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MEMORANDUM REPORT

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

- THE EFFECT OF -XYLIDINES.ON THE LOAD-CARRYING

SUMMARY

CAPACTTY OF AN ATRCRAFT-ENGINE OIL -~ I
By Robert A. Spurr and Walter T, Olson

Teats were made to determins the effect of xylidines on the load-
carrylng capacity of aircraft-engine oll in several test devices. As
part of an investigation on the sultabllity of xylidines as an anti-
knock component in avlatlon gasollne, Navy 1120 lubrilcating oll and
Navy 1120 lubriceting o1l to which had been added 2 percent by weight
of commercial mixed xylidines were tested in a Shell four-ball mechine,
an Almen machine, an SAR extreme-pressure lubricant-testing machine,
end in an NACA bearing-testing attachment.

Results of the tests are summarized as follows:

Navy Navy 1120 Poer-
1120 oll plus centage
oll 2-percent change
xylidines with
xylli-
d ines
Four-ball machline:
Time for 360 rpm
deceleraticn, min . . . 2.220 £0.011 |2.147 £0.019 ~3.3
Coefficiont of sliding fric-
tion at contact surfaces. .[0.1109 *0.0006{0.1147 £0.0010} +3.4
Almen machine:
Fallure load, 1b/sq in. 4100 £580 3500 £370 -15
Coefficient of friction
(all loads) 0.17 +0.01 0.23 £0.01 +35
Wear-scar width, in. 0.049 £0,010 |0.066 *0.021 +35
SAE machine:
Scoring load, 1b 138 +12 106 +4 -23
NACA attachment:
Failure load, 1b/sg in.
3160 %7 3000 £17 -5.1
2985 24 2920 +9 -2.2
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Addition of 2 percent by wolght of xylidines decreesed the load-
carrying ability of Navy 1120 lubricating oil on the machines teated.
Because these machines do not reproduce aircraft-engine operating
conditions, these results should be considered as indicating a 4iffi-
culty to be watched for rather than a difficulty to be expected. It
is also pointed out that the percentage of xylidines in the oll teated
vas higher than might be experienced in service.

INTRODUCTION

At the request of the Army Air Forces, an investigatlon was con-
ducted on the suitabllity of xylidines as an antiknock component in
aviation gasnlines. The work coyered by this report presents the
effect of xylidines on the load-carrying cavaclty of aircraft-engine
oil. Such tests were advisable because the fuel will inevitebly
conteminate the lubricant, either through blow-by or through the
practice of oll dilution with fuel durlng cold-weather operation.
Specifically, Navy 1120 lubricating oil and Navy 1120 lubricating oil
to which hed been added 2 percent by weight of a commercial xylidine
mixture were tested in four teat devices,

The tests were conducted et the Aircraft Engine Research Labo-
ratory, National Advisory Committee for Aeronautics, Cleveland, Ohio,
during July 1943.

TYPES OF OIL

Navy 1120 lubricating oll was used alone and also Navy 1120
lubricating oll contalning 2 percent by weight of a commerclal xylidine
mixture., These two olls were tested in a Shell four-ball machine, an
Almen machine, an SAE extreme-pressure lubricant-testing machine, and
en NACA bearing-testing attachment.

THE SHEL]. FOUR-BALL MACHINE

Apparatus and test procedure. - The four-ball machine is described
in references 1 and 2, Three half-inch stesl bearing balls are clamped
together 1n a cup that holds the lubricant to be tested. A fourth dall,
vhich rests on them (fig. 1) is fixed in a steel wheel of large moment
of lnertia about 1its vertical axls. When the upper member is caused
to spin, the top ball rubs agalinst the other three. From the observed
rate of deceleration of the top, 1ts weight, and 1ts moment of inertia,
the value of the coefficlent of sllding frictlon at the contact polnt
of the upper and a lower ball can be calculated and is taken as a
measure of the lubricating properties of the oill,




The rate of deceleration was determined by timing the interval
that elapsed while the top was slowing down fram 720 to 360 rpm.
These two speeds were observed with a stroboscope flashing at the
constant rate of 720 times per minute. Other studies have shown
that the deceleration 1s.easentlally constant with reaspect to time.

The tests were made according to the following plan: Flve runs
were made with Navy 1120 oil, and five runs with Navy 1120 oll con-
talning 2 percent by welght of xylidines. The balls were then
thoroughly rinsed in toluens end other. Five runs were then made
with Navy 1120 oll, and three wlth the oll contalning xylidines. The
balls were not changed during the entire serles of tests.

Results and discussion. - The results of the tests are shown in
the following table:

Time for 360 rpm Coefflclent of sliding
deceleration friction at contact
(nin) surfaces
Navy 1120 Navy 1120
oil plus oil plus
Navy 1120 oil 2-percent Navy 1120 oil 2 -percent
xylidines xylidines
Test 1 2.217 +0,010 {2.149 £0.017 0.1110 0.1145
Test 2 2.223 £0.011 |2.142 £0,021) .1107 .1148
Average 2,220 £0.011 }{2.147 £0.019} .1109 £0.0006} .1147 £0.0010

Tho additlion of 2 percent by welght of xylidines to the oll
reisod the coefficlent of friction in the four-ball test by 3.4 per-
cent. It 1s to be noticed that the effect observed was five times
the mean probable error and therefore considerably outside the range
of experimontal uncertainty.

The wolght of the top used was 30.75 pounds. The extent of the
contact aree of a ball was estimated by Herz's theoretical formula
as given in reference 3:
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vhere

a radius of contact area

P load perpendicular to contact face
R redius of balls

E modulus of elastlclty

It was found that a pressure of about 234,000 pounds per square
inch prevalled at the contact surfaces. As expected, therefore,
the values of the coefflclent of frictinn were hlgh oompared with
values usually encountered. The olls were tested 1ln the boundary
reglon of lubricatlion where the viscoslty of the lubrlcant is
without measurable effect on the coefficient of sliding friction,
as has been shown I1n unpublished tests with the four-ball machine
at this laboratory.

THE AIMEN MACHINE

Apparatus and test »rocedure. - The Almen machine for measuring
load—carrying abilisy is described 1n reference 4. The machire
provides a 1/4-inch drili-rod Journal rotated at comstant speed in
e split bushing cf 5AE 2315 cold-drawvn steel (flg. 1). This tearing
agsembly 1s lrmergad in the test oil and the Jourral ls brougat to
the test speed, At regular intervals the loed on the split bushing
is Incroasest In irncrsmonts of 1000 pounds per sguare inch based on
the projectod bearing arsa. The torgue exertsd on the bushing through
fricticn 1s iodicacved by moans of a hydraulic systom. The load at
which bearing sosilsure occurs 1s recorded as the failure load. The
bearing and Journzl were cleaned by treatmert with petroleum naptha
In a Soxhlet extrector.

Five runs weroc made using Navy 1il20 oll, then ten runs using
Navy 1120 oil cont=lining 2 percant by welght of xylidines, arnd then
five runs with Nevy 1120 oll. All tests wore mede at a Jourral speed
of 600 rpm, smbient~-oll tampersture, and with 1000 pounds per sguare
inch added evary 50 Journcl revolutions untll fallure loal wss reached.
The Journel wvas storvped lumediately at fallure. The width of the wear
socar wes measured at four equally separated locatlons around esach test
Journal.



Results and dlsoussion. - The Almen test results and their
probable errora were as follows:

Navy 1120

Navy 1120 oil| ©1l plus
w7 2-percent

xylldines
4100 £580 3500 +370

Averege failure load, 1b/sq in. . .
Coefficlent of sliding friction

at 1000 1b/8g IDe « o + + o o + o o] 0.17 0.23
Average coefficient of frilction,
all loads 0.17 0.0l 0.23 £0,01

0.049 +0,010 |0.066 +0,021

Average wldth of wear scar, in, . .

In the Almen test the effect of xylidines added to Navy 1120 oill
was to decrease the fallure load by about 15 percent, Increase the
coefficient of friction by about 35 percent, and Increase the wear=-
scar wldth by about 35 percent. Because the observed.coefficlents of
friction were 100 times those generally experienced with hydrodynamlc
lubrication, boundary conditions of lubrication apperently existed
during the tests. The observed effects were thua Independent of the
decrease in 01l viscosity caused by adding xylidines. (See table I.)

THE SAE EXTREME-PRESSURE LUBRICANT-TESTING MACHINE

aratus and test procedure. - In reference 5 are given the
description, the installation, and the directlons for operation of
the SAE extreme-pressure lubricant-testing machine. In this device
two oylindrical steel test specimens (Timken Test Cups T-48651) are
rotated in line contact with each other and In opposite directlons,
wilth provision for controlling the speed of rotation, the slipping
velocity, and the rate of applylng pressure at the line contact
between the rotating cylinders (fig. 1). The lower specimen rotates
In the teat oll. The scale reading of load at which scoring of the
test cups first occurs ls recorded as a measure of the extreme-
pressure lubricating quallty of the oll.

Before each test, the test cups were cleaned by washing twice
with kerosene, bolling in ethyl alcchol, eand heating to 110° C at
4 millimeters pressure for 2 hours. They were immediately transferred
to a sample of the test oll.

Ten runs were made for both Navy 1120 oil and for Navy 1120 oll
containing 2 percent by welght of xylidines under the following
conditions:
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Main shaft speed, rpm . . . ...

l-...lllll..-l.lsoo
Rubbingra'bio.......-.-..........--.1:14.6
Run~in at 30-pound load, seconds . . . « + = ¢« ¢ s o « ¢ s » o 30
Rate of load, pounds per minute . « « « ¢« = s ¢ o o ¢« « &« o « « 460

. The unscored regions of the surfaces of certain test cups that
gave values of fallure load either higher than average or lower than
average for the same 0ll were examined both axlally and circumfer-
entlally with e Brush surface anslyzer to ascertaln whether variations
in surface finigh would account for observed differences among the
load data.

Results and discussion. - The average scoring loads and their
probable error in the SAE machine tests were as follows:

Scale reading

(1)
Navy 1120 oil 138 +12
Navy 1120 oil plus 2-percent xylidinea 106 +4

The effect of xylidines was to decrease the lomud-carrying ability
of the Navy 1120 oll in these tests by about 23 percent. That this
effect of added xylidines was well outeide experimental error 1s shown
by the fact that the difference between the scoring loads for the two
oils was four tlmes the mean probable error for the observed loads.
Inasmich as the test specimens made line contect, the bearing pres-
sures were of such magnitude that boundary conditions prevailled and
the load carried was Independent of the change in viscosity of the
01l caused by the xylidines. (See table I.)

It was evident fram the surface-analyzer data that differences
in the load carried for the same 0ll. were not dlrectly accountable in
termg of surface-finish varlations.

THE NACA BEARING-TESTING ATTACHMENT

Apparatus end test procedure. - The device used in the bearing
tests was a preliminary verslon of a machine being used at AERL with
a Tinlus-Olsen tenslle-testing machine., A sketch Is shown in figure 2.

The tensile machine 1s used to apply the load on a l-]%— by 1%;—1nch

SAE 64 bronze hearing egainst a hardened steel shaf't rotated by an
electric motor at 1700 rpm. The clearance-diameter ratic of the
bearing used in all tests was about 0.003. A gear pump supplies oll
to the bearing through a 1/8-inch hole in the rotating shaft.




Load wvas applied to the bearing supplied with Navy 1120 oil,
at a constant rate of 6000 pounds per mimute. As the friction
inpreesed in the hydrodynemic region of lubriocation, the current
supplied to the driving motor, as measured by an asmmeter, slowly
increased. At a loed that wes easily recognizable for each run,
the axmeter needle swung toward higher currents at a rapid rate.
As soon as this result occurred, the loading valve on the tensile-
testing machine was closed, releasing the load on the bearings and
the maximm load was recorded. Direct measurement of the tarque
on the test bearing showed that the jump in motor current corre-
sponded to lubrication failure.

Several successive determinations of the failure load were
made in thls manner for the Navy 1120 oll. Then, without stopping
the machine, xylidines to make up 2 peroent by weight were stirred
into the teat 0ll and several sucoessive determinations of the
fallure load were agaln made. After these tests were completed,
the bearing-testing attachment wes completely flushed with kerosene
and Navy 1120 oil and the tests were repeated (series 2). The same
bearing was used in all the tests.

Results and discusaion. ~ Figure 3 ghows the results of the two
serles of testa. The failure load for the hearing showsd a tendency
to inorease as the bearing wore in. In both series of tests the
load-carrying capacity was sharply lessened by avereges of 5.1 percent
and 2.2 percent, respectively, when the 2-percent xyllidines were
added to the oll as shown in the following teble:

Average fallure load
(1b/eq in. of projected arca)

Navy 1120 oll | Navy 1120 oil plus
2-percent xylidines

Series 1 3160 £7 3000 %17

Series 2 2985 24 2920 9

CONCLUDING REMARKS

In all experiments the effect of the addition of 2 percent by
wolght of xylidines waa to make Navy 1120 oll a poorer lubricent
in the boundary region of lubrlcatlion, where metal-to-metal contact
occurs.




The explanation of this phencmenon must awalt further invesgti-
gation, It seems possible that the presence of xylidines, by
inhlbiting oxidation of the oll at the rubdbing surfaces, prevents
the formation of campounds that are beneficial in lowering the
friction. In the Almen and the SAE machines, which afford oppor-
tunity for the alr to come in good contact with the oll at the
rubbing surfeces, the cbmserved effect of the xylidines was greater
than for the four-ball machine and the NACA bearing-testing
attachment.

Alrcraft Engine Research Laboratory,
National Advisory Commlttee for Aeronautics,
Cleveland, Ohio, August 2, 1943.
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TABLE I. - EFFECT OF XYLIDINES ON VISCOSITY OF NAVY 1120 OIL
[(}Onveraion of viscosity in centistokes to visocosity in
Saybolt seconds by A.S.T.M., designation D 446-39;"
viscosity index by A.S.T.M. designation D 567-40 TJ

Texzperature Viscoslby
( r) Navy 1120 oil Navy ‘1120 oll pluas
2-peicent xF.L&nﬁ.ﬁ_
Kinemetic |[Saybolt Kipepuatic | Saybolt
viscogity (urlversal| viecosity |univarsal
(centistoges)|vzzenaity |(centistoksz}| viecaity
(anc) {=ec)
100 392.3 1812 313.6 1449
130 151.1 700 124.6 576
175 49.0 228 41.5 193
210 25.63 119.2 22.46 104.5

Viscosity 95 98
index .

Netional Advisory Commlttee
for Aerocnautlos
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Figure 3, - Effect of 2 percent by weight of xylidines (added after run 14) on the load-
carrying capacity of Navy 1120 oil in a 1 3/16- by 1 3/16-inch bronze bearing. NACA bearing-
testing attachment; oil-in temperature: serles 1, 1340 F; series 2, 150° F; oll pressure:
s egoﬁﬁdé9pggugggu€er 53335? i?ss;rggfies 2, 25 pounds per square inch; loading speed,
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