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L. INTRODUCTION

The Army's military construction mission in many ways resembles the tasks of
civilian construction enterprises. These enterprises purchase their equipment from
manufacturers who must compete for that business by producing efficient modern
equipment by continuous improvements through research and development. Recog-
nizing the same need for constant modernization as well as being confronted with
decreasing R&D budgets, the Army adopted a policy of procuring construction type
(CCE) and material handling equipment (MHE) from commercial sources.(1)* Today
the majority of CCE and MHE utilized by the Army is of the commercial or
modified commercial type. Obvious advantages exist for this policy, but certain
problems required resolution to make the CCE and MHE program successful. The
fluids used in the various multipurpose hydraulic systems are considered as
components of the total system and are usually provided under commercial
proprietary fluid specifications. Using these various manufacturers' fluid specifi-
cations over a period of time would obviously lead to a proliferation of proprietary
hydraulic fluids creating a logistic burden to the supply system. However, using
the fluids that are not authorized by the equipment manufacturers could lead to
the loss of the equipment warranty. Also, many of the manufacturers are reluctant
to permit the use of other than specified fluids in their equipment.

For military CCE and MHE equipment, automotive engine oils meeting MIL-L-
2104, Lubricating Oil, Internal Combustion Engine, Tactical Service (2),
MIL-L-46167, Lubricating Oil, Internal Combustion Engine, Arctic (3) and MIL-L-
21260, Lubricating Oil, Internal Combustive Engine, Preservative and Break-In (4)
have and are being used for practically all Army hydraulic and power transmission
fluid applications.

With the introduction of the CCE and MHE program, John Deere and Company was
awarded a contract to furnish a CCE item (front loader/backhoe tractor) which
introduced the first wet-brake equipped vehicle into the Army inventory in 1975.
Since subsequent contract procurements could be awarded to other companies,
there was great concern within the Army as to potential supply problems since

* Underscored numbers in parentheses refer to the list of references at the end of
this report.
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,{-zh each of these companies requires that its own proprietary fluid be used. The
5‘

‘ﬁ: ) companies using wet-brake equipment indicated that MIL-L-2104C combat/tactical
?‘;". engine oils would not perform satisfactorily in their equipment systems. For this

"!’?Ql

purpose, Belvoir R&D Center initiated a test program in 1975 to establish the
performance level of a number of existing military specification lubricants along
with several commercial and Government stocked hydraulic and power transmission
fluids in relation to the John Deere JDM-J20A factory and service fill specifica-
tion.(5) Only one of the lubricants, a MIL-L-2104C, Grade 10W passed the
JDM-J20A specification and was put on a field test. In the past, the only way to
differentiate between acceptable and unacceptable components has been extensive
(expensive) end-item testing. This problem existed because no standardized

requirements and test methods have been available to component manufacturers or

1‘.:"" users. Therefore, this project was initiated in April 1980 as an important element
i*‘ in Belvoir R&D Center overall Military Adaptation of Commercial Item (MACI)
,: A Hydraulic System and Component Program.
"ytu i

]
1_.- Il. OBIECTIVE

W\:

13

- The MACI program is to provide a process in which the government may coordinate F
HgAN its effort with industrial users and hydraulic/power transmissions component
1 '1-{ manufacturers to achieve the acceptance of standardization requirements and tests
| N to evaluate systems and components. Once adopted, test data generated by
n.
:“)" commercial laboratories can be used by the Army to verify the acceptability of
-.‘ hydraulic components and systens.
\
K 2
N The specific objective of the MACI program is to perform technical evaluation and
' ]

assessment of commercially available qualified and fielded Army engine oils and to
o determine if such oils can be used as hydraulic fluids in Army commercial
b -(' construction equipment and material handling equipment.
e
' *l
,. v M. PREVIOUS WORK SUMMARY 1
B -
."3{_3: _
:jj_':f Nineteen military specification lubricants--eight oils qualified under MIL-L-2104C,
Fats grade 10W and grade 30; one multiviscosity MIL-L-46152 (6), grade 10W-30; five
®
W
N
i 6
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MIL-L-46152B (6), grade 15W-40; two MIL-L-46167, grade OW-20; one MIL-H-
46001C (7), grade 10; one MIL-L-21260C, grade 10W; and one multiviscosity oil
satisfying MIL-L-2104C engine lubricant requirements--were extensively evaluated
using twelve selected tests required by manufacturers and one test developed by

oy
S ey
P

‘,_.'
f-:"_
" & =

‘ ; Belvoir Fuels and Lubricants Research Facility (BFLRF) at SwRI in conjunction

_' with John Deere personnel.(8-10) These tests are:

i

o> - (@) Wet-Brake Friction (Caterpillar, TO-2)

\k (b) Wet-Brake Friction (Detroit Diesel Allison, C-3)

S (c) Pump Anti-Wear (Detroit Diesel Allison, C-3)

'.H;) (d) THM Transmission Oil Oxidation Stability (Detroit Diesel Allison, C-3)
“vn (e) Seal Compatibility (Detroit Diesel Allison, C-3)
:,:J') (f) Vickers Vane Pump Wear (ASTM, D 2882)
ﬂ; (g) Dynamic Corrosion (Sundstrand Axial Piston Pump Wear Contamination)
:_ (h) Wet-Brake Noise (Massey-Ferguson In-Vehicie Test)

e, (i)  Water Tolerance (John Deere JDM-J20A)

3 (i) Copper Corrosion (Mod. ASTM D }30)
» (k) Sonic Shear Stability Viscosity (ASTM D 2603 Mod.)

b ()  Fluoroelastomer Material Compatibility (Caterpillar, TO-2) and

e (m) Wet-Brake Chatter and Hydraulic Performance (BFLRF ard 3ohn

S Deere).
! ‘. From the data developed, the Army engine lubricants passed approximately 90
’., percent of all the tests. All the military test lubricants were considered to be
E} borderline to excellent.
R
7:3 The only exceptions were one MIL-L-46167, grade OW-20 and one MIL-L-21260C, :
‘ grade 10W. The MIL-L-46167 was considered a failure in the pump wear and
'1‘5 frictional characteristics and the MIL-L-21260C failed the TO-2 friction retention
i: test. The borderline areas appeared in wet-clutch frictional characteristics, slower
494 hydraulic system response times, more wet-brake chatter noise, and copper
,‘ corrosion tests. None of these areas were considered excessive to the point of
,‘s :l substantially hindering operations (primarily annoying to the operator), but they
‘.:..: could cause some long-term wear and stress problems. The grade 10W, MIL-L-
;".' 2104C that passed the John Deere JDM-J20A specification in an earlier program
%’, and underwent field evaluations for 4.5 years performed as well as the JDM-J20A "
-7 :
U

7
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1
el . : . L -
a0 5 fluid-filled tractors in all the hydraulic and power transmission areas.(9) Listings
.,:" ; were also compiled showing all the present/proposed items, components and
B systems, and their lubricant requirements.(8) Also, 24 manufacturers of hydraulic
- . and power transmission systems and components were surveyed, in view of Belvoir
ﬁ: F&L Research Facility test results, to identify the equipment which these
-L:::Ej- manufacturers claimed could not operate properly with these military engine oils.
'ii The majority of the component manufacturers believed that single-grade lubricants
f'. ” would operate satisfactorily in their components when used in the proper viscosity
E t{ range. But some (especially Denison and Vickers) expressed concern with the use
. aa. of multiviscosity lubricants because of the shear involved with hydraulic systems.
:k::}o Also, some suppliers were concerned that some military engine oil specifications
| i did not have any pump wear tests and that some had no requirements for wet
‘ frictional characteristics. In addition, some equipment manufacturers expressed
‘ :‘C concern (especially John Deere and Ford) about potential wet-brake chatter noise.
‘I.-:::: Personnel from Belvoir F&L Research Facility have met and worked with the
.' - ASTM Multipurpose Power Transmission Fluid Panel and their members. This panel
g is working to complete the adoption of the multipurpose power transmission fluid
\. specification which will address some of these concerns.
e IV. TEST DETAILS
v
}"‘3 A. Critical Component Test Selection
;' > Results from the previous MACI programs and past 6.2 funded R&D efforts show
"::4_ that numerous tests are required if all potential CCE/SMHE components are to be
“ addressed. The list of procured and proposed CCE/SHME shows a broad range of
D equipment representing many different suppliers. In addition, any lubricant
E"*::‘: selected for use in the CCE/SHME hydraulic and multipurpose power transmissions

systems must also be acceptable for use in the Army tactical fleet engines. The

military specification lubricants should have three major performance areas of

concern: (1) engine protection; (2) gear/pump protection; and (3) wet-brake/clutch

frictional retention. The engine protection is accomplished with the test require-
ments of MIL-L-2104C/D, MIL-L-46167A, and MIL-L-46152B specifications (see
Table 1). The pump wear protection is provided for in only the MIL-L-46167/A but




TABLE 1. LUBRICANT MAJOR PERFORMANCE AREAS

MIL-L-Specification
Performance Tests 2104C 2104D 46152B 46167 46167 A

Y Y Y
N N N
N Y Y

<

Engine Y*
N* *

4

Final Drive Gear

Zz

Hydraulic Pump N

Frictional
Wet-Clutch
Wet-Brake N

=
Z <
Zz Z
z Z
zZz =<

* Y =Yes
*%* N = No

not in either MIL-L-2104C/D or MIL-L-46152B. Also, no final drive gear wear test
is included in MIL-L-2104C/D, MIL-L-46152B, and MIL-L-46167/A specifications.
The wet-frictional protection is also not provided for in MIL-L-2104C, MIL-L-
46152B, and MIL-L-46167. The MIL-L-2104D and the new revised MIL-L-46167A
specifications oils must meet the Detroit Diesel Allison C-3 and Caterpillar TO-2
friction retention tests which should make those products acceptable for most
hydraulic and power transmission applications. Finally, none of the military engine
oils has any test requirements for wet-brake chatter noise and capacity. These
wet-brake/wet-clutch systems use a wide variety of frictional materials such as
graphitic, asbestos, bronze, and paper. Therefore, not all Army equipment using
wet-brake systems would be expected to perform well using military engine oils.
Some of the military lubricants failed the modified ASTM D 130 Copper Corrosion
test, and it was deemed necessary to consider this as an area for concern. From
the above discussions, it was considered important to establish the performance of

selected military engine oils in the tests listed below:

(a) Denison HF-0 Piston and Vane Pump Test

(b) Transmission Final Drive Gear Wear Test JDM-J20A, Procedure 5.
(c) ASTM and CEC Sintered Bronze Wet-Brake Fluid Friction Test and
(d) Copper Corrosion ASTM D 130 Mod.
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v§"q' B. Test Lubricants
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f,:f;::: The test lubricants used for testing were selected because of their use in the Army

' o system and extensive background test data. Five lubricants were selected: four
N MIL-L-2104D--one grade 10W, one grade 30, two grade 15W-40; and one MIL-L-

%{2 46167, grade 0W-20. The MIL-L-2104D, grade 10W and 30 were also selected

g.?}g: because both are used as Army reference lubricants for proving ground and

‘.? equipment acceptance testing. The two MIL-L-2104D, grade 15W-40 lubricants

':::: were selected because they were also qualified under MIL-L-46152B and one failed
4

‘:;:g the copper corrosion test. The 15W-40 lubricant would be expected to be used

;_,!;‘ quite extensively. The MIL-L-46167 was also selected because of a history of

“ borderline hydraulic pump performance in various pump tests.

A,

Thoeh

RN

Yo% Each of the test lubricants was assigned a numerical code for use in this program.

‘;i, Table 2 summarizes the assigned code designation along with specification and

rade of each product. summary of the results of the physical and chemica
s grade of each prod A f th Its of the physical and chemical

characteristics can also be seen in Table 3.

TABLE 2. TEST LUBRICANTS EVALUATED

CIRE A

syt
R
R Lube No. Grade Specification
R _— _—
s 1 10w MIL-L-2104D Army Reference Oil
o) 2 30 MIL-L-2104D Army Reference Oil
5;;;5} 3 15W-40 MIL-L-2104D Qualified Product
g;::‘ 4 15W-40 MIL-L-2104D Qualified Product
;::"‘. 5 0wW-20 MIL-L-46167 Qualified Product
4. %0
C
|:| 4
!
;:' V. DISCUSSION OF TEST RESULTS
A
‘ A summary of the overall performance of the lubricants in these tests can be seen
- in Table 4. The data from these results are shown in subsequent tables in the
N1
. " appendix.
o
o
JOYRY
wa
: l‘\'
%
i:‘:‘, 10
'of.'o
®
Qn"‘ 4 .
?’ 5' s J’i 2 SRR T QI s e

Cl ; .. ¢ g ’, v
li A .0’0 A NaSdasar \ T e 'p \w\ '!} ’ J. '-4 (- ;\,-1- '0.\ 'WH*‘\\\ \{

bote 0



*8urisa aoueidadsoe juawdinba pue punoan 8uiAolg 10 SIUBDIIQN] IDUDIDTII AWy 4

e T wEwy R vt o wawwey

1000°0> 8800°0 $€00°0 6000°0 £000°0 wdd ‘g
6£0°0 #60°0 €£0°0 £90°0 290°0 N
71°0 €1°0 01°0 £€1°0 €1°0 uz
84°0 0$°0 on°0 €°0 9%°0 S
r4 ) 11°0 60°0 Z1°o 11°0 d
60°0 %0°0 11°0 20°0> 20°0> T
10°0> 91°0 10°0> 10°0> 10°0> e)
0Z°0 10°0> 10°0> 10°0> 10°0> eg

9% ‘SIUdWIIY

A A A A hecdden i Al Aha S e A0n aie dia Ais g

00°1 10°1 08°0 48°0 0670 ysy parejing

s € 39 9L €L (NGL) *ON 3seg
. 0°¢ 9°2 9z 9°Z 'z (NV1) ‘ON PPV
|
m :19 o1 141 101 €01 IA
J 8¢ €l Al 1°11 z°9 U%E
. €°0¢ 2401 rAFAR 8°C6 6°6€ 940

180 .ﬁ_mou.u.;

SOiistiejoeiey) aqn

0Z2-M0 oh-As1 0fh-A¢1 o€ A01 apeJD ‘30npoig patjirend

9 h € /4 | *ON juedlignT

L919% anorz anore »0h012 »adH01Z uon1ed1J15adg-TIW
azgs19% az<19%

SOLLSIYILOVIVHO TYIINTHO ANV TVIISAHd SINVORIGNT 1S3l °¢ 379V.L

\J* -.. v, r‘ﬁ‘h -.-)1\.-_.-\.-..& -\v.(-fh&.,f.hm P O
" N v‘-\‘
l »"'..0.@‘-0"‘%‘,., A!-!.vﬂ ..“&- .a. Ld\f’(.f)‘b&.

s




TABLE 4. SUMMARY OF TEST PERFORMANCE RESULTS

Specification MIL-L- 2104D 46167
Lube No. 1 2 3 4 5
Test 10 30 15wW-40 15W-40 0WwW-20
Denison HF-0 Pump
Piston p* P P P F**
Vane P P P P P

Trans. Final Drive
Gear Wear P P P P [

ASTM & CEC Sintered
Bronze Wet-Brake

Chatter F F F F F
Relative Capacity P P F P P
Copper Corrosion at 150°C F F P F [
* P - Pass
** F = Fail

A. Denison HF-0 Piston and Vane Pump Test

When the Army engine oils are used in hydraulic systems that use both piston and
vane pumps, antiwear additives are critical. Compounds which provide good
antiwear protection in one type of hydraulic pump can be detrimental to another.
Therefore, the five Army engine oils were evaluated in the Denison HF-0 Piston
and Vane Pump (see Tables A-1 through A-5 of the appendix). This test consists of
operating two pumps continuously at speeds up to 2500 rpm with the vane pump
outlet pressure at 2500 psi and piston pump outlet pressure at 5000 psi. The piston
pump requires 350 hp input and the vane pump requires 136 hp input. The test is
conducted for 100 hours. The fluid temperature is maintained at 160°F (71°C) for
the first 60 hours and at 210°F (99°C) for the last 40 hours. Pump parts

b
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inspections are made at 30, 60, and 100 hours, and all the pump parts must be as
good as when tested with the reference oil.

All five lubricants passed the vane pump part of the tests, but only four passed the
piston pump part. The MIL-L-46167, grade 0W-20 Arctic engine oil was a
borderline fail. The 0W-20 lubricant passed the 30- and 60-hour parts inspection in
the piston pump and completed the 100 hours of testing (Table A-5). The problem
occurred when the temperature was increased from 160°F (71°C) to 210°F (99°C)
for the last 40 hours. At the 210°F (99°C) control temperature, case temperatures
of 255°F are attained. The piston pump had a high degree of piston shoe scoring
deposit buildup and discoloration (Figure 1) with the barrel support bearing showing
some pitting (Figure 2). The MIL-L-46167 Arctic engine lubricants have exhibited
a weakness in pump antiwear, especially at the higher operating temperatures
(temperatures higher than expected for Arctic operating conditions). This weak-
ness is apparently due to marginal viscosity resulting in loss of hydrodynamic film
lubrication. The piston shoe deposit buildup was analyzed with an electron
scanning microscope, which interfaces with an XRF analyzer and was determined
to be primarily sulfur and iron.

B. Transmission Final Drive Gear Wear Test

The purpose of this test is to evaluate the antiwear and antiscuffing properties of
the Army engine oils. A John Deere OEM axle equipped with JD-4230 final drives
and solid differential is utilized as the basic test fixture. The axle is driven by a
JD-4630 turbocharged-intercooled diesel engine through a JD-4630 power shift
transmission. Final drive gears are loaded by means of a load brake on each axle.
The brakes are oil cooled and the loads are controlled at set points by a load cell-
servo controller loop.

The new sun pinions and planet pinion gears are installed, and the test axle housings
are filled with the reference oil. The load is operated at 11,600 lb-ft of torque, 22
axle rpm, 195°F lubricant temperature, and maintained for 20 hours. At 20 hours,
the axle speed is decreased to 11 rpm with 11,600 lb-ft torque at 195°F for 30
more hours. Upon the conclusion of the 50 hours on the reference oil, the axle
housings are removed and the sun pinions measured for wear. The axle housings are
cleaned and flushed with test oil and the left and right sun pinions interchanged (a
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new surface). The axle is reassembled, filled with test oil, and the above
conditions are repeated for 50 hours.

The data from these tests are shown in Table A-6. The antiwear and antiscuffing
characteristics were compared to the good reference oil. The average values of
each oil were obtained from the wear of 10 teeth (5 per gear). Since there are 15
teeth on each sun pinion gear, the measurements represent one-third of the total
teeth. The general surface condition and wear with all five Army engine oils were
superior to the reference oil, showing that these Army engine oils have good final
drive antiwear properties. '

C. ASTM and CEC Sintered Bronze Wet-Brake Fluid Friction Test

This test determines the effect of the oil properties on the wet-brake torque
variation (chatter) and relative capacity performance. A John Deere 4000 series
tractor is equipped with an instrumented axle and sun pinion shaft on the same side
as the sintered bronze brake component under test. The opposite axle is restrained
from rotation. The tractor is operated at various combinations of axle speeds, oil
teimperatures, and brake pressure. The brake is applied, and the resulting brake
torque variation and capacity are recorded at various test operating conditions.
These data are compared to the reference oil and must be comparable or better to
pass.

These test results can be seen in Table A-7. The reference oil tests resulted in a
brake chatter mean value of 64.5 Ib-in. x lO3 (7.3 kNm) with a standard deviation
of 16.7 ib-in. x 103 (1.9 kNm). Based on the acceptance criterion, the maximum
chatter value for an acceptable pass oil would be 81.2 Ib-in. x lO3 (9.2 kNm). Using
this criteria, all the test oils failed. A relative ranking based on the chatter values

are:
Lube No. Grade Results, lb-in. x 103 (kNm) Ranking
2 30 97.7 (11.0) Best
4 15W-40 127.6 (14.4)
i 10W 127.7 (14.4)
5 0w-20 139.7 (15.7)
3 15W-40 157.2 (17.7) Worse
16
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The results for the observed mean for the relative capacity of the reference tests g
was 821 Ib-in. x 10> (92.8 kNm) with a standard deviation of 57 lb-in. x 103 (6.4 t
kNm). Using one standard deviation as the acceptance criterion, Oil No. 3, a grade

A,

N ity

15W-40, failed. The relative ranking is as follows:

Lube No. Grade Results, lb-in. x 10> (kNm) Ranking
5 0w-20 824 (93.1) Best
2 30 797 (90.1)
1 10W 792 (89.5)
4
3

15wW-40 777 (87.8)
15W-40 752 (84.9) Worse

P S o s ¥ ) - R

D. Copper Corrosion (ASTM D 130 Mod.)

—~_r -
vt w ¥y 3 o

This test detects the corrosiveness of petroleum products to copper. A polished
copper strip is immersed in 30 mL of lubricant heated to 150° for 3 hours. The

SAD

copper strip is removed, washed, and compared to the ASTM Copper Strip

o !

Standard. The test criterion of satisfactory performance is lb maximum. The X
MIL-L-46167, grade O0W-20 and one of the MIL-L-2104D, grade 15W-40 lubricants ‘
passed the test with a la color rating. Three MIL-L-2104D lubricants--a grade
10W, grade 30, and grade 15W-40--failed the test with an ASTM color rating of 4b.
This appears to indicate that the Army engine lubricants may need additional

ot

E Rl el §

treatment to help prevent copper corrosion in hydraulic and power transmission

PR N TR e

fluid systems. It should be remembered that this test indicates a visual color

change which occurs due to the reaction of active sulfur compounds with copper
metal. Also, no actual weight loss measurements are made, only a visual color
change effect is observed. When these three failed copper strips were observed
under a microscope, they did not appear to have a large amount of corrosion, but
rather a dark gray to black plating. The copper strips were then analyzed with the
electron scanning microscope, which interfaces with an XRF analyzer. The plating

-

B2 a0 @i EEL

on the copper strip, when analyzed with these instruments, was determined to be
primarily zinc and sulfur and probably came from the lubricant additive package.
Therefore, the correlation of these test results with field performance of lubri-
. cants is somewhat questionable as previous research on copper corrosion of gear
oils has shown no trend or correlation.(11)
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VI. CONCLUSIONS

The results from this work have shown that all five Army engine lubricants passed
the Transmission Final Drive Gear Wear tests. Four lubricants passed the Denison
HF-0 Piston and Vane Pump test, while the MIL-L-46167, grade O0W-20 passed the
vane pump part but failed the piston pump part. All five lubricants had more wet-
brake chatter than the reference oil in the ASTM and CEC Sintered Bronze Wet-
Brake Fluid Friction test. The MIL-L-2104D, grade 10W, grade 30, and one grade
15W-40 had poorer results in the Copper Corrosion Test than the manufacturer's
requirements or the proposed ASTM Multipurpose Power Transmission requirement.

Data compiled from this and previous work have shown that the limiting factors of
the Army engine oils used as hydraulic and multipurpose power transmission fluids
appear to be (1) wet-brake chatter noise, (2) hydraulic pump wear problems with
some piston pumps using MIL-L-46167 Arctic engine oils at temperatures hotter
than expected Arctic conditions and (3) possibly copper corrosion/reactivity.

The prime area of concern is the wet-brake chatter noise.

VII. RECOMMENDATIONS

The only equipment at this time in the Army CCE and SHME inventory that uses
wet-brakes is the John Deere Model 410 front loader/backhoe tractor. The fluids
recommended for this vehicle are the fluids meeting the John Deere JDM-J20A
specification. The JDM-J20A specification procedure 5.1 and 5.2 (Wet-Brake
Chatter and Capacity Test) uses asbestos and woven bronze wire where the Army
procured JD-410 vehicle uses graphic material. There is no available correlation
between the asbestos and graphitic material, except that experience has shown the
graphitic friction material usually does not chatter as much. There also is no

standard field test used by John Deere for the JD-410. John Deere personnel have
recommended that for field testing the JD-410 tractor, the actual in-vehicle test

el L

that was conducted and developed at Ft. Belvoir in 1977 by Belvoir F&L Research
Facility in conjunction with John Deere personnel, should be used as guidelines to

)
" - -

evaluate the various lubricants as a field test.(5) Therefore, it is recommended
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that the Belvoir F&L Research Facility In-Vehicle Wet-Brake Chatter Noise and
Hydraulic Performance test should be used to evaluate various lubricants.

The old MIL-L-46167 failed the Denison HF-0 Piston and Vane Pump test and the
ASTM and CEC Sintered Bronze Wet-Brake Fluid Friction test and has exhibited
other borderline pump wear test problems. The new revision "A" was to be
evaluated but qualified oils were not yet available. Currently only one lubricant is
qualified under the "A" revision, and no other lubricants have been submitted for
qualification. Therefore, the new MIL-L-46167A lubricant should be evaluated in
the following four tests:

Denison HF-0 Piston and Vane Pump Test

Transmission Final Drive Gear Wear Test

ASTM and CEC Sintered Bronze Wet-Brake Fluid Friction Test
Copper Corrosion

Based on current results and the above-recommended evaluations, the suitability of
various military engine specification lubricants for use in field hydraulic and power
transmissions could be determined, and an assessment of the trade-offs of using
these lubricants in CCE and SMHE equipment could be made at a relatively low-
risk level.
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TABLE A-6. COMPARISON OF WEAR ON SUN PINION GEAR
ARMY LUBRICANT VERSUS J20A REFERENCE OIL

Lubricant No. 1 J20A Reference Qil
Wear, Inches Wear, Inches
Right Gear Left Gear Right Gear Left Gear
1) 0.0010 0.0011 0.0027 0.0025
2) 0.0011 0.0012 0.0026 0.0026
3) 0.0011 0.0011 0.0027 0.0026
4) 0.0010 0.0011 0.0029 0.0028
5) 0.0010 0.0011 0.0028 0.0026
Average 0.0010 0.0011 0.0027 0.0026
Average Right and Left 0.0011 0.0026
Lubricant No. 2 J20A Reference Qil
Wear, Inches Wear, Inches
Right Gear Left Gear Right Gear Left Gear
1) 0.0009 0.0008 0.0025 0.0026
2) 0.0011 0.0010 0.0027 0.0025
3) 0.0010 0.0010 0.0027 0.0025
4) 0.0008 0.0010 0.0026 0.0024
5) 0.0010 0.0009 0.0026 0.0025
Average 0.0010 0.0009 0.0026 0.0025
Average Right and Left 0.0010 0.0025
Lubricant No. 3 J20A Reference Oil
Wear, Inches Wear, Inches
Right Gear Left Gear Right Gear Left Gear
1) 0.0010 0.0010 0.0026 0.0027
2) 0.0009 0.0008 0.0028 0.002%
3) 0.0010 0.0009 0.0027 0.0025
4) 0.0008 0.0008 0.0026 0.0027
5) 0.0008 0.0008 0.0026 0.0024
= Average 0.0009 0.0009 0.0027 0.0025
% Average Right and Left 0.0009 0.0026
'Q 4
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TABLE A-6. COMPARISON OF WEAR ON SUN PINION GEAR
ARMY LUBRICANT VERSUS J20A REFERENCE OIL (CONT'D)
At Lubricant No. 4 J20A Reference Oil
R Wear, Inches Wear, Inches
:} Right Gear Left Gear Right Gear Left Gear
%l - R
S
AR 1) 0.0011 0.0011 0.0026 0.0024
Dl - 2) 0.0012 0.0010 0.0025 0.0025
.’o;i'g ‘ 3) 0.0010 0.0009 0.0026 0.0025
::n,:' 4) 0.0011 0.0010 0.0026 0.0026
k::::’ 5) 0.0010 0.0010 0.0027 0.0025
Wy .
W
o Average 0.0011 0.0010 0.0026 0.0025
K Average Right and Left 0.0011 0.0026
ey
4
gl Lubricant No. 5 J20A Reference Oil
zu,_ Wear, Inches Wear, Inches
[) Right Gear Left Gear Right Gear Left Gear
5% 1) 0.0015 0.0013 0.0027 0.0026
‘i‘ 2) 0.0015 0.0013 0.0026 0.0025
A 3) 0.0014 0.0014 0.0027 0.0027
ity 4) 0.0014 0.0013 0.0025 0.0026
5) 0.0015 0.0015 0.0025 0.0025

KA %4
- Average 0.0015 0.0014 0.0026 0.0026
s

‘:E. Average Right and Left 0.0014 0.0026
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: TABLE A-7. ASTM/CEC WET-BRAKE FRICTION TEST
|/
:',,"!
- H Relative Capacity, Chatter,
N Oil No. Temp, °F Ib-in X 10° (kNm) Ib-in X 10 (kNm)
o
- 1 90 172 33.3
b 120 197 34,5
R 140 212 31.8
. 160 211 25.0
792 (89.5) 127.7 (14.4 kNm)
.w\:‘
M
S48
el
. 2 90 157 14.0
AR 120 196 22,3
A5 140 212.5 30.5
o 160 226 30.8
S0 797.5 (90.1) 97.7 (11.0)
°
::‘- .
W53,
R
o 120 188 40.6
R 140 202 45.5
e 160 216 4.0
7515 (84.9) 157.2 (17.7)
20
% 4 90 132 20.5
i 120 176 27.7
! 140 198 40.7
Sy 160 210 38.6
e 777  (87.8) 127.6 (14.4)
®
)
<
O 5 90 177 30.3
RO 120 200 35.3
P 140 221 36.6
Y 160 226 37.3
Lo, 826 (93.1) 139.7 (15.7)
el
a
» ' '
®
R
o
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DISTRIBUTION LIST

DEPARTMENT OF DEFENSE

DEFENSE DOCUMENTATION CTR
CAMERON STATION 12
ALEXANDRIA VA 22314

CDR

DEFENSE GENERAL SUPPLY CTR
ATTN: DGSC-SEA (MR REYNOLDS)
ATTN: DGSC-STC (MR DOYLE) 1
RICHMOND VA 23297

Juma

DEFENSE ADVANCED RES PROJ
AGENCY

DEFENSE SCIENCES OFC 1

1400 WILSON BLVD

ARLINGTON VA 22209

DEFENSE STANDARDIZATION OFFICE
ATTN: DR S MILLER 1
5203 LEESBURG PIKE, SUITE 1403

FALLS CHURCH, VA 22041

DEPARTMENT OF THE ARMY

HG, DEPT OFF ARMY

ATTN: DALO-TSE (COL BLISS)
DAMO-FDR (MAJ KNOX)
DAMA-ARZ (DR CHURCH)
DAMA-ART (LTC RINEHART)

WASHINGTON DC 20310

e pmme e

CDR
U.S. ARMY BELVOIR RESEARCH AND
DEVELOPMENT CENTER

ATTN: STRBE-VF 10
STRBE-WC 2
STRBE-PE 1
STRBE-HK (D CRAFT) 1

FORT BELVOIR VA 22060-5606

CDR
US ARMY MATERIEL DEVEL &
READINESS READINESS COMMAND

ATTN: AMCLD (DR ODOM) 1
AMCDE-SG 1
AMCDE-SS 1
AMCQA-E 1
AMCSM-WST (LTC DACEY) 1

5001 EISENHOWER AVE

ALEXANDRIA VA 22333-0001

CDR
US ARMY TANK-AUTOMOTIVE CMD
ATTN: AMSTA-RG (MR WHEELOCK) l

AMSTA-TSL (MR BURG) 1
AMSTA-G 1
AMSTA-MTC (MR GAGLIO),

AMSTA-MC, AMSTA-MV 1
AMSTA-GBP (MR MCCARTNEY) 1
AMSTA-MLF (MR KELLER) 1

WARREN MI 48397-5000

DIRECTOR

US ARMY MATERIEL SYSTEMS

- ANALYSIS ACTIVITY

ATTN: AMXSY-CM (MR NIEMEYER) 1
ABERDEEN PROVING GROUND MD 21005

DIRECTOR

APPLIED TECHNOLOGY LAB

U.S. ARMY R&T LAB (AVSCOM)

ATTN: SAVDL-ATL-ATP (MR MORROW) 1
FORT EUSTIS VA 23604

DIRECTOR

US ARMY MATERIEL CMD

MATERIEL SUPPORT ACTIVITY

ATTN: AMXTB-T (MR STOLARICK) l
FORT LEWIS WA 98433

HQ, 172D INFANTRY BRIGADE (ALASKA)
ATTN: AFZT-DI-L 1
AFZT-DI-M 1
DIRECTORATE OF INDUSTRIAL
OPERATIONS
FORT RICHARDSON AK 99505

CDR
US ARMY GENERAL MATERIAL &
PETROLEUM ACTIVITY
ATTN: STRGP-F (MR ASHBROOK) 1
STRGP-FE, BLDG 85-3 1
NEW CUMBERLAND ARMY DEPOT
NEW CUMBERLAND PA 17070-5008

HQ

US ARMY ARMAMENT, MUNITIONS, AND
CHEMICALS COMMAND

ATTN: AMSAR-LEM 1

ROCK ISLAND ARSENAL IL 61299-6000
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,:-;,-;. CDR PROG MGR, TACTICAL VEHICLE
) US ARMY COLD REGION TEST CENTER ATTN: AMCPM-TV 1
ety ATTN: STECR-TA 1  WARREN MI 48397
. APO SEATTLE 98733
gl CDR
Dot HQ, DEPT. OF ARMY TRADOC COMBINED ARMS TEST
n ATTN: DAEN-DRM 1 ACTIVITY
3 ‘ WASHINGTON DC 20310 ATTN: ATCT-CA 1
el FORT HOOD TX 76544
J CDR
e US ARMY RES & STDZN GROUP CDR
P, % (EUROPE) TOBYHANNA ARMY DEPOT
s ATTN: AMXSN-UK-RA (DR OERTEL) 1  ATTN: SDSTO-TP-S 1
KN AMXSN-UK-SE (LTC NICHOLS) 1  TOBYHANNA PA 18466
0 BOX 65
3 FPO NEW YORK 09510 CDR
US ARMY DEPOT SYSTEMS CMD
by CDR, US ARMY AVIATION R&D CMD ATTN: AMSDS-RM-EFO 1
b ATTN: AMSAV-EP (MR EDWARDS) 1  CHAMBERSBURG PA 17201
135 4300 GOODFELLOW BLVD
o ST LOUIS MO 63120-1798 CDR
o US ARMY WATERVLIET ARSENAL
b Lol CDR ATTN: SARWY-RDD 1
S US ARMY FORCES COMMAND WATERVLIET NY 12189
T ATTN: AFLG-REG 1
K AFLG-POP 1 CDR
it FORT MCPHERSON GA 30330 US ARMY LEA
. ATTN: DALO-LEP 1
, CDR NEW CUMBERLAND ARMY DEPOT
& US ARMY YUMA PROVING GROUND NEW CUMBERLAND PA 17070
o0 ATTN: STEYP-MT-TL-M
A (MR DOEBBLER) 1 CDR
3 YUMA AZ 85364-9130 US ARMY GENERAL MATERIAL &
- PETROLEUM ACTIVITY
3090 PROJ OFF, AMPHIBIOUS AND WATER ATTN: STRGP-FW (MR PRICE) 1
o CRAFT BLDG 247, DEFENSE DEPOT TRACY
T ATTN: AMCPM-AWC-R 1  TRACY CA 95376
ol 4300 GOODFELLOW BLVD
’M ST LOUIS MO 63120 CDR
o US ARMY ORDNANCE CENTER &
s CDR SCHOOL
o US ARMY EUROPE & SEVENTH ARMY ATTN: ATSL-CD-CS 1 |
3 ATTN: AEAGG-FMD 1  ABERDEEN PROVING GROUND MD
WY AEAGD-TE 1 21005
° APO NY 09403
. CDR
N CDR US ARMY FOREIGN SCIENCE & TECH
4844 THEATER ARMY MATERIAL UGMT CENTER
A CENTER (200TH)-DPGM ATTN: AMXST-MT-1 1
i DIRECTORATE FOR PETROL MGMT AMXST-BA 1
® ATTN: AEAGD-MMC-PT-Q I  FEDERAL BLDG
6 APO NY 09052 CHARLOTTESVILLE VA 22901
D't
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1 CDR CDR

Wy AMC MATERIEL READINESS SUPPORT 101ST AIRBORNE DIV (AASLT)

f ACTIVITY (MRSA) ATTN: AFZB-KE-J 1
5 ATTN: AMXMD-MO (MR BROWN) 1 AFSB-KE-DMMC 1
e LEXINGTON KY %0511-5101 FORT CAMPBELL KY 42223

RO

e HQ, US ARMY T&E COMMAND CDR

AN ATTN: AMSTE-TO-O 1  US ARMY WESTERN COMMAND

! - AMSTE-CM-R-O 1 ATTN: APLG-TR 1

ABERDEEN PROVING GROUND MD FORT SCHAFTER HI 96858

l 21005-5006

oy CDR

e CDR, US ARMY TROOP SUPPORT COMBINED ARMS COMBAT

) COMMAND - DEVELOPMENT ACTIVITY

‘ ATTN: AMSTR-ME 1  ATTN: ATZL-CAT-E 1

& AMSTR-S 1 ATZL-CAT-A 1
A9 4300 GOODFELLOW BLVD FORT LEAVENWORTH KA 66027-5300
O ST LOUIS MO 63120

"F)." CDR

X CDR US ARMY LOGISTICS CTR

e CONSTRUCTION ENG RSCH LAB ATTN: ATCL-MS (MR A MARSHALL) |
3 ATTN: CERL-EM 1 ATCL-C 1
-3 CERL-ZT 1  FORT LEE VA 23801-6000

L CERL-EH 1

T P O BOX 4005 PROJECT MANAGER

e CHAMPAIGN IL 61820 PETROLEUM & WATER SYSTEMS

ATTN: AMCPM-PWS 1

oy TRADOC LIAISON OFFICE 4300 GOODFELLOW BLVD

e ATTN: ATFE-LO-AV 1 ST LOUIS MO 63120
S5 4300 GOODFELLOW BLVD
o ST LOUIS MO 63120 CDR
R US ARMY FIELD ARTILLERY SCHOOL
D HQ ATTN: ATSF-CD 1
o US ARMY TRAINING & DOCTRINE CMD FORT SILL OK 73503-5600
o ATTN: ATCD-SL-5 (MAJ JONES) 1

153 FORT MONROE VA 23651-5000 CDR

O US ARMY ENGINEER SCHOOL

2% CDR ATTN: ATZA-TSM-G i
® US ARMY TRANSPORTATION SCHOOL ATZA-CDM 1
- ATTN: ATSP-CD-MS (MR HARNET) 1 ATZA-CDD 1
o FORT EUSTIS VA 23604 FORT BELVOIR VA 22060-5606
b CDR CDR

Yo US ARMY QUARTERMASTER SCHOOL US ARMY INFANTRY SCHOOL

® ATTN: ATSM-CD I  ATTN: ATSH-CD-MS-M 1
- ATSM-TD |  FORT BENNING GA 31905-5400
s ATSM-PFS 1
-3 FORT LEE VA 23801
NS
e
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h ”:" f CDR JOINT OIL ANALYSIS PROGRAM -
e US ARMY MISSILE CMD TECHNICAL SUPPORT CTR 1
" ATTN: AMSMI-U 1 BLDG 780
AMSMI-RR 1 NAVAL AIR STATION
AMSMI-S 1 PENSACOLA FL 32508

REDSTONE ARSENAL AL 35898-5242
DEPARTMENT OF THE NAVY

CDR HQ, US MARINE CORPS
US ARMY ARMOR & ENGINEER BOARD ATTN: LPP (MAJ WALLER) 1
ATTN: ATZK-AE-AR 1 LMM/3 (MAJ WESTERN) 1
ATZK-AE-LT I WASHINGTON DC 20380
FORT KNOX KY 40121
CDR
CHIEF, U.S. ARMY LOGISTICS NAVAL AIR DEVELOPMENT CTR
ASSISTANCE OFFICE, FORSCOM ATTN: CODE 60612 1
: ATTN: AMXLA-FO (MR PITTMAN) 1  WARMINSTER PA 18974
¥ FT MCPHERSON GA 30330
B CDR
e CDR NAVAL RESEARCH LABORATORY
00 US ARMY SAFETY CENTER ATTN: CODE 6170 1
L ATTN: PESC-SSD (MR BUCHAN) 1 CODE 6180 1
o FORT RUCKER AL 36362 CODE 6110 (DR HARVEY) 1

WASHINGTON DC 20375

" DEPARTMENT OF THE NAVY CDR
e NAVAL FACILITIES ENGR CTR
A CDR ATTN: CODE 12028 (MR R BURRIS) 1

NAVAL AIR PROPULSION CENTER
ATTN: PE-33 (MR D'ORAZIO)
PE-32 (MR MANGIONE)

200 STOVAL ST
ALEXANDRIA VA 22322

P OBOX 7176 CDR
TRENTON NJ 06828 NAVAL AIR ENGR CENTER
ATTN: CODE 92727 1
CDR LAKEHURST NJ 08733
fin NAVAL SEA SYSTEMS CMD
e ATTN: CODE 05M4 (MR R LAYNE) I  COMMANDING GENERAL
15 WASHINGTON DC 20362 US MARINE CORPS DEVELOPMENT
2 & EDUCATION COMMAND
CDR ATTN: DO74 (LTC WOODHEAD) 1
‘_ DAVID TAYLOR NAVAL SHIP R&D CTR QUANTICO VA 22134
ol ATTN: CODE 2830 (VR BOSMAJIAN) 1
CODE 2705.1 (MR STRUCKO) |  OFFICE OF CHIEF OF NAVAL
-5, CODE 2831 1 RESEARCH
S ANNAPOLIS MD 21402 ATTN: ONT-07E (MR ZIEM) 1
(Ve ARLINGTON, VA 22217
Ll CDR
Ay NAVAL SHIP ENGINEERING CENTER CDR
NN ATTN: CODE 6764 1  NAVY PETROLEUM OFC
o PHILADELPHIA PA 19112 ATTN: CODE 43 (MR LONG) 1
4 CAMERON STATION

ALEXANDRIA VA 22314
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B DEPARTMENT OF THE AIR FORCE

g\

3!, HQ AIR FORCE SYSTEMS CMD

ATTN: AFSC/DLF (MAJ VONEDA) 1
P ANDREWS AFB MD 20334

e -

14 US AIR FORCE WRIGHT AERONAUTICAL

. LAB

; ATTN: AFWAL/POSL (MR JONES) 1

b AFWAL/MLSE (MR MORRIS) 1 ‘
AFWAL/MLBT (MR SNYDER) |

: WRIGHT-PATTERSON AFB OH 45433

{

,:'5 CDR

-7 SAN ANTONIO AIR LOGISTICS

ot CTR

¢ ATTN: SAALC/SFT (MR MAKRIS) 1

) SAALC/MMPRR 1

s KELLY AIR FORCE BASE TX 78241 !
CDR

L WARNER ROBINS AIR LOGISTIC

W CTR -
a8 ATTN: WRALC/MMTV (MR GRAHAM) 1 N
;" ROBINS AFB GA 31098 o

¥4

I OTHER GOVERNMENT AGENCIES

B -

" US DEPARTMENT OF ENERGY I
v CE-1312 -
5 . ATTN: MR ECKLUND 1

~ FORRESTAL BLDG.

4' 1000 INDEPENDENCE AVE, SW :

WASHINGTON DC 20585 h

L ,
b
«
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