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ABSTRACT

An initial production test of three Trucks, Utility, 1/4-Ton, 4x4,
M151A2 was conducted by Yuma Proving Ground during the period 6 April to A
3 August 1970. ‘ i

The purpose of the test was to determine contractor conformance to
contractual requirements, investigate adequacy of quality assurance
procedures and provide verification of safety of the vehicles with
particular emphasis on vehicle stability.

After 1000 miles of break-in, each truck completed approximately
20,000 miles of durability operation. Cooling, dust, toxic hazard and
various performance tests were run, and safety and maintenance evaluations
were made. Tests were also undertaken to determine the effect of the new
semi-trailing arm rear suspension on vehicle stability and handling.

It was concluded that:

a. Vehicle was not adequately suppressed for radio interference
radiation.

b. The design and/or quality of the A-frame control arms and
propeller shaft yokes are inadequate.

c. Uneven application and brake pulling observed throughout test
constitutes a safety hazard.

d. The rear suspension redesign has substantially improved vehicle
stability and handling.

It was recommended that the brake and A-frame problems be corrected
and that all deficiencies and as many shortcomings as possible be corrected.




FOREWORD

Yuma Proving Grouand was respensible for test planning, test executionm,
and test reporting. ‘
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SECTION 1. INTRODUCTION

1.1 BACKGROUND . ' -

The M151 series vehicles have been found unsafe wmder certain
driving conditions, and have demonstrated a nunber of deficiencies.

A modified independent rear suspension consisting of semi-
trailing arms to replace the lateral swing arms has been tested and
evaluated. The trailing arm design eliminated oversteer and produces
sufficient body roll to provide a warning of impending danger during turms."

Three successive but sepgrate test programs, performed on 19
vehicles, accumulated a total of 340,000 miles. Major deficiencies in-
cluded the transmission~transfer case, rear axle differentials and rear
axle drive shaft universal joints. The first two test programs, an
initial comparison test and a product improvement test, established the
serious nature of these deficiencies. The third test, an extended
inspection comparison test, disclosed correction of certain problems
in the deficient components; however, other problems still persisted
requiring additional testing to establish the merits of further
improvements. The quality of the vehicles was poor; fasteners were
improperly tightened and were incapable of maintaining torques or
adjustments.

The M151A2 vehicles provided for this test have incorporated
the modified independent rear suspension and other safety features as
well as improvements to deficient components.

1.2 DESCRIPTION OF MATERIEL .

The overall configuration of the Truck, Utility, 1/4-Ton, 4x4,
M151A2 remains basically the same as previous models, but includes the
modifications listed in Appendix I.1ll. Readily noticeable are the larger
one-piece windshield and rear window, the deep dish steering wheel, the
windshield washer and wipers, the larger class "A" lights, the mechanical
fuel pump located on the right side of the engine and the trailing arm
suspension at the rear and underside of the body.

The M151A2 vehicle dimensions, capacities, and weight remain
unchanged from the M151Al. It is still powered by a four-cylinder, water-
cooled gasoline engine, a four-speed forward transmission and selective
front wheel drive. Performance characteristics, such as gradeability,
maximum speed, braking, water fording and cross-country mobility, are the
same as previous M151 series vehicles, although overall safety of the
vehicle is improved. Characteristics are shown in Figure 1.

The test vehicles, USA Reg No. 02DU8170, 02DU8370 and 02DU8670,
will hereafter be referred to as U8l, U83 and U86, respectively.

1-1




JCP-, DPG

1.3 OBJECTIVES

a. To provide evidence of contractor conformance to contractual
requirements, capability of manufacturing methods, adequacy of quality
assurance procedures and ability to maintain the required level of quality
throughout the production cycle.

b. To provide information to support a USATECOM position on
suitability for release as required by AMCR 700-34.

¢. To provide verification of safety of the vehicles with
particular regard to vehicle stability. . o

1.4 SCOPE

An initial production test of three M151A2 trucks was conducted
from 6 April to 3 August 1970. Approximately 1000 miles of break-in
operation and durability-reliability miles were completed by each vehicle.
Cooling, dust, toxic hazard and various performance tests were run, and
safety and maintenance evaluations were made. Tests were also undertaken
to determine the effect of the new semi~trailing arm rear suspension on
vehicle stability and handling.

1.5 SUMMARY OF RESULTS

1.5.1 Preparation for Test (Para. 2.2)

The three vehicles were received at Yuma Proving Ground on
1 April 1970. 1In the receiving inspection the seal on the truck van was
found to be improperly secured. Batteries in U8l and U83 were connected JRRR
and the latter was discharged because the ignition switch had been left on. R
One shortcoming was observed during the initial technical inspection; the
toe-in for the front wheels was between 19/32 inch and 3/4 inch for all
vehicles. No problems were observed during break-in operation, and a post
break-in inspection was not deemed necessary.

1.5.2 Performance (Para. 2.3)

The cramping angle of one vehicle was 1 degree in excess of
the specification. Two vehicles failed the radiation phase of the radio
interference suppression tests in the lower frequency range.

1.5.3 Cooling Tests (Para. 2.4)

The engine coolant or oil temperatures exceeded specified or
desireable limits in all runs in first gear.

The coolant temperature to the radiator exceeded the specified
232°F (7 psi radiator cap) at 1000 and 1800 rpm engine speed. The engine
oil sump temperature exceeded the desirable maximum value of 270°F at
4000 rpm.

1-2
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'1.5.4 Dust Tests (Para. 2.5)

Service of the air cleaners under normal dust conditions was
not required more frequently than the 1000-mile interval specified in the
vehicle lubrication order. No serious dust contamination or damage to the .
engine or other vehicle components was observed as a result of normal dust
operation.

In extreme dust tests the air cleaner reached maximum
restriction in 3.75 hours. During this period the air cleaner ceased to
function properly and only oil wetted dust was left on the air cleaner
oil cup. Pullover of oil to the engine occurred. The inside of the
intake air hose connecting the carburetor to the air cleaner was covered
with dust. Dust deposits were observed on all spark plug electrodes and °
engine cylinder compreasion ‘had dropped an average of 30 psi from pretest
checks.

1.5.5 Toxic Hazard Tests (Para. 2.6)

There was no discernable concentration of carbon monoxide at
any crewmenmber positionm.

1 05 o6 Maintain‘bility Lparac 2 . 7)

The ratio of total maintenance man-hours to operating hours
(assuming 20 miles per operating hour) was 10.4 percent. Based on actual
operating hours, this ratio was 12.3 percent. '

No maintenance was required at the direct support level.

The manuals were generally adequate as were the tools.
Maintenance presented no unusual problems.

1.5.7 Durability and Reliability (Para. 2.8)

The three vehicles completed a total of 63,164 miles over all
courses as summarized in Table 1.

TABLE 1. Total Accumulated Mileages

us1 us3 ug6

Break-in 1,001 998 1,012
With trailer 10,001 . 10,027 10,034
Without trailer 10,023 10,023. 10,045
Total overall 21,025 21,048 21,091

All of the reported mileages are higher than actually run
because the odometers of all vehicles were reading high by 6 to 8 percent.

1-3
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The overall fuel and oil consumption data are presented in
Table 2.

TABLE 2, Fuel and 0il Consumption

Fuel Consumption 0il Consumption
Vehicle (miles/gallon) (miles/quart)
usl 15.1 4205
us83 15.1 4210
usée 14.8 3515

There were two deficiencies observed during durability-
reliability operation. The first was a propeller shaft failure on vehicle
U83 at 17,170 test miles. The rear yoke broke and disabled the vehicle.
The second was extensive brake pulling and uneven application experienced
by all vehicles after 12,000 to 15,000 miles.

Twenty-five of the 28 shortcomings reported during the test
were discovered during durability-reliability test. The most significant
are summarized below.

a. There were three incidents of broken radio interference
suppression wire mesh insulation on spark plug leads. (Iwo more leads

were replaced for the same reason during the final inspection.)

b. The ignition coil retainer fasteners lost torque on two
vehicles. There was also one instance of a broken retainer tab.

¢. Four turn signal control assemblies failed.

d. Thirteen tire inner tubes failed due to separation at
the seam.

e. The bushings in the front upper and lower A-frame control
arms were badly worn on all vehicles.

f. Six shock absorbers were replaced because of leaks.

g. A hole was discovered at a spot weld in the oil cup of
one vehicle's air cleaner.

h. The front suspension upper ball joint boots were cracked
on all three vehicles.

i. All vehicles exceeded two or more steering geometry
specifications.

1-4
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J. The rear differential of one vehicle had spalled rollers
in the right output roller bearing. Both the bearing and its race were
considered unserviceable.

k. The wheel cylinder boots had been cut by burrs on the
piston skirts.

1.5.8 Safety and Vehicle Stability (Para. 2.9)

The only safety hazard observed was brake pulling and uneven
brake application experienced on all vehicles. The problem was accordingly
classified as a deficiency.

A comparison of stability and handling between an M151Al
vehicle and an M151A2 revealed greater stability, increased control and
easier handling with the M151A2 truck.

1.6 CONCLUSIONS

a. Vehicle preparation and security for shipment were not
satisfactory.

b. Vehicles are not adequately suppressed for radio interference
radiation.

c. Design and/or quality control of the front A-frame control
arms is unsatisfactory.

d. Durability of the propeller shaft is not adequate.

e. Tire inner tubes are of poor quality.

f. Air cleaner is not adequate in extreme dust conditions.
g. Front suspension upper ball joint boots are not durable.

h. The brake pulling and uneven brake application constitutes
a safety hazard.

i. The rear suspension redesign has substantially improved
vehicle stability and handling feedback to the driver.

1.7 RECOMMENDATIONS
a. Quality control be improved.

b. A-frame control arm bushing wear and propeller shaft
breakage be further investigated and corrected.

c. Brake problems be corrected.

d. As many of the shortcomings as possible be corrected.
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SECTION 2. DETAILS OF TEST

2.1 INTRODUCTION

Test vehicles, USA Reg No. 02DU8170, 02DU8370 -and 02DUS670 will
hereafter be referred to as U81l, U883 and U86, respectively.

’

2.2 PREPARATION FOR TEST

2.2.1 Objectives

a., To determine the adequacy of the blocking and packaging
during shipment and to determine if any damage had been imcurred during
shipping. o

b. To insure that the vehicle and all components are
properly serviced, secured, and adjusted.prior to test.

c. To record component serial numbers and other pretest data.
d. To install the necessary imnstrumentation. =~ = - §

e. To payload the test vehicle to the proper gross vehicle
weight.

f. .To conduct break-in operatioh.
g. To determine the curb and gross weights of the vehicles.

2.2.2 Criteria (Ref 6, App V)

a. Materials. The materials used shall be as specified in
the applicable specifications and drawings.

b. Construction. Vehicle, components, sub-assemblies, and
assemblies shall be fabricated and assembled into a complete vehicle in
accordance with drawings listed or referred to in the applicable
Engineering Parts List. All parts, sub-assemblies, and assemblies shall
be identified in accordance with MIL-STD-130. o "

¢. Performance. Trucks shall conform to the performance
requirements specified herein after a break-in rum of 2 miles (road).
Vehicle shall be serviced as specified herein after a break-in run of 2
miles (road). Vehicle shall be serviced as specified in Reference 6,
Appendix V. . :

d. Marking. Registration nuwbers and other markings shall
be applied in accordance with MIL-STD-642. Color shall be lusterless
vhite enamel, matching color chip 37875 of Federal Standard No. 595.
Data plates and part number marking shall be in accordance with MIL-STD-130.

2-1
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e. Workmanship. The workmanship shall produce vehicles free
from fabrication defects which would affect the appearance, functioning, or
operating life of the vehicle or any of its components. All seals and
gaskets shall be so installed and retained that fluid seepage is minimized,
and so that exhaust gases are prevented from escaping. All welds, rivets,
bolts, nuts or other fasteners shall be torqued as indicated on drawings,
or where not specifically detailed on drawings, to the extent consistent
with their respective application in commercial vehicles of similar
construction.

f. Preservation, packaging, and vehicle processing inspection.
Each vehicle shall be inspected for conformance to Section 5 requirements
of Reference 6, Appendix V and the contract as applicable.

g. Vehicle processing. Vehicle and equipment shall be
processed for shipment and storage in accordance with MIL-STD-281 to the
extent indicated on the applicable vehicle preservation data sheet or other
implementation document, as specified by the procuring activity.

2.2.3 Method

A receiving inspection was performed to determine the
effect of transporting on the vehicle components. Any damage incurred due
to shipping or shipping procedures was reported and corrected during
the initial technical inspection.

The initial inspection was performed in accordance with
USATECOM MTP 2-2-502 and was limited to the receipt inspection described
in vehicle technical manuals. Identifying data on major components were
recorded.

An annual scheduled maintenance was performed in accordance
with the technical manuals supplied with the vehicle. Lubricant samples
were drawn from all sumps and analyzed.

Instrumentation required for subsequent testing and the
on-equipment-material were installed on the vehicle.

A 1000-mile break-in run was conducted over hard surface and
gravel roads at road speeds not in excess of 50 mph. No payload or trailed
load was used during the break-in operation. After break-in operations
were completed, the vehicle was payloaded and the weight recorded.

2.2.4 Results

During the receiving inspection, the truck van security seal
was found to be improperly closed and therefore ineffective. The batteries
were connected on vehicles U8l and U83; the ignition switch of the latter
was on, and battery discharged. Detailed results of the receiving inspection
are contained in Appendix I-1.

2-2
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As a result of the visual and functional inspection during
the initial technical inspection, no component teardows :or didsssenbly was
deemed necessary. The analyses of the oil samples taken at this time are
presented in Appendix I.3." The major problems discovered during this
inspection were as follows
a. Toe-in was 19/32 inch to 3/4 inch for the front
wheels of all vehicles. It was adjusted to 1/8 inch specification.

b. U8l .and U8B6 had the old style rear windows rather than
the modified full view rear window.

¢c. None of the vehicles had the new inside rear view mirror.

d. No Processing Forms (Form 1397) were received with the
vehicles.

The excessive toe-in Vas‘classified as a shortcoming (App II1I, Sec 2,
Group 10). A complete summary of the initial inspection is presented in
Appendix I.2.

A list of instrumentation installed on the_vehicles is
included as Appendix I.4.

The:initial,b:eak-in was accomplished. A spot break—in
inspection was not considered necessary.

The curb and. payloaded weights of the vehicles were as
shown in Table 3.

TABLE 3. Vehicle Weights

Vehicle Curb Weight Payloaded Gross Vehicle Weight (1b)*

No. (1b) Highway Cross-country
usl 2520 3600 3200
u83 2480 3610 3210
us8é 2520 3600 ) 3200

*Includes driver

2.2.5 Analysis

The excessive toe-in might have caused difficulty in steering
and increased tire wear otherwise all other criteria were met.

Curb weights were taken with a roll bar installed, accounting
for the additional curb weight shown in Table 3. The vehicles were pay-
loaded to a GVW of 3200 pounds or 3600 pounds, including driver, rather than
adding 800 or 1200 pounds to the curb weights for cross-country or highway
payloads, respectively.

2-3
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2,3 PERFORMANCE TESTS
2.3.1 Objectives
a. To determine the maximum and minimum road speeds.
b. To obtain data on the service and parking brakes.
c. To determine the turning diameter.
d. To determine the shallow water fording capabilities.
e. To determine the ascent grade speed.

f. To conduct fuel supply capability tests during longitudinal
and side slope operations. :

g. To conduct radio interference suppression tests.
2.3.2 Criteria

a. Payload. Truck payload shall include driver and personnel
and shall be as specified in Table 4.

b. Towing Load. Towed load performance requirements for the
M151A2 shall be met when coupled to a M4lé tactical-type trailer, and shall
be as specified in Table 4.

TABLE 4. Weights and Loads, Pounds

M151A2

Curb weight 2400
Rated payload (including personnel):

Highway 1200

Cross—country 800
Gross vehicle weight (GVW):

Highway 3600

Cross-country 3200
Rated towed load:

Highway 1300

Cross-country 1000

¢c. Level road speeds. The truck, including cross-country
payload and with cross-country towed load, shall be capable of sustaining
a speed of not less than 60 miles per hour (mph); a low speed of not more
than 2-1/2 mph in low gear, when operated on smooth, dry, level, hard-
surfaced roadway. Drumming, shimmy or tramping shall not occur throughout
this speed range.

2-4




| JcP4,DPG}

d. Grade speeds. The truck, including cross—-country payload
and with cross-country towed load, shall be capable of negotiating grades
up to 6-1/2 percent at' a speed of 30 mph when operated over a smooth, dry,
hard-surfaced roadway. Without towed load, truck, including cross-country
payload, shall be capable of negotiating grades up to 60 percent at a speed
of 2-1/2 mph when operated over a smooth, dry, hard-surfaced roadway.

e. Slopes. The truck, including cross—-country payload,
shall be operated on side slopes, sloping right or left, up to 40 percent.

f. Shallow water fording. The vehicle, without fording
equipment and with rated cross-country payload and towed load, shall ford
a hard-bottomed, relatively level crossing in fresh or shlt water to a
depth of at least 21 inches. The vehicle without fording equipment, or
modification, shall meet all requirements of 3.5.7.1 of MIL-T-45331C,
except the depth shall be 21 inches.

8- Service brakes. Service brakes shall stop the vehicle
within 30 feet from a speed of 20 mph, on dry, hard, relatively level,
smooth road, free from loose material. Service brakes shall control and °
hold the wvehicle on an incline of 60 percent. ’ o

h. Parking brake. The parking brake shall hold the vehicle
on a dry, concrete incline of 40 percent with highway payload; and on a
dry, concrete incline of 60 percent with.cross-country payload.

i. Maneuverability. The vehicle shall demonstrate a maximum
turning radius of 18.5 feet, measured from the center line of the outside
front wheel, when negotiating full turns to right and left. ‘

Jj. Radio interference suppression. Each vehicle shall be
radio interference suppressed in accordance with the tactical vehicle
requirements of MIL-E-55301.

2.3.3 Method

2:3.3.1 Maximum and Minimum Speeds. The vehicle, with cross-country
paylecad (800 pounds) and cross-country towed load (1000 pounds) was
operated at reduced speeds until all components reached normal operating
temperature. The vehicle was then operated at full throttle in the
highest gear (fourth) until maximum road speed was attained. The minimum
speed was determined in the lowest gear range at the lowest engine speed
in which vehicle would operate smoothly without application of the brakes.
All speeds were measured using a calibrated fifth wheel.

2:3.3.2 Stopping Distance. The brake performance test was conducted
with highway payload (1200 pounds) at a road speed of 20 mph. The distance
from the point of brake application to complete stop was measured with a
fifth wheel and pousometer. Six stops were attempted and the results
averaged.
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2.3.3.3 Slopes. The vehicle, with highway payload (1200 pounds),
was stopped and held on a 60 percent incline by the service brakes.

The vehicle, with cross—-country payload (800 pounds), was
operated on side slopes of up to 40 percent, slopimg right or left.

The holding ability of the parking brake was checked on
the 40 percent incline with the vehicle highway payloaded, and on the
60 percent incline with the vehicle cross-country payloaded.

Since an actual 6-1/2 percent slope was not available, it
was simulated using the field dynamometer to measure drawbar pull or
reserve power for climbing hills. To determine if the vehicle could
meet the specified criteria, the drawbar pull of each truck was measured
at 30 mph. The drawbar pull figures were then converted to determine
the maximum slope each vehicle would ascend at 30 mph,

The vehicles with cross-country payloads were driven up
a 60 percent grade and the road speeds were measured.

2.3.3.4 Cramping Angle and Turning Radius. The vehicle negotiated
full 360-degree turns at slow speeds to the right and left, with the
turning diameter measured from the center line of the outside front
wheel. Degree plates were used in determining the maximum swing-arc of
the front wheels.

2.3.3.5 Shallow Water Fording. The vehicle, without fording
equipment and with rated cross-country payload and towed load when
applicable, forded a hard-bottom, relatively level crossing in fresh
water to a depth of 21 inches. The fording operation covered a period
of 15 minutes.

2.3.3.6 Radio Interference Suppression. The vehicle was checked
for radio interference suppression in accordance with tactical vehicle
requirements of MIL-E-55301.

2.3.4 Results

2.3.4.1 The maximum and minimum vehicle speeds are presented in
Table 5.

TABLE 5. Maximum and Minimum Road Speeds

Vehicle Maximum Speed Minimum Speed
No. (mph) (4th gear) (mph) (lst gear)
ugl 61.9 2,1
u83 60.9 1.6
usé6 60.5 2.0
Criteria 60.0 Minimum 2.5 Maximum
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_ Maximum speed tests were first run Just prior to a 12,000~
mile maintenance. Although U86 passed at that time, U8l and U83 failed
with average speed of 58.2 and 57.0 mph, respectively. After a tune-up
at the 12,000-mile maintenance, U81 and U83 met the critgria with results
shown in Table 5. ‘ R

2.3.4.2 The average stopping distances at 20 mph are shown in

Table 6. _
. TABLE 6. Stopping Distance
Vehicle Stopping Distance
No. (ft)
<
usl 18.8
u83 19.6
u8e6 19.3
Criteria 30.0 Maximum
2.3.4,3 Slope Operations. All vehicles were successfully held on
a 60 percent incline with the service brakes when loaded with a_ highway
payload (1200 pound). '
The parking brakes held all vehicles on both the 60 percent
and 40 percent slopes under the specified loading conditions.
The vehicles negotiated the side slopes without difficulty,
and ascended the 60 percent slopes at the speeds shown in Table 7.
TABLE 7. Road Speeds Ascending 60 Percent Slope
Vehicle No. Speed h
Usl 5.6
us3 6.2
U86 5.2
Criteria 2.5 Minimum
The simulated grades that each vehicle would ascend at 30 mph are
o summarized in Table 8.
TABLE 8. Simulated Slope Performance at 30 MPH
¢ Vehicle No. Percent Slope
usl 8.2
us3 7.9
U8é 8.0
Criteria 6.5 Minimum
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2.3.4.4 Cramping angles and turning radii are presented in Table 9.
TABLE 9., Cramping Angles and Turning Radii

Cramping Angle (°) Turning Radii (ft)

Vehicle No. Left Right Left Right
Usl 31 31 17.6 17.5
us3 32 30 17.9 17.8
U86 29-1/2 28-1/2 18.0 18.3

Specification 31 Max. 31 Max. 18.5 Max. 18.5 Max.

L3

2.3.4.5 TFording operations and post-fording checks were satisfactory
for all vehicles.

2.3.4.6 Radio Interference Suppression. All vehicles passed the )
conduction test. In the radiation test, U8l exceeded the passing limit A5
at frequencies of 3, 5 and 8 megacycles. U83 similarly exceeded the
passing limit at frequencies of 3 and 5 megacycles. Complete test data
are contained in Appendix I.7

2.3.5 Analysis

All performance tests met the specified criteria except for
the radiation phase of the radio interference suppression tests. It is
believed that the generators were responsible for the excessive noise on
the two failing vehicles. Two check tests were attempted with the
generator disconnected, but the ambient noise level was too high to obtain
valid readings.

The rolling resistance of the trailer in the slope simulation
test was calculated to be 37 pounds and is included in the results.

The cramping angle of the left wheel on vehicle U83 was
1 degree in excess of the specification. Cramping angles in excess
of the specification can result in damage to the steering gear.

2.4 COOLING CHARACTERISTICS

2.4.1 Objective

To determine the cooling characteristics of the engine and
power train under full load conditioms.,

2.,4.2 Criteria

a. Engine. The engine shall conform to MIL-E-45332, except
that the section covering preparation for delivery shall not apply. The
vehicle shall meet all performance requirements specified herein with
engine installed.
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b. Extreme climatic operation. The vehicle shall be capable
of having the engine started and normal operation maintained, in still
air having any ambient air temperature from -25°F to +120°F, without
external aid, in altitudes from sea level to a 3000 feet elevation above
sea level. ' : ’ o

¢. High temperature operation. The vehicle shall be capable

of having the engine started and normal operation maintained, in still

air having ambient air temperatures and altitudes specified in Table I,
without external aids, and with a relative humidity as low 'as 5 percent.
The vehicle fuel system shall function without evidence of vapor lock,

and the engine coolant temperature shall remain below the boiling point.
The engine coolant temperature limit specified at Paragraph 3.5.1.3 of
MIL-T-45331C considers coolant boiling point with a pressurized system.

TABLE I. Elevation Temperature Chart

Minimum Ambient

Elevation Alr Temperature
4000 feet 108°F
5000 feet 100°F
6000 feet 97°F
7000 feet : 93°F
8000 feet 90°F

2.4.3 Method

2.4.3.1 Road Load Cooling. .During operation on all test courses,
the following temperatures were monitored: coolant from the engine,
engine oil sump, transmission oil sump, front and rear differential oil
sumps, and ambient air temperature. The maximum temperature reached by
each component was recorded on every shift., The coolant temperature
drop across the radiator was also monitored, but not recorded.

2:4.3.2 Full Load Cooling. One vehicle, payloaded to the maximum
gross vehicle weight (3600 pounds) was operated with a mobile field dyna-
mometer at the engine speeds and corresponding road speeds shown in Table
10. All tests were conducted on a paved, near level (0.8 percent upgrade
from south to north), 2-mile course.

TABLE 10. Full Load Cooling Engine and Road Speeds

Gear Engine Speed (rpm) Road Speed (mph)
1 1000 2.9
1l 1800 6.2
1l 4000 11.6
2 1800 9.6
2 2600 14.2
2 2900 15.9
2 3300 17.9
2 3600 20.0
3 1800 18.3
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The cooling runs were made after completion of the 20,000 miles of
durability reliability operations, and with the thermostat blocked open.
Each run was continued until temperature stabilization was reached,
temperatures exceeded the maximum allowable limits, or imminent failure
was apparent (the criteria for stability if a component temperature are
that the three temperature readings taken in each of two directions of

the test course vary by no more than 5°F and that any reading taken in

one direction vary no more than 10°F with any reading taken in the other
direction). An attempt was made to stabilize engine oil and engine
coolant temperatures on all runs. In addition, stabilization of the
transmission was attempted at an engine speed of 1800 rpm in second

and third gear ranges, and stabilization of the differential temperatures
was attempted at 1800 rpm in first gear. Cooling runs were made in
ambient temperature of not less than 95°F. Individual component temperatures
were then extrapolated to 120°F by adding 1 degree to the recorded ambient
temperature for each degree of that temperature below 120°F.

2.4.4 Results
2.4.4.1 Road Load Cooling. The maximum component temperatures are
summarized in Table 11, along with the environmental conditions present

at the time the temperature was recorded.

TABLE 11. Road Load Cooling Data (Not Extrapolated)

Max.
Temp Amb
Vehicle Component Recorded Temp Course
U8l Coolant from engine 210° 100° Hilly cross-country with
trailer
Engine oil 225° 100° Paved without trailer
Transmission oil 230° 100° Paved without trailer
Front differential 180° 100° Paved without trailer
Rear differential 300° 90° Winding gravel (break-in)
U83 Coolant from engine 205° 105° Level cross-country without
trailer
Engine oil 225° 102° Tank gravel without trailer
Transmission oil 200° 108° Paved without trailer
Front differential 185° 107° Hilly cross-country with
trailer
Rear differential 275° 95° Paved with trailer
Us86 Coolant from engine 205° 100° Level cross-country without
trailer
Engine oil 200° 105° Winding gravel without trailer
Transmission oil 300° 105° Winding gravel without trailer
Front differential 195° 105° Winding gravel without trailer
Rear differential 305° 95° Winding gravel (break-in)
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In the early stages of full load cooling, the rear
differential overheated after an extremely short period of operationm.
Since this did not appear normal, brief road load cooling runs were made.
The temperature of the rear differential could not be stabilized to 4-
wheel drive on paved road, even at speeds as low as 30 mph. In 2-wheel
drive the temperature of the rear differential stabilized at 342°F, 92°
above the sustained temperature limit., A check at 50 mph on gravel roads
resulted in temperature of the rear differential stabilizing at 260°F and
front differential at 175°F (4-wheel drive).

In view of the difference in temperatures experienced
between operation on paved and gravel road, the rolling circumference
of the tires was measured. One tire was found to have about 2 inches less
rolling circumference per revolution than the other three. The mismatched
tire was replaced, and road load cooling tests were run once again on
paved road in 4-wheel drive and at 50 mph, the temperature of the front
and rear differentials stabilized at 180° and 212°, respectively. In
2-wheel drive on the same course, the temperature of the rear differential
stabilized at 237°. With the overheating problem solved, the vehicle was
returned to full load cooling operation.

2.4.4.2 Full Load Cooling. The data for the cooling tests are
included in Table 1 of Appendix I.5. Extrapolated temperature versus
time curves for component temperatures that did not stabilize are presented
in Figures 1, 2, and 3 of Appendix I.5. Points which do not lie on the
curves may be attributed to sudden changes in wind direction or velocity.

During these tests, a run was started at 1800 rpm, second
gear, for which it was desired to stabilize the transmission oil sump
temperature. During this test the transmission failed at a temperature
of 393°. A teardown revealed that the rear output seal and the throwout
bearing had failed. The transmission input gear which is on the helical
spur gear shaft had many chipped teeth (Fig. 6, App 1.9), the second
speed helical gear was heavily surface fatigued, and the transfer input
shaft helical gear had four sheared teeth (Fig. 7, App I.9). It is
hypothesized that the excessive temperature damaged the rear seal,
resulting in a loss of lubricant. The vehicle was running at maximum
torque (1800 rpm) in second gear, and the force and minimal lubrication
on the transmission input gear caused it to chip away. These chips
probably jammed other gears, causing the transfer input gear teeth to
shear.

Eight full load cooling tests were conducted prior to the
transmission failure mentioned above. At this time it was discovered that
the transmission oil and differential oil sump thermocouple leads had been
vnknowingly damaged prior to the start of these tests, such that these
thermocouples gave incorrect readings. Thus the transmission was probably
at a high temperature during these runs as well, for three were unsuccessful
rans at 3300 rpm, first gear. Upon replacement of the transmission, the
runs mentioned above were repeated. The data for these final runs appear
in Table 1, of Appendix I.5. During an inspection after completion of
full load cooling tests, engine dry compression was observed to have
dropped from the specification of 135 psi, pressured before test, to an
average of 86 psi. Wet compression after test was about 50 psi higher
than the dry compression, indicating worn piston rings.
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2.4.5 Analysis

2.4.5.1 Road Load Cooling. The engine coolant ran consistently at
the upper end of the 170° to 190°F operating range for all vehicles through-
out the test. Several times temperatures exceeded 200°F, but checks at
those times revealed no problems in the system. These coolant temperatures
are not considered serious.

The engine, transmission and oil temperatures remained
consistently below critical limits. Although temperatures were high in a
few instances (the U86 transmission in Table 11, for example), the overall
road load cooling of these components was satisfactory.

The rear differential shows some improved road load cooling
performance over that in previous M151Al's where temperatures of 503°F
were obtained (Ref 13, App V). The only excessive temperatures recorded
in durability operation occurred during break-in.

The abnormal differential temperatures observed in road load
cooling check during full load cooling operations emphasize that the
differentials cannot tolerate a major difference in tire rolling circum-
ferences. In the case of the present test where overheating occurred, the
two tires causing the problem were of the same nominal tire size, same
tread pattern, produced by the same tire manufacturer, and had approximately
the same tread wear, but had a rolling circumference difference of more
than 2 inches. This 1s a serious consequence because a 3-inch difference
in rolling circumference between a new and worn tire can easily be realized.

2.4,5,2 Full Load Cooling. The engine coolant or oil temperatures
exceeded specified or desirable limits in all runs in first gear.

The coolant temperature to the radiator exceeded the specified
232°F (7 psi radiator cap) at 1000 and 1800 rpm engine speeds. The engine
oil sump temperature exceeded the desirable maximum value of 270°F at 4000
rpm,

The transmission oil sump operated at 300 to 340°F except at
high engine speeds (4000 rpm). The transmission temperatures were stabilized
on four runs. The temperature difference between the front and rear
differential sumps was quite apparent (100° or more) in all runs and the
difference increased as each run continued. This may have been caused by
more hot air from the engine reaching the rear differential than the fromt,
increased loading on the rear differemtial due to weight transfer of the
vehicle as it pulled the dynamometer truck, or a breakdown of the lubricant
during previous tests. The rear differential exceeded its temperature
limitations several times but only two occasions were recorded since the
others were caused by a leaking output seal and a set of tires with different
rolling radii. The rear differential overheated at 1800 rpm in first gear
and 2600 rpm in second gear. Both of these tests were run the same day
(14 July 1970) with a third test following. Coolant and engine oil
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temperatures stabilized on this third run, but not before the rear differ-
ential reached its limit. Curves of the temperature rise for the front and
rear differentials may be found in Figures 1, 2 and 3 of Appendix I.5. They
indicate a temperature rise of 6°F/minute in the rear differential.

During one run at 1000 rpm in first gear the vehicle began
to exhibit signs of vapor lock. This occurred in a turn and some recircu-
lation of hot air through the radiator was occurring. The vehicle was
stopped and the engine nearly died. About 3 minutes earlier, temperature
of the fuel after the pump was only 100°F and fuel pump pressure was 4.5
psi. After a cool-down period the test was resumed without difficulty.

The temperatures from top to bottom and side to side of the
radiator varied little except in the lower left corner. Air at this point
was 10 to 20° hotter than at the other points in front of the radiator.
Some hot air from the engine probably recirculated to the front of the
radiator. After the air passes through the radiator the upper left corner
becomes 10° hotter than the other points behind the radiator. This is due
to the coolant entering the radiator at the upper left corner.

At the end of the test the engine was observed to have low
compression pressures (Para. 2.8.3). The effect of the low engine compres-
sion would be less power, hence less generated heat. Thus, some of the
engine temperatures taken in the latter part of the test may be slightly
lower than would be observed with an engine having satisfactory compression.

In summary, the engine coolant temperature exceeded its limit.
There was one occasion of vapor lock. The transmission and rear differentials
lubricants of one vehicle exceeded their limits thus did not meet the
criteria set down in Paragraph 3.5.1.3 of MIL-T-45331C.

2,5 DUST TESTS

2.5.1 Objective

To determine the operating life of the air cleaner between
required service intervals under normal and extreme dust conditions.

To determine the effect of dust contamination on vehicle
components,

2.5.2 Criteria

a. Servicing. Design and construction of the air cleaner
shall permit quick and convenient disassembly for cleaning and servicing
of the oil cup and filter element without removing or disturbing the
clean air chamber or its connections to the engine and without the use
of special tools (Ref MIL-A-13488A (0Ord)).

b. Resistance to Air Leakage. The air cleaner shall not
leak air when properly assembled and tested to a vacuum of 50 inches

of water (Ref MIL-A-13488A (0rd)).
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2.5.3 Method R

2.5.3.1 Normal Dust Conditions. Air cleaner servicing requirements
were recorded during durability test operations. After completion of the
durability mileage an inspection was made to determine if dust had caused
any damage to on-equipment-material, controls or other components. The
cylinder head of vehicle U8l was removed to facilitate a visual inspection
of the valves, cylinder walls and combustion chambers.

2.5.3.2 Extreme Dust Conditions. The oil bath air cleaner for the
M151A2 truck has two major components. The upper element consists of the
cover and attached filter element, and the weathercap. It excludes the .
air duct hose and hose clamp. The lower element includes the oil cup,
removable wire mesh filter and the canister body. The two major components
were washed and dried. The oil cup in the lower element was filled to the o
proper level and then both components were weighed.

The air cleaner was installed on vehicle U83 and an initial

restriction taken. The vehicle then began dust operations behind a lead
vehicle, pulling off to the side of the course every 15 minutes to take
restriction readings. All restriction readings were taken in second gear
at 4000 rpm while accelerating (maximum air demand).

After a restriction of 24 inches water was attained, the air
cleaner was removed, and the unserviced upper and lower elements were
individually weighed in the same manner as before. The lower element was
disassembled and thoroughly cleaned in a solvent bath, while the upper
element was shaken, but not washed, to clean. The air cleaner was
reassembled, weighed and reinstalled on the vehicle. A restriction reading
was taken to compare with initial restriction data.

Air leakage tests were conducted both before and after the
dust operation by covering the air intake to the air cleaner while the engine
was idling to determine if stalling would result.

2.5.4 Results

2.5.4.1 Normal Dust Conditions. The original air cleaners installed
in the vehicles were not airtight and were leaking dust into the engines.
New assemblies were obtained and installed. No additional dust leakage was
observed during the remainder of the test.

Service to the air cleaner under normal dust conditions was
not required more frequently than the 1000-mile interval specified in the
vehicle lubrication order. »

An inspection of the vehicles not involved in the extreme
dust tests at the end of durability-reliability operation revealed no detri-
mental effects of dust to any component.

Traces of dust were found in the combustion chamber of US81,
but the valves and cylinder walls were in excellent condition.
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2.5.4.2 Extreme Dust Condition. The air cleaner reached maximum
restriction after 3.75 hours of operation in extreme dust. The air cleaner
component weights before and after test are presented in Table 12.

TABLE 12. Air Cleaner Dust Capacity

Weight
Quantity
Before After Collected After
Component Test Test (gm) Servicing
Upper element 1215 1340 125 1280
Lower element 3630 6865 3235 3760
Total assembly 4845 8205 3360 5040

The plot of restriction versus time is presented in Figure 1. Detailed
data are included in Table 1 of Appendix I.6.

The quantity of dust that the air cleaner failed to remove
could not be accurately determined since an absolute filter was not used.
The engine was damaged by dust ingestion during this short period of
operation as indicated by a loss of engine compression as shown in Table 13.

TABLE 13. Engine Compression Before and After Dust Test

Compression (psi)
Before Test After Test

Cylinder No. 1 120 75
Cylinder No. 2 115 95
Cvlinder No. 3 115 105
Cylinder No. 4 120 75

Dust deposits were also observed on the electrodes of all four spark plugs.
The inside air duct hose from the air cleaner to the carburetor was covered
with dust and a sample was analyzed to determine the size of the particles
that were being ingested into the engine. A graph of the distribution by
size of these particles is shown in Figure 2. Detailed data are presented
in Table 2 of Appendix I1.6.

The upper wire mesh element was saturated with dry dust (Fig.
4 and 5, App I.9).

As a result of the extensive residues in the lower element,
it had to be removed from the vehicle for cleaning.

Total removal, cleaning, and installation time was approximately
55 minutes.

There was no air leakage observed during the stall tests
conducted before and after operation in extreme dust.
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During the post-test inspection it was also observed that
the inside of the distributor was covered with dust. There was no liquid
oil left in the oil cup, only oil wetted dust.

2.5.5 Analysis

2.5.5.1 Assembly Problem. Apparently the vendor of the air cleamer
was matching upper and lower canister elements to provide an airtight seal
for the air pressure acceptance testing. The contractor was not retaining
the match during his assembly, however, so that a different top and bottom
were being installed on the vehicle. The assembly method was changed by
the contractor to retain matched pieces, and new air cleaners were shipped
and installed.

The change in assembly methods resulted in a significant
improvement in air cleaner effectiveness for normal dust operation.

2.5.5.2 Air cleaner Functioning. Military Standard MIL-A-13488A(Ord)
—-gpecifies a test of 24 inches of water to determine dust capacity. The
extreme dust test was run to simulate the laboratory test condition. The
lack of oil in the cleaner at the end of test indicates that the air cleaner
had ceased to function properly sometime before the 24-inch restriction was
attained, and unfiltered air was entering the engine. The oil level was
such that oil was lost by being "pulled over' into the engine. The re-
striction versus time graph in Figure 1 indicates the possibility that the
air cleaner probably lost its effectiveness after 2.5 hours of operation

at a restriction of 11 inches of water, as evidenced by the rapid rate of
rise after that point.

The post-test servicing required removal of the air cleaner
chamber from the vehicle, rather than the oil cup and filter element alone.

These observations indicate that the service interval during
extreme dust operation would actually be about 2-1/2 hours.,

Dust tests during initial production and inspection comparison
tests of the M151Al1 truck produced results similar to those experienced in
this test, i.e., oil pullover, channelling of airflow, and dust ingestion
into the engine with severe damage to the engine after periods of operation
as short as 1 hour in extreme dust conditions.

Product improvement tests of a dry-type air cleaner for the
M151A1 truck conducted at Yuma Proving Ground (Ref 14, App V) indicated
improved filtering with reduced engine wear and in addition provides ''fail-
safe" protection to the engine in the event that the dust capacity is
exceeded.

2.6 TOXIC HAZARD TEST

2.6.1 Objective

To identify hazardous carbon monoxide concentrations in the
personnel compartment of the vehicle.
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2,6.2 Criteria

While in the cruise condition the maximum carbon monoxide
concentration in any occupied part of the vehicle shall not exceed 0.005
percent (Ref MIP 2-2-614).

2.6.3 Method

The vehicle was operated on a figure 8 paved course at approxi-
mately 25 mph without side curtains, but with top installed. Air samples
were then taken with a Saf-Co-Meter carbon monoxide tester (manufactured
by Mine Safety Appliance Co., PN 47113) at each crew member position. The
procedure was repeated at 15 mph.

2.6.4 Results

There was no perceptible concentration of carbon monoxide at
any crew member position.

2.6.5 Analysis

The vehicle met the toxic hazard criteria.

2,7 MAINTAINABILITY

2.7.1 Objective

To determine the maintainability of the vehicle when operated
over the test courses.

2.7.2 Criteria

Failure of either test vehicle to comply with any of the
requirements specified or any deficiency of workmanship of materials nature
during or as a result of the 20,000-mile test, shall be cause for rejection
of the vehicle. Further, the government may refuse to continue acceptance
of production vehicles until evidence has been provided by the contractor
that corrective action has been taken to eliminate the deficiency. Any
deficiency found during or as a result of 20,000-mile test shall be prima
facie evidence that all vehicles already accepted prior to completion of
the 20,000-mile test are similarly deficient unless evidence satisfactory
to the government is furnished by the contractor that they are not
similarly deficient. Such deficiencies on all vehicles shall be corrected
by the contractor at no cost to the government regardless of location.

2.7.3 Method

A maintenance evaluation, in accordance with USATECOM
Regulation 750-15, was conducted throughout the initial production tests.

The amount, frequency and level of maintenance required was
recorded. A record of the amount of operation and maintenance during each
shift was kept. Where more than one type of maintenance was required, a
separate job was shown for each type.
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Throughout the test, maintenance instructions in the technical
manuals and manuscripts, maintenance charts, and lubrication orders were
analyzed for adequacy at the intended maintenance level. The adequacy of
the tools and the need for special training were also recorded.

2.7.4 Results
A summary of maintainability data is presented in Table 14.

TABLE 14. Maintainability Data Summary

U8l U83 U86 Total
Test miles 21025 21048 21091 63164
Actual operating hours 857.2 940.9 872.0 2670.1
Maintenance man-hours 108.9 104.3 116.2 329.4
Active maintenance downtime 79.0 74.6 78.0 231.6
Scheduled maintenance hours 54.9 55.2 69.1 179.0
Unscheduled maintenance hours 54.0 49.1 47.1 150.4
Scheduled maintenance actions 17 21 23 61
Unscheduled maintenance actions 35 23 37 95
Total chargeable component 58 38 49 145

failures

Operating hours (assuming 1051.2 1052.4 1054.6 3158.2

utilization of 20 mph)

Maintenance indicies derived from the data in Table 14 are
shown in Table 15.

TABLE 15. Maintainability Indicies*

U8l U83 U86 Total
Average speed (mph) 24.5 22.3 24.2 23.7
Mean time between maintenance (hr) 16.5 21.4 14.5 17.1
Mean miles between maintenance (mi) 404.3 478.4 351.5 404.9
Mean active maintenance downtime 1.5 1.7 1.2 1.5
(hr)
Maintenance ratio (%) MMH/actual 12.7 11.1 13.3 12.3
operating hr
Achieved availability (%) 91.6 92.6 92.7 92.0
Maintenance ratio, MMH/operating hr 10.4 9.9 11.0 10.4
(assuming avg speed of 20 mph) (%)
Maintenance ratio criteria, (less - - - 7.0

than)
*For definitions, see USATECOM Regulation 750-15

The manuals and tools were generally adequate. However, the
specification for the torque on the wheel lifting eye and locking nut is
not included in the maintenance manual.

2-20




Ll

JCP-|, DPG

No special training was required.
The vehicles met the maintainability criteria.

2.8 DURABILITY AND RELIABILITY

2.8.1 Objective

To determine component reliability and general durability of
the vehicle when operated over the test courses.

2,8.2 (Criteria

Failure of any test vehicle to comply with any of the require-
ments specified or any deficiency of workmanship of materials nature during
or as a result of the 20,000-mile test, shall be cause for rejection of the
vehicle. Further, the government may refuse to continue acceptance of
production vehicles until evidence has been provided by the contractor
that corrective action has been taken to eliminate the deficiency. Any
deficiency found during or as a result of 20,000-mile test shall be prima
facie evidence that all vehicles already accepted prior to completion of
the 20,000-mile test are similarly dificient unless evidence satisfactory
to the government is furnished by the contractor that they are not similarly
deficient. Such deficiencies on all vehicles shall be corrected by the
contractor at no cost to the government regardless of location.

2.8.3 Method

Subsequent to a 1000-mile break-in operation, the vehicle
underwent durability cycles consisting of the following:

Couxse Miles
Paved 750
Level cross-country 500
Hilly cross-country 500
Secondary road (gravel) 350
Winding secondard road (gravel) 325
Belgian block (equivalent) 75
Total 2500

The vehicles completed eight cycles of 2500 miles each, for a
total of 20.000 miles over the durability test courses. For highway
operation the payload was 1200 pounds and trailed load was 1300 pounds.

For secondary roads and cross-country the payload was 800 pounds and the
trailed load was 1000 pounds. The trailed load was towed approximately

50 percent of the miles on each course. At least 1000 miles of operation
were to be made with the front axle drive engaged, preferably when marginal
traction conditons existed.
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Scheduled organizational maintenance was performed in
accordance with the maintenance directive. This included servicing,
preventive maintenance, and adjustments prescribed therein,

The vehicles were given a thorough visual and functional
ingpection. Teardown on one differential and one transmission was
accomplished, and the cylinder head was removed from one engine. Obser-
vations on wear, corrosion and loss of adjustment were made and recorded.

2.8.4 Results

A summary of mileage accumulated by test course is presented in

Table 16.
TABLE 16. Summary of Course Operation (mi)#*
Vehicle

Test Course U8i U83 U86
Paved

with trailer 3001 3010 3003

without trailer 3000 3008 3018
Level cross-country

with trailer 2000 2001 2005

without trailer 2010 2005 2003
Hilly cross-country

with trailer 2000 2009 2016

without trailer 2005 2007 2007
Straight secondary

with trailer 1400 1407 1400

without trailer 1406 1400 1410
Winding secondary

with trailer 1300 1300 1305

without trailer 1303 1300 1307
Belgian block equivalent

with trailer 300 300 305

without trailer 300 303 300
Break-in (without trailer) 1001 998 1012
Total with trailer 10001 10027 10034
Total without trailer 10023 10023 10045
Total accumulated mileage 21025 21048 21091

NOTE: At least 1500 miles, both with and without trailer, was rum in
4-wheel drive by each vehicle on hilly and level cross-country
courses.

*All mileages are higher than actual because the odometers of all
vehicles were reading high by 6 to 8 percent (see App III, Sec 2,
Group 47).

2-22




JCP-, DPG

A summary of fuel consumption by test course is presented in

Table 17.
TABLE 17. Fuel Consumption by Test Course*
Avg Fuel Consumption (mpg)*

Test Course U8l ug3 U86
Paved

with trailer 16.0 15.2

without trailer 18.7 18.5 16.6
Level cross-country

with trailer 13.9 13.2 13.0

without trailer 13.7 15.4 12.9
Hilly cross-~country

with trailer 11.4 11.8 11.9

without trailer 13.4 14.0 13.5
Straight secondary

with trailer 17.8 15.9 15.6

without trailer 17.3 17.7 20.1
Winding secondary

with trailer 14.4 15.4 15.5

without trailer 16.8 17.5 17.8
Belgian block (equivalent)

with trailer 14.6 16.6 13.3

without trailer 19.5 21.4 14.2
Total with trailer 14.5 14.1 14.1
Total without trailer 15.9 16.4 15.5
Total overall 15.1 15.1 14.8

*Fuel (and 0il) consumption figures have not been corrected for the
6 to 8 percent odometer error.

The o0il consumption of U81 was 4205 miles per quart, U83 was
4210 miles per quart, and U86 was 3515 miles per quart.

Oil samples were taken from all reservoirs during each 6000-
mile maintenance. The analyses are presented as Appendix 1.3,

There were two deficiencies observed during durability-
reliability operation. A rear yoke on the propeller shaft of vehicle
U8l broke at 17,170 miles, diasbling the vehicle. This was the only
mission failure observed during the test, and it required two men 1.5
hours to make the necessary repairs. All vehicles experienced extensive
brake pulling (uneven application) to the left or right after 12,000 to
15,000 miles had been accumulated. For complete information on these
deficiencies, see Appendix III, Section 1, Deficiencies.
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Of the 28 shortcomings reported, 25 were discovered during
durability-reliability operations. All shortcomings are presented in
Section 2, Shortcomings, of Appendix III. The most important are summarized
below, with the reference relating to the standard government group under
which the shortcoming is located in Appendix III.

a. There were three incidents of broken radio interference
suppression wire mesh insulations on spark plug leads (Group 06).

b, Ignition coil retaining tabs broke on vehicle U83. The
retaining tab fasteners came loose on vehicles U81 and U83 (Group 06).

c. Four turn signal control assemblies failed for mechanical
or electrical reasons (Group 06).

d. At the end of test on vehicle U8l, the right output roller
bearing and race in the rear differential were considered unserviceable
(Group 11) (Fig. 1, App I.9).

e. There were 13 tire inner tube failures due to separation
at the seam (Group 13).

f. The bushings in the front upper and lower A-frame control
arms were badly worn on all vehicles (Fig. 3, App 1.9). Problem was dis-
covered about 17,500 test miles (Group 13).

g. Six shock absorbers were replaced (Group 16).

h. The odometers of all vehicles were found to be reading
higher mileage than actual by 6 to 8 percent (Group 47).

The results of the limited engine teardown on U8l to check for
dust damage are included in Section 2.5.4.

Detailed results of the final inspection are presented in
Appendix I.10. The most important observations are summarized below:

a. A hole was discovered at a spot weld in the air cleaner oil
cup (see App I1II, Sec 2, Group 3).

b. The disassembled transmission from vehicle U8l was in
good condition.

c. The front suspension upper ball joint boots were cracked
on all vehicles.

d. U8l had a castor of -1 1/2° on the left front wheel. U86
had ~-3/4° and +2° castor angles on the front wheels.

e. U83 had 0° and -1/2° camber and U86 had -1 1/2° and -1 3/4°

camber.
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f. U83 had a swing arc of 32° on the left wheel.

g. The toe-~in measurements for U8l, U83 and U86 were +1/2 inch,
+5/8 inch and -3/8 inch, respectively.

h. The disassembled rear differential had spalled rollers in
the right output roller bearing (Fig. 1, App I.9). The bearing and race
were considered unserviceable (see App III, Sec 2, Group 11).

i. All vehicles pulled to the left or right while braking
during pre-inspection road tests (Para. 2.9.4 and 2.9.5).

j. The rear brake cylinders and pistons in U81 were found to
be in good condition. One front cylinder had a trace of rust. The pistons
were tarnished and their skirts were slightly rough. The front boots had
cuts occurring where they roll back over the piston skirt.

k. The front brake cylinders from U86 were also torn down and
inspected. The cylinder, pistons and boots were all in good condition.

2.8.5 Analysis

The specified durability mileage (20,000) was not completed by
1200 to 1600 miles because of the odometer errors in all vehicles. The
vehicles had an advantage because the test was shortened. For example,
the rear differential could have failed over that period because of the
spalled bearings found during final inspection, and would have thereby
been classified as a deficiency.

The overall fuel consumptions of the three vehicles were
within 0.3 mile/gallon of each other. The fuel consumption inconsistencies
for any given course, such as level cross-country, are the result of
varying driver habits, and inaccuracies in fuel usage per course reporting.
These factors tend to balance out over all of the courses, resulting in con-
sistant overall figures.

The broken yoke on the propeller shaft was classified as a
deficiency because the vehicle was disabled. The brake pulling, although
not a serious hazard on YPG's dry pavement and gravel courses, would be
extremely dangerous on wet or icy roads. This safety hazard is the basis
for deficiency classification.

The single mission failure over the 63,164 miles and 2,670 hours
accumulated by all three vehicles results in the reliability figures shown
in Table 18. Repair of the failure took 1.5 hours, thus the mean-time-to-
repair figure is 1.5 hours/failure.
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TABLE 18. Reliability Data

Confidence Level
90 Percent 95 Percent

75-mile mission reliability .995 .994

Mean time between failures at 20 mph 809.9 664.0
utilization

Mean miles between failure 16197 13280

Although the worn A-frame control arm bushings were not dis-
covered until about 17,500 test miles, it is likely that the problem had
existed for several thousand miles. It had been theorized that the ex-
cessive negative camber (up to -5° on one vehicle) resulting from the
worn bushings was responsible for the brake pulling problems which began
between 12,000 and 15,000 miles. Two vehicles were shimmed back into
correct camber, but the problem persisted. By the end of test, all vehicles
had shims in the front control arms in excess of 5/8 inch. The result of
this excessive negative camber was very poor tire wear.

The lack of a torque specification for the wheel lifting eye
is particularly important because insufficient torque on the eye can
result in water leakage into the hub during fording, even if the self-
locking nut is tight.

The hole in the air cleaner oil cup resulted in a loss of
about one-third of the oil in the cup, and thereby significantly reduced
the effectiveness of the cleaner. The problem was not classified as
a deficiency because some degree of filtering was occurring.

Since the steering arm ball joints are lubricated for life
at the time of manufacture the cracks in the ball joint boots could result
in damage to the joints by allowing dust contamination of the grease.

Even though all vehicles had in excess of 5/8 inch of shims
because of the worn control arm bushings at the end of test, only U8l was
within camber specifications. All vehicles were either above or below
toe-in specifications by 11/32 to 15/32 inch. Vehicles U8l and U83 were
castor specifications by 1/4 to 1-1/2 degrees.

The purpose of correct castor, camber and toe-in is to provide
good handling and ride characteristics, optimum tire wear, and to minimize
stresses on the front suspension. The failure of the vehicles to meet
these specifications is correspondingly detrimental to those characteristics.

The cramping angle on the left wheel of vehicle U83 was 1
degree in excess of specifications. Cramping angles in excess of the

specification can cause damage to the steering gear.
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It is probable that the spalled roller bearings in the rear
differential of vehicle U81 would have resulted in a differential failure
within another 1000 miles.

2.9 SAFETY EVALUATION AND VEHICLE STABILITY
2.9.1 Objective
a. To determine if any safety hazards exist
b. To test and evaluate the effect of the trailing arm suspension
on vehicle stability, maneuverability, steering, ease of handling and riding

characteristics,

2.9.2 Criteria

USATECOM Regulation 385-6.
2.9.3 Method
Throughout all testing, observations were made with respect

to difficulties experienced in operation of the test vehicles and safety
hazards encountered.

Eleven persons were used to test the stability, handling and
ride characteristics of one of the M151A2 test vehicles which had accumu-
lated approximately 5000 test miles against an M151Al which had undergone a
4000-mile inspection comparison test. Test personnel consisted of regular
drivers, as well as project engineers who had been previously been involved
with M151A1 testing.

The test course was a composite of five individual test courses,
consisting of sections of the hilly cross-country, level cross—country and
winding gravel course. In addition, one course was laid out in a dry wash
to emphasize maneuvering characteristics, and another consisted of a paved
figure 8 around a two-block area. All courses were run without a trailer
and in addition, the paved and level cross—-country courses were negotiated
with a trailer. A questionnaire as contained in Appendix I.10 was completed
by each driver at the end of each run. A summary of these driver comments
is contained in Paragraph 2.9.4.2.

2.9.4 Results

2.9.4.1 Brake Problems. All vehicles encountered braking problems
in the form of a pull or uneven application to the left or right after
completing 12,000 to 15,000 miles of durability operation. The brake shoes
were sanded, cleaned with a variety of cleaners, and replaced. Drums were
checked for concentricity, and drum-to-shoe clearance was measured. Brake
cylinders were removed and examined. The negative front wheel camber,
resulting from worn A-frame control arm bushings, was corrected by shimming
to determine if it was a contributing factor. None of these efforts
provided a complete answer to the problem and further investigation was
undertaken after the final inspections had been completed.
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In this effort one factor at a time was checked on a vehicle
exhibiting brake pulling characteristics. For example the front brake shoes
were replaced. The pulling persisted so the original shoes were reinstalled.
By this process of elimination, the problem was isolated to the wheel
cylinder.

All front wheel cylinder boots had small cuts resulting
from metal burrs which had not been removed from the rear of the piston
skirts. These cuts allowed dust and moisture to contaminate the cylinders,
thereby hindering their operation.

Detailed results are shown in the Final Inspection Data in
Appendix I.8, Group 12.

2.9.4.2 Safety and Handling Evaluation Without Trailer.

a. Hilly Cross—Country. This course consisted of very
uneven virgin terrain and steep, washboarded gravel roads which were
traversed at 5 to 15 mph. The M151A1 pitched more over the virgin terrain
as the vehicle traversed the abrupt rises and depressions, and it '"walked"
slightly sideways on the washboarded hills. The former occurrence was
somewhat disconcerting to many of the drivers. The M151A2 exhibited neither
of these characteristics. Over all courses the drivers preferred the larger
grip and smaller diameter of the M151A2 steering wheel.

wh,
b. Level Cross-Country. This course consisted of winding, b
bumpy roads covered with loose gravel and sand. It was one of the more
revealing courses in terms of comparison because of the high speeds attained
(15 to 45 mph). The M151A2 provided a more positive feeling of stability -
and control for three principal reasons. First, when the M151A2 was set into
a turn, it would track perfectly without wandering or trying to break away.
At the same speeds the M151Al would consistently slide, with the rear end
sliding to the outside of the turn. Second, at these higher speeds over
washboarded roads, the drivers did not feel that the M151Al was making secure
contact with the road. A few described it as a feeling of being partially
airborne. Finally, over very bumpy portions of the course, the rear end of
the M151A1 tended to hop, instead of hugging the road as the M151A2 did.
This was deemed particularly dangerous when a large bump was encountered
during, or immediately prior,to a turm. e

It should be noted that this was the only test course over
which the drivers preferred the ride of the M151A1l. This may be due in part
to a weak suspension in the particular M151A2 vehicle used (U86) causing it
to "bottom out." Later, it was found that U86 had front springs 1/4 inch
shorter than specification.

¢. Gravel Road, Winding. This course was run at slower
speeds (15 to 35 mph) than normal to determine if a difference could be
detected between the vehicles when they were driven well below critical
stability limits. The concensus was that the M151A2 still gave a greater
feeling of confidence.
2-28




JCP-, DPG

d. Dry Wash. This was a test of manuvering over virgin,
sandy terrain. Drivers found that there was excessive feedback to the
steering wheels of both vehicles, but because the steering wheel in the
M151A2 was smaller, the overall effect was worse in the M151A2. The over-
steer characteristics of the M151Al were advantageous in negotiating sharp
turns in the soft sand, but the overall stability and ride in the M151A2
somewhat balanced these overall evaluations.

e. Paved Figure 8. In the turns around the paved figure

8 course, the M151A2 was felt to have greater adhesion to the road, giving
a feeling of much greater stability. The M151A2 leaned much more than the
M151A1. The M151Al1 did not lean, but the front end oversteered and the

rear end seemed to want to slide. The result was that the M151Al1 tires
started to squeal through many of the turns while the M151A2 tires did not.
The brakes on the M151A1 were very hard requiring much more effort than
those on the M151A2. Course speeds were 15 to 25 mph.

2.9.4.3 Safety and Handling Evaluation with Trailer. The drivers
indicated that no comparative differences in stability and handling with or
without the trailers were evident.

2.9.5 Analysis

The brake pulling was never serious enough to be considered a
severe safety hazard on the dry pavement and gravel courses. However,
such a condition could definitely be dangerous on wet or icy roads and was
therefore classified as a deficiency.

The modified steering wheel and rear suspension have resulted
in a greater stability, easier handling and more control over all types of
terrain, The drivers higher confidence in the M151A2 was due to the leaning
of the vehicle which indicated how fast they were negotiating a turn. The
M151Al1 does not have such a pronounced indicator and can break away or slide
out unexpectedly, thus reducing the confidence in it. The leaning of the
M151A2; then, is a definite advantage regarding safety of operation.

2-29




JCP4, DPG

. E . ,
: N .
‘ e i
. ) . . S
L .y .




, DPG

JCP

RECEIVING INSPECTION

APPENDIX I.1.

9TOTYsA uy
UOTITPUOD poo8 - MmaN

sog
QuoN
ajenbapy
3e9s
Iea1 ut paddeisg
ueA Jonijy ug

pauaisey jou Teoag
ueA Yona3 ugy

ueA YOna3 ug

QuoN

auoy
auoN
sToayMm
JUoxj pue i1ea1 Uy

T°€T
8LG¥%C
0498n0azo

3TOoTY2A uy
MaN

peap L1933eq
uo yYojzIMg “°ON
QuoyN
93enbapy

Jeas
Ieax ur paddeiag
UeA }OnI3 ug

pouslsey jou Tess
ueA Yonij ug

ueA Yoniy ug
auoN

auoN
auoN
sTooym
Juolj pue IBII U

6°C1
SLSHT
0,£800z20

TLSL-0T °ON

I9TTRAL, ‘E%GT °ON I03d®IA]
saur] }onay aaddoy H9No :xaddryg

0L6T TTIdy T :paATadsy 23e(Q

9TOTY2A uy
UOTITPUOD POOF -~ MaN

ON
auoN
a3enbapy
Jeas
Ieax ur paddealg
uea }Onil ug

pouaisey jou fesg
ueA YOniy ug

ueA }oni13 ugy

auoN

QuoN
auoN
sTo9yM
juoxy pue Ieax uy

0°¢T
€LSYT
041800420

ZVIGTH “Hx4y

uoT3ledrTqnd a3eyoed soueuajurey
9oueaeadde Teisudy

pa3d3uuodsIp £13ijeqg
syea] Te9s asea13 10 TIQ
Suryjaen pue £3TINDIS AAQ

8uyo0Tq pue zoydue FAQ
I9A0D ITOTYDA

paTeos
I0 ‘payOoOT “pIasord :s}007]
s3uTi9a00 Tejom pasodxy
s8utuado jo syeag
qo0Ys 3o IdUIPTAT

8urd81a
X0 3ur3lFIT 03 anp IBeuweq
Zuraoydoue ITOTYDA

3umioorq ATdTYRA

3urpeaa x33awopQ
°ON TeTaesg
°ON 334 vsn

‘uol-4/T ‘A3TTTIN ‘Yomal :wely




JCP-, DPG

APPENDIX I.2. INITIAL TECHNICAL INSPECTION

USA Registration No.
02DU8170 02DU8370 02DU8670

SNL Group: 01, Engine

Idle speed (rpm) 525 450 600
Manifold vac at idle 20 21.5 21 Iy
Engine
Speed o
(rpm)
0il pressure (psi) at: Idle 36 40 38
All oil pressures were 1000 40 44 41
taken at operating tem- 1500 42 45 42
perature. Specification 2000 43 45 45
is 35-45 psi at oper- 3000 46 49 48
ating speed 4000 48 51 51
Cylinder
No.
Compression (psi) during 1 115 125 125
cranking at approximately 2 122 132 130
230 rpm. Specification is 3 124 132 130
135-145 psi. 4 130 130 130
Spark plug gap (in.) 1 0.030 0.032 0.030
Specification is 0.029 2 0.035 0.032 0.025
to 0.032 inch. 3 0.033 0.032 0.027
4 0.035 0.032 0.025

All other engine components met the necessary specification requirements.
SNL Group: 02, Clutch
Satisfactory ©
SNL Group: 03, Fuel System

Fuel pressure (psig) 4,75 4.75 5
Specification is 5~6 psig

SNL Group: 04, Exhaust System

Satisfactory
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SNL Group:

SNL Group:

Headlight adjustments
(in.)
Specification is 0O
inch right, 5 inches
down

USA Registration No.

02DuU8170 02DU8370 02DU8670
05, Cooling system
S a t i s f ac t o r y
06, Electrical System
Left Right Left Right Left Right
5L 5-1/2 D 2-1/2 L 5-1/2 L 7 1L 7L
7D 9D 2-1/2 D 10D 10 D 10 D
L = left D = down
Headlamp and parking lamp wiring was poorly

secured on all vehicles.

Lead to the oil
pressure trans-

The electrical
cable from the

starter foot
switch was rub-
bing against

the throttle
linkage, thereby
interfering with
the throttle
return. The
loop in the
cable which
should clear

the linkage had
not been in-
stalled high
enough to pre-
vent contact.

mitter was too
long.

SNL Groups: 07, 08 and 09

All items were satisfactory on all vehicles.

SNL Group: 10, Front Axle
Specifications for Left Right Left Right Left Right
steering geometry are as
follows:
Caster, -1/2° to +1/2° 1/4° 0° 0° 3/4° 0° 0°
Camber, 1/2° to 1-1/2° 0° 1° 1° 1° 1° 0°
Toe-in, 1/8 inch 5/8 in. 5/8 in. 19/32 in. 19/32 in. 3/4 in. 3/4 in.
Swing arc, 31° 31° 31° 31° 30° 30° 31°

All measurements were
made on the vehicle
without payload.
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USA Registration No.
02DU8170 02DU8370 02DU8670

SNL Groups: 11 through 18
All items were satisfactory on all vehicles.
SNL Group: 22, Miscellaneous Body, Cab, Chassis, Hull and Accessories
The modified top with full view rear window was

not received. The inside rearview mirror was not
received with any vehicles.
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JCP-, DPG

APPENDIX I.4.

THERMOCOUPLE LOCATIONS

Thermocouples (IC)

Location

)

18

Coolant to radiator
Coolant from radiator
Engine oil sump
Transmission oil sump

Front differential oil
sump

Rear differential oil
sump

Fuel from pump

Air inlet after air

cleaner

Air before radiator

ALr before radiator

Air before radiator

Air before radiator

Air befare radiator

Aix after radiator

Aix after radiator

Ai: after radiator

Air afrer radiator

Air after radiator

At engine coolant outlet
At radiator coolant outlet
At drain plug

At drain plug

At drain plug

At drain plug

In front of carburetor

In air horn

4 inches down, 4 inches from right side,
1/2 inch in front

4 inches down, 4 inches from left side, 1/2
inch in front

4 inches up, 4 inches in from right side, 1/2
inch in front

4 inches up, 4 inches in from left side, 1/2
inch in front

Center, 1/2 inch in front

4 inches down, 4 inches in from right side,
1/2 inch to rear

4 inches down, 4 inches in from left side, 1/2
inch to rear

4 inches up, 4 inches in from right side, 1/2
inch to rear

4 inches up, 4 inches in from left side, 1/2
inch to rear

Center, 1/2 inch in front.
I-17
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FULL LOAD COOLING DATA
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APPENDIX I.6. DUST TEST DATA

TABLE 1. Air Cleaner Restriction Data TABLE 2. Dust Particle Size
Cumulative
Operating Cumulative Restriction Particle Size
Time (min) Miles (in. H»0) (microns)* Percent
0 0 4 Date: 1 July 1970
Vehicle: USA Reg No. 02DU8370
15 5.1 4-1/2 Note: Sample taken from in-
side air cleaner, air
30 10.1 Broken gage duct hose to engine.
45 15.8 Broken gage 78.0 4.1
60 21.0 8.0 62.0 4.8
75 25.3 8.5 49.0 5.2
90 30.8 9.0 39.0 3.3
105 36.1 9.5 31.0 3.5
120 41.2 10.0 25.0 3.9
135 46.4 10.5 20.0 3.5
150 51.7 11.0 16.0 3.3
165 55.8 12.0 12.0 2.9
180 59.7 14.0 10.0 5.8
195 63.9 17.0 8.0 3.3
210 68.0 20.5 6.0 2.8
225 72.0 24,5 5.0 3.9
After 72.0 4.0 4.0 7.3
servicing
3.0 11.8
2.0 12.4
1.7 8.7
1.3 4.9
1.0 3.5 e
0.8 1.0
0.7 0.1 .
100.0 )

*Particle diameter calcu-
lated; determined by
Coulter Counter Model M.

I-24
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APPENDIX I.7. RADIO INTERFERENCE DATA

Specification: MIL-E-55301 Test Area: 60 percent slope
Test Equipment: AN/URM 85,
S/N 40

Radiation Test - DB¥

Veh USL  Veh U83 _ Veh U86 Veh U8l Veh U83 Veh U86 a
Freq Freq i
(ms) A P a AP a AP a (wms) AP a AP a AP 2
45 - 8 - - 8 - - 8 - 110 4254 a 34 54a 3454a
35 - 8 - - 8 - - 8 - 120 38 37 a 37 | 40
1.5 - 66 - - 66 - - 66 - 130 40 39 a 40 | 44
3 64 66 81+ 60 66 81+ - 66 - 140 43 4 46 47 | a
5 60 60 63 59 60 81+ - 60 - 150 47 46 a 47 | 52
8 60 60 65 - 60 - - 60 - 160 46 46 46 | 52
12 - 60 - - 60 - - 60- 170 44| a 45 45 | 47
16 - 60 - - 60 - - 60~ 180 43| 45 44 45 | 48
20 48 54 50 47 54 a 55 54 a 190 41| 47 42 43 | 46
24 48 | 52 50 53 200 41| a 41 42 | a
28 51| a 49 49 220 39 43 39 N
30 47 49 45 240 32 35 37 o
35 47 38 39 | a 260 29 29 30
38 47 41 39 | 41 280 32 32 33 -
40 47 47 47 | a 300 46 45 46 o
45 50 51 4% | 48 350 36| a 35 36 | a '
50 45 43 40 | a 400 32| 39 38 32 | 40
55 48 49 44 450 39| a 38 a 38| a :
60 52 39 37 500 37| 39 37 40 38| a :
65 53| a 37} a 37 550 39| a 38 40 38| a
70 3% | 38 3| 38 37| a 600 34 34 35| a
75 3% | 38 39| 41 35| 40 650 38} 37 35 | 37
80 %) a 3% | 36 3| a 700 35 3 40 35| a
85 34| 3 35| .38 35| 37 750 36 35 37 36
90 3% | a 35| 42 35| a 800 36 3 36 35
95 381 a 36| 49 351 37 850 36 35 a 35
160 40 54 48 37 54 49 35 54 a 900 35 35 37 | a
950 40 39 38 | 40

1000 45 54 a 43 54 a 42 54 a

]

Ambient neise level

Passing limit

Interference noise level at ambient

- Ambient noise level to high

Decibels above one microvolt per megacycle of bandwidth

P ariD g

* 1o N
|

NOTE: Vehicle USA Reg No. 02DU8170, 7 May 1970, mileage: 9410.0
Vehicle USA Reg No. 02DU8370, 6 May 1970, mileage: 9239.9
Vehicle USA Reg No. 02DU8670, 5 May 1970, mileage: 8523.9
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Conduction Test - DB*

Vehicle U81 Vehicle U83 Vehicle U86
Freq
(mcs) A P a A P a A P a
.15 - 76 8 a 76 86 a 73 8 76
.35 73 8 a 76 86 a -79 86 a
1.5 57 83 72 63 83 75 78 83 a .
3 59 83 .70 65 83 74 75 83 a
5 50 80 70 65 80 72 .76 80 a
8 51 80 67 63 80 a 77 80 a ®
12 55 74 61 61 74 64 73 74 a
16 61 74 a 64 74 a 64 74 a
20 61 74 a 52 74 a 52 74 a
24 - 48 T4 55 40 74 46 40 74 46
28 35 74 55 30 74 51 35 74 40
30 31 74 50 200 74 46 29 74 34
35 25 74 51 20 74 46 32 7% 35
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APPENDIX I.8. FINAL INSPECTION

Vehicle Registration No.
02Du8170 02DU8370 02DU86 70

SNL Group: 01, Engine

Engine
Speed
(rpm)

0il pressure (psi) at: Idle 38 (525 35 (650 36 (600
All oil pressures were rpm) rpm) rpm)
taken at operating 1000 40 38 39
temperature. Specifi- 1500 41 39 41
cation is 35-45 psi at 2000 43 41 42
operating speed 3000 47 45 45

4000 48 48 47
Cylinder
No.,

Engine compression (psi) 1 125 120 135
Readings taken at cranking 2 125 115 140
speed of approximately 225 3 125 115 135
rpm. Specification is 135~ 4 120 120 130

145 psi

Vehicle 02DU8170: Cylinder head
pulled and intake valves removed R
to check for dust damage. Valves v
in good condition; cylinder walls

in excellent condition. Traces

of dust were observed in the

combination chambers.

Two exhaust
manifold fasteners were under-
torqued 5 and 7 lb-ft, respectively.

Vehicle 02DU8370: All exhaust
manifold fasteners were at 0 lb-
ft torque.

Two intake
manifold fasteners were under-
torqued 5 and 7 1lb-ft, respectively.

1-27
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Vehicle Registration No. Ao
02DU8170 02pY8370 02DU8670
SNL Group: 02, Clutch
Satisfactory Satisfactory Satisfactory i
SNL Group: 03, Fuel System o
Satisfactory. A hole was dis- There was exces- ) 3'
covered at a sive side play L
spot weld in in the carbure-
the air cleaner tor mixture ad- AR
oil cup. 0il justment crew.
was leaking ' .
down ifite the - The rear tail-
bottom of the pipe hanger
air cleaner = bracket was Y
canister. (See broken.
App III, Sec 2, ’
Group 03)
The tailpipe to
muffler connec- W
tion was loose.
The rear tail- ;
pipe hanger &
bracket was: i
bent and loose. :
SNL Group: 05, Cooling System o
Satisfactory. Satisfactory. Satisfactory. : }
SNL Group: 06, Electrical System ;
Headlamp adjustment Left Right Left Right Left Right A
(in.) :
Specification is 0 4 L 2 L 2R oL 1R 1-1/2 R
inch left and 3 inches 10D 10D 10D 10 D 9D 9D
down.
L = left R = right D = down
Right turn The No. 1 and 3 The spring ten- 23 :
signal/stop- sparkplug leads sion on the ig- p
light bracket were replaced nition points 4
was broken; because of bro~ was only 10 'S 3
ken wire mesh ounces. They 4
insulations. replaced. Specif- :
ication is 18-20 o
Turn signal ounces. *

I-28

control would
not move to the
left turn posi-
tion smoothly.
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Vehicle Registration No.
02DU8170 02DU8370 02DpU8670

SNL Group: 07, Transmission

Transmission Satisfactory. Satisfactory.
was removed and

disassembled.

Rear output

seal was worn

and leaking,

. but overall,
transmission
appeared to be

o : in very good
condition.

SNL Group: 08, Transfer
Satisfactory. Satisfactory. Transfer rear
seal was worn
to the point of
replacement.
SNL Group: 09. Propeller Shaft and Universal Joint
Satisfactory. Satisfactory. Satisfactory.

SNL Group: 10, Front Axle

Both upper Both upper The upper right
front suspen- front suspen- front suspension
sion ball joint sion ball joint ball joint boot
boots were boots were was cracked and
cracked. cracked. and broken open.

All bushings for the front upper and lower "A"
frame control arms were badly worn. Arms were ;
heavily shimmed to offset the wear. S

Specifications for Left Right Left Right Left Right L
v steering geometry are as T
follows: i
Caster, -1/2° to +1/2° -11/2° -1/2° ~-1/2° +1/4° -3/4° =2°
Camber, 1/2° to 1-1/2° 1-1/2° 3/4° 0 -1/2° -1 1/2° -1 3/4°
Swing arc, 31° maximum 31° 31° 32° 30° 29-1/2° 28-1/2°
Toe-in, 1/32 to 5/32 1/2 in. 1/2 in. 5/8 in. 5/8 in. 3/8 in. 3/8 in.

1-29
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USA Registration No.

02DpU8170 02DbU8370 02DU8670
SNL Group: 11, Rear Suspension
Rear differential was Satisfactory. Satisfactory.

removed and disassembled.
Right output bearing had
several spalled rollers.
Bearing and race were
considered unserviceable.
(See App III, Sec 2,
Group 11).

Left and right control
arm to body bracket
bolts were at 20 and 35
1b-ft torques, respec-
tively. Specification
is 45-60 1b-ft.

Brakes pulled to the
left during the pre-
inspection road test
but appeared to be sat-
isfactory upon inspec-
tion.

Left rear brake line
was not being retained
by the outboard clip
on the suspension arm.

The wheel cylinders

were disassembled and
and examined. The rear
cylinders and pistons
were in excellent con-
dition. Front pistomns
were tarnished, and
slight rust was ob-
served in the forward
bore of the right front
cylinder. Piston skirts
were rough and irregular.
The front boots showed
many small cuts, mostly
at the point where the
boot rolls over the
piston skirt. Rear
boots were in good
condition.

I-30

SNL Group: 12, Brakes
Brakes pulled to the
right during the pre-
inspection road test
but appeared to be sat-
isfactory upon inspec-
tion.

The front wheel cylin-
ders were torn down and
inspected. The primary
piston on the left side
was found to be frozen
as a result of dust and
moisture contamination.
All pistons and cylin-
ders were similarly
contaminated, but not
frozen. The boots were
cut in several places
as a result of metal
burrs on the piston
skirts.

Brakes pulled slightly
to the left during the
pre-inspection road
test but appeared to be
satisfactory upon in-
spection.

Parking brake was is
satisfactory condition,
but out of adjustment
attainable by the oper-
ators lever.

All pistons and cylin-
ders showed dust and
water contamination.
The boots were cut in
several places as a re—
sult of metal burrs on
the piston skirts.
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USA Registration No.
02DU8170 02DU8370 02DU8670

SNL Group: 13, Wheels, Hubs and Drums

Satisfactory. Satisfactory. Right front wheel was
squeaking during the
road test. The drive
shaft seal was found to
be very dry, but ap-
peared to be in good
condition. There was
no shortage of grease,
and the reason for the
problem was not apparent.

SNL Group: 14, Steering and Controls
The steering gear as-
sembly was seaping
lubricant.
SNL Group: 15, Frame and Brackets
Satisfactory. Satisfactory. Satisfactory.

SNL Group: 16, Springs and Shock Absorbers

Left rear drive shaft Satisfactory. Satisfactory.
and suspension spring

showed they had ex-

perienced light contact.

I-31
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APPENDIX I.10. SAMPLE QUESTIONNAIRE

M151A2 Test Vehicle, USA Registration No.

M151A1 Comparison Vehicle USA Registration No. 02CL6169

Driver's Name

Course

Test Vehicle Standard
Vehicle

Both
Same

1. Which vehicle has a more comfortable ride?
2, Which vehicle steers the easiest?
3. Which vehicle seems to lean more during turns?

4, With which vehicle do you have the greatest
stability and control during turns?

5. With which vehicle do you have the greatest
stability and control when braking?

6. If you were required to travel this course
as fast as possible, which vehicle would you
choose?

Why?

REMARKS :
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APPENDIX I.11. LIST OF VEHICLE CHANGES

Truck, Utility, 1/4-Ton, 4x4, M151A2
1. Modified independent rear suspension (trailing arm design)
2. Service brake wheel cylinders, front (3/4 inch to 1 inch diameter)
3. Mechanical fuel pump
4, Clutch cross shaft nylon bearings ¢
5. Deep dish steering wheel
6. Steering linkage and suspension ball joint lube-for-life
7. Rag joint steering shaft
8. Spun steel crankshaft and water pump pulleys
9. Front cross member spacer-shims
10. Class "A" lights
11. Two speed electrical windshield wipers
12, Windshield washer
13. One piece windshield
14, Full view rear window
15. 1Inside rear view mirror
16. Rear lift points
17. Wheel studs, 1/2 inch
18. Scissors type jack, handle and wheel wrench
19. Side reflector, stick-on i
20. Transmission-transfer case improvements
21. Differential improvements
22. Rear axle drive shaft improvements

I-40




lten

10

Source

(Para.)
MIL-T-45331C
3.3

3.4

3.4.1

3.5

3.5.1.1

3.5.1.3

3.5.2.2

3.5.2.3

3.5.3.1
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APPENDIX 1I.

Requirement

Materials. The materials used shall be as specified in the
applicable specifications and drawings.

Construction. Vehicle, components, subassemblies, and
assemblies shall be fabricated and assembled into a complete
vehicle io accordance with drawings listed or referred to in
the applicable Engineering Parts List and as supplemented
herein. All parts, subassemblies, and assemblies shall be
identified in accordance with MIL~STD-130.

Engine. The engine shall conform to MIL-E-45332, except
that the section covering preparation for delivery shall not
apply. The vehicle shall meet all performance requirements
specified herein with engine installed.

Soft top. The complete soft top furnished and installed in
accordance with applicable drawings for the M151A2 shall
provide the maximum protection for the personnel when
vehicle is operating in adverse climatic conditions. The
manufacturer shall provide at least the soft top and back
panel for the MIS1A2.

Performance. Trucks shall conform to the performance
requirements specified herein after a break-in run of 2
miles (road). Vehicle shall be serviced as specified herein.

Extreme climatic operation. The vehicle shall be capable of
having the engine started and normal operation maintained,
in still air having any ambient air temperature from minus
25°F to plus 120°F, without external aid, in altitudes from
sea level to a 3000-foot elevation sbove sea level.

High temperatuxe operation. The vehicle shall be capable of
having the engine started and normal operation maintained,

in still air having any ambient air temperature and altitudes
specified in Table I, without external aids, and with a
relative humidity as low as 5 percent. The vehicle fuel
systen shall function without evidence of vapor lock, and

the engine coolant temperature shall remain below the boiling
point. The emgime coolant temperature limit specified at
Paragraph 3.5.1.3 of MIL-T-45331C consider coolant boiling
point with a pressurized system.

Table I - Elevation Temperature Chart

Minimum Ambient

Elevation Alr Temperature
4000 feet 108°F
5000 feet 100°F
6000 feet 97°F
7000 feet 93°F
8000 feet 90°F

Payload. Truck payload shall include driver and persomnel
and shall be as specified in Table II.

Towing load. Towed load performance requirements for the
M151A2 shall be met when coupled to an M-416 tactical-type
trailer, and shall be as specified in Table II.

Table II. Weights and Loads, Pounds
M151A2
Curb weight: 2400
Rated payload (including
personnel):
Highway 1200
Cross-country 800
Gross vehicle weight {(GVW):
Highway 3600
Cross—country 3200
Rated towed load:
Highway 1300
Cross-country 1000

Level road speeds. The truck, including cross-country pay-
Joad and with cross-country towed load, shall be capable of
sustaining a speed of not less than 60 miles per hour (mph);
a low speed of not more than 2-1/2 mph in low gear, when
operated on smooth, dry, level, hard-surfaced roadway.
Drumming, shimmy or tramping shall not occur throughout this
speed range.

TEST FINDINGS

Met

X

Not Met

Subtest
Paragraph

Remarks

2.2.5

2.2.5

X 2.3.4.6

2.2.4

2.2.4.4

2.2.4.4

2.3.4.1

Failed radio interference
suppression tes

The modified soft top with
full view rear window vas oot
provided for one vehicle.

Vehicle performed satis-
factorily during initial
inspection.

Engine coolant and oil, trans-
wission, and rear differential
overheat.

Engine coolant and oil, tr=mme-
wission, and rear differential
overheated.
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. _Requirement

3.3.2

Grade speeds. ‘he truck, including cross-country payload

and with cross-country towed load, shall be capable of nego-
tiating grades up to 6-1/2 percent at a speed of 30 mph when
operated over a smooth, dry, hard-surfaced raodway. Without
towed load, truck, including cross—country payload, shall be
capable of negotiating grades up to 60 percent at a speed of
2-1/2 mph when operated over a smooth, dry, hard-surfaced

Slopgs. The truck, including cross-country payload, shall
be operated on side slopes, sloping right or left, up to 40

Shallow water fording. The vehicle, without fording equip-
ment and with rated cross—country payload and towed load,
shall ford a hard-bottomed, relatively level crossing in
fresh or salt water to a depth of at least 21 inches. The
vehicle without fording equipment, or modificatiom, shall
meet all requirements of 3.5.7.1, except the depth shall be

Service brakes. Service brakes shall stop the vehicle within
30 feet from a speed of 20 mph, on dry, hard, relatively
level, smooth road, free from loose material. Service
brakes shall control and hold the vehicle on an incline of

Parking brake. The parking brake shall hold the vehicle on
a dry, concrete incline of 40 percent with highway payload;
and on a dry, concrete incline of 60 percent with cross-—

Maneuverability. The vehicle shall demonstrate a maximum
turning radius of 18.5 feet, measured from the center line
of the outside front wheel, when negotiating full turns to

Radio interference suppression. Each vehicle shall be radio
suppressed in accordance with the tactical vehicle require-

Marking. Registration numbers and other markings shall be
applied in accordance with MIL-STD-642. Color shall be
iusteriess white enamel, matching color chip 37875 of
FEDERAL STD No. 595. Data plates and part number marking
gshall be in accordance with MIL-STD-130.

Workmanghip. The workmanship shall produce vehicles free
from fabrication defects which would affect the appearance,
functioning, or operating life of the vehicle or any of its
components. All seals and gaskets shall be so installed and
retained that fluid seepage is minimized, and so that ex-
haust gases are prevented from escaping. All welds, rivets,
bolts, nuts or other fasteners shall be torqued as indicated
on drawings, or where not specifically detailed om drawings,
to the extent consistemnt with their respective application
in commerical vehicles of similar construction.

Examination of vehicle. After a 2-mile break-in, (road
test) each completed vehicle of each model shall be operated
for a distance of not less than 5 miles, at the place of
manufacturer, by the comtractor and subjected to visual and
dimensional inspection of characteristics listed in Table IV
(including exhaust leaks) for conformance to applicable
drawings and this specification. Vehicle shall be driven in
reverse gear a minimum of 50 feet. Vehicle shall meet all
performance requirements specified without malfunction.

Test failure. Failure of either test vehicle to comply with
any of the requirements specified or any deficiency of work-
manship of materials nature during or as a result of the
20,000-mile test, shall be cause for rejection of the vehicle.
Further, the Government may refuse to continue acceptance of
production vehicles until evidence has been provided by the
contractor that corrective action has been taken to eliminate
the deficiency. Any deficiency found during or as a result
of 20,000-mile test shall be prima facie evidence that all
vehicles already accepted prior to completion of the 20,000~
mile test are similarly deficient unless evidence satisfactory
to the Government is furnished by the contractor that they
are not similarly deficient. Such deficiencies on all
vehicles shall be corrected by the contractor at no cost to
the Government regardless of locationm.

Source
(Para.)

3.5.3.2

roadway.
3.5.5

percent.
3.5.7.2

21 inches.
3.5.8.1

60 percent.
3.5.8.2

country payload.
3.5.9

right and left.
3.8

ments of MIL-E-55301.
3.9.2
3.10
4.2.2
4.2.3.1
5.1

Vehicle processing. Vehicle and equipment shall be processed
for shipment and storage in accordance with MIL-STD-281 to
the extent indicated on the applicable vehicle preservation
data sheet or other implementation document, as specified by
the procuring activity.

Servicing, design and contruction of the air cleaner shall
permit quick and convenient disassembly for cleaning and
servicing of the oil cup and filter element without re-
moving or disturbing the clean air chamber or its connections
to the engine and without the use of special tools.

Resistance to air leakage. The air cleaner shall nmot leak
air when properly assembled and tested to a vacuum of 50
inches of water.

Met

X

X

Not Met

X

X

Subtest
Paragraph

Remarks

2.3.4.3

2.3.4.3

2.3.4.5

2.3.4.2

2.3.4.2

App I1I, Sec I

App 1.1, Receiving
Inspection

2.5.4.2
2.5.5

2.5.4.2

See results in Paragraph
2.3.4.4.

Failed the radiation phase in
the low frequency range.

A male connector was not in-
stalled on the No. 21 wire im
the stoplight/taillight as-
sembly of one vehicle (see App
111, Sec 2, Group 06).

The toe-in and headlight
alignment did not meet speci-
fication requirements on all
vehicles.

Propeller shaft failure and
extensive brake problems were
classified as deficiencies.

Batteries were connected on
two vehicles. One battery was
discharged because the ignition
switch had been left om.

Entire air cleaner had to be
removed for cleaning after
extreme dust testing.
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APPENDIX III.

DEFICIENCIES AND SHORTCOMINGS

Deficiency

Group 09:

1. The rear yoke on the propeller shaft of UBL broke away
from the U-joint assembly at 17,170 test miles. Onme side
broke off completely and the other showed a small crack.

2. All vehicles exhibited extensive brake grabbing in the
front brakes begimming between 12,000 and 15,000 test

miles. In most cases the vehicles would pull to the left
or right.
Shortcomings*
None
Nome
1. Fuel was leaking past the fuel tank filler cap. The

filler cap gasket was observed to be cracked in several
places.

2. A hole was discovered at a spot weld in the air
cleaner oil cup on U8S3 at 21,048 miles. Oil was leaking
through the hole into the bottom of the air cleaner
canister,

None.

3. An excessive length hose from the radiator to the
engine water manifold was being chaffed by the rubber fuel
line coming out of the fuel pump. Occurred on U83 at
2001 miles.

4. A pin hole leak was found in the lower left cormer of
the radiator on vehicle U83 at 16,279 test miles.

5. The radiator grille is insufficiently supported
causing the headlamps on all three vehicles to be out of
adjustment on receipt and again after 3300 test miles.
UB6 headlamps were also misaligned at 18,640 test miles.

6. A male connector had never been installed on the No 21
wire in the stoplight/taillight assembly.

7. The radio interference suppression wire mesh insu-
lation, which is a part of the electrical lead and comduit
assesbly from the distributor to the spark plug, was
found to be broken. The problem occurred en U86, No. 1
lead at 3550 test miles, U86, No. 3 lead at 5998 test
adles; USl, No. & lead at 17170 test miles; and U83, No.

1 and No. 3 lead at 21048 test miles.

8.
causing the engine to surge and misfire.
lem occurred on USL at 12,934 test miles.

The igaition coil assembly failed at 6012 miles on U83
A similar prob-

9, The turn signal assembly is not reliable. The
directional turn signal control was sticking in the left
turn position, and would not easily retum to neutral.
Problem occurred on US6 at 12,084 miles and on U83 at
21,048 test miles.

The brake lights would not operate on U86 at 14,936 test
miles due to a faulty service brake circuit in the turm
signal control assembly.

At 17,83 test miles the turn signal lamps on U83 would
not operate when the turn signal control vas activated.

10. The ignition points broke on engine in U86 causing
wisfiring at speeds above 55 mph at 13,452 test miles.

11. An ignition coil problem on USL caused the engine to
stop when 1dling. Problem occurred at 19,004 test miles.

*All test miles indicated are incorrect for odometer error.

Suggested Corrective Action

Remarks

1. Deficiencies

None.

Group 12: Brakes

Implement manufacturing pro-
cess to eliminate burrs on
wheel cylinder piston skirts.

2., Shortcomings

Group 01: Engine

Group 02: Clutch

Group 03: Fuel System

Nore.

Improve welding and inspec-—
tion techniques.

Group 04: Exhaust System
Group 05: Cooling System

Radiator hose should be
shortened or quality control
improved.

None.

Group 06: Electrical System

Install upper supports for
the grille.

Improve quality control
during assembly.

Provide better support for
the leads, or design a more
durable wire mesh insulation.

More positive fastening de-
vice for the coil, and coil
lead, retainer should be
provided.

None

None

None

None

None

Propeller Shaft and U-Joints

There were several scratches on the rear third of the pro-
peller shaft. However, they were rusted and evidently
occurred well before the failure. A check showed the rear
differential to be properly positioned and all fasteners to be
tight.

Iavestigation after the final inspection revealed that the
rubber boots, which roll back over the wheel cylinder piston
skirts, were being cut by burrs on the skirts. This led to
dust and moisture contamination of the cylinders, causing the
uneven application.

It appeared that the gasket was being distorted whem the cap
was tightened. UB6 - 8475 test miles and USl - 17,158 test
miles.

Since only about 1/3 of the oil was lost, this problem is not
classified as a deficiency. The loss, however, would defi-
nitely affect the air cleaner's effectiveness. It had bean
tested for 4391 miles.

A repair was not successful and the radiator was replaced at
17,836 miles.

Alignment problems are due to the lack of support of the
radiator grille, into which the lamps are mounted.

Shortly after break-in operation had been initiated, the left
taillight was observed to be inoperative.

The failures appear to be due to fatigue of the wire mesh,
caused by vibration.

The ignition coil retaining tabs had broken off on U83, and
one of the retaining screws was missing. This allowed the coil
to bounce. The right side coil retaining screw was nissing on
UB1 and the negative lead retainer and retainer screw had come
unfastened. The negative lead retainer screw was bouncing on
the breaker plate, periodically shorting out the ignition
circuit.

Noue.

The assembly had been replaced previously.
ated for 2852 test miles when it failed.

This one had oper-

The control was found to have open circuits to the left and
right turn signal lamps. The control assembly was replaced.

The moveable arm side of the ignition points was found to be
broken. A small mark was noted on that arm as if a screw-
driver had been used to push the arm into alignment. Such
action would accout for breakage in a plane opposite that in
which the points operate.

The coil was extremely hot after a short period of operation.
Replacement solved the problem.

Actual mileages are 6 to 8 percent less then shown.
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Shortcomings —_— Suggested Corrective Action Remarks

12. The low beam on the right headlamp of U83 was burned
out at 17, 836 test miles.

13. At 17,836 test miles the center boss in the bakelite
distributor cap on vehicle U83 was found to have a minute
crack. The crack had not developed to the point of
affecting performance.

14, At 11,935 test miles a small ball bearing was found
attached to the transmission drain plug of vehicle U83.

None

Group
None
15. All three vehicles had excessive toe-in (19/32 inch

to 3/4 inch) upon receipt.

16. The front differential right output seal omn vehicle
UB6 was leaking at 6518 test miles.

17. The front differential right output seal was worn to
the point of replacement on vehicle U83 at 11,935 test
miles. The left front output seal was similarly re-
placed on vehicle U8l at 19,004 test miles.

18, Durisg final inspection om vehicle U81, the right
output roller bearing in the rear differential was ob-~
served to have several spalled rollers. The bearing race
was correspondingly worn from the spalled pieces.

19. During unscheduled maintenance on vehicle UBL at 5196
test miles, grease was found on both right front brake
shoes.

20. Thirteen tire inner tubes failed during the test due
to separation at the seam.

21. During all durability operation, U86 seemed to give a
rougher ride and bottom out more frequently than the other
vehicles.

22. The bushings in the front upper and lower A-frame
control arms were observed to be badly worn on all
vehicles.

None
None
Group 07: Transmission
None
Group 08: Transfer

A new unit was installed.

It is possible that the crack resulted from stresses set up by
the screws which hold the bakelite cap to the external metal
cover.

The transmission functioned perfectly both before and after
discovery of the ball. It is conceivable that it might have
been an extra ball left in the transmission during production.

09: Propeller Shaft and Universal Joint

Group 10: Front Axle

Improve quality control
during vehicle assembly.

Improve quality control
during vehicle assembly.

Improve quality of the seal
or redesign the differential
to result in lower temper-
atures.

Group 11: Rear Axle

Nene

Group 12: Brakes

Improve quality control
during vehicle assembly.
Group 13:

Improve quality control
manufacture.

None

Improve bushing design or
quality.

All were adjusted to the 1/8-inch specification.

The seal was a press fit, evidently sealed with a Permatex
type sealant. The sealant had been appiied to only 50 percent
of the contact surface, and leakage was occurring around this
nonsealed portion of the casing, rather than past the seal.

The 11,935 test miles is an abnormally short seal life. Minor
leakage was also observed at most differential output seals
throughout the durability testing.

Fatigue pattern on each roller was similar. Spalling began
approximately two thirds of the distance toward .the wide end
of the bearing, and progressed toward that end. Both the
bearing and the race were considered unserviceable and were
replaced.

No damage was noted to the hub seal, so problem was evidently
caused by careless original installation. The shoes were
cleaned and reinstalled.

Wheels and Suspension

Tube reliability is 3149 miles between failures at 95 percent
confidence limit.

At 13,950 test miles the front springs were removed and the
free length measured. Both were 1/4 inch below the 11.0-inch
specification. They were replaced, and the ride seemed to be
improved.

The problem was first noticed on UB1 at 17,836 test miles. A
check of the other vehicles at the time revealed the similar
wear. New sets of arms were installed on U81 and U83, but the
set on U83 had a repeated failure after only 200 miles, and
were replaced., The arms on U86 were never replaced, but were
shimmed instead to try to reach the camber specification. At
the end of test each vehicle had 5/8 inch to 3/4 inch of shim
for the front control arms. The reason for bushing failure
has not been resolved.

Replacement was on the basis of observed leakage and not on

Group 14 and 15: Comtrols, Frame and Brackets
None
Group 16: Springs and Shock Absorbers
23. Leaking shock absorbers were replaced as follows: Improve seals to prevent
leakage. performance.
Vehicle Mileage Location
usl 5,120 RF
usé 14,800 LF
usl1 19,204 RR and LR
4:%) 19,679 RR
uge 20,097 RR
Group 17: Hoods, Fenders, Shields and Aprons
None

II1-2
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Shortcomings

Suggested Corrective Action

None

24. The windshield washer pump fell apart on vehicle US1
at 7524 test miles.

25. A torque specification for the wheel lifting eye and
self-locking nut could not be located in the TM's.

26. The odometers of all vehicles were found to be reading
higher mileage than actual by 6 to 8 percent.

. o Corrected Shortcomings

27. A mismatch of air cleaner components allowed dust to
leak past the air cleaner seals thereby bypassing the
filtering systems {all three vehicles).

Group 18: Hull, Body and Cab

Group 22: Miscellaneous Accessories

None

The pump handle pivot pin evidently worked loose, allowing
the handle and plunger to fall out. A new assembly was
installed.

Group 31l: On Equipment Material

Provide torque values in TM's.

Group 47: Instruments

Change odometer drive gear to
correct ratio.

3. Corrected Shortcomings

The contractor found that
upper and lower sections were
being matched by the vendor,
but the match was not re-
tained during vehicle as-
sembly. Procedures were
changed to the matched
sections during the con-
tractor's assembly.

The lifting eye torque is particularly critical since leakage
into the hub during fording can occur if the torque is
insufficient.

The specified durability mileage (20,000) was not completed by
1200 to 1600 miles. The QMR should be revised to indicate
allowable error (suggest +2 percent).

Discovered during the 6000-mile maintenance, the junction
between the upper and lower sections of the air cleaner was
sealed with tape to prevent further dust ingestion until the
manufacturer could remedy the problem. New air cleaners vere
installed between 16,500 and 18,500 miles, and uo further
leakage was observed.

11I-3




JCP-l, DPG




{0{-90-2C <OCS i

¥1~-dA31S)

*0f 1dv g ‘41 wiod IL-dAIILS

do9mM 19d shep ¢ ‘Aep 1ad sanoy 9] UO poseq ST ourl AB[op SATIeIISTUTWPE G ~ON WoJl

ydm gz uo pue payTelsuy ydeaSoyoe3 UO poseq ‘g °ON WoII -

NOILVW GQEZ— is3 ]

J(ZO-..F—DQ(

T | 0°6L : 6° 801 9°¢ 0°61 (KA1 0°L A 2 1 9°t9 STviol
a3TNAaIHOSN()
ANIV]\ “IvH3INZD)
037N03HDG
AINIV]A “IvdaNag)
a3TINAIHOSN(
iNIV]y 12331
CERGIFTEY-
LINIV]y 1D3u1Q
T L%y 9°9s 't %81 LARY! 0°L (A8 it Il a37NaaHDSNM
: . ANIVIAl SHQ .
6°TC 9°1% 6°0 9°0 1°0% 937NA3HIG
INIVIN 2O
G* [ 8°0 2°0 a3INA3IHOSNfN
1 INIVINl M3¥D) 40O
. 6 I LAk L AKA CERO-ETEYS
. INIVIN M3IND €0
! ES e IONVN3LNI -
I Y R I A e I I E R I F R E I E I ER R ETEFIE W
Qfriigo wumm.mummmummmuwmmummmummmvwmmummmums 40 3dA)
.ﬂ,__.m mrig Iir|g rig rig r{g ri{g rig rig r{a
W” IuNva HH ND0T1D HAW 4NO MOIHD | LINTWIADVId | NOILDSHNOD!I 3L VHEITYD NOILVEVHINd NOILVYDOT | NOILDIdSNI
S  W3LSAs . 3AILLDY, . -3¥ 1¥yd| 1nva, ¥O 1snrgy . 1nv4d .
0z 61 8 12 91 . s1 ‘ri € °zs 1)
01l £°GOE VLol [ GOEf LuOd3¥ SIHL 3WIL AVISQ NIWAY ANV ATddNG  °G
T CFTE  3AWIL JSNI HDAL IWNI 4 U 0E 3WIL dSNI HOAL AVILING ‘6 [TBTGY VA0l T §°G8  LHOJ3¥ SIHL S3IDIA¥IES ATIVO M3IuD /40 P
TT0T0 vio]l T (°() 1¥043 SIHL 3IWIL 1S3L ¥NON3 VIO3dG ‘g 2°16G8 VL0 ] T7T/cg L¥od3Y m.zkd.g.lnnoux_bauz ¥H ONILV¥3dQ °¢
99 Twvilo] " g°g L¥Od3FY SIHL AWIL INIVIW HOHY3 xo.-.zwo.on..v< *L lmN.Ou.mNIJKrO.F CZ0T¢ ‘u¥od3d m.x.—% aQ3¥iNL3IY S3ITNW Ls3a| 2
T 00 wvioj 0"0 LuOd3¥ SIHL HH GOW 3TIDIH3IA °Qg ] v [] "oN wis3inpif O nwnaddy g cotwad oNiiuod3y *|

0LT8NAZ0 °*©N 32¥ Vsn

NOILVDIdIAN3 Ol

CVISTH ‘¥xy ‘uol-%/T
‘A31TTIN “donag

3

HNLVIDNIWON

Y€0-TST-0ZT-9A-T

‘ON LO3rodd

130438 AUYVINWNS

NOILYNTIVAI 3ONVNILNIVIN

-

VI 3124

N

OTIVOTYAT JONVNAINIVH

Al XIAN3IddV

0
>
et




S
P
S

¢ G 3 >

(,0-90-2 d0S NV1-dX31S) *339708q0 ST 69 °2@ 1 Jo uollrpd °(a2y) oL idv 8 ‘oL wIod FL-dAILS
§'C9d 0 |9°9 [°yog O°T| O - |T°EET 1°89
[$¥43 5.0 o |z9t|s e 85012 uoT3d2dsur TEOTUYDS] TRUTI pAwWI0FIag -
Fqeat
L°8T 0 | L°8T %107 Teny paateds1 pue 1032i1nqaed Isnlpy €0

-38epwep I0J ITOTY=A

pa3odsur Afy3noaoya pue TIO

T3 SEHO) 28ueyo “3O0T DTIBISOIPAY PIAITITIY
ung ¢¢ - 9°G 0 |[8°C [9°¢ 9°98661 9PTS S3T UO 13A0 pI3UWIN] ITOTUIA -
. mayqoxd
7L 0 |¥°L 7 e0Z61 TeT3IUSI3IITP PUB S00ys ‘UOTITUS] --
791 0 | %% 61281 sdoueudjuTEW STTW-000°8T | --
£€°0s| 0°T 0 {€°TS L°9STLT jutof-n ateday | 60
}ooys ua3y3Ty 9T
ma 0°1 0 |01 : %6991 | pue ¥eaT Tan3 ayeday €0
mw\ PeTIIB3ISUT AT3d21100UT
m 0°T |8°C 0 |8°C %°L9791 390e1q 19qI0Sqe }O0YySs U013y IY3TY 9T
9°¢ 0 {9°¢C S 78ISt jusuisnipe ojeag (A
uor3oodsuf
0°ot 0 [O0°ST|{0*0E| TI°%C TeOTuyd33 TeTITUT pPowWIOIIag -
14 159 3 4 | 11 0l 6 8 L 9 S L4 € 4 I
w um 4 M“ m M ] w ] m H M_m ﬂ m SHNOH|SHNOH| SaNnow | | ALINOHLNY SNOILYu3d() ‘ON
2 %3 m an 2 %0 gzl C3 oz S 3 ptoonof —Nvw SBNOK | | Q3LVIIY HO OGNV LNINOAWOD) ‘LNIQION] |dNovg
nry|Tz=l3 O3 z| < nQir 4 s3aqiw fx
o r a» m < - m
2 3" 3 gn 5 awiL asn
2 9 ! z um.%zw.ﬂu.wﬂi W3LSAS
0/T8N020 norirvoraiinaor " 150438 ASVANANS o~
VIS ____ (319YIDUVHO-NON) INWIL AVI3A YO 3IDONVNIINIVN NOLLVAIVAZ 3ONVNILNIVN m..

(pepnTou0)) VI 31y



SOV L.
hdioiatald

o

10

JCP-, DPG
MAINTENANCE ANALYSIS CHART

- STEYP-TE FORM 120

INSTRUCTION SHEET

The sequence number of the Maintenance Operation.

Functional group number as indicated in the Maintenance
Allocation Chart of the 'assembly or subassembly.

Component and related operation as indicated in the
Maintenance Allocagtion Chart. Operation assigned to
depot ‘level maintenance are not normally shown.

: Mﬁinﬁéhahée Lével,'Prescribed. "By the Maintenance

Allocation Chart is indicated by using the appropriate L
letter code. Al

Maintenance Level, Recommended. Use the appropriate
letter code to indicate the level of maintenance

recommended by the test agency. ‘ ’ ”1

T Instructions, Adequate. Place an X in this column
to indicate that TM instructions covering this main=-
tenance task are adequate.

M Instructions, Inadequate. When TM instructions are
considered inadequate, insert test agency EPR number
vhich transmitted the DA Form 2028.

Active Maintenance Time. Man-hours and Clock hours
required for the maintenance operation to the nearest
tenth of an hour. If the operation was not actually
performed but was reviewed, the estimated active main-
tenance time is indicated by using the prefix E. (Un-
usual differences in the maintenance times for the same
operation should be explained in the body of the test
report.)

System Life. The number of operational hours, (essential)
and miles, rounds, events, etc., as required in the test
Plan, accumulated during the test prior to the occurrence
of the malfunction or scheduled service. (Under the life
figure enter in Pparenthesis, the sequence number for which
that particular operation was last performed.) "S" will
be placed in this column if the operation was performed on
a sampling basis and not because of an actual maintenance
action.

Iv-3
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Reason Performed, Scheduled. An X in this column indicates
that the operation was performed and recorded as a required
portion of a scheduled maintenance service.

Reason Performed, Unscheduled. An X in this column indicates
that this operation was performed as a result of unscheduled
maintenance. NOTE: If the operation was performed only to

verify procedures or tool requirements, not to correct a

malfunction, the symbol "SIM" will be used for simulated and
record on separate Maintenance Analysis Chart.

EPR No!'- Remarks. Enter EPR Number, if applicable. When
operation is performed as result of a failure, as defined
in USATECOM Reg 750~15, the notation (MCF) Mission Critical
Failure will be inserted in this column. Enter other
appropriate remarks to further explain operation. ;

&
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JCP-, DPG

PARTS ANALYSIS CHART

STEYP-TE FORM 121

INSTRUCTION SHEET

GENERAL: This chart is a list of parts which were used in mainccining the
test item. Parts will be grouped in this chart by functional
groups and in Federal Stock Number (FSN) numerical order within
each group.

CozN

1-2 sequence Number and Group Number. Parts usage by maintenance
operation is indicated by a cross reference to the sequence
and group number from column 1l-2 of the Maintenance Analysis
caart. .

3 Jederal Stock Number. Record the Federal Stock Number, teche
aical service part number, manufacturers part number, oxr
drawing number in this oxder of preference.

L Quantity. The number of identical parts used.
5 Noun Nomenclature. As listed in the parts manual.

o ¥aintenance Level, Prescribed. The level prescribed by the
pParts list under review. Use letter code to indicate.

.2intenance Level, Recommended. Use appropriate letter code
To0 indicate the maintenance level recommended oy the test

agency.

ferv Life. The number of operating hours (essential) and miles,
rounds, events, etc. As required by the test plan, accumulated
on Tnis part. This is actual part-life and should agree with
Darv life reported on the EPR. Each entry in this column is
Jollowed by the appropriate life unit letter code.

{n

9 Reason Used, Scheduled. If the part was replaced as a required 4
acvion of scheduled maintenance, an X will be placed in the
scaed column. NOTZ: (1) If the part was used to satisfy a ,
"2Oize Change Component" schedule the symbol "TCC" will be o
used in this column. (2) If the part was consumed to verify g
procedures or tools, not to correct a malfunction, the symbol 3
"SIN" will e used. : ~ S

Reason Used, Unscheduled. An X in this column indicates that
this part was used as a result of unscheduled maintenance.

[ =
(&)

i Z7R No. - Remarks. Znter EFR Number if applicable. When part
was replaced to correct a failure, as defined in USATECOM Reg
750-15, it will be indicated by inserting the word "Failure."

.
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MAINTENANCE PACKAGE LITERATURE CHART i

STEYP-TE FORM 122

INSTRUCTION SHEET

Enter Army or manufacturer's publication or draft manual ¢
nuuber. '
Number of copies received. Insert "0" if none were supplied. ©

Use Chapter 9 of AR 310-3 as a guide to determine those
publications that should accompany the test item. Publica-
tions contained in the maintenance package should cover
operations and functions through general support maintenance
and should specify the categories involved.

Coumplete title.
Fill in date publication was received. ' 'Lgfi
Fill in date test item or materiel was received. :
Insert "X" in appropriate block. Minor errors noted on

DA 2028 forms are not in themselves sufficient reasons to

term a publication inadequate.

Insert EPR number and date DA Form 2028 was forwarded.

In addition to appropriate remarks, explain if wanuscript was
not evaluated.
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SPECIAL TOOL AND TEST EQUIPMENT CHART

STEYP-TE Form 123
INSTRUCTION SHEET

COLUMN

1 Nomenclature or Description. Enter the nomenclature as
shown in the manual or if none, enter noun nomenclature and
brief description of item. (Enter in parenthesis the number - ' ®
of like items received, such as "(2 ea)").

2 Federal Stock Number or Part Number. Record one of the
following: Federal Stock Number, Part Number or Drawing
Number, in this order of preference.

3 Maintenance Level, Prescribed. Maintenance Level authorized
the tool as prescribed by the technical publication.

b Maintenance Level, Recommended. Indicate the maintenance
level to be authorized the tool as recommended by test agency.
If the tool is not required, enter none.

5 Date Received. Enter the date the tool or test equipment
was received (Example 6/69). Enter "not rec" if tool or
test equipment was not received.

6 Evaluation, Adequate. Enter an X if the tool was found to be
adequate for use by the mechanics and for its intended purpose
at the maintenance level recommended in Column 4. Make no
comment on tools marked None in Column k.

T Evaluation, Inadequate. Enter an X if the tool was found to
be inadequate for its intended use. Make no comment on tools
marked None in column k4.

8 Required (RQR) Yes or No. A yes in this column indicates the o
tool or test equipment 1s required at the maintenance level
indicated in column 4. A No in this column indicates the tool
or test equipment is not required. This column should be marked w
No when None is marked in Column L.

9 Listed in Technical Manual. Enter the number of the technical
publication for the test item in which the tool or test equip-
ment is listed.

Iv-14
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COLUMN

N “@Q‘g e,

10

JCP-l, DPG

Remarks. If an EFR 1s related to the tool, the EPR

number will be entered. If the tool or test equipment

was used only to verify the need for the item, this will be
indicated. When it has been determined that a tool is not
required, indicate the tool from the common tool set and
the set number which will perform the required maintenance
function. .
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Military Property, 29 September 1967.

5. MIL-STD-642H, Identification Marking of Combat and Tactical Transport
Vehicles, 1 November 1968.

6. MIL-T-45331C(MO), Military Specification for Truck, Utility: 1/4-Ton,
4x4, M151A1, 4 February 1966.

3, MTP 2-2-6l4, Aberdeen Proving Ground, subject '"Toxic Hazard Test for
Vehicles,'" 18 June 1968.

8. MTP 2-2-503, Aberdeen Proving Ground, subject "Maintenance, Vehicle,'
15 January 1966,

9, MTP 2-4-001, Yuma Proving Ground, subject '"Desert Environmental
Testing of Wheeled and Tracked Vehicles,' 1 March 1968

10, Test Plam for Imitial Production Test of Truck, Utility, 1/4-Ton,
4x4, M151A2, Yuma Proving Ground, January 1970.

11. USATECOM Regulation 750-15, subject "Maintenance of Supplies and
Equipment,' 1 December 1969.

12. Siatex, F. G., Inspection Comparison Test of Truck, Utility, 1/4-Ton,
M151Al, USATECOM Project No. 1-7-4030-87, YPG Report 9012, January 1969.

13, Holman, John C., Inspection Comparison Test of Truck, Utility, 1/4-
Ton, Mi51A1, USATECOM Project No. 1-VG-120-151-016, YPG Report 9089,
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APPENDIX VI. ABBREVIATIONS

gm - Gram(s)

GVW - Gross vehicle weight

MTP - Materiel Test Procedure

Para. -~ Paragraph

PN - Part number

USATECOM ~ U.S. Army Test and Evaluation Command
MMBM - Mean miles between maintenance

MMH - Maintenance man-hours

MI'BM - Mean time between maintenance

MTB¥ - Mean time between failures
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APPENDIX VII. DESCRIPTION OF YPG TEST COURSES

Dynamometer Course (Also Paved Durability Test Course)

A 2-mile smooth near-level (0.8 percent upgrade from south to north) 30-foot
wide roadway with 500-foot radius turn-arounds at each end, surfaced with a
high strength asphalt. The course is located at an elevation of approxi-
mately 470 feet above sea level and is staked at O.l-mile intervals.

Truck Gravel Course (Straight Secondary)

An elongated loop, 3.1 miles in length and 40 feet wide with a graded gravel
surface; this course is used to simulate vehicle operation at convoy speeds
on secondary roads.

Tank Gravel Course (Winding Secondary)

A 3.6-mile compacted and graded gravel course with short, straight sections
and curves of varying radii. This course provides a test of steering
mechanisms at medium vehicle speeds.

Truck Level Cross-Country

A 6.4-mile cross—country course over typical terrain consisting of desert
pavement, sand and gravel washes, and loose sandy areas. This test course
is used for durability tests of wheeled vehicles. The course is relatively
level except for sharp embankments encountered where washes are crossed.

Truck Hilly Cross-Country Course

The course is a 2.7-mile test course with grades to 20 percent, several
hundred feet in length. The surface varies from a rough, stony surface to
lnose rock, gravel and sand. Operation on this course requires frequent
braking and shifting of transmission gears under load.

Belgian Block Equivalent Course

The course has a rough, stony surface with short straight sections and
curves of varying radii. The course subjects the vehicle to severe, high
frequency vibration.
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APPENDIX IX. DISTRIBUTION LIST

NAME AND ADDRESS NO. OF COPIES

Commanding General

U.S. Army Test and Evaluation Command
ATIN: AMSTE-BB

Aberdeen Proving Ground, Maryland 21005

Commanding General
U.S. Army Materiel Command
ATTN: AMCRD-GV
AMCRP-L
AMCRD-R
AMCRD-U
AMCMA-V
AMCQA-E
AMCSF
Washington, D. C. 20315

Assistant Chief of Staff for Force Development
Department of the Army Systems Staff Officers
Washington, D. C. 20310

Office of the Chief of Research and Development
ATTN: CRDME-1
CRDPE-S
Department of the Army
Washington, D. C. 20310

Commanding Officer

U.S. Army Logistic Doctrine, Systems and
Readiness Agency

ATTN: LDSRA-ME

New Cumberland Army Depot, P.O. Box 2947

Harrisburg, Pennyslvania 17105

Commanding General

U.S. Army Combat Developments Command
ATTN: USACDC LnO, USATECOM

Aberdeen Proving Ground, Maryland 21005

Commanding General
U.S. Army Ordnance Center and School
Aberdeen Proving Ground, Maryland 21005

*Distribution to be made by USATECOM.
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NAME AND ADDRESS NO. OF COPILS

Commanding General

U.S. Continental Army Command

ATTN: ATI'L-RD-MD

Fort Monroe, Virginia 23351 4

Commanding General

U.S. Army Tank-Automotive Command

ATTN: AMSTA-R 20
Warren, Michigan 48090

Commandant
U.S. Army Armor School
Fort Knox, Kentucky 40121 1

Commandant
U.S. Army Infantry School
Fort Benning, Georgia 31905 1

Commandant
U.S. Army Artillery and Missile School
Fort Sill, Oklahoma 73503 1l

Commandant
U.S. Army Quartermaster School
Fort Lee, Virginia 23801 1

Commandant
U.S. Army Transportation School
Fort Eustis, Virginia 23604 1

Commandant

U.S. Marine Corps

ATTN: Code AX 1
Washington, D. C. 20380

Commanding Officer

U.S. Army Medical Service Test and Evaluation Activity

ATTIN: MEDEW-TE 1
Fort Sam Houston, Texas 76841

e

Commandant
U.S. Army Air Defense School
Fort Bliss, Texas 79906 1
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NAME AND ADDRESS NO. OF COPIES

Commanding Officer

Aberdeen Proving Ground

ATTN: STEAP-MT 1
STEAP-F1 12

Aberdeen Proving Ground, Maryland 21005

Commanding Officer
U.S. Army General Equipment Test Activity
Fort Lee, Virginia 23801 1

Commanding Officer
U.S. Army Arctic Test Center
APO Seattle 98733 1

Commanding Officer

U.S. Army Tropic Test Center

Post Office, Drawer 942

Fort Clayton, Canal Zone 1

Commanding Officer

U.S. Army Transportation Engineering Agency

Military Traffic Management and Terminal Service

ATTN: MIT-TG 1
Fort Eustis, Virginia 23604

Commanding General

U.S. Army Combat Development Experimentation Command

ATTN: Technical Library, Box 22 1
Fort Ord, California 93941

Office of the Surgeon General

Department of the Army

ATTN: MEDD-SC 1
Washington, D. C. 20315

President

U.S. Army Infantry Board

Fort Benning, Georgia 31905 1
President

U.S. Army Armor and Engineer Board

Fort Knox, Kentucky 40121 1
President

U.S. Army Artillery Board

Fort Sill, Oklahoma 73504 1
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NAME AND ADDRESS

President

U.S. Army Airborne, Electronics and Special
Warfare Board

Fort Bragg, North Carolina 28307

President
U.S. Army Maintenance Board
Fort Knox, Kentucky 40121

Commander

Defense Documentation Center for Scientific
and Technical Information

ATIN: Document Service Center

Cameron Station

Alexandria, Virginia 22314

Commander

Military Traffic Management and Terminal Service
ATTN: MTIMIS—~RSE

Washington, D. C. 20315

Director

Development Center

Marine Corps Development and Education Command
Quantico, Virginia 22134

U.S5. Army Transportation Engineering Agency

MIMIS Liaison Officer

U.S. Army Airborne, Electronics and Sepcial
Warfare Board

Fort Bragg, North Carolina 28307

U.S. Marine Corps Liaison Officer
U.S. Army Test and Evaluation Command
Aberdeen Proving Ground, Maryland 21005

Commanding General
U.S. Army Tank-Automotive Command
ATTN: AMSTA-QKP

AMSTA-QKW

AMSTA-QB

AMSTA-BSL

AiSTA-REDB
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