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ABSTRACT

A 20-truck fleet test of general purpose vehicles was conducted with four different engine oils, four
gear lubricants, four greases, three brake fluids, an arctic antifreeze, two grades of gasoline, and two
compression ignition fuels over a test course ranging from highway operation, hilly cross-country terrain, to
operation in deep sand, in order to establish the compatibility of the various test materials with typical
vehicles in the Army inventory. In general, the majority of the materials performed satisfactorily although
specific compatibility problems were noted with ergine oils in the 5-ton truck and gear oils in the 1/4-ton
M151 jeeps. Both federal and Military specification brake fluids gave satisfactory operational performance
but tended to cause corrosion and gum buildup during inactive periods, whereas a military specification
preservative fluid tested caused less corrosion and gum with satisfactory operation within its temperature
limits. The military specification antifreeze utilized performed adequately in lower-heat-output engine
systems but provided marginal to poor performance in the higher-heat-output engine systems.
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INTRODUCTION

The continual utilization of new and improved Military vehicles requires a constant review and
upgrading of the various specifications which control the quality of Military fuels, lubricants, brake fluids,
and antifreezes. The field data necessary for determining the need to increase scverity requirements of
present qualification tests or the need to develop new qualification test procedures are obtained by various
methods. Two direct methods come from continuous surveillance of maintenance records and inspection of
engines and vehicles returning from field service for rebuild. However, both of these are somewhat subjec-
tive since operation conditions, individual vehicle maintenance, type of service, and personnel vary from
location to location. The most effective method of obtaining meaninful data is a controlled fleet test
involving a representative range of vehicles, materials, operating conditions, znd envircnment.

This fleet test program was conducted by Southwest :.:arch Institute, San Antonio, Texas, for the
Fuels and Lubricants Division, Coating and Chemical Laboratory, Aberdeen Proving Ground, Maryland,
under Contract Number DAADO 5-67-C0361. The purpose of the test program was to obtain under
high-temperature/heavy-duty operation, field performance data on fuels, lubricants, brake fluids, and anti-
freeze used in general purpose Army vehicles. The program consisted of testing selected matexials in a
20-truck fleet operated under a controlled test cycle for a duration of 20,000 miles per vehicle. Evaluation
of test material performance was based on laboratory analysis of samples obtained during test and vehicle
inspections made during and on completion of test.
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OBJECTIVES

The fleet test had three primary objectives:
(1) To determine if the test materials satisfactosily met the vehicle requirements.

(2) To obtain field data in order to determine if the lubricant qualification test procedure; corre-
lated satisfactorily with field use resuits,

(3) To investigate the applicability of spectrometric metals analysis to Army general purpose
vehicles.

L__
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GENERAL DESCRIPTION OF TEST

Test materials selected for use in the fleet consisted of three MIL-L-2104B and one DEF-2101D
engine oils, four MIL-L-2105B gear lubricants, one MIL-G-10924A Amendment 2, and three MIL-G-
10924B (one qualified and two experimental) multipurpose greases, three brake fluids (one each meeting
Specifications VV-B-6380, MIL-H-13910 and MIL-P-46046), and one MIL-A-11755 antifreeze. Fuels used
for test included two MIL-G-3056B gasolines of differing induction system depasit (ISD) indices, one
MIL-F-4512B (CITE-R) fuel, and a Caterpillar 1-H reference diesel fuel. The fleet consisied of five 1/4-ton,
two 3/4-ton, and five 1-1/4-ton vehicles powered b gasoline engines and five 2-1/2-ton and three 5-ton
vehicles powered by multifuel engines. Test material-vehicle combinations assigned at the start of test were
maintained throughout testing with the exception of the fuels used by the multifuel engines. All multifuel
powered vehicles used MIL-F-45121 (CITE-R) fuel during the first 12,000 miles of operation and Cater-
pillar 1-H reference diesel fuel for the subsequent test pariod.

Prior to road operation, the fleet vehicles underwent extensive preparation. Upon receipt of the
vehicles, the engines were removed, disasseinbled, the bearings and piston rings replaced, valves lightly
grouad, all weight and size measurements recorded, reassembled, and then reinstalled in the vehicles. Each
gear assembly was removed from the trucks and disassembled to determine that each was clean, free of rust,
and in new condition with proper backlash and no indication of wear or corrosior. Where deviations from
these conditions existed, corrected steps were taken and will be discussed in more aclail later in the report.
With respect to chassis components, ail universal joints and constant-velocity joints in all the trucks were
disassembled, washed, dried, inspected, packed with <he test grease specified and reassembled. All wheels
were removed from the trucks and the wheel bearings and hubs were washed out with solvent. dried, and
inspected for wear or defects. The bearings were thoroughly packed and some surplus grease allowed to
remain on the outside of each roller cone assembly. While the wheels were off, new brake cylinder
assemblies were installed using complete new cylinders drawn from Army stock. Thermocouples were
installed to measure temperatures in the sumps of each axle, tiansmission, transfer case and engine, plus
engine-water-out, engine oil gallery, fuel to and from the engine (multifuel only), and inside a front and a
rear wheel brake cylinder (the latter on only one of each mode! truck). A lead was provided to connect to
the thermocoupies installed in the front wheel hubs of each truck to measure the temperature of outer
bearings, outer races, immediately after the truck was stopped.

The fieet was scheduled for operation over two highway courses and one sand course. The first
highway course was essentially level highway involving high-speed operation with a required stop every 32.5
miles at the turn-around points. The second course was through the hill country of South Central Texas
characterized by aumerous tums through the rolling terrain and low mountaius along the Balcones fault.
The third course was in deep sand at Padre Island approximately 160 miles southwest of San Antonio. Of
the total 20,000-mile operation, 16,000 miles were run on the level highways, 3,600 miles in the hili
country, and an additicnal 400-mile operation was in the sand. A brief description of the test cycle is
shown below:

(1) SO-mile break-in, variable speed (35 mph), level road

(2) 3950 miles of high-speed operation on leval interstate highway

(3) Mid-tcst 22ar inspection

(4) 1800 miles of high-torquc opeation on hilly roads which required low-gear operation
(5) 200 miles of sand operation a\ Psdre Island using low gears and all-wheel drive

(6) Mid-test gear inspection

(7) 6020 miles of high-speed operation on interstate higiway
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(8) 1800 miles of high-torque operation on hilly roads which required low-gear operation

(9) 200 miles of sand operation at Padre Island using low gears and all-wheel drive
(10) 6000 miles of high-speed operation on interstate highway.

“An investigation of the applicability of spectrometric metals analysis to Army general purpose
vehicles was conducted by the Army Fuels and Lubricants Research Laboratory located on ¢e grounds of
the Institute. This investigation, funded through Contract Number DAAD 05-67-0354, forraed an integral
part of the test program with oil samples being obtained at regular specified mileage intervals.”

At the conclusion of the test, the vehicle engines and other pertinent vehicle parts were disassembled
for inspection by Institute personnel, Army representatives, and members of various industry-government
committees. From these and the mid-test gear inspections, conclusions were drawn on the performance of
the various test materials and recommendations made concerning the fuel, lubricant, brake fluid, and
coolant requirements of this range of vehicles.
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SUMMARY OF RESULTS

At the completion of the test, the ¢ngines, gear boxes, and vehicle components were disassembled for
inspection by the various review teams. The following is a summary of the results obtained:

Engine Qils—As iliustrated in Table 1, engine oils coded CCL-0-144, 145, and 146 were qualified
MIL-L-2104B producis and CCL-O-147 was qualified under DEF 2101D. The cngines were inspected and
rated in terms of their total deposits in order to determine overall p -formance, and a summary of the
results is shown in Table 2. The results indicate that all oils performed adequately in the 1/4, 3/4, 1-1/4,
and 2-1/2-ton vehicles. Howevei, a compatibility problem was observed with all oils tested in the 5-ton
truck enginc. It was also seen that use of gasolines having high induction system deposit indices can cause a
significant increase in varnish and sludge deposits. In terins of individual oil performance, CCL-O-146 was
slightly better than 145 in the gasoline powered and 2-1/2-ton vehicles. CCL-O-144 was essentially
equivalent to 145 and 146 in terms of deposits but frequent occurrences of mild liner and ring distress
(scuffing, scoring) were noted in almost all engines run with this oil. CCL-0-147 was decidedly inferior to
the other three oils. In the 5-ton truck engines (LDS-465A1), CCL-0-145 showed superior performance to
both 146 and 147. The engine using 146 was terminated below 15,000 miles due to a cracked block, but it
had suffered considerable bearing problems (new set installed at 7,286 miles) due to wear and/or corrosion.
Bearing distress was also noted in the other 5-ton vehicle engines. CCL-O-147 exhibited heavy depositing in
this engine.

Gear Lubricarts—As illustrated in Table 1, there were tour gear oils used in this test—CCL-G-148,
149, and 150 which were all qualified MIL-L-2105B products and CCL-G-151 which was a 50/50-percent
blend of CCL-G-149 and 150. All gear asser.blies were inspecied prior to and at the conclusion of the test.
In addition, the axle assemblies were inspected after the first 4,000 miles of high-speed highway operation
and at 6,400 miles after the first high-torque cycle comprised of hill course operation and 200 niles across
the sand at Padre Island. In general, all four lubricants performed satisfactorily in all vehicles except the
1/4-ton M151 jeeps. Eight of the nine jeep axles which completed the test had scoring or ridging on the ring
and pinion gear tooth contact surfaces. Also noted was the fact that CCL-G-148 did not adequately inhibit
rust. All gear units lubricated with this product had varying degrees of rust, more below the oil level than
above. The rusting was predominately on noncontact surfaces since daily operation of these trucks kept the
contact surfaces rubbed clean.

Multipurpose Grease- There were four greases evaluated in the test, two qualified and two experi-
mental materials meeting the MIL-G-10924 amendment 2 specification. Examination of the 68 front wheel
bearings in trucks, 72 wheel bearings in trailers, und several universal and co.stant-velocity joints indicated
ne deficisncies in lubrication and, in essence, no differences between the four greases. Tnere were three
bearing failures, all of a typical spall type not attributable to lubricant failure. Therefore, it was concluded
that all greases performed cqually we!l.

Brake Fluids—After completion of the test, vehicle wheel cylinders were inspected. It was observed
that corrosion was less evident in the cylinders containing the preservative MIL-P-46046 fluid than the
cylinders containing the operational VV-B-680 and MIL-H-13910 fluids. Several cylinder pistons in vehicles
containing MIL-H-13910 fluid had become frozen during the interval between the end of operation and
inspection. Rust buildup in cylinders was due to water pickup-fluid oxidation products attacking the metal
components. This situation was magnified in some cylinders by the galvanic acticn between iron cylinder
walls and aluminum pistons.

Antifreeze-On completion of the test, inspection of vehicle coolant systems showed satisfactory
coolant performance in the 1/4, 3/4, 1.1/4-ton trucks and marginal performance, evidenced by moderate to
heavy rusting in the 2-1/2 and 5-ton trucks. Analysis of the used MIL-A-11755 antifreeze samples indicated
that the higher-heat-output engines caused a depletion of inhibitors resulting in the rapid lowering of the
antifreeze pH with subsequent attack on metal components.

S
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SPECTROMETRIC OIL ANALYSIS

“A comprehensive description and discussion of this investigation is available in other repcris (see
bibliography references 1 and 5). In brief, it was found that: (1) atomic emission and absorption
spectrometry provides a rapid mean: of monitoring wear metals and additives in used lubricant samples,
Table 3:(2) diesel engine bearing failures could be successfully predicted whereas gasoline engine bearing
failures could not be predicted; (3) engine coolant le~ks and dust ingestion were readily detected; and (4)
other tests emphasizing particle suspersion could be used to provide clearer interpretation of the
spectrometric analysis.” The oil analysis data are shown in Appendix II.
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CONCLUSIONS

Based on the results observed during the 20,000-mile fleet test, the following conclusions are made:

e

Engine QOils

i

®  MIL.L-2104B oils are not applicable to all engines in Army general purpose vehicles since a
definite compatibility problem existed between the oils evaluated and the more highly stressed
LDS 465A1 engine.

g

e}
.

The engine-fuel-oil compatibility procedures used for qualifying engines for ise by the Army
are inadequate.

®  In terms of specific oil performance, the following ranking can be made:

(1) CCL-0-146 was the best oil in he spark ignition and 2-1/2-ton vehicles; however, it
exhibited poor performance in the LDS 465A1 engines in terms of deposition, bearing
wear, and possibly bearing corrosion.

(2) CCL-O-145 was a close second and illustrated the best performance in the LDS 465
engine, making it the best in total performance.

(3) CCL-O-144 was nearly equal in terms of deposition to 145 and 146, but appeared to
cause liner and ring scoring and scuffing.

(4) CCL-O-147 exhibited significantly poorer perfcrmafice in almost all categories than the
other three oils.

®  The use of gasolines having high induction system deposits indices results in significantly dirtier
engines.

Gear QOils

®  All oils peiformed generally satistacicrily although a slight compatibility problem was
i }‘ demonstrated with the axles in the jeep vehicles.
i
«li

i ®  CCL-G-148 was the poorest performer causing rust deposits and sceming more prone to scoring.

®  Qualification procedures for gear oils do not adequately provide assurance for satisfactory
performance over a long time period.

Greases
®  All greases performed equally satisfactorily.

Brake Fluids

} ®  Brake fluids VV-B-680 and MIL-H-13910 give satisfactory opcrational psrformance but tend to
' cause corrosion and gum buildup during periods when brakes are not activated. Preservative
fluid MIL-P-46046 causes less corrosion and gum and operates efficiently within its temperature
limitation.

-
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Antifreeze

®  MIL-A-11755 antifreeze will perform adequately in lower-heat-output Military engine systems.
Marginal to poor performance can be expected from the antifreeze in higher-heat-output engine
systems, when operating in high ambient temperatures.

Spectrometric Oil Anaiysis

®  Analysis of used engine oils by spectrometric techniques can be an effective means of
identifying potentially castastrophic failure conditions. However, normal wear rates could not
be correlated with measurements of wear metals in the oils.

®  Coolant leaks and dust ingestion can be readily detected using spectrometric analysis.

®  Other tests used in conjunction with specirometric analysis provide clearer interpretation of
analysis results.
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RECOMMENDATIONS

Based on the observations and conclusions drawn from the road test, the following recommendaiions
are made:

®  An oil quality performance program should he conducted to improve the performance of
present oils so that they may be used in all general purpose vehicles. Also, consideration should
be given to include bearing wear requirements as a part of the specification.

®  Stringent compatibility requirements should be established, implemented, and maintained for
each critical vehicle component.

®  An induction system deposit index requirement should be included in the combat gasoline
specification.

®  Strong considirations should be given to modify the qualification procedure for gear oils to
include interim evaluations in order for previously qualified products to remain qualified.

®  Controlled fleet tests of this type should be conducted on an annual or semi-annual basis
covering a representative range of vehicles and operating conditions.

® A cost analysis survey should be made to determine the applicability of spectrometric oil
analysis to selected combat and general purpose vehicles.

e  Sintered iron pistons replace aluminum pistons in all brake cylinders in the earliest time-frame.
Also, in instances where siorage of vehicles containing alurinum pistons is anticipated, opera-
tional fluids should be drained and replaced by preservative fluid MIL-P-46046.

®  Drain periods recommended in TB 750-651 for MIL-A-11755 antifreeze he followed in order to
avoid usage after inhibitor depletion.

f oy =3 D S O

®  Work be undertaken in developing and subsequent field testing of MIL-A-11755 antifreezes
containing improved inhibitors.
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DETAILED DISCUSSION OF TEST

TEST MATERIALS

Test materials selected for test consisted of three MIL-L-2104B and one DEF-2101D engine oils, four
MIL-L-2105B gear lubricants, one MIL-G-10924A amendment 2 grease and one qualified and two experi-
mental MIL-G-10924B multipurpose greases, three brake fluids (one each meeting specifications VV-B-680,
MIL-H-13910, and MIL-P-46046), and one MIL-A-1175$ arctic antifreeze. Two MIL-G-3056B gasolines of
differing induction systems deposit indices, one MIL-F-45121B (CITE-R) fuel, and a Caterpillar 1-H refer-
ence diesel fuel were used. Physical property data for the various engine oils, gear lubricants, greases, brake
fluids, and antifreeze are presented in Table 1. Fuel data are given in Table 4. The vehicle-test material-fuel
combination used during the test are shown in Table 5.

— e may = ] T

TEST FLEET
' The fleet of twenty general purpose Army"vehicles consisted of five M151A1, 1/4-ton trucks; two
M37BI, 3/4-1on trucks; five M715, 1-1/4-ton trucks; five M35A2, 2-1/2-ton trucks; and three M54A2, 5-ton
- trucks. The 1/4 through 1-1/4-ton vehicles were powered Ly gasoline engines; while the 2-1/2 ard 5-ton
‘ vehicles were powered by multifuel engines. The test vehicles are described in Table 6 and Appendix 1.

INITIAL PREPARATION
Engines

All engines were disassemble for inspection and initial measurements in order to ensure that all parts

[ were in clean, new condition, free of deposits and rust, and that proper fit and clearances prevailed. This
provided starting point from which the wearing depositing characteristics of the lubricants could be gauged.

All original equipment piston rings and rod bearings were placed with new parts. Ring end gap, ring side

[ clearance, cylinder bore diameters, and rod bearing weights were recorded at the beginning and end of the
test to appraise wear. Other dimensions routinely checked initially included such items as piston to cylinder

clearances, shaft and camshaft end play, valve guide and stem diameter, injector and ignition timing, etc. In

addition, the heads, valves, and ports were cleaned and the valves were refaced and reseated. Preparation of

[ the engines was routine with one notable exception. The M37B1 engines had been rebuilt prior to delivery
for this program. In accordance with overhaul depot practices, the engines had been bored and dry sleeved.

- The number four cylinder in engine serial number US 24-3267 from truck 3G6207 had no contact between
the dry liner and the block for approximately 1/2 of the cylinder circumference from the top of the block
- to a depth of at i :ast 3/8 inch. A new bare block was purchased and, to facilitate assembly of the vehicles at

the time, was installed in truck 3B3632. The engine received in 3B3632, also a sleeved engine, was
satisfactory and was run in vehicle 3G6207. The engine run in 3G6207 also had a 0.010-in. undersize

. crankshaft, witb 0.010-in. undersize rod and main bearings. The number 3, 4, and 5 rod journals had a
slight scuffed appearance but felt smooth. The rod bearings plastigauged 0.0007 to 0.0008 in., which is
. tighter than desirable but within the tech manual specifications for the fit of new parts. In addition to the

rod bearings, main inserts were replaced because the original ones were heavily corrugated and in poor

condition. All exhaust valves and intake valve guides were installed new in the block in order to start with

the correct valve stem to guide clearances. The new bore block for truck 3B3632 was built up with new rod

and main bearings and standard pistons with new rings drawn from Army stock. The cam followers from

» the Army engine were also used. Six were 0.0008 in. oversize so the corresponding holes in the new block
were reamed to the correct size to fit these tappets.

L CGther exceptions to routine were the replacement of the number one cylinder liner in one M548
engine due to a 1-1/2-in.-long circumferential crack around the top, and the fact that the new rings supplied
by Sealed Power for the multifuel engines had apparently been honed somewhat more than those which

l had come in the engines.

10
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POWER TRAIN

The gear assemblies were removed frem the trucks and disassembled to the extent necessary to
determine that each was clean, free of rust, in new condition with propzr backlash, and had no indication
of wear or corrosion. There were several deviations from these conditions and the corrective steps taken are
discussed below.

The axle assemblies from all five M151A1 jeeps contained a Jubricaint which separated into a tan
material and a white fraction. A sample of the oil and one of the complete carrier assemblies was forwarded
to Aberdeen Proving Ground for their inspection. Tests of the oil indicated the water content was nil. Rust
and corrosion were prevalent on the gears and bearings and the lubrited ‘inish on the ring gear teeth
appeared coarse and unsuitable for tests. Five new carriers were purchased -0 equip the rear of each jeep,
and the best five remaining original equipment units were selected for the front axle. The fiv. new units
were entirely free of rust and the tooth surface finish was much smoother than the original unis.

The axle carrier assemblies received in the two 3/4-ion M37B1 trucks w=re rebuilt units considered
unsatisfactory for tests. The units in 3G6207 utilized plain gears. Although the rear axle, ring, and pinion
contact pattern was satisfactory, the coast side of the ring gear had 25 percent of each tooth scored. The
front axle had a satisfactory contact pattern and no distress, but was not lubrited. The carriers 11 3B3632
had very thin lubriting, the rear axle ring gear had a little scuffing at the heel on the drive and coast side,
and the pinion had numerous scars and scratches on the drive side. The front unit in this truck had heavy
machine marks going through a decidedly toe-heavy drive side contact. All four carriers were replaced with
new lubrited L-37 units drawn from Institute stock. The transfer cases and transmissions from both trucks
were slightly used but were in good condition. The only replacements necessary were a small bearing and
cup at the rear of the lower rear output shaft, and a larger cup at the front of the lower rear output shaft in
the transfer cases.

The intermediate axle pinion shaft in the M34A2 truck 4J2695 had approximately 0.010 in. end
play; one shim was removed as a correction measure and the contact pattern was judged to be satisfactory
after this adjustment.

CHASSIS

All universal joints and constant-velocity joints in all trucks were disassembled, washed, dried,
inspected, packed with the test grease specified, and reassembled. Only two U-joints (from jeeps) were
rejected as unsatisfactory for test and replaced. The 2-1/2-ton trucks had the newer (drive line type)
U-joints in the front wheel constant-velocity joints.

All of the wheels were removed from the trucks and the wheel bearings and hubs were washed with
sulvent, dried, and inspected. Wheel bearings were considered satisfactory for test if they appeared essen-
tially new with hone marks still on the contact face of the cups and no pits or evidence of corrosion or
brinelling. Bearings not meeting these criteria were replaced. There was a prevalence of brinelled cups on
the front wheel inner bearings and new inner wheel bearing cups were installed on both front wheels of
both M37B1 trucks and on all five of the M35A2 trucks. The brinell indentations were not severe but could
be felt with a fingernail and existed on only part of the periphery of each cup. suggesting that this was
caused by vibration during shipment.

The bearings were thoroughly packed and some surplus grease allowed to remain on the outside of
each roller-cone assembly. The interior of each hub was covered with a thickness of about 1/4 to 3/8 in. of
grease 2nd the spindle was thinly coated with grease to minimize rusting and fretting corrosion. New seals
were installed as required and new corks were positioned in the keyway slots on the spindles.

While the wheels were off, new brake cylinder assemblies were instalied. These had been previously
prepared using complete new cylinders drawn from Army stock. The new cylinders had been disassembled.




washed with ethyl alcohol, and the parts inspected for any evidence of scoring, corrosion or discoloration.
The durometar hardness of the cups was measured 1/4 in. from the center of each cup at four points, 45
deg apart, with a Shore Type A-2 durometer as specified in ASTM Method D676-59T. The inside of the
cylinder was coated with the assigned test brake fluid and, after dipping the pistons and cups in this fluid,
the cylinders were reassembled. The cylinders were nuinbered with the numerals right-side-up as the
cylinder is installed on the backing plate. This orientated the left and right cups. New master cylinders were
treated similarly, installed in the chassis, and filled. The brakes were applied numerous times to flush out
residual fluid in the system. and the master cylinder was refilled several times. The brakelines were then
connected to the wheel cylinders and the system was filled and bled in the usual manner.

TEST COURSE

Two highway courses were used during this program. The Institute can be visualized as being located
at the 9 o’clock position immediately inside Loop 410, an interstate highway which circles San Antonio.
The flat road, high-speed operation was run counterclockwise along Loop 410 around to the 7 o’clock
position, and from there southwest along Interstate 35 to Devine. This route is comprised entirely of
divided highway with minimum grades and the route is lightly traveled so there was no interference from
traffic. Only one stop was required every 32.5 miles at the turn-around pcints, and, during each 8-hr shift,
the drivers made four round trips between Devine and the intersection of Loop 410 and Culebra Road, to
accumulate 271 miles. The turn-arounds at both ends of this course were made by turning onto the frontal
road and stopping at the intersection stop sign. Two left turns were made under the highway bridge and the
truck was driven back onto the divided highway, in the opposite direction.

The second highway course was along Loop 410 clockwise to the 10 o’clock position and then
northwest on State Highway 16, through Helotes, Pipe Creek, Bandera, and Medina to an areas with steep
hills (identified as Eagles Nest), near the turn-around point 72 miles from the Institute. All of route 16 is
characterized by numerous hills and turns as the road crosses the rolling terrain and low mountains along
the Balcones fault. The Eagles Nest area has 15-percent grades, and the drivers doubled back and forth over
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these grades between north and south turn-around points 12.4 miles apart at the intersections of route 16
with farm roads 1273 and 2107, respectively. The gasoline-powered vehicles could make ten passes (five
round trips between the turn-around points) over these hills and return to the Institute at the end of the
shift, accumulating 250 miles (including mileage at the end of the shift associated with coming in the
Institute back entrance). The larger trucks could complete six passes over the Eagles Nest hills for a total of
200.4 miles per shift. The hill course provided strenuous high-torque operation of the gear train since it
required use of low transfer gears and first and second gear in the transmission.

Appropriate safe speeds of operation, commensurate with previous tests of this type, weie specified
in the driver’s instructions. These were:

Jeaps 50 mph
3/4 and 1-1/4-Ton 45 mph
2-1/2-Ton 40 to 45 mph
5-Ton 40 to 43 mph

In addition to the 19,600 miles each truck was scheduled to run on the highway, 400 miles were
driven in the sand at Padre Island (approximately 160 miles southesast of San Antonio) south of the
rauseway near Corpus Christi, Texas. The first 3 days of sand operation were run in the dry blow-sand at
the back of the beach and on some adjacent dunes. Much of the island was still wet and swampy from the
deluge of hurricane Beulah which had passed only a short time earlier. The latter part of the first 200 miles
was run in an area known as “Little Shell” on federal property 25 miles south of the causeway posted for
four-wheel drive vehicles only. This is an area with very soft sand and the truck wheels sink, requiring
continuous use of lower gears. During the first 200 miles of operation on Padre Island, the trucks carried
their cross-country rated payload and no towed load. The gasoline-powered vehicles were much more
mobile than the 6 X 6, so, during the second 200G miles, it was decided that all of the gasoline-powered
trucks would pull their trailers, ballasted to the cross-country rated load.

INSTRUMENTATION

Test parameters to be monitored included road speed, mileage, time, and temperatures. The first
three items were recorded on Sangamo tachographs. Temperatures were obtained from thermocouples
installed in the sumps of each axle, the transmission, transfer case and engine, plus engine-water-out, engine
oil gallery, fuel to and from the engine (multifuel only) and inside a front and a rear whee! brake cylinder
(the latter on only ope of each model truck). A lead was provided to connect to the thermocouples
installed in the front whes] hubs of each truck to measure the temperature of the outer bearing outer races
immediately after the truck was stopped. All leads to the thermocouples were 23 ft long to give equal
resistance to any point so ihe driver could observe these temperatures on a pyrometer and multipoint
selector switch installation in the cab. Temperatures were obtained by the following three methods:

(1) Each truck was equipped with a pyrometer and multipoint thermocouple switch so that tem-
peratures could be logged by the driver at specified points along the route.

(2) A continual temperature log over each type of terrain was obtained at !cas: once on each type
of vehicle at 2 to 5-mile iatervals by an observer using a Leeds and Northrup potentiometer.

(3) Continua! temperature records were obtained with a 12-point Leeds and Northrup recorder
during the latter stages of the test. Points were recorded at 1/3-mile intervals.

Voluminous ternperature data wure obtained during the test and ar: summarized by the tables in
Appendix II1. Also, the figures in Appendix Il summarize the temperature data taken by observers with
the Leeds and Northrup potentiometer during the high-speed portion of the test, and at ambient tempera-
tures of 80° to 90°F.
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In addition to the parameters previously described, exhaust emissions were determined after a reason-
able break-in period and at the conclusion of the test. CO and CO, were measured on the gasoline powered
trucks and smoke readings were taken from the multifuel engines. The gasoline emissions were measured
with Beckman nondispersive infrared equipment, and smoke levels were measured with the U.S. Public
Health Service Smoke Meter. Data and results from this investigation are tabulated in a separate appendix

report but may be summarized with the statement that no significant changes occurred between the
beginning and end of test.

MAINTENANCE

Scheduled maintenance was essentially that called for in the tech manual for each vehicle but,
specifically of interest to this test, included greasing of chassis components at 1,000-mile intervals, and
engine oil and filter changes at 6,000-mile intervals. However, in actuality, the filter changes occurred at
5,800 and 12,000 miles with no oil change during the final 8,000 miles of test.

Unscheduled maintenance in some instances comprised a significant portion of the test effort and a
summary of this provides an insight into the operation of each individual vehicle. Therefore, a detailed
account of the unscheduled maintenance on each vehicle is presented in Appendix IV and a summary of the
problems encountered with each vehicle is presented below.

The M151A jeeps ran reliably and required relatively few repairs. Frequent or recurrent problems
reflecting vehicle deficiencies included: (1) the ignition coil vibrates loose in the watertight distribu.or
housing causing the resistor under it to short out; (2) the seal on the eugine oil dipstick is not securely
attached and both the seal and little cap above it were inclined to come off the stick and get lost; {3) the
tubular exhaust manifold works its way backward about 1/4 in. and can possibly cause some increase in
exhaust backpressure.

The most prevalent problem experienced with the M37B1 truck occurred with the flexible lines
which lead to the oil filter. Those supplied with the engines had apparently deteriorated on the inside anc
use of higher quality lines is recommended. In addition, the overhaul gasket kits had thin paper gaskets for
the pressed steel timing cover which did not seal well.

Like the ieeps, the five M715 trucks ran well and required relatively few repairs. Some problems were
experienced in truck 3F3183 including fan belts thrown off, broken harmonic balancer, broken flywheel
bolts, and broken timing chain guide. However, an opinion was expressed by the inspection team that the
series of problems which had occurred were probably all duz 10 an oveneved condition. It should be roted
that these trucks did not have engine speed governors. It is understccd that more recent production models
include this feature as well as new air cleaners and cow! ventilations for the cab.

The 6 X 6 M35A2 trucks also required relatively few repairs and most were random failures rather
than racurrent trouble. The most significant failure was a broken crankshaft in truck 4J2695 at 11,480
miles, illustrated by the photograph in Figure 1. The failure occurred while the truck was being driven on
flat road at approximately 40 mph with normal temperatures and coolant levels. Several of ihe inspection
team memoers attributed this failure to a metallurgical fault in the shaft and considered it an isolated
failure not necessarily indicative of an engine deficiency. Recurrent problems were experienced with the
large throe-relay voltage regulators either failing to charge enough ur overcharging. These units, however,
can be cleaned and readjusted easily without removai from the truck, but solid state regulators might be
more reliabie. In addition, the M10S trailers towed behind the 2-1/2-ton trucks used the same six-lug wheels
as those on the truck. This wheel does not have any pilot in the center on the trailer hub and all radial loads
are carried by the studs, which seems to contribute to a proneness to breaking these studs.

The three M54A2 5-ton trucks required the largest number of unscheduled repairs. Most of the
trouble centered around the engine, clutch, and electrical system. The engine deficiencies will be discussed
more fully in the section of the report covering the engine oil test results. The ciuiches in all three trucks
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failed with mileages between 7,286 and 12,726. Recurrent failures were experienced with the starter
solenoid and the turn and brake signal light junction box on the firewall under the hood in front of the
driver.

ENGINE OIL TEST RESULTS

As previously discussed. four engine oils were investigated, three qualified MIL-L-2104B products
(CCL-0-144, 145, and 146) and one meeting specification DEF 210i D (CCL-0-147). The gasoline used in
the spark ignition engined vehicles met specification MIL-G-3056B and had the properties illustrated in
Table 4. Two fuel blends were utilized which met all the specification requirements However, one of these
termed a clean fuel gave low intake system deposits (ISD) whereas the other, although having a low ASTM
gura value, gave high deposits in the ISD test and was termed a dirty fuel. One 1/4-ton M15;] and one
1-1/4-ton M715 operated on this dirty fuel and developed excessive deposits or. the intake valve tulips, in
the intake valve ports as illustrated in the photographs in Figures 2 and 3, and generzlly resuited in a dirtier
engine than with the same cil and the clean fuel. The use of this fuel clearly demonstrates the desirability of
including an ISD index number in the military gasoline specifications. The compression ignition engined
vehicles operated on fuels meeting the MIL-F-45121B specification (also included in Table 4) for the first
12,000 miles and on a Cat 1-H diesel fuel for the final 8,000 mules, with properties also shown in Table 4. A
tabulation of the engine, vehicle, lubricant, and fuel combination as well as a summary of the inspection
observations on each vehicle is shown in Table 7. The arbitrary 1 to § rating scale is used in summarizing
the condition of each part listed with 1 = clean. In order to present a more comprehensive picture of the
performancs of the lubricant, each series of vehicles will be discussed individually.

1/4-Ton M151 Jeeps—All five engines from the 1/4-ton trucks were generally clean and wear was very
low. An index of the overall cleanliness of these engines can be gauged from inspection of the photographs
in Figures 4 and 5. Two pistons, the rocker cover, timing gear cover, and oil pump screen are shown from
vehicles 218600, ang 2J8666, respectively. Vehicle 218600 was run on the dirty fuel and CCL-O-145 oil
and represented the most severe case, whereas vehicle 258666 run with clean fuel and CCL-O-144 oii
represented the mildest in terms of cleanliness. All five engines maintained gocd compression without any
valve burning, although one unusual characteristic noted was a proneness towards scoring of the rocker arm
shaft inside ths support posts. However, this was not detrimental to the operation of the engine. Rod and
main bearings were generally smooth, free of pits, and fully serviceable. Wear and performance data are
shown in the table below and, as may be seen from the table, no excessive wear was observed. In addition,
the performance of the vehicles with respect to fuel and oil consumption was quite acceptable. In terms of
specific ranking of the oils. the combination of CCL-0-145 and the dirty fuel resulted in the poorest
performance in almost all categories. With the clean fuel, CCL-O-147 was significantly poor in almost all
categories and overall ranking was almost equivalent to the performance of CCL-O-145 with the dirty fuel.
The remaining three cils with the clean fuel performed very nearly the same. However, light scuffing of the
liners was noted with CCL-0-144 and not with 145 and 146. Valve train deposits were essentially the same
with 144 and 146 and slightly higher with 145, whereas CCL-0-146 had the best rings, and the use of 144
resulted in some light scuffing and scratching. All engines had light scuifing and wear on the rocker shafts
and none of the oils exhibited a sludging problem in this ceries cf engines. To recap then, the per-
formance of CCL-O-144, 145, and 146 was nearly equivalent, whereas that of 147 was sigriificantiy
poorer than the other three oils. The performance of CCL-O-145 with the dirty fuel was essentially
the same as that of CCL-0-147 with the clean fuel. No compatibiiity problem between the engine
and oils was apparent.

3/4-Ton M37BI Tiucks-The engines in the M37B1 vehicles have a long-established compatibility
with MIL-L-2104B lubricants. Both engines used in the program were rebuilt and, because of mechanical
failures and other problems desciibed in the appendix under unshceduled maintenance, the evaluation of
the oils in these vehicles was considered essentially inconclusive. Both engincs evidenced low deposit levels
consistent with that observed in the jeeps and the vehicle run with CCL-0-146 oil was ubservably cleaner
than that run with CCL-0-144 oil. The oil pan, crankshaft, and lower end of the 3B3632 engine were found
to be rusty duning the final inspection, but this condition did not prevail when it was disassembled. The test
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AVERAGE WEAR AND PERFORMANCE, M151 JEEPS

Truck No. 2J8600* 218645 | 218666 | 2J8669 | 218693
Qil CCL-O- 145 146 144 147 145
Top Ring End

Gap Increase, in. 0.010 0.025 0.009 0.007 0.009
2nd Ring End

Gap Increase, in. 0.014 0.012 0.012 0.008 0.012
3rd Ring End

Gap Jncrease, in. 0.019 0.033 0.013 0.021 0.021
4th Ring End

Gap Increase, in. 0.018 0.032 0.014 0.022 0.022
Whole Rod Bearing

Weight Loss, g 0.0785 0.1650 0.0740 0.0857 0.1247
Fuel, mi/gal

Flat Road 15.72 15.95 15.27 15.89 14.61

Hilly Road 15.05 14.65 14.39 14.92 14.19
0il Consumption, 1b

0 to 5,800 mi 3.76 2.56 1.88 1.87 2.98

5,800to 12,000 mi | 140 4.27 3.98 2.51 4.63

12,000 to 20,000 mi| 2.41 6.24 3.16 4.72 4.45
Cylinder bore wear was of the orde: of 0.0001 to 0.0006 in. in all engines.
*2)8600 used “dirty” fuel, all others, “‘clean” fuel.

was terminated on this truck after 19,058 miles when the No. 3 rod bearing failed. The oil was drained, pan
removed, and bearings inspected. The pan was reinstalled and held in place with several bolts and the
truck set aside for 2 weeks before the engine was removed and disassembled. It was during this
interval that rust developed. From the data in the following table, ring wear in the 3B3632 engine
was normal and consistent with previous tests on this model truck. End gap increase of the No. 2
rings was actually less than is usual since previous programs have shown that a 0.060-in. increase in
the end gaps of the No. 3 and No. 4 rings is not unusual. Oil consumption was higher in the
3G6207 sngine and is probably in part explained by the greater increase in the ring end gaps.
Cylinder tore wear was considered reasonable in both engines considering the test conditions and the
greater cylinder and oil ring wear evidenced in engine 3G6207 was probably a result of this engine’s
having been bored and sleeved prior to delivery. To summarize, the mechanical problems experienced
by these engines was not concluded to be a compatibility preblem between the engine and lubricants
due to the long established compatibility with MIL-L-2104B oils, and the performance of CCL-O-146
was superior to that of CCL-O-144.

1-1/4-Ton M71S Trucks-The final inspection of engines from the M715 trucks produced no
evidence of compatibility problems with the lubricants tested. As a group, the engines were dirtier than
those in the jeeps and more scparation in the performance of the four oils was apparent. As with jeeps, the
engines and oil combination run with the dirty fuel had considerably heavier varnish and sludge deposits
throughout than the same engine run with the same oil and clean fuel, as illustrated in Figures 6 and 7.
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AVERAGE WEAR AND PERFORMANCE, M37Bt TRUCKS

Truck No. 3B3632 3G5207
0il CCL-O- 146 144
Top Ring End
Gap Increase, in. 0.028 0.015
2nd Ring End
Gap Increase, in. 0.019 0.045
3¢ Ring End
Gap Increase, in. 0.054 0.099
4th Ring End
Gap Increase, in. 0.048 0.098
Whole Rod Bearing
Weight Loss, g * 0.1665%
Cylinder Bore Wear
Transverse 0.0007 0.0017
Longitudinal 0.0001 0.0021
Fuel, mi/gal
Flat Road ) 8.28 8.12
Hilly Road 7.80 7.81
_Oil Consumption, Ib
0to 5,800 mi 31.27% 11.86
5,800 to 12,000 mi 19.07 20.82**
12,000 to 20,000 mi 1941 44 691t
*Test terminated with a rod bearing failure at 19,030 mi. The rod besrings were
in too poor condition for the weight ioss to relate to evaluation of the luLricant.
fWeight loss for 10,184 mi.
$Truck had several leaks resulting in high oil consumption.
**Defective vacuum pump caused high oil consumption.
$1Several leaks accounted for part of this high oil consumption.

Engine 3F3183 was run with CCL-O-144 and the clean fuel, whereas 3F3175 ran with the same oil and
dirty fuel. One interesting note is that the difference in the influence of the fuel was more apparent in these
engines than in the jeeps where the clean and dirty fuels were paired with CC1.-0-145 oils. In both engines,
however, the dirty fuel developed excessive intake valve and port deposits. Ti:e photographs in Figures 8, 9,
and 10 complete the comparison of the deposit forming proclivities of the test oils. CCL-0-147 is agan
significantly poorer than the remaining three oils, whereas, visually there is little to choose among 144, 145,
and 146. From the inspection dita, it is interesting to note that CCL-0-146 was ruted the cleancst of the
remaining three oils with CCL-O-145 a very close second. Also of interest is the fact that, as in the previous
engines, light scratching or scuffing occurred in the bovas of the engines using the CCL-O-144 oil. Wear and
performance data are illustrated in the following table. Wear was very low throughout all five engines and
the magnitude of wear of comparable parts was similar. Rod and main bearings were generally smooth, free
of pits, and, with the possible exception of one main bearing in 3IF3183, were judged serviceahle for
considerable additional mileage. Cylinder bore wear was nil and ring wear was low. Compression on all
cylinders was good and no valves were burned at any time during the test. Oil consumptior. seemed higher
than might be expected from an engine of this size but no leakage problems occurred and varying degrees of
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blue smoke in the exhaust, especially at idle, were investigated several times during the program. All the
valves and all seals on the stems were in good pliable condition and in their proper position. The overhead
can valve deck was noted to run unusually wet, and it may have beer a coniributing factor. Three top rings
in each of two engines, 3F3175 and 3F3183 run with CCL-O-144, were partially cold-stuck but, when the
engine ran, these rings were free enough to make full contact and perform normally. All rings in the M715
except that run with CCL-O-145 were characterized as sluggish. One other unusual feature is the stop cut
on the outer periphery of the No. 2 rings which face up. Usual practice is for an outer periphery step cut to
face down and inner per:phery step cuts or chamfers to face up.

AVERAGE WEAR AND FERFORMANCE, M715 TRUCKS

Truck No. 3F3072 | 3F3078 | 3F3175 | 3F3183| 3F3199
0il CCL-0- 147 146 144 144 145

Top Ring End Gap
Increase, in. 0.010 0.007 0.008 0.021 0.007

2nd Ring End Gap
Gap Increase, in. 0.005 0.007 0.004 0.006 0.007

3rd Ring End Gap
Gap Increase, in. 0.010 0.013 0.010 0.017 0.008

Whole Rod Bearing
Weight Loss, g 0.0588 0.0772 0.0812 0.0782 0.0666

Cylinder bore wear was of the order of zero to 0.0006 in. in all endings.

Fuel, mi/ga!
Fiat Road 9.33 9.39 8.92 9.25 §.89
Hilly Road 8.48 8.45 842 8.60 8.05
Ol Consumption, b
0 to 5800 mi 18.06 27.26 16.86 14.51 24.95
5,800 to 12,000 mi 19.32 18.50 18.79 13.53 27.13
12,000 to 20,000 mi 28.5¢ 31.96 21.44 21.55 3231

i *3F3175 used *dirty " fuel, all others used *‘clean’’ fuel.

To summarize the oil results in this engine, there was again a significant difference in the performance
of engines with and without the dirty iuel. The magnitude of difference with the CCL-0-144 vil was greater
than that encountered previously in the jeeps with the CCL-O-145 oil. However, drawing a conclusion from
this could be misleading since engine parameters are also inve'ved. Among the four test oils, CCL-0-147 was
significantly poorer in performance than the remaiiing three with CCL-O-146 appearing to be slightly
superior. Light scuffing and scratching in cylinder bores were again noted with CCL-O-144. However, no
protiems were considered to be highiy significa:it, and it was concluded that the engines from the M715
trucks exhibited no compatibility problems with the lubricants.

2-1/2-Ton M35A2 Trucks-The LDS-465-1 engines which are the naturally aspirated version of the
478-cu in., 22.5:1 compression ratio, multifuel series powering the 2-1/2-ton trucks performed satisfac-
torily throughout the duration of the test. Durability was satisfactory with all four engines maintaining
compression without trouble or burning of any valve. The wear and performance data illustrated in the
sollowing table indicate no apparent difference butween the oils on the basis of the wear data. None of the
injectors or injector pumps required replacement during the test although the opening pressures had
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AVERAGE WEAR AND PERFORMANCE, M35A2 TRUCKS

Truck No. 4)2578 | 432594 | 4J2695 | 4J4605 | 4J4623
0Oil CCL-O- 148 147 147 144 145

Top Ring End Gap
Increase, in. 0.003 0.002 0.003 0.002 0.003

2nd Ring End Gap
Increase, in. 0.003 0.002 0.003 0.002 0.002

3rd Ring End Gap
Increase, in. 0.005 0.004 0.004 0.005 0.004

4th Ring End Gap
Increase, in. 0.007 0.007 0.005 0.008 0.004

Whole Rod Bearing
Weight Loss, g 0.1185 0.1294 0.1249 0.1071 0.0839

Cylinder bore wear was of the order of 0.0004 to 0.0009 in. in all five trucks.

Fuel, mi/gal
Flat Road 7.08 7.21 7.28 7.02 7.14
Hilly Road 6.60 6.84 7.00 6.62 6.86
Qil Consumption. Ib
0 to 5,800 mi 21.02 16.89 25.77 11.57 29.33
5,800 to 12,000 mi 28.25 19.61 40.15 22.45 29.45
12,000 to 20,000 mi 3099 31.89 40.86 9.24 25.93

dropped to the 2050 to 2200-psi range from a normal value of 2600 psi. Four of the 30 injectors had
developed opening pressures below 2000 psi, three of which were in the rear head of 4J4623. Spray
patterns were satisfactory from 28 injectors and 22 rated as stiil chattering. In terms of oil rating, the
engine in 4J2578, run with the CCL-0-146 oil, was the cleanest in the group but only marginally better
than vehicles 414609 and 414023 with CCL-O-144 and 145, respectively. Again, however, light scuffing was
noted with the CCL-0-144 oil. The two other engines run with CCL-O-147 lecked identical with a thin soft
black sludge film on many parts and more varnish on the pistons resulting in a lower rating in overall
cleanliness. The range of depasition occurring in the cngine is illustrated by the pision and valve photo-
graphs with CCL-0-146 and 147 in Figures 11 and 12, respectively, and hy comparing the various covers of
engines run with CCL-0-146 and 147 in Figure 13. Critical rubbing areas such as valve contact faces and
seats, piston ring contact faces, and crankshaft journals were generally in very good condition. Varying
degrees of scratching occurred among the rod and main bearings and an overall appraisal of the inserts was
that they were in a reasonable condition but not as satisfactory as those in the jeeps and M715’s. A
comparison of bearings from engines run with CCL-0-146 and 147 is shown in Figures 14 and 15, respec-
tively. The light scratching on the main bearings is evident and of approximately the same magnitude for
each of the two oils. However, the distress noted on the rod bearings is significantly greater with
CCL-0-147 leading to the conclusion that the bea:ings would probably be an eatly point of distress for a
less compatible lubricant.

S-Ton M54A2 Trucks-The LDS465-1A engines are the turbocharged version of the 47/8-cu in.
displacement, multifuel engine used :a the 2-1/2-ton M34A2, and those involved in this program were built
prior to the introduction of thc derating modifications. In addition to the turbochargei, major items
included in the LDS version are different pistons with an oi! cooling annulus, changes in the delivery rate of
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the inje:tor pump, different injectors, flywheel and flywheel housing, clutch, and inclusion of a power
stecering pump on the front timing gear cover. Only one of the three S-ton trucks (SE5776 with CCL-O-145
0.1) completed 20,000 miles. Unit SE5774 (CCL-O-147) fell behind in mileage accumulation because of-
repairs and was terminated though still running after 17,451 miles in order to meet the final inspection
schedule. Truck SE5775 with CCL-O-146 was terminated after 14,073 with a cracked block. The relative
longevity of each engine, however, was not considered dependent upon which of the three oils was used. A
total review of the excessive mechanical repairs the three engines required is in Appendix IV under
unscheduled maintenance. However, the conditions found during final inspection can be summarized by the
statement that these engines seemed to have been thermally and mechanically overstressed, that au
incompatibility with the lubricants was apparent, and that the engines would benefit from an improvement
program. General areas of distress mncluded:

(1) Scuffing of cylinder bores and scoring of the three top rings and the piston skirts. Photographs
illustrating this ring scuffing for CCL-O-145, 146, and 147 are presented in Figures 16, 17, and
18, respectively. It is of interest to note that CCL-O-145 had superior performance in this
particular regard and in the LDS engines in general.

(2) Heavy wear on the rod and main bearings (one rod bearing failed in SE5775 at 7,286 miles).
Sets of rod and main bearings are illustrated in Figures 19 and 20 for CCL-0-147 and 145. The
high wear is evident as is also the superior performance of the CCL-0-145 compared to 147.
The bearings from SES775 at 7,286 miles with CCL-0-146 are illustrated in Figure 21. Follow-
ing this failure, the bearings were replaced and the condition of these bearings at the end of
14,073 miles when the test was terminated due to a cracked block is illustrated in Figure 22. As
shown, there was considerable distress making one wonder whether this particalar engine-oil
combination could survive for 20,000 miles. This tends to confirm the observations of the
2-1/2-ton truck that the bearing area is a critical point. It also points out that in the moie
highly stressed engine a compatibility problem definitely exists.

(3) Heavy wear and extrusion of the valve contact faces and the valve seats. This condition, in
which some valves were actuaity pushed into the ports, is illustrated by the photographs of
valves in Figure 23 and of the rear head of truck SE5774 in Figure 24. This problem has no
bearing on oil performance.

(4) High wear in the valve guides.

(5) Cracked heads between the intake and exhaust valve seats. This problem was more discon-
certing than harmful since no coolant leaks occurred through these cracks. By closely
examining Figure 24, light crack lines can be observed on both end cylinders.

(6) Loosening <;f the valve seat inserts in the heads.

(7) Large cracks in the crown of the pistons radiating out from the precup. This condition is
illustrated by the photographs in Figure 25. When the cracks are light, there is evidenily no
performarice penalty ; however, erosion occurred in this area, and one piston shown in Figure 26
developed a crack through to the oil cooling annulus causing almost complete loss of com-
pression.

(8) One water-air (intercooler) manifold cracked internally allowing coolant to flow into the
cylinders locking the engine hydraulically.

(9) One block and cylinder liner cracked allowing coolant to flow into the cylinder and crankcase.

(10) The front crankshaft pulley which supports the harmonic balancer broke twice on one
truck.
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The fuel injection pumps from the three engines were returned to the manufacturer at the
conclusion of the test for inspection of fuel delivery rate measurement. The unit from 5E5776 had a
delivery rate of 4.5 percent below specifications at rated speed with DF-2 diesel fuel. There were
indications that the density compensators did not provide the 10-percent additional delivery which is
normal when operating on CITE fuels. These findings seem consistent with the better fuel economy
this truck delivered and the conditions of the pistons with less cracking. Steps taken since the manu-
facture of these engines toward derating and reduction of fuel delivery with the Code 2 pumps
appears to be in the right direction and will probably help re'ieve many of the problems with this

engine.

The average wear and performance data illustrated in the table below provide little comparison among
the three oils due to the high incidence of mechanical problems. The CRC inspection committee considered
all three engines to be relatively dirty with excessive lacquer deposits, partial carbon filling in the ring
grooves, and some sludging. The overall spread of ci:anliness ratings was rather small, but the CCL-0-145
and 146 oils were judged superior to 147 (in terms of deposits), with 145 appearing to provide the best
protection for the engine. Several pistons were sawed open to inspect the oil cooling annulus since there
was concern that extended mileage might result in its beccming plugged. Photographs showing these
sections of pistons are illustrated in Figure 27 along with a cracked cylinder liner. Although several pistons

AVERAGE WEAR AND PERFORMANCE, M54A2 TRUCKS

Truck No. SE5774 SE5775 SES776
0il, CCL-Q- 147 146 145
Top Ring End Gap

Increase, in. 0.002 0.004 0.002
2nd Ring End Gap

Increase, in. 0.002 0.0015 0.001
3rd Ring End Gap

Increase, in. 0.004 0.005 0.002
4th Ring End Gap

Increase, in. 0.604 0.009 0.604
Whole Rod Bearing

Weight Loss, g 04776 1.6918* 0.1733
Average Cyl Bore Wear 0.0012 0.0023 0.0007
Fuel, mi/gal

Flat Road 4.30 4.27 462

Hilly Road 3.81 384 4.08
Pounds of Oil Added

Between Changes

0 to 5,800 mi 2740 (15 q) 34.83(19qt) 26.71 (14.7 qt)

5,800 to 12,000 mi 42.22 (23 qt) 109.35 (60 qt) 3238 (18 qt)

12,000 to End of Test 4152 (23 qt) engine failed 25.00(13.7 qt)

Total Test Miles 17 451 l 14,073 20,000
*Weight loss for 6,787 miles.
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were sawed open, only one was found to have Geposits partially blocking the flow of oil. Comparison of the
parts from the high mileage engines with CCL-O-147 and 145 are shown in Figures 28, 29, and 30. Typical
piston and valve photographs in Figures 28 and 29 illustrate that the CCL-0-145 was superior as far as
piston deposits were concerned. Color photographs of the covers in Figure 30, however, illustrate that
CCL-0-145 was only marginally superior to 147.

To briefly summarize the results from the engine oil observations, there is no evidence of compati-
bility problem with any of the oils tested in the spark ignition and LD-465-1 engines. However, a compati-
bility problem does exist with the LDS-465-A1 engine. In terms of performance, CCL-O-147 was signifi-
cantly poorer in all vehicles and use of a high induction system deposit index gasoline significantly increases
deposition. In the spark ignition and lightly loaded LDS-465-1, CCL-0-146 was marginally superior in terms
of deposits and piston and liner scuffing to the CCL-0-144 and 145 oils. CCL-O-144 and 145 were
approximately the same as far as deposits werz concerned but CCL-O-144 exhibited scuffing tendencies in
all engines. In the more heavily loaded LDS-465 engine, CCL-O-145 was the best performer although none
of the oils performed very well.

GEAR LUBRICANT RESULTS

The four gear lubricants evaluated in the test were described in Table 1 and were comprised of three
qualified MIL-L-2105B products (CCL-G-148, 149, and 150) and a 50-/.0-percent blend of 149 and 150
(CCL-G-151). All gear assemblies were inspected prior to and at the conclusion of the test with interim
inspections after the first 4,000 miles of high-speed operation and again at 6,400 miles after the first
high-torque cycle and 20¢ miles across the sand. The inteiim and final inspections were performed by
members of the AMC Gear Oil Review Committee, and their findings for the various vehicle components
are described below.

Axles

The axles in the 1/4-ton M151 jeeps illustrated a definite need for lubricants having super:or antiscore
and load carrying capacities than the MIL-L-2105B materials evaluated. Eight of the nine axles which
completed the test experienced scoring or ridging on the ring and pinion gear tooth contact surfaces. The
rating for each axle-is illustrated in Table 8, and typical examples of the distress are illustrated by the
photographs in Figures 31 and 32. Photographs of the ring gears and pinions from the remaining vehicles
are contained in Appendix V. Although the tooth distress was not severe and all nine axles were operating
freely at the completion of the test, this condition is undesirable since gears are case hardened and scoring
of the type illustrated tends to destroy the case which then leads to rapid gear tooth wear. The jeeps
received at the start of the program were new and the original equipment axle assemblies were found during
the preliminary inspections to have rusty bearings and gears. In addition, the lubrite finish on the gears was
coarse and porous and the lubricants separated into tan and white fractions. Laboratory analysis indicated
water content was nil. Five new carrier assemblies were purchased for use on the rear of each jeep and had
tooth surface finishes much smoother than the original equipment units. The five best original units were
selected for use in the front position of the jeeps. The distzess noted during the final inspection was
apparent on all units during the interim inspection though to a lesser degree. The review team was critical of
the lubrite finish on the front units and recommended further investigation of the lubrican: requirements.

The two 3/4-ton M37B1 trucks were rebuilt units as received for the test; the carrier assemblies had
poor contact patterns, and all units were not lubrited. Therefore, all four of the carriers were
replaced with new lubrited pedigreed L-37 carrisrs drawn from Institute stock. The front carriers
completed the test without distress. The rear carriers in truck 3G6207, run with CCL-G-150 oil, had
only light scratches on both sides of both gears. The unit appeared to have incipient distress early in
the test which did not develop further. No problem of any kind was exhibited in the rear carriers of
3B3632 (CCL-G-148) up to 6,400 miles. At the conclusion of the test, however, the drive side of
the ring and pinion had developed a combination of scoring and light ridging on 100 percent of the
contact area. In addition, soft black sludge deposits covered most of the noncontact areas and thin coking
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was present on the noncontact areas of the pinion. Typical photographs from this vehicle are illustrated in
Figures 33 and 34.

The 1-1/4-ton M715 axle completed the test in: very satisfactory condition with essentially no distress
on the gear teeth. Traces of scratching were found on several units and wear was no more than light on any
assembly. Deposit levels were also low in all of these axles. The front and rear units in truck 3F3072
(CCL-G-148) experienced very light rusting on noncontact a:cas predominantiy below the oil level, a
condition found to be typical with this lubricant. Photographs illustrating the appearance of the gear
contact surfaces from a typical rear axle are contained in Appendix V. One axle failure occurred in the
M715 trucks at 14,590 miles. The front cover on the front axle of truck 3F3183 either ran into something
or was struck by a large rock causing a small dent. The ring gear then rubbed a hole in the cover allowing
the oil to run out and ruin the axle. A new axle was installed at this mileage.

The 2-1/2-ton M35A2 double-reduction axle extubited excellent durability and mild demands on the
lubricant. Some scratching was noted on the gear teeth of 7 of the 15 carriers but was described as trace to
light in most cases. In addition, the axles wsre gencraily clean and free of deposits although the units run
with CCL-G-148 had spots of rust in noncontact arvas. Photographs of a typical carrier assembly from one
of these trucks illustrating their excellent condition is contained in Appendix V. The front axle gear oil in
trucks 472578, 4J4609, and 4J4623 was fonnd to be contaminated with chassis grease at 20,000 miles,
apparently as a result of overgreasing the constant-velocity joints and spindle bearings. The latter two
trucks, run with CCL-G-150 and 151, respe.iively, and both with 234 X 6 chassis grease, developed distress
on the coast sides of the upper (hypoid) gear sets, presumably caused by the contamination. Ratings were
moderate wear and 60 to 80 percent heavy scoring in the front axle of 414609, moderate wear and scoring
and ridging on approximately 40 percent in 4J4623. Truck 4J2578 with CCL-G-149 and 233 X 6 chassis
grease had much greater contamination in the front axle than the other two trucks but experienced no
harm whatsoever. However, it is not known whether this was a matter of compatibility or whether the
contamination had prevailed for a shorter time interval. Photographs illustrating the extent of the gear
distress described above are shown as Figures 35 and 36.

The double-reduction axles in the 5-ton M34A2 trucks were similar to those in the 2-1/2-ton vehicles
illustrating excellent durability and compatibility with the lubricants used in the program Wear was rated
light or very light and the units were clean and very serviceable. Pliotographs of the rear carrier gears from
truck SE5776 (CCL-G-150, the only 5-ton truck which completed 20,000 miles) are contained in Appendix
V and illustrate the typical good condition of these assemblies.

Transmissions, Transfer Cases, and Bearings

The transmission in all 20 trucks and the transfer cases in 16 trucks completed the test without
repair. The other 4 transfer cases required only minor repairs while the test was in progress: two for seal
leakage and two for speedometer gear slipping. All the gear units were functioning satisfactorily at the end
of the test. One lubricant problem was noted with CCL-G-148 which did not adequately inhibit rust and all
the gear units with this oil had varying degrees of rust deposits, more below the oil level than above. Figure
37 contains photographs of two jeep transfer cases with CCL-G-148 and CCL-G-149, respectively, and a
cover from a M715 axle run with CCL-G-148 (Figure 38) illustrate this condition. The rusting was pre-
dominantly on noncontact surfaces. The gear teeth and rolling surfaces of the bearings were in some cases
dull looking but were generally serviceable with no evidence of distress. Daily operation of these vehicles
was probably responsible for maintaining the clean rubbing surfaces. However, many Army trucks are
parked for several months at a time and an inclination toward rusting would be destructive to the contact
surfaces. (A sample of the CCL-G-148 oil, which is an approved MIL-L-2105B product, failed the CRC L-33
7-day moisture corrosion test on November 29, 1967 at ALL. As a result, the gear inspection committee
considered requiring the 7-day test on all formulations instead of just on new ones.)

During the final inspection, weei was rated as light or very light on all gears, bearings, synchionizers,
and shift rails, etc. The orange painted interiors of the cases wore generally streaked with a thin coating of
black oil which, for the most pa:t, could be wiped with a dry rag, and deposits of sludge or varnish with all
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the oils was low. Coking, such as frequently develops on the copper catalyst in the thermal oxidation
stability test, was nil. Seventy percent (all five rear and two front) of the main shaft ball bearings in the
2-1/2-ton transmissions developed pitted inner races as illustrated by the photograph in Figure 39. Preva-
lence of this distress was probably unrelated to the lubricant or brand of bearing and could have been
caused by the high levels of vibration existing in this model vehicle. Among the five 2-1/2-ton truck transfer
cases, four equipped with BCA No. 1210 bearings supporting the high-speed gear on the input shaft
developed broken cages on six bearings, an incidence of 75 percent. The cages broke into numerous small
pieces which dropped to the bottom of the case and had no effect on the function of the bearings. The fifth
truck had new departure No. 1210 bearings which were in good condition.

Summary of Gear Lubricant Evaluation

All four gear lubricants evaluated exhibited slight incompatibility with the axle in the 1/4-ton M151
jeeps. All axles in this vehicle exhibited some scoring and ridging, and it was not possible to rank the
performance of the Jubricants in ierms of severity. All other vehicles exhibited good compatibility with the
series of test oils in both axles and transmissions. Of the four lubricants, CCL-G-148 proved to be prone to
rust in every vehicle in which it was used and, in addition, seemed to have greater proclivity toward sludge
deposits and scoring, although very light.

GREASES

The four greases evaluated included one MIL-G-10924 amendment 2 and three (one qualified and two
experimental) MIL-G-10924B materials. After inspection and cleaning of each bearing, universal, and
constant-velocity joint, each unit was packed with the test grease as indicated in Table 1. At the completion
of the test, a total of 68 front wheel bearings in trucks and 72 wheel bearings in trailers were examined and
the consensus of opinion was that all greases performed equally well and satisfactorily in all bearings. There
were three bearing failures, all of a typical spall type which could not be attributed to lubricant failure. Th:
rolling surfaces of the other bearings were in excellent condition in spite of some minor staining that
appeared to be caused by an additive in the grease or in some cases from moisture. The sliding surfaces
(roller ends and cone large ribs) were polished in the usual manner with indications of little or no wear, and
the honing marks were still visible on most bearings.

The inspection of several universal and constant-velocity joints also indicated no deficiencies in
lubrication and no differences in the four greases.

One 5-ton truck, SE5774, had considerable rusting in the hub covers of the wheels. The grease had an
emulsified appearance and a sample was taken from the outer bearing of the left front wheel and was found
to contain 2.67 percent water. This bearing had water stains on the races and rollers and considerable red
coior in the grease. The right front wheel of this sume truck had the outer bearing rusted to the shaft and
required a wheel puller to release it. There was considerable rusting in the hub cover and the grease was
heavily contaminated with a red material. When cleaned, the outer bearings showed water stains on the race
and rollers and the retainer was rusted slightly ; otherwise, it was in good condition. The inner bearing when
cleaned had a badly spalled inner race, the rollers were pitted, and the retainer badiy rusted. The constant-
velocity joint on the right side of the truck also had noticeable rusting clearly showing that a seal had
broken, allowing water to get into both front wheels. The right side was in the worst condition.

The fretting damage reported showed no definite distinction between greases and trucks or trailers.
There appeared to be somewhat more fretting in the trailer bearings than in the trucks but there was no
significant difference. Most of the fretting, indicated as slight, was occasioned by a reddish color in the
grease between the inner race and the axle which in most cases was removed by wiping and showed no stain
on the metas. That indicated as moderate or heavy showed definite stains or pitting on the metal.

The general conclusion was that the four greases performed equally satisfactorily for the 20,000 miles
with no relubrication. .
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BRAKE FLUIDS

Corrosion was Jess evident in the brake cylinders containing the preseivative MIL-P-46046 than in the
cylinders containing the operational fluids VV-B-680 and MIL-H-13910. Several cylinder pistons in vehicles
using MIL-H-13910 fluid had become frozen during the interval between end of operation and inspection.
Rust buildup in cylinders, due to water pickup-fluid oxidation, was magnified in some cylinders by the
galvanic action between iron cylinder walls and aluminum pistons. The laboratory and inspection data on
the fluids and cylinders are tabulated in Appendix VI.

ANTIFREEZE

Inspection of vehicle coolant systems showed satisfactory coulant performance in the 1/4, 3/4, and
1-1/4-ton trucks and marginal performance, evidenced by moderate to heavy rusting, in the 2-1/2 and 5-ton
trucks. Analysis of used samples of MIL-A-11755 antifreeze indicated a depletion of inhibitors in the
higher-heat-output engines resulting in rapid lowering of the pH of the antifreeze and subsequent attack on
metal components. Laboratory analysis of the antifreeze from the various trucks are shown in Appendix VI.
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TABLE 1. DESCRIPTION OF TEST MATERIALS
Greases -20-Truck Fleet Test Program

et Y -~ sy e

W L S— Y o e " B 2t

H ot
il 400° 403 233%6 234X6
Specification MIL-L-10924A | MIL-L-10924B | Experimental Experimental
! B Physical Properties
; ! ! Penetration
it Worked 79 218 288
Unworked 259 264 276
Evaporation Loss, Percent 6.38 629 6.27
- Oil Separstion, Percent ©3.43 3.56 378
X Oxidation Stability
jL (Pressure drop-400 hr) 6 6 5
- Apparent Viscosity
Poise nt 65°, ., sec™! 18,000 19,200 21,000
100 sec ! 9,200 10,000 11,000
Water Workout, Percent 5.5 5.1 53
Wear Characteristics
4 Ball Wear 062 0.365 0.655
(Scar dia., mm)
4 Ball EP
: (Mean Hertz {.oad) 194 40.1 313
% Falex EP
(15 gage load) 750 1000 750
Corrosion Prosction Pass Pam Pass
Rust Prevention P Pam Pam
h Summary of Brake Fluids—20-Truck Fleet Test Pregram
Specification VV-B-680 MiL-H-13910 MIL-P46046¢
d Viscosity, cs
i At -67°F - T06 -
! At —40°F 894 _
" At 122°F 6.80 154
Jf At 212°F 269 1.60
| Boiling Point, °F 410 313 349
Flash Point, °F 220 165 190
[ pH
" Initial 10.5 10.7 10.3
) Final 10.2 9.2 -
! l Engine Oils - 20- Truck Fleet Test Program
i1
i Code Nos.
' OCL-O-144 CCLO145 CCL-O-146 CCL-O-147
l’ Specification MIL-L-2104B MIL-L-2104B MIL-1L-2104B DEF-2101D
t Reference O - - REO-191 NATO
Grade SAE 30 SAE 30 SAE 30 SAE 30
g Physical Properties
Viscosity, Kinematic, cs
At 100°F 104.6 129.5 120.1 110.6
) At 210°F 112 12,6 120 103
Gravity, AP 29.0 19.1 28.0
; Flash Point, °F 455 425 510
Pour Point, °F -5 -30 0
- Viscosity Index 1] 9% 97 78
it Sulfated Ash, Percent 0.62 1.03 1.04
1; Con Carbon 0.7} 131 1.0¢
M Gear Oils- 20 Pruck Fleet Test Progrem
1
i Code Now _
} L1488 CCLG T CCLG150 CCLE-131
% Specification MIL-L-21058 MIL-L-2105B MIL-L-2105B MIL-L-21058
Reference Oil RGO-110 - - -
Grade SAE 90 SAE 90 SAE 90 SAE 90
Physical Properdes
Viscosity, Kinematics, ¢3
At 100°F 2079 219.2 193.2
At 210%F 174 187 174
Viscosity Index 1] 102 108
Gravity, APl 4.0 70 258
Channeling 0 0 0
Flash Paint, *F 380 Mo 425
Pour Point, °F 10 10 15
Copper Corrosion
3 hrat 250°F No** Nos* ]
insolubles
Pentanc, Percent Teace Nil 0 169
*Dats not availabe.
1 Composition 3.
$A 30/350 minture of CUL-G- 149 and CCLG- 130
**No biackening.

o A pe—hap=e-so




S wveow dul g Duny WAy
weyowd Lyt Sl W P,

e TEY'L ®
promdar (upds P 5ARs IA) PG ey €£L10 Fupreos sy ey sy wanoN o Ty masoN poony (£000) P moy 133 $HOT0O Ll
“wqueoams Quuuosses pelipal
B W S70"p] W Paedewy ey (€)
RPN §90°01 I pagTIow 0q O
PR (8 “weaes Sumpeowy; speey A (Z)
POPPE s 0 WSSl SO Ry, ¥
pooupdat tum - smbes sy prpoy Ageon {pogus am0) (2000}
-SmIpAY— PEYIu P e sas L (1) 9LLYO (s3ddos) seqenese wary RTINS L | Swzpong L | Surpreon 190y T Sgrace smog (4] 1O T 3
)
oA 1551 WS CL0'Y( I¢ 209 § DN
- oD wsugnen B waco sy ()
SR CE6' | % pagTIom
s § ON P § "ON s PUR Jawy 9 ON aoN (b,
v Gy| g I peowpla
(hends 3 roapua ia Maduind) pesy ey (€)
“wagi R
2N LGOS AIW ¥ PUR (WS PEE PO}
VI AN RIINED 3D PaNITE PUr
A 9g7'L W TRy Demoq pos § N ML (T)
SPEIOLAR 98
PAPWD T O0F(;'§ W P02 Buimoqs son (pool oey {300°0)
-l.l.sl-!d-l..lllllﬁ: L1003 Do seddo) | s ddod %5 (5T Beggron swos Swyynos L] - s ain 1) pesnog (504-0) Pops o5 sEr WO SLLSTS
2P Sening paarnhes wee crader nll-cz 6c20'0 S ey me g ...ﬂ..-...“.ﬂ.. oy Lo i E P oy I 18R A3y (200°0) presson 0 s SHOTV ccevry
| o mcis
SIIeIq WIS ¢ 'ON MW ¥ Py Swom peowpda (z wo Sewoms | _addoo- jusmpagas
llqllﬂle..::lplcll.lu [1243] 124830) sayu15 0dde) senne1s sy ouy w4 mesoN | reqmuIm g wein LoA (1 00'0) (wBeN " (X1 [£18- 38} SeNT Y
o 5 ($00°0) oL ¥ 2004 Pagem
!nl“.lwlluli!l.'lnz rio TR Laa il wusoy o ooy SRR 1A Y A2 0 wayosm g s g ¥4 o sy
Rmab 2: % Loede)
40 )0 nuwnb 1 0 Mog ¥ gHa proRde (£ wo hamow {5000)
" put 86'S W DO .a\ini-l-'.a SR o E0ddoo) weuwe1dg puoN ey 11 maoy rmn {ooyem [ oN mw) | mwoN 12 v "o STy
(g wo Buimog n3) pgen (3000}
2.8 Toump pouabor 23m l.ll'ui [¥7.08 ] Somaeon ewty SRR FoY me ! FmmoN souy sy aoN HY g Ay rRosq T) fsoN LR ow rnio1o w0y
o o SRR Yoy {100°0) (Pewgresn
Tuuwp pamnbat 33w uder Jwdes oN [ 30 - (PmsoN N Burgoreos 1| Semporesoy 1] femdon sy Ay 2ar eac 14l pewmsON i (2480 SERNTRYIIF1}
‘. 9
Taump pasmnbas e wweda e ON 28500 poon PooD own w1y oy m3y Fr=soN 2oy 1] (900°0) prasoy, or s 1012 0 4
Retabnad (heyey Lepaso (s wpes
wrp pommbat atae Lawdas wdu ON 29300 ll!...ﬂ.lul.u.l!z oy R -3 srern may weoN ey m3f) Wy (L0U'0) Pemssoy *0 i 910 LD Y2
15 Saap smapraad aedes op: oo ) pemoN emson T 1] Sy resys syliry raumy | (Bt s yedy) ENOON 600 0} vaseN 50 s oy [T 2
TP (00" W Paow 12 35am pum yON -y
YTt s o1 (e 1y Repog vof 300 (Fwy swwOr) pemnsop; GRS I FoN swy Ksaa oy frasoy e jay relr] {510°0) ey L] 13 1 ?io1D 16 56
pogrive
UL POS R I PUR SDLE, R PHUNG
oA Ewmol AL 1LSEQEITN M Pakos |
vev pope; Jareaq pos § ON AL (€ :
‘pagmnn
ama ST - MW A W g8 18 YV
T e ¥ o Parace m s ,
s pagervr aom Eaaq PO AN D) pgem | p By
13U pos 9 @ pope; Tuimaq pox | ON Mg (T pogns | ¢ Bwy ey _
PIREIME UIN CoiTEIQ POT AN bt Sidaed N yly 2 feryg popae
$30.3 764 § 3% pIpR; JUUEIq poa § ON M Bemowd soway pand iepan arem ¥ 19y ~34 Aoy 3y 1907 oy oy [T A T v 103 wawosq [ | Bery [ X1 N (L1822 %Y LN
o privoreL, 1w peponcs | (7 wo padia Aepraan)
AW G5O 61 T8 TN TLme> pad { ON W 0 peyry - padha gv g i 2ny FwoN Ay w0y sprern ey 824 (5500 mwmon w01 R0
(Y1GONI ¥ I}
1em Peung saredar sePes o: (5800 oy oy L] oy oy ooy veon g m 4 onweqe i prawesy Mty P L
7100711) Pwee
1 Sernp emwian 2000 O or00 e e aa =y poony e iy . s 2y oy PT w0 TaLGN - sy ' ot —eero|
g Swrgrern
= Jounp uredas I3 IN o 93y Ases prwcoN ooy oy oy 2y frason up sowm am g (912 0} prwmn I 7O 4
2mopYEag 03 tAotauxd pepiaoar
aiom wpaad ok 3 GPY pAeELE ma o ey Semener .
1 PO AW (160 1F pape) N ey 50 freooN oy | mmos swos @ sy | samos smos g e L] ey (570°0) meon  pouny CAled FYNNEENTL TH
sumonl ,
as] e v P s wbes W] 15N
10 und sy PUag XN0w A SO0
170) 009 16X Tunp 5 aaqosd avdes ok £200 A W Kaap Ln B0l L] souy 2y rwsoy - poony uwgreos 1)) poory (L1oD) wwsoy poon [T Vi MO | et
¥ sy A
SO Il‘uller.‘:’rqlE‘lL - Sy
REswmoy — tvcu- Tuninag —. =1L i o g Tevy 0-"" | ps.omy | onmwren | on wemn
nmee ——y -..Mil> Beray Sy

(Z "ON 25u219JaY Wu4J uINey)

SLUOaIY NOLLOAdSNI ANIONT 40 \YVKNS T 3Tdvl

3e




TABLE 3. DIL SYSTEM IDENTIFICATION AND
SAMPLING FREQUENCY

Oil Samps... inalyzed at U.S. Army Fuels
and Lubricants Research Laboratory

-
3
‘v“ Oil System Sampling Frequency, Miles
Sampled* 2,000 | 4,000 [6,000 | 8,000 TTO,000 712,000 | 13,000 | 15,000 | 18,000 | 20,000
: Engine X X X X X X X X X X X
I Transmission X X X X X X
Transfer Caset | X X X X X X
l Rear Axlet X X X | X X X
*0il gallery sampled through permanently installed petcock (ther systems were sampled with a 35-ml syringe (disposable).
l tExcept M151A1 vehicles.
TABLE 4. FUEL SPECIFICATIONS
' 1. Gasoline
- Date Analyzed
: Property Spec: Limit ™55 Aug 1967 | 10Feb. 1%68
] Clean | Dirty Clean | Dirly
Distillation, °F
10 Percent Evaporated | 140 | 158 140 142
I 50 Percent Evaporated | 194 | 239 200 206
50 Percent Evaporated | 275 | 356 310 322
Residue, Percent 2 1.0 1.0
RVP 8 7.1 7.6
Res. Octane No. 91 95.4 96.8
Motor C-tane No. 83 86.5 87.6
Gum, mg/100 ml 4 0.8 1.5 1.3* | 169
> ISD, mg/100 mi 0.0 58 0.5 9.5
Sulfur 0.25 | 0.016 | 0.016
j’. Corrosion 1 1A 1A
TEL, ml/gal 3 2.9 2.9
Oxid. Stab., min -480 1000+ | 1000+
e Gravity, °API 639 63.4
E g Color Red | Red
*Washed.
II. CITE Fuel
MIL-F45121B .
R T
in Max
Gravily, °API 43.2 485
Distillation, °F
Initial 130 160 134 138
10 Percent 200 260 204 2065
S0 Percent 300 375 342 n
90 Percent 450 500 454 460
End Point 575 484 499
Residue, Percent 2 1 1
' Loss, Percent 2 1 |
RVP 1 3 28 2.7
. Totai Sulfur, Percent
B Weight 0.25 04 0.27 027
-
. ‘ 3l
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TABLE 4. FUEL SPECIFICATIONS (Cont’d)

Copper Strip
Ccrrosion at
212°F 1 1A 1
Olefin Content,
Percent Vol 2.0 5.0 1.7 29
Aromatic Content,
Vol Percent (D1319) 15.0 25.0 17.6 16.4
Gum Ext. Steam
Evap.. mg/100 m! 7.0 04 1.2
Potential Gum,
mg/100 m} 14.0 2.2 4.2
Freezing Point, °F -67 -73 -7
Kinematic Viscosity
CS at 100°F 0.9 095 1.02
CS at -30°F 16.5 35 4.1
Cetane No. 35 40 37.5 37.0
Additives, Ib/
1000 bbl
(1) Oxidation
inhibitor 5 9 8 ]
(2) Metal Deacti-
vator 1 2 2 2
Smoke Point 17 20 19
Thermal Stability
Change in Press.
in 5 hr, in. Hg. 18 0.3 0.1
Preheater/Filter 3 1 1
Deposit 300°F
400°F
Water Separation
Index Mod. WSIM 75 90 100
Mfg Date 3/21/67 8/4/67
IlI. Caterpillar 1-H Diesel Fuel
Specifications
Property ’_—H'E—H'—m. 1 Batch 67-8
Gravity, °AP] 29.7 31.7 31.6
Flash, °F P.M. Report 206
Pour Point, °F +10 +20 +15
Cloud Point, °F Report +20
Aniline Point, °F 133.2 139.2 135.7
Kamsbottom Carbon, 10 Percent
Residuum ; 0.15 0.07
Kinematic Viscosity at 100°F 3.2 4.0 33
Distillation, °F
1BP Report 423
10 Percent 468 498 476
50 Percent 515 545 523
90 Percent 600 630 604
E.. 650 690 677
Total Sulfur, wt Percent
(Natural Sulfur) 0.37 0.43 0.38
Cetane No. 40 45 429
Water & Sediment 0.05 Nil
Corrosion, Cu Strip, 3 hr 122°F Pass (1A) 1B
Neut. No. 0.40 -
Cracked Stocks None None
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TABLE 5. TEST MATERIALS USED IN TRUCKS

” 1/4-Ton, M151A1 Jeeps
';f:‘ T;,‘;'" Engine Oil | Fuel Gear Oil | Grease | Brake Fluid
T 218600 | 6T9926 | CCL-O-145 | Dirty CCL-G-149 | 400 VV-B-680
ﬁ 218645 | 6T9927 | CCL-O-146 | Clean CCL-G150 | 233x6 | VV-B680
2J8666 | 6T9930 | CCL-O-144 | Qlean | CCL-G-149 | 233 X6 | Mil-H-13910
2]8669 | 6T9929 | CCL-0-147 | Clean | CCL-G-148 | 403 Mil-H-12910
28693 | 6T9928 | CCL-O-145 | Clean CCL-G-151 | 234 X6 | Mil-P-46046
x 3/4-Ton, M3781
3B3632 | 6K8203 | CCL-0-146 | Clean CCL-G-148 | 233 X6 | VV-B680
l 3G6207 | 6K8062 | CCL-O-i44 | Clean | CCL-G-150 | 234 X6 | VV-B680
1-1/4-Ton, M715
3F3072 | 6K8067 | CC1-0-147 | Clean | CCLG-148 403 VV-B-680
3F3078 | 6K8184 | CCL-O-146 | Clean CCL-G-150 | 400 VV-B-680
3F3175 | 6K7344 | CCL-0-144 | Dirty CCLG-149 | 233 X6 | Mil-H-13910
IF3183 | 6K8166 | CCL-O-144 | Clean CCLG-151 | 233 X6 |Mil-H-1391C
3F3199 | 6K7871 | CCL 2145 | Clean CCL-G-151 | 234 X6 | Mil-P-46046
i 2-1/2-Ton, M35A2
412578 | 651655 | CCL-0-146 | CITE-R | CCL-G-149 | 233 X6 | VV-B-680
412594 | 651668 | CCL-0-147 | CITE-R | CCL-G-148 | 403 VV-B-680
412695 | 651648 | CCL-0-147 | CITE-R [ CCL-G-150 | 233 x 6 | Mil-P46046
l 414009 | 651554 | CCL-O-144 | CITE-R | CCL-G-150 | 234 X6 | Mil-P-46046
4J4623 | 651664 | CCL-0-145 | CITE-R | CCL-G-151 | 234 X6 | Mil-H-13910
5-Ton, M54A42
I SES774 | 7F8155 | CCL-0-147 | CITE-R | CCK-G-148 | 403 VV-B-680
SE5775 | 7F8156 | CCL-O-146 | CITE-R | CCL-G-149 | 233 X6 | VV-B-680
7F8157 | CUL-0-145 | CITE-R | CCL-G-150 | 234 x 6 | Mil-P-46046

oo  winas |

';_.__ -

SE5776

TABLF 6. DESCRIPTION OF VEHICLES

Vehicle Registration Vzhicle Engine
Number Type Description
2J8600 M151A1 M151 Engire
2J8645 (1/4-Ton) 71 Gross hp at 4000 rpm
2J8693 128 (1b-ft) Gross Torque
2J8666 at 1800 rpm
2J8669
3B3632 M37B1 Dodge T245
3G6207 (3/4-Ton) 94 Gross hp at 3400 rpm
188 (1b-ft) Gross Torque
at 1200 rpm
3F3183 M715 Model 6-230
IF3078 (1-1/4-Ton) 130 Gross hp at 4000 rpm
3F3199 198 (1b-ft) Gross Torque
3F3072 at 2000 rpm
3F3178
4J4609 M35A2 LD-465-1
412578 (2-1/2-Ton) 140 Gross hp at 2600 rpm
4J259%4 331 (Ib-ft) Gross Torque
412695 at 1600 rpm
4]4623
SES77S MS4A2 LDS465-1A
SE5774 (5-Ton) 210 Gross hp at 2800 rpm
SE5776 450 (1b-1t) Gross Torque
at 2000 rpm
33
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TABLE 7. SUMMARY OF ENGNE<

Engine No. | Ol No. Vehicle Fuel Pstons Bearings Linen—Combustion Chamber (Head)
(All Good)
28600 | OCL-O-145 | 1/4T Dirty S-Dirtiest, sluggish rings w/o deposits 1-Genenlly O.K. 1-Genenlly 0. K high test deposits
2)-5645 | OCL-O-146 | 1/4T Cloan 2-Next to cleanest, dings free 1-Generally O.X. 3-Genenally O.
209666 | CCLO-144 | 1/4T Clean le of group, shuggith rings w/o 1-Genenlly 0., S-Light scuff lh'l’ ~heavy hesd depodits
it
2-3669 | CCLO-147 | 1/4T Clean 4-:: u;dkﬂm of group, sluggish 1-Generally O.K, 3-Generally O.K.
w/o deposit
2-9693 | CCLO-145 | 1/4T Clean 2-Next to clesnest, rings shuggish w/o 1-Genenally O i ‘Ught scratzhing -high test deposits
depouit
(All Poos)
383632 | CCL-O-146 | 3/4T Clesn 1-Cleanest, shuggish tings w/o deposits 1-Mains ovesiay wom off, dded 1-Depouits light, soms liner scratching
dixt; rods 3 eroded or corroded,
2-Wiping, 1 wiped
3G6207 | CCLO-144 | 3/4T Clean 2-Dirtiest of two, shuggish ring w/o 1-Generally O.K. st finish, all 2-Heavisst deposits, some scuffing #1 lines
deposit bearings replaced at 17,000 miles,
1 wiped, sl corroded at that time
(AR Relatively Good)
3F-3072 | OCLO-147 | 1-1/4T | Cean $-Dirtiest of 1-1 /4T, rings stuggisk w/o 2Genenaly O.K. 2-Bores normal, cleanes than svesage
its
33078 | CCLO-146 | 1-1/4T | Clemn l-(]/-.ut of 3 engines, rings shuggish 2Gemnlly O.K. 4-Head depodits haavier than most
w/o deposity
IF3178 | OCLO-144 | 1-14T | Dinty 4-One of dirtiest, shyggish rings w/o 1-Best coudition of group S-Bores Nght scratch, heavisst deposits
depodts
IF38 | OCLO-144 | 1- 14T | Clemn 3-One of cleanest, cold stuck rings some 2Gemenily OK. 3-Bores scraich, heavier than most
deposits
IF3199 | CCLO-145 | 1-14T | Clemn 2-One of cleanest, all rings free 3-Overiay flaking, some on 2 rod 1-Cleanest of $ engines
bearings
(AR Madiocre)
412578 | OCL-O-146 | 2-1/2T | CITE-R& | 1-Cleanest of group, all rings free 3-Mairs modium scratching oe gouging 3-Bores finc scratch, head deposits medine
Diesel
41-2594 | CCLO-147 | 2-1/2T | CITE-R& | 4-Dirtiest of group 1-Relatively good 4-#4 bore hesvy gouging, heed deposits heeviest
Diessl
412693 | OCLO-147 | 21/2T | CITERR & | 4-Distiast of group #4 rings shuggish 5-Mains badly scratched, dirt embedded 1-Bores scratched, hasd depodits lightest
Disssl wio deposits mains and rods
414609 | OCLO-144 | 21/2T | CITER & | 2-Cioanes of group, #4 ring stuggish w/o 3-Mains well scratchad 41/8 in. Scuff band #3, ane of heavisst on deposits
Dissel t
414623 | CCL-O-145 | 2-12T | CITER & | 2-Qeaner of group, 1 ring shuggish w/o 2-Relatively good 2-Averags deposits
Diosst deponit
(AR Poor)
SE-S774 L0147 | ST CITE-R & | 2-Groowe carbon flling may Ik v dirt embedded, 3-#3 light scuff—#4, S, 6 heavy scufl, head deposits
Disswsl scuffing; dirtiest, MAN cup and crown overlay wom off - #4 wornt, heavicst
swves srosion; axremely rods better then maine
hoavy, #6 akist scuff from skirt car-
bos, #0 cols in anmules
SES776 | CCL-O-146 | ST CITER A | }Geroows carbon flling may influence 3-Worst; maing heavy gouging, worn 2-Botes #5 hesvy xcuff - #6 sratch, deposits heavy
Diesel nm.nnmmnn thre overlay; journals ridged,
#1 platon #2 & 3 lend scuffed w/coke 1 crank & bearing set mediocrs
i anmules at this location during test, wiped S rod
SEST76 | OCL-O-148 | ST CITE-R & | 1-Deposits heavy. clsanest of 3, no distress | 1-Best of groups, | main heavy 1-Best no scuffing, front head cracking
Disas} cratch
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ENGINE OIL FERFORMANCE

S-Vaive face & seat heavy wear,
lifaz bodies heavy lacquer

1-Gensnally loss than normal

3 Intaks west, exhaust seat weur

weat; 706t 1725-2050 pei

3-1-1/2 chatter, 1800-2150 pai

2-2 Chintter, 1930-2100 pai, 2 split sprays

1-2-1/2 Chatter, 2000-2150 pl

3Cylindet 3,4, 5, 6, all ring
25-50% scuff, worst clsanliness

1-08 rings 5-90% light scuff, con-
dition lses than normal

2-Ligit to madinm fsce scuifing

3-5% Rust oil cooler, heavy (#9) varnish push
rods, tarbo free

1-10% Rust ol cooler, heavy trace lacquer rocker
arm, tuzbo free

2-10% Rust ofl cooler, push rods #4 lacquer, turbo
spotty binding

Vaive-Vaive Train Injoction System Piston Rings Miscellaneous Sludge
vaive tulip deposits - 3-Genanally OK. 4-Light scuffing rucker shaft; lghtar lacquer 5-Genenally clean
ity OK. - 1-Bait rings (cleanliness & faces) 1-Very Nght scuffing on rockes shaft 4-Cleanest of group
nily OK. it 4-Some light scuff and light 3-Light scuff on rockes shaft, 2 cylinders 2-Genenally clean
scratching leaking
ht woar on rocker arm tips - S-Light scrstching, 10-15% oil ring $-Scuffing on rocker shaft, traces of lacquer, 14Light sludge
slot clog, heavy dsponts 2 cylindess leaking .
take tulip deposit pnenally - 1-Faces normel & clesn 2-Light scuffing on rocker shaft 3-Midrange on shedge
vabre tullp deposits - 1-Geasrally nermal, scratching 1-Genenally O.K. 1-Cleansst, some rest in pan
scuff on #6
ly OX. - 2-Some scuff 2-10% oa 2 top rinp 1-Genseally O.K. 2-Genenully low
I 1-Gonarally O.X. S-Sught amount of sadge
3-Vaive tulip daposits stightly - 3-Normal w/hard carbon on back
heavier than normal 1-Genenally O.K. 2-Clhoanet of 1-1/4T
B 2-Stight heavier valve talip - 2-Normal wlight scrstching ons
dopoits of best 1-1/4T 1-Generally O.K. 4-Dirtisst of grovp
S-Haeavy vaive dsposits - 4-Lacquet and carbon of face and side
1-Generslly O.K. 1-Clemnest of 1-1/4T
3intake valve doposits heaver - 4-Normal witight scratchis ¢
thea noemal 1-Gensnslly O.K. 3-Midrar 2 of sudge
| 3-lntake vaive deposits heavier - 1-Best of grovp
[ them nosmmal
1-10% Nght rust ol cooler, rocker shaft light 2-Bast of group
; coppar streaking
2-#2 axboust tappet trace scuffing 3-Slight depouit, 2150-2260 pel open, 3 nostles 1-Normal, medium scratch, #1 ring -
chatter on #6 pistoa beoke in use, 4-Gagaral rest oil cooler, push rod & rockes; 3-Poorer of group, but clean
scnatchwd heavy lacquer & deposit .
g 1-Gemuaally OK. 1-AB chatter, 2150-2250 pal open, 1 orifics $-Oll, some Gudge, 1op ¥4 & #6 4-Sight pitting on rockes arm shaft, #8 lacquer S-Poorest of group, 30% oil suction
partially plugged tbraks, top #1 & #2 scuff depost cover w/permatex
2-3 Cam followers did not 2-1 did not chatter, 2000-2200 pei excapt #5-1800 | 4-Faces normel, #6 light scuff 3-50% Rwst ol cocler 4-Normal for group
light wear #4 & #6 slight discolor
1-Light weat on exhaust vaive 4-7 Good chatter, 20002200 pei, black film on 2-Top #3 & #4 broken, second #2 2-10% Rust oil cooler, light wear rockst atm tips, | 1-Cleanest of group
stams fuel fliter & #3 scufl, #6-10% scufll puth rods #2 lacquer
B 3 Exbanst valve stoms tracs wear | S-#6 1230 pai; #4 1400 pai; no chatter, wide 3-Nonnal w/some scratching

3-Heaviest of all engines

1-Heavy shudge

2-Heavy, intermediate of 3} engines
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[llustration of the condition of the piston rings
in the engine of 5 ton truck #5E5776 after 20, 000
miles with CCL-0-145 oil.
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Nlustration of the extent of piston ring scoring
in the engine of 5 ton truck #5E5775 after 14073

miles with CCL-0-146 oil. ,
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Illustration of the extent of piston ring scoring
in the engine of 5 ton cruck #5E5774 after 17451

miles with CCL-0-147 oil.
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5 ton truck #5E5774, #6, 5, and 4 exhaust valves, left to right, at 10, 068

degrees of valve contact face failure.
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ILLUSTRATION OF CONDITION OF TYPICAL PISTON CROWNS
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VEHICLE SPECIFICATIONS AND LOADING

Truck Model M151 Trailer Modet M4i6
Type 1/4-ton, 4 X 4 Truck Type 2-Wheel
Empty Weight, Ib 2425 Empty Weight 570
Highway Payload, 1b 1200 Payload, ib 1430
GCW, Ib 5625
Cross-country Payload, Ib 800 Payload, Ib 930
Cross-country GCW, Ib 4725
Engine Model Ord. Design (FSN 2805-678-1820)
Cu In, Displacement 141.5
Type and Cylinders 4 cylinders in line, O.H.V.
Compression Ratio 7.50:1
Fuel Gasoline
Transmission 4-speed Forward, Synchromesh in 2nd, 3rd, and 4th Gears
Transfer Single-Speed, Integral with Transmission,

Manual Front Wheel Engagement
Axle Type Typoid
Ratio 4.86:1
Truck Model M37B1 Trailer Model M101
Type 3/4-ton, 4 X 4 Truck Type 2-Wheel
Empty Weight, Ib 5687 Empty Weight 1340
Highway Payload, Ib 2000 Payload, Ib 2250
GCW, b 11,277
Cross-country Payload, 1b 1500 Payload, Ib 1500
Cross-country GCW, 1b 10,027
Engine Model Dodge T245
Cu In. Displacement 230
Type and Cylinders 6 cylinders, L-Head
Compression Ratio 6.7:1
Fuel Gasoline
Transmission 4-speed Forward, Synchromesh in 3rd and 4th Gears
Transfer 2-speed, Manual Front Wheel Engagement
Axle Type Hypoid with Lubrited Gears
Ratio 5.83:1
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VEHICLE SPECIFICATIONS AND LOADING (Cont’d)

Truck Model

Type

Empty Weight, ib
Highway Payload, Ib
GCW

Cross-country Payload, Ib
Cross-country GCW, Ib

Engine Model

Cu In. Displacement
Type and Cylinders
Compression Ratio
Fuel

Transmission
Transfer

Axle Type
Ratio

Note:

M35A2 Trailer Model
2-1/2-ton, 6 X 6 Truck Type

13,000 Empty Weight
10,000 Payload, Ib
30,250

5,000
18,000

LD-465-1
" 478
6 cylinders, O.4.V.
22.5:1
Multifuel

5-speed
2-speed, Automatic Front Wheel Engagement

Double Reduction
6.72:1

The two-wheel M105 trailers were not towed cross-country in the sand.

M105
2-Wheel
2750
4500

Truck Madel

Type

Empty Weight, Ib
Highway Payload, 1b
GCW, Ib

Cross-country Payload, Ib
Cross-country GCW, Ib

Engine Model

Cu In. Displacement
Type and Cylinders
Compry«sion Ratio
Fuel

Transmission
Transfer

Axie Type
Ratio

Notes:

M54A2
5-ton, 6 X 6 Truck
19,836
20,000
69,836

10,000
29,836

LDS-465 1A

478

6 cylinders, 0.V .H., Turbocharged
22.5:1

Multifuel

§-Speed
2-speed, Automatic Front Wheel Engagement

Double Reduction
6.443:1

Pintle hork load comprised of M198A1 dolly plus commecial trailers; dolly, trailer, and trailer ballast totaled 30,000 IU

ducing highway operation. Trailer and dolly were not iowed during cross-country operation :n the sand.
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VEHICLE SPECIFICATIONS AND LOADING (Cont'd)

Truck Model

Type

Empty Weight, Ib
Highway Payload, ib
GCW, 1b

Cross-country Payload, Ib
Cross-country GCW, Ib

Engine Model

Cu In. Displacement
Type and Cylinders
Compression Ratio
Fuel

Transmission
Transfer

Axle Type
Ratio

Notes:

——

Pintle hook load comprised of M198A 1 dolly plus commercial tiailers; dolly, trailer, and trailer baliast totaled 30.000 Ib

M54A2
5-ton, 6 X 6 Truck
19,836
20,000
69,836

10,000
29,836

LDS-465-1A

478

6 cylinders, U.V H., Turbocharged
22.5:1

Multifuel

5-Speed
2-speed, Automatic Front Wheel Engagement

Double Reduction
6.443:1

during highway operaiion. Trailor and dolly were not towed during cross-country operation in the sand.
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APPENDIX 1}
SPECTROMETRIC OIL ANALYSiS DATA

Appendix II consists of Appendices [ and I1I of the
“Spectrometric Metals Analysis of Oils - Army
General Purpose Vehicles,” AD685886, Final
Report FLRL No, 5.
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67
4,087
8,118

12,000
16,017
20,000

Mileage

67
4,057
8,118

12,000
16,017
20,000

Vehicie No: 3B3632

TABLE 33

METAL CONCENTRATIONS OF IN-SERVICE
GEAR LUBRICANTS

Lubricant No: CCL-G-148

Transmission

Metal
F B O O A W A S B N P Zn G B
12 <5 <1 <1 <1 <1 <1 <5 <1 <1 5 4600 5500 <50 <500
87 <5 <4 <1 <1 <1 <1 <5 <1 <1 5 4500 6100 <50 <500
130 18 13 <1 <1 <1 <1 <5 2 <1 15 4600 5200 <50 <500
170 10 23 <1 3 <1 <1 <5 8§ <1 18 4400 5300 <50 <500
160 12 25 <1 ] <1 <1 <5 7 1 10 4500 5500 <50 <500
190 120 29 <1 3] <1 <1 <5 12 <1 5 4400 5800 <S50 <500
10 <5 28 <1 <1 <1 <1 <§ 2 <1 <1 4400 5800 <50 <500

Transfer Gear
Metal
Fe Py Cu O Al N Ag Sn Si B Na P Zn Ca Ba
12 <5 <1 <1 <1 <1 <1 <5 K1 <1 5 4600 5500 <50 <500
80 <S5 1 1 <1 <1 <1 <5 3 <1 25 4400 6100 <50 <500
190 <5 2 3 1 1 <1 <5 95 <1 35 3400 3400 <50 <500
580 5 <1 1 <1 <1 <1 <5 8§ <1 13 1700 1600 <50 <500
1900 <5 <1 1 <1 6 <1 <5 25 <1 9 2000 1800 <50 <500
2400 50 130 4 § 15 <1 <5 85 <1 40 4400 4900 <50 <500
1600 <SS 2 L1 1 7 <1 <5 26 <1 <1 3200 3000 <S50 <500
Rear Axle
Metal
Ee_ Py Cu & Al N Ag Sn Si B Na P Zn _Ci Ba
12 <5 <1 €1 €1 <1 <1 <5 <l <1 5 4600 5500 <50 < S00
410 38 24 1 <1 <1 K1 <5 9 <1 60 4700 6200 <S50 <500
3200 52 1% 3 2 M <1 <5 34 <1 150 4500 3800 <50 <sS00
3900 48 380 10 6 33 <1 30 140 <1 150 4100 3000 <S50 <500
840 25 380 2 1 10 <1 <«S§ 9 <1 60 4600 5000 <50 <500
1200 10 400 2 <1 10 <1 «5§ 33 <1 45 3800 3000 <50 <500
1100 10 82 <1 <l 14 <1 <5 21 <1 6 4700 6300 <50 <500
104




TABLE 34
METAL CONCENTRATIONS OF IN-SERVICE
GEAR LUBRICANTS
Vehicle No: 3G62G7 Libcant No: CCL-G-150
B Transmission
- Metal
Mileage  Fe Pb Cu O Al Ni A Sn Si B Na P Zn Ca Ba
0 <1 <5 <1 €1 <1 K1 <1 €5 <1 <1 10 1300 <50 <50 < 500
49 17 €5 €9 <1 €1 <1 <1 <5 <1 K1 5 1200 <50 < S50 < 500
8 3,900 14 <6 9 <1 1 <1 <1 5§ K1 K1 10 1300 <S50 < SO0 <« 500
8,080 82 <5 20 <1 <1 <1 <1 <5 2 <1 1 1300 <S50 <50 < 500
12,001 94 85 19 €1 €1 <1 <1 <5 4 <1 15 1300 < 50 <50 <« 500
16,081 95 < 18 <1 <1 <1 <1 <5 11 <1 S 1300 < 50 <50 < 500
r 20,000 130 <5 4 <1 <1 K1 <1 <S5 5§ <1 10 1500 < 50 <50 < 500
Transfer Gear
-
Metal
Mileage Fe Pb Cu & Al N Ag Sn Si B Na P Zn Ca Ba
o 0 <1 <5 <1 K1 K1 <1 K1 <5 1 <1 <10 1300 <50 <50 <500
49 59 <s 31 <1 <) K1 <1 <5 3 <1 15 1200 <50 <50 <500
3,900 89 <5 <1 <1 <1 K1 <1 <5 6 <1 10 1200 <50 <50 <500
8,080 8 <5 <1 <t 1 <1 <1 <5 1 <1 <1 900 <50 <50 <500
o 12,001 39 <5 <1 K1 <1 <1 <1 K5 1 <1 8 550 <50 <50 <500
16,081 70 <5 <1 K1 <1 <1 <1 <5 1 <1 <1 500 <50 <50 <500
* 20,000 67 «5§ <1 <1 K1 <1 <1 <K§ 1 <1 <1 700 <50 <50 <500
!- Rear Axle
Metal
~ Mileage Fe Py Cu o A Ni Ag Sn Si B Na P 2Zn Ca Ba
. 0 <l <5 <1 <1 K1 <1 K1 <5 <1 1 10 1300 <56 <50 <500
49 110 <5 39 <1 K1 K1 L1 L5 2 <1 40 1400 <50 <50 <500
- 93 79 <5 5§ <1 L1 L1 L1 L5 1 <1 20 1300 <S50 <S50 <500
3,900 300 <S5 60 2 L1 <1 <1 <5 30 <1 65 1300 <50 <S50 <500
- 8,080 240 7 S0 <1 <1 <1 <! <5 22 <1 18 1300 <50 <50 <500
12,001 490 6 64 1 2 <1 <1 <5 4 <i 50 1400 <S0 <50 <500
i 16,081 200 <5 32 <1 <1 <1 <1 <5 7 <1 S 1100 <50 <50 <500
L.
105

LM:‘“‘ sl insaitia. i Mttt e -




el By Y

B taaikiac it ot ot SN

TABLE 35
METAL CONCENTRATIONS OF INSERVICE
GEAR LUBRICANTS
Vehicle No: 3F3183 Lubricant No:CCL-G-151
' Transmission
Metal
l Milesr "Fe P> Cu O Al Ni A5 S & B Na P Zn G Ba
0 <1 <5 <1 <1 <1 <1 <1 <5 <1 <t 10 1500 <50 <50 <500
0 <1 <5 4 <1 1 <1 <1 <5 1 <1 25 1600 <50 <50 <500
4000 270 <5 7 <1 8 <1 <1 <5 10 <1 35 1500 <s0 <so0 <500
8290 160 220 72 <1 100 <1 <1t <5 220 <1 25 1600 <S50 <50 <500
12,177 160 5 6 <i 110 <1 <1 <5 320 <1 s 1600 <50 <50 <500
16000 210 100 62 <1 115 <1 1 <5 20 <1 8 1700 <s0 <50 <500
' 20000 180 105 46 <1 9% <1 <1 <5 160 <1 20 1700 <50 <50 <500
Transfer Gear
' Metal
Mileage Fe Pb Cu O Al NI Ag Sn S B Na P Zn Ga Ba
0 <1 <5 <1 <1 <1 <1 <1 <5 <1 <1 10 1500 <50 <so <500
50 25 <5 <1 <1 1 <1 <1 <5 3 <1 45 1600 <50 <50 <500
4,000 42 8 50 <1 64 <1 <1 <5 110 <t 20 1700 <50 <s0o <500
8290 380 <5 <1 <1 <1 <1 <1 <¢ 1 <1 45 1300 <50 <s0 <500
12177 330 <5 <1 <1 <1 <1 <1 <5§ 1 <1 10 1200 <s0 <50 <500
16000 380 <5 <1 <1 <1 <1 <1 <5 1 <1 10 950 <50 <so <500
20000 290 <6 <1 <1 <1 <1 <1 <5 2 <1 30 1400 <50 <50 <500
l Rear Axle
Metal
i Mileage F_e _I:I_)_ 91_ Cr il Ni  Ag 5n Si B Na P Zn Ca Ba
0 <1 <5 <1 <1 <1 <1 <1 <5 <1 <1 10 1500 <s0 <S0 <500
50 57 <5 <1 <1 <1 <1 <1 <5 5 <1 18 1500 <50 <S50 <500
. 4000 800 <5 <1 <1 <1 <1 <1 <5 s <1 25 1800 <50 <S50 <500
!; 8290 690 <5 <1 <1 <1 <1 <1 <5 13 <1 25 1600 <50 <S0 <S00
¥ 12177 760 <5 1 <1 <1 1 <1 <5 44 < 2 1700 <s0 <50 <500
16000 3200 <5 <1 <1 <1 <1 <1 <5 7 <1 8 1400 <S50 <S50 <500
- 20,000 470 <6 2 <1 <1 <1 <1 <5 2 <1 20 1400 <50 <50 <590
{i
)
i
¥
-d
106
L= i i CARE R .

ommnend




TABLE 36
METAL CONCENTRATIONS OF IN-SERVICE
[ GEAR LUBRICANTS
Vehicle No: 3F3078 Lubricant No: CCL-G-150
[ ‘ Transmission
Metal

f Fe M G & Al N Az & S B N P Zn & B
<1 <5 <1 <1 <1 <1 <1 <5 <1 <1 10 1300 <0 <50 <500
<1 <5 1 <1 <1 <1 <1 <5 3 <1 10 130 <s0 <50 <500

[ 4000 26 <5 14 <1 371 <1 <1 <S5 75 <1 8 1400 <50 <50 <500

8195 76 <5 21 <1 60 <1 <1 <5 150 <1 20 1400 <S50 <S0O <500

16010 120 <5 18 <1 65 <1 <! <5 140 <i 5 1300 <0 <50 <500

20000 42 20 11 <1 7 <1 <1 <5 12 <! 9 1400 <50 <50 <500

]

Transter Gear

Metal

Milesge  Fe B Cu O Al N Ag Sn  Si B Nz P Zn Ca Bs

0 <1 <5 <1 <1 <1 <1 <1 <5 <1 <1 10 1300 <S50 <50 <500

51 11 <5 <1 <1 <1 <1 <1 <5 <1 <1 10 1400 <50 <50 <500
4,009 29 <5 <1 <1 <1 <1 K1 <5 20 <1 5 1200 <50 <50 <500
8,195 3 <5 <1 <1 <1 <1 <1 <6 <1 1 10 950 <50 <50 <500
11,935 37 <5 <1 <1 <1 <1 <1 <5 <1 <1 <! 800 <50 <50 <500
16,010 150 <5 <1 <1 <1 <1 <1 <5 <1 <1 <1 1700 <50 <50 <500
20,000 150 <5 <1 <1 <1 <1 K1 <5 1 <1 <1 700 <50 <50 <500

Rear Axle

Mileage  Fe Pb Cu O Al Ni Ag Sn  Si ] Na P Zn Ca Ba

0 <1 <5 <i <1 <1 <1 <1 <5 <1 <1 10 1300 <50 <50 <500

4,009 160 <5 3 Q1 <1 <1 <1 <5 22 <1 13 1400 <50 400 <500

- 8,195 800 <5 3
11,935 1200 35 4 4 5 5 <1 <5 130 7 20 1500 <50 750 <500
- 16,010 1960 <5 4
2

20,000 2400 S <1 2 3 €1 <5 80 20 30 1500 <50 600 <500
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H _ TABLE 37

METAL CONCENTRATIONS OF IN-SERVICE
GEAR LUBKICANTS

Vehicle No: 3F3199 Lubricant No: CCL-G-151

Transmission

i Meta! [
Milage Fe~ Pb Cu € Al Ni Ag Sn i B Na P 2Zn_ Ca  Ba

e wwe cuaw  eume ~m

0 <1 <5 <1 <1 <1 <1 <1 <5 <1 <1 10 1500 <S50 <S50 <s0

63 1 <5 6 <1 1 <1 <1 <5 6 <1 15 1400 <50 <S50 <(S00
4,000 36 <5 38 <1 67 <1 <1 <5 10 <1 25 1600 <50 <50 <560
7989 120 <5 52 <1 140 <1 <l <5 290 <1 20 1500 <S50 <S50 <500
12043 140 6 58 <! 160 <1 <1 <5 320 <1 4 1500 <50 <S50 <S00
16042 220 s 50 <t 180 <1 <1 <S5 360 <t 10 1700 <50 <50 <500
20000 190 0 45 <1 160 <t <1 <S5 400 <1 20 1700 <50 <50 <500

Transfer Gear
Metal
Milcage Fe Pb Cu O Al Ni Ag Sn Si B Na P Zn Ca Ba
0 <1 <5 <1 <l <1 <1 5 <1 <1 10 1500 <50 <50 <500
63 13 <1 <1 <1 <t < <l 5§ <1 K1 35 1500 <5 <50 <500
4,000 30 <5 <1 <1 <1 <1 <1 <5 <1 <1 S0 1600 <50 <50 <500
7.989 180 <S§ 2 <1 <1 <1 <1 <S5 1 <1 25 800 <S50 <50 <500
12,143 §7 110 <1 <1 <1 <1 <1 <5 2 <1 <1 350 <50 <50 <500
16,042 6 <5 <1 <1 <1 <1 <1 <5 K1 <1 <1 150 <50 <50 <500
20,000 160 <5 <1 <1 <1 <1 <1 <5 <1 <1 <1 1000 <50 <S50 <500
Rear Axle
Metal

Mileage “Fe Pb—Cu CF Al Ni  Ag 3Sr 80

|
z
~
S
g
¥

; 0 <1 <5 <1 <1 <1 <1 <1 <5 <1 <1 10 1500 <50 <50 <500
63 42 <5 <1 <1 <1 €1 <1 <5 <1 <i 15 100 <50 <50 <500
‘ 3t 4000 430 <s <1 <1 <1 <1 <5 3 <1 40 1700 <S50 <50 <500
: i 7989 320 <5 <! <1 <1 <1 <1 <5 5 <1 25 1400 <so <50 <500
I S 1243 640 <5 3 <1 <1 <1 <1 <5 11 <1 20 1600 <S50 <50 <500
! 16,042 475 <5 1 <1 <1 <1 <1 <5 17 <1 20 1700 <56 <200 <500
e 20000 390 20 <1 <1 <1 <1 <1 <5 16 <1 45 1700 <50 <50 <500

i

; i

a i?
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TABLE 38

METAL CONCENTRATIONS OF IN-SERVICE

GEAR LUBRICANTS
Vehicle No: 3F3072 Lubricant No: CCL-G-148
Transmission
‘ . Metal
Mileage  Fe Pb Cu C Al Ni Az Sn Si B Na I 4 Zn Ca Ba
0 12 <5 <1 <1 1 <1 <l <5 <1 <1 5 4600 5500 <S50 < 500
59 90 <5 6 <1 <! <1 <l «5 <1 <1 25 4600 6200 <50 < 500
4,260 180 <5 LA B B B G- 0 <1 20 4700 6500 <S50 < 500
8,000 190 <35 29 <1 <1 <1 <i <5 3 <1 15 4400 5800 <S50 < 500
12,034 170 7 29 <1 <1 <1 <1 <S5 6 <1 <1 4400 5900 <50 < 500
16,000 270 <§ 37 <1 <1 €1 <1 <5 24 <1 <1 2500 5700 <50 < 500
20,000 49 5 40 <1 <1 <1 <1 <5 30 <1 10 4600 5900 <50 < 500
Transfer Gear
Mctal

Mileage  Fe Pb Cu & Al Ni A Sn Si B Ne P Zn Ca Ba
0 12 <5 <t <1 <t <1 <1 <5 <1 <l 5 4600 5560 <sS0 <500
59 92 <5 <1 <t <t <1 <1 <5 <1 (I 17 4000 5000 <50 <500
4,260 200 <5 24 <1 1 <1 <1 <5 58 <1 30 4800 6500 <s0 <500
8,000 150 <5 <1 <1 3 <1 <1 <5 15 <1 15 900 400 <50 <500
12,034 170 <5 <1 <1 <« <1 K] <5 1 <1 <1 800 400 <50 <500
16,000 270 <5 <1 <1 <1 <1 <1 <5 1 <1 <1 600 350 <S50 <500
20,000 3600 12 8 3 <1 5 <1 <5 14 (I 5 2000 400 <50 <500

Rear Axle

_._Mctal

Al Ni  Ag Sn Si B Na P Zn Ca Ba

<1 <1 K1 <5 <1 <1 5 4600 5500 <50 <500
<1 <1 <1 <5 1 <1 <1 4500 5200 <50 <500
<1 <3 17 <1 30 4600 5500 <50 <500
<1 <1 <1 <5 30 <1 18 4100 4200 200 < 500
<] s <1 <5 33 <) 11 4100 4200 250 <500
<1 6 <1 <35 4 <1 7 4300 4100 200 <500
<1 2 <1 <5 25 <1 13 4400 4300 150 <500

Mileage Fe Pb

(=]

~

A

W
/\/\[g

T W W N R e

59 110 7
4,260 490 18
8,000 780 22

12,024 1080 24
16,000 1240 70
20,000 1000 18

AAAAANAN IQ
A
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Mileage

ki)
4,006
821
12,060
17,009
20,000

50
4,006
8,271

12,060
17,009
20,000

Mileage

50
4,006
8,27i

12,060
17,009
20,000

TABLE 39
METAL CONCENTRATIONS OF IN-SERVICE )
GEAR LUBRICANTS
Vehicle No: 3F3175 Lubeicant No: CCL-G-149
Transmistion
Metal
Fe Pb  Cu O Al N Ag Sn 3t B Na P 2Zn Ce Ba
<1 <5 <1 <1 <1 <1 <1 <5 <1 (1 8 1700 <50 <S50 <500
110 <5 7 <1 15 <1 <v <5 26 <1 30 1900 <S50 <350 <500
620 35 28 <1 95 <1 <t <5 190 <1 28 2100 <0 <%0 <500
700 ) 37 <1 100 <t <1 <5 7230 <1 20 1800 <50 <S50 <500
850 < 37 <1 110 €1 <1 <5 M40 <1 7 1800 <50 <S50 <500
1120 7 39 2 130 €1 <1 § 320 <1 25 2000 <50 <LS0 <500
1300 70 4 <1 140 <1 <1 <5 350 K1 30 2400 <50 <50 <500
Transfer Gear
Metal :
Fe Pb  Cu & Al Ni A 5n Si B N P Zn Ca Ba
<l 5§ <1 <1 <1 <1 <1 <5 <1 <1 8 1700 <50 <50 <500
110 <5 <1 <1 3] <1 <1 <5 7 <1 30 1700 <50 <50 <500
860 <5 <1 <1 1 2 <1 <5 2 <1 35 1900 <50 <S50 <500
720 <5 <1 <1 <1} 1 €1 <5 I <1 35 1800 100 <50 <500
780 <5 <1 <1 <1 <1 <1 <5 2 <1 12 1700 00 <50 <500
1200 <S5 <1 <1 <1 3 <1 L5 3 <1 25 1400 100 <50 <500
750 <5 <1 <1 <1 <1 «1 <5 1 <1 35 1800 <50 <50 <500
Rear Axle
Metal
Fe Py Cu o Al Ni Ag Sn Si B Na P Zn Ca Ba
<1 <5 €1 <1 <1 K1 K1 <5 <1 <1 2 1700 <S50 <50 <S00
170 <5 <1 <1 <1 <1 <1 <5 <1 <1 001700 €50 <50 <500
680 <5 <1 <1 <1 <1 <1 <5 § <1 35 2000 <50 <50 <500
1350 <7 <1 2 2 6 <1 <5 92 <1t 24 1900 <S50 <50 <s00
140 <5 <1 1 1 3 <1 <5 82 <1 8 1900 <S50 <S50 <500
1604 6 <1 3 2 4 <1 5 60 3 35 1900 <50 <s0 <500
2600 7 <1 3 2 3 <1 5 85 3 S0 2200 <S50 <S50 <500
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TABLE 40

METAL COXCENTRATIONS OF IN-SERVICE

GEAR LUBRICANTS
Vehicle No: 4J4609 Lubricant No. CCL-G-159
Transmission
Metzl

Mileage  Fe P ¢« O Al Ni Ag Sn A 4 Na 4 n Ca Ba
0 <1 <5 <1 <1 €1 <1 <1 <5 <1 K1 10 1300 <50 <50 <500
52 22 <5 3 <1 <1 <1 K1 K5 K1 <1 7 1200 <5 <50 <500
4,000 210 <5 6 3 <1 K1 <1 <5 4 <1 8 1400 <50 <50 <500
8,004 310 <5 7 4 <1 <1 <1 <35 10 K1 13 1400 <S50 <50 <500
12,012 330 <s 7 3 <1 <1 K1 <5 3 <1 10 1500 <50 <50 <500
16,006 330 <5 L] 1 <1 <1 <1 <5 7 <1 5 1200 <50 <50 <500
20.000 140 <5 1 <1 <1 <1 <1 <5 14 <1 12 1400 <50 <50 <500

Fe Pb Cu O A N Ag Sn S B Na P Zn Ca Ba

10 1300 <50 <50 <500
10 1360 <50 <50 <500
60 T5 13 15 <1 <1 <1 <5 10 11 1300 <S50 <50 <500

<
11 <5 8 1 <! <1 <1 <5 3 <
<

R, 92 <5 24 14 <1 <1 L1 <3 4 <1 10 1200 <50 <SSO < 500
<
<
<

—_—
0 <1 <5 <1 <1 <1 K1 <K' <5 <1
52

4,000

8,004

12,012 1 <s 35 17 <1 <t <1 <5 3 1 15 1300 <50 <50 <3500
16.006 210 <S5 33 15 <1 <1 <1 <S5 3 1 5 1160 <50 < S0 <500
1

20,000 180 < pi} 8 <1 <1 K1 <5 39 15 1400 <50 <50 <500
Reax Axle
Metal
Mileage Fe Pb Cu a Al Ni Ag Sn Si B Na 4 Zn Ca Ba
0 <l <5 <1 <1 €1 <1 <1 <5 <1 <1} 10 1300 <50 <50 <500
52 15 <5 <1 <1 2 <1 K1 <5 5 K1 16 15 <50 <50 <500 \
4,000 120 <5 <1 2 3 <1 <1 <5 10 <1 20 1400 <50 <S¢ <500 2
8,004 140 12 2 L1 3 <1 <1 <5 2 <1 17 1300 <50 <50 <500
12,012 340 < 2 1 8 <1 <1 <5 25 <1 35 1500 <350 <50 <500
1::,006 410 <3 . 1 9 <1 <1 <5 41 <1 25 1300 < S0 300 < 509
29,000 500 20 i [ 13 <1 <1 <5 9t <1 45 1600 < 50 200 < <00
/
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12,016

20,000

8,247
12,016
16,000
20,000

Mileage

66
4,084
8,247

216

20,000

TABLE 41

METAL CONCENTRATIONS OF IN-SERVICE
GEAR LUBRICANTS

Vehicle No: 412578

Lubricant No: CCLG-149

‘Transmission
Metal
Fe Pb Cu Al Ni Ag &n Si B Nao P Zn Ca Ba
<l <5 <1 <1 <1 <1 <1 <5 <1 <1 8 1700 <50 <50 <500
80 <5 10 <1 <1 <1 K1 <5 2 <1 10 1500 <50 <50 <500
560 <5 23 30 2 <1 <1 <5 46 <1 16 1900 <50 <50 <500
850 6 29 30 2 K1 <1 <5 11 <1 15 1900 <50 <50 <500
1200 6 29 30 3 1 <1 <5 11 <1 s 1800 <50 <50 <500
1560 <5 80 16 <1 2 <1 <5 23 <i 13 1300 <50 <50 <500
1190 14 32 34 K1 2 <1 <5 5 <1 25 2100 <50 <50 <500
Transfer G,
Metal
Fe P5 Cu Cr Al Ni Az Sn St B Na P Zn Ca Ba
<l <5 <1 €1 <1 <1 <1 <5 <1 <1 8 1700 <50 <S50 <500
492 <5 9 3 €1 <1 <1 <5 2 <1 20 1500 <50 <S50 <500
580 6 39 34 1 2 L1 <5 75 <1 70 2000 200 <50 <500
980 5 58 32 2 5§ <1 <K5§ 30 <1 75 1700 200 <350 <500
1060 <5 68 22 1 3 <1 <5 26 <1 22 1500 200 <50 <500
1260 6 29 30 2 <1 K1 <5 14 <1 5 2100 100 <50 <500
200 <5 88 7 <1 <1 K1 <5 2 <1 5 1500 <50 <350 <300
Rear Axle
Metal
Fe Pb  Cu Al Ni Az Sn Si B Na P Zn Ca Ba
<I <5 <1 <1 <1 <1 K1 <5 <1 <1 8 1700 <50 <S50 <500
42 <5 1 2 4 L1 <1 <5 12 <1 35 1600 <50 <50 <500
420 8 1 6 5 €1 <1 <5 200 <1 150 2000 <5 <50 <500
800 19 3 7 72 4 <1 <5 210 <1 150 2200 <sS0 <50 <500
1360 18 3 6 74 4 <1 <5 200 <1 80 2100 <50 <50 <500
1080 14 3 6 65 s <1 <5 180 <1 85 2200 <50 400 <500
1100 18 2 5 60 3 <1 <5 150 <1 150 1900 <50 400 <500
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TABLE 42

METAL CONCENTRATIONS OF IN-SERVICE
GEAR LUBRICANTS

Vehicle No: 4J2594 Lubricant No: CCL-G-148

Transmission

Mileage  Fe Pb Cu O Al N Ag Sn S B Na P Zn Ca Ba

0 12 <5 <1 <
59 320 <s 8
4009 780 6 21

1 4600 S500 <50 <500
1
2
8,102 760 10 26 2 <1
3
i
1

4500 5500 60 <500
4600 5900 <50 <500
<50 <500
4600 5500 <S50 <500
4500 4900 <50 <500
4400 4600 <50 <500

12,002 790 11 26
15,998 %60 <5 26
20,000 1000 8 29 <

—_R W N N D e
A
—
A
th
-
~
N
—
L-BE i~ - N I S Y
o
w
(=
(=]
w
g

Transfer Gear

Metal
Mileage  Fe Pb Cu C Al N Ag Sn Si B Na P Zn Ca Ba

e e m— om— ———— — a—— ——— m—— amam—

] 12 <5 <1 <1 <1 <1 <1 <5 1 <1 S5 4600 5500 < S0 <500

59 7 <s 5§ €1 <1 <1 <1 <5 1 <1 6 4500 5800 <50 <500
4,008 180 <5 37 <1 <1 <1 <1 <5 3 <1 6 3900 3900 <50 <500
8,102 350 <S5 140 1 <1 <t <1 <5 s <1 7 3300 2500 <50 <500
12,002 350 <5 170 <1 <1 <1 <; <5 g8 <1 11 2900 2000 <50 <500
15998 R00 50 320 <1 <1 <1 <j; <5 24 <1 <1 3200 2400 <50 <so0
20,000 160 <5 180 <1 <1 <1 <1 <5 2 1 7 2100 600 <50 <500

Rear Axle

Mileage  Fe Pb Cu O A Ni Ag Sn Si B Na P Zn Ca Ba

g 1 <1 <5 <1 <1 5 4600 5500 <50 <500
59 100 6 <. <1 3 <1 <1 <5 4 <1 10 4500 5900 <50 <500

4,009 400 40 <1 <1 10 <1 <1 <5 59 <I 30 4600 5600 <50 <500

9,704 720 65 3 31 <1 <5 72 <1 40 4600 5600 < 50 <500
12,002 690 75 5 3 16 4 <1 <5 15 <1 50 4700 S800 300 <500
15998 1200 72 3 4 <1 <5 80 <l 35 4600 5200 400 < S00
3 3

20,000 1300 75 <1 <5 64 <1 55 4600 4800 450 <500
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Mileage Fe

0

54
4,000
8,025
11,993
16,034
20,000

Mileage

54
4,000
8,025

11,993
16,034
20,000

Mileage

54
4.000
8,025

11,993
16,034
20,000

Vehicle No: 432695

TABLE 43

METAL CONCENTRATIONS OF IN-SERVICE
GEAR LUBRICANTS

Lubricant No: CCL-G-150

Transmission
Metal
Pb Al M Ag Sn Si B P Zn G _Ba
<1l <5 <1 <1 <5 <1 1300 <50 <50 <500
§2 <5 <1 <l <5 <1 1200 <50 <50 <500
520 25 1 <1 <5 58 1600 <50 <50 <500
540 6 <1 <1 <5 10 1400 <S50 <SO0 <500
580 <5 5 <1 <5 9 1600 <50 <50 <500
1200 6 <1 <1 <5 32 1400 <50 <50 <500
190 <SS <1 <1 <5 3 1200 < 50 <50 <500
Transfer Gear
Metal
Fe Pb Al Ni Ag Sn _.Sl __L Zn Ca Ba
<1 <5 <1 <1 <! 5 <1 1300 <50 <50 <500
16 <$§ <1 <1 <1 <5 7 1300 <S50 <50 <500
85 <5 <l <1 K1 <5 2 1300 <S50 <50 <500
20 <LS§ <1 <1 <K' K5 1 1400 <50 <50 <500
40 <S5 1 <1 <1 <5 1 1500 <50 <50 <500
120 18 11 €1 <1 <5 4 500 <50 <50 <500
280 <S5 <1 <1 <1 <5 2 1400 <50 <S50 <500
Rear Axle
Metal
Fe Pbh Al Ag  Sn Si y 4 Zn Ca Ba
<l <5 <1 <1 <l <5 < 1300 <50 <S50 <500
11 <5 <1 <1 <1 <5 8 1300 <S50 <50 <500
130 7 3 2 <1l <5 60 1600 < 50 < S0 <500
230 § 4 10 1 5 30 1400 < 50 <50 <500
240 ) 3 15 1 5 24 1600 < 50 <50 <500
340 5 5 14 1 b 52 1400 < SO0 <50 <500
120 < <l <1 <l <S§ 6 1400 < 50 <50 <500
114
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TABLE 44

METAL CONCENTRATIONS OF IN-SERVICE

GEAR LUBRICANTS
Vehicle No: 4J4623 Lubricant No: CCL-G-151
Transmission
Metal
Miicage Fe Pb Cu & Al Ni Az Sn  Si 8 Na P Zn Ca Ba

0 <1 <5 <1 <1 <1 <1 <1 <5 <1 <1 10 1500 <S50 <50 <500
61 37 <5 7 <1 <1 <1 <1 <5 <1 <l 7 1400 <50 <50 <500
4,000 290 <5 17 ] <1 <1 L1 <5 9 <1 16 1700 <50 <50 <500
7.956 400 <S§ 18 I <1 €1 K1 «5§ 8 <«li 18 1600 <50 <50 <500
12,9500 450 <5 21 J] <1 <1 K1 «5 6 <1 18 1700 <S50 <50 <$500
15,560 405 <35 23 J K1 <1 K1 (5 15 <1 7 1700 <50 <S50 <500
20,000 310 < 20 1 <1 <1 K1 (5§ 15 <l 40 1700 <50 <50 <500

Transfer Gear

Metal

Mileage Fe Pb  Cu o Al Ni  Ag Sn Si B Na P Zn Ca Ba
0 <I <5 <1 <1 <1 <1 <1 <5 <1 <1 10 1500 <S50 <50 <500
61 97 < 2 3 <1 K1 K1 <5 <V o«l 8 1400 <S50 < S0 <500
4,000 240 <5 17 5 <1 <1 <1 <5 W8 ! 20 1700 <50 <50 <500
7.956 308 <S5 29 3 <1 €1 €1 <5 4 <t 20 1600 <S50 < S0 <500
12,000 425 <5 20 4 <1 <1 <1 <5 7 «li 15 1500 <S50 <S50 <500
15,960 90 <s 27 4 <1 <1 <t «s 20 <1} 5 1400 SO0 <50 <500
20,000 310 <5 14 I <1 <1 <1 <S5 1 «1 15 1200 ~50 < S0 <500
Rear Axle
o Metal

Mileage Fe Pb Cu O Al Ni Ag Sn Si__ B Na P  Zn G Ba

0 <I <5 <t <1 <1 <1 ¢ <5 <1 <1 10 1500 <50 <50 <S00

61 48 <5 2 ) 6 <1 <1 <5 10 <1 20 1400 <S50 < SO <500
4000 190 <5 2 3 46 <1 <1 <S5 0 <1 60 1600 <SO < SO <500
795 420 6 <1 <1 55 <1 <1 <5 140 <1 63 1600 <S50 < SO <SO00
12000 440 8 <1 4 60 <1 <1 <S5 135 <1 65 1600 <SO < SO <500
15960 490 5 <1 6 68 <1 <1 <S5 200 <1 40 1700 <S50 < SO <_S00
20000 530 10 <1 <! 68 <1 <1 <S 190 <1 90 1700 <S50 300 <500

| s
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3,910
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14,095

3910
12,010
14,095

TABLE 45

METAL CONCENTRATIONS OF IN-SERVICE
GEAR LUBRICANTS

Vehicle No: SE577$

Lubricant No: CCL-G-149

Transmission
Metal
Fe Pb Cu O Al N A S St B MNa P Zn Ca Ba
<l <5 <1 <1 <1 €1 K1 €5 <i <1 8 1700 <50 <50 <500
30 12 10 2 <1 <1 <1 <5 1 <1 10 1700 150 <50 <500
440 26 12 7 <1 €1 L1 <5 1 <1 12 1900 <50 <50 <500
520 32 19 10 <1 <1 <1 <5 13 <1 10 1900 <50 <50 <500
520 26 1§ 7 <1 <1 L1 <5 1 <1 17 1900 <S50 <50 <500
Transfer Gear
Metal
Fe Pb  Cu Cr Al N Ag Sn Si B Na P Zn Ca Ba
<1 €5 €1 <1 <1 <1 <1 <5 <1 <1 8 1700 <50 <50 <500
75 <5 17 K1 10 <1 <1 <35 28 <1 60 1700 <50 <50 <500
490 <S5 36 2 62 <1 <1 <5 100 <1 80 1900 <50 <50 <500
800 <S5 64 2 62 2 <1 <5 130 <1 60 1800 <S50 <50 <500
880 <5 69 1 25 3 <1 <5 25 <1 85 1900 <S50 <50 <500
Rear Axle
Metal
Fe Pb Cu Cr Al Ni Az Sn St B Na P Zn Ca Ba
<lI 5§ <1 <1 <1 <! L1 <5 <1 <1 8 1700 <50 <50 <500
60 <5 22 2 11 <1 <! <5 17 <1 30 1500 <S50 <50 <500
280 8 180 s 16 <1 <1 <5 120 <1 50 1900 <S50 <£50 <500
320 18 280 3 68 <1 <1 <5 60 <1 50 1600 150 <57 <500
530 22 800 2 100 <1 <1 <5 100 <1 65 2000 200 250 < 500
116
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{ : TABLE 46
METAL CONCENTRATIONS OF IN-SERVICE
GEAR LUBRICANTS
Vehicle No: SES774 Lubricant No: CCL-G-148
[ Transmission
- Motal
Mileage Fe Pb Cu O Al N Ag S Si B Na P Zn Ca Ba
0 12 &5 €1 €1 <1 <1 <1 5 <1 (1 5 4600 5500 <50 <500
n 99 110 10 12 <1 K1 €1 <1 <£$§% <1 <1 S 4500 5900 <50 <S00
4,007 270 s4 28 1 <1 <1 <1 <5 s L1 20 4600 5100 <S50 < 500
8,090 30 57 47 <1 <1 <1 <1 K 10 <1 5 4400 5800 <50 <500
12,674 10 28 42 <1 <1 K1 <1 5§ 1 <1 5 3900 3600 <50 <500
. 16,001 428 57 50 <1 <1 <1 <1 £ 3 L1 10 460G 35000 <50 < 500
17,451 470 62 350 <1 <1 <1 <1 <6 2 <1 10 4600 5000 <S50 < 500
Transfer Gear
[ Meta)
Mileage Fe Pb Cu O Al N A Sn &1 B Ne P Zn G Ba
0 12 &5 <1 <1 <1 €1 <1 £$§ <1 K1 § 4600 5500 <50 <500
[ 99 110 <5 23 €1 <1 <1 <1 <5 6 <1 13 4600 6100 < 50 <500
4,007 200 <5 98 1 3 1 <1 «$§ 36 <1 40 4500 5100 <50 < 500
8,090 900 <5 24 <1 3 s$s <1 <5 17 <1 7 4200 4800 <50 < 500
12,674 110 <5 140 <1 <1 <1 <1 «5§ 7 <1 6 4000 3100 <S50 <500
16,001 1130 <S5 14 <1 L1 8 <1 «§ 25 «1 10 4500 5100 <50 < 500
17451 1040 <5 130 <1 (! 6 <1 <6 16 <1 10 4600 3900 < 50 < 500
Rear Axls
Metal
Mileage Fe Pb Cu O Al N Ag Sn S B MNa P Zn Ca Ba
0 12 &5 <1 €1 €1 €1 <1 <¢$§5 <1 <1 5 4600 5500 <50 < 500
99 100 10 29 <1 <1 <1 <1 «5§ 7 L1 7 4700 6100 <50 < 500
4,007 200 5 3N <1 ! 1 <1 <5 14 <1 35 4700 5800 < SO < 500
8,090 300 45 560 <1 28 <1 <1 <« 17 <1 20 4408 5900 350 < 500
12,674 30 S2 760 <1 40 <1 <1 (5§ 36 <1 50 4500 4900 600 < 500
‘ 16,001 400 50 680 <1 8 <1 <1 <5 18 <1 80 4700 5000 800 < 500
- 17,451 390 54 720 <1 k) <1 (5§ 16 <1 55 4600 4800 700 < 500
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TABLE 47

METAL CONCENTRATION OF IN-SERVICE

GEAR LUBRICANTS
Vehicle No: 5L5776 Lubricant No: CCL-G-150
Transmission
Metal .
Milcage  Fe Pb Cu O Al N Ag Sn S B Na P Zn Ca Ba
0 <1 <5 <I <1 <1 <1 <1 <5 <1 <1 10 1300 <50 <50 <500
90 20 <5 9 <1 <1 <1 <1 <5 <1 <1 10 1400 <50 <S50 <500
4013 50 8 21 <1 €1 K1 <1 <« 5§ 2 <1 7 1400 <50 <S50 <500
7,930 90 12 24 2 <1 <1 K1 <« 3 L1 § 1300 <50 <SO <500
11,890 95 7 20 1 1 <1 <1 <«5§ 3 <1 3 1500 <S50 <S50 <500
16,199 92 7 Is €1 <1 <1 <i <5 2 <1 10 1400 < S0 <50 <500
20,152 140 10 18 <1 1 <1 <! ¢§ 10 <! 8 1500 <S50 <S50 «500
Transfer Gear ;
Metal ﬂ
Mileage Fe Pb Cu o A Ni Az Sn Si B Nu P Zn Ca Ba
0 <1 <5 <1 <1 <1 <1 <1 ¢5§5 <1 <l 10 1300 <50 <50 <500
90 32 <5 27 L1 1 <1 €1 «5§ 3 1 54 1400 <50 <50 <500
4013 200 <5 S0 <1 1 €1 <1 ¢5 1 <1 M1 1400 <50 <50 <300 ;i
7,930 450 <5 60 <1 1 €1 <1 «5§ 13 <1 3 1500 <50 <50 < 500
11,890 360 <S$ 46 <1 2 <V <1 <5 3 <1 1 1400 <50 <50 <500
16,199 0 <$ 3 K1 <1 €1 <1 «5§ 3 <1 10 1500 <50 <50 <500
20,152 320 <6 54 <1 <1 K1 <1 <« 7 <1 7 1500 <50 <S50 <500
Rear Axle
. Metal
Mileage Fe P Cu O Al Ni Ag Sn Si B N P Zn (a Ba 4,
0 <1 <5 <1 <1 €1 <1 <1 <5 <1 <1 10 1300 <50 <50 <500
90 2 <3 3z €1 <1 <1 <1 <5 3 <1 27 1400 <350 <50 <500
4,013 130 <5 170 <1 11 <1 <1 <5 20 <1 40 1300 <50 <s0 <500
7,930 120 <5 240 <. 10 <1 €1 <5§ 5 <1 120 1300 <50 <s0 <500 ]
- 11,890 310 <5 340 0 I <1 <1 <5 200 <1 70 1700 <50 <50 <500
S 16,199 9y <5 190 ~.1 6 <1 <1 <5 1 <113 1300 <50 <50 <500
3 } : 20,152 450 12 880 <1i 48 <) <1 <5 19 <1 90 1700 300 <50 <500
I
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Mileage

64
4,000
8,001

12,001
15,955
27000

Mileage

56
4,000
7,988

12,003
16,093
20,000

Mileage

0

71
4,000
8,171
11,938
16,203
19,952

TABLE 48

META' _ONCENTRATIONS OF IN-SERVICE
LUBRICANTS FROM M-151 TRANSMISSIONS

Vehicle No: 2J8600 Lubricant No: CCL-G-149

119

Metal e

Fe Pb Cu O A Ni A Sn Si B Nao P In (a Ba
<1 €5 €1 €1 <1 €1 <1 €5 <1 <1 8 1760 <50 <50 <500
4 <5 g8 <i 2 <1 K1 <5 4 <1 10 1600 <50 <50 <500
540 54 21 3 11 <1 <1 <5 2 <1 45 2000 <50 <50 <500
640 40 38 4 16 €1 <1 <35 33 <\ 35 1900 <S50 <S50 <500
760 13 35 3 20 <1 <1 <S5 29 <1 6 1960 <50 <50 <500
840 18 28 4 14 <1 <1 <5§ 2 < 20 2000 <50 <50 <500
320 <5 4 <1 <1 <1 <1 <6é 3 <1 1 1800 <50 <50 <500

Vehicle No.: 2J8645 Lubricant No.: CCL-G-150

o Metal o

Fe Ph Cu r Al Ni Ag $n Si B Na P Zn Ca Ba
<1 <5 <1 <1 <1 <1 <1 <5 K1 <1 10 1300 <50 <50 <500
13 <5 6 <1 I <1 <1 <5 2 L1 6 1300 <50 <S0 <500
60 35 25 <1 3] <1 <1 <5 7 <1 30 1400 <S50 <50 <500
780 22 62 3 10 <1 <1 <5 29 <1 90 1700 < 50 <50 <500
820 40 68 3 7 <1 <1 <5 35 <1 120 1500 <50 <S0 <500
1280 45 46 1 I <1 <1 <5 13 <1 25 1300 <50 50 <500
780 10 46 <1 5 <1 <1 <5 19 <1 30 1300 <S50 <S50 <500

Venicle No.: 2J8693 Lubricant No.: CCL-G-15!

o Metal o o

Fe Pb Cu Cr Al Ni  Ag  Sn Si B Na P Zn Ca Ba
<I <5 €1 <1 <1 <1 €1 <5 <1 <1 10 1500 <50 <50 < 500
14 <5 9 <1 1 <1 <t L5 5 <1 6 1300 <50 <S50 <500
95 55 17 <1 10 <1 <1 <5 15 <1 30 10 <S50 <S50 <500
920 57 44 ? W <1 <1 <5 60 <1 35 1700 <S50 <50 <500
880 21 46 5 le <t <1 <5 45 <1 25 1800 < S0 <S50 < 509
1120 22 44 6 s <1 <1 <S5 65 <1 20 1800 <50 <S50 < 500
530 5 24 ! i <1 <1 L5 13 <1 10 1600 <50 <S50 < S00
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Bonrany

3

Mileage

0

8
4,000
8,027
12,005
15,190

20,000

Mileage

0

63
4,000
8,000
11,927
16,095
20,000
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Table 48

METAL CONCENTRATIONS OF IN-SERVICE
LUBRICANTS FROM M-151 TRANSMISSIONS (Cont’d)

Vehicle No.: 2J8666

Lubricant No.: CCL-G-149

Meta!

Fe Pb Cu O Al Ni Ag Sn Si B Na P Zn Ca Ba
‘1 <5 <1 L1 <1 <1 €1 5 €1 L1 8 1700 <50 <S50 <500
580 110 15 s 9 <1 <1 <5 14 <1 50 1900 <50 <S50 <500
750 12 28 5 15 <1 €1 <5 29 <1 40 2100 150 <50 <500
940 30 26 4 12 <1 1 <5 27 L1 50 2100 150 <50 <500
1140 14 21 3 M B B 39 1 13 1900 100 <50 < s500
847 10 23 5 10 <1 <1 <5 27 <1 13 2100 100 <50 <500

Vehicle No.: 218669 Lubricant No.: CCL-G-148
Mets!

Fe Pb Cu O Al Ni Ag S Si B Na P Zn Ca Ba
12 €5 €1 €1 <1 €1 <1 <5 <1 <1 5 4600 5500 <50 <500
100 <5 4 €1 €1 €1 <1 <5 1 <1 7 4500 6100 <50 <500
160 8 12 <1 K1 <1 K1 <5 5 <1 20 4400 5000 <50 <500
3,250 18 42 § 2 1t <1 <s 11 <1 12 4300 4500 <50 <500
5080 25 40 5 3 10 <1 <5 17 <1} 13 4400 4700 <50 <500
> 16,000 18 44 5 3 9 <1 6 16 <1 2 4300 4400 <50 <500
5000 20 S2 9 5 15 <1 <5 21 <1 <1 4800 5200 <50 <500

¥
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TEMPERATURE DATA
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TABLE 1. SUMMARY OF PEAK TEST AND OPERATING
TEMPERATURES OF FIVE 1/4-TON M151 TRUCKS
AT 85° TO 95°F AMBIENT TEMPERATURES

; Temperature, °F
Location “Peak Maxiﬁﬁrr: “Mean | Minimum

Water 212 189 186 181
0il Gallery 230 2 220 218
Transmission 228 209 197 191
Transfer

Front Axle 180 178 172 168
Rear Axle 265 246 231 223
Brake Cylinders 120 - - -
Wheel Bearings 120 - - -

TABLE 2. SUMMARY OF PEAK TEST AND OPERATING
TEMPERATURES OF TWO 3/4-TON M37B1 TRUCKS
AT 85° TO 95°F AMBIENT TEMPERATURES

Temperature, °F

Location Peak | Maximum | Mean | Minimum
Water 196 195 193 191
Qil Gallery 235 238 233 230
Transmission 170 170 148 126
Transfer 256 256 253 250
Front Axle 181 181 175 168
Rear Axle 223 223 222 221
Brake Cylinders 120 - - -
Vheel Bearings 120 - - -

TABLE 3. SUMMARY OF PEAK TEST AND OPERATING
TEMPERATURES OF FIVE i-1/4-TON M715 TRUCKS
AT 85° TO 95°F AMBIENT TEMPERATURES

Temperature, °F

Location Peak | Maximum | Mean | Minimum
Water 208 201 196 191
Oil Gallery 229 219 214 209
Transmission 190 158 154 143
Transfer 264 262 249 237
Front Axle 165 162 148 104
Rear Axle - 219 216 210 202
Brake Cylinders | <120 - - -
Wheel Bearings | <120 - - -

TABLE 4, SUMMARY OF PEAK TEST AND OPERATING
TEMPERATURES OF FIVE 2-1/2-TON M35A2 TRUCKS
AT 85° TO $5°F AMBIENT TEMPERATURES

Temperature, °F

Location eak aximum [ Mean | Minimum
Water 192 189 184 17§
Oil Gallery 201 197 187 176
Oil Sump 207 204 198 192
Transmission 198 198 195 189
Transfer 23§ 234 2 217
Front Axle 127 126 118 101
Intermediate

Axle 179 170 161 149
Rear Axle 170 170 158 148
Fuel to Enginc i2 124 123 122
Retumn Fuel 129 129 127 123
Brake Cylinders 145 :
Wheel Bearings | <120 -

122




TABLE 5. SUMMARY OF PEAK TEST AND OPERATING
TEMPERATURES OF THREE 5-TON M54A2 TRUCKS
AT 85° TO 95”° AMBIENT TEMPERATURES

Location

Temperatures, °F

Peak | Maximum | Mean | Minimum

Water 200 197 194 189
Qil Gallery 2i5 202 201 199
Oil Sump 234 209 205 200
Tranimission 249 200 196 193
Transfer 205 205 203 199
Front Axle 149 149 133 105
Intermediate

Axle 106 176 167 145
Rear Axle 212 184 180 177
Fuel to Engine 118 103 103 -
Return Fuel 126 125 124 -
Brake Cylinders 150 - - -
Wheel Bearings | <120 - - -

TABLE 6. AVERAGE MAXIMUM AXLE TEM-
PERATURES, °F Ay 85° TO 90°F AMBIENT

intermediate Rear

Axle Axle

5-Ton SE-§774 176 177
5E-5775 185 180

SE-5776 180 184

2-1/2-Ton 4)-2578 170 148
4)4623 169 170

4)-2695 157 151

43-2594 159 160

4]-4609 157 179

1-1/4-Ton 3F-3199 - 213
3F-3078 - 216

3F-3175 - 205

3F-3072 - 214

3F-3183 - 202

3/4-Ton 3B-3632 - 221
3G-6207 - 223

1/4-Ton 21-8669 - 224
2]-8645 - 236

2J-8600 - 223

21-8693 - 2.8

2J-8666 [ - 246
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250 F

225

175

150

Temperature, °F

125

75

50

TYPICAL PLOT OF QOPERATING TEMPERA ¢ 'RES AS
M151 TRUCK 2J8669 TRAVERSES TEST i. URSE

//\\ /

/D
/“\\ ,./\/ \.

Thermocouple Locations

1 - Water out

2 - Oil sump

3 - Transmission-transfer
4 - Front axle

5 - Rear axle

6 - Rear brake

7 - Front wheel cylinder

8 - Front brake

50 100

Miles

150

124

200
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TYPICAL PLOT OF OPERATING TEMPERATURES A3
M37B1 TRUCK 3G6207 TRAVERSES TEST COURSE

Vs
N

s

— N~

220

200

180

160

°F

Temperature,
St
>
o

Thermocouple Locations

[
ro
o

100 I~ j

1 - Water

- Engine oil

- Transmission
Transfer

- Front axle

- Rear axle

- F. brake

- R. brake
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TYPICAL PLOT OF OPERATING TEMPERATURES AS
M151 TRUCK 3F199 TRAVERSES TEST COURSE

220 . ets @ Thermocouple Locations
3 e 1 - Water out
2 - Engine oil
3 - Transmission
200 4 - Transfer
@ 5 - Front axle
6 - Rear axle
7 - Brake cylinder
8 - Wheel bearing
150
— |
Nt /""\" '\@ |
2001 / % ;
’\W\'ﬂ @ |
i
150
’-‘. '\‘ ‘\".‘ ’...v.- @
--..I'/.
100 g |
}
‘ -
150 1
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|
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Temperature,

220 -

200 -

TYPICAL PLOT OF OPERATING TEMPERATURES AS
M35A2 TRUCK 4J2578 TRAVERSES TEST COURSE

Thermocouple Locations

1

O O 00~ O b WiV

—

- Water ou

t

Engine oil

- Transmission

- Transfer
- F. axle
- I, axle
- R, axle

- 0Oil sump
- Return fuel
- Fuel to engine

\.
sTmE .

e’

2-1/2-Ton 4J 2578 SN




TYPICAL PLOT OF OPERATING TEMPERATURES AS
M54A2 TRUCK SE5776 TRAVERSES TEST COURSE

§
220 F 5-Ton SE5776
;
h g .
1 —--\ / \ P ® |
H . , \ /'—' ;
A\ : - @ i
' I 200 [ o\ N\ N . i
N V2 = (@ f
i‘ -0"0'.. \"°/. ;
:"‘ ' .\ ------ —— s
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£ . t
H , e— o ¢ ’Hk- 4
o | j—l=x : ® |
g 8o f :/\A/ RILEME :
‘f ’ .o".‘ e {
: .-, '..-.-u ’
‘ l fx, . T T - @ Thermocouple Locations ;
. 1 - Water P
I > 2 - Engine oil }
s 160 F 3 - Transmission ;
. Iy 4 - Transfer case g
I & 5 - F. axle z
g 6 - 1. axle f
' & 7 - R. axle :
b 8 - Oil sump '
. 9 - Return fuel
140 10 - Fuel to engine
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DESCRIPTION OF UNSCHEDULED MAINTENANCE
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Failure
Category

Engine

Engine

Drive Line
Engine

Drive Line

Drive Line

Engine

Engine

Drive Line

Engine

Electrical

Engine

Engine

Engine

Drive Line

Drive Line

Engine

Engine

Miles

2,575

4,007

9,152
10,019

16,254

17,694

18,093

10,735

19,335

10,874

10,874

12,235

15910

18,774

19.026

6,606

9,464

9557

UNSCHEDULED MAINTENANCE

Repairs

Jeep 2J8600

Engine missed, The No. 3 intake valve push rod had come otf the rocker. It was repaired

and all tappets checked.

Frgine missed. No. 3 intake valve push rod came of1 the rocker again. (t was repaired
and all tappet clearances checked.

At U-joints tigktened.
Mew seal made for dipstick—the old one came loose and was lost.
Replaced left rear axle outboard U-joint and companion flange on ;ear vutput shaft
of transfer. The U-joint broke in the middle of the cross and was considered a
metallurgical failure unretated to the iubricant. The companion flange was lost in
towing the vehicle with the drive shaft removed. The transfer case was filled with
fresh oil.
All U-joints tightened.
Replaced points, condenser, coil, and light in tacliograph.

Jeep 2J8645

Repaired oil gallery sample valve.

Rear axle fail:d. New driver recorded 450°F axle temperature and did not stop.
Test on this t.uck was terminatea.

Jeep 218666

Adjusted carburetor idle. Installed a new oil pressure sending unit. The old one was
broken in modifying the oil galiery sample tamp.

Installed a new left hoadlight.
Gas mileage a little lower than the other Jeeps. Timing was checked, new spark plugs
and new intake manifold gaskets were installed. The diaphragm in the carburetor

was cracked and leaking and no repair kit was available. A new carburetor was
installed. Compression was very satisfactory.

Rechecked ignition timing and distributor advance curve. The curves on 2J8669 (the
most economical Jezp) and 2J8666 (which had the lowest economy) were identical
except for a 1.5° difference at the high end.

Replaced fan belts and a bolt which had vibrated loose and dropped out of the rear
generator mount. The exhaust manifold was warped and cracked at the “T-neck™ and

the part attached to the head had slid back about 1/4 inch. This was repositioned to
approximately its original location.

Tightened bolts on drive shafts.
Jeep 2J8669

Repack front drive shatt U-joint. This joint was taken off for a mid-test axle
inspection and the cups came off and got dirt in them.

Spark plugs were cleaned and regapped. The carburetor idle was adjusted.
A new gasket was installed between the exhaust manifold and th: front pipe.
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I ailure
Category

Engine
Engine

Engine

Electrical
Electrical
Engine
Engine
Engine

Drive Line

Drive Line

Engine

Engine

Electrical
Electrical

Electrical

Engine

Speedometer

Engine

Engine

kngine

Miles

14,108
18,469

19,175

3,276
3,598
7073
11,000
13,046

15,346

16,203

17,808

19,903

223
602

2,677

354

5.035

5,792

6,994

8,582

UNSCHEDULED MAINTENANCE (Cont'd)

Repairs

Jeep 28600 (Cont'd}
Reset points and adjusted carburetor idle.

New points installed. Rechecked timing.

Exhaust manifold had slid back about 1/4 in.; this was repositioned. Four of the Jeeps

had this same cordition.

Jeep 278693
Batterizss ran down. Replared voltage regulator.
Batteries would not hold ciarge and were replaccd with new ones.
Replaced bolt in generator meunt and tightered fan belts.
Replaced missing rear generator mounting tolt.
Replaced bolt in gonerator mount.

Replaced U-joint on inner end of left rear wheel drive shaft. The cross broke and
this was not considered to be related to the lubricant.

Tightened all drive shaft bolts.
Replaced points, spark plugs, ~hecked timing, replaced leaking valve cover gasket,
repaired distributor air vent line and replaced missing bolt at back of generator
mount.
Intermittent mics developed. Replaced frayed wire in distributor.

3/4-Ton Truck 3G6207
Batteries overcharging and fuming. New voltage regulator installed.

New left headlight installed.

New brake pressure switch installed. The old one caused the application counter to
over-count, apparently from internal arcing.

Replaced leaking fuel fine between fuel pump and carburetor.

The speedometer drive gear in the transfer case was slipping on the upper rear output
shaft. A <him was added to prevent this.

The No. | rod bearing failed. This engine was a rebuilt unit at the start of test with
0.010-in. undersize rod and main bearing journals and sleeved cylinder bores. The
failure did not scratch or scar the crankshaft and measurements indicated the
journals weie round and straight. The No. | rod journal was only about 0.0095-in.
undersize instezd of a fuli 0.010 in., but the journal to bearing clearance was still
well within specifications. Later opinion was that this was the n,ost likely cause of
the trouble. New rod bearings were instailed and the test resumed.

The above repair did not la-t and the No. 1 rod bearing failed again- probably from
the same cause. The journal was scored, so a new standard size crankshaft with new
rod 1nd main bearings was installed. A new No. | rod was also required.

Minor lesk at oil filter {itting repaired. Oil lost was negligible.
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Failure .

Category Miles
Engine 9,801
Engine 14,428
Wheel Bearings 14,946.3
Engine 15,875
Electrical 16,710
Engine 17,053
Engine 17,178
Electrical 17,474
Brakes 18,012
Engine 18,517
Drive Line 54
Engine 528
Electrical 1,039
Engine 2238
Engine 2,999
Drive Line 3,501
Engine 4,950
Engine 7,182
Engiae 11,543
Speedometer 17,413

UNSCHEDULED MAINTENANCE. (Cont’d)
Repairs

3/4-Ton Truck 3G4..5: (Lo J;

Engine developed a mi-s. No. 1 cylinc2r had on‘. 30-psi compression pressure. The
No. 1 intake valve was replaced and the seat was ground. The other valves and tappet
clearances were OK, The head was reinstalled witi:out disturbing the deposits.

A new fuel and vacuum pump assembly was installed The old unit had a bad diaphragm
in the vacuum pump section.

The right front wheel bearings failed. The drivers had been recording normal tempera-
tures in the 70° to 80°F range and no noise has been reported. Cause of

the failure is unknown. A used spindle and the bearing adjusting nuts were purchased
and installed along with two new bearings and the inner seal. The bearings and C.V.
joints were repacked. The brake system was not opened.

The engine developed a miss. Compression in the No. 4 cylinder was low. A new No. 4
intake valve and the reground No. 4 exhaust vaive were installed and the seats were
ground. All other valves and tappet clearances were OK.

Ammeter indicated no charge. Replaced generator and cleaned and adjusted regulator
points.

Repaired oil leak at fuel pump.

Engine developed a knock. The No. § rod bearing failed and scored the crankshaft.
This journal was turned 0.040-in. undersize and all new rod bearings were installed.
The main bearings were continued in service.

The brake light switch was replaced.

The brakes were adjusted and 1/4 pint of fluid added.

Tightencd timing gear cover, fuel pump bolts, and replaced oil filter hoses to
prevent oil leaks.

3/4-Ton Truck 3B3632
Adjusted clutch.

Oil filter line leaked, both replaced.

Installed new voltage regulator.

Tightened bolts at severai locations to prevent oil leaks.

A new rubber O-ring installed in the oil prmp to stop an oil leak.

A new lower fiont output shaft scal and the scal retainer gasket were instalted in the
transfer case to stop 4 leak.

Oil leak at filter repaied.

A new water pump was installed.

The replacement pump drawn from Army stock and installed at 7,182 miles failed; it
developed a bad bearing and seal, causing it to leak. A new pump was purchased and
installed.

The speedometer drive gear started to slip on the transfer case upper rear output

shaft, causing imptoper speed and odometer operation. A shim was added (v j:revent this
This failu:¢ occurred in both 3/4-ton trucks.
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Failure
Category

Electrical

Engine

Engine

Engine
Engine

Trailer

Engine

Fuel System

Steering

Engine

Engine

Brakes
Speedometer

Engine

Engine

Engine

Miles

18,532

18,562

19,030

1,169
10,003

11411

15,559

141

8,901

10,001

18,138

5310
14,4387

15,145.6

4092

4,900

UNSCHEDULED MAINTENANCE (Cont'd)
Repairs

3/4-Ton Truck 383632 (Cont'd}

Repaired loose ground wire on left headlight.

The engine developed a miss caused by low compression in the No. 1 cylinder. The

No. 1 intake valve was replaced and the seat was ground. All other valves and tappet
clearances were OK. The head was reinstalled without disturbing the combustion chamber
deposits.

An oil filter line broke while the truck was being driven and 4 quarts of oil were
quickly pumped out before the driver detected any trouble. A road call was made and
oil was brought out to the truck and the filter line leak was repaired. Operation of
the engine seemed satisfactory; however, 28 miles later a knock developed. The No. 3
rod bearing failed and scored the crankshaft. The No. § rod bearing evidenced high
wear. Test on this truck was terminated.

The engine oil had been drained and the rod bearings removed. The oil pan was tempo-
rarily reinstalled without washing any of the parts. The truck was parked for approx-
imately 2 weeks while repairs on several other trucks were being made. When the engine
was disassembled for inspection, the pan, crankshaft, and bottom of the cylinder bores
were found to be rusted and this condition did not prevail when the rod bearing were
first rernoved.

1-1/4-Ton Truck 3F3072
Engine developed a miss. A defective (No. 5) spark plug lexd was replaced.
Engine tuneup, new plugs, points, and ~ondenser.

A Iriver backed up improperly, jackknifed the trailer and bent the hitch. The hitch
was straightened and repaired.

The choke stuck in the closed position and the truck would not start. The choke was
freed-up.

1-1/4-Ton Truck 3F3078

The hose on the fuel filler neck was deteriorated and cracked, causing it to leak.
The truck was run with the tank only partially filled until a new hose could be
obtained {rom the manufacturer. The new one was installed at 2,004 tiles.

The steering wheel came loose and could be pulled up and dewn. The collar on the
steering shaft above the U-jnint was tightened in place.

Engine was ‘uned up.

Checked and reset ignition timing.
1-1/4-Ton Truck 3F3175

Adjusted front brakes and parking brake.

Speedometer cable broke and was replaced.

Engine was tuned up, uew plugs, poirts, and condenser.
1-1/4-Ton Truck 3F3iR3

Fan belts came off while the truck was being driven. The belts were retightened.

A second road call .-as made for this truck; the harmonic balance had come apart and
wras replaced with a new one and new fan belts,
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Failure
Category

Engine

Electrical
Steering
Brakes

Drive Line

Engine

Wheels

Engine

Electrical
Instruments
Drive Line
Speedometer
Engine
Trailer
Chassis

Engine

Electrical

Drive Line

Engine

Electrical

Engine

UNSCHEDULED MAINTENANCE (Cont'd)

Miles Repairs

1-1/4-Ton Truck 3F3183 (Cont'd)

5,009 The engine developed a light knock which disappeared when the clutch was disengaged.
This noise was caused by broken (special shoulder) bolts which hold the flywheel to
the crankshaft. New ones were installed, together with 2 new rear main bearing seal.

These three initial failures are * ~lieved to all have been related. Possibly the
failing harmonic baiancer m-.y hive wobbled enough to throw the fan beits off and
induced torsional vibration which vrnke the flywheel belts.

5,709 The alternator was not charging. A new one wus instalicd.
9,571 The steering wheel *‘squawked” when it was tuined. Thi; wa: -epaired.
10,226 Adjusted Brakes.
14,590 Front axle differential cover either zan into something or was struck by a large rock

which caused a small dent. The ring gear then rubbed a hole in the cover which
allowed the oil to rui out and ruin the axle. A new axle assembly was installed, but
the original C.V. joints, braices, and wheel bearings were continued in service.

16,367 Replaced points and set timing. Sparsk plugs OK.
1-1/4 - Truck 3F3199
3,002 [rivers say front end wobbles or shimniies, Checked front whee! alignment, tire pres-

sures, whe:l bearing: 1djustment.

3,002 Exharst smoke is blue part of the time (after idling). Compression check was OK and
valve adjustment was UK. Valve deck runs auite wet and it was concluded that oil may
be going down guides. Vacuum pump was dry and not pumping oil.

3,215 Left stop light replaced.

4735 The oil pressure gage was tightencd in place in the instrument cluster panel.

5,085 The clutch disc failed. A new disc and pressure plate were installed.

5,221 A new speedometur cable was installed.

8,672 New spark plugs were installed.
10,6u2 The trailer hitch was damaged from improper backings. It was straightened and repaired.
14,244 The right rear shock absorber was broken loose. 1t was welded and repaired.
14,631 Engine was tuned up New plugs and points were installed. Also, the gas tank attacl.-

ments were tightened,

16,999 Replaced a tail light bulb.
19,017 Tightened bolts on front and rear differential covers.
2-1/2-Ton Truck 4J2578
3,676 Tightened valve covers to stop an oil leak.
3,676 Ine new instrument light instalied.
5.989 The sample valve irstalled in the oil gatlery broke off (from futigue induced by

vibration) while the truck was en route to Padre Island. A new valve was installed
and 14 quarts of oil added. The oil capacity is 22 quarts and this failure dud not
damage the engine.
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Failure
Category

Engine

Tires
Engine
Brakes

Drive Line

Electrical
Wheeis
Electricai

Wheels

Tires
Brakes
Electncal
Brakes

Tires

Drive Line
Drive Line
Electrical
Brakes
Tires

Engine

Engine

Drive Line

Drive Line

Miles

9922

10,313
15,004
15,004

16,902

1,168
2,890
9.u83

9,858

10,001
12,002
14,665
14,669

17,365

34
4343
8,795
8,795

10,001

11,48¢C

16,412

187

1037

UNSCHEDULED MAINTENANCE (Cont'd)

Repairs

2-1/2-Ton Truck 472578 {Cont'd)

The No. 1 intake valve rocker arm pent and cracked next to the adjusting screw. A new
rocker arm and push rod were instalied. All tappet clearances checked OK.

Tires rotated.
New rear rocker arm cover gasket installed.
Adjusted brakes.

Tightened bolts on intermediate axle drive shaft companion flanges. The front axle
pinion seal leaks a little but not enough to warsant changing the seal.

2-1/2-Ton Truck 472594

The generator was replaced.

A new lug bolt was installed on the left intermediate wheel.

The voltage regulator was undercharging and was replaced with one we hid adjusted.
A stud broke on the right trailer wheel and was replaced with a new one. On the M105
trailers, the wheels do not fit on a center pilot and all radial loads a.e carried

by the six lug bolts.

The tires were rotated.

The brakes were adjusted and one ounce of fluid was added.

Replaced tura signal flasher and tachograph light.

Adjusted brakes.

Three new tires installed (both L.R. duals and K.F.).

2-1/2-Ton Truck 477695
The right intermediate whee! leked gear cil. A new drive {.ange gasket was installed.
The clutch failed. A new clut.h disc anJ pressure plate were installed.
The generator was replaced.
Repaired air leak in line at the compressor.
Tires rotated
The truck suddenly developed a heavy knock as t} « vehicle \as being driven approxi-
marely 4 mph aiong the fiat high-speed course. The truck was towed to the Institute
and the engine oil pan was reinoved for an inspection. The crankshaft was found to be
broken. The engine was removed from the chassis and a new crankshaft was taken from
a spare engine and installed along with a new No. 5 main bearing. All of the other

useG s0d and r.ain beziings + .re conunueu in service.

Instalicd new water temperature thermostat.
2:1/2-Ton Truck 474609

New side cover gaskets installed on rear and intermediate axles

Left reur wheet leaking lubricant. Removed left rear whe.l, leaned and repacked bear-
ings and installed new inne; and outer seais.
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Failure
Category

Brakes

Engine

Electrical

Brakes

Engine
Engine
Tires
Electrical
Brakes

Brakes

Wheels

Wheels

Drive Line
Electrical
Tires
Electiical
Electyical

Electrical

Brakes

Drive Line

Miles

4,009

4,000

5,031

8,406

8,406
9,198
99:8
11,042
13,347

13,362

1,067

2,641

2,901
7,955
9,754
12,000
12,490

12677

15,694

209

UNSCHEDULED MAINTENANCE (Cont'd)

Repairs

2-1/2-Ton Truck 4J4609 (Cont'd)

Adjusted brakes.

A new sainple valve was installed -the old one leaked a little. This t: 1ck gave a
little lower fuel mileage than 4J2695, so injectos timing was checked again. Both
were OK.

The generator and regulator were replaced.

The left front wheel developed a leak where the brake hydraulic line attaches to the
wheel cylinder. New copper washers were installed in this fitting and i/2 pint of
fluid was added to cover losses and in bleeding this cylinder. The brakes were
adjusted again.

New rocker arm cover gaskets were installed.

Leak in accelerator arm cover on injector pump coi .ccted by tightening screws.
Tires rotated.

Tightened battery cable.

Adjusted brakes.

Installed new air-hydraulic boost cylinder, one pint of fluid, and adjusted brakes

The previous brake adjustments may have been thought necessary when the actual
trouble was in the boost cylinder.

2-1/2-Ton Truck 474623

Adjvsted front wheel toe-in.

Replaced six studs and nuts on left trailer wheel and one stud and nut on the right
trailer wheel.

Replaced the upper rear output shaft seal in the transfer case.
Generator not charging. Installed a readjusted voltage regulator.
Rotated tires.

Trailer light cable broke and was repaired.

Horn button assembly czime apart and way repaired.

The oil pressure gage failed. A substitute Ashcrol't gage was connected to the oil
gallery sample valve. Pressure was OK.,

Brakes were adjusted and bled. Air was reported to have been in the right front and
left intermediate wheel cylinders. Eight ounces of fluid was added.

S-Ton Truck SES774

A new gasket was put on rear axle top cover to stop an oil leak.

136

— e




Failute
Category

Engine

Electrical
Drive Line
Electrical
Brakes

Wheel Rearing

Electrical
Electrical

Engine

Electricai

Engine

Drive Line

Engine

Drive Line

Drive Line

Engine
Engine

Engine

Miles

748

816
816
1,107
1,107

1,852

1,852
2,270

3,11

4,007

4,155

5,805

6,810

1,256

8,090

8.411
9,175

9,566

UNSCHEDULED MAINTEN/ANCE (Cont'd)
Repaizs

5-Ton Truck SE5774 (Cont’d)

The truck was being driven on the high-speed course with normal coolant and oil levels.
The driver stopped at the turn-around point (after having driven approximately 50
miles) and shut the engine off. A few minutes later, the engine would not crank. The
water-air manifold was found to have cracked internally and fed coolant into several
cylinders, causing the engine to lock hydraulically after it was shut off. The rear

head was noted to have developed hairline cracks between the intake and exhaust valve
seats in all three cylinders. These, however, did noi seem to leak. To repair this

engine, a new dual head assembly completed with manifolds, valves, rocker shafts,

etc., was removed from a spare LD-465-1A engine and installed. These parts are inter-
changeable between the LD and LDS engines. Since ethylene glycol had contaminated
the oil, the engine was flushed and fresh oil put in. The oil filters were changed

and fresh coolant added.

A new starter was iustalled,

Rear axle side cover gasket replaced to stop a leak.

Replaced two instrument light bulbs and one stop light bulb.
Repaired brakes on trailer (non-test equipment).

Right wheel leaking lubricant. The wheei was removed, cieaned, and the hub replaced
with grease. A new inner - -al was instalied. Axle lube level was OK.

Replaced left rear trailer tail light.
Repaired loose battery cable and loose wire un starter.

Engine stop wire pulled out of collar on injection pump; engine would not stop. This
was repaired.

Replaced rear generator bolt.

No. 1 intake valve clearance less than specifications. Adjusted and checked all
valves.

Installed new (bellows type) boots on inboard side of front whee! C.V. joints. The
original ones were cracked and torn.

The pulley at the front of the crankshaft brcke and damaged the fan. A new pulley,
fan, and timéing cover seal were installed.

Intermediate axle hubs leak lubricant. The hubs on both sid=s were cleaned, repacked,
and new seals were installed.

Tightened bolts on companion flanges of jack shaft between transmission and transfe:
case.

Replaced two fan belts and adjusted air compressor belt.
Replaced tachometer angle drive on front of timing cover.

The front crankshalt pulley broke in a manner very similar to the failure at 6,810

miles. The hub of the pulley broke and then the pulley and retaining bolt at the

front of the crankshaft unscrewed and came loose. A new pulley, harmonic balance, key,
and bolt were installed with high-strength lock-tite on the threads. The failed

pulley hub ruined the timing cover seal and wallowed out the hole in the timing

cover, so a new timing cover was installed.
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Failure .
I Category Miles
' Engine 9,797
' Engine 10,068
-
. Brukes 12,638
Drive Line 12,727
Brakes 13,035
Engine 14,025

UNSCHEDULED MAINTENANCE (Cont'd)

Repairs

5-Ton Truck SE5774 (Cont'd}

Fuel mileage dropped a little and the engine developed an intermittent miss. The
truck was checked for fuel leakage, injector timing, and valve clearance The Nos. 1,
3,4, and 5 intake and Nos. 2, 4, and 6 exhaust valve tappet clearances were below
specifications. All valves were checked and adjusted.

The truck Jeveloped a miss and did not run satisfactorily. The Nos. 5 and 6 cylinders
had low compression. On the previcus day, the tappets had been adjusted and seven
valves had been found to be tight. The valves were again found to be tight at

10,068 miles. Both heads were removed for inspection. The No. 5 exhaust valve had
extruded and been drawn up into the valve port. The Nos. 4 and 6 exhaust valves had
also been drawn part way into their ports. The rear head and valves were photographed
to illustrate how this type failure progresses. The three exhaust valves demonstrated
the failure in steps from the early stages to complete extrusion of the outer cdge

and contact face of the valve. This type failure seems to develop over a relatively

short period of time and mileage and is understood to have been experienced by others
who operate the M54A2.

The combustion tempe;atures, pressures, and spring loadings are all very high in this
engine, and these factors combine with the thinner than usual design of the valve
head to contribute to this type failure. Use of heavier valves, which may extend
heiow the gasket face of the head as in the 525-cu in. turbocharged Caterpillar
1673-B, with appropriate recesses machined in the pistons for clearance, might be
worth investigating for alleviation of this problem.

The valves in the front head also had begun to be drawn into the ports, although not

to the extent of those in the rear head. In addition. the No. § exhaust valve push

rod was bent and the edge of the precup in the No. 6 piston had eroded or burned
away to 7 considerable extent. To repair this engine, two new heads with valves,
springs, keepers, and manifolds wer» removed from our second spare LD-465-1A engine
and installed. The original rocker arm assemblies and injectors were continued in
service. A new No. 5 exhaust valve push rod was installed. The heads on this engine

had been veplaced at 748 miles, so the service life on these heads was 9,320 miles.

Intermittently, the brake pedal could be pushed almost to the floor, but on a second
stroke a normal high-pedal prevailed. The master cylinder was removed and disassem-
bled for inspection. The cylinder was found to have a very small amount of sand in it
and approximately a 5/8-in.-long section of the edge of the lip of the rubber cup on
the piston assembly (63477-F0-6433A) was broken off. This piston and cup were
replaced by one removed from an original equipment cylinder. During the repair the
master cylinder was washed out with ethyl alcohol and refilled with fresh fluid.

This, together with bleeding the wheel cylinders, effectively refilled the system

with fresh fluid. The parking brake was also adjusted and the gas tank straps
tightened.

The clutch failed. The disc was relined,

The brakes again became intermittent. The air-hydraulic boost cylinder (a non-test
item) was removed from SES775 (which was in the shop for a major repair), washed out
with ethyl alcohol, installed on SES774, and filied with the proper fluid. No replace-
ment ¢y linder was available, so the failed unit was sent to a local brake service

companv fur overhaul.

The engine knocked. The pan was removed and the rod and main bearings were inspected.
The thought was that one bearing might be failing and, if caught in time, could be
replaced and further mileage accumulated. All of the bearings were judged reasonably
serviceable yo they were reinstalled. The original oil was poured back in the engine

and test was resumed. These engines are noisy and it is sometimes uncertain whether

the sounds denote impending failure.
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Failure
Category

Winch

Brakes

Electrical
Electrical
Electrical

Engine

Engine

Drive Line

Engine

Electrical

Engine

Miles

14,322

1455

2,954
3,675
4,229
4,699

5,030

5,798

5,798

7,021

7,286

UNSCHEDULED MAINTENANCE (Cont'd)
Repairs

5-'ton Truck S5E5774 (Cont'd)

The dive shart between the trarsmission and winch broke in half and dented the engine
oil pan. This is a non-test iwem and the cause of failure is unknown. It appears as

though the drive may have self-engaged while the truck was running along the road. The
shaft was removed from the truck.

5-Ton Truck SE5775
Adjusted parking brake.

Replaced license plate light bulb on trailer.
Replaced right rear marker light bulb.
Replaced tachograph light bulb.

Tightened loose cap on side of injector pump which was leaking. This also seemed to
affect a low-speed fuel knock.

Engine developed a light knock which would go away when the No. 6 injector fuel supply
line was loosened. The pan was removed and the bearings inspected. AH we ‘e service-
able so they were reinstalled and the pan refilled with the same oil which had been

in use. Tappet clearances were checked and it was decided this was a characteristic

sound.

A missing bolt was also replaced on the rear generator mount and the exhaust stack
was tightened.

Installed new (bellows type) boots on inboard side of front wheel C.V. joints. The
original ones were cracked and torn,

Oil seeps out of relief siot in head gasket. This was not a serious leak and head
gaskets were in such short supply that it was decided to tolerate this problem. The
theory that it must come from a cracked rubber Q-ring in the gasket later proved
correct. This did not affect oil pressure or oil flow and current production gaskets
¢o not have these O-rings anymore.

Replaced left rear trailer light bulb.

The truck developed a knock in the engine. Operation immediately prior to this trouble
had been on the flat road at approximately 40 mph and the oil (CCL-O-146) and coolant
levels were proper. The oil pan was removed for an inspection which indicated the

No. § rod bearing had failed and scored the crankshaft journal. The engine was

removed from the chassis and a n2w crankshaft (removed from a new spare LE-465-1A
viine) was installed, together with new rod and main bearings and a new connecting
rod in the No. 5 cylinder. The used rod and main bearings were photographed. The rod
was necessary because the failed bearings scored and abr-Jed e lower end, Since it

was necessary to remove the No. § piston to put the rod on, the rear head was taken

off. The valves were removed from the head for inspection and the guides were found

to be heavily worn. One of the hcads, complete with valves and spring,, removed

from SE5774 at 748 miles (when the weter-air manifold cracked) was prepared by refac-
ing and reseating the valves and was used in wiis repair.

The excessive wear of the No. § rod bearing had allowed the piston to travel higher
during its up-stroke than is normal and the piston top had struck a vaive, although
without apparent damage. The precups in the ~rowns of the Nos. 5 and 6 pistons had
large open cracks at their edges and these were photographed. The No, 6 piston skirt
was heavily scored and the compression rings on these two pistons were worn and had
deposits on their faces. These pistons ‘were photographed and returned to sesvice.
None of the others were removed, and all of the cylinder bores were in satisfactory
condition.
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Failure
Category

Engine (Cont’d)

Cooling
System

Engine

Drive Line

Electrical

Engine

Engine

Miles

7,286

7515

8,148

12,010

12,841

13,189

13,935

UNSCHEDULED MAINTENANCE (Cont’d)

Repairs

5-Ton Truck SE5775 (Cont’d)

The engine was reassernbled without washing any of the parts. Metal debris remainiig
in the oil pan after the drain was picked out by hard,

The coupling half, part number 2910-966-7393, which drives the injector pump had one

stripped bolt hole in it and this piece (only) was replaced with one from a new pump.
The old pump assembly continued in service. This coupling half does not have a key
or keyway —just a tapered hole and a tapered shaft with a retaining nut-a rather
unusual arrangement when you consider this is responsible for maintaining the injector
pump in time, however, this did not zause trouble.

The power steering pump drive shaft was noted to have clipped back while the engine
ran, prior to this repair and the drive gear was slightly damaged frcm hitting the
other timing gears. During disassembly, the shaft feli out of the power steering
pump, probatly from either omission or breakage of the snap ring. Since this was not
a test item, a new power steering pump was installed.

Several complete facing segments were broken from the clutch disc on the front and
back, so a new clutch disc and pressure plate were installed. The replacement disc
supplied under the original Federal stock number was a new Bendix cerametalix type
with relatively few trapezoidal facings instead of a full set of radial segments.

New oil filters were installed to minimize debris in the engine and a fresh change
of oii was weighed into the enginc.

Lower radiator hose leak was repaired and 3 gal of antifreeze were added. No heating
problem had occurred, however.

The engine developc a miss and had low compression on the Nos. § and 6 cylinders.
The rear head complete with valves and springs was replaced with one removed from
SES774 at 748 miles. All valve clearances were checked and adjusted.

Bolts were tightened in all drive line companion flanges.
Replaced a headlight.

The front head gask=t was leaking oil to the outside of the engine. The front head
was removed and a new gasket was installed. Oil goi in the cooling system and anti-
freeze in the cal, so fresh oil was put in the engine and fresh antifreeze in the
radiator.

Following the feiegoing renair, the truck was driven to Padre Island and subjected to
200 miles of high-toryue, all-wheel drive operation in the deep sand at a jocation
known as “Little Shell,” an area marked by a sign posted try the National Seashore
Service as “‘four-wheel drive vehicles only.” During this operation, the truck ran
progressively poorer and high engine temperatures developed. Peaks of 215° water
out, 230° oil gallery, and 250° in the oil sump were repcried. Blowby

became excessive and the exhaust smoked more than the usuai amount. The truck was
towed back from Padre Island.

Compression in the No. 5 cylinder was only 30 psi. The rear head and pan were
removed and the Nos. § and 6 pistons were taken out of the block. The No. 5 piston
had a hole burned in the crown and the No. 6 piston had scored the skirt and cylinder
liner. The precup areas of both pistons had !srge cracks and chips broken out of them.
The No. 6 cylinder liner was cracked vertically and the rim at the top oi' the liner

was cracked partially around the circumference. The No. 6 liner was pressed vut wita
a hydraulic ram and a new liner was installed. Also, new Nos. § and 6 pistons were
installed with the original used rings.
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UNSCHEDULED MAINTENANCE (Cont'd;

Failure . .
ou R o
Category Miles epairs
5-Ton Truck 5E5775 (Cont'd)
Engine 14,073 After une trip on the test course, the truck consumed 2 gal of antifreeze and 20 Ib of
oil. The exhaust smoke was light grey. The heads and pan were removed for an inspec-
tion. Re-examination of the used No. 6 cylinder liner suggested the No. 6 bore might
be leaking from a crack in the block. This was confirmed.
A long vertical crack ran up the right (turbocharger) side of the No. 6 bore and this
had been overlooked during the previous repair. The new liners are a push fit in the
bores and the old liner had to be pressed out, so the new liner allowed large
quantities of antifreeze to leak between the block and liner and to fall into the
crankcase. Test was terminated on this truck.
5-Ton Truck SE5776
Electrical 2,998 Generator replaced.
Electrical 4,158 Signal light junction box partially failed and some wires burned. No replacement
assembly available.
Engine 6,393 Tachometer broken. Replaced drive on front of timing cover.
Drive Train 7,024 Several jack shaft drive flange bolts loose. Lock washers were instatled throughout.
Engine 7432 The truck developed an intermittent sound of combustion explosions in the exhaust
pipe. This was traced to a burned No. 6 exhaust valve which when rotated to a certain
position caused this sound and was accompanied by a loud hissing sound of the exhaust
gas escaping through the exhaust valve guide. The rear head was removed ard inspection
ravealed that all of the valve guides were heavily worn and it would not be practical
to reface and reseat tac valves with the griides in such condition. Replace valves and
gu'des were not available, so the iicad was replzced {complete with valves and springs)
with one removed from SE5774 at 748 miles {after the valves were refaced ard reseated).
All valve tappet clearances were checked.
Engine 7,708 Replaced a water manifold bolt and 3 ga! of fresh antifreeze. Leak did not cause any
heating problem.
H
Elsctrical 1,708 Replaced voltage regulator with one which was used but had oeen adiusted.
Electrival 8,539 The starter solernoid failed and was rebuilt.
Electrical 8,669 Replaced burned out left headlight.
Drive Line 11,057 The ciutch was slipping vl several of tie segments on both the front and back of the %
clutch disc had large chips brokein out of them. A new disc was installed. ]
Electrical 11,890 The starter solennid failed and was r-piaced. :
Brakes 11,890 The ais linc between the cov.::ressor and the air tanks chafed against the frame and
developed a leak. A new lin: was lustalled.
nrakes 13,285 Adjusted brakes and checked 1appets.
tuel 14,090 ke~ -4 foel line between fuel filier a:..] injector pump.
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Failure

Category
Drive Line
Electrical

Engine

Miles

15,288
17,923

18,960

UNSCHEDULED MAINTENANCE (Cont'd)

Repairs

5-Ton Truck SE5776 (Cont’d)

Adjusted clutch pedal free play.
Installed new stop light switch.

Replaced rear valve cover gasket to stop an ¢* ieak.
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GEAR PHOTOGRAPHS
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APPENDIX VI

FINAL EVALUATION OF BRAKE CYLINDERS AND
LABORATORY DATA ON ANTIFREEZE
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Vehicle

1/4-Ton,
151A1

1/4-Tor,
1S1A1

1/4-Ton,
1S1A1

1/4-Ton,
151A1

1/4-Ton,
151A1

3/4-Ton,
M37

3/4-Ton,
M37

1-1/4-Ton,

M71S

1-1/4.Ton,

M71S

Reg. No.

218600

2J864¢

218666

2)866Y

218693

3B3632

3G6207

33072

3E3178

FiNAL EVALUATION-~BRAKE CYLINDERS -FIELD TEST-SwRI

Brake Fluid

VV-B-680

VV-B-680

MIL-H-13910

MIL-H-13910 -

MIL-P46046

VV-B-680

VV-B680

VV-84680

MIL-H-13910

Water
Content, %

20

1.5

19

1.1

2.6

1.8

22

1.2

Inspection of Brake Parts

All cylinders operational. Moderate
deposits on pistons and interior of
cylinders. Light rust on cylinder
walls. Small pits on wheel cylinder
pistons. Cups OK.

Al cylindess operational. Moderate
deposits on pistons and interior of
cylinders. Light rust on cylinder
walls. Small pits on wheel cylinder
pistons. Cups OK.

Wheel cylinder pistons frozen.
Fxcessive rusting nn interior of
cylinders. Pistons show moderate to
excessive stain and small pits.

Cups OK.

Wheel cylinder pistons trozen.
Lxcessive rusting on interior of
cylinders. Pistons show moderate to
excessive stain and smali pits.

Cups OK.

Master cylinder rough. Wheel
cylinders OK. Pistons OK. Cups OK.
All cylinders operational and in very
good condition.

Master cylinder has small pitted arsa.
Spring rusted in spots. Plating re-
moved from check valve. Moderate
gritty sludge. Wheel cylindrs on
1-1/4-in. end piscons have heavy pit-
ting and on 1-3/4-in. end, moderate
pitting. Cylinders have excessive cor-
rosion. All cylinders operational.
Cups OK.

Excessive corrosion on check valve.
Light corrosion on master cylinder.
Pistons and cylindzis coated with
excessive sediment —{-1/4-in. end of
cylinders show modc rate to exces-
sive corrosion. 1-3/8-in. end shows
excessive corrosion. Pistons show
excessive corrosion. Cups OK (ene
cup--seavy scuffing). All cylinders
operational.

Light pitting in master cylinder.
Plating off check vaive. Wheel
cylinders show light scattered pitting.
Pistons show moderate to heavy pit-
ting. All cylinders operational.

Cups OK.

Light rust in master cylinder. Plating
removed from check valve. Rust in
master cylinder reservoir. Wheel
cylinders and pistons coated with
sxcessive residuc. Two cylinders mod-
erate to heavy corrosion. Two cylin-
ders light to moderate. Pistons--five
moderate pitting, three excessive pit-

ting. Cups OK. All cylinders operational.
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Remarks

Master cylinder
and pistons are
aluminum,

Master cylinder
and pistons are
aluminum,

Master cylinder
and pistons are
aluminum.

Master cylinder
and pistons are
aluminum.

Master cylinder
and pistons are
aluminum.

Master cylinder
piston anodized.
Two wheel cylinder
pistons Parkerized.

Anodized master
cylinder piston.

Aluminum master
cylinder piston.

Aluminum master
cylinder piston.
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Vehicle

1-1/4-Ton,
M715

1-1/4-Ton,
M715

1-1/4-Ton,
M715

2-1/2-Ton,
M35A2

2-1/2-Ton,
M35A2

2-1/2-Ton,
M35A2

2-1/2-Ton,
M35A2

2-1/2-Ton,
M3SA:

FINAL EVA_LUATION-BRAKE CYLINDERS-FIELD TEST-SwRI (Cont’d)

Reg. No.

3F3078

3F3183

3F3199

432578

4J2594

4J2695

4]4609

4J4623

Brake Fluid

VV-B-680

MIL-H-13910

MIL-P-46046

VV-B-680

VV-B580

MIL-P-46046

MIL-P-46046

MIL-H-13910

Viater
Content, %

0.5

1.3

0.7

24

28

20

1.8

33

Inspection of Rrake Parts

Light rust in master cylinder. Plating
removed from check valve. Spring is

discolored. Light stain and rust areas
inside cylinders. Pistons have light to
moderate stain and pitting. Cups OK.
All cylinders operational.

Light rust in master cylinder Light
corrosion on steel cup protector reser-
voir shows excessive rust. Wheel cylin-
ders show heavy stain and light to
moderate corrosion. Moderate to
heavy ~**tine on pistons. Moderate
sedimen. -IK. All cylinders
operatio. ...

Master cylinder OK. Master cylinder
piston shows excessive corrosion.
Some plating off check valve. Wheel
cylinders and pistons OK. Cups OK.
All cylinders operational.

Excessive pitting on spring and check
valve. Light rust on master cylinder.
Wheel cylinders and pistons show
excessive stain and corrosion. Exces-
sive sediment in fluid. Cups OK. All
cylinders operational.

Excessive pitting on spring and check
valve. Light rust on master cylinder.
Excessive sediment in master cylinder.
Wheel cylinders and pistons show
excessive pitting and stain. Moderate
sediment. Cups OK. All cylinders
operational.

Lignt rust in master cylinder. Mod-
erate sediment. One wheef cylinder
excessive corrosion and pitting, four
wheel cylinders light corcosion and
pitting, one whcel cylinder OK. Six
pistons excessive stain and pitting.

Six pistons moderate stain and pittirg.
Cups OK. All cylinders operational.

Light rust in master cylinder and mod-
erate stain. Excessive sediment. Two
wheel cylinders light corrosion, one
wheel cylinder excessive, three wheel
cylinder OK. Seven pistons show
excessive corrosion. Five pistons OK.
Moderate sediment. Cups OK. All
cylinders operational.

L xcessive corrosion on spring and
check valve. Moderate sediment. Ex-
cessive rust in wheel cylinders. Six
pistons show excessive pitting. Six

pistons show light to moderate pitting.

Moderate sediment. Cups OK. All
cylinders operational.
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Remarks

Aluminum master
cylinder piston.

Aluminum master
cylinder piston.

Aluminum master
cylinder piston.
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Vehicle

5-Ton,
MS4A2

5-Ton,
MS5442

5-Ton,
M54A2

FIELD EVALUATION-RRAKFE CYLINDERS~FIELD TEST-SwRj (Cont’d)

Reg. No.

SES774

SES175

SES776

Brake Fluid

VV-B-680

VV-B-680

MIL-P46046

Water
Content, %

0.8

14

1.1

Inspection of Brake Parts

Light rust in master cylinder. Two
nickel cylinders OK. Three cylinders
light to moderate corrosion. One
wheel cylinder excessive corrosion.
Ten pistons moderate pitting, one
light, and one heavy pitting. Exces-
sive sediment. Cups OK. All
cylinders operational.

Two nickel cylinders OK. Two wheel
cylinders light corrosion. One wheel
cylinder moderate corrosion, and one
wheel cylinder excessive corrosion.
All cylinders operational. Seven pis-
tons show moderate corrosion, and
five show excessive corrosion. Moder-
ate corrosion on 'VC spring. Cups OK.
Excessive sediment.

Light corrosion on spring in master
cylinder. Light to moderate scoring
on wheel cylinders. Light pitting on
pistons. Light sediment. Cups OK.
All cylinders operational.
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Remarks

Parkerized spring.
Anodized MC
piston. Front wheel
cylinders are
electroless nickel.

Parkerized spring.
Anodized MC
piston. Front wheel
cylinders are
electroless nickel.

Anodized MC piston.
Front wheel cylin-
ders are electroless
nickel.
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Reg. No.

SES774

SES775

SE5776

4J2518

4)2594

432695

4J40609

4J4623

3F3072

3F3078

3F3175

IF3183

IF31%9

Vehicle

5-Ton

5-Ton

§5-Ton

2-1/2-Ton

2-1/2-Ton

2-1/2-Ton

2-1/2-Ton

2-1/2-Ton

1-1/4-Ton

1-1/4-Ton

1-1/4-Ton

1-1/4-Ton

1-1/4-Ton

Mileage

ARCTIC ANTIFREEZE FIELD TEST-SwRI1

Laboratory Evaluation

Solution
50 Cleas
5,805 H. rust
12,674 H. rust
16,001.1 H. rust
17,451 H. rust
924 Clear
5,798 V.H. rust
12,000 V.H. rust
14,095 SL. rust
50 Clear
5,793 V.H. rust
11,890 V.H. rust
16,199 V.H.rust
20,152 V.H. rust
50 Clear
5,804 Mod. rust
12,016 V.H. rust
20,000 Mod. rust
50 Clear
5820 H. rust
12,002 H. rust
20,000 H. rust
50 Clear
5,820 Med. rust
11,993 H. rust
20,000 Mod. rust
50 Clear
5,800 H. rust
12,012 V.H. rust
20,000 V.H. rust
50 Clear
5,805 H. rust
12,000 H. rust
20,000 Mod. rust
50 Clear
5,816 S1. cloudy
12,034 S1. cloudy
20,000 Sl. cloudy
50 Clear
5,799 S1. cloudy
11,935 SL. cloudy
20,000 Sl. cloudy
50 Clear
5,187 Sl. cloudy
12,060 Mod. cloudy
20,000 Mod. cloudy
No initial sample received.
5.801 Sl. cloudy
12,177 Clear
20,000 Clear
50 Clear
5,800 Sl. cioudy
12,143 Sl. cloudy
20,000 Sl. cloudy

pH

7.26

R.A.

6.90
6.50
6.90
6.50
6.40

6.65
6.40
6.40
5.80

6.80
6.65
6.40
6.30
6.10

6.30
5.70
6.50
5.30

6.40
6.10
5.90
5.70

6.60
6.30
6.70
6.50

6.50
5.80
5.60
5.10

7.00
6.20
6.00
570

5.90
5.50
6.40
5.20

5.60
5.20
496
4.80

6.00
5.30
480
4.10

43¢
4.10
4.20

450
4.10
3.80
3y

Maintenance Involving
C~oling System

Refilled - t 748 miics, water air manifold
cracked, head removed. Heads removed at
10,068 miles to inspect and repair No. 4,
No. 5, and No. 6 valves and pistons.

Water manifold bolt off, at 7515 miles 3 gal
added. Refilled at 13,189 miles, 2 gal added
at 14,073 miles. Oil on top of sample.

Rear head removed at 7,432 miles. Valves
replaced and reseated.

Engine pulled at 11,480 to replace broken
crankshaft. Thermostat replaced at
16.412 miles—no overheating.
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Reg. No.

3B3632

3G6207

218600

2J8645

218666

218669

2J8693

Vehicle

3/4-Ton

3/4-Ton

1/4-Ton

1/4-Ton

1/4-Ton

1/4-Ton

1/4-Ton

ARCTIC ANTIFREEZE FIELD TEST-SwRI (Cont'd)

Mileage

67
5,807
12,000.8

20,000

48.7
5,193
12,001
20,000

63.7
5856
12,001.3

20,000

55.8
5,802
20,000

50
5,803
12,005
20,000

50
5940
20,000

50
5,802
11,998
21,000

Laboratory Evaluation

Solution

Clear
Clear
Clear
Clear

Rusty

H. rust
H. rust
SI. rust

Clear

SI. rust
SI. rust
SI. rust

Clear
Clear
V.S!. rust

Clear
Clear
Clear
Clear

Clear
Clear
Clear

Clear
Clear
V.Sl cloudy
Clear

pH

7.25
1.6
7.12
7.12

7.18
7.07
6.98
7.02

7.22
7.15
7.10
7.05

7.15
7.15
7.08

1.22
7.18
720
7.15

7.12
7.10
6.98

7.22
1.15
7.08
7.02
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R.A,

$.00
3.80
5.80
6.40

5.90
6.10
6.00
6.40

6.30
6.10
6.20
5.50

6.50
6.20
5.50

6.50
6.10
5.50
4.70

6.50
6.00
5.20

6.50
6.10
6.00
540

Maintenance Involving
Cooling System

Pump replaced at 7,182 miles. Pump
renlaced ar 11,542 miles

Engine rebuilt at 5,792 miles. New No. 4
intake valve installed, and No. 4 intake and
exhaust valve seats ground at 15,874 miles.
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