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EXECUTIVE SUMMARY 

 

The goal of the Army Single Common Powertrain Lubricant program SCPL is to develop an all-

season (arctic to desert), fuel efficient, multifunctional powertrain fluid with extended drain 

capabilities. This program seeks to leverage state-of-the-art base oil and additive technologies to 

significantly improve upon current military lubricant products, and act as an enabler for future 

powertrain technologies. Due to the versatility desired in the SCPL program, candidate fluids 

must be able to properly function in various mechanical applications including engine crankcase 

lubrication, powershift transmission operation, and some hydraulic system operation. It is desired 

that SCPL meet or exceed minimum performance requirements when used in all of the above 

systems in operating environments varying from arctic to desert type conditions. Various test 

programs have been initiated to quantify candidate SCPL performance in each of the above 

applications. This report covers testing relating to the feasibility of incorporating powershift 

transmission performance in SCPL. Overall, the performance of various diesel engine oils tested 

in a variety of friction bench tests was determined. The results indicate that use of engine oils in 

military automatic/ powershift transmission applications is technically feasible as evidenced by 

passing or near passing friction bench test results with the slate of engine oils tested. This will 

enable the marriage of diesel engine oil performance with military automatic/powershift 

transmission performance in a SCPL. 
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1.0 INTRODUCTION AND BACKGROUND 

The US Army TARDEC Fuels and Lubricants Research Facility (TFLRF) located at Southwest 

Research Institute (SwRI) in San Antonio, TX, was tasked to determine the technical and 

economic feasibility of developing and implementing a Single Common Powertrain Lubricant 

(SCPL) for use in all combat tactical equipment currently using MIL-PRF-2104 [1] and  

MIL-PRF-46167D [2] lubricants. The project goal for the SCPL program is to develop an all-

season (arctic to desert), fuel efficient, multi functional powertrain fluid with extended drain 

capabilities. This program seeks to leverage state-of-the-art base oil and additive technologies to 

significantly improve upon current military lubricant products, and act as an enabler for future 

powertrain technologies.  

 

2.0 OBJECTIVE 

Due to the versatility desired in the SCPL program, candidate fluids must be able to properly 

function in various mechanical applications including engine crankcase lubrication, powershift 

transmission operation, and some hydraulic system operation. Candidate oils must meet or 

exceeded minimum performance requirements when used in all of the above systems in 

operating environments varying from arctic to desert type conditions. Various test programs have 

been initiated at TFLRF to quantify candidate oil performance in each of the above applications. 

This report covers the feasibility testing relating to engine oil performance in powershift 

transmission applications.  

 

3.0 APPROACH 

To determine engine oil performance in powershift transmission applications, several oils were 

subjected to various commercial transmission oil testing procedures. Six initial engine oils were 

chosen for testing. Engine Oil viscosities ranged from SAE15W-40 grades consistent with MIL-
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PRF-2104 oils, to OEA-30 MIL-PRF-46167 arctic grade oils. Each candidate oil and its qualified 

products list (QPL) number, where applicable, are listed below.  

 

Description Code No. 

MIL-PRF-2104G, SAE 15W-40, QPL NO. PRI EO 0058 (S) AL-27793 

MIL-PRF-2104H, SAE 15W-40, EO 0068 (L) AL-27876 

MIL-PRF-2104G, SAE 5W-40,QPL NO. PRI EO 0067 (E) AL-27252 

MIL-PRF-46167D, OEA 30, QPL NO. ME-35 (C) AL-27637 

MIL-PRF-46167D, OEA 30 (New) AL-27877 

Experimental SAE 5W-40 (L) AL-27875 

 

The following tests were performed on each oil: 

 Caterpillar TO-4 Friction Test 

o TO-4 SEQ 1219 (Elastomeric) 

o TO-4 SEQ 1221 (Steering Brake Paper) 

o TO-4 SEQ 1222 (Wheel Brake Paper) 

o TO-4 SEQ 1223 (Transmission Paper) 

o TO-4 SEQ 1224 (Elastomeric) 

o TO-4 SEQ 1220 (OEA 30 (New) and Experimental 5W-40 (L) only) 

o TO-4 SEQ FRRET (OEA 30 (New) and Experimental 5W-40 (L) only) 

 DEXRON-VI (OEA-30 ME-35 (C) and OEA 30 (New) only) 

o Band Clutch Friction 

o Plate Clutch Friction 

o Low Speed Clutch Friction and Torque Capacity 

 John Deere JDQ-96 Brake Torque Retention & Friction (1000 cycles) 

 Allison C4 Friction Test (Paper and Graphite, OEA 30 (New) only) 
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4.0 RESULTS/DISCUSSIONS 

Top-level details of each testing procedure, and individual oil performance results are discussed 

in the following sections. 

 

4.1 CAT TO-4 

CAT TO-4 tests are designed to evaluate oils to determine if minimum performance 

requirements are met for fluids that are intended for use in CAT equipment. CAT specifies that 

the primary use for these types of fluids would be found in powershift transmissions, final drives, 

hydrostatic transmissions, torque converters, wheel brakes, steering brakes, and steering 

clutches. The TO-4 testing apparatus consists of a flywheel with a known inertial value, a 

variable speed AC motor, a stationary reaction plate, and a load cell to measure application 

forces. Various friction materials are attached to the flywheel and brought up to a specified speed 

with the variable speed motor. After reaching the desired speed, the kinetic energy is then 

absorbed by engaging the flywheel with the stationary reaction plate at various application 

pressures. The reaction plate is fitted with a complimentary steel plate of similar dimensions as 

the tested friction disk. The lubrication oil is applied to the friction surface from a feed line 

mounted on the reaction plate. A diagram of the testing apparatus is presented in Figure 1. The 

apparatus is used to measure the dynamic and static coefficient of friction, energy capability, 

wear resistance, and friction retention of each material and test fluid combination [3]. 

 

 

Figure 1.  CAT TO-4 VC70 Testing Apparatus 
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The CAT TO-4 test is divided up into multiple sequences, with each sequence representing a 

different friction material being tested. Listed below are the seven sequences of the TO-4 test and 

their respective tested friction material: 

 

 CAT TO-4 SEQ 1219 (Elastomeric) 

 CAT TO-4 SEQ 1221 (Steering Brake Paper) 

 CAT TO-4 SEQ 1222 (Wheel Brake Paper) 

 CAT TO-4 SEQ 1223 (Transmission Paper) 

 CAT TO-4 SEQ 1224 (CAT F37 Elastomeric) 

 CAT TO-4 SEQ 1220* 

 CAT TO-4 SEQ FRRET* 

*Note – CAT TO-4 SEQ 1220 and FRRET are required testing procedures for all military 

spec oils, and were completed on the OEA 30 (New) and Experimental 5W-40 (L) oils only.  

 

A torque versus time plot is generated for each friction material as the rotating flywheel is 

accelerated from its initial speed to a stop, and is used to calculate the coefficient of friction. The 

coefficient of friction is a dimensionless value that describes the ratio of frictional forces 

between two surfaces versus the force applying the two surfaces together. An example friction 

curve is presented in Figure 2.   where rotational speed is the speed of the flywheel, and clutch 

pressure is the pressure applied between the friction disk and reaction plate. The resulting torque 

values can then be used to calculate the coefficient of friction between the two surfaces as a 

function of relative velocity, and application pressure. The dynamic coefficient of friction is the 

component of friction present when the two acting surfaces have a differential velocity between 

them. This can be seen in the flat portion of the torque curve as the rotational velocity decreases 

from its initial speed to zero. The static coefficient of friction is the component of friction 

immediately present when the differential velocity between the two acting surfaces goes to zero. 

This can be seen at the final torque spike towards the end of the torque curve.  
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Figure 2.  Typical TO-4 Test Torque Response Curve 

 

The importance of the torque curve is to determine the consistency of coefficient of friction over 

a wide variety of relative velocities and application pressures. If a flat torque curve exists in the 

dynamic range, the coefficient of friction remains relatively constant and the resulting behavior 

of the driveline components remain consistent. If the torque drastically shifts in the dynamic 

region, this means the dynamic coefficient of friction has changed and the driveline behavior can 

become inconsistent. This effect can be realized through a sudden grabbing or slipping during 

engagement or disengagement. An example curve showing this behavior is presented in Figure 3.   

 

 

Figure 3.  Non-typical TO-4 Torque Response Curve 
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From experience gained through testing, it has been found that multipurpose engine oils typically 

yield lower overall coefficient of friction values than transmission fluids. This should be taken 

into consideration when comparing engine oil performance in these tests. While some of the 

candidate oils failed to meet minimum coefficient of friction specifications, their overall 

behavior was consistent and yielded values only slightly lower than approved transmission 

fluids. In these types of situations, it is possible that the candidate oils performance would not 

prohibit its use in transmission applications. In addition, all candidate oils were only subjected to 

one round of TO-4 testing yielding single point data. Due to inherent variation in this testing, 

some borderline failures could be deemed passing with continued testing to gain more statistical 

significance in the results.  

 

The resulting data for sequences 1219, 1221, 1222, 1223, and 1224 for each candidate oil was 

examined for trends by: 

 

 Comparing the relative performance of oils by each sequence 

 Comparing the relative performance of oils by similar viscosity grade 

 

4.1.1 Performance by Test Sequence 

Table 1 and Table 2 lists CAT TO-4 test results of each candidate oils and approximate 

magnitude of failure where applicable. 
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Table 1.  TO4 Test Results  

 



 

UNCLASSIFIED 

8 

Table 2.  TO4 Test Results Continued 
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Below are some generalizations from the data in shown Table 1 and Table 2 based on sequence 

number. 

 

Seq. 1219 (Raybestos Elastomeric) – All candidate oils performed in a similar manner. 

Dynamic coefficient versus load and cycle values were slightly below spec but consistent 

between all candidate oils. Dynamic coefficient versus speed for all oils was below spec until 

relative speeds increased to 35-38 m/s. All static coefficients measured within reference fluid 

ranges.  

Seq. 1221 (Steering Brake Paper) – All oils except arctic grades passed within reference oil 

specs. OEA 30 ME-35 (C) and OEA 30 (New) shared similar failures in the dynamic and static 

coefficient versus speed measurements. 

Seq. 1222 (Wheel Brake Paper) – No failure patterns were identified within this sequence. 5W-

40 EO 0067 (E) was the only oil to pass all tests. 

Seq. 1223 (Transmission Paper) – All candidate oils performed in a similar manner. OEA 30 

ME-35 (C) measured slightly better than other tested grades. Measured coefficient of friction 

values for dynamic versus load and cycle are slightly below reference oil specs for all remaining 

oils.  

Seq. 1224 (CAT F37 Elastomeric) – All candidate oils with the exception of OEA 30 ME-35 

(C) failed in a similar manner. Experimental 5W-40 (L) and OEA 30 (New) had some additional 

failures from the group, but were borderline in magnitude.  

 

4.1.2 Performance by Viscosity Grade 

Below lists the individual comparisons between candidate oils by viscosity grade.  

 

5W-40 EO 0067 (E) and Experimental 5W-40 (L) in TO-4 sequences 1219, 1221–24: 

 Seq. 1219 (Raybestos Elastomeric)—Nearly identical failures and error margins. 

 Seq. 1221 (Steering Brake Paper)—Both passed all tests 
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 Seq. 1222 (Wheel Brake Paper)— 5W-40 EO 0067 (E) passed all tests with Experimental 

5W-40 (L) falling out of error limits during three tests (static coefficient vs. load, static 

and dynamic coefficient vs. speed) 

 Seq. 1223 (Transmission Paper)—Similar failures for both oils 

 Seq. 1224 (CAT F37 Elastomeric)—Nearly identical failures and error margins. 

Experimental 5W-40 (L) had additional borderline failure of dynamic coefficient vs. 

cycle 

 

15W-40 EO 0058 (S) and 15W-40 EO 0068 (L) in TO-4 sequences 1219, 1221-24: 

 Seq. 1219 (Raybestos Elastomeric)—Nearly identical failures and error margins. 

 Seq. 1221 (Steering Brake Paper)—Both oils passed all tests. 

 Seq. 1222 (Wheel Brake Paper)— 15W-40 EO 0058 (S) failed dynamic coefficient vs. 

speed. 15W-40 EO 0068 (L) failed both dynamic coefficient vs. speed and load, with 

additional borderline failures in dynamic coefficient vs. cycle, and static coefficient vs. 

load.  

 Seq. 1223 (Transmission Paper)—Nearly identical failures and error margins. 

 Seq. 1224 (CAT F37 Elastomeric)—Nearly identical failures and error margins 

 

OEA 30 ME-35 (C) and OEA 30 (New) in TO-4 sequences 1219, 1221–24: 

 Seq. 1219 (Raybestos Elastomeric)—Nearly identical failures and error margins. 

 Seq. 1221 (Steering Brake Paper)—Failures similar with the exception of OEA 30 (New) 

borderline failure in static coefficient vs. load. 

 Seq. 1222 (Wheel Brake Paper)—OEA 30 (New) failed dynamic coefficient vs. speed but 

OEA 30 ME-35 (C) passed. Both oils failed the static coefficient vs. load test, but OEA 

30 (New) failed at a lower 700kPa compared to 1600kPa for the OEA 30 ME-35 (C). 

Both oils start below limits for static coefficient vs. speed, but OEA 30 (New) increases 

within limits through test duration while OEA 30 ME-35 (C) remains below. 

 Seq. 1223 (Transmission Paper)—OEA 30 (New) failed both dynamic coefficient vs. 

cycle and load, which OEA 30 ME-35 (C) oil passed. Remainder of failures nearly 

identical. 
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 Seq. 1224 (CAT F37 Elastomeric)—OEA 30 (New) did better with all of its failures except 

one being borderline. OEA 30 (New) failed static coefficient vs. speed after 35 m/s. 

 

SEQ 1220 and FRRET were completed on the Experimental 5W-40 (L) and OEA 30 (New) in 

accordance to standard mil-spec oil testing requirements. Test results are presented in the same 

format as previously discussed TO-4 results. See Table 3 below for Seq. 1220 and FRRET 

results.  

 

Table 3.  Seq. 1220 and FRRET Results 
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1220 FAIL FAIL PASS FAIL PASS PASS

FRRET

1220 PASS PASS PASS PASS PASS PASS

FRRET FAIL

PASS
OEA 30 (New) AL--27877

Experimental 

5W-40 (L)
AL-27875

 

 

4.2 DEXRON VI 

Both arctic oil blends, OEA 30 ME-35 (C) and OEA 30 (New), were tested in Dexron VI friction 

tests as a basis to compare oil performance when used in automatic transmission applications 

requiring Dexron approved fluids. These tests included the Dexron VI band clutch, plate clutch, 

and low speed clutch friction tests. All of these tests are carried out using an SAE No. 2 friction 

test machine. An SAE No. 2 friction machine is similar in concept to the previously discussed 

CAT TO-4 test apparatus, whereas rotating clutch disks are engaged into a stationary reaction 

plate while recording the resulting torque value, clutch rotation speed, and application pressure.  

 

The SAE No. 2 friction test machine can be operated in two different ways. The first option is to 

bring the clutch disks up to speed using the drive motor, then turning the motor off and engaging 

the disks to the stationary reaction plate. The second option is to engage the clutch disks to the 

reaction plate with the motor off, then turning on the motor and recording the static break away 

torque. The Dexron VI band and plate clutch tests follow the first format, while the low speed 

clutch test incorporates both formats.   
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Test results from the Dexron VI friction tests are presented in Table 4. Both oils passed the band 

and low speed clutch tests with satisfactory performance results meeting the Dexron VI 

specifications. For the plate clutch friction test, both oils failed to meet the required Dexron VI 

specifications.  

 

Table 4.  Dexron VI Friction Test Results 

Test No. BH3-4-164 Test No. BH3-8-169

Date Requested:  7/17/2007 Date Requested:  9/7/2007

Date Started:  7/30/2007 Date Started:  9/14/2007

Date Finished:  8/6/2007* Date Finished:  9/21/2007 *

Pass Pass

AL-27637 AL-27877-L

Test No. HC-11-24-80 Test No. HC11-1-82

Date Requested:  7/17/2007 Date Requested:  9/7/2007

Date Started:  7/30/2007 Date Started:  9/11/2007

Date Finished:  8/7/2007* Date Finished:  9/19/2007 *

Fail Fail

AL-27637 AL-27877-L

Test No. 12-5-0363 Test No. LS12-5-0374

Date Requested:  7/17/2007 Date Requested:  9/7/2007

Date Started:  7/30/2007 Date Started:  9/10/2007

Date Finished:  7/31/2007* Date Finished:  9/11/2007 *

Pass Pass

DEXRON-VI  

Band Clutch Friction

DEXRON-VI  

Plate Clutch Friction

DEXRON-VI  

Low Speed Clutch Friction

OEA 30 ME-35 (C) 

AL-27637

OEA 30 (New)

AL-27877-L

 

 

Similar to CAT TO-4 testing, further investigation was needed to quantify the oils relative 

performance. It was found that the low speed clutch failures were due to both oils not meeting 

the specified maximum torque of >90 Nm required by the plate clutch friction test. From the test 

results, it was found that both oils maintained a steady range of maximum torque, with values 

falling between 85-88 Nm. Although this torque value lies below the specifications set forth by 

the Dexron VI standards, it should be adequate to ensure functionality and durability when used 

in military equipment. Analysis of the torque capacity plots versus speed and clutch pressure 

shows the oils tested do not have any undesirable characteristics. Over the duration of testing, the 

overall clutch performance does not change with steady maximum torque values and a smooth 

transition from dynamic to static friction as the speed approaches zero. If the plots were to have 

shown substantial variation of the maximum torque measured throughout the test duration, or 

large torque spikes during the dynamic to static transition, the use of these oils could be 
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problematic. Neither of the tested oils displays these negative characteristics and should be 

considered capable to adequately perform in drivelines requiring the Dexron VI rated fluids.  

 

4.3 JOHN DEERE JDQ-96 

The John Deere JDQ-96 test procedure is used to determine brake noise (or chatter) and capacity 

of an immersed brake system provided by a candidate oil compared to a baseline reference oil. 

Testing is carried out using a John Deere 1400 series industrial axle powered by a full sized 

modified John Deere 4640 tractor. The sun pinion shaft is equipped with strain gauges to 

measure dynamic torque changes throughout a total of 30,000 braking cycles. Chatter tests are 

run after 1,000, 10,000, 20,000, and 30,000 braking cycles. Torque data is acquired for a variety 

of axle speeds and loads. Chatter is evaluated over 32°, 49°, 60°, and 71°C fluid temperatures 

with varying brake application pressures and wheel speeds.  

 

Each candidate oil was subjected to the first 1,000 cycles of the standard 30,000-cycle test. 

Results are presented in Table 5. Torque variation is defined as the greatest difference between 

the maximum and minimum torque over a 0.2 second portion of the engagement event. SwRI 

torque variation is defined as the sum of all the differences between the maximum and minimum 

torque for each engagement. Relative capacity is the average torque value during the middle of 

an engagement.  

Table 5.  John Deere JDQ-96 Test Results 

 
Reference Oil Range 

OEA 30 ME-35 (C) 
AL-27637-L 

OEA 30 (New) 
AL-27677-L 

Torque Variation 59,000-100,00 Nm 85,000 Nm 158,000 Nm 
SwRI Tq. Variation 750,000-1,250,000 Nm 1,115,000 Nm 2,200,000 Nm 

Relative Capacity 330,000-350,000 Nm 365,000 Nm 345,000 Nm 
Disk Thickness Approx 7.5 mm In Spec In Spec 

 
Reference Oil Range 

5W-40 EO 0067 (E) 
AL-27252-L 

Experimental 5W-40 (L) 
AL-27875-L 

Torque Variation 59,000-100,00 Nm 205,000 Nm 180,000 Nm 
SwRI Tq. Variation 750,000-1,250,000 Nm 2,600,000 Nm 2,150,000 Nm 

Relative Capacity 330,000-350,000 Nm 370,000 Nm 350,000 Nm 
Disk Thickness Approx 7.5 mm In Spec In Spec 

 
Reference Oil Range 

15W-40 EO 0058 (S) 
AL-27793-L 

15W-40 EO 0068 (L) 
AL-27876-L 

Torque Variation 59,000-100,00 Nm 
DNF-Testing stopped 

due to excessive 
chatter 

200,000 Nm 

SwRI Tq. Variation 750,000-1,250,000 Nm 2,500,000 Nm 

Relative Capacity 330,000-350,000 Nm 335,000 Nm 

Disk Thickness Approx 7.5 mm In Spec 
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Since testing only included the first 1,000 cycles of the standard JDQ test, all oils met the 

standard set by the reference oil for disk thickness. (*Note – The JDQ96 test with oil 15W-40 

EO 0058 (S) was terminated early due to excessive chatter. Further investigation is needed to 

determine overall compatibility with equipment requiring fluids that meet JDQ96 specifications) 

 

4.4 ALLISON C4 

Similar to the Dexron VI friction tests, the Allison C4 paper and graphite high-energy friction 

tests are carried out in an SAE No.2 Friction Test Machine. This testing was carried out on the 

OEA 30 (New) fluid only. A pass-fail criterion for each fluid is based on a maximum allowed 

slip time and a minimum mid-point coefficient of friction value. Results for the OEA 30 (New) 

are presented in Table 6. The OEA 30 (new) passed both the paper and graphite tests.  

 

Table 6.  Allison C4 Friction Test (Graphite & Paper), OEA 30 (new) 

Property Spec
Result @ 

100N

Result @ 

10,000N
P/F

Slip Time (Max) 0.600 0.530 0.460 P

Mid-Point Fric. Coef. (Min) 0.085 0.095 0.110 P

Property Spec
Result @ 

100N

Result @ 

10,000N
P/F

Slip Time (Max) 0.81 0.73 0.78 P

Mid-Point Fric. Coef. (Min) 0.093 0.101 0.097 P

Allison C4 Paper Test

Allison C4 Graphite Test

 

 

5.0 CONCLUSIONS 

In addition to engine crankcase applications, a multifunctional lubricant must be capable of being 

used in military automatic/powershift transmission applications. To assess the feasibility of a 

SCPL, several engine oils were evaluated in industry standard transmission test procedures 

including selected: Allison C4, Caterpillar TO-4, and John Deere JDQ test procedures. Many of 

these industry transmission frictional tests utilize an SAE No. 2 friction testing machine. This 

machine measures the engagement properties of friction and reaction plates and test fluid over a 

wide range of speeds and application forces. It instantaneously records multiple parameters 
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including load applied, torque transmitted, and plate speed to determine overall torque capacity, 

dynamic and static coefficients of friction, and slip time. Results are then compared to a baseline 

fluid which brackets desired performance and determines pass or fail of a candidate fluid.  

 

While the engine oils tested resulted in a mixture of passing and failing results, overall the 

performance was generally favorable. The most difficult requirement for any multifunctional oil 

is compatibility with the large variety of friction materials being used in transmission 

applications. The level of friction developed between the friction material and reaction plates 

determines the feel of the shift (i.e., harshness) and amount of torque that can be transmitted 

without the clutch slipping. Clutch damage can occur if the coefficient of friction between the 

friction material and the reaction plate is too low. Low friction during a clutch engagement 

results in long slip times and excessive heat buildup which can cause deposit formation on the 

friction and reaction plate surfaces (i.e., glazing). If the friction is too high, the result will be very 

short, abrupt shifts. Passenger car ATFs use friction modifiers to ensure smooth shifts. The 

downside of friction modification is that it can reduce the clutch holding capacity. Given the 

large mass and high torque of heavy-duty equipment, heavy-duty automatic/powershift 

transmission fluids are typically not friction modified. In fact, it is more typical to look for ways 

to maximize the friction in these transmissions. Formulators of multifunctional oils like those 

developed for military use must choose a formulation strategy that does not result in excessively 

low dynamic and static coefficients of friction. 

 

The testing matrix consisted of 6 engine oils that were evaluated in 5 Caterpillar TO-4 test 

sequences (1219, 1221, 1222, 1223, and 1224). One arctic oil and an SAE 5W40 oil were tested 

in Caterpillar Sequence 1220 and FRRET. Six engine oils were tested for 1000 cycles of the 

JDQ-96 procedure. Two arctic engine oils were evaluated for friction performance by Dexron VI 

methods. Finally, one of the arctic engine oils was tested against the friction retention 

requirements of Allison C4 Paper and Graphitic materials. The summarized results were: 

 None of the engine oils evaluated was able to pass all of the TO-4 requirements for 

sequences 1219, 1221, 1222, 1223, and 1224.  

 All engine oils passed the wear limits of sequences 1219, 1221-1224. 
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 All engine oils passed the static friction requirements of sequence 1219. 

 Oil E, SAE 5W40, passed all requirements for sequences 1221 and 1222. 

 Except for the two arctic engine oils, all engine oils passed sequence 1222. 

 Most engine oils failed all friction requirements of sequence 1223. 

 Overall, TO-4 performance of engine oils could not be predicted by viscosity alone. 

 Oil S, SAE 15W40, was not able to complete the initial 1000 cycles of JDQ-96 test. The 

test was terminated early because of excessive brake chatter. 

 The two arctic oils passed the band clutch friction and low speed clutch friction of 

Dexron VI. Their clutch plate friction was stable, but slightly below the maximum 

required by Dexron VI. 

 Oil OEA 30 (new) failed sequence 1220 and passed FRRET. 

 Oil L (SAE 5W40) passed sequence 1220 and failed FRRET. 

 Oil OEA 30 (new) passed the Allison C4 friction tests, both paper and graphite. 

 

Overall, the friction bench tests indicate that use of engine oils in military automatic/ powershift 

transmission applications is technically feasible as evidenced by passing or near passing results 

with the slate of engine oils tested. This means it is feasible to combine diesel engine 

performance and military automatic/ powershift transmission performance in an SCPL.  
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APPENDIX A 
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