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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
MI 51 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 whch control the quality of Military fuels, lubricants, brake fluids,
and antifreezes. The field data necessary for determining the need to increase severity requirements of
present qualification tests or the need it) 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 test5 involving a representative range of vehicles, materials, operating conditions, and envircnment.

This fleet test program was conducted by Southwest 1.•.,!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 materials 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:

S(1) To determine if the test materials satisfactorily 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 results.

(3) To investigate the applicability of spectrometric metals analysis to Army general purpose
vehicles.
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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 (ont each meeting
Specifications VV.B-68n, MIL-H-13910 and MIL-P-46046), and one MIL-A-1 1755 antifreeze. Fuels used
for test included two MIL-G-3056B gasolines of differing induction system depnsit (ISD) indices, one
MIL-F-4512B (CITE-R) fuel, and a Caterpillar 1-li reference diesel fuel. The fleet consisted of five 1l4-ton,
two 3/4-ton, and five 1-1/4-ton vehicles powered by' 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 MWL-F-45121 (CITE-R) fuel during the first 12,000 miles of operation and Cater-
pillar I-H reference diesel fuel for the subsequent test period.

Prior to road operation, the fleet vehicles underwent extensive preparation. Upon receipt of the
vehicles, the engines were removed, disassembled, the bearings and piston rings replaced, valves lightly
grouad, all weight and size measurements recorled, 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 ti,.tail later in the report.
With respect to chassis components, all universal joints and -onstant-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 solveit, 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, transmiss:on, transfer case and engine, plus
engine-water-out, engine oil gallery, fuel to and from the engine (multifuel only), an" inside a front and a
rear wheel brake cylinder (the latter on only one of each model 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 fleet 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 tum-aiound points. The second course was through the hill country of South Central Texas
characterized by ndmerous turns through the rolling terrain and low mountains along the Balcones fault.
The third course was in deep sand at Padre I-land 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 hill
country, and an additicnai 400-mile operation was in the said. A brief description of the test cycle is
shown below:

(I) 50-mile break-in, variable speed (35 mph), level road

(2) 3950 miles of high.speed operation on level interstate highway

(3) Mid-tcst -ar inspection

(4) 1800 miles of high-torqu2 ope;ation on hilly roads which required low-gear operation

(5) 200 miles of sand operation at !'are Island using low gears and all-wheel drive

(6) Mid-test geta inspection

KR (7) 61,:0 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 drivc

(10) 6000 miles of high-speed operation on interstate highway.

"Au 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 "'le grounds of
"the Institute. This investigation, funded through Contract Number DAAD 05-67-0354, formed 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, lubricaait, brake fluid, aridV coolant requirements of this range of vehicles.
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SUMMARY OF RESULTS

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

Ii Engine Oils-As illustrated in Table I, engine oils coded CCL-0-144, 145, and 146 were qualified
MIL-L-2104B products and CCL-0-147 was qualified under DEF 2101D. The engines 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 engine. It was also seen that use of gasolines having high induction systerm deposit indices can cause a
significant increase in varnish and sludge deposits. In terms 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 Nis oil. CCL-0-147 was decidedly inferior to
the other three oils. In the 5-ton truck engines (LDS-465AI), CCL-O-145 showed superior performance to
both 146 and 147. 1he 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 Lubricants-As illustrated in Table 1, there were four 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 assertblies were inspected 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 miles across
the sand at Padre Island. In general, all four lubricants performed satisfactorily in all vehicles except the
1/4-ton M 151 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 theI 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, and several universal and co,.stant-velocity joints indicated
no deficiencies in lubrication and, in essence, no differences between the four greases. 1 iere were three
bearing failures, all of a typical spall type not attributable to lubricant failure. Therefore, it was concluded
that all greases performed equally well.

Brake Fluidts-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
cylinciers containing the operational W-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 action between iron cylinder

,+ walls and aluminum pistons.
SwalAntif:eeze-On completion of the test, inspection of vehicle coolant systems showed satisfactory

i 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-1 1755 antitreeze samples indicated
that the higher-heat-output engines caused a depletion of inhibitors resulting in the rapid lowering of the

j antifreeze pH with subsequent attack on metal components.H5



SPECTROMETRIC OIL ANALYSIS

I. "A comprehensive description and discussion of this investigation is available in other reports (see

bibliography references I 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,STable 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 theF spectrometric analysis." The oil analysis data are shown in Appendix II.
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CONCLUSIONS

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

Engine Oils

0 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.

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

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

(1) CCL-O-IA6 was the best oil in the 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.

1 (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-0-144 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 perfcrmaffce in almost all categories than the
other three oils.

0 The use of gasolines having high induction system deposits indices results in significantly dirtier

engines.

Gear Oils

0 All oils peiformed generally satisfactoily although a slight compatibility problem was

V demonstrated with the axles in the jeep vehicles.
* CCL-G- 148 was the poorest performer causing rust deposits and seeming 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 operational performance but tend to
cause corroaion and gum buildup during periods when brakes ,re not activated. Preservative
fluid MIL-P.46046 causes less corrosion and gum and operates efficiently within its temperature
limitation.

7*1'



Antifreeze

- MIL-A-I 1755 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.

SSpectrometric Oil A naiysis

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.

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

* Other tests used in conjunction with spectrometric analysis provide clearer interpretation of
analysis results.
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Ii RECOMMENDATIONS

Based on the observations and conclusions drawn froma the road test, the following recommendationsH are made:

" An oil quality performance program should be 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 considt rations should be given to modify the qualification procedure foz 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 basis3 covering a representative range of vehicles and operating conditions.

" A cost analysis survey should be made to determine the applicability of spectrometric oil3 analysis to selected combat and general purpose vehicles.

" Sintered iron pistons replace aluminum pistons in all brake cylinders in the earliest time-frame.
Also, in instances where storage of vehicles containing aluminum 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-1 1755 antifreeze he followed in order to
I avoid usage after inhibitor depletion.

" Work be undertaken in developing and subsequent field testing of MIL-A-1 1755 antifreezes
containing improved inhibitors.

9



DETAILED DISCUSSION OF TEST

r" 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-I 1755 arctic antifreeze. Two MIL-G-3056B gasolines of
differing induction systems deposit indices, one MIl.-F-45121B (CITE-R) fuel, and a Caterpillar I-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-fuelI. combination used during the test are shown in Table 5.

TEST FLEET

The fleet of twenty general purpose Army 'vehicles consisted of five MI51AI, 1/4-ton trucks; two
M37B1, 3/4-ton 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 by gasoline engines; while the 2-1/2 and 5-ton
vehicles were powered by multifuel engines. The test vehicles are described in Table 6 and Appendix I.

INITIAL PREPARATION

Engines

All engines were disassembled foi 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. Inaddition, the heads, valves, and ports we:e cleaned and the valves were refaced and reseated. Preparation of

the engines was routine with one notable exception. The M37BI engines had been rebuilt prior to delivery
for this program. In occordance 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
thc dry liner and the block for approximately 1/2 of the cylinder circumference from the top of the block
to a depth of at e.-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, with 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 p-.rts. 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.

LI Other exceptions to routine were the replacement of the number one cylinder liner in one M548

engine due to a I-I/2-in.-Iong 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
had come in the engines.

10



POWER TRAIN

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

I discussed below.

The axle assemblies from all five MI51AI jeeps contained a lubricait 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 vwater content was nil. Rust
and corrosion were prevalent on the gears and bearings and the lubrited finish on the ring gear teeth

appeared coarse and unsuitable for tests. Five new carriers were purchased o 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 units.

The axle carrier assemblies received in the two 3/4-ton M37BI trucks were 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 vi 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 412695 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

I 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)

I 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
solvent, 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 M37BI 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 and 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 w-vere installed. These had been previously
prepared using complete new cylinders drawn from Army stock. The new cylinders had been disassembled,
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washed with ethyl alcohol, and the parts inspected for any evidence of scoring, corrosion or discoloration.
'- The duromet-r 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 numbered 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 refliled 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
Ini the driver's instructions. These were:

Jeeps 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
auseway 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 .nore
mobile than the 6 X 6's, so, during the second 200 miles, it was decided that all of the gasoline-powered

Strucks would pull their traiers, 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 wheel brake cylinder
(the latter on only one of each model truck). A lead was provided to connect to the thermocouples

installed in the front wheel 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 the dr'ver 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) Continual 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 temperature data w%;re obtained during the test and ar.- summarized by the tables in
Appendix !11. Also, the figures in Appendix Ill 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-j 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 CO2 were measured on the gasoline powered
trucks and smoke readings were taken from the inultifuel 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.

F- 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
5,80U and 12,000 miles with uo 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

l- problems encountered with each vehicle is presented below.

The Ml51 A jeeps ran reliably and required relatively few repairs. Frequent or recurrent problemsreflecting vehicle deficiencies included: (1) the ignition coil vibrates loose in the watertight distribuor

"I housing causing the resistor under it to short out; (2) the seal on the engine 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 M37BI truck occurred with the flexible lines
which lead to the oil filter. Those supplied with the engines had apparently deteriorated on the inside ancn
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.

ri Like the Jeeps, the five M715 trucks ran well and required relatively few repairs. Some problemis were
experienced in truck 3F3183 including fan belts thrown off, broken harmonic balancer, broken flywheel
bolts, and broken timing chain guide. However, an opinion w'ds expressed by the inspection team that the
series of problems which had occurred were probably all due to an oveneved condition. It should be r,)ted
that these trucks did not have engine speed governors. It is understczd that more recen! production models
include this feature as well as new air cleaners and cowl ventilations for the cab.

The 6 X 6 M35A2 trucks also reqeired rclatively few repairs and most were random failures rather
than r.,current trouble. The most significara failure was a broken crankshaft in truck 4J2695 at 11,480
miles, illustrated by the photograph in Figure I. The failure occurred while the truck was being driven on
fliat road at approximately 40 mph with normal temperatures and coolant levels. Several of the 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
,3rge three-relay voltage regulators either failing to charge enough or 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 M 105 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 thtse 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 discussred
more fully in the section of the report covering the engine oil test results. The dJuihes 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-O-144, 145, and 146) and one meeting specification DEF 2101D (CCL.-O-147). The gasoline i;sed 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

gurn 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 deve!oped excessive deposits or the intake valve tulips, in
the intake valve ports as illustrated in the photographs in Figures 2 and 3, and generally resulted in a dirtier
engine than with the same oil 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 I-H diesel fuel for the final 8,000 miles, 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 I to 5 rating scale is used in summarizing
the condition of each part listed with I = clean. In order to present a more comprehensive picture of the
Sperformance of the lubricant, each series of vehicles will be discussed individually.

1/4-Ton MISI Jeeps-All five engines from the l/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 2J8600, and 2.18666, respectively. Vehicle 218600 was run on the dirty fuel and CCL-O-145 oil
and represented the most severe case, whereas vehicle 218666 run with clean fuel and CCL-O-144 oif
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 th: support posts. However, this was not detrimenthl 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-O-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 oils with the clean fuel performed very nearly the same. However, light scuffing of the
liners was noted with CCL-O-144 and not with 145 and 146. Valve train deposits were essentially the same
with 144 and 146 and slightly higher with 145, whereas CCi.-O-146 had the best rings, and the use of 144
resulted in some light scuffing and scratching. All engines had light sciring and wear on the rocker shafts
and none of the oils exhibited a sludging problem in this series ef engines. To recap then, the per-
forriance of CML-O-144, 145, and 146 was nearly equivalent, whereas that of 147 was sigriificantly
poorer than the other three oils. The performance of CCI-O-145 with the dirty fuel was essentially
the same as that of CCL-O-147 with the clean fuel. No compatibiiily problem between the engine
and oils was apparent.

3/4-Ton M37BI TMucks-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 described in the appendix under unshceduled maintenance, the evaluation of
the oils in these vehicles was considered essentially inconclusive. Both engines evidenced low deposit levels
consistent with that observed in the jeeps and the vehicle run with CCL.O-146 oil was observably cleaner
than that run with CCL-O-144 oil. The oil pan, crankshaft, and lower end of the 3B3632 engine were found

i- to be rusty during the final inspection. but this condition did not prevail when it was disa-scmbled. The test



AVERAGE WEAR AND PERFORMANCE, M151 JEEPS

Truck No. 2J8600" 2.18645 218666 2J8669 218693
Oil CCL-O- 145 146 144 117 145

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

a- 3rd Ring End
Gap Increase, in. 0.019 0.033 0.013 0.021 0.021

4th Ping 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 14.61f Hilly Road 15.05 14.65 14.39 14.92 14.19

Oil Consumption, lb
,"70 to 5,800 mi 3.76 2.56 1.88 1.87 2.98

5,800 to 12,000 mi 1.40 4.27 3.98 2.51 4.63
12,000 to 20,000 mi 2.41 6.24 3.16 4.72 4.45

j Cylinder bore wear was of the ordei of 0.0001 to 0.0006 in. in all engines.

0 2J8600 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 engine and is probably in part explained by the greater increase in the ring end gaps.
Cylinder bore wear was considered reasonable in both engines considering the test conditions and theLi 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 problem 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.

I-I/4-Ton M715 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 separation 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, M37BI TRUCKS

Truck No. 3B3632 3G,207
Oil CCL-O- 146 144

lTop Ring End

Gap Increase, in. 0.028 0.015

2nd Ring End
Gap Increase, in. 0.010 0.045

3rd Ring End

Gap Increase, in. 0.054 0.099

4th Ring End
Gap Increase, in. 0.048 0.098

Whole Rod Bearing3 Weight Loss, g 0.1665t

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, lb
0 to 5,800 mi 31.27t 11.86
5,800 to 12,000 mi 19.07 20.82**S12,00W to 20,000 rit 19.41 44,69•t

*Test terminated with a rod bearing failure at 19,030 mi. The rod bearings were
in too poor condition for the weight loss to relate to evaluation of the lubricant.
tWeight loss for 10,184 mi.
tTruck had several leaks resulting in high oil consumption.
**Defect*,e vacuum pump caused high oil consumption.
ttSmeral 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 CCL-O-145 oils. In both engines,
however, the dirty fuel developed excessive intake valve and port deposits. T11e photographs in Figures 8, 9,
and 10 complete the comparison of the deposit forming proclivities of the test oils. CCL-0-147 is again
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-O-146 was rated the cleanLst 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 bores 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

Sthe nmgnitude of wear of comparable parts was similar. Rod and main bearings were generally smooth, free
of pits, and, with !he possible exception of one nuin bearing in 3F3183, were judged serviceable 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
cam valve deck was noted to run unusually wet, and it may have beer a contributing 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.

"U AVERAGE WEAR AND PERFORMANCE, M715 TRUCKS

Truck No. 3F3072 3F3078 3F3175 3F3183 3F3199
Oil CC L-O- 147 146 144" 144 145

'fop Ring End Gap
Increase, ;n. 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 Bearing0
Weight Loss, g 0.0588 0.0772 0.0812 0.0782 0.0666

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

Fuel, mi/gal I
" Flat d 9.33 9.39 8.92 9.25 8.89

Hilly Road 8.48 8.45 8.42 8.60 8.05

Oil Conumption, lb
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 27.13f 12,000 to 20,000 mi 28.51 31.96 21.44 21.55 32.2 1

"3F31"'/ used "dirty" fuel, ill others used "clean" Liel.

[ To summarize the oil results in this engine, there was again a significant difference in the performance

of engines wit, and without the dirty 'uel. The magnitude of difference with the CCL-O-144 oil was greater
than that encountered previously in the jeeps with the CCL-O-145 oil. However, drawing a conclusion from

I this could be misleading since engine parameters are also inve'ved. Among the four test oils, CCL-0-147 was
L. significantly poorer in perfoimance than the remaining 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
problems were considered to be highiy significa:nt, and it wi. 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
47$1-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
.ollowing table indicate no apparent difference between the oils on the basis of the wear data. None of the
injectors or injector pumps required replacenent during the test although the opening pressures had
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AVERAGE WEAR AND PERFORMANCE, M35A2 TRUCKS

1 Truck No. 432578 412994 4J2695 04609 J4623
Oil CCL-O- 146 147 147 144 145

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

I ~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.

I. 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

Oil Consumption, lb
0 to 5,800mi 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 30.99 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
Udeveloped 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 still chattering. In terms of oil rating, the
engine in 42578, run with the CCL-O-146 oil, was the cleanest in the group b,:t only marginally better
than vehicles 4Q4609 and 404023 with CCL-O-144 and 145, respectively. Again, however, light scuffing was
noted with the CCL-O-144 oil. The two other engines run with CCL-O-147 looked 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 deposition occurring in the cngine is illustrated by the piston and valve photo-
graphs with CCL-0-146 and 147 in Figures II and 12, respectively, and by comparing the various covers of
engines run with CCL-O-146 and 147 in Figure 13. Critical rubbing areas such as valve contact faces and
seats, piston ring c3ntact faces, and crankshaft journals were generally in very good condition. Varyiiig
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 orn 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 beaitings would probably be an early point of distress for a
less compatible lubricant.

5-Ton M54A2 Tnacks-The LDS-465-1A engines are the turbocharged version of the 4"18-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 !ho derating modifications. In addition to the turbochargei, major items
included in the !LDS version are different pistons with an oil 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
steernig pump on the front timing gear cover. Only one of the three 5-ton trucks (5E5776 with CCL-O-145
o.1) completed 20,000 miles. Unit 5E5774 (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 5E5775 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 ariincompatibility with the lubricants was apparent, and that the engines would benefit from an improvement
program. General areas of distress included:

(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 thisr particular regard and in the LDS engines in general.

(2) Heavy wear on the rod and main bearings (one rod bearing failed in 5E5775 at 7,286 miles).
"[ Sets of rod and main bearings are illustrated in Figures 19 and 20 for CCL-O-147 and 145. The

high wear is evident as is also the superior performance of the CC[A3-145 compared to 147.
The bearings from 5E5775 at 7,286 miles with CCL-O-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 particular 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 1i a critical point. It also points out that in the moae
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'7: which some valves were actuaiiy pushed into the ports, is illustrated by the photographs of
valves in Figure 23 and of the rear head of truck 5E5774 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-1~. 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 of 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 evidently no

|- performance 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 &Bowing 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

I 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 c6.anliness ratings was rather small, but the CCL-O-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

3 AVERAGE WEAR AND PERFORMANCE, M54A2 TRUCKS

Truck No. 5E5774 SE5775 5E57763 Oil, CCL-O- 147 146 145

Top Ring End Gap5Increase, in. 0.002 0.004 0.002

2nd Ring End Gap
Increase, in. 0.002 0.0015 0.001

I 3rd Ring End Gap

Increase, in. 0.004 0.005 0.002

1 4th Ring End Gap
Increase, in. 0.004 0.009 0.004

Whole Rod Beating
Weight Loss, g 0.4776 1.6918* 0.1733

Average Cyl Bore Wear 0.0012 0.0023 0.0007

Fuel, mi/gal
Flat Road 4.30 4.27 4.62
Hilly Road 3.81 3.84 4.08

Pounds of Oil Added
Between Changes
0 to 5,800 mi 27.40 (15 qt) 34.83 (19 qt) 26.71 (14.7 qt)
5,800 to 12,000 mi 42.22 (23 qt) 109.35 (60 It) 32.38 (18 qt)

S12,000 to End of Test 41.52 (23 qt) engine failed 25.00(13.7 qt)

Total Test Miles 17,451 14,073 20,000

*Weight los for 6.757 mllu.
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were sawed open, only one was found to have deposits 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-O-145 was superior as far as
piston deposits were concerned. Color photographs of the covers in Figure 30, however, illustrate that
CCL-O-145 was only marginally superior to 147.

r 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-Al 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-O-146 was marginally superior in terms

of deposits and piston and liner scuffing to the CCL-O-144 and 145 oils. CCL-O.144 and 145 were
approximately the same as far as deposits wera 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.

I- GEAR LUBRICANT RESULTS

The four gear lubricants evaluated in the test were described in Table I and were comprised of three
qualified MIL-L-2105B products (CCL-G-148, 149, and 150) and a 50-,O-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 200 miles across the sand. The interim 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.

I. Axles

The axles in the 1/4-ton M151 jeeps illustrated a definite need for lubricants having super'or antiscore
-_m 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

I i are contained in Appendix V. Although the tooth distress was not severe and all nine axles were operating
frtely 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

-ireceived 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 distress 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 fnrther investigation of the lubricanz requirements.

The two 3/4-ton M37BI 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 carriers drawn from Institute stock. The front carriers
completed the test without distress. The rear carriers in truck 3G6207, run with CCLG-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 inf Figures 33 and 34.

The l-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:as predominantly 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 exhibited 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 w-re genwrally clean and free of deposits although the units run
with CCL-G-148 had spots of rust in noncontact artias. Photographs of a typical carrier assembly from one
of these trucks illustrating thteir excellent condition is contained in Appendix V. The front axle gear oil in
trucks 402578, 404609, and 414623 was fovand 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 tively, 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 404609, moderate wear and scoring
and ridging on approximately 40 percent in 4J4623. Truck 402578 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 M54A2 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. Photog:aphs of the rear carrier gears from
truck 5E5776 (CCL-G-1 50, the only 5-ton truck which completed 20,000 miles) are contained in Appendix
V and illustrate the typical good condition of these assemblies.

Trnwwiniulons, Trander Cams, and Bearings

The transmission in all 20 trucks and the transfer cases in 16 trucks completed the test without
renair. 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

,f 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 ALI. As a result, 1he gear inspection committee
considered requiring the 7-day test on all formulations instead of just on new ones.)LJ

During the final inspection, weui was rated as light or very light on all gears, bearings, synchionizers,
and shift rails, etc. The orange painted interios of the cases were generally streaked witi' a thin coating of
black oil which, for the most pazt, 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
stabilit) 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 fifthr truck had new departure No. 1210 bearings which were in good condition.

Summary of Gear Lubricat Evaluation

F 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 lubricants in terms 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. A t 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 lubricait 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, 5E5774, 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 frorit wheel and was found
to contain 2.67 percent water. This bearing had water stains on the races and rollers and considerable red
color in the grease. The right front wheel of this s±ne truck had the outer bearing rusted to the shaft and
required a wheel puller to release it. There was considerabh. 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 badly 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 meta,. That indicq ted 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 less 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 tabulatel in Appendix VI.

ANTIFREEZE

Inspection of vehicle coolant systems showed satisfactory coolant 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- 1755 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.

I
I
I
I
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TABLE 1. DESCRIPTION OF TEST MATERIALS

Gireatr -2&OThick Fleet Test Progrm

400* 403 233X6 234X6

Specification MkIL-L-10924A MUA.-10924B Experimental Experimental

Physics] Properties
Penetration

Wokd279 275 288
Unworked 2S9 264 276

Oxidation Stability
(Presure drop-400 hr) 6 6 5

Apparent Viacosity

loorec t  9,200 10.000 1,0

Water Workout, Percent 5.5 5.1 5.3I4 BaI Wear62 035 .5
(Scar dis... mm)

4 BaD EP
(Mean Hertz Load) 19.4 40.1 31.3

Falext EP
(lbpop foad) 750 1000 750

Corroeion Protection Pass Pass Pass
Rust Prevention PsM hog PM

Summary off5,ake Fluxdz-20,Thick Paet Teat PrtrVesn

Specification VV*11460 MIL-H-13910 MlL-P46046tI Viscosity, CS
At -67F .- 706-
At -401F 894 -
At 122*F 6.90 3.34
At212"F 2.69 1.60

3IibngPoint, F 410 313 349
IpFlesh Point, 'F 220 165 190

InPiftial 105 10.7 10.3

Exon~e Oft-20'Tack fleet Test Pwvmas

CCI,-O-l1441 CCL-0-1415 CCL-O-146 CCL-0-147

Specuficsation jMIL-L-2,143 MIL-L-2104B MIL-L-2104B1 DEF-2101D

Reference Oil IL-- EO-191 NATO
Grade, SAE 30 SAE 30 SAE 30 SAE 30

iT ~~~~~Viscosity, Kinematic. 1cs195 12. t.

At 2 lOF 11.2 12.6 12.0 103
Gravity, API 29.0 19.1 28.0

FehPit 430 3405 423

Visost Inde 10 IS77

Ns ~ Code Nos

Ijo CLU-i49 4 C.ad(XLG13013 CL--151

Spciiato 29--15 I--151 WLL201 MLL201

Reeec O.. . . .- RG-110
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TABLE 3. OIL SYSTEM IDENTIFICATION AND
SAMPLING FREQUENCY

Oil Sampi.. A nalyzedat U.S. Army Fuels
and Lubricants Research Laboratory

Oil System __ Samplins Frequency, Miles
Sampled* 50 2,000 4,000 6,000 ,0 10,000 12,00 14,U 16, U 13,0 zW,uuu

Engine X X X X x x X X X X X

I Transmission X X X X X X

Tranhferf• e X X X X X X

Rear Axlet X X X X X X

*Oil gallery sampled through permanently installed petcock Oj, er systems were sampled with a 35-ml syringe (disposable).g tExcept MISIAI vehicles.

TABLE 4. FUEL SPECIFICATIONS

L. Gasoline

Date Analyzed
Property Spec. Limit 23 Aug. 1967 20 Feb.

Min £Ma Uean Dirty Cean Dirty

Distillation, OF
10 Percent Evaporated 140 158 140 142
50 Percent Evaporated 194 239 200 206
90 Percent Evaporated 275 356 310 322
Residue, Percent 2 1.0 1.0

I RVP 8 7.1 7.6
Res. Octane No. 91 96.4 96.8
Motor C(tane No. 83 86.5 87.6
Gum, mg/100 ml 4 0.8 1.5 1.3" 16.9
ISD, mg/100 ml 0.0 5.8 0.5 9.5
Sulfur 0.25 0.016 0.016
Corrosion 1 IA IA
TEL, ml/gal 3 2.9 2.9
Oxid. Stab., min .480 1000+ 1000+
"Gravity, *API 63.9 63.4
Color Red Red

*Washed.

II. CITE Fuel

MIL-F-45121B Batch 19 Batch 20
Property S ecifications 708 Tank 708 Tankmfin Ma

Gravity, *API 49.2 48.5
Distillation, OF

Initial 130 160 134 138
10 Percent 200 260 204 205
50 Percent 300 375 342 372
90 Percent 450 500 454 460
End Point 575 484 49J
Residue. Percent 2 1 1
Loss, Percent 2 1 I

RVP 1 3 2.8 2.7
Total Sulfur, PercentWeight 0.25 0.4 0.27 0.27
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TABLE 4. FUEL SPECIFICATIONS (Cont'd)

Copper Strip
Ccrrosion at
2!2 0 F I IA I

Olefin Content,
Percent Vol 2.0 5.0 1.7 2.9

Aromatic Content,
Vol Percent (D1319) 15.0 25.0 17.6 16.4

Gum Ext. Steam
Evap.. mg/100 ml 7.0 0.4 1.2

Potential Gum,
mg/100 ml 14.0 2.2 4.2

Freezing Point, OF -67 -73 -72
Kinematic Viscosity

CS at 100OF 0.9 0.95 1.02
CS at -30F 16.5 3.5 4.1

Cetane No. 35 40 37.5 37.0
Additives, lb/

1000 bbl
(1) Oxidation

inhibitor 5 9 8 8
(2) Metal Deacti-

vator 1 2 2 2
Smoke Point 17 20 19
Thermal Stability

Change in Press.
in 5 hr, in. Hg. 15 0.3 0.1

Preheater/Filter 3 1 1
Deposit 300*F
400WF

Water Separation
Index Mod. WSIM 75 90 100

Mfg Date 1 3/21/67 8/4/67

Ill. Caterpilar I-H Diesel Fuel

Property cations Batch 67-8|, PrpertyMin. max

Gravity, 0API 29.7 31.7 j1.6
Flash, OF P.M. Report 206
Pour Point, OF +10 +20 +15
Cloud Point, OF Report +20
Aniline Point, OF 133.2 139.2 135.7
Ramsbottom Carbon, 10 Percent

Residuum 0.t5 0.07
Kinematic Viscosity at 100OF 3.2 4.0 3.3
Distillation, OF

IBP 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 42.9
Water & Sediment 0.05 Nil
Corosion, Cu Strip, 3 hr 122*F Pan (IA) IB
Neut. No. 0.40

Cracked Stocks None None
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TABLE 5. TEST MATERIALS USED IN TRUCKS

1/4-Ton, MISIAI Jeeps

ReNo. TrailerNo. Engine Oil Fuel Gear Oil Grease Brake Fluid

?2.18600 6T9926 CCL-0-145 Dirty CCL-G-149 400 VV-B-680
2J8645 6T9927 CCL-O-146 Clean CCL-G-lS0 233 X 6 VW-B-680
2J8666 6T993P CCL-O-144 Clean CCL-G-149 233 X6 Mil-H-13910
2,8669 "6T9929 CCL-O-147 Clean CCL-G-148 403 Mil-H-13910
2.18693 6T9928 CCL-O-145 Clean CCL-G-151 234 X 6 MiI-P-46046

3/4-Ton, M37BI

333632 6K8203 CCL-O-146 Clean I CCL-G-148 233 X 6 VV-B-680
3G6207 6K8062 CCL--144 Clean G-150 234 X 6 W-B-680

1-1/4-Ton, M715

3F3072 6K8067 CCL-&147 Clean CCL-G-148 403 Mi-H-680 1
3F3078 6K8184 CCL-O-146 Cleaw CCL-G-150 400 V6 B-680
3F3175 6K7344 CCL-O-144 Dirt) CCL-G-149 233 X6 MiI-H-13910
3F3183 6K8166 CCL-O-144 Cleais CCL-G-151 233 X6 MiI-H-1391C
3F3199 6K7871 CCL 9-145 Clean CCL-G-151 234 X 6 Mil-P-46046

3 2-1/2-Ton, M35A2

402578 6SI655 CCL-0-146 CITE-R CCL-G-149 233 X( 6 VV-B-680
412594 6S1665 CCL-O-147 CITE-R CCL-G-148 403 VV-B-680
042695 6S1648 CCL-O-147 CITE-R CCL-G-150 233 X 6 Mil-P-46046
4.1409 6S1554 CCL-O 144 CITE-R CCL-G-150 234 X 6 Mil-P-46046
414623 6S1664 CCL-O-145 CITE-R CCL-G-l5l 234 X6 Mil-H-13910

5. Ton, M54A 2

5E5774 7178155 JCCL-O-l47 CITE-R CCK-G-148 403 VV-B-680
5E5775 7F8156 CCL-0-146 CITE-R CCL-G-149 233 X 6 VV-B-680

5E76171`8157 jCCL-0-14S CITE-R J CCL-G-150 234 X 6 Mil-P-46046I
TABLE 6. DESCRIPTION OF VEHICLES

Vehicle Registration Vehicle Engine
Number Type Description

218600 MI51AI MISI Engine
218645 (1/4-Ton) 71 Gross hp at 4000 rpm
218693 128 (lb-ft) Gross Torque
218666 at 1800 rpm
2J8669

3B3632 M37BI Dodge T245
3G6207 (3/4-Ton) 94 Gross hp at 3400 rpm

188 (lb-ft) Gross Torque
at 1200 rpm

3F3183 M715 Model 6-230
3F3078 (1-1/4-Ton) 130 Gross hp at 4000 rpm
3F3199 198 (Ib-ft) Gross Torque
3F3072 at 2000 rpm
3F3175

4.4609 M35A2 LD-465-1
4J2578 (2-1/2-Ton) 140 Gross hp at 2600 rpm
4J2594 331 (lb-ft) Gross Torque
412695 at 1600 rpm
4J4623

E55775 M54A2 LDS-465-IA
5ES774 (5-Ton) 210 Gross hp at 2800 rpm
5E5776 450 (Ib-ft) Gross Torque

at 2000 rpm
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ITABLE 7. SUMMARY OF ENGINE o

Enin No 011No. Veile Pa _ _ _ __$ _ _ _ _in U4esCmustmo Cahes7 _ _Q d"

218645 CCLO .14 1/4T Clean I-Next toe&*mK apfi IýGonrnDyO.K. Z-Gheraly O i4ainmuto

3G4807 CCL-0444 1/4T Oem 2-Cdireta of tpoo, ah gM stop W/o 1-GeArorly O.K. atfaaa -Hevght scuf odtso. ama bataffi d epsts i1-Gaf
depositbelptpd

21-0669 cCL-O-147 1/14T Cleass 4-Dextto irtie of group s bqW uegh wl -Gosall O 3vaeaay O.K. 2-Log nna.dme ~nata a-mw t ap
11AP w/o deposit.

2F-9693 CCL-O143 1-/4T Clean 2-Nomt tof censt rnoa slap w/o 2-&-awwally OX gh 4-Head '"gndt beavi t thea o Mag -istaktol

35-3632 CCL-O.14 3-/4T Oem 2-DeeAS otInmatig slp WO631ft. 3-Hole vesaylworn off emb.edded 1ODeposts otsoengRan crich 3-letakawiws

(AWot IMedlei
3G-6207 CCL-O-t44 3-142 ClTean & -aartiut of pee, dogsga fishMw/ 3-Menel o.ah watcfrihin paing 2-Damsineath.ed deppoeine ocflz AHo 1-2 extas i

Dbo "wi~dktia MA cp adgon oves aphiwea olf- 17,0avmles

I. w6th Aer ahrrdt atdo -m

sw: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~A Iteitra: Good)3m 5hev gfWikth dpd eay ie

3F37 C4 7-14T Cae 5iDareta hefy 1 a-1/4T, ring 3.=W a /o ihtaeea -eraty O X paa normcalkg Iea edo -cakis ngd"6
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ENGINE OIL, FRFORMANCE
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VEHICLE SPECIFICATIONS AND LOADING

Truck Model MI51 Trailer Model M416

Type 1/4-ton, 4 X 4 Truck Type 2-Wheel
J Empty Weight, lb 2425 Empty Weight 570

Highway Payload, lb 1200 Payload, lb 1430
GCW, lb 5625

Cross-country Payload, lb 800 Payload, lb 930
Cross-country GCW, lb 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

I

Truck Model M37BI Trailer Model MI01
Type 3/4-ton, 4 X 4 Truck Type 2-Wheel
Empty Weight, lb 5687 Empty Weight 1340
Highway Payload, lb 2000 Payload, lb 2250

IGCW, Ib 11,277

Cross-country Payload, lb 1500 Payload, lb 1500
Cross-country GCW, lb 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

t

j
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VEHICLE SPECIFICATIONS AND LOADING (Cont'd)

Truck Model M35A2 Trailer Model M 105
Type 2-1/2-ton, 6 X 6 Truck Type 2-Wheel
Empty Weight, lb 13,000 Empty Weight 2750
Highway Payload, lb 10,000 Payload, lb 4500
GCW 30,250

Cross-country Payload, lb 5,000
Cross-country GCW, lb 18,000

Engine Model LD-465-1

Cu In. Displacement 478
Type and Cylinders 6 cylinders, O.4.V.
Compression Ratio 22.5:1
Fuel Multifuel

Transmission 5-speed
Transfer 2-speed, Automatic Front Wheel Engagement

Axle Type Double Reduction
Ratio 6.72:1

f Note:

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

i Truck Model M54A2
Type 5-ton, 6 X 6 Truck

Empty Weight, lb 19,836
Highway Payload, lb 20,000
GCW, lb 69,836

Cross-country Payload, lb 10,000
Cross-country GCW, lb 29,836

Engine Model LDS-465 1A
Cu In. Displacement 478
Type an-l Cylinders 6 cylinders, O.V.H., Turbocharged
Compn i.on Ratio 22.5:1
Fuel Multifuel

Transmission 5-SpeedI Transfer 2-speed, Automatic Front Wheel Engagement

Axie Type Double Reduction
Ratio 6.443:1

Notes:

Pintle hc,,K load comprised of M198AI dolly plus commercial trailers; dolly, trailer, and trailer ballast totaled 30,000 it
diting highway operation. Trailer and dolly were not towed during cross-country operation' ;n the sand.
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VEHICLE SPECIFICATIONS AND LOADING (Cont'd)

Truck Model M54A2Type 5-ton, 6 X 6 Truck
ilEmpty Weight, lb 19,836

Highway Payload, lb 20,000
GCW, lb 69,836
Cross-country Payload, lb 10,000

Cross-country GCW, lb 29,836

Engine Model LDS-465-IA
Cu In. Displacement 478
Type and Cylinders 6 cylinders, U.V.H., Turbocharged
Compression Ratio 22.5:1
Fuel Multifuel

I Transmission 5-Speed
Transfer 2-speed, Automatic Front Wheel Engagement

Axle Type Double Reduction
Ratio 6.443:1

Notes:

IPintle hook load comprised of M 198A I dolly plus commercial thailers; dolly, trailer, and trailer baliast totaled 30.000 lb
during highway operau'on. Traii'r and dolly were not towed during cross-country operation in the said.

I
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APPENDIX if
SPECTROMETRIC OIL ANALYSIS DATA

Appendix 11 consists of Appendices I and Ill of the
"Spectrometric Metals Analysis of Oils - Army
General Purpose Vehicles," AD685886, Final
Report FLRL No. 5.
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rA BLE' 33

l METAL CONCENTRATIONS OF IN49ERVICIE

GEAR LUBRICANTS

Vehic.e No: 3B3632 Lubricant No: CCL-G-148

Transmission

l Metal
MileA Fe Pb Cu 0 Al Ni As Sn Si B Na P Zn Ca Ba

1) 12 < 5 <1I <1 <1 1 <I < I <5 <1I < 1 5 4600 5500 <50 <500

S67 87 <5 <4 < 1 <1 <1 < 5 <3 <1 5 4500 6100 <50 <500
4,057 i30 18 13 < 1 < 1 < 1 < 5 <5 2 <1 15 4600 5200 <50 <500
8,118 ! -1 0 10 23 <.1 3< <1 < 5 8 <1 18 4400 5300 <50 <500

12,000 160 12 25 <1 3 < 1 < 5 <5 7 <1 10 4500 5500 <50 <500
16,017 190 120 29 < 1 3 < 1 < 5 < 5 12 < 1 5 4400 5800 <50 < 500
20,000 105 <75 25 <I < < 1 <1 <5 2 <1 < 1 4400 5800 <50 <500

Transfer Gear

Metal
Mileage Fe Pb Cu 0a At Ni Ag Sn Si B Na P Zn Ca Ba

0 12 <5 <1 <1 <1 <1 <1 <5 <1 <1 5 4600 5500 <50 <500
67 80 <35 1 1 <1 <1 <1 < 5 3 <1 25 4400 6100 <50 <500

4,057 190 <55 2 3 1 1 <1 <5 95 <1 35 3400 3400 <50 <500
8,118 580 58 <1 2 1 < 1 <1 <5 8 <1 13 1700 1600 <50 <500

12,000 1900 <5 <1 1 <1 6 <3 <1 5 25 <1 9 2000 1800 <50 <500
16,017 2400 50 130 4 5 15 <1 <5 85 <1 40 4400 4900 <50 <500
20,000 1600 <15 2 <1 1 7 <1 <5 26 <1 <1 3200 3000 <50 <500

X Rear Axle

metal

Mileage Fe Pb Cu Ct Al Ni Ag Sn Si B No P Zn Cis Ba

0 12 < 5 <1I < I <1 <1 <1 < 5 <1I < 1 5 4600 5500 < 50 < 500

67 410 38 24 1 <1I <1I <1 < 5 9 < 1 60 4700 6200 < 50 < 500
S4,057 3200 52 190 3 2 14 <1I < 5 34 < 1 150 4500 3800 < 50 < 500

.8,118 3900 48 380 10 6 33 < 1 30 140 < 1 150 4100 3000 < 50 < 500

12,000 840 25 380 2 1 10 <1 < 5 39 < 1 60 4600 5000 < 50 <5SOO
16,017 1200 10 400 2 < 1 10 <1I < 5 33 < 1 45 3800 3000 < 50 < 500

ii

:10
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TABLE 34

METAL CONCENT7A71ONS OF IN-SERVICE
GEAR LUBRICANTS

Vehicle No: 3G6207 Ltb.ant No: CCL-G-150

[Transmission
Metal

Mileage Fe Pb Cu 0 At Ni Ag Sn Si B Na P Zn Ca Ba
0 <1 <5 <1 <1 <1 <1 <1 <5 <1 <1 10 1300 < 50 <50 <500

49 17 <5 <9 <I <I <I <I <1 5 <I <1 5 1200 <50 <50 < 500
3,900 74 <6 19 <I <I <I <I < 5 <I <1 10 1300 <50 <50 < 500
8,080 82 <5 20 <1 <1 <1 <1 <5 2 <1 1 1300 <50 <50 < 500

12.001 94 85 19 < I < 1 <1 1 <5 4 <1 15 1300 < 50 <50 < 500

16,081 95 <5 18 <1 <1 <1 <1 <5 11 <1 5 1300 < 50 <50 < 500
20,000 130 <5 24< <1 < 1 <1 < 5 5 <1 10 1500 < 50 <50 < 500

Transfer Gear

Metal

Mileage Fe Pb Cu C? Al Ni Ag Sn Si B Na P Zn Ca Ba

0 <1 <5 <1 <1 <1 <1 <1 <5 <1 <1 <10 1300 <50 <50 <500
49 59 <5 3 <1 <I <1 <1 <5 3 <1 15 1200 <50 <50 <500

3,900 89 <5 <1 <1 <1 <1 <1 <5 6 <1 10 1200 <50 <50 <500
8,080 58 <5 <1 <1 1 <1 <1 <5 1 <1 <1 900 <50 <50 <500

12,001 39 <5 <1 <1 <1 <1 <1 <5 1 <1 8 550 <50 <50 <500
16.081 70 <5 <1 <1 <1 <1 <1 <5 1 <1 <1 500 <50 <50 <500
20,000 67 <,5 <1 <1 <1 <1 <1 <5 1 <1 <1 700 <50 <50 <500

Rear Akde

Metal
Mileage Fe Pb Cu C? At Ni Ag Sn Si B Na P Zn Ca Ba

0 - <5 <- I <1 <-I <I < <5 <I < 1 10 1300 <50 <50 <500
49 110 <5 39 <1 <1 <1 <1 <5 2 <1 40 1400 <50 <50 <500
93 79 <5 5 <1 <1 <1 <1 <5 1 < 1 20 1300 <50 <50 <500I 3,900 300 <5 60 2 <1 <1 <1 <5 30 <1 65 1300 <50 <50 <500

8,080 240 7 50 <1 <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 <50 <50 <500
16,081 200 <5 32 <1 <1 <1 <1 <5 7 <1 5 1100 <50 <50 <500

1
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I TABLE 35

*1 METAL CONCENTRATIONS OF IN-MEVICE
GEAR LUBRICANTS

Vehicle No: 3F3183 Lubulcant No:CCL-G-151

3Transdmision
Metal

Milealj Fe Pb Cu 0 Al Ni Ag Sn SI B Na P Zn Ca Ba

0 <1 <5 <1 <1 <1 <1 <1 <5 <1 <1 10 1500 <50 <50 <50050 <1 < 5 4 <1 I <1 < 1 <5 1 <1 25 1600 <50 <.50 <500
4,000 270 < 5 7 < 1 8 <1 < 1 <5 10 <1 35 1500 <50 <50 < 500

8,290 160 220 72 < 1 100 <1I <1 < 5 220 < 1 25 1600 < 50 < 50 <500
12,177 160 5 64 <1 110 <1 <1 <5 320 <1 5 1600 <50 <50 <500
16,000 210 100 62 <1 115 <1 1 <5 220 <1 8 1700 <50 <50 <500
20,000 180 105 46 <1 96 <1 <1 <5 160 <1 20 1700 <50 <50 <500

Transfer Gear

3 Metal
Mileage Fe Pb Cu 0 Al Ni Ag Sn Si B Na P Zn Ca Ba

0 <1 <5 <1 <1 <1 <1 <1 <5 <1 <1 10 1500 <50 <50 <500
50 25 < 5 <1 <1 I 1 <I <1I <5 3 <1 45 1600 <50 < 50 <500

4,000 42 8 50 <1 64 <1 <1 <5 110 <1 20 1700 <50 <50 <500
8,290 380 <5 <1 <1 <1 <1 <1 < 5 1 <1 45 1300 <50 <50 <500I12,177 330 < 5 <1 <1I < 1 <1 <1I <5 I <1 10 1200 <50 <50 <500

16,000 380 <5 <1 <1 <1 <1 <1 <5 1 <1 10 950 <50 <50 <500
20,000 290 < 6 <1 <1I < 1 <1 < 1 <5 2 <1 30 1400 <50 <,50 <500

3 Rear Axle

Metal
hMileage Fe Pb Cu Ca Al Ni Ag Sn Si B Na P Zn Ca Ba

0 <1 <5 <1 <1 <1 <1 <1 <5 <1 <1 10 1500 <50 <50 <500
50 57 <5 <1 <1 <1 <1 <1 <5 5 <1 18 1500 <50 <50 <500

4,000 800 <5 <1 <1 <1 <1 <1 <5 5 <1 25 1800 <50 <50 <500
8,290 690 <5 <1 <1 <1 <1 <1 <5 13 <1 25 1600 <50 <50 <500

12,177 760 <5 1 <1 <1 1 <1 <5 44 <1 2 1700 <50 <SO <500
16,000 3200 <5 <1 <1 <1 <1 <1 <5 7 <1 8 1400 <50 <50 <500

-. 20,000 470 <6 2 <1 <1 <1 <1 <5 2 <1 20 1400 <50 <50 <500

!J

j
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TABLE•• 36

METAL CONCENTRATIONS OP IN-SERVICE

GEAR LUBRICANTS

Vehicle No: 3F3078 Lubricont No: CCL-G-150

Transmission

Metal
Mleage Fe Pb Cu 0t AINi As & Si B Na P Zn Ce Ba

0 <1 <5 <1 <1 <1 <1 <:1 <5 <1 <1 10 1300 <50 <50 <500
51 <1 <5 1 <1 <1 <1 <1 <5 3 <1 10 1300 <50 <50 <500

4,009 26 < 5 14 < 1 37 < 1 < 1 < 5 75 < 1 8 1400 <50 < 50 < 500
8,195 76 <5 21 <1 60 <1 <1 <5 150 <1 20 1400 <50 <50 <500

16,010 120 <5 18 <1 65 <1 <I <5 140 <1 5 1300 <50 <50 <500
20,000 42 20 11 <1 7 <:1 <1 < 5 12 <1 9 1400 <50 <50 < 500

I" Trwnter Gear

metal_
Mileae Fe Pb Cu a)' AI Ni Ags S Si B Nz P Zn Ca B-

0 <1 <5 <1 <1 <1 <1 <1 <5 <1 <1 10 1300 <S50 < 50 < 500
51 11 <5 < I <1 <1 <1 <1 <5 < 1 <1 10 1400 <50 <50 <500

4,009 29 <s <1 <1 <1 <1 <1 <5 20 <1 5 1200 <50 < o <500
8,195 30 <5s <I <1 < 1 <1 <1 <6 <1 <1 10 950 <50 <50 <500

11,935 37 <5 <1 <1 < 1 <I < 1 <5 <1 <1 <1 800 <50 <50 <500
16,010 150 <5 <1 <1 <1 <1 <1 <5 <1 <1 <1 700 <50 <50 <500
20,000 150 < 5 <1 < 1 <1 < 1 <1 <5 1 < 1 < 1 700 <50 < 50 < 500

Rear Axle

metal

milean& Fe Pb Cu a AI Ni Ag vn Si B Na P Zn Ca [a

0 <1 <5 <i <1 <1 <1 <1 <5 <1 <1 10 1300 <50 <50 <500
51 25 <5 <I <1 <1 < 1 < 1 <5 <1 < 1 13 1400 <50 <50 <500

4,009 160 <5 3 <1 <1 <1 <1 <5 22 < 1 13 1400 <50 400 < 500
8,195 800 <5 3 2 < 1 <1 <1 <5 100 7 25 1400 <50 700 <500

11,935 1200 35 4 4 5 5 < 1 <5 130 7 20 1500 <50 750 <500
16,010 1960 <5 4 3 4 4 <1 <5 120 9 30 1400 <50 800 <500
20,000 2400 5 2 <1 2 3 < 1 <5 80 20 30 1500 < 50 600 <500

I1
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TABLE 37

METAL CONCENTRATIONS OF IN.SERVICE
GEAR LUBI~CANTS

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

j Tranninion

Metal
Mileage We --7 W '-Pu?--,7A _N-"'i A- Sn Si B Na P Zn Ca Ba

0 <1 < S <1 < I <1 < I <1 <5 <I <1 10 1500 <50 <50 <,OJ
63 3 <S 6 <1 3 <1 <1 <5 6 <1 15 1400 <50 <50 <500

4.000 36 < 5 38 < 1 67 <1 <1 <5 110 <1 25 1600 <50 <50 <500
7.989 120 <S 52 <1 140 <I <1 <5 290 <1 20 1500 <50 <50 <500

12.143 140 6 58 < 160 <1 <I <5 320 <-1 4 1600 <50 <50 <500
16.042 220 S SO <1 180 <1 <1 <5 360 <1 10 1700 <50 <50 <500
20.000 190 10 45 <1 160 < I < 1 <5 400 < 1 20 1700 < 50 < 50 <500

Transfer Gear

I Metal
Mileage Fe Pb Cu a Al Ni Ag Sn Si B Na P Zn Ca Ba

0 <1 <5 <1 <1 <1 <1 <1 <5 <1 <1 10 1500 <50 <50 <500
63 13 <1 <1 <1 <1 <1 <1 <5 <1 <1 35 1500 <50 <50 <500

4.000 380 <5 <1 <1 <I <1 <1 <5 <1 <1 50 1600 <50 <50 <500
7,989 180 <5 2 <1 <1 <1 <1 <5 1 <1 25 800 <50 <50 <500

12,143 57 110 <1 <1 <1 <1 <1 <5 2 <1 <1 350 <50 <50 <500
16,042 6 <5 <1 <1 <1 <1 <1I <5 < 1 < 1 150 <50 <50 <500
20,000 160 <5 <1 <1 <1 <11 <I <5 <1 <1 <1 1000 <50 <50 <500

IRear Axle

Metal
Mileage - P C F-' Al Ni Ag Sn Si B Na P Zn Ca Ba

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 <1 15 1400 <50 <50 <5004,000 430 <5 <.1 <1 <1 <1 <1 <5 3 <1 40 1700 <50 <50 <500

7,989 320 <5 < I <1 < <1 < 1 <5 5 <! 25 1400 <50 <50 <500

12,143 640 <S 3 <1 <1 <1 <1 <5 11 <1 20 1600 <50 <50 <500
16,042 475 <S 1 <1 <1 <1 <1 <5 17 <1 20 1700 <50 <200 <500

7' 20,000 390 20 <1 <1 <1 <1 <1 <5 16 <1 45 1700 <50 <50 <500

I -10
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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 ar At Ni Ag Sn Si B Na P Zn Ca Ba

0 12 <5 <1 < 1 <1 < 1 <1 <5 <I < 1 5 4600 5500 <50 < 500
59 90 <5 6 <1 < I < I <1 <5 <1 <1 25 4600 6200 <50 <500

4,260 180 <5 < <1 < 1 < ? <ý ! 5 50 <1 20 4700 6500 <50 < 500
8,000 190 <5 29 <1 <I < 1 <i <5 3 <1 15 4400 5800 <50 <500

12,034 170 7 29 <1 <1 < I <1 <5 6 <1 <1 4400 5900 <50 < 500
16,000 270 <5 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

_ _-_ Metal
Mileage Fe Pb Cu a' At Ni Ag Sn Si B Na P Zn Ca Ba

0 0 12 <5 <I <I <1 <I <1 <5 <I <1 5 A600 5500 <50 <500
59 92 <5 <1 <1 <1 <1 <1 <5 <I <1 17 4000 5000 <50 <500

4,260 200 <5 24 <1 1 <1 <1 <5 58 <1 30 4800 6500 <50 <500
8,000 150 <5 <1 <1 3 <I <I <5 15 <1 15 900 400 <50 <500

12,034 170 <5 <1 <1 <1 <1 <I <5 1 <I <1 800 400 <50 <500
16,000 270 <5 <1 j', <1 <1 <I <5 1 <1 <1 600 350 <50 <500
20,000 3600 12 8 3 <1 5 <1 <5 14 <1 5 2000 400 <50 <500

[ Recar Axle

Metal

Mileage Fe Pb Cu 0' AI Ni Ag Sn Si B Na P Zn Ca Ba

0 12 <5 <1 <I <I <1 <I <5 <1 <1 5 4600 5500 <50 <500
59 110 7 <1 <1 <1 <I <1 <5 1 <1 <1 4500 5200 <50 <500

4,260 490 18 2 <I <1 I <I <5 17 <1 30 4600 5500 <50 <500
8,000 780 22 2 <1 <I <I <I <5 30 <1 18 4100 4200 200 <500

12,0,4 1080 24 3 <1 <1 5 <I <5 33 <I 11 4100 4200 250 <500
16,000 1240 70 3 <I <1 6 <1 <5 44 <1 7 4300 4100 200 <500
20,000 1000 18 2 <I <1 2 <I <5 25 <1 13 4400 4300 150 <500
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TABLE 39

MFAL •CNZ•IMA11ONS OF U44MR ICE3 WAR LUBDUAM

Vehici No: 3F3175 Luatbeat No: OCL•r-149

MiWeap Fe Pb Cum 0 Al Ni As Sn 31 B Na P Zx Ca Ba

0 <1 <5 <1 <1 <1 <1 <1 <5 <1 <1 8 1700 <50 < 50 <500
SO 110 < 5 7 <1 15 <I < I <5 26 <1 30 1900 <50 <50 <500

4,0C6 620 35 28 <1 95 <1 <1 <5 19P <1 25 2100 <-:'0 <•3 <500
,8271 700 5 37 <1 100 <1 <1 <5 730 <1 20 1800 <50 <50 <500

12,060 850 <5 37 <1 110 <1 <1 <5 240 <1 7 1800 <50 <50 <500
i17,009 1120 7 39 2 130 <1 < 1 ,.5 320 < 1 25 2000 <50 < 50 < 500

20,000 1300 70 44 <1 140 <1 <1 <5 350 <1 30 2400 <50 <50 < 500

!ramfer Gear

* metal
Mileap Fe Pb Cu 0' At Ni Ag Sn Si B No P Zn Ca Ba

0 <1 <5 <1 < 1 <1 <1 <1 <5 <1 <1 8 1700 <50 <50 <500
50 110 <5 <1 <1 3 <1 <1 <5 7 <1 30 1700 <50 <50 <500

4,006 860 <5 <1 <1 1 2 <1 <5 2 <1 35 1900 <50 <50 <500
8,271 720 <5 <1 <1 <1 1 <1 <5 3 <1 35 1800 100 <50 <500

12,060 780 <5 <1 <1 <1 <1 <1 <5 2 <1 12 1700 200 <50 <500
20,0009 750 <5 <1 <1 <1 3 <1 . <5 1 <1 35 1800 <00 <SO <500
17,009 1200 <5 <1 <1 <1 3 <1 <5 3 <1 25 1400 100 <50 <500

Metal

0 <1 <5 <1 <1 <1 <1 <1<5 < 1 <1 • 1700 <50 <50 <500

50 170 <5 <1 <1 <1 <1 <1 <5 <1 <1 1700 <50 <50 <500
1 4,006 680 <5 <I <I <I <I <I <5 5 <1 35 2000 <50 <50 <500

8,271 1350 <7 < 1 2 2 6 <1 <5 92 <1 23 1900 <50 <50 <500
12,060 1440 <5 <1 1 1 3 <1 <5 8, <1 8 1900 <50 <50 <500
17,009 1600 6 <1 3 2 4 <1 5 60 3 35 1900 <50 <50 <500
20,000 2600 7 <1 3 2 3 <1 5 8.5 3 50 2200 <50 <50 <500

I1 1
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TABLi 40

METAI coMICENTRATIONS OF IN-S4 VICI/
GEAR LUIDICANTS

Vehicle No: 4,4609 Lubricant No. CCL-G.150

f ~Transmision

Metal
"Mi"Whe Fe ib C0 0' At NM As Su Sl J Na P Zn Ca Ba

0 <1 <5 <1 <1 <I <1 <1 <5 <I <1 10 1300 <50 <50 <500
32 22 < 5 3 < I < I < I < I < 5 < I <I 1 1200 <50 <50 <500O

S4,000 210 <5 6 3 < I <1 <1 <5 4 <I1 8 1400 < 50 <50 < 5008,004 310 <5 7 4 <I <I <I <5 10 <1 13 1400 <50 <50 <500

12,012 330 <5 7 3 <I <I <1 <5 3 <1 10 1500 <50 <50 <500
16,006 330 <5 <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 <S0 < 50 <500

Transfer Gear

Metal
M Ieg Fe Pb Cw 0' AI Ni Ag & Si B Na P Zn Ca Ba

0 <1 <5 <1 <1 <1 <1 <% <5 <1 <1 10 1300 <50 <50 <500
52 11 <5 8 1 <1<1 <1 < 5 3 <1 10 1300 <50 <50 <500

4,000 60 < 5 13 15 < <1 <1 < 5 10 <1 11 1300 <50 <50 <500
8,004 92 <5 24 14 <1 <1 <1 <'5 4 <1 10 1200 <50 <50 <.500

12,012 110 < 5 35 17 <I <1 < 1 <5 3 <1 15 1300 <50 <50 <500
16,006 210 <5 33 15 <I1 <1 1 <- 5 3 <1 5 1100 <50 <.50 <500
20,000 180 <5 25 8 <1 <1 <1 < 5 39 <1 15 1400 <50 <50 <500

Rem Axle

Mileage Fe Pt Cu Cr Al Ni Ag Sn Si B Na P Zn Ca Ba

S0 <1 < 5 <1 <I<1 <1 I < I <5 <150 500
52 15 <5 <1 <1 2 <1 <1 <5 5 <1 16 1300 <50 <50 <500

4,000 120 <5 <1 2 3 <1 <1 <5 10 <1 20 1400 <50 <50 <500
8,004 140 12 2 <1 3 <1 <1 <5 22 <1 17 1300 <50 <50 <500

12,012 340 <5 2 .1 8 <1 <1 <5 25 <1 35 1500 <SO <50 <¶500
16.,006 410 <3 1 9 <1 <1 5 41 <1 25 1300 <50 300 <569
20.000 500 20 1 6 13 <1 <1< 5 95 <1 45 1600 <50 200 <.c00

I
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TABLE 41

METAL CONCENTRATIONS OF IN-SERVICE

GEAR LUBRICANTS

Vehicle No: 402578 Lubricant No: CCL-G149

I Transmisun

Metal
Mileage Fe Pb Cu 0 Al N1 Ag Sn SI B Na P Zn Ca BaU

0 <1 <5 <1 <1 <1 <1 <1 <5 <1 <1 8 1700 <50 <50 <500
66 80 < 5 10 <1 <1 <1 <1 <5 2 <1 10 1500 <50 <50 <500

4,084 560 <5 23 30 2 <1 <1 <5 40 <1 16 1900 <50 <50 <500
8,247 850 6 29 30 2 <1 <1 <5 11 <1 15 1900 <50 <50 <50012,016 1200 6 29 30 3 1 <1I < 5 11 <1 5 1800 < 50 < 50 < 50016,000 1560 <5 80 16 <1 2 <1 <5 23 <1 13 1300 <50 <50 <500

20,000 1190 14 2 34 < 1 2 <1 5 35 < 1 25 2100 <50 <50 <500

Transfer G.

Metal
Milea Fe Pb Cu 0 Al Ni Ag Sn SI B Na P Zn Ca Ba

0 <1 I • <5 < 1I <I <I <I < I<5 <tI < 1 8 'A700 < 50 < 50 < 500
66 42 <5 9 3 <1 <1 <1 <5 2 <1 20 1500 <50 <50 <500

4,084 580 6 39 34 1 2 <1 <5 75 <1 70 20PO 200 <50 <500
8,247 980 5 58 32 2 S <1 <5 30 <1 75 1700 200 <j0 <500

12,016 1060 <5 68 22 1 3 <1 <5 26 <1 22 1500 20C <-50 <500
16,000 1260 6 29 30 2 <1 <1 <5 14 <1 5 2100 100 <50 <50020,000 9.00 <5 88 7 <1 <1 <1 <5 12 <1 5 i500 <50 <30 -o<00

Rear ,xle

Mileage Fe Pb Cu & Al Ni Ag Sn Si B Na P Zn Ca Ba

0 <1 <5 <1 < 1 <1 <1 <5 <1 <1 8 1700 <50 <SO <50 00
66 42 <5 <1 2 4 <1 <-1 <5 12 <1 35 1600 < 50 < 50 <500

4,084 420 8 1 6 55 <1 <1 <5 200 < 1 150 2000 <50 <50 <500
8,247 800 19 3 7 72 4 <1 <5 210 <1 150 2200 <50 <50 <50n

116 1360 18 3 6 74 4 <1 <5 200 <1 80 2100 <50 <50 <500
,000 1080 14 3 6 65 5 <1 <5 180 <1 85 2200 <50 400 <500

20,000 1100 18 2 5 60 3 <1 <5 150 <1 150 1900 < 50 400 < 500

111i
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TABLE 42

METAL CONCENTRATIONS OF IN-SERVICE

GEAR LUBRICANTS

Vehicle No: 4.2594 Lubricant No: CCL-G-148

Transmission

Metal

Mileage Fe Pb Cu 0 Al Ni Ag Sn Si B Na P Zn Ca Ba

0 12 <5 < <1 <1 <1 <1 < 5 <1 <1 5 4600 5500 <50 <500
59 320 <5 8 1 <1 2 <1 < 5 1 <1 2 4500 5500 60 <5004,009 780 6 21 2 <1 2 <1 < 5 11 <1 7 4600 5900 <50 <500

8,102 760 10 26 2 <1 2 <1 <5 12 <1 8 4500 5800 <50 <500
12,002 790 11 26 3 <1 3 <1 < 5 8 < 1 10 4600 5500 < 50 <500
15,998 960 <5 26 I <1 2 <1 < 5 15 <1 <1 4500 4900 <50 <500
20,000 1000 8 29 <1 <1 1 <1 < 5 6 <1 9 4400 4600 <50 <500

I Transfer Gear

Metal
Mileage Fe Pb Cu Cr Al Ni Ag Sn Si B Na P Zn Ca Ba

I. 0 12 <5 <1 <1 <1 <I <1 < 5 < I <1 5 4600 5500 <50 <500
59 72 <5 S <I <I <I <I <5 1 <1 6 4500 5800 <50 <500

4,009 180 <5 37 <I <I <I <I <5 3 <1 6 3900 3900 <50 <500I 8,102 350 <5 140 <1 <I <I <i <5 5 <1 7 3300 2500 <50 <500
12,002 350 <5 170 <1 <1 <1 <; <5 8 <1 11 2900 2000 <50 <500
15,99F 800 50 320 <1 <1 <1 <i < 5 24 <1 <1 3200 2400 <50 <500J 20,000 160 <5 180 < <1 <1 <1 < 5 2 1 7 2100 600 <50 <500

Rear Axle

_____Metal

Mileage Fe Pb Cu r A! Ni Ag Sn Si B NaP Zn Ca Ba

0 12 5 < I <1 < I < I < < 5 < I < 5 4600 5500 < 50 <500S59 100 6 < ,< 1 3 < I<I < 5 4 < 1 10 4500 5900 < 50 < 500

•4,009 400 40 <i I < 1 10 <. I < I< 01 59 < 1 30 4600 5600 < 50 < 500

9,704 720 65 3 I 13 3 < < 5 72 <1 40 4600 5600 < 50 < 500
12,00' 690 75 5 3 16 4 <I < 5 75 <1 50 4700 5800 300 < 500

015,998 10 72 3 2 12 4 <I < 5 80 <1 35 4600 5200 400 <-500
20,000 1300 75 3 <1 I 1 3 <I < 5 64 <1 55 4600 4800 450 < 500

-1-3
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TABLE 43

METAL CONCENTRATIONS OF IN-SERVICE
GEAR LUBRICANTS

Vehicle No: 4J2695 Lubricant No: CCL-G-150

tI Transmission

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

0 < 1 <5 <1 <1 <1 < 1 <1 <5 <1 <1 10 1300 <50 <50 <500
54 52 <5 15 12 <1 <1 <1 <5 < 1 <1 5 1200 <50 <50 <500

4,000 520 25 38 36 1 <1 <1 <5 58 <1 15 1600 <50 <50 <500
8,025 540 6 33 34 <1 <1 <1 <5 10 <1 13 1400 <50 <50 <500

11,993 580 <5 27 32 5 <1 <1 <5 9 <1 5 1600 < 50 <50 <500
16,034 1200 6 31 36 <1 <1 <.1 <5 32 <1 1 1400 <50 <50 <500
20,000 190 <5 9 21 <1 <1 <1 <5 3 <1 10 1200 < 50 <50 <500

Transfer Gear

Metal3Mileage Fe Pb Cu C Al Ni Ag Sn Si B Na P Zn Ca Ba

0 <1 <5 <1 <1 <1 <1 <I <5 < 1 <1 10 1300 <50 <50 <500
54 16 <5 8 1 < 1 <1 <1 <5 7 <1 25 1300 <50 <50 <500

4,000 85 <5 21 12 < 1 <1 <1 <5 2 <1 10 1300 <50 <50 <500
8,025 240 <5 23 16 <1 <1 <' <5 1 <1 15 1400 <50 <50 <500

11,993 240 <5 12 14 1 <1 <I <5 1 <1 6 1500 <50 <50 <500
16,034 120 18 8 <1 11 <! <i <5 4 <1 3 500 <50 <50 <500
20,000 280 <5 8 10 <1 <1 <I <5 2 <1 15 1400 <50 <50 <500

Rear Axle

Metal
Mileage Fe PW Cu a Al Ni Ag Sn Si B Na P Zn Ca Ba

0 <1 <5 <1 <1 <1 <1 <1 <5 < 1 <1 10 1300 <50 <50 <500
54 11 <5 <1 <1 <1 <1 <1 <5 8 <1 18 1300 <50 <50 <500

4,000 130 7 <1 3 2 <1 <1 <5 60 <1 50 1600 <50 <50 <500
8,025 230 5 1 4 10 1 1 5 30 1 40 1400 < 50 <50 <500

11,993 240 5 1 3 15 1 1 5 24 1 30 1600 < 50 <50 <500
16,034 340 5 1 5 14 1 1 5 52 1 50 1400 < 50 <50 <500
20,000 120 <5 1 <1 <1 <1 <1 <5 6 <1 25 1400 < <5<0 <500

I1 1
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TABLE 44

METAL CONCENTRATIONS OF IN-SERVICE
GEAR LUBRICANTS

Vehicle No: 4J4623 Lubricant No: CCL-G151

Transmission

Metal
Milcage Fe Pb Cu C TAI Ni Ag Sn Si B Na P Zn Ca Ba

0 <1 <5 <1 <1 <1 <1 <1 <5 <1 <1 10 1500 <50 <50 <500
61 37 <S 7 <1 <1 <1 <1 <5 <1 <1 7 1400 <50 <50 <500

4,000 290 <5 17 3 <I <1 <1 <5 9 <1 16 1700 <50 <50 <500
7.956 400 <5 18 3 <1 <I <1 <5 8 <1 18 1600 <50 <50 <500

12.000 450 <5 21 3 <1 <I <1 <5 6 <1 18 1700 <50 <50 <500
15,960 405 <S 23 3 <1 <1 <1 <5 15 <1 7 1700 <50 <50 <500
20,000 310 < S 20 1 < <1 < 1 <5 15 <1 40 1700 <50 <50 <500

Transfer Gear

Metal
Mileagu Fe Pb Cu 0' Al Ni Ag Sn Si B Na P Zn Ca Ba

0 <1 <5 <1 <1 <1 <1 <1 <5 <I <1 10 1500 <50 <50 <500
61 97 <5 2 3 <1 <1 <1 <5 <I <1 8 1400 <50 <-SO <500

4,000 240 <5 17 5 <1 <1 <1 <5 28 <1 20 1700 <50 <50 <5007,956 308 <5 29 3 <1 <1 <1 <5 4 <1 20 1600 <50 <50 <50012,000 425 <5 20 4 <1 <1 <1 <5 7 <1 15 1500 <50 <So <500

15,960 390 <5 27 4 <1 <1 <I <5 20 <1 5 1400 <50 <50 <500
20,000 310 <5 14 1 <1 < 1 < 1 <5 1 <1 15 1200 -50 < 50 <500

Rear Axle

__Metal

Mileage Fe Pb Cu 0r Al Ni Ag Sn Si B Na P Zn Ca Ba

0 <I <5 <I <I <t < I<I <5 <I <1 10 1500 <50 <50 <500
61 48 <5 2 1 6 <1 <I <5 10 <1 20 1400 <50 <50 <500

4,000 190 <5 2 3 46 <1 <I <5 70 <1 60 1600 <50 < SO <5007,956 420 6 <!I < 1 55 < I<1I <5S 140 <1I b3 1600 <50 < SO <500

12,000 440 8 < 4 60 < I<! <5 135 <1 65 1600 <50 <SO <300{ 15,960 490 5 <! 6 68 <1 <I <5 200 <1 40 1700 <50 <S50 ,500
20,000 530 10 < I < 1 68 <I < 1 <5 190 <1 90 1700 <50 300 <500
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TABLE 45

METAL CONCENTRATIONS OF IN-SERVICE
GEAR LUBRICANTS

IVehicle No: 5E5775 Lubricant No: CCL-G-149

Transmission

I Metal
Mileae Fe Pb Cu 0' Al NI A, Sn Si B Na P Zn Cc Ba

0 <1 <5 <1 <1 <1 I < 1 < 5 <i <1 8 1700 <50 <50 <500
93 30 12 10 2 <1 < 1< <5 1 <1 10 1700 150 <50< 500

3,910 440 26 12 7 <1 < 1 <1 <5 1 <1 12 1900 <50 <50 <500
12,010 520 32 19 10 <1 <1 <1 <5 13 <1 10 1900 <50 <50 <500
14,095 520 26 15 7 <1 <1 <1 <5 1 <1 17 1900 <50 <50 <500

Transfer Gear

Metal
Mileage Fe Pb Ca Cr Al Ni Ag Sn Si B Na P Zn Ca Ba

0 <1 <5 <1 <1 <1 1 < 1 < 5 <1 <1 8 1700 <50 <50 <500
93 75 <5 17 <1 10 <1 <1 <5 28 <1 60 1700 <50 <50 <500

3,910 490 <5 36 - 62 <1 <1 <5 100 <1 80 1900 <50 <50 <500
12,010 800 <5 64 2 62 2 <1 <5 130 <1 60 1800 <50 <50 <50014,095 880 < 5 69 1 25 3 < I < 5 25 < 1 85 1900 <• 50 <• 50 < 500

IRea Axle

Metal
Mileage Fe Pb Cu ar Al NI Ag Sn Si B Na P Zn Ca Ba

0 1, I <: 5 < 1 <1 I 1 < I<I5 <I < 1 8 1700 <50 <50 <500
93 60 <5 22 2 11 <1 1 < 5 17 <1 30 1500 < 50 <50 <500

3,910 280 8 180 5 16<1 < <I 5 120 <1 50 1900 <50 < 50< 500
12,010 320 18 280 3 68 <1 1 < 5 60 <1 50 1600 150 <SY < 50014,095 530 22 800 2 100 < I <1 I 5 100 < 1 65 2000 200 250 < 500

i11
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I TABLE46

METAL CONCENTRATIONS OF IN-SERVICE
GEAR LUBRICANTS

Vehile No: 5E5774 Lubdcant No: CCL-G-148

[Tmraunm on

metal
Miee Fe Pb Cm 0 Al Ni Ag SW Si B Na P Zn Ca Ba

0 12 <5 <1 <1 < 1 < 1 < <5 < 1 < 1 5 4600 5500 < 50 < 500
99 110 10 12 <1<1< 1 <I <I < 1 1 5 4500 5900 < 50 < 500

4,007 270 54 28 1 < 1<1 <I < 5 5 <1 20 4600 5100 <50 <500
8,090 320 57 47 1< 1 1< < < 5 10 <1 5 4400 5800 <50< 500

12,674 10 28 42 <I 1< 1< < 1• 5 1 <1 5 3900 3600 <50 <500
16,001 425 57 50 <I < 1 < 1 1 <5 3 <1 10 4600 5000 <50< 500
"17,451 470 62 50 <1 <1 < 1 < 1 <6 2 <1 10 4600 3000 <50 <500

Transfer Gea"

Mnleap Fe Pb Cu & Al Ni At SW St D No P Zn Ca

0 12 <5 <1 1 < 1 1 < 1 <55 < 1 <1 5 4600 5500 < 50 < 500
1199 1 <5 23 < 1 < 1 < I < 1 < 5 6 <1 13 46O.b 6100 < 50 < 500

4,007 200 <5 98 1 3 1 < 1 <5 36 <1 40 4500 5100 <50 <500
8,090 900 <5 224 <1 3 5 < 1 <5 17 <1 7 4200 4800 <50 <500

12,674 110 <5 140 <1 <1 <1 < 1 <5 7 <1 6 4000 3100 <50 <500
16.001 1130 <5 154 < 1 < 1 8 < 1 < 5 25 < 1 10 4500 5100 < 50 < 500
17,451 1040 <5 130 <1 <1 6 < 1 <6 16 <1 10 4600 3900 <50 <500

Rear Axlo

Metal

Mla Fe Pb Ot 0 Al Ni Ag Sn Si B Na 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 <1 7 4700 6100 <50 <500

4.007 200 15 310 < 1 < I < 1 < 1 < 5 14 < 1 35 4700 5800 < 50 < 500
8,090 300 45 560 < 1 28 < 1 < 1 < 5 17 < 1 20 4408 5900 350 < 500

12,674 320 52 760 <1 40 <1 < 1 <5 36 <1 50 4500 4900 600 <500
16,001 400 50 680 <1 38 <1 <1 <5 18 <1 80 4700 5000 800 <500
17,451 390 54 720 <1 34 <1 <1 <5 16 <1 55 4600 4800 700 <500
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TABLE 47

METAL CONCENTRATION OF IN-SERVICE
GEAR LUBRICANTS

Vehiclc No: 5E5776 Lubricant No: CCL-G-150

3 Transmission

Metal
Mileage Fe Pb Cu 0 Al NI Ag Sn St B Na P Zn Ca Ba

0 <1 <5 <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 <50 <500

4,013 50 8 21 <1 < 1 <1 < 1 < 5 2 < 1 7 1400 <50 <50 <500
7,930 90 !2 24 2 <1 <1 <1 < 5 3 <1 5 1300 <50 <50 <500

11,890 95 7 20 1 1 <1 <1 <5 3 <1 3 1500 <50 <50 <500
16,199 92 7 15 <1 < 1 <1 < I < 5 2 < 1 10 1400 < 50 <50 <500
20,152 140 10 18 <1 <1 <1 <' <5 10 <1 8 1500 <50 <50 <500

Tran.sfur Gear
Metal

Mileage Fe Pb Cu a Al NI ,4 SM el B Na P Zn Ca Ba

0 <1 < 5 <1 <1 <1I <1 <1 < 5 <1I < 1 10 1300 < 50 < 50 < 500
90 32 <$5 27 <1 I 1 <1I < I < 5 3 < 1 54 1400 < 50 < 50 < 500

4,013 200 < S 50 <1 I 1 <1I < I < 5 7 < 1 !1 1400 < 50 < 50 <.500

7,930 450 < S 60 <1 I 1 <1 <1 < 5 18 < 1 2 1500 < 50 < 50 <'.500
11,890 360 <5 46 <1 2 <', < I < 5 3 < 1 1 1400 < 50 <50 <500
16,199 210 < S 33 <1I < I <1I < I < 5 3 < 1 10 1500 < 50 < 50 < 500
20,152 320 < 6 54 <1I < I <1I < I < 5 7 < 1 7 IS00 < 50 < 50 < 500

Rear Axle

__Metal
Mileage Fe Pb Cu C Al Ni Ag Sn Si B Na P Zn Ca Ba

0 <I <5 <1 <I <I <I <I <5 <I <1 10 1300 <50 <50 <500
90 22 <5 32 <1 <1 <1 <1 <5 3 <1 27 1400 <50 <50 <500

4,013 130 <5 170 < I I1 <1 < I < 5 20 < 1 40 1300 < 50 < 50 <500
7,930 120 <5 240 1.1 10 " I < 1 < 5 5 < 1 120 1300 < 50 < 50 <500

11,890 310 <5 340 " 1 3h <1 <I <5 20 <1 70 1700 <50 <50 <500
16,199 95 <S 190 'J 6 <1 <1 <5 1 <1 13 1300 <50 <50 <500

S20,152 450 12 880 <1 48 <I <1 <5 19 <1 90 1700 300 <50 <500

1.1
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TABLE 48

METAW ,.,ONCENTRATIONS OF IN-SERVICE
LUBRICANTS FROM M-IS1 TRANSMISSIONS

Vehiclc No: 218600 Lubricant No: CCL-G-149r _________ _ _ Metal __________

Mileage Fe Pb Cu O Ai i W Ag Sn Si B Na P Zn Ca ea

r 0 <1 <5 <1 <1 <1 <1 <1 <5 <I <1 8 17GO <50 <50 <500

64 54 <5 8 <1 2 <1 <1 <5 4 < 1 10 1600 <50 <50 <500

4,000 540 54 21 3 11 <1 <1 <5 22 < I 45 2000 <50 <50 <500
S8,001 640 40 38 4 16 < I < I <5 33 < 1 3'5 1900 < 50 <S50 < 500

12,001 760 13 35 3 20 <1 <1 <5 29 <1 fi 1900 <50 <50 <500

15,955 840 18 28 4 14 <1 <1 <5 25 < 20 2000 <50 <50 <500

7 000 320 <5 4 <1 <1 <1 <! <6 3 < 1 1 1800 <50 <50 <500

Vehicle No.: 218645 Lubricant No.: CCL-G-150

Metal
Mileage Fe Pb Cu Cr AI Ni Ag Sn Si B Na P Zn Ca Ba

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

56 13 < 5 6 <1 1 <1 < 1 <5 2 < 1 6 1300 <50 <50 <500
4,000 60 35 25 < 1 3 < I < 1 <5 7 < 1 30 1400 < 50 < 50 < 500

7,988 780 22 62 3 10 <1 < I <5 29 < 1 90 1700 <50 <50 < 500
12,003 820 40 68 3 7 <1 < 1 <5 35 < 1 120 1500 <.50 <50 < 500

S16,093 1280 45 46 1 3 < I <1 <5 13 < 1 25 1300 < 50 <50 < 500

20,000 780 10 46 <1 5 <I < 1 <5 19 < 1 30 1300 < 50 <50 < 500

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

______Me______ ital _________ ______

Mileage Fe Pb Cu Cr Al Ni Ag Sn Si B Na P Zn Ca Ba

0 <I <5 <1 <I <I <I <I <5 <I <1 10 1500 <50 <50 < 500

71 14 < 5 9 <I 3 <I <I <5 5 <1 6 1300 < 50 <50 < 500

4,000 95 55 17 <1 10 <I <I <5 15 <1 30 1600 < 50 <50 < 500

8,171 920 57 44 7 30 <I <I <5 60 < 1 35 1700 <50 <50 < 500

11,998 880 21 46 5 26 <I <I <5 45 <1 25 180) < 50 <50 < 500

16,203 1120 22 44 6 25 <I <I <5 65 <1 20 1800 < 50 <50 < 500

19,952 530 5 24 :: < I < I <5 23 < 1 10 1600 < 50 <50 < 500
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Table 48

METAL CONCENTRATIONS OF IN-SERVICE
LUBRICANTS FROM M-151 TRANSMISSIONS (Coat'd)

Vehicle No.: 218666 Lubricant No.: CCL-G-149

Metea
Mileap Fe Pb Cu a Al Ni Ag Sn Si B Na P Zn Ca Ba

3 0 1 < 5 <I< I < <I <I < I 5 <S I <1 8 1700 <50 <(50 < 500
* . - -. .. ... . . - . .. . . . ...-

4,000 580 110 15 5 9 < 1 < 1 < 5 14 < 1 50 1900 < 50 < 50 < 500
8,027 750 12 28 5 15 <1 <1 < 5 29 < 1 40 2100 150 < 50 < 500

12,005 940 30 26 4 12 < I <1I <(5 27 <(1 50 2100 150 <50 <500
15,190 1140 14 24 3 ý0 < I <(1 < 5 39 <(1 13 1900 100 <(50 < 500
20,000 84r. 10 23 5 10 < 1 <(1 <(5 27 < 1 13 2100 100 <50 < 500

Vehicle No.: 2J8669 Lubricant No.. CCL-G-148

MetW!
Mileage Fe Pb Cu & Al Ni Ag Sn Si B Na P Zn Ca Ba

0 12 <5 <1 < 1 <1 <1 <1 <5 <1 < 1 5 4600 5500 <50 < 500
63 100 < 5 4 < 1 < 1 < 1 < 1 <5 1 < 1 7 4500 6100 < 50 < 500

4,000 160 8 12 < 1 <1I < 1 < 1 < 5 5 < 1 20 4400 5000 <50 < 500
I 8,000 3,250 18 42 5 2 11 <1I <5 11 <1 12 4300 4500 <50 < 500

11,927 5,080 25 40 5 3 10 < 1 < 5 17 < 1 13 4400 4700 < 50 <500
16,095 > 16,000 18 44 5 3 9 < 1 6 16 < 1 2 4300 4400 <50 <500
20,000 5,000 20 52 9 5 15 < 1 < 5 21 < I < 1 4800 5200 < 50 <500
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APPENDIX III

I TEMPERATURE DATA
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TABLE 1. SUMMARY OF PEAK TEST AND OPERATING
TEMPERATURES OF FIVE 1/4-TON MISI TRUCKS

AT 850 TO 95OF AMBIENT TEMPERATURES

Location Temperature, *F
LoatonMxiimum Mean Minimum

Water 212 189 186 181
Oil Gallery 230 221 220 218
Transmission 228 209 197 191
Transfer
Front Axle 180 178 172 168
Reai 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 M37BI TRUCKS

AT 850 TO 95OF AMBIENT TEMPERATURES

Location Tempe rature, 'F
oPeak Maximum Mean Minimum

Water 196 195 193 191
Oil Gallery 235 235 233 230
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 - - -

Wheel Bearings 120

TABLE 3. SUMMARY OF PEAK TEST AND OPERATING
TEMPERATURES OF FIVE 1-1/4-TON M715 TRUCKS

AT 850 TO 95 0 F AMBIENT TEMPERATURES

Location Temperature, *F

Peak Maximum Mean Minimum

Water 20A 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 850 TO 95 0 F AMBIENT TEMPERATURES

STemperature, _F

Lcation --P Maximum Mean Miinimum

Water '92 189 184 175
Oil Gallery 201 197 187 176
Oil Sump 207 204 198 191
Transmission 198 198 193 189
Transfer 235 234 2 217
Front Axle 127 126 118 101
Intermediate

Axle 179 170 161 149
Reay Axle 170 170 158 148*j Fuel to Engine 124 i24 123 122
Return Fuel 129 129 127 123
Brake Cylinders 145
"Wheel Beamnip < 120

122

!-



TABLE 5. SUMMARY OF PEAK TEST AND OPERATING
TEMPERATURES OF THREE 5-TON M54A2 TRUCKS

AT 850 TO 95"F AMBIENT TEMPERATURES

Location Tumperatures, OF

Peak Maximum Mean Minimum

Water 200 197 194 189
Oil Gallery 2i5 202 201 199
Oil Sump 234 209 205 200
Txan'mission 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, OF A'j 850 TO 90*F AMBIENT

Intermediate Re
Axle Axle

5-Ton 5E-5774 176 177
5E-5775 185 180

2 - 5E-5776 180 184

2-1/2-Ton 4J-2578 170 148
4J-4623 169 170
4J-2695 157 151
4J-2594 159 160
.4J-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 23-8669 - 224
21-8645 - 236
2J-8600 - 223
21-8693 - 2.8
2J-8666 - 246
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TYPICAL PLOT OF OPERATING TEMPERA i 'RES AS

M1 51 TRUCK 2J8669 TRAVERSES TEST ORSE

250 
Thermocouple Locations

S-/ 1- Water out
, / - Oil sump

A 1\,"" '-3 - Transmission-transferS4 - Front axle

2255 
- Rear axle

~~ -6Rear brake
I\ A 7 - Front wheel cylinder

v \, .. \/~ 8 8- Front brake

III ~200 I

175:

"0"1 0I;

"" ~125"

4) 00

412

m. ff"'\ \ /"",,,, ®D

,o . .... I
0 

200•• • 'oQ

,... ... / Mile..
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TYPICAL PLOT OF OPERATING TEMPERATURES AS
M37BI TRUCK 3G6207 TRAVERSES TEST COURSE

220

I- .

200 /

... ..............

140

12 Thermocouple Locations
12 I1 - Water

2 - Engine oil

3 - Transmission

4 - Transfer
5 - Front axle

100 6 - Rear axle

7 - F. brake

8 - R. brake

80

60
0 10 20 30 40 50 60

Miles
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TYMiCAL PLOT OF OPERATING TEMPERATURES AS
MIS I TRUCK 3FI99 TRAVERSES TEST COURSE

250 Thermrocou pie Locations

1 - Water outt
2 -Engine oil
3 - Transmission

200~~ 4 -T~se
5 - Front axle

6 -Rear axle
7 -Brake cylinder
8 - Wheel bearing I

150

150

1005 0 5

15026



TYPICAL PLOT OF OPERATING TEMPERATURES AS

M35A2 TRUCK 4J2578 TRAVERSES fEST COURSE

Thermocouple Locations

1 -Water out

2 -Engine oil 2-1 /2-Ton 4J 2578 SNI 3 -Transmnission

4 -Transfer

5 -F. axleI. 6 1 . axle

7 -R. axle

8 Oil surrip I*J..**.

10 -Fuel to. engine%

f ~ ~220 ***~**

18 - ,___6 _

140

120

100 -

0 10 20 30 40 50 60
Mile s
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TYPICAL PLOT OF OPERATING TEMPERATURES AS
M54A2 TRUCK 5E5776 TRAVERSES TEST COURSE

220 5.Ton 5E5776

S! ... ......

£ 180
**0*. ..... ..........

""4 Thermocouple Locations

4; 1 - Water
2 - Engine oil

o- 3 - Transmission
4 - Transfer case

5-F. axle
6 -I. axle7 - R. axle

"8 - Oil sump
9 9- Return fuel

140 10 - Fuel to engine

dol

120

100.
0 5 10 15 20 25 30

Mile s
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APPENDIX IV

DESCRIPTION OF UNSCHEDULED MAINTENANCE
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UNSCHEDULED MAINTENANCE

Failure
Category Miles Repairs

Jeep 2J8600

Engine 2,575 Eo.gine missed. The No. 3 intake valve push rod had come ott the rocker. It was repaired
and all tappets checked.

Engine 4,007 F".•ine missed. No. 3 intake valve push rod came off the rocker again. It was repaired
and all tappet clearances checked.

Drive Line 9,152 ALt U-joints tightened.

3 Engine 10,019 New seal made for dipstick-the old one came loose and was lost.

Drive Line 16,254 Replaced left rear axle outboard U-joint and companion flange on ;ear output shaft
of transfer. The U-joint broke in the middle of the cross and was considered a
metallurgical failure unrei ited 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.

Drive Line 17,694 All U-joints tightened.IL
Engine 18,093 Replaced points, condenser, coil, and light in tachograph.

Jeep 218645

Engine 10,735 Repaired oil gallery sample valve.

Drive Line 19,335 Rear axle faild. New driver recorded 450OI axle temperature and did not stop.
Test on this tuck was terminateo.

Jeep 218666

Engine 10,874 Adjusted carburetor idle. Installed a new oil pressure sending unit. The old one was
broken in modifying the oil gallery sample tamp.

Electrical 10,874 Installed a new left hý:adlight.

Engine 12,235 Gas mileage a little lower than the other Jeeps. 17iming 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.

Engine 15,910 Rechecked ignition timing and distributor advance curve. The curves on 2.8669 (the
most economical Jeep) and 2J8666 (which had the lowest economy) were identical
except for a 1.50 difference at the high end.

Engine 18,77' 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.

Drive Line 19,026 Tightened bolts on drive shafts.

Jeep 218669

Drive Line 6,606 Repack front drive shaft U-joint. This joint was taken off for a mid-test axle
iLr"pection and the cups came off and got dirt in them.

Engine 9,464 Spark plugs were cleaned and reppped. The carburetor idle was adjusted.

lEngine 9.557 A new gasket was installed between the exhaust manifold and the front pipe,
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UNSCHEDULED MAINTENANCE (Cont'd)

I alure Miles Repairs
Category

Jeep 2.18600 (Contd)

Engine 14,108 Reset points and adjusted carburetor idle.

Engine 18,469 New points installed. Rechecked timing.

Engine 19,175 Exhaust manifold had slid back about 1/4 in.; this was repositioned. Four of the Jeeps
had this same condition.

Jeep 2J8693

Electrical 3,27b Batteries ran down. Replaed voltage regulator.

Electrical 3,598 Batteries would not hold cilarge and were replacvd with now ones.

Engine 7,0'3 Replaced bolt in generator mount and tightered fan belts.

Engine 11,000 Replaced missing rear generator mounting bolt.

Engine 13,046 Replaced bolt in g.•nerator n.ount.

Drive Line 15,346 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.

Drive Line 16,203 Tightened all drive shaft bolts.

Engine 17,808 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.

Engine 19,903 Intermittent miss developed. Replaced frayed wire in distributor.

3/4-Ton Truck 3G6207

Electrical 223 Batteries overcharging and fuming. New voltage regulator installed.

Electrical 602 New left headlight installed.

Electrical 2,677 New brake pressure switch installed. The old one caused the application counter to
over-count, apparently from internal arcing.

Engine 3.514 Replaced leaking fuel line between fuel pump and carburetor.

[Speedometer 5,035 The speedomrler drive gear in the transfer case was slipping on the upper rear output
shaft. A %him was added to prevent this.

Engine 5,792 The No. I 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 c-ankshaft and measurements indicated the
journals were round and straight. The No. I rod journal was only about 0.0095-in.
undersize insterd of a full 0.010 in., but the journal to bearing clearance was still
well within specifications. Later opinion was that this was the nmost likely cause of
the trouble. New rod bearings were installed and the tett resumed.

Engine 6,994 The above repair did not la-t and the No. I rod bearing failed again-probably from
the same cause. The journal was scored, so a new standard size crankshaft with new
rod and main bearings was installed. A new No. I rod was also required.

1-ngine 8,582 Minor leak at oil filter fitting repaired. Oil lost was negligible.
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"UNSCHEDULED MAINIENANCE. (Cont'd)

Failure
Category Miles Repairs

3/4-Ton Truck 3GA,. "" (C.' .n,

Engine 9,801 Engine developed a mi,.i. No. 1 cylint~r had on:. 30-psi compression pressure. The
No. I intake valve was replaced and the seat wis gpound. The other valves and tappet
clearances were OK. The head was reinstalled witlout disturbing the deposits.

Engine 14,428 A new fuel and vacuum pump assembly was installed The old unit had a bad diaphragm

in the vacuum pump section.

Wheel Bearings 14,946.3 The right front wheel bearings failed. The drivers had been recording normal tempera-
tures in the 70 to 801F range and no noise has been reported. Cause of
the failure is unknown. A used spindle and the hearing adjusting nuts were purchased
and installed along with two new bearings and the inner seal. The bearings and C.V.

joints were repackcd. The brake system was not opened.
Engine 15,875 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 valve were installed and th! seats were
ground. All other valves and tappet clearances were OK.

Electrical 16,7 !0 Ammeter indicated vro charge. Replaced generator and cleaned and adjusted regulator
points.

Engine !7,053 Repaired oil leak at fuel pump.

Engine 17,178 Engine developed a knock. The No. 5 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.

Electrical 17,474 The brake light switch was replaced.

Brakes 18,012 The brakes were adjusted and 1/4 pint of fluid added.

Engine 18,517 Tightened timing gear cover, fuel pump bolts, and replaced oil filter hoses to
prevent oil leaks.

3/4-Ton Truck 3B3632

Drive Line 54 Adjusted clutch.

Engine 528 Oil filter line leaked, both replaced.

Electrical 1,039 Installed new voltage regulator.

Engine 2.238 Tightened bolts at several locations to prevent oil leaks.

Engine 2,999 A new rubber O-riag installed in the oil pump to stop an oil leak.

Drive Line 3,501 A new lower font output shaft seal and the s-al retainer pasket were installed in the
transfer case to stop J leak.

Engine 4,950 Oil leak at filter repai cd.

Engine 7,182 A new water pump was installed.

Enkgiae 11,543 The replacement pump drawn from Army stock and installed at 7.182 miles failedl; it
developed a bad bearing and seal, causing it to leak. A new pump was purchased and
installed.

Speedometer 17,413 The speedometer drive gear started to slip on the transfer case upper rear output
shaft, causing improper speed and odometer operation. A shim was added uo j1 ,event this
This failure occurred in both 3/4-ton trucks.
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UNSCHEDULED MAINTENANCE (Cont'd)

! !Failure

'Category Miles Repairs

3/4-Ton Truck 183632 (Cont'd)

Electrical 18,532 Repaired loose ground wire on left headlight.

Engine 18,562 The engine developed a miss caused by low compression in the No. I cylinder. The
No. I 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.

Engine 19,030 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. 5 rod bearing evidenced high
wear. Test on this truck was teiminated.

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 removed.

SEn11-/4-Ton 
Truck 3F3072

Engine 1,169 Engine developed a miss. A defective (No. 5) sýark plug lead was replaced.

Engine 10,003 Engine tuneup, new plugs, points, and '.ondenser.

Trailer 11,411 A iriver backed up improperly, jackknifed the trailer and bent the hitch. The hitch
was straightened and repaired.

Engine 15,559 The choke stuck in the closed position and the truck would not start. The choke was
freed-up.

1- 1/4.Ton Truck 3F3078

Fuel System 141 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 from the manufacturer. The new one was installed at 2,004 miles.

Steering 8,901 The steering wheel came loose and could be pulled up and down. The collar on the
steering shaft above the U-joint was tightened in place.

Engine 10.001 Engine was "uned tip.

Engine 18,138 Checked and reset ignition timing.

1.1/4-Ton Truck 3F31 75

Brakes 5,310 Adjusted front brakes and parking brake.

Speedometer 14,438.7 Speedometer cable broke and was replaced.

Engine 15,145.6 Engine was tuned up, iiew plugs, poiPts, and condenser.

/. 1/4-Ton TPuck 3F3i83

Engine 4,092 Fan belts came off while the truck was being driven. The belts were retightened.

Engine 4.900 A second road call "as mrnde for this truck; the harmonic balance had come apart and
.-as replacd with a new one and new fan belts.
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UNSCHEDULED MAINTENANCE (Cont'd)

Failure Miles Repairs

Category

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

Engine 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

f• the crankshaft. New ones were installed, together with a new rear main bearing seal.

These three initial failures are t -lieved to all have been related Possibly the
fagling harmonic balancer mry h iwe wobbled enough to throw the tan belts off and
induced torsional vibration which t,:'•ke the flywheel belts.

Electrical 5,709 The alternator was not charging. A new one wis installkd.

Steering 9,571 The steering wheel "squawked" when it was tu;ned. ThEi wa, -epaired.

Brakes 10,226 Adjusted Brakes.

Drive Line 14,590 Front axle differential cover either ran 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 rua out and ruin the axle. A new axle assembly was installed, but
the original C.V. joints, braces, and wheel bearings were continued in service.

Engiae 16,367 Replaced points and set timing. Spark plugf ')K.

11.1- , Truck 3F3199

Wheels 3,002 frivers say' front end wobbles or shimm,,ies. Check- front wheel alignment, tire pres-
F4 Aires, whe-l bearinF, idjustment.

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

I t Electrical 3,215 Left stop light replaced.

Instruments 4,135 The oil pressure gage was tightened in place in the instrument cluster panel.

SDrive Line 5,085 The clutch dis. failed. A new disc and pressuie plate were installed.

Speedometer 5,221 A new speedometer cable was installed.

Engine 8,672 New spark plugs were installed.

Trailer 10,602 The trailer hitch was damaged from improper backings. It was straightened and repaired.

Chassis 14,244 The right rear shock absorber was broken loose. It was welded and repaired.

Engine 14,631 Engine was tuned up New plugs and points were installed. Also, the gas tank attac!,-
ments were tighteted.

Electrical 16,999 R.eplaced a tail light bulb.

Drive Line !9,017 Tightened bolts on front and rear differential covers.

2.1/2-Ton 7Tuck 4J25 78

Engine 3,676 Tightened valve covers to stop an oil leak.

Electrical 3,676 One new instrument light installed.

Engine 5,989 The sample valve i-stalled in the oil gallery broke off (from fatigue induced by
vibration) while the truck wis en route to Padre Island. A new valve wais installed
and 14 quarts of oil added. The oil capacity is 22 quarts and this failure did not

damage the engine.
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UNSCHEDULED MAINTENANCE (Cont'd)

FailureCate Miles RepairsCa:tegory

2-1/2-Ton Track 4J2578 (Cont'd)

Engine 9,922 The No. I intake valve rocker arm bent and cracked next to the adjusting screw. A new

rocker arm and push rod were installed. All tappet clearances checked OK.

Tires 10,313 Tires rotated.

Engine 15,004 New rear rocker arm cover gasket installed.

Brakes 15,004 Adjusted brakes.

Drive Line 16,902 Tightened bolts on intermediate axle drive shaft companion flanges. The front axle
pinion seal leaks a little but not enough to warrant changing the seal.

2-1/2-Ton Truck 4V2594

Electrical 1,168 The generator was replaced.

Wheels 2,890 A new lug bolt was installed on the left intermediate wheel.

I Electrical 9.083 The voltage regulator was undercharging and was replaced with one we hsd adjusted.

Wheels 9,.8) A stud broke on the right trailer wheel and was replaced with a new one. On the M 105
trailers, the wheels do not fit on a center pilot and all radial loads a.e carried

by the six lug bolts.

Tires 10,001 The tires were rotated.

I Brakes 12,002 The brakes were adjusted and one ounce of fluid was added.

Electncal 14,669 Rtplaced turn signal flasher and tachograph light.

Brakes 14,669 Aijusted brakes.

Tires 17,365 Three new tires installed (both L.R. duals and R.F.).

S2-1/2-Ton Truck 4/.2695

Drive Line 341 The right intermediate wheel le:tkrd gear oil. A new drive iange gasket was installed.

S)rive Line 4,343 The clutch failed. A new clutkh dist and pressure plate were installed.

Electrical 8,795 The generator was replaced.

"Brakes 8,795 Repaired air leak in line at the compressor.

Tires 10,001 Tires rotated

Engine 11,480 The truck suddenly developed a heavy knock as tt"-! vehicle was being driven approxi-
maetey 4v mph awong the Hitt high-speed course. The truck was towed to the Institute
"and the engine oil pan was removed for an inspection. The crankshaft was found to be
brolen. 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
usecý iud ind rain bee'ings. sre continueu in service.

Engine 16,412 Installed new watcr temperature thermostat.

2-112- Ton# Truck 404609

Drive Line 187 New side cover gaskets installed on rear apd intermediate axles

Drive Line 1.037 Left rear wheel leaking lubricant. Removed left rear whe., leanied and repacked bear-
ings and installed new inne; and outer sraes.
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UNSCHEDULED MAINTENANCE (Cont'd)

Failure miles RepairsI Category

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

Brakes 4,0d\o Adjusted brakes.

Engine 4,000 A new sample valve was installed-the old one leaked a little. This t; ick gave a
little lower fuel mileage than 4J2695, so injecto, timing was checked again. Both

- ' were OK.

ElectriLal 5,331 The generator and regulator were replaced.

Brakes 8,406 The left front wheel developed a leak where the brake hydraulic line attrches to the
wheel cylinder. New copper washers were installed in this fitting and 112 pint of
fluid was added to cover losses and in bleeding this cylinder. The brakes were
adjusted again.

I
Engine 8,406 New rocker arm cover gaskets were installed.

Engine 9,198 Leak in accelerator arm cover on injector pump coi xcted by tightening screws.

rires 9,9'18 Tires rotated.

Electrical 11,042 Tightened battery cable.

Bfakes 13,347 Adjusted brakes.

Brakes 13,362 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.

I 2-1/2-Tor Truck 4J4623

Wheels 1,067 Adjusted front wheel toe-in.

Wheels 2,641 Replaced six studs and nuts on left trailer wheel and one stud and nut on the right
trailer wheel.

Drive Line 2,901 Replaced the upper rear output shaft seal in the transfer case.

Electrical 7,955 Generator not charging. Installed a readjusted voltage regulator.

Tires 9,754 Rotated tires.

Electrical 12,000 Trailer light cable broke and was repaired.

ElectAcal 12,490 Horn button assembly La- apart and was repaired.

Electrical 12.677 The oil pressure gage failed. A substitute Ashcroft gage was connected to the oil
gallery sample valve. Pressure was OK.

Brakes 15,694 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.

I 5-Ton Truck 5E5774

Drive Line 209 A new gasket was put on rear axle top cover to stop an oil leak.
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FaluseCate Miles RepairsCategory

5-Ton Truck SE5774 (Cont'd)

Engine 748 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 internal!y 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 not 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-IA 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.

Electrical 816 A new starter was iiistalled.

Drive Line 816 Rear axle side cover gasket replaced to stop a leak.

Electrical 1,107 Replaced two instrument light bulbs and one stop light bulb.

Brakes 1,107 Repaired brakes on trailer (non-test equipment).

Wheel Rearing 1,852 Right wheel leaking lubricant. The wheei was removed, cleaned, and the hub replaced
with grease. A new inner v-al was installed. Axle lube level was OK.

Electrical 1,852 Replaced left rear trailer tail light.

Electrical 2,270 Repaired loose battery cable and loose wire on starter.

Engine 3,771 Engine stop wire pulled out of collar on injection pump; engine would not stop. This
was repaired.

Electricai 4,007 Replaced rear generator bolt.

Engine 4,155 No. 1 intake valve clearance less than specifications. Adjusted and checked allvalves.

Drive Line 5,805 Installed new (bellows type) boots on inboard side of front wheel C.V. joints. TheV original ones were cracked and torn.

Engine 6,810 The pulley at the front of the crankshaft brcke and damaged the fan. A new pul!ey,
fan, and timnng cover seal were installed.

Drive Line 7,256 Intermediate axle hub. leak lubricant. The hubs on both sides were cleaned, repacked,
and new seals were installed.

Drive Line 8,090 Tightened bolts on companion flanges of jack shaft between transmission and transfei

case.

Engine 8,411 Replaced two fan belts and adjusted air compressor belt.

Engine 9,175 Replaced tachometer angle drive on front of timing cover.

Engine 9,566 The front crankshaft 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.

137



UNSCHEDULED MAINTENANCE (Cont'd)

FailureSCategory Miles RepairsCategory

5-Ton Truck 5E5 774 (Contd)

Engine 9,797 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.

Engine 10,068 The truck developed a miss and did not run satisfactorily. The Nos. 5 and 6 cylinders

had low compression. On the previvus 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 edge
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 tempeatures, 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
below 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.R 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. 5 exhaust valve push
rod was bent and the edge of the precup in the No. 6 piston had eroded or burned

away to - considerable extent. To repair this engine, two new heads with valves,
springs, keepers, and manifolds were removed from our second spare LD-465- IA 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

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

Brukes 12,638 Intermittently, the brake pedal could be pushed almost to the floor, but on a second
stroke a normal high-pedal prevailed. The master cylind.er 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.-Iong section of the edge of the lip of the rubber cup on
the piston assembly (63477-FO-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.

Drive Line 12,727 The clutch failed. The disc was relined,

Brakes 13,035 The brakes again became intermittent. The air-hydraulic boost cylinder (a non-test
item) wa3 removed from 5E5i"75 (which was in the shop for a major repair), washed out
with ethyl alcohol, installed on 5E5774, and filled with the proper fluid. No replace-
ment cq linder was available, so the failed unit was sent to a local brake service
company ftr overhaul.

Engine 14,025 The engine knocked. The pan was removed and the rod and main bearings were inspected,
"'he thought was that one bearing might be failing and, if caught in time, could be
replaced and further 'ileage accumulated. All of the bearings were judged reasonably
serviceable so 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 inmpending failure.
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UNSCHEDULED MAINTENANCE (Cont'd)

Failure
Category Miles Repairs

5 Ton Truck 5E5 774 (Cont'd)

- Winch 14,322 The dt,vc- shaft between the trart::.ission and winch broke in half and dented the engine

oil pan. This is a non-test itm 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 5E5775

Brakes 1,455 Adjusted parking brake.

"Electrical 2,954 Replaced license plate light bulb on trailer.

Electrical 3,675 Replaced right rear market light bulb.

" Electrical 4,229 Replaced tachograph light bulb.

Engine 4,699 Tightened loose cap on side of injector pump which was leaking. This also seemed to
affect a low-speed fuel knock.

Engine 5,030 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. All 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.

Drive Line 5,798 Installed new (bellows type) boots on inboard side of front wheel C.V. joints. The
original ones were cracked and torn.

Engine 5,798 Oil seeps out of relief slot 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 ciust come from a cracked rubber O-ring in the gasket later proved

correct. This did not affect oil pressure or oil flow and current production gaskets
do not have these O-rings anymore.

Electrical 7,021 Replaced left rear trailer light bulb.

Engine 7,246 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-0-146) and coolant
levels were proper. The oil pan was removed for an inspection which indicated the
No. 5 rod bearing had failed and scored the crankshaft journal. The engine was
removed from the chassis and a n-w crankshaft (removed from a new spare LE-465-IA

_i,_ne) 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 abrPJed t±t lIwer en.d. Since it
was necessary to remove the No. 5 piston to put the rod on, the rear heiA was taken

off. The valves were removed from the head for inspection and the guider were found
to be heavily worn. One of the heads, complete with valves and spring.,, removed
from 5E5774 at 748 miles (when ttu wrler-air manifold cracked) %%is prepared by refac-
ing and reseating the valves and was used in tins repair.

The excessive wear of the No. 5 rod bearing had allowed the piston to travel higher
during its up-stroke than is normal and the piston top had struck a valve, although
withott appatent damage. The precups in the -rowns of the Nos. 5 and 6 pistons had
large openi 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 service.
None of the others were removed, and all of the cylinJer bores were in satisfactory
condition.
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UNSCHEDULED MAINTENANCE (Cont'd)

Failure
Category Miles Repairs

5-Ton Truck 5E5775 (Cont'd)

Engine (Cont'd) 7,286 The engine was reassembled without washing any of the parts. Metal debris remainin~g
in the oil pan after the drain was picked out by hard.

The coupling haff, part number 2910-966-7393, which drives the injector pump had one
stripptd 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 doer 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 cause trouble.

The power steering pump drive shaft was noted to have ,lipped 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 fell out of the power steering
pump, probably 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 segrments 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 cerametali\ type
with relatively few trapezoidal facings instead of a full set of radial segments.II New oil filters were installed to minimize debris in the engine and a fresh change

of oil was weighed into the enginc.

Cooling
System 7,515 Lower radiator hose leak was repaired and 3 gal of antifreeze were added. No heating

problem had occurred, however.

Engine 8,148 The engine developt.' a miss and had low compression on the Nos. 5 and 6 cylinders.
The rear head complete with valves and springs was replaced with one removed from
5E5774 at 748 miles. All valve clearances were checked and adjusted.

Drive Line 12,010 Bolts were tightened in all drive line companion flanges.

Electrical 12,841 Replaced a headlight.

Engine 13,119 The front head gaskct was leaking oil to the outside of the engine. The front head
was removed and a new gasket was installed. Oil got in the cooling system and anti-
freeze in the cd, so fresh oil was put in the engine and fresh antifreeze in the
radiator.

Engine 13,935 Following the fuLgoing renair, the truck was driven to Padre Island and subjedted to
200 miles of high-tor.luC, all-wheel drive operation in the deep sand at a location
known as "Little Shell," an area marked by a sign posted by 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 2150 water
out. 2300 oil gallery, and 2500 in the oil sump were reported. Blowby
became excessive and the exhaust smoked more than the usual 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. 5 and 6 pistons were taken out of the block. The No. " 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 !uge cracks and chips broken out of khem.
The No. 6 cylinder liner was cracked vertically and the rim at the top of the liner
was cracked partially around the circumference. The No. 6 liner was pressed out witt
a hydraulic ram and a new liner was installed. Also, new Nos. 5 and 6 pistons were
installed with the original used rings.
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t Failure
Sategor Miles Repairs

5.Ton Truck 5ES 775 (Cont'd)

Engine 14,073 After one trip on the test course, the truck consumed 2 gal of antifree7e and 20 lb 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 5E5 776

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. Locl. washers were installed throughout.

Engine 7,432 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 rmar head was removed arid inspection
r.vea!ed that all of the valve guides were heavily worn and it would not be practical
to reface and resat the valves with the Skmides in such condition. Replace valves and

gudes were not available, so the head was replaced (complete with valve- and springs)
with one removed from 5E5774 at 748 miles (after the valves were refaced ar.d reseated).
AU valve tappet clearances were checked.

Engine 770W Replaced a water manifold bolt and 3 gal of fresh antifreeze. Leak did not cause any
heating problem.

Eleclri.al 17 05 Replaced voltage regulator with one which was used but had oeen adjusted.

Electrr idj 8,544 The starter solernoid failed and was rebuilt.

Electrical 8,669 Replaced burned out left headlight.

trive Line 11,057 The clutch was slipping 'n several of the segments on both the front and back of the
clutch disc had large chips brokenl out of them. A new disc was installed.

Electrical M1,890 The starter solenoid failed and was r-piaked.

Brakes 1 1,890 The air line between the coi..::ressor and the air tanks chafed against the frame and
developed a leak. A new lip wi :,stallei.

"rrakes 13,185 Adjusted brakes and checked tappets.

1-uel :4,090 f' f." el line between fuel filier a:,.l injector pump.
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UNSCHEDULED MAINTENANCE (Cont'd)

Failure Repairs

Category

5-Ton Truck 5E5 776 (Cont'd)

Drive Line 15,288 Adjusted clutch pedal free play.

Electrical 17,923 Installed new stop light switch.

I Engine 18,960 Replaced rear valve cover gasket to stop an c;' .eak.

Ii
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FINAL EVALUATION OF BRAKE CYLINDERS AND
I ~LABORATORY DATA ON ANTI FREEZE
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F;NAL EVALUATION -BRAKE CYLINDERS-FIELD TEST-SwRI

Water
Vehicle Reg. No. Brake Fluid Content, % Inspection of Brake Parts Remarks

1/4-Ton, 2.8600 VV-B-680 20 All cylinders operational. Moderate Master cylinder
ISIAI deposits on pistons and interior of and pistons are

cylinders. Light rust on cylinder aluminum.
wa]!s. Small pits on whiel cylinder
pistons. Cups OK.

1/4-Ton, 2J8645 VV-B-680 1.7 Ali cylinders operational. Moderate Master cylinder
151 AI deposits on pistons and interior of and pistons are

cylinders. Light rust on cylinder aluminum.
walls. Small pits on wheel cylinder
pistons. Cups OK.

1/4-Ton, 218666 MIL-H-13910 1.5 Wheel cylinder pistons frozen. Master cylinder
151AI Excessive rusting on interior of and pistons are

cylinIers. Pistons show moderate to aluminum.
excessive stain and small pits.
('ups OK.

1/4-Ton, 2)8669 MIL-H-! 3910 1.9 Wheel cylinder pistons trozen. Master cylindt:
151 AI Lxcessive rusting on interior of and pistons are

cylinders. Pistons show moderate to aluminum.
excessive stain and small pits.
Cups OK.

1/4--Ton, 218693 MIL-P-46046 1.1 Master cylinder rough. Wheel Master cylinder
ISIAI cylinders OK. Pistons OK. Cups OK. and pistons are

All cylinders operational and in very aluminum.
good condition.

3/4-Ton, 3B3632 VV-B-"8O 2.6 Master cylinder has small pitted ar-a. Master cylinder
M37 Spring rusted in spots. Plating re- piston anodized.

moved from check valve. Moderate Two wheel cylinder
gritty sludge. Wheel cylindczrs on pistons Parkerized.J 1-1/4-in. end pistons have heavy pit-

ting and on 1-3/4-in. end, moderate
pitting. Cylinders have excessive cor-
rosion. All cylinders operational.
Cups OK.

3/4-Ton. 3G6207 VV--80 1.8 Excessive corrosion on check valve. Anodized master
M37 Light corrosion on master cylinder, cylinder piston.

Pistomts and cylin4:is coated with
excessive bediment-i-I/4-in. end of
cylinders show modt rate to exces-
sivc coriosion. 1-3/8-4n. end shows
excessive corrosion. Pistons show
excessive corrosion. Cups OK (one
cup--heAvy scuffing). All cylinders
operational.

i-I/,4Ton. 113072 VV-B-680 2,2 Light pitting in master cylinder. Aluminum master
M7I15 Plating off check valve. Wheel cylinder piston.

cylinders show light scattered pittiny.
Pistons show moderate to heavy pit-
ting. All cylioders operational.
Cups OK.

1-I/4.-on. 31-3175 MIL-H-13910 1.2 Light rust in master cylinder. Plating Aluminum master
M715 removed from check valve. Rust in cylinder piston.

master cylinder reservoir. Wheel
cylinders and pistons coated with
excessive 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.



FINAL EVAýUATION-BRAKE CYLINDERS-FIELD TEST-SwRI (Cont'd)

Wat er

,Vehicle Reg. No. Brake Fluid Conte-it,% Inspection of Brake Parts Remarks

1-1/4-Ton, 3F3078 VV-B-680 0.5 Light rust in master cylinder. Plating Aluminum master
M715 removed from check valve. Spring is cylinder piston.

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

All cylinders operational.

j 1-1/4-Ton, 3F3183 MIL-H-1910 1.3 Light rust in master cylinader Light Aluminum master
M715 corrosion on steel cup protector reser- cylinder piston.

voir shows excessive rust. Wheel cylin-
ders show heavy stain and lignt to
moderate corrosion. Moderate. to
heavy -''ti,,' on pistons. Moderate
sedimet,, )K. ,1di cylinders
operatio ..

1-1/4-Ton, 3F3199 MIL-P-46046 0.7 Master cylinder OK. Master cylinder Aluminum master
M715 piston shows excessive corrosion. cylinder piston.

Some plating off check valve. Wheel

cylinders and pistons OK. Cups OK.
All cylinders operational.

2-1/2-Ton, 4.2578 VV-B-680 2.4 Excessive pitting on spring and check
M35A2 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.

2-1/2-Ton, 412594 VV-B-680 2.8 Excessive pitting on spring and check
M35A2 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.

T 2-1/2-Ton, 412695 MIL-P-46046 2.0 Light rust in master cylinder. Mod-

M35A2 crate sediment. One wheel cylinder
excessive corrosion and pitting, four

'I wheel cylinders light corrosion and
pitting, one whcel cylinder OK. Six
pistons excessive stain and pitting.
Six pistons moderate stain and pittirg.
Cups OK. All cylinders operational.

2-i/2-Ton, 4.4609 MIL-P-46046 1.8 Light rust in master cylinder and mod-
M35A2 crate 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.

2-1/2-Ton, 4J4623 MIL-H-13910 3.3 Excessive corrosion on spring and
M35Ah check valve. Moderate sediment. Ex-

cessive rust in wheel cylindeis. Six
pistons show excessive pitting. Six
pistons snow light to moderate pitting.
Moderate sediment. Cups OK. All
cylinders operational.
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FIELD EVALUATION -RRAKE CYLINDERS-FIELD TEST-SwRi (Luait'd)

Water
Vehicle Reg. No. Brake Fluid Content, % Inspection of Brake Parts Remarks

5-Ton, 5E5774 VV-B-680 0.8 Light rust in master cylinder. Two Parkerized spring.
M54A2 nickel cylinders OK. Three cylinders Anodized MC

light to moderate corrosion. One piston. Front wheel
wheel cylinder excessive corrosion. cylinders are
Ten pistons moderate pitting, one electroless nickel.
light, and one heavy pitting. Exces-
sive sediment. Cups OK. All
cylinders operational.

5-Ton, 5E5775 VV-B-680 1.4 Two nickel cylinders OK. Two wheel Parkerized spring.
M54A2 cylinders light corrosion. One wheel Anodized MC

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

5-Ton, 5E5776 MIL-P-46046 1.1 Light corrosion on spring in master Anodized MC piston.
M54A2 cylinder. Light to moderate scoring Front wheel cylin-

on wheel cylinders. Light pitting on ders are electroless
pistons. Light sediment. Cups OK. nickel.
All cylinders operational.

17
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ARCTIC ANTIFREEZE FIELD TEST-SwRI

Laboratory Evaluation

Maintenance Involving
Reg. No. Vehicle Mileage Solution pH R.A. Coling System

5E5774 5-Ton 50 Cle'.. 7.2G 6.90 Refilled -t 748 miti, ,water air manifold12,674~ H.rs7694.9 00 8 mlstinpcadreair mNio. 4
5,805 H. rust 7.10 6.50 cracked, head removed. Heads removed at

12,674 H. rust 6.98 6.90 10,068 miles to inspect and repair No. 4,

16,001.1 H. rust 6.95 6.50 No. 5, and No. 6 valves and pistons.
17,451 H. rust 6.95 6.40

5E5775 5-Ton 92.4 Clear 7.13 6.65 Water manifold bolt off, at 7515 miles 3 gal
5,798 V.H. rust 7.02 6.40 added. Refilled at 13,189 miles, 2 gal added

12,000 V.H. rust 6.98 6.40 at 14,073 miles. Oil on top of sample.
14,095 SI. rust 7.1 5.80

5E5776 5-Ton 50 Clear 7.15 6.80 Rear head removed at 7,432 miles. Valves
5,793 V.H. rust 7.15 6.65 replaced and reseated.

11,890 V.H. rust 7.12 6.40
16,199 VII. rust 7.10 6.30
20,152 V.H. rust 7.08; 6.10

4J2578 2-1/2-Ton 50 Clear 7.20 6.30
5,804 Mod. rust 7.23 5.70

12,016 V.H. rust 7.23 6.50
20,000 Mod. rust 7.25 5.30

4J2594 2-1/2-Ton 50 Clear 7.20 6.40
5,820 H. rust 7.20 6.10

12,002 H. rust 7.18 5.90
20,000 H. rust 7,18 5.70

U2695 2-1/2-Ton 50 Clear 7.12 6.60 Engine pulled at 11,480 to replace broken
5,820 Med. rust 7.10 6.30 crankshaft. Thermostat replaced at

11,993 H. rust 7.10 6.70 16.412 miles-no overheating.
20,000 Mod. rust 7.08 6.50

4J4609 2-1/2-Ton 50 Clear 7.22 6.50
5,800 H. rust 7.25 5.80

12,012 V.H. rust 7.22 5.60
20,000 V.H. rust 7.17 5.10

4 44623 2-1/2-Ton 50 Clear 7.20 7.00
5,805 H. rust 727 6.20

12,000 H. rust 7.28 6.00
20,000 Mod. rust 7.22 5.70

3F3072 1-1/4-Ton 50 Clear 7.22 5.90
5,816 SI. cloudy 7.22 5.50

12,034 SM. cloudy 7.28 6.40
20,000 SI. cloudy 7.22 5.20

3F3078 1-1/4-Ton 50 Clear 7.35 5.60
5,799 SI. cloudy 7.28 5.20

11,935 SI. cloudy 7.17 4.90
20,000 SI. cloudy 7.22 4.80

3F3175 1-1/4-Ton 50 Clear 7.38 6.00
5,787 SI. cloudy 7.2 5.30

12,060 Mod. cloudy 7.13 4.80
20,000 Mod. cloudy 7.25 4.10

3173183 1-1/4-Ton No initial sample received.5,801 Si. cloudy 7.38 4.30
12,177 Clear 7.33 4.10
20,000 Clear 7.48 4.20

31`3199 l-l/4-Ton so Clear 7.52 4.50
5,800 SI. cloudy 7-50 4.10

"""12,143 SI. cloudy 7.43 3.80
i20,000 SI. cloudy 7.38 390,l
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ARCTIC ANTIFREEZE FIELD TEST-SwRI (Cont'd)

Laboratory Evaluation

Maintenance Involving
Reg. No. Vehicle Mileage Solution pH R.A. Cooling System

33B3632 3/4-Ton 67 Clear 7.25 6.00 Pump replaced at 7,182 miles. Pump
5,807 Clear '7.1., 5.80 replaced at 11 543 miu'

12,000.8 Clear 7.12 5.80
20,000 lear 7.12 6.40

3G6207 3/4-Ton 48.7 Rusty 7.18 5.90 Engine rebuilt at 5,792 miles. New No. 4
5,793 H. rust 7.07 6.10 intake valve installed, and No. 4 intake and

12,001 H. rust 6.98 6.00 exhaust valve seats ground at 15,874 miles.

20,000 SI. rust 7.02 6.40

2J8600 1/4-Ton 63.7 Clear 7.22 6.30
5,856 SI. rust 7.15 6.10

12,001.3 SI. rust 7.10 620

20,000 SI. rust 7.05 5.50

2J8645 1/4-Ton 55.8 Clear 7.15 6.50
5,802 Clear 7.15 6.20

20,000 V.SI. rust 7.08 5.50

2 .8666 1/4-Ton 50 Clear 7.22 6.50
5,803 Clear 7.18 6.10

12,005 Clear 7120 5.50
20,000 Clear 7.15 4.70

2J8669 1/4-Ton 50 Clear 7.12 6.50
5,940 Clear 7.10 6.00

20,000 Clear 6.98 5.20

I 238693 1/4-Ton 50 Clear 7.22 6.50
* 5,802 Clear 7.15 6.10

11,998 V.SI. cloudy 7.08 6.00
2),000 Clear 7.02 5.40

I1S I-

I-
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