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I. INTRODUCTION

Since the late 1960's, the Army has used synthetic engine oils for lubrication
(1-6)*

of equipment in the arctic regions. Based on the successful arctic

experience, continued efforts investigating the use of synthetic oils were

incorporated into the Army's lubricant research and development programs.
(7-10)

Presently, military lube orders for combat and tactical equipment call for

single-viscosity grade oils. The use of these single-viscosity grade oils

results in frequent oil changes caused by seasonal and climatic temperature

changes. Since the use of a single "year-round" lubricant could eliminate the
(11,12)seasonal changes , possibly extend the oil drain interval, and provide a

greater degree of combat readiness, the U.S. Army Mobility Equipment Re-

search and Development Command (MERADCOM) began a pilot program at Fort

Carson, Colorado to determine the feasibility of utilizing synthetic arctic

engine oil in combat/tactical equipment outside arctic regions.

Fort Carson was selected for this evaluation based on the results of an in-

spection visit by the Project Manager (PM), M60 Tank Development, in Octo-

ber 1975. (13) During the PM M60 visit, the effect of altitude on engine cool-

ing and the use of multiviscosity oils were discussed. Because of the altitude

and locale, Fort Carson experiences extreme temperature fluctuations during

the year. In early spring and autumn, the daily ambient temperature may

change by 28 0 C. These temperature changes lead to difficult starting or lack

of lubrication if a MIL-L-2104C ( 1 4 ) grade 30 or grade 50 product is used in

the vehicles. If a MIL-L-2104C grade 10 product is used to provide adequate

startability at lower temperatures, the oil provides insufficient protection in

the warmer ambient temperature during the middle of the day, leading to

engine failure. This problem is particularly evident and critical in the air-

cooled AVDS-1790 engines used in the M60 tanks.

The range of temperature variation would appear to justify use of a multi-

viscosity lubricant, but conventional multiviscosity products have been shown

* Superscript numbers in parentheses refer to the list of references at the

end of this report.
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to produce excessive deposits and insufficient wear protection in military

diesel engines. ( 1 5 ) However, a synthetic-based multiviscosity lubricant which

has been used with good success is available in the military supply system

under Military Specification MIL-L-46167(OEA). ( 1 6 ) This 5W-20 grade engine

lubricant was developed for use in the arctic and was previously identified as

Aberdeen Proving Ground Purchase Description No. 1 (APG PD-1). ( 17 ) This

synthetic-based product has proved successful in high-output diesel engines

under arctic conditions (-550 to +5 0 C), although the upper temperature ex-

treme was lower than that encountered at Fort Carson.

In April 1976, based on the PM M60 inspection report, MERADCOM, Fort

Belvoir, Virginia, recommended the following programs on multiviscosity oils

for the AVDS-1790 engines. (18)

A. "A 400-hour new AVDS-1790-2C laboratory engine dynamometer test

operated under the mission profile cycle should be performed using

one specific APG PD No. 1 product. This would confirm the suita-

bility of a synthetic oil for use in the AVDS-1790-2C engine and

indicate whether any performance problems would be anticipated.

B. "Following satisfactory completion of the 400-hour dynamometer

test*, a limited field test of the lubricant at Fort Carson should be

-performed with M60 tanks which accrue high use. The operation of

these test tanks would be monitored closely to determine the effects

of field environment, ambient temperatures, and driveability-type

testing on the performance of this product."

In October 1976, discussions were held with the Fort Carson Director of

Industrial Operations (DIO)(2 1 ) on the fleet test possibilities; then in early

January 1977, representatives of MERADCOM and the U.S. Army Fuels and

Lubricants Research Laboratory (AFLRL) visited Fort Carson to complete
(22)

details of the fleet evaluation. In an attempt to determine if this lubri-

cant would satisfy the Fort Carson requirements and help alleviate the opera-

tional problems, a limited fleet test was initiated in January 1977 using one of

* Note: The 400-hour dynamometer test was successfully completed in Decem-

ber 1977.(19,20)
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the MIL-L-46167-qualified products in M60A1 tanks. Due to the initial success

of the pilot program which was conducted through May 1977, the program was

expanded to include transmissions and final drives on the H60 tanks and four

specially modified M151A2 jeeps.

In March 1979, the program was further expanded to include operational

combat vehicles at Ft. Lewis, Washington.

II. EQUIPMENT AND TEST PROCEDURES

The initial pilot fleet evaluation included three M60A1 tanks. These vehicles

are powered by the AVDS-1790-2A, a twelve-cylinder, air-cooled diesel en-

gine. Two lubricants, described in Table 1, were used throughout the test.

Two of the test vehicles (HQ-67 and HQ-68) were lubricated with MIL-L-46167

arctic oil and one vehicle (HQ-66) was operated as a control vehicle using a

typical MIL-L-2104C OE/HDO-30 lubricant. The fuel used during the program

was that available through the military supply system and was procured

against VV-F-800A specifications.

TABLE 1. DESCRIPTION OF TEST LUBRICANTS

ASTM
Description Method No. Oil A Oil B

Specification MIL-L-46167* MIL-L-2104C
Grade Arctic, OEA OE/HDO-30
Properties
Viscosity, cSt D 445

at 990C(2100F) 6.14 11.90
at 38*C(1000F) 29.3 120.0

Viscosity Index D 2270 185 96
TAN D 664 0.2 2.0
TBN D 2896 7.8 12.0
Flash Point, °F D 92 460 440

*Formerly designated APG PD-I.

The three vehicles were operated by the 1/77 Armor, which also provided

minor service and repair work. If major service of the engine or powerpack

were required, the powerpack was removed and forwarded to the DIO Mainte-

nance Division for rebuild. The condition of the engine oil was monitored by

the Army Oil Analyses Program laboratories, initially at Tracy, California,

then later at Fort Carson.
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The pilot fleet test was conducted according to the test plan given in Ap-

pendix A. This test plan included procedures for initial oil installation and

periodic oil sampling.

Later in the program, the M60 test fleet was expanded to include five ad-

ditional M60s and four specially modified M151A2 trucks (jeeps). These

M151A2 vehicles were equipped with specially manufactured low blowby pistons

and piston rings. These vehicles were included in the test program to help

evaluate the durability of the piston ring package. Three of these vehicles

(vehicle Nos. HQ-9, P-7, and P-17) used the synthetic arctic engine oil and

the fourth (P-73) used the OE/HDO-30 lubricant. The test plan for M151A2

vehicles is included in Appendix B.

A. M60 Fleet Test at Fort Carson, Colorado

On 14 January 1977, a pilot field evaluation was begun at Fort Carson, Colo-

rado utilizing three M60 tanks to determine the feasibility of using synthetic

arctic engine oil for crankcase lubrication of combat vehicles operating in

nonarctic regions. The test was conducted 14 January 1977 through 20 April

1977.

The crankcases of two of the test vehicles (HQ-67 and HQ-68) were lubricated

with APG PD-1 arctic oil and one vehicle (HQ-66) was operated as a control

vehicle using MIL-L-2104C lubricant. During the test, the vehicles were

subjected to normal mission/training operations. Mechanical problems were

encountered with only one vehicle, HQ-66, which was corrected by replace-

ment of a fuel injector and pump. Summaries of vehicle usage and fuel and

oil consumptions are shown in Table 2.

TABLE 2. SUMMARY OF VEHICLE OPERATION

Control 5W-20 5W-20
HQ-66 HQ-67 HQ-68

Miles Traveled 286 301 478
Hours Operated 54 49 82
Oil Consumed, Quarts 28 20 20
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During this test period, Fort Carson personnel noted the two vehicles operat-

ing on the arctic engine oil experienced significantly easier starting and

appeared to develop increased power in comparison to the control vehicle and

other M60 vehicles lubricated with conventional OE/!IDO-30 oil. (See Refer-

ence 23 and Appendix C-1.) Also, analyses of used oil obtained from the

vehicles indicated lubricant A (arctic oil) to be in satisfactory condition.

Based on these results, it was concluded that the arctic engine oil would

satisfactorily lubricate the AVDS-1790 engine and could possibly solve the

oil-related problems previously reported for low-temperature operations of M60

vehicles at Fort Carson.

As a result of the successful completion of the three-month pilot test and the

desire of MERADCOM and the Project Manager M60 Tank Development to

evaluate synthetic engine oil to meet the Army's need for a multiseasonal oil

which could also lubricate different components, i.e., transmissions (24,25)

and final drives, it was agreed that the test program at Fort Carson would be

extended and expanded. During the period of negotiation, the original ve-

hicles remained operational on their respective lubricants. However, little

operational data were reported during this period due to changes in person-

nel, and the fact that the program extension lacked a firm commitment. On

10 August 1977, the program was expanded to include five additional vehicles.

These vehicles were identified as vehicles Nos. A-31, A-32, A-33, A-34, and

A-35. All five vehicles were converted to the arctic engine oil for a total of

seven M60s operating on synthetic arctic engine oil and one M60 operating as

a control vehicle on MIL-L-2104C lubricant.

During the period 15 September to 15 November 1977, the vehicles were

involved in extensive training maneuvers. Tank commanders reported that

vehicles operating on the arctic engine oil tended to operate at a higher

engine temperature than experienced with vehicles using OE/HDO-30 oil.

These temperatures were not considered excessive by the tank commanders,

and it was noted the test vehicles also cooled faster than vehicles with grade

30 oil.

This potential overheating was investigated during August 1979 at Fort Car-

son. (26,27) Two M60AI non-RISE and two M60A1 RISE* engines were in-

* Reliability-Improved Selected Equipment.

9



strumented to measure the engine oil temperatures at the oil filter bypass

valve and within the oil pan. For each engine configuration, one vehicle

used a conventional MIL-L-2104C OE/HDO-50 lubricant, while the other vehicle

of the pair was lubricated with the MIL-L-46167 test lubricant. The vehicles

were then operated simultaneously over a test course which produced high

engine temperatures. Figure 1 shows that the non-RISE configuration had an

observed 50 ± 10 C average increase in oil temperature with the MIL-L-46167

arctic oil; the maximum sump temperature measured was 149 0 C during a hot

soak with the engine stopped. Figure 2 shows that the RISE engines had no

significant differences in oil temperature with the maximum oil sump tempera-

ture achieved being 121 0 C. The two large drops in temperature experienced
during the test are a result of the two scheduled maintenance stops at 10 and

20 miles into the test. As Figures 1 and 2 illustrate, the temperature differ-

ence between mineral and synthetic lubricants is small, taking into account

the different starting temperatures of the vehicles. This slight difference

would not be expected to result in any operational difficulties, since this

represents only 3 percent of the peak temperatures encountered during ve-

hicle operation.

Limited used-lubricant analyses ( 28 ) conducted during the period January 1977

through January 1978 showed significant silicon levels attributed to dust/dirt

contamination from the Fort Carson environment; difficulties were experienced

in maintaining the M60 vehicle air filtration system.

On 9 June 1978, the program was expanded to include the transmissions in all

vehicles except the control vehicle (B-11, formerly HQ-66) and the final

drives (left and right) in HQ-67.

Since the pilot program's initiation in January 1977, all engines, transmis-

sions, and the one set of final drives have operated satisfactorily on the

synthetic lubricant. There have been engine and transmission replacements

during this program, but Fort Carson maintenance personnel have indicated

that none of these failures has been attributed to the specific use of the

synthetic lubricant. Table 3 shows a summary of vehicle miles, hours of

operation, number of engine and transmission oil additions, and number of

engine and transmission failures/replacements that have occurred throughout

10



150 -

140

130 -

100
12o / //

/ I
110 --

0I
"' 100I

,- -I /
I /a /I

,,, 90 / /
C,, / I

z 80 I4 I
5r-I

70 / C-31 (NON-RISE) MINERAL OIL

60 A-33 (NON-RISE) SYNTHETIC OIL

60 -50 I I I I I I I I I I ! I I I I I I I I I I I I I

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110 115120

TIME INTO ROAD MARCH, MINUTES

FIGURE I. ENGINE OIL IIMPILRATURE VS TEST TIME FOR NON-RISE ENGINES

130

120 -

cc 110

//
4 / " /

100 / /i. 90 / V'I
/ /I, /

'" / I /

80 -

4 I

~I

z 0 -

e"

60) A-35 (RISE) SYNTHETIC OIL60

50

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105110 115120

TIME INTO ROAD MARCH, MINUTES

I I(;I.'R[ 2. ENGINF 011. rI.MPI R..\ RI vs I[[Sr rI%11 I-OR RISE I'NGINIS

{ . . .... , , ....



TABLE 3. SUMMARY OF VEHICLE OPERATIONAL DATA

Total Engine Trans Number of Number of
Vehicle Total Total Fuel, Makeup, Makeup, Miles/ Engine Engine

No. Hours Miles Cal Quarts Quarts Quarts Replacements Failures

TEST VEHICLES

HQ-67 154 1264 1502 117 97 10.8 0 0
HQ-68 254 1639 2249 51 0 32.1 1 0
A-31 210 1249 1617 43 90 29.0 1 0
A-32 263 1436 2168 27 ill 53.2 1 0
A33 261 1505 1822 102 152 14.8 0 1
A34 94 599 459 37 68 16.2 1 1
A35 300 1866 1670 77 117 24.2 2 0

M60A1 - CONTROL VEHICLE

BlI 534 2519 3321 96 28 26.2 1 0

the test program. It should be noted in Table 3 that the control vehicle B-11

was formerly designated HQ-66 at the initiation of the program. Only the ve-

hicle number changed--not the vehicle or components.

As also indicated in Table 3, there have been seven engine and two trans-

mission replacements during this test program. However, in their failure

analyses, Fort Carson maintenance personnel have not charged the lubricant

as being responsible for any of the failures (see Appendix C, Fort Carson

Monthly Progress Reports). Most of these components were removed at the

direction of the oil analysis laboratory, usually for high silicon and metal

content.

Those components experiencing mechanical difficulties would probably have

experienced those difficulties regardless of the lubricant. The only failure

that is possibly lubricant related was the failure that occurred in vehicle No.

A-35 in which the connecting rod was thrown through the side of the crank-

case (See Table 4).

12



TABLE 4. BREAKDOWN ANALYSIS OF ENGINE AND TRANSMISSION REPLACEMENTS

No. of Engine
Vehicle No. Replacements/Date Reason for Removal

HQ-66(B-l1) 1 (Sept 78) AOAP directed
(Control)

A-31 (test) 1 (between 21 Mar 78 Low compression on three or
and 20 May 78) more cylinders

A-35 (test) I (between 21 Mar 78 Low compression on three or
and 20 May 78) more cylinders

2 (2 May 79) Eng S/N A0808 threw connecting

rod through side of crankcase-
New Eng S/N A0283

HQ-68 1 (26 June 78) One or two connecting rod bearings
caps came loose and were thrown
through bottom of crankcase

A-34 (test) I (Sept 78) AOAP directed. New S/N 304

A-32 1 (April 79) Leaking lower oil seal on engine

cooling fan. New SIN A0005 (Rise)

No. of Transmission
Failures/Date

A-34 (test) I (Sept 78) Internal failure
2 (May 79) Cracked case

During cold weather operations, tank crew personnel reported vehicles utiliz-

ing synthetic arctic engine oil started much easier and appeared to have

better performance than those vehicles operating on OE-30 grade lubricant.

A comparison of component usage during cold weather operation was made

between the seven M60s using synthetic lubricant and two platoons selected at

random (each platoon has five M60s assigned) with the vehicles using OE-30

grade lubricant. Although a direct comparison cannot be made due to uncer-

*tainties in operations, Table 5 shows that component usage is considerably

less in vehicles charged with synthetic lubricant. Savings in those compo-

nents surveyed can amount to approximately 50 percent for vehicles using

synthetic lubricant.
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TABLE 5. VEHICLE COMPONENT USAGE COMPARISON

Mineral Oil
Synthetic Oil 1st Pit. 3rd Pit.
Test Vehicles "B" Co. "C" Co.

Component (7 Tanks) (5 Tanks) (5 Tanks)

Generators,
Main Engine 3 6 4

Battery. 6 TN 16 30 24

Starter, Engine 1 3 2

B. K4151A2 Fleet Test at Fort Carson, Colorado

In addition to the M60 synthetic arctic engine oil test being conducted, a

program involving four M151A2 jeeps is also being conducted at Fort Carson

in a similar evaluation. All vehicles are equipped with specially machined low

blowby pistons and piston rings. The first vehicle was placed on test in

April 1977 with the 1/77 Armor. This vehicle is identified as administrative

vehicle No. HQ-9 and was placed on test using the synthetic arctic engine

oil. In March 1973, three additional M151A2s assigned to the 19th TIP Bat-

talion were also placed on test. Two of these vehicles, Nos. P-7 and P-17,

utilize the synthetic arctic engine oil; P-73 became the "control" vehicle

utilizing the OE/HDO-30 lubricant. Table 6 presents operational data on

these four vehicles. The vehicles have operated very satisfactorily through-

out the test program with little maintenance, and reports indicate the vehicles

start easier during cold weather than those using regular 30-grade lubricant.

However, due to rocker-arm cover design (only two hold-down bolts), leaks

around the rocker-arm cover gasket are more prevalent.

C. M60 Fleet Test at Fort Lewis, Washington

In March 1979, six M60AI tanks were placed on a 1-year synthetic engine oil

evaluation. The vehicles were divided into two groups of three vehicles; the

three test vehicles used MIL-L-46167 arctic engine synthetic oil and the three

control vehicles used MIL-L-2104C engine oil. The three test vehicles were

totally converted to the MIL-L-46167, i.e., engines, transmissions, and final

drives.

14



TABLE 6. SUMMARY OF M151A2 VEHICLE OPERATIONAL DATA

Total Number Makeup
Vehicle Total Fuel, Oil Oil, Serial

No. Miles Gal. Changes Ouarts Number Maintenance Performed

HQ-9 13,211 862 2 5 5029116 Two oil changes directed by
AOAP Lab

P-7 3,347 317 2 0 5029165 1. Rocker cover gasket replaced
2. Oil changed due to unit

personnel erroneously adding
one quart OE/HDO-30

3. Transmission repaired
4. Clutch repaired
5. Oil change directed by

AOAP lab

P-17 4,068 351 2 1 5028906 1. R/R engine assembly, pump
assembly, engine oil,
gasket set, engine oil pan
gasket; 5 quarts test oil
added

2. Rear crankshaft seal re-
placed, rod cover gasket
replaced, rocker-arm cover
gasket and oil pan gasket
replaced

3. lHeadgasket replaced
4. Oil change directed by

AOAP lab

Control
P-73 2,179 215 2 0 5029136 1. Parts kit flywheet instal-

led; rocker-arm gasket,
oil pan gasket, rear main

seal replaced; engine
tuned

2. Clutch repaired
3. Oil change directed by

AOAP lab

Only one vehicle, No. B-13, experienced maintenance difficulties during this

period. Both the engine and transmission were replaced. However, the

cause of replacement of these components were not considered related to the

use of synthetic lubricant. Table 7 presents operational data reported on

those vehicles involved in the evaluation.

15



TABLE 7. FORT LEWIS, WA VEHICLE OPERATIONAL DATA

Vehicle Hours of Oil Added, Quarts
No. Operation Miles Fuel Engine Transmission LFD* RFD*

B-13 5 58 150 0 0 0 0
B-22 56 367 815 2 8 1 1
B-34 57 196 650 15 8 0 0

Control Vehicle

A-12 31 130 390 0 0 0 0
A-15 37 260 820 0 0 0 0
A-33 54 339 1050 4 6 0 0

* Left final drive and right final drive.

III. CONCLUSIONS

Throughout this evaluation, it has been evident that M60 vehicles can be

adequately lubricated in multicomponents, i.e., engine, transmissions, and

final drives, with MIL-L-46167 synthetic arctic engine oil. Few problems have

been associated with the program, and most of these were not lubricant re-

lated.

Conclusions derived from the program include the following:

0 Use of synthetic engine oil reduces M60 component replacements, i.e.,

batteries, generators, and starters, during winter operations.

* Use of synthetic engine oil in the engine, transmissions, and final drives

of M60 tanks can eliminate seasonal oil changes and two additional pro-

ducts from supply inventory.

0 Due to vehicles' operating in dusty environment and ingesting large

amounts of silicon, oil drain intervals do not appear to be affected with

use of synthetic products.
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* Under certain engine-operating conditions, use of the synthetic oil may

result in a slight increase in engine oil temperature. The measurements

made to date are insufficient to confirm this possibility since vehicle-to-

vehicle differences in operating temperature were not determined. How-

ever, the minor temperature change observed in this initial investigation

is not expected to cause any operational difficulties.

" Based on the limited data presently available, it appears that use of the

synthetic arctic engine oil has not caused a change in Fort Carson M60

vehicle engine failure/removal rate.

IV. RECOMMENDATIONS

Based on information generated in this evaluation, the following actions are

recommended:

* Expand program to include all operational vehicles (particularly track

vehicles) in an entire battalion.

Until such a program expansion can be initiated, the limited testing at

Ft. Carson and Ft. Lewis should be continued.

" Conduct a comprehensive cost-benefit analysis.

, Develop lower cost version of multiviscosity oils.
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PILOT FIELD TEST PLAN

FOR FT. CARSON, CO

JANUARY - APRIL 1977

Purpose

To determine feasibility of using synthetic arctic engine oils in outside arctic

operated combat/tactical vehicles.

Scope

Three M60 vehicles, powered by TCM AVDS 1790-2A engines, will be subjected to

normal mission/training operations. Two vehicles will use APG PD-i synthetic

arctic engine oil provided by USAMERADCOM/AFLRL and one vehicle will provide a

baseline (or reference case) operating using MIL-L-2104C OE/HDO-30 provided

from Ft. Carson Supply.

Procedure

I. Pretest Vehicle and Engine Inspection/Preparation

A. Inspection

Review engines' operational/maintenance history for three selected

vehicles. If a potential problem area is noted for a given engine, the engine

will be replaced with another provided by DIO; see engine list attached.

B. Preparation

Before draining the original MIL-L-2104C, record oil pressure under

fully warmed-up operating conditions for each engine. Drain the MIL-L-2104C

single grade engine oil from the three test vehicle engines while the oil is warm.

Retain a 12-oz. sample from each engine. Change engine oil filters and charge two

engines with the APG PD-i test oil and one engine with MIL-L-2104C OE/HDO-30. A

flush of the previous oil is not required. Warm-up the engines and obtain a 9-oz.
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sample from each engine using a suitable syringe and tubing to extract the oil

through the dip-stick tube. Repeat the oil pressure measurement for all three

engines in the same manner as described above. The oil samples must be identified

with same information described in Section IIC.

II. Lubricant Testing

A. Duration

Subject the test vehicles to normal mission/training operation during

period January through April 1977. No engine oil changes are to be made except

as covered in Section III.

B. Information To Be Recorded

The following information should be maintained during course of the

test in the form of a "Test Diary":

1. Oil Consumption: Date, hours, miles and quantity added.

2. Fuel Consumption: Date, hours, miles and quantity added.

3. Engine Maintenance: Date, action, reason; i.e., scheduled or

unscheduled.

4. Changes in engine power/performance (i.e., good, better or worse).

5. Indications, if any, of oil leakage, and continuous observations

of such leakage as long as it continues.

NOTE: For items 4 and 5, observations of both the operating crew and maintenance

personnel should be made and recorded in the Test Diary. Comments relating to any

of the above items or any unusual operations which may be of significance should

also be recorded in the Test Diary.

C. Oil Sampling and Identification

After the initial oil sample is taken at start of test, a 9-oz. sample

of warm oil should be taken from the engine every month or 25 hours of engine

operation. Each sample must be identified as follows:
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1. Vehicle USA No.

2. Engine S/N

3. Vehicle miles (total on vehicle).

4. Engine hours (total on vehicle).

5. Date of sample.

Samples should be mailed to:

U. S. Army Fuels and Lubricants Research Laboratory
% Southwest Research Institute, Attn: S. J. Lestz
P. 0. Box 28510
San Antonio, Texas 78284

D. Conclusion of Test

On completion of test, a final oil sample of two gallons should be

taken from each engine when the oil is drained. This sample should also be

identified in the same manner as the other samples. All oil filters from each

engine should be removed, packaged, and marked in same manner as the final oil

drain sample.

III. Supplementary Information

A. Lower Oil Pressure

It is expected that due to its lower viscosity, the arctic engine

lubricant will cause the engine-oil low pressure light/alarm to be activated

during idle speeds. Operating personnel should be advised of this condition

and that the engines will operate at lower oil pressure over the entire speed

range.

B. Oil Changes

Since it is the intention of this field test to determine if the engine

oil can help reduce routine maintenance and improve vehicle readiness, there will

be no oil changes during the test. Exceptions to the above are as follows:

1. If the DIO and Commander decide that the one vehicle using the
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OE/HDO-30 should be changed to the next higher viscosity grade due to expected

temperature warming, then in accordance with the LO, the OE/HDO-30 will be

changed. However, it would be highly desirable to use only OE/HDO-30 through

the winter, and change the oil only if its condition indicates a change is needed.

2. If laboratory analyses of the OE/HDO-30 or the arctic engine

oil indicate an oil change is merited, then notification for a change will be

issued.

C. Engine Maintenance

Maintenance Division, DIO will provide maintenance support above

organization level.
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1/77 ARMORED BATTALION ENGINE HISTORY

HQ-66 Use MIL-L-2104C, OE/HDO-30

Mfg. in 1975
Original Engine

181 Hours
1433 Miles

HQ-67 Use APG PD-I

Mfg. in 1975
3rd Engine SN 1074
68 Hours
541 Miles

HQ-68 Use APG PD-i

Mfg. in 1975
4th Engine SN 8962
69 Hours
383 Miles

(Repaired - Maint. Div. - 11 March 1976
1 Cylinder & Piston Replaced
Other Cylinder > 300 psi
Dyno Run - 675 hp + 108 783 hp
issued.)
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PILOT M-151 FIELD TEST PLAN

FOR FT. CARSON, CO

COMMENCING MARCH 1977

Purpose

To assess the feasibility of using multiviscosity synthetic arctic oil in conjunc-

tion with low-blowby piston rings developed for the M-151 vehicle, to allow

extended drain intervals or no-oil-drain operation of the M-151 vehicle.

Scope

Four M-151 vehicles, equipped with modified pistons and low-blowby piston rings

will be subjected to normal post operation. Two vehicles will use the APG PD-i

synthetic arctic engine oil as specified by USAMERADCOM and one vehicle will use

MIL-L-2104C OE/HDO-30 from Ft. Carson supply, to provide a baseline or reference

case.

Procedure

I. Pretest Vehicle and Engine Inspection/Preparation

A. Installation

The four engines fitted with special low-blowby piston rings and

provided by the Army Fuels and Lubricants Research Laboratory(AFLRL) should be

installed in the M-151 vehicles, with the standard engines removed and stored

for later replacement. It is suggested that these engines be stored in the engine-

shipping crates, which will be required at test completion.

B. Preparation

The cooling systems should be filled according to normal operating

procedures for the climatic conditions. Thethree test engines should be charged

with the APG PD-I test oil. The vehicle to be used as a reference should be

drained of oil while warm. An 8-oz. sample of this drain should be taken.

Change the engine oil filter and charge the engine with MIL-L-2104C OE/HDO-30.
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Warm up the engines and obtain a 3-oz. sample from each engine using

a suitable syringe and tubing to extract the oil through the dip-stick tube.

The oil samples must be identified with the same information described in Section

SIIC.

II. Lubricant Testing

A. Duration

Subject the test vehicles to normal mission/training operation. No

engine oil changes are to be made except as covered in Section III.

B. Information To Be Recorded

The following information should be maintained during course of the

test in the form of a "Test Diary":

1. Oil Consumption: Date, hours, miles and quantity added

2. Fuel Consumption: Date, hours, miles and quantity added

3. Engine Maintenance: Date, action, reason; i.e., scheduled

or unscheduled.

4. Changes in engine power/performance (i.e., good, better or worse).

5. Indications, if any, of oil leakage, and continuous observations

of such leakage as long as it continues.

NOTE: For items 4 and 5, observations of both the operating crew and maintenance

personnel should be made and recorded in the Test Diary. Comments relating to

any of the above items or any unusual operation which may be of significance should

be recorded in the Test Diary.

C. Oil Sampling and Identification

After the initial oil sample is taken at start of test, a 3-oz. sample

of warm oil should be taken from the engine every month or 3000 miles of operation.
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Each sample must be identified as follows:

1. Vehicle USA No.

2. Engine S/N.

3. Vehicle miles (total on vehicle).

4. Date of Sample.

Samples should be mailed to:

U.S. Army Fuels and Lubricants Research Laboratory
% Southwest Research Institute
Attn: J. D. Tosh
6220 Culebra
San Antonio, Texas 78284

D. Conclusion of Test

On completion of test, a final oil sample of approximately one gallon

should be taken from each engine when the oil is drained. This sample should also

be identified in the same manner as the other samples. All oil filters from each

engine should be removed, packaged, and marked in same manner as the final oil

drain sample. The four test engines should be drained of all fluids and removed

from the vehicles. The engines should then be crated and shipped to AFLRL for

post-test disassembly and inspection.

III. Supplementary Information

A. Lower Oil Pressure

It is expected that due to its lower viscosity, the arctic engine

lubricant may cause the engine-oil low pressure light/alarm to be activated dur-

ing idle speeds. Operating personnel should be advised of this condition and

that the engines will operate at lower oil pressure over the entire speed range.

B. Oil Changes

Since it is the intention of this field test to determine if the engine

oil can help reduce routine maintenance and improve vehicle readiness, there will

be no oil changes during the test. Exceptions to the above are as follows:

32



1. If the DIO and Commander decide that the one vehicle using the

OE/HDO-30 should be changed to the next higher viscosity grade due to expected

temperature warming, then in accordance with the LO, the OE/HDO-30 will be changed.

However, it would be highly desirable to use only OE/HDO-30 through the test and

change the oil only if its condition, as determined by laboratory analyses

indicates a change is needed.

2. If laboratory analyses of the OE/HDO-30 or the arctic engine

oil indicate an oil change is merited, then notification for a change will be

issued.

C. Engine Maintenance

Maintenance Division, DIO will provide maintenance support above

organization level.
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DI~i P:\ fI( -,T OF '1iE ARMY
IiADQUARTLRS, IST B.TTALION 77th AIPLMOR

,,BI1.AC KL.;KS',

Fort Car.on , Colorado 80913

WA\N6AA 12 April 1977

SUMECT: Synthetic Artic Engine Oil Program Report

THtRU: Comander
2d Bde, 4th Inf Div (M)
Ft Carson, CO 80913

TO: Maintenance Division, DIO
ATTN: Mr. Chester Johnson
Bldg 8000
Ft Carson, CO 80913

1. Background: Three M60Al tanks were selected from HHC, 1/77th Armor for the
synthetic artic engine oil evaluation. The admin (bumper) numbers assigned
are [IQ 66, 67 and 68. All three vehicles were operated under normal conditions
and oil pressure readings recorded (at inclosure 1) for the tanks selected to
switch to the synthetic oil). The three engines were then removed from the hulls
after oil sanples were taken, drained and new oil filters installed. Regular
OE-30 was installed in HQ-66 and synthetic oil installed in ItQ-67 and 68. The
three engines were then ground hopped to check for visable oil leaks. The only
leaks detected were stopped by tightening hose clamps on oil return lines-. The
engines were then installed and the tanks operated for ten miles after which
new oil samples were taken. Oil samples taken prior to and after the oil and
filter changes were then sent to Fuels and Lubrications Lab in San Antonio,
Texas.

2. Comments:

a. Maintenance: The only malfunction of the three evaluated tanks to
date has been the transmission failure in HQ-66.

b. Crew:

(1) Tanks start easier using the synthetic oil
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WAN6A.A 12 April 1977

SUBJECT: Synthetic Artic Engine Oil Progr-am Report

(2) Vehicles using synthctic oil seem to be more responsive to
accelerator position and develops mnore po',cr.

3. A final evaluation will be published in May. If further assistance is
required contact C'3 Mcntosh at Fort Carson ext 3189.

FOR TIE CO!X.-,NDER:

I Incl CHARLES M. HUFF
as CPT, Armor

Adjutant
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OilI pressure rordiw og a ,160Al cup, nes using
syn thet ic art i c urvg intc oilI arid idl ing at 750 RPM

BQ -67

COLD I OT

01.1) OH., so PSI 6S-70 PSI
NEW OI 451 PSI 60-65 PSI

HQ-67

OIL OIL, so PSI 70-7S PSI
N E OIl1. 40 [PSI 55-60 PSI i
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D TOF TH ALMY
-iDQU.E3, 1ST BATTALION 77TH UAr-iAR

!IBLACK4110J11
Fort Carson, Colorado 80913

WiA:6AA 10 May 1977

SUBJECT: Synthetic Arctic Engine Oil (Final Report)

T:-MlU: Coiander
2-d 3de, 4th Inf Div (H)
Ft Carson, CO. 80913

TO: 'ntanance Division, DIO
A7N: MrI . Chester Johnson
3ldg. 8000

Carson, CO 80913

1. Tests were concluded on 20 April 1977. Oil samples and fillers assemblies
were sent as directed in the basic letter. Specifics of the test follow:

- "Q-66 (OZ 30) H(Q-67 (Synthetic) HQ-68 (Synthetic)

lrgine Oil Consumption 28 qts 20 qts 20 qts

Fuel Consumption 350 gal 330 gal 513 gal
l iles Traveled 286 301 478

Fours of Opn 54 49 82

2. Eie maintenance, only HQ 66 the 160 using OE 30 experienced mechanical
difficulty. 'It required new injector and a pump during the evaluation.-

3. Changes in engine power/performance operators of F4 67 and 68, both using!
synthetic oil renort, the engines started easier and seemed to have more power.

4. Oil leakage, no new oil leaks were discovered during the evaluation.

CHRJS M. hTJFF
CPT, A:-'DR
Adjutant
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1)i~A~r~~:~iOFi THE A! Yf
I.fA-QUAtRTERS, 1ST I;ATTA1. LON, E7N Al"'.-

"WJACKTIAWX'S"
Fort Carson, Colorado 80913

V.:'\N 6AA 10 Aut,t 1977

SLUMJCT: Pilot Fleet Tes;t Involving Use of Arctic Oil at Fort Carson

TRU'U: Corntande-r
2nd Brigade
4th I-fantry Division (Mech)
Fort Carson, Colorado 80913

T0: b-tint nance Diviuion, 1)10
ATIT: Mr. Chester John-on
Building V8000
Fort Carson, Colorado 80913

1. Effective this date, five ndditional tanks of the Ist Battalion, 77th
Armor are included in the Arctic Oil Test Program.

2. Tanks selected for the program are from Company A and specifics follow:

AD>!qT! S SE -AL ENGINSERIAL E LipGiU. 1MfLUGCE

A-31 5747 8860 169
A-32 6990 21027 1979

A-33 3632 6546 1657
A-34 5924 2508 668
A-35 2894 3313 311.

3. Vehicles selected are all from Company As-3rd platoon for control
purposes. If additional inforcation is required, contact either
Y'Eiadkyj or CW3 Uc Intosh at extension 3139 or 4720.

FO. TlE CON !ADER:

2 t! , , r

C:I 1 71 Arr! r
A1j utadt
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I..

F ort' car:-;o, colorc E913

1. C~t~ $C!Z~ .bOi t~L~ i~IOr')tc U-51i2 jo,3? a~ro

2. DurntoI-r i'd~z

41



I~rmc~ Uic", D-10
IT-it'hc.~ J6:Llz~cn, Bldg- 8000

i'r~Car0c- -Co13o -:))l

1,Drr the 35io Septez.,ber 1977 thuml 15 Kvarb_-Z 1977 tlhb t i
cz fctcd ezmieco - .rairhg -xi whch vth' c- \ :'C3 W~l~~

l-s Oi azC.vi'm~atea cc 1Sid'3 cal r10Ica3:.-'1c- hec.
sct i f~ 'hd hi-:rit 'i- c 4ec ~ h

czcrlts rann' a high-mr on_-. .. s- rt tha-a v'ehiccir-
41 fih'

rc-_Ca2 ' O3/90 50, Tho orp'xratn :eE:'.tL' -as no-F. ecfce:;s4.:-e D ;

anda as ; noted -hmt the V-2hifclos 1r3.i1 . Ch tLest Oil Cooled dcr. MT':-e'
tk m vshchm3 u~n ciTAIDQ;O

2~, ~Ie£o~c licar ueo ata is On~r~ '1110ote veh'.lh'

IrQ~~6~ . 307 2
1160-11 31,7 20,

A-3'1 __ 37). :

3 3 39
A-33 176O 3lk 6' 30

A-3%,0A 272 165
Jt6AI 3 73

Accnulative be-Znee 15 Se.,_ 77 F& 15 17c,;- 77-
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K'ort. Catnfn, ;oiora.do, '!VI-l3

9 Jmlaly 19;-,

EM C' Pilot 3bs of Artic Oil at tOort Carsc-i

Mant 3rxzica Di-rjIzi, 1310
-AI' 1,L. ;hester Johnson, Bldg... 3001)
qlc!rt Carson, Colorado, 80913

-1. During the period I-') Zlovebe 77M Dcbe, 77 this unit did
not, condict training which requ-ired extensivi-e ipaent, usa:ge. Test
vehicles did rot accruLa te a grcoat deal off n ilage or ho!irS of operaticzi
as indicated in paragraph 2, below. Cnly one vehicla, 1-33, consunred ary
any- asse--iblies- which might. !.a relatedi to engina oneraticn. Two ba tezt5

6-~,were replaced on that vehicle. Renlaceri-nt of the batteries shulhd
I-- ±nterpreted as below nor-.a usage. Vebicles tutilizing CAF./ M-30 ar7
exp-riexc&ig a highner failmre rate4 with regard to 6T!N batt-eries.

2. T1he fol--vng usage data is provided on the tast ve hicles:

__ ,F_ Niles 11ours ~Q1 Add c&LAde

1Q9 IM151-2 156 117
;C6 YOAI 27 .59 5

..q6B i60A 1 3 7 676
M31 !-!0A 1 10 2 7 4

131 :01 31 3 4
1\33 M60ftl 12 6 4

-:f Qumrts of oil.

1/77 P WJ C CTCR
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dA1XI2Q UAW11'F11, U3T. B3i-7~. 7-11.

FORT' CAWT(2i, COTn-fADO 80913

5-T2-J-,CT: Pilot Test or Ar,,tic Oil at F-t. Carson

H-ArNTZMNANC3, DID
AMIfl: MA~r. Chester Johnscnx, Bldg. 8000
Ft. Carscmi, Colorado 80913

1i.. Dia-ixng tho period 16., December 1977 thr-a 20 1Yareh 1973, thia
unit c mnducted its annual tanx~ gunner prcgra-n which re--juired
higlrer than ncrnal eqtiipr-nti usage. In addition to ther tankg-

ray program., the wheel vehicles in the bat taincnydt nfromi Ft. Irrn, CA. and parwticipated in extensive field traln-ig.
This accounts for the extenaive milae accluxe-.uaated cn M-9. the
Y-l5LA2 involved in the test program. T-he c-nlyj onv'ie oil related

-iateace problemt encountered was with A-3h, r 7! wih
dwtrlod a leaking seal around the iniector pump drive shaft,.
Subjeact engine was turne ,d in to DIO., ! a intenance on Woerk Order

? D53%. Two power plants, frcn A 'l, Se '7,t an 5.~, ra
j~2894, were -ubiat-tad for evaluation under the AQAP. Results of

Lhasa evaluaticns and of parts requ~ired for pcwerplznt. with Ioakx-
inr, soal can bo obtained frc-aa MAJOR ICTMRebil saction, FC L-228.

2. 11e foll.4Thg usage data is prow'-dad om the test vehiclhes

A&rain.A- D2,p a ilen Hours3 OUl Addeadkrts) Fujel Added

i ?Q-91-1A2 536 1 237
1--7M16OIA1 15 1 0 0

Y6OC119 21 s0
-1 m6eal 195 13 6 266-

-A-31 MoA1 3l1? 19 5129
11-33 1,160,11 102 i~3 -097

A-3h 54A. 31
-3 1601 112 32 16 12

Ci3 'JA
1/77 Proj ct Off~cer
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I J.0 i i~ KIT. B:\ iTAkTL'CI , 77th. M& I

VO~tT (A c olualm)iDI, M0213

9-J1tPum, 1970
8 'T-T Syn!;hetic 0.11 Toot Jro!*,r.Ti

Jn~ev~:c, fIv_1sicn, 1)10
N~x:!r. Cmt'w Johmason

Ft Ca r anJ Colorado, 80913

1. Dtwin thea period 21 Parch, 1973 Llhr, 20 1~Y., 1978 tw;o of the
on-:inea in tha synthetic -oil- test pro,7ram -wre replaced. Thosef engiLs,
srial no3. 8860j.(A.31 ad31(A-35) rwcre replaced on r cc-,ndat

of the Ilajor Itm Pebuild Unitb, 1)10, Zaintenarce3 Divioicn, based on an
Ova:'luation which lidicated exrewney law ccir-ression on 3 or more cy2.inal-
ers on each engine. In exact ovaluation report can be obtained £Lrcmn~~
1'aJor Itera Pebaild Iinit,. 1"O)122a.

2, The flo;-TIcng uoaga data 19 provided on the teat vehiclea:

AcL-r.At_ Tv-rc- I~Ie s Fours Oil Acdd(QIts) Fvel AC!hiad

EQ-67 1M~oIX 47? 3 1 5
I, "-63 1-10, oi 15 3 125
11-2- 116(111 94 40 350
A-31 316Oal 53.. 6 10 80
r1-~33 IT6OA. 14 2 10

vld. ;-6OAt 8 1. 0 0
1-~ 160A1 3 1 8 0

3. Rffectilve 9-June, 19'13 the progran has been e~cpande1 to include theI
tr?.nmmissiors in all 1160A1 vehicles and tho final drive nssembliaa in
EQ-67. Additionally, A-32 hua been re-insarted into the test program--.

Tho follawl-ng list of serial. nuxmberi is pro';icled for control pxpoS=e3:

A f:7 -A Tyne Veh. Sar. 110. Erie'. Sc. 1o. TIrans. Ser.- No. Final Dr-Lye-
i~-9 !2$ A1 :51-2'12,?T5 0929116
i:-6 6oaV 6933 1,074 439,0272, -h *

VQ-8 IM&L-I 694~7 12080 25687

m-.t Ca. 5-1t( k06 103
J,32 ?r6cul 690 10006-36.
A33 V:0L 332 3606 26

A r:6oml e,,,xN 301- 2 604

1,116 0 .11. 2 )9) A0009 29929 J.1
-13 .:A
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F'ort Carom~, Colcirndo, a'3J91_

'~A AA-4iC ~July 3.978

Sr;FtJMCT: SymthbaiU2 Oi: 1inage Pata

Yalnterance DivisionZ DIO
AML,1: 1c.Chester John~cn
Bldg. 8000
Ft. Carson., Colcrado, 80213

)..T> rIng the period 21 1!,, 71 thru 30 -"=,a 78, a neabr of tna vehiclea
in the t-.st program accmmatad a signi~icaw'. anmmt of migehoz at
opexnticn. This in attributed to the fac that subject vehliclea were on-
loart to the llebreka l-ati=cAa Chiard ( 67th. 12,M:1)

2. Only tb'o signific.ant 'cdolei rtz'oas wero e:'countered. Non vr-hi1cleo,
Act-ain. #I nQ-680, sustalmed r~iajr~ engimed-r.~ dur-Ing ciprtlcn, One c
tio conne.?cting rod bearing capi e thrcrn through the bobta of~ h
carankcase during oparatici* The powerpl-hntf -oaawx-xc to T)I10 VaInt,
f or evaluation and repair on 1-/0 i 7237 on 26 Jina 1978. Ser.. 7-' of
recp1acrnent cragina is 66L/7

7Lio, viehic"es, !tQ-67 & A-32, U1pmo rnsi~c i coe i
eduring no).a oper-ation reflocted by the aouit of oll added as shown in
r-a-ra, 3, balcw.

Tha second f;Znificarit prdblon encomitered wau a seZricn: 07erheatin-g
of the trks equipoe-d wihAVD-1790--2- ongines. Engine s ran in the "R.ed"
zaana of the t -.perattxa gauge after cnly 3-5 mlecs of rcation ,an.d had
to be coolcd dwni. befoe rhr oparaicn. Tamk ihAVS12-2D(Z.e
also ran liotter than non-al, but noi, in the ed'zone.

3.Th olowing usage data 13 provided~ the cest vhcls

Mileee /! H'ihs oursm -n= rh-rans F UelI
101 0 0 0 2

:-8 6-t 19 8 0 3ii-o
-U97 22 0 0 60
A-1161 16 0 135

P -32 173 17 0 64,q to 135

76 0 100)
I.-3 110 7 0l0
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MAINQlXIU'iR5, IST I3MATTIXN, 771-tf. AIC,,o0
"I3JACIG{A.flt2 3 '

FORT CAIRiN, COI.O.DO, 80913

11 uCA.A l0-August.-197 3 I

SL!3jECT: Synthc.tic 011 Usage Data 

DIO, Niaintenance
ATM,!: H.r. Chester Johnn
Ft. Carson, CO& 80913

1. During the period I-Ju2y-78 thru 31-July-Y78, routine training
requirwxaents resulted in saw vehiclea acci.vulating extensive rdlsage/
usage. A conside-able amoint of oil was used in naintainirg correct
levnl :-n the tranamissions of t-;o vehicles as indlicated belcw. This
can be attributed to broken tranmission oil cooler lines which is a
sc-ewhat routine malfuncticm and shou dl not be construed a result of
zynth-tic oil unse A nore serious effect of synthetic oil use is the
problem of engina overheating. Whilo not a3 prevalent in vehicles i:
the progrm equipped ith -_D engines, the vehicles with -2A engines
hezit up rapidly within 2-3 rnile- of oer-aticn and must ba cooled dcrn
( transmission in neutral, engine r ICXX-1200 Us4 Is) Frequently,
be fore proceeding.

2, Not reflected in the figmres belcr is aporoxL-atePY 54 gallons of
oil "cenauted" in oil changes directed by the 0il Analyasis Tboratqo-
here at. Fort Carson. A~ho, 16 gallons ware u3ed to replace oil ir dvr-
t Lntly drained by a nei, inexperienced crew during a 'IQ" service.
fnis crw has since bean counseled & briefed cn the c e-rcxt program.

3, Th3 following usage data is provided on the test vehicles:

A ca n.# T'ype liles rot'rs Oil Added Fuel Added
- ng Irans"

A-31 i.60A1 68 13 0 50
-A-32 16Q1 281 44h 3 5 270
A-33 i.;6OAl 81 7 8 36 1-0 '.
A-34 ?"6oa1 6 2 0 0 0
A-35 .:6 C.'L 48 5 0 8 80

-16OA 235 25 12 qtS 475
1n 7 x6OA2 137 13 5 30 150
1 -.q-t- Y.6OA 13 1 0 0 0

I-5112 371 0 2.

O7 P.',CT ( .,Cm
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DIPA',C.!*,.IT CF THE A.%fl
]U.AIQUR'S, 19T. IIATTLIC', 77tir. M,,

Fort Carson, Colorado, 80913

U.h6A. 23 Au:gust 1973

SUL, JECT: Syntheatc Oil Uage Data

Maintenance Division. DIO
A TI': Iir. Johnsm
Bidg. 8000
Tort Carson, Colorado, 80913

1. qepart covers onl 15 day period dua to cbangeo-rer in subnissica
tl_- franea for oil samnlies as directed by 4th. Inf. Div. DIO ,I'IMC
and Fort Carson Oil. Analy-ais Lab.

2, No significant problems were encountered during subject tL-,a frame
as little vehicle actirl was scheduled.

3. Th folowing usage data is provided ca test vchiclea:

Eng Trans
D," -, r' Miles Hours Oil FLuel

IO-9 109 0 0 0 32
3 0 0

1.2-63 25 3 o o 15
-KIi 8 i o 0 0

A -31 5 1 0 0 0
A-3_ 0 0 0 0 0-33 37 2 8 0
A-1;- 5 1 3 0 0
A-35 0 0 0 0 0

11O, 1. f EIr ipr
USA
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~' rn1 ' ncrlof I Sc P T! to 30 Sf!- ,) twr" en.Jn', to ~h~~

no 1 1 vt il~iziz- s.ribho do o4 lhub'j is being v~ c . lb
for w wir co: poicnts im n>' r4m 7LeO:- :> ;p~ ~c

* r~cr ~cCrW'. nl b r for r.3 rjinc 31 .r rm;nU: c I.
frc' ~i ~cr:L-mt (A-1~ )~m Kth:~n'~:';er't1 :3cir is~ 2?1- '

":3 CC' -. ii .I T'vA'' . t. V "

V? 2

13 23.1
P 71 9 200n

0) 0 0
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J o! i ,o

1. i"'r t" P'i~xl I Oct ?"I to 31 Oct 739, t.:;t v~ ~--rrUr 'din a "!i
', . ~'ran-i z combined army;z live fim-. frc.3r~s. --thou.

c- an t,.i1. of oil ab.k 0hi d". ~ to~p to.,c i-tlr 'IS
on -1,10 t2 tr~~;fl~mis;.ion in A-32.% Tt-i--, oil :. . r3 fj. Th ' .1,63

O' ' ~,- ~)~t'cd.Ti. corrcct cs.r ton nu~b~ ~1Y)

Ho_ Ae ne -, .irie C,41 E -1 4 .-j

6721?1 21475

K.3 21.
-CC.' *21
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DhEPAflTENI'2' C.h': ?.:'Y.. ,,'.'
},e L ,,IM, 77511 AIIMO't

FORT CAIRC., CCTfU. TO 80p13

W;J:6kA&-l!rO ) Januaryi- 1979

SUJ.ECT: S yLhetic Oil Usae Data

F,0, Na int, enaice Divicion
ATT,: YljZ necter Johnson

Ft C-rson, Co 80913

1. Puring the periol 1-30 November 1978, h of the tanks in A Com.-. eny

required oil changes as directed by the Fort Carson Oil Analysis Lab. Very

littlr usage data was accumulated turin-the above cited period because of

a lack of dcwnrange training cor1it .-l.nt9.

2. 7he folloding usage data is provided on the test vehicles:,

mrper Number Miles Hours Fuel Eng Oil fran Oil Final Pr.
}lr 9 2)1h N/A 17 5 q
HQ 67 13 7 2.5
I .Q 63 94h 18 150
B 11 0 0
A 31 h 1
A 32 0 0 (Ch) 13g (Ch) 17g
A 33 0 0 (Ch) 13g (Ch) l7g

,A 34 2 1 (Ch) 13g (Ch) 17g
A 35 9 1 (Ch) 13Z (CI) 17g

R~~3F.R hW. KLEVF.

C-,3, USA
B.ttalion Izintenanco Technici-n
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3S-T BATTALION, 77711 AFR4MC:
"PIACK[',WXS"

FORT CO'NiSN, CO 80913

WA'6AA 25 Janary, 1979

SZT.J3 CT: Synthetic Oil Ushage Data

DIO, Iaintenance Divviaicn
AMIT: M-r Chester Johnson
Ft Car-sen, Co 80913

1. ctensive use of subjact vehicles did not occur during the period-1-31,
-L"nazvm-1973, An insignificant amount of tim did accunulate on the veh-
iclss due to the cold weather and, the- requireinent to run the vehicles in
place to keep the batteries charged.

2. The following usage data is provided on test vehislee:

Drper lio Fuel Hours Miles Eng Oil Trans Oil F.D. Oil
rQ 9 h 69 0
EQ 67 125 7, 8 0 0 0
Q6 3 7 13 2 gal 0

B i 60 5 27 0 0
.% 31 ho 3 0 0 0

55 19 18 0 0
A 33 0 0 0 0 0
A 3-, 80 4 2 0 0
-35 15o 6 61 0 o

RcX.R O .. KW. VSN
CW3, IA

Battalion Maintenance Technician
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I)u'Alr'I .. ;!IT CT T.": A~?.Iy

EEA [Q C.,IST, IST lI:X,,.AJ.CN1, 77T' M
13TA C K'fA;.K3 '

FCiU' (tAPSONT, COLC..'AO c0)13

,A-6AA-BM'0 1 Pobur r, 1979

W 0O, v.tintenanco Divlicn

A7I2' : !r Chester Johnicn
Fo.rt Car.son, Co 60913

1.. Ti'he only P17f i'cant usa, of synthetic oll during the period 1-31
Jnua-y, .79 occurred in the third platoon tanks of A Co 1-77. A 31 reptured
a tranmlsion oil cooler line and lot 5 gallons of oil befcre the vehicl-
cotl3 be shut dam. The engine oil on A 32 was changed on the directia of
the Ft Carscn Oil AnalysIs lab. A 35 developed a leak at the oil filter
housing.

2. Tho follcwing usags data is provided on the test vehicles:

BLumer ;To Fiel If ours s&s .!g COi! Trans Oil F.D. Oil
E.9 8 138 0

!:Q 67 0 1 0 0 0 0
114 63 25 1 0 I Cal 0
D 11 0 1 8 0 0
A 31 125 12 37 2 gal 5 ga1
A 32 335 17 1 17 (ch) O
A 33 0 0 0 0 0
A 34 0 2 0 0 0
A 35 0 2 34 , Cal 0

IWX1 ,. W. KTVSN

C'3, Ua
Pattalion, Maintenance Technician
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2 i'arch 1 7?

3 ?JzEGTt Synthatic Oil Uzane Data

D7,o, liaintenan-ce
ATIN i... .tr Johnson

0&-. Carson, Co 50913

1. 7he balaw. listed data covers Vne pericd 1-23 Fab 79. Tha incrca~a n
-za-s- Ca a is dito to Annu.1 'Tank 1Grnnsrxj conduicted durxirZg tis poa:±cd. A
r, .ican., tw:o of~ th- test vahic3-'s are in UHbi-nm .';uirnent Level Tain~ng
Stcrazge. Thee vhiales did not acc=rwt2at- anry -usap data.

2. TI* rma Oifl ge d1ata 4- x:'or-ided on test vahiclft3:

1Unit Mllo 1.0ha E1u0 En- Oil. Tran! 011 Fuel
3 69 16 8 0. n

A32 i31 2 90
A 33 76 13 40 320

.3" .57 17 2 lh1 9
7.64 A 25 9 2 !0

67 (ITT)
1. 6.3 33. 110070
D, 9 1,.69 5 (oh) 147

R002iR W. 1CtSv:.;
CWtj,. USA
Dattta-lion 1"ni ntanpunce Teclhiciain
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ynt"131 Oi a:-- a

AA :Ch-stet' Jchnsunr
ortud:cnCo 30913

__ tha Y eriod 1-31 Fr- 79 inr'~dViLU-jant due -'o t'act-c

rosulthi- in L~ harh oil cc~c r'd a ,:'-rof~ cta'L;)3tr oil
c..~gsaa dirccted by Vic 1)cst Cii Lab).

2 *Th ~o~ci2-g a- dMa~ Is po'rletad on' ue~

3130 0 0 0
3? 1:20 J$52 70)8" 231
3 6(X) 3)" 1 22 r3 30

53 .6 31 20

1()3 0 0
9 5 669 0 0

11 5.5 1211 13 8 0

Entt11c-ln Tintenance Techlician
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DEPAR TMT Q? TIMrA M Y
H?.ADQUARTERS, 1ST BATTALIMI, 77-1! AWV C R

"BTACMfiAWKS"

Fort Carson, Colorado 80913

,X, 6AA- .O 2 M.ay 1979

SUBJZCT: Synthetic Oil Usage Data

DIO, Maintenance
A=11: 1r Chester Johnson
Fcrt Carson, Co 80913

1. During the pericl 1-30 April, the tanks of third platocn, A Ccmpany did
accunulats a considerable number of hours ag operation. .ile sa a relativ-
ely low in that they were ctrmitted to searchlight detail f£or 2-34 ArMcr'
Arnual Tank Gunnery, a detail that requirea e tenive rtain engine operation
but not much mrovement.

2 . Also this perlcd, the engine on A-32 was replaced due to a leaking low-
e oil seal on one of the engine's oooL-ng fans. Old engine serial number
was lC004. The new engine serial number is AO00 (RSE).

3. The following usage data is submitted for the period 1-30 April 1979:

Aduirw Fuel Miles Hours Eng Oil Trans Oil F.D. Oil
}O 68 0 0 0 0 0 U/A

B n 1go 60 41 4 qt 2 qt,
A 31 "160 5 37 .6 ch
A 32 130 77 3 4 sct
A 33 75 12 2 .6 ch
A 35 225 68 67 8 qt 4 qt

IROGER W. KIMvr.
CA3, ESA
Iroj ect Monitor
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)ZP~JC? A MY
MUMACMUA1'7 1.ST 13ATMTC, 77111 A-~C

FOrt Caz-r-3cn, Colorado U-013

SU73JSCT: Synthet.ic Oil U~ag-, Data

D3±0, F!aintaenance
fATTN: H-r Cheaer Jcr-nsa
xcn-t Carszon, Co 80913

1.-Jio Edgni:icaml WAIintenancs prObla=s ocurred dur~ing -L'1 Mc~ath of -Hay
c-1 '-Wks i~i-inng sYnthetic Oil. The engine, In A-35 (Serial ft AOP,08)

tr- a --W thrmugh the9 ZsIdO cx the b:Llck curing dcimrap.ge riaevrr
Lhe enginb 13 Btill 0a hand in this unit and has not been rep)lacad diza to
la-ck ofV a replacpmnt aaae±!nbiJ. Incildmtr ccctnrP on, 2 1Wy 7-9. The isecond

-ini'cant Problem Occurred cn a 1460?J tank ;'nich is L-1 i~~nm
~4i.en TASJ.Tmrining) atcrage. !nf'oinaati reciave-d by this, -a t f'c

r--*,ce 4 s arx5. Exa'ct nah=9r or the ral.-nmc4tcn ins vmlmam~. rurther 2inrcwvrxaC!.c-n
r-ziy bip uaind by contacting A1,J M1'eJard, : 3Lf877-4 77h. Thcidant ccra

2. The follc.Aing us-age data is prov-ded for the pex-iod :L-31 r19:

Unt~ FM P.M$e Hours Eng Oil TXrans Oil1
B U40 3,58 22
A 31 0 0 0
A 32 40.3 74~ 9 20 ch 20 ea
A33 130 .5?6 6

A 35 0 30 32 a 8 .qt
m~ 63 770 208 34j
"Q 9 127 M16

ncxi3 . kc~'
froject ifo111nitor
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DISTRIBUTION LIST

No. of No. of

CopIies Cope%

DEPARTMENT OF DEFENSE

D)EFENSE D)0(1 IMENTATION (1 R DI1REC'TOR OF D)EFENSE RES &, ENG (OSD)

CAMERON STATION 12 AL VN DEPU VUy DIRECTOR RES & IT.( H

ALEXAND)RIA VA 2-2314 W*ASH INGt ON )C 20301

I)EFENSE FUFl SUP ILYC(1k OFCO01 TrHE ASST SFC 0 DEFENSE3

A rTN DFSC-T 3 AI FN ITCII ADVISORY PANUL ON

OC 01- TECH1 SERVICES IJIFI.S& ILIBRICANTS

(AMERON ST.A ION W.SLIIN( ION I)(20301
ALEXAND)RIA VA 22314

DI I'ARTMLNT OF D)EFENSE
A 1TN I)ASA (MRA & I )+ES
WASIINc;roN IX 20301

DEPARTMENT OF THE ARMY -TECHNICAL SERVICES

HQDA COM MANDE)LR
ATTN L)AMO-ZD)(MR. VANDI VER) I \FI N L)RIAV.EQ (MR CRAWFORD)

DAMA(CSS-P (DR J BRN ANT) I US ARMV AVIA I ION R&D)COMMAND)

DALO-TSE B OX 209
DALO-SMZ-A S TU .OU IIS %10 63 166

WASHINGTON DC 20.310
COMMANDEIR

COMMANDER \ I N ATSL-CI)D-MS-A
ATTN DAVDI.-EU-TAP (MR MORROW) I U. S ARN'Y (RDNAN(Ii CTR ANI) SCHOOL

DAVDL-EIJ-MOR I AIIDEFEN I'V6 it) Nil) 21(X)5
US ARMY MIOBILITY R&D LAB

FORT EUSTIS VA 23604 COMMAND)ER
ATTN DRCID(

COMMANDER DRC'DMD-ST
ATTN I)RDME-GL. 10 DRCMM-SI'

US ARMY MOBILITY EQUIPMENT R&D US ARMY MATERIEL. DEVELOPMENT
COMMAND & READINESS COMMAND)

FORT BELVOIR VA 22060 5;(8)1 EISENHOWER AVENUE
AL.EXANDI)RA VA 22333

COMMANDER
ATTN ATCL-MS C OMMANDER

ARMY LOGISTICS MGMT CTR ATTN MR T IIAUML ACO2
FORT LEE VA 23801 I)CASMA-SAN ANTONIO

611 E HOUSTON ST
COMMANDER BO(X 1040)
ATTN DRDAR-TST-S ISAN ANTONIO T'X 78294

DRDAR-LCA-OG;
US ARMY ARMAMENT R&D) COMMAND COMMANDER
PICATINNY ARSENAL AT1TN AF/.T-I)I-I

DOVER NJ 07801 1IIQ 172 INFANTRY RIG(ADE (ALASKA)

D)1k01: INDUSTRIAL OPERATIONS
COMMANDER AP'O SEATTLE 98749

ATTN DRDM I-k
US ARMIY MISSILE R&D COMMAND) COMMIANDER

REDSTNE ARSNI. AL. 35809 A TTN 1'FCH L.IBRARY
ITS ARMY MATFRII.S & MECHANICS RES CTR

COMMANDER WATER rOWkN MA 02172
ATTN DRSTS-WJ (1)

L)RSTS-ME(. (2) 1 (ONIMIANI)FR

LIS ARMY TROOP SUIPPORT& AVIATION .. TIN l)RSTS MEEI540 I

MATERIEl READINLSS COMMANL) I S ARMIY'ITSARCOM

43(M)GOODFFI LOW Il VI) I NOR SUPPOR r BRANCH

ST LO IS O 6120 )RI'USCHRISTI ARN DuiPor

ST lUIS O 6320CORPUS CHRISTI tX 78419

AFLRL No. 118

Page 1I



No. of No. of
Copies Copies

DEPARTMENT OF THE ARMY-TECHNICAL SERVICES (Cont'd)

DIRECTOR DIRECTOR
ATTN DRDAR-BLI 2 ATTN STEAP-MTD I
BAL .ISrCI'S RES I AB US ARMY ABERDEEN PROVING GROUND
ABDEEN PVG GD MD 21005 MATERIEL. TEST DIRECTORATE

BUILDING 400
CHEMICAL & BIOLOICAL DIV ABDEEN PVG G0 MI) 21005
ATTN DR DAVID R SQUIRE I
CS ARMY RES OF( PRESIDENT
BOX 12211 A UTN ATZK-AE I
RLSRCH TRI PRK NC 27009 US ARMY ARMOR & ENG BOARD

FORT KNOX KY 40121
COMMANDER
ATTN STSGP-FT I COMMANDER

STSGP-PE I ATTN STEYP-Mis I
t'S ARMY GENERAL MATERIAL STEYP-MT-E I

& PETROLEUM ACTIVITY US ARMY YUMA PROVING GROUND
NEW CUMBERLAND ARMY DEPOT YUMA PRVG GRD AZ 85364
NEW CUMBERLAND PA 17070

DIRECTOR ENG SERVICES DIV
COMMANDER ATTN MR J MURRAY I
ATTN STSGP-PW I US ARMY RES OFFICE
LS ARMY GENERAL MATERIALS BOX 12211

& PETROLEUM ACTIVITY RESRCH TRI PRK NC 27009
SHARPE ARMY DEPOT
L ATH ROP CA 95330 COMMANDER

ATTN STEWS I
COMMANDER WHITE SANDS MISSILE RANGE
ATTN DRDTA-RT I WHITE SANDS NM 88002

DRDTA-RC I
DRDTA-RG 2 COMMANDER
DRDTA-J I ATTN OFC OF THE LIBRARIAN I
DRDTA-Z I US ARMY AVIATION SCHOOL

US ARMY TANK-AUTOMOTIVE FORT RUCKER AL 36362
R&D COMMAND

WARREN MI 48090 CORP OF ENGINEERS
WASHINGTON AQUEDUCT DIV I

US ARMY TANK-AUTOMOTIVE MATERIEL 5900 MACARTHUR BLVD
READINESS COMMAND WASHINGTON DC 20315

ATTN DRSTA-G I
DRSTA-W I COMMANDER
DRSTA-M I ATTN DRXMD-MS I
DRSTA-GBP (MR MC CARTNEY) I )ARCOM MRSA
DRSTA-F I LEXINGTON KY 40507

WARREN MI 48090

COMMANDER
DIRECTOR ATTN ATSM-CTD-MS (MAJ BREWSTER) I
ATTN DRXSN -S I ATSM-CD-M I

DRXSY-CM (MR WOOMERT) I ATSM-TNG-PT (LTC VOLPK) I
(IS ARMY MATERIEL SYSTEMS ANALYSIS US ARMY QM SCHOOL

AGENCY FORT LEE VA 23801
ABDEEN PVG GD MD 21005

COMMANDER
COMMANDER ATTN ATSH-I-MS
ATTN DRXST-MTI ATSH-CD-MS-M
IS ARMY FOREIGN SCI & TECH CTR US ARMY INFANTRY SCHOOL
IEERAl I D6 FORT HENNING CA 31905
cLtiARI rTSVII I. VA 229)1

AFLRL No. 118
Page 2
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No. of No. of
Copies Copies

DEPARTMENT OF THE ARMY -TECHNICAL SERVICES ICont'd)

COMMANDER COMMANDER
US ARMY DEPOT SYSTEMS COMMAND US ARMY RSCH & STDZN GROUP (EUROPE)
ATTN DRSDS I ATTN DRXSN-U-RA
CHAMBLRSBURG PA 17201 BOX 65

FPO NEW YORK 09510
COMMANDER

ATTN ATSAR-CTD-M I PROJ MGR M60 TANK DEVEL OPMENT
ATSB-TD I ATTN DRCPM-M60-TDI 5

US ARMY ARMOR SCHOOL WARREN MI 48090
I ORT KNOX KY 40121

PROJ MGR MI 13/MI 13A I FAMILY OF VEHICLES
HQ US ARMY TEST& EVALUATION COMMAND ATTN DRCPM-M 13 3
ATTN DRSTE- FO-O I WARREN MI 48090
ABDEEN PVG GD MD 21005

PROJ MGR MOBILE ELECTRIC POWER
DEPT OF THE ARMY ATTN DRCPM-MEP-TM
ATTN CERL-EM 1 7500 BACKLICK ROAD
CONSTRUCTION ENG RES lAB SPRINGFIELD VA 22150
BOX 4005
CHAMPAIGN IL 61820 OFCOF PROJ MGR IMPROVED TOW VEHICLE

ATTN DRCPM-ITV-T
COMMANDER US ARMY TANK-AUTOMOTIVL R&D COMMAND
ATTN ATCD-T I WARREN MI48090

US ARMY TRAINING & DOCTRINE COMMAND
FORT MONROE VA 23651 PROJ MGR PATRIOT PROJ OFC

ATTN DRCPM-MD-T-G
DIRECTOR US ARMY DARCOM
ATTN DAVDL-LE-D (MR ACURIO) I REDSTNE ARSNL AL 35809
US ARMY RES& TECH LABS (AVRADCOM)
PROPULSION LAB OFC OF PROJ MGR FAMECEUET
21000 BROOKPARK ROAD ATTN DRCPM-FM
CLEVELAND OH 44135 US ARMY MERADCOM

FORT BELVOIR VA 22060
COMMANDER
ATTN AFLG-REG (MR HAMMERSTEIN) 5 COMMANDER
US ARMY FORCES COMMAND ATTN ATSP-CD-MS
FT MCPHERSON GA 30330 U1S ARMY TRANS SCHOOL

IORT EUSTIS VA 23604
MICHIGAN ARMY MISSILE PLANT
ATTN DRCPM-GCM-S I COMMANDER
OFC OF PROJ MGR XM-I TANK SYSTEM ATTN ATSF-CD
WARREN MI 48090 LIS ARMY FIELD ARTILLERY SCHOOL

FORT SILL OK 73503
MICHIGAN ARMY MISSILE PLANT
ATTN DRCPM-FVS-SE COMMANDER
PROG MGR FIGHTING VEHICLE SYSTEMS ATTN ATSE-CI)M I
WARREN MI 48090 US ARMY ENG SCHOOL

FORT BELVOIR VA 22060

DEPARTMENT OF THE NAVY

COMMANDER COMMANDER
ATTN AIR 53645 (MR COLLEGEMAN) I ATTN CODE 60612 (MR L STALI.INGS)

AIR 52032E (MR WEINBURG) I NAVAL AIR DEVELOPMENT CTR

US NAVAL AIR SYSTEMS COMMAND WARMINSTER PA 18974
WASHINGTrON DC 20361

COMMANDER
COMMANDER ATTN ('ODE 6200 1
ATTN TECH LIBRARY (ORD-9132) 2 CODE 6180 1
NAVAL ORDNANCE SYSTEMS COMMAND CODE 6170 (MR H RAVNER) I
WASHINGTON DC 20360 NAVAL RES LAB

WASHINGTON DC 20390
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DEPARTMENT OF THE NAVY (Cont'd)

COMMANDER COMMANDANT
ATTN CODE PE-72 (MR D'ORAZIO) i A FTIN CODF AX I

CODE PE-71 (L MAGITIl) CODE AO4H I
NAVAL AIR PROPULSION CrR I.MM (MAJ GRIGGS) I
TRENTON NJ 08628 DEPARTMENT OF THE NAVY

US MARINE CORPS
SUPERINTENDENT WASHINGTON DC 20380
ATTN TECH REPORTS SECTION I
US NAVAL POST GRADUATE SCHOOL. COMMANDER
MONTEREN CA 93940 ATTN CODE 1032B (MR BURRIS)

NAVAL FACILITIES ENG COMMAND
COMMANDER 20X) STONEWALL. ST
ATTN CODE 6101F (MR R LAYNE) I WASHINGTON DC 22332
NAVAL SHIP ENG CTR
WASHINGTON DC 20362 JOINTOIL ANALYSIS PROGRAM-TECH

SUPPORT CTR

COMMANDER BLDG 0780
US NAVAL CIVIL ENG LAB I NAVAL AIR STATION
PORT HUENEME CA 93041 PENSACOLA FL 32508

COMMANDER COMMANDER
ATTN TECH LIBRARY I A TN CODE 92724 (MR SENHOLZI)

CODE 2830 (MR G BOSMAJIAN) I NAVAL AIR ENG CTR
CODE 2831 I NAVAL AIR STATION

DAVID TAYLOR NAVAL SHIP R&D CTR LAKEHURST NJ 08733
ANNAPOLIS LAB
ANNAPOLIS MD 21402 CHIEF OF NAVAL RESEARCH

A FTN CODE 473 (DR R MILLER)

ARLINGTON VA 22217

DEPARTMENT OF THE AIR FORCE

COMMANDER COMMANDER
ATTN AFML/MBT I ATTN AFAPL/SFL (MR HOWARD JONES)

AFML/MXE I AFAPL/SFF(MR CHURCHILL)
USAF MATERIALS LAB (AFSC) US AIR FORCE AERO PROPULSION LAB
W RT-PTRSN AFB OH 45433 WRT-PTRSN AFB OH 45433

HEADQUARTERS COMMANDER
ATTN RDPDT (MR EAFFY) I ATTN SAALC/SFQ (MR MAK RIS)
US AIR FORCE USAF SAN ANTONIO AIR LOGISTICS CTR
WASHINGTON DC 20330 KELLY AFB TX 78241

COMMANDER COMMANDER
ATTN SAAMA (SAOQ) I ATTN MMEAP
HEADQUARTERS USAF WARNER ROBINS AIR LOGISTICS CTR
SAN ANTONIO AIR MATERIAL AREA ROBINS AFB GA 31098
KELLY AFBTX 78241

OTHER GOVERNMENT AGENCIES

US DEFT OF ENERGY US DEPT OF ENERGY
BARTLESVILLE ENERGY RES CTR DIV OF AUTO TECH DEV 2
DIV 01 PROCESSING AND THERMO RES I ALTERNATIVE FUELS UTILIZATION BRANCH
DIV O1' UTILIZATION RES I 1000 INDEPENDENCE AVE
BOX 1398 WASHINGTON DC 20585
BARTLESVILLL OK 74003
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OTHER GOVERNMENT AGENCIES fCoed)

DIRECTOR SCI & TECH INFO FACILITY
4NATL MAINTENANCE TECH SUPPORT CTR 2 ATTN NASA REPRESENTATIVE (SAK/DL) I

US POSTAL SERVICE BOX 33
NORMAN OK 73069 COLLEGE PARK MD 20140

DAAK7&UCCOO
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