  4 II
I , 417729 I INN

Labbnit 2 59760 WEAR TREND STABLE. ALL CONDITIONS APPEAR SATISFACTORY.
P"l',i 399

, O.I -a . 144

-- ti~msin A - Ab.ooffel ALUM. [O.INOIC0 ~ LAD MAGNV I M ULt. I I ?N l1,t.ue IQ

K.D. LEWIS - MAIL DROP A-23 OL MA & ? 7PTfteI

MICHIGAN DIVISION LTV AEROSPACE COR . N,,Of.V ISEMAIS_
,n P.O. BOX 909

WARREN, MICHIGAN 48090 (313) 539-0300 Extn: 596, 531

figure 9-1. Spectrometric Oil Analysis Reports (Sheet 13 of 17)
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40,) MARMITA SIT. D.W.t 141" PLC so$ Rome O. was? *A ~OPLC NO
ATLANTA. 4 0OA 380O2 TOROMM 834L O01TAR LO ON WIS. Io 4. a a

404 3l32-7300 64111 s0.t2I0 0t.047-0I

WEAR-CHICI( REPORT
MAKE: WHITE MODEL: M 151 FLS-ET/UNIT #: 4700584 DIESEL/GASOLINE/NATL r

ALL-W . . CILO.. Co p. IRON L?^o MANu" me
'NUM ON 4I 1 SA co TIN v ,o,

DATA ........ .e't"T':- z I -- ...

o,,. '1=1g-11w .100 3 N3 a
,417730 IN N N N N

5pL 9 - -,- _ IN:__ _ . ~ - I. I- 1 - 2
-",'/,-405 %EAR TREND STABLE. ALL CONDITIONS APPEAR SATISFACTORY.
SSICT 13s?14

"tI ,,~. 1e,.4,, . 14 9

o 10-10-74 2 1 i1 -7 s 1 T. 30 . 1.1 2 24 N
" 417731 sL N N _ N I N N
,i,, 976411 SLIG7'T REDUCTION IN RING WEAR RATES NOTED. OTHERWISE STABLE.

L 1 12 1055 10 i100 2 1 4137N15

417732 _

t ''?17 RING WEAR RATES FLUCTUATING & NEARING TOP END OF NORMAL RANGr.
t . 1,. OTHERWISE STABLE.

6 15 1211 11 0 24 1 +7.. 1 I , , oo 1 ', ... . .4 'Il ,
10-11-741 ' -

:,,-,- 417733 .._ _N _.. N , I N.
""5'"'"" 59764 RING WEAR RATES FURTHER INCREASED & NOW AT TOP END OF NORMAL ANVr
,,423 OTHERWISE STABLE. (NOTE TENDENCY FOR COPPER & ALUMINUM TO INCRM,

- "" 167 WITH! CHROMIUM)

10-74 N - * " N N N N
'"" 417734 N iN : ," I ! I .. X

,,., 4 4NW52111 COPPER LI-VEL (BEARINGS, BUSHINGS, GUIDES) BEGINNING TO !NCR7A5F.

.. ,s, 429 IRON LEVEL (CYLINDERS, C.SHAFT) INCREASING. RING WEAR RATES V -
173 CREASED. ALL OTHER WEAR METAL LEVELS STABLE.

t °.'r"M 10-74 N9q6 24 N
,_,, 1775 N.N_1 N I N N N N N
.,,, 52113 CONDITION ESSENTIALLY SAME AS AT 429 HOURS, WITH ONlY SLIGHT R.-

* 435 DUCTICN IN IRON CONTENT NOTED.S ,,., 179
* *'J,,nI A - AhonarmeI A' ro i In.N L'AO T

'~. , ,'IU. I I It ' l: 
°  

I U :.,, t li I CON I ___ I___1_______"_______I

1 I ...L.....:.
K.D. LEWIS - MAIL DROP A-23 oIT
MICIJICAN DIVISION LTV AEROSPACE CORP.
P.O. nOX 909

WARREN, MICHIGAN 48090 (313) 539-0300 Emtn: , 53
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0 MAIET Stnr . ~W.. IJIm FLOOR 23 KIWJ ST. WEST 24 WORPLE ROADgATLANTA. GEORGIA 50S03 TORONTO 133. ONTARIO LONDON aS.. ENGLAND
(404) 52.273g (414) 32i. -00 01-47-021

WEAR-CHECK REPORT
;AK<E: ,IT. ''CL: M 151 F'E--T/UNIT #: 47005e4 DIESEL/GASOLINE/NATL C.

LVM J I C-410., C rLrArn IIAON r i

...... O TIN vI!;c Imtoort *';,

SAMPLE F -. I...-j L L -

DATA ~IIDATA ~~ ;..... ....... ........, " '' '~ ~~~. . . ........ ..,. .{.... .. i...... ... .,,, - ,,-' - .--- .A - -- '

10-15-74 1 9 I21!1O0 "5; 3 N4 N
S. fl ,._ 4 1 7 7 3 6  ' N _ L L L _ N ,, . _

M, /,Vrh 52112 ."0N LEVL FLUCTUATING & NOW DEMONSTRATING RATE OF WEAR TWICE TF
I sne,'It 41 Nc"TZD AT 423 HOURS. (STILL WITHIN NORMAL LIMITS) OTHERWISE, STA

Oa c"IYg 18 5

sA' 1-4 2 1-5 10 1i~o 0 3 2 23 1N +9
.,w.--- 417737 LN . .. Y N -N I N N I

115 FLUCJ:-ON CONTINUES. GENERAL REDUCTION IN ENGINE WEAR RATES
44T -,. ACRCOS T'E 3CARZ.

S 17 13 4 6 3 24 N +1
* '4 17 7 38 L NNKTIN NI

!-"""'jn"52114 COPPER & IRON CONTENTS BEGINNING TO INCREASE AGAIN. OTHERWISE
': 153 STABLE.

•i~'2 , 197

~"10-16-74 1 1 1 21 I j 2 9I
.,...- 417739 N N N NN. I N IN N N'. ,, " " ' 5 2 1 8 7....

"" 23. 7 FURTHER INCREASES IN COPPER & IRON CONTENT NOTED. RING WEAR RATL.
,-',;203 DEMONSTRATING MINOR INCREASE. OTHERWISE STABLE.

UNK 6 T 1 10 3

417740 N "  N N 5_ __LN N N

I ?.,...,,,,.5 $. MINOR INCREASE IN RING WEAR RATES NOTED. COPPER LEVEL STABLE.
". 209 IRON LEVEL BEGINNING TO DECREASE.

' ' '' ' ' ' O - ' 7 - 4 7 ' - - 0 ' 1 1 1 1 00 1 4 I  t 1 I 12 6 N ' 7 ' l

1 10-17-74' 771fpT7~~oq 4 3 ~ 6
417741 N .N NIN N, N N N

1...,8, 8 FLUCTUATION CONTINUES. RING WEAR RATES DROPPING..COPPFR LnF'EL

I , 215 BEGINNING TO DECREASE. FURTHER REDUCTION IN IRON LFV7,L (CYLS).

IN:'P.. ' -PI' ' " "l it MA .L.j...... '"°" ._ I_ _ i ....'( ,J 4:1-IOI A iA L
K.D. LEWIS - MAIL DROP A-23

- MICUIGAN DIVISION LTV AEROSPACE CORPL o,,.A,-. NTRMTX.,n
0".O. Box 909 HISTORY 0 RCMAK

>- WARREN', MICHIGAN 48090
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I

1j 40 MANIYgTTA sT. mW.. 14vi. PLOON 203 KING OT. w9T 2A WORPE ROAD
ATLANTA. 06011GIA 30303 TORONTO 133. ONTARIO LONOON U.W.I. IINOL.ANO

W tu to* i 404 1192-7300 ,4ig )S.S*44 OI.047.0241

WEAR-CHECK REPORT
MAKE: WHITE MODEL: M 151 FLEET/UNIT #: 4700584 DIESEL/GASOLINE/NATL Ch

ALUN. 4O10. CMO.I fI.0. o L... TIN kL I 
|  

O N M IU M I E "P : N O . A SM I[U M M O L IL A TN V .S e .g ~ u e . , '* '*.

SAMPLE 'ul "AIMPE O

DATA S.A.C...- -'-. ..... ..,

... _j

o- 10-74 1 7 1 12 121 61100C 4 1 1 261.. N 1+73 ~ 6 4C. 4 1 7 7 4 2 NN

/. T SLIGHT INCREASE IN RING & CYLINDER WEAR RATES NOTED. OTHERWISEsbn,, Is" 221 STABLE.

o&* 10- 74 4111110131 1 14 131 251 N +6

L.u.h/,- 5 23 2 9  REDUCTION IN PISTON & RING WEAR RATES NOTED. OTHERWISE STABLE.

ece, '"I227
Oil cNe"g

O 1o-7 1l 1151151151100 3 61 1f61 3 j24l N 1+24
S.m._ 417744 1N N N N N N N N .1+ I
tab/ww,, 52330 FLUCTUATION IN PISTON & RING WEAR RATES AS MINOR INCREASES NOTED.

OTHERWISE'STABLE.
S.. "233

al e 10-18-74 5 1 91 1 1 1 1 1 0 j 3 1 1 2 1 j
417745.N

L,,w,52331
M"'/ift93: MINOR FLUCTUATION CONTINUES. OTHERWISE STABLE.
S.Anc4" 239
0o4 cha'eo,

01 0-19- 74I (20 1 141 14 1100 3 1  1 I 4 24 -N+7

sa.,l, 4&17746 IlN IAININ !NI IA[ N N N NN IN

L,"Iv1"" 501 SHARP INCREASE IN RING WEAR RATES NOTED, WHICH ARE NOW HIGHER THAI

s-- lost245 NORMAL. PISTON WEAR RATES CONTINUE TO FLUCTUATE MILDLY. OTHER-
On the,.,t WISE STABLE.

s2.o! o 10-19-74 I 1 2 1 l15 1 1 094 1 1 4 1 1 l 1 241 N +71
sasi,# 417747 [ N N N [N IN N.5 . N N .N

X""I."- 52333 RING WEAR RATES SUBSIDED. SLIGHT REDUCTIOq IN PISTON WEAR RATES.
wfast"I'. 507
s0.,ft 2  OTHERWISE STABLE.Oil C:61 1011 251

- Maimne A - MAbpomW ALUM. *a*. CHRe. CO O EO AN too ?INI VISC a.e(
s-... NUM ON II M14111 IE "AeuM C 0N

MR. K.D. LEWIS - MAIL DROP A-23 OILMAK & I V INTERMIXED
MICHIGAN DIVISION LTV AEROSPACE CORP

P.O. BOX 909
WARREN, MICHIGAN 48090 (313) 539-0300 EXT 596, 531
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40 61MREA XT. N.W.. 1I 1 FLOOR 33 ICING 411. wear X4 wORPIE ROAD

ATLANTA. GOIMA 01 TORONTO $61. ONTARIO LONDON &W.19. KNOAND

W 1 404) 32.12630 (4141 342-m " 0147.-oge

WEAR-CHECK REPORT
MAKE: WHITE MODEL:M 151 FLEET/UNIT #: 4700584 DIESEL/GASOLINE/NATL G

ALUM. N0R CHRO. COP. IRIN I.EAO SIUM MO NtLl. C. q qu., ,.

INUM ON iUM PER cCNN
SAMPLE .A .. .

.
PICK .. * -, a

SDATA .-- -: "..

o a ft 14 1 1 1 4 41 1 - ...
o40"ll 10-20-74 , I4 i ' .0 2d 1 7 7

sAM09-2 417748 _U
Labw,,=52334 WEAR TREND FAIRLY STABLE, WITH ONLY SLIGHT REDUCTION IN COPPER

Mls/Ms. 514 NOTED.

00 O.Change,

s, , 10- 20-74 6  1' 3 1 5  1 1  0 90 35 1 12 - ' N
3s..o. 417749 N N N N N N N
La/tvf '52335 WEAR TREND STABLE. ALL CONDITIONS APPEAR SATISFACTORY.
AMeih,,s. 520
o,, .I... 2 5 6

5s 10-21-74 1 14 1 122 1 N
5 0 0 11

Lablumv 52435
t'',r,. 526 WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.

" 271

sam@I.d 10-21-74 1 ... 4
Sam.8 417751 N N IN N N IN N N N

u,,, 2. 3  WEAR TREND REMAINS STABLE. ALL CONDITIONS APPEAR SATISFACTORY.
oach",-w277

Onto 10-22-74 6  '11 5117 11001 4  1 1 6 1 14 1 1 1 N 1+3af*.t 417752 N NJNjN 1 N NI I A _ A N N IN N
L"1- 52 477
"I"Cut"-52477 COPPER & CHROMIUM (RINGS) LEVELS INCREASED & NOW SLIGHTLY ABOVE

t"Ct 284 NORMAL. OTHERWISE STABLE.

o., O. 10 22 74 4 1" 1 21 161 17 11000 4 2 3 241 N +
Sampd4 "0--71 III
sanoe 417753 IN N IN Al N NI N 1 N 2 1 3
LaboM119#52475 DECREASE IN RING WEAR RATES NOTED. OTHERWISE UNCHANGED.

.. "" 544 •J

" m 289 .______

- Normal A - Abnormal ALUM*. sof.CNI. COP. O AO ACN M. I I I * . ....C i

3 Svre MUM od MIUMo PECR SlCON I., . I~ I ,, t. __, ___n ________i ____i_,1

MR . .LEWIS- MAIL DROP A-23 OIL______&_____INTERMIXE
MICHIGAN DIVISION LTV AEROSPACE CORPI P

P.O. BOX 909 "o """"K
WARREN, MICHIGAN , 48090 (313) 539-0300 EXT 596, 531
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