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By Samuel A. McKee, James F. Swindells, Hobart S. White, and Wayne Mountjoy 

In the past, most of the work with the SAE extreme-pressure lubricants testing machine 

has been confined to the testing of the load-carrying capacity of gear lubricants und er certain 

fixed operating conditions that simulate high speed and shock load. This paper describes a 

different usc of the machine for the determination of the wear with gear lubricants under 

conditions s imulating high torque and low speed . The modifications to thc machine and 

the p rocedure II ed are described in detail. 

Data " 'ere obtained with a straight mineral oil and 11 representative samples of com­

mcrciall ubrican ts commonly used in au tomotive gears, when operating at 225 0 F and various 

constant loads. The loads covcred were 90, 135, 180, and 225 pounds (scale reading) . 

The e data showed marked differences in the performance of the lubricants in the higher 

load range. The trends shown by thcse differences were in reasonable agreement with the 

known service performance of these lubrican ts. 

Other information given includes an indication of run-in wear, the change in surface 

roughness of the test cups with wear, and the effect of the original surface roughnes on the 

rate of wear. 

I. Introduction 

Of the vario us laboraLory Lesting machines that 
have been commonly used in the study of auto­
motive gear lubricants, the SAE machine, in 
general, more nearly simulates gear operation. 1 2 

The two contacting cylindrical test cups of thi 
machine are rotated at different speeds under load 
and provide a combined rubbing and rolling action 
that is typical of loaded gear teeth. A further 
similarity is a line contact that is constantly 
changing with respect to the surfaces of both c~ps , 
hence no one point on the periphery is under 
continuous stress. 

In the past, most of the work with the SAE ma­
chine has been confined to the testing of the load­
carrying capacity of gear lubricants under certain 
fixed operating conditions that simulate shock 
loading.3 Thi paper describes the use of the 

I William S. James, SAE Trans. 47, 312 (1940). 
2 S.A. McKee, F. G. Bitner, and T. R. McKee, SAE Trans. 33,402 (1933) . 
• eRe Test procedW'e (CRe designation L - 17- 545), eRe Handbook, 

p. 458 (1946). 
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machine for the determination of Lhe wear with 
gear lubricants under conditions simulating high 
torque and low speed. 

The machine is particularly adaptable for weal' 
tests in that the te t specimens are of sllch size 
and shape that accurate indications of wear may 
be obtained by determinations of loss in weighL. 
Also, any wear that occurs 011 the test cups does 
not materially affect the area of contact under a 
given load. On the other hand, the method of 
lubricating the test surfaces is not especially 
suitable for long-time tests, and it seemed advis­
able to modify the machine in this respect. 

II. Modifications of the SAE Machine 

Although the primary objective in modifying 
the lubricating system was long-time operation, 
it was felt desirable also to provide better temper­
ature control of the upper test cup . The lower 
test cup is upported in a small oil box with the 
oil level about half way up the cup, and lubrication 
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between the two cups is effected by the oil carried 
up by the lower cup as it rotates. Since only the 
lower cup is cooled by immersion in the oil bath, 
the upper cup runs at a considerably higher tem­
perature. This is usually quite noticeable in the 
load-carrying capacity tests. For this reason, it 
was decided to use an additional oil reservoir of 
larger capacity with a circulating system for 
applying a stream of oil to the upper test cup. 

The design of the SAE machine is such that one 
of the major problems in the development of an 
oil circulating system was the prevention of ex­
cessive oil leakage around the test cups and oil 
box. The system in present use is reasonably 
satisfactory in this respect. 

The arrangement of this circulating system is 
shown in figure 1. The oil being tested is drawn 
from the reservoir, A, by the moto~'-driven pump, 
B, and delivered through the 7Hn. pipe, C, to the 
top of the upper test cup, which is covered by the 
special oil splash guard, D. The oil then drains 
to the oil box, E. This box is fitted with two X-in. 
overfiow pipes, F , so located that the oil level in 
the box partially immerses the lower test cup. 
The oil from the overfiows falls into open fittings 
in the %-in. drain pipe, G, and drains back to the 
reserVOIr. Also, shown in the figure are thermo-

FIGURE 1. General view of SAE machine, showing arrange­
ment of special oil-circulating system. 
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couples, H, in the oil box and oil reservoir, heater, 
J , on the oil reservoir, and auxiliary heater, K, 
on the delivery pipe. 

A view of the test cups and oil box assembled 
except for the splash guards is shown in figure 2. 
The counterweight, L , is mounted from the oil 
box to counterbalance the overflow pipes and the 
overhanging lower test-cup shaft. An oil thrower, 
11,is mounted on the upper test shaft as shown, 
and N is a special nut for the upper test cup (a 
portion of its length is a cylindrical seat for the 
inner oil guard, which is shown in fig. 3). Figure 3 
shows accessory parts and changes in the oil box 
as follows : P, inner oil guard that rides on upper 
test shaft; R, plate sealing oil-box bearing; S seal for 
shaft at other oil-box bearing; T, dams welded to 

FIGURE 2. Close-up view of test shafts and oil-box assembly 
of SAE machine. 

FIGURE 3. Special parts and changes to oil box and lower 
test shaft. 
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oil box to fit outer oil guard D; U, grooves in 
spacers on lower test shaft; 'V, special drain hole 
in oil-box bearings. 

III. Lubricants 

The lubricants used in these tests included a 
Navy Contract 1080 mineral oil, five lubricants 
conforming to U. S. Army Specification 2- 105B,4 
five lubricants conforming to Federal Specifica­
tion VV- L-761,5 and one lead-soap active-sulfur 
lubricant. All were SAE 90 grade. In the figures 
given in this paper the mineral oil is designated 
by the number 1080, the Army spec:fication lubri­
cants by the letter A and a number representing 
a particular lubricant, the Federal specification 
lubricants by the letter F and the lubricant num­
ber, and the lead-soap active-sulfur lubricant by 
the letters AS. 

IV. Test Method 

In all the tests, the upper test cup was driven 
at a speed of 500 rpm with a 3.4 to 1 gear ratio 
between the upper and lower cups. This provided 
a 2.4 to 1 ratio of rubbing to rolling at the con­
tacting surfaces. The specimens used were steel 
Timk:en test cups '1'-48651 and in most of the 
tests had an average surface roughness of from 25 
to 30 microillches (nns, ProfUometer). A 2-quart 
sample of oil was used in each rUll. This was cir­
culated at a rate of about 500 g/min. With 
a constant oil temperature of 225 0 F, tests were 
made at constant loads of 90 , 135, 180, and 225 Ib 
(scale readings), respectively. The loading sys­
tem is such that the corresponding loads on the 
2-in. diameter by %-in. test cups are ten times the 
scale readings. Tests were also made at 250 0 F 
and 180-lb load. The above conditions approxi­
mate the range of conditions covered in the usual 
high-torque low-speed gear tests. 

The test cups were weighed before and after 
each period of operation during a test, the loss in 
weight being used as a measure of wear during the 
period. In the first few tests in the program, 
weighings were made at frequent intervals, and 
the tests were run for as long as 75 hr. It was 
found, however, that representative data could be 

• u. S. Army Specification No. 2- 105B, Lubricant, Gear, Universal (Mar. 
28,1946). 

'Federal Specification VV- L--761 for Lubricants, Enclosed-gear, B ypoid­
Gear, and other types (Nov. 28, 1947). 
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obtained by operating for about 25 hI', making 
weighings after operating 4, 11, 18, and 25 hI', 
respectively. Mo t of the tests were run on this 
schedule. 

V. Wear Data 

Data obtained ill the tests with the mineral oil, 
lead-soap active-sulfur lubricant and five Army 
specification 2- 105B lubricants, operating at 90-lb 
load (scale reading) and at a temperature of 225 0 

F are shown in figure 4, where the loss in weight 
of both test cups expressed in milligrams is plotted 
against time in hours. These data indicate that 
under the conditions present there was a run-in 
period of high rate of wear for a few hours, after 
which the wear settled down to a fairly constant 
rate. In general, this straight portion of the curve 
is well established by 25 hI' of operation, and 
subsequent test runs were of that duration. 
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FIGURE 4. Wear versus time curves for Army specification 
2-105 B lubricants operating at 90-lb load and 2250 F. 

Wear versus time eurves obtained under similar 
conditions with five Federal Specification VV- L-
761 lubricants are given in figure 5. These curves 
are like those in figure 4 in that they show that 
there is a run-in period followed by a region where 
there is a constant rate of wear. The slope of this 
straight portion of the curve is more significant 
from the standpoint of estimating gear life than 
the observed loss in weight for any given length 
of time. This is illustrated by a comparison of 
curves 1080, F2, and F5 in flgure 5. With these 
lubricants the losses in weight are quite different, 
but the slopes of the curves are about alike. 
Accordingly, if they were extrapolated to estimate 
long-time wear, the initial differences in loss in 
weight would lose their significance . 

Similar curves for all the lubricants when 
operating at 225 0 F and under loads of 135, 180, 
and 225 Ib are given in figures 6, 7, and 8,' re-
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FIGURE 5. TYear versus time curves for Federal Specification 
VV- L-761 lubricants operating at 90-lb load and 225 0 F. 
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F I GUR E 6. TYear versus time curves for all lubricants 
operating at 135-lb load and 2250 F. 
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FIGURE 7. W ear versus time curves for all lubricants 
operating at lBO-lb load and 2250 F. 
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spectively. From these figuTes, it will be noted 
that at the higher loads the rate of wear with 
some of the lubrican ts showed a marked increase, 
whereas with others there was li ttle effect. 
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FIGURE 8. Wear versus time curves for all lubricants 
operating at 225-lb load and 2250 F . 

These effects are summarized in table 1, which 
gives the values of the rate of wear expressed in 
milligrams per hour for each lubricant at each 
operating condition . These values are based on 
the slopes of the straight portion of the curves. 
Values for the tests at 225 0 F are also shown in 
figure 9, from which it will be noted that when 
operating at this temperature and the 90-lb load 
the rate of wear with all the lu bricants is relatively 
low. At the 135-lb load, however, the wear with 
the lead-soap active-sulfur lubricant and two of 
the Federal specification lubr icants has definitely 
increased . These differences become accen tuated 
at the two higher loads. At 180 lb, the wear was 
excessive with the active-sulfur lubricant and with 
four of the Federal specification lubricants. At 
225 lb, the wear was relatively low with three 
Army specification lubricants, moderate with one 
Army and one Federal lubricant, excessive with 
four Federal, one Army, and the active-sulfur 
lubrican t, and scuffing occurred with the mineral 
oil. 

Duplicate tests were not made with all of the 
lubricants under all operating conditions. How­
ever, the resul ts of check tests under some condi­
tions are given in parenthesis in table 1. These 
indicate that the results are reproducible within 
practicable limits. 
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TABLE 1. Summary oj wear data 

Rate of wear after run-in period, mg/hr, at-

Lubl'ir~Ult 2250 F 2500 F 

90lb 
---- I 

135 1b 180lb 2251b 180lb 

1080 _________ 0.2 (0.1) 0.1 (0. 1) 0.2 (0. 2) SculIcd 0.2 
A ----.----- . 2 25 120 440 400 
AL _________ . 1 0.2 0.3 0.2 0. 2 
A2 _. ____ . ___ . 4 . 4 .3 . 2 .4 
A3 __________ . 6 .7 . 8 . 2 . 6 
A4. _________ . 2 (0.3) .7 . 2 140 .3 
A 5 _________ . 1 .4 3. 7 (4.7) 9.9 9.0 

FL _________ . 2 0. 2 260 240 260 
F2 __________ .2 1.3 190 215 200 
F3 __________ 1.0 4.6 (2.5) 5.2 9.7 4.5 
FL _________ 0.6 6.7 21 (24) • 24 10 
F5 __________ . 1 0.3 220 560 500 

• Top cup broke : first test at 17 br; check at 7}2 hr. 

Although wear data with hypoid gears are not 
available for a direct comparison, it is believed 
that these re ults are in reasonable agreemen t 
with the known serviee performance with these 
lubricants. The wear with the mineral oil was 
low up to the point where it would not carry the 
load, wherea with the lead-soap active-sulfur 
lubricant (which will carry a high shock load) the 
weal' was relatively high at all bu t the ligh test load . 
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Values of the rate of wear obtained in the te ts 
with all the lubricants operating at th e 1 O-lb 
load and 250 0 F are also given in table 1. These 
data show no marked difference from the data 
obtained at 225 0 F with the same load. 

VI. Surface Roughness Data 

In most of the tests, Profilometer readings of 
the surface roughness of the test cups were ob­
tained at intervals during the test run. Typical 
data showing the changes in surface roughness 
that took place during the test runs are given in 
figures 10 and 11. In the figures, the average 
values of the roughness of the cups in microinehes 
(rms) is plotted against the time in hours when 
operating with some of the lubricants at 225 0 F 
and with loads of 135 and 180 lb, respectively . 
In all of these tests, the original roughne of the 
cups averaged about 28 microinches. From a 
comparison of these figure with the wear data 
given in figures 6 and 7, it will bE' noted that in 
the tests where the rate of wear was relatively low 
the roughness decreased in the run-in period and 
tended to level off in a range between 10 and 20 
rnieroinches. As the rate of wear increased, there 
was a trend for the roughness to increase. This 
was especially noticeable in cases of exces ive wear 
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FIGUHE 9. Rate oj wear at 2250 F for all lubricants at various loads. 
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where there was definite "ridging" of the cups, 
which in some cases was beyond the range of 
the Profilometer. 

Some study was also made of the effect of the 
original surface roughness of the cups on the rate 
of wear. Data obtained in tests with the mineral 
oil and one of the Army specification lubricants 
operating at 225 0 F and 135-lb load, using cups 
with original roughnesses of 14, 28, and 35 micro­
inches (rms) , are given in figure 12. Surface 
roughness versus time curves are shown in the 
upper part of the figure. These indicate that the 
net result of operation was to bring the roughness 
of the cups fairly close together. The wear versus 
time curves for these tests are given in the lower 
part of the figure . From these it will be noted 
that while the run-in wear tended to increase with 
increase in roughness, the final rate of wear was 
practically independent of original surface rough­
ness over the range covered. This is of consider­
able importance in tests of this kind in that 
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FIGURE 10. Surfa ce roughness versus time curves f or various 
lubricants operating at 135-lb load and 225 0 F. 
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FIGU R E 11. Surface roughness versus time CU1'ves for various 
lubricants operating at 180-lb load and 2250 F. 
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comparable data may be obtained with reasonable 
tolerances in the surface roughness of the cups. 
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FIGURE 12. Curves for two lubricants showing sUljace 
roughness and wear as fun ctions of time f or three values 
of original surfa ce roughness when operating at 135-lb 
load and 225 0 F. 

VII. Conclusion 

The results of these tests indicate that this 
method of operating the SAE machine provides a 
sensitive measure of the rate of wear obtained with 
various commercial gear lubricants under con­
ditions simulating high torque and low speed in 
automotive gears. The data are of interest in 
that they show significant differences in the 
performance of lubricants meeting the require­
ments of the same specification. 

The evidence of a run-in wear under some 
conditions is of considerable importance and 
should be taken into account in the evalua tion of 
lubricants with respect to wear. One advantage 
of this type of test is that the rate of wear after the 
run-in period is not materially affected by the 
original roughness of the test cups, as is the case 
with the usual load-carrying capacity tests with 
this machine. 

The lubricants containing the more chemically 
active additives for withstanding higher shock load 
tend to show the greater wcar. This is in agree­
ment with the known service performance of some 
of these lubricants, particularly the active-sulfur 
lubricant and the nonadditive mineral oil. 

WASHINGTON, September 27, 194R 
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