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ABSTHACT

To determine if additives in greases have effe~ts upon
hearlng favigue life overriding tha.cliiener snd oll effects,
greazes of the Military Specification EIL-G-10924B type
woras wade, with and without additives, using low viscosity
naphthenic or paraffinic mineral cils thickened with calcium
or iithium 12-Lydroxystearate. They were tested in the
rollting contact adaptation of the Four Ball Extreme Pressure
Tester with 52100 steel balls at 1,200,000 psi. Hertz load
and ambiert temperatures.

Fatigue life improvement over the oils was greater
using caicivm scap instead of lithium scap as the grease
thickener. Nonylphencoxyacetic acid was relatively inef-
fective for improving fatigue life in all greases except
the lithiur bsse paraffinic oil grease.

The issciuble crystalline additives with good lubri-
‘ cating properties, molybdenum disulfide and molybdenum di-
butyldithiccarbamate, were very effective for improving
fatigue life in greases of both thickener types. The oil
migscible molybdenum dibutyldithiophosphate in the calcium
base paraflfinic oil grease was nearly as effective as the
latter, which was the best fatigue Ynhibiting additive
tested, but was less effective than either of the above
additives in the lithium soap paraffini~ oil grease. With
the less efisctive tricresyl phosphate the relative im-
provement of fatigue life in these two greases was reversad.




FOREWORD

This work was performed unde: a project agssigned to
this Research Laboratory under thc +itie, "Lubricanie,
Friction and Wear,' Project Order 1C024401A107 AMCRI
Code 5025.11.801, Sub~Task "Effects of General Types »f
Lubricant Additives Upon Bearing Metal Fatigue."
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PROBLEM

The purpose of this work is to cdetermine the effects
of additives 1n Military Specification MIL-G-10824B type
greases on the fatigue 1ife of 52100 steel ball bearings
rajative to the eoffects of the base 0ils and thickeners.

BACKCROUND

One of the missions of this Research Laboratory is
the mairtenaace of Military Specification MIL-G-11P924B
and the qualification and surveillance of greases under
its requirements. Tiils is the most widely used grease
purchasdea by the Government most of which goes for auto-
motive vehicle lubrdication. 1he extended relubrica*ion
intervals being recommended by autcwon ‘e manufacturers
means that lubricated prrts are dnspected much less often
and maetal fatigue becomes a more important consideration
in the performance 117+ of bearings.

Considerable work has been done cn factors affecting
bearing fatigue life. These factors include louad, tempera-
ture, speed, surface finish, Jubricant base stock and vis-
casity as well as metallic grain size, fiber orientation
and hardness obtained by various melting apd quenching
tachnigues on many bearing compositionl.(lf ¥hen this pro-
ject was initiated the literature contained few refesrences
comcerning the effact of lubricant additives.

A previous report on work done a2t Rock I=jand Arsenal
indicated th:t additives 1in cils of the types used in
Military Specification MIL-(G-10924B greases have varying
effects upon the fatigue life of 52100 sileel balls in 3
rolling contact adaptation of the Four Balli EP Tester.\?)

(1) Bisson, E. E. and Anderson, ¥. J., "Advanced Searing
Teohnology . Natilona. Aeronautics and Space Adminis-
tration SP-38, pp. 383-448. J. S Govarnment Printing
Ofi1ice, 1964.

(2) Fisher, Max T., "Lubricant Additive Effects Upon Bearing
Metal Fatigue:. I.Rolling Contact Adaptation for rour Ball
EP Tester,' Rock Island Arsenal Research & EBngineeriung
Division Techuical Report 66-1293 (AD No. 634112),
April 1966.




A mere recent paper by Rounds\3) states that some long chain
polar additives and sulfur containing additives gave maximum
waneficial life in the one to two percent regiom in oil
whereas some chlorine and phosphorus additives were detri-
mental at nearly all concentrations. He believes thesse
effecis to be chemical rather than physical in nature and
hi~ data indi-ates that the beneficial effects may he due

to the formatinsn of surface coatings which have the proper
characteristics.

it would be expected that grease thickeners would have
effects upon the fatigue . ‘fe cix beariungs. It is vor known
if additives in grease woulu have effects overriding those
of these thickeners.

APPROACH

Greases of the Military Specification MiL-G-10924B
tyre were made by the in itu -eacticon nf eithe. calcium
oxide or 1ithium hydroxide with a commercial fatty acid
consisting of 85% l2-hydrnxvstearic acid. Both the naph-
thenlic and paraffinic oils, used in thc previous investi-
gation of bearing metal fatigue effucts of oil-additive
m.xtures, were thickened with cither the Yithium or calcium
soap. These were made in such a manner as to obtain approxi-
metely the same consistency at a ten percent thickeper-con-
centration., The naphthenic and paraffini-~ clls had viscos-
ities of 80 SUS at 100°F. and viscesity indexes of 30 and 95,
respectively.

Two .dditives wiich, in the oils, were most influential
in their effects upun fatigne life in the previous work,
wers incucposated in five percent concentrations into one-
third portious of each of the four greases. These were
nonylphenoxyacetic icid, a rust preventative additive which
decr.wsed the fatigue life of 52100 steel bails, and moly-
bdenum disulfide with which good improvement of fatigue
life was obtained. No additive was inciuded in the other
vne-third portion of each grease.

These greases and ti 3 base olls were evaluated in the
rolling contart adaptatior of the Four Bali EP Tester under
the same ccadivions (600 kg. load at 1800 r.p.m. and ambient
temperature<; as were the oll-additive combinution: tested
previously. This load is equivalent to approxi tely
1.200,0°U psl. between the top and bottom balls. Thus, the
fatigus effucts of the oil, thickener and additive compon-
ents ot *he grease could be compared.

{3} Rounds, Fred G., "Some Effects of Additives on Rclling
Contact Fitigue,"” ASLE Preprint No. 66l€-27, Cct. 1966.




The test assembly was thoroughly cleaned in equal parts
of chlcroform, benzepe and acetose before each test. Twelve
tests to failure were made with each i hricant, The order
of testing this series of lubricants w»:3 reversed after
duplicate runs on each to compensate .or differences that
could be attribuced to wear of the race and minimize pos-
sible effects to the race surface due to tas previous iub-
ricant used. It was necessary to use a second race adapter
to obtain the 12 runs with each lubricant when wear and
fatigus on tne first race was obvicusly contributing to
lowsr fetigue lives. The 12 tests per lubricant represent
six tests with each race. These races were identiccl,
metalilurgically and dimensionally, as nearly as could be
determined, but previous work occasionally showed that
fatigue life can be affected by the cheoice ©f race adapters.
No such pattern could be detected in this case, however.

A vibration monitor and control automatically shut off the
machine wher a fatigue fallure ogcurred.

The fatigue test results were treated accordin§ to
statisticael methods described by Leonard G. Johnson 4) ex-
cept that lower ball failures were 8o infrequent (less thanp
twe percent) that they were disregarded and the tests re-
peated. The stress cycles to fallure were plotted on
¥eibull probabiliity paper and the bearing fatigue lives
compared ou the basis of 50 percent provability of survival
(designated "B gn Life" by bearing engineers). Too few
tests were run on each lubricant to get a reliable estimate
of the B3 Life (90% probability of survival).

Excellent fatigue life improvement obtained with moly-
bdenum disulfide as the lubricant additive in grease ipsii-
gated tests using another insoluble sclid anti-wear additive,
molybdenum dibutyldithiocarbamatae, to see if perhaps this
improvement can be attri™uted to solid lubricants, as such.
Apnother molybdanum compound, molybdenum dibutyldithiophos-~
phate, was included in thls series. This additive is re-
ported to have anti-wea. and extreme presswre properties
but is miscible with mineral oil and, except for the phos-
phate radical, is chemically similar to the carbamate., A
third additive in this series, the oil-miscible tricresyl-
phosphate, provided fatigue life improvement in the oils
reported previously and nay serve as a check on the effects
of the phosphate radical in the former compound. The base
greases, containing no additives, served as reference lub-
ricants. Because 0f time limitations the naphthenic oil

(4)  Johnson. L. G., "The 3tatistical Treatmeni: of Fatigue
Experiments," Elsevier Publishing Company, 1964.




was not lncluded as & part of this series of lubricants.

Woar on the lower three balls was recorded as millil-
grams per minute weight loss in an attempt to rssociate
this rroperty with fatigue fallure time or lubricant compo-
sition,

RESULTS AND DISCUSSION

The Bgy fatigue lives of the lubricants using Race 13
were nearly equal to those using Race 15. Conseguently,
the Beg lives of the composites concurred .iosely with
thgge results., Test results using 2 third race were ap-
precisbly higher, however, and were not incorporated into
the reported data. This discrepancy between races is un-
explained but not unususl although the race adapters were
made as nearly ldentical as possible.

The ncon-~additive paraffinic cil gresses were the only
bases for comparing fatigue test results using Race 10 and
Races 13 and 15. Using Race 10 the Bgg life with the
calcium base grease was & little higher than when using
Races 13 and 15. With the lithium base grease the magni-
tude of the Bgg lives using these races was reversed. This
is also difficult to explain but the difference is not great.
In considering the change of fatigue life imparted by the
additives, the choice of race adapters stpould also be con
sidered.

The Bgp lives (maximum stress cycles at which no more
than 50% fgglures can be expected) ¢f naphthenic oil greases
in Figure 1 show the lithium l12-hydroxystearate h.vir, little
influence n»n fatigue life. Thickening the oil with calcium
soap almost doubled the fatigue life obtained with the naph-
thenic oil. Nonylphenoxyacetic acid had a more beneficial
effect in lithium bese grease than in the calcium base grease
but this effect was small compared to the fatigue life im-
provement imparted to koth greases by molybdenum disulfide.

Figures 2 and 3 show these thickeners and additives
having about the same .ofluence on fatigue life with para-
finic oil iubricants except that the calcium soap was less
influential in the paraffipnic oil. However, the Bgq fatigue
1ife of 52100 steel balls with this o1l was nearly double
that with the naphthenic o1l to begin with.

Referring to Figure 4, fatigue lives with lubricants con-
taining molybdenum disulfide was independent of oll and
thickener effects. The influence of the calcium soap and
nonylphenoxyacetic acid in calcium soap greases was relatively

16
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independent of oil influences. This was not true with lithium
base greases. Tricresyl phosphate in paraffin oil greases
also seemed to have an effect upon fatigue life independent

of thickener type.

There appears to be an interaction between one or both
soaps aud the molybdenum dibutyldithiocarbamate or phosphate
additives to form different surface coatings on the balls
which results in varying fat'‘gue lives. The ap.earance of
the cleaned lower balls after test fortifies this theory.
The color of these balls was quite distinctive with the
latter two addit’.ves depending oh whethei they.were:-ineor-
porated into lichium or calcium base greases. No dif-
ference in bsli appesmrance was visually detectable with
the other additives.

Of primary interest is the quite pronounced improvement
of 52100 steel ball bearing fatigue l1life with the second
insoluble solid additive, molybdenum dibutyldithiocarbamate.
This improvement is considerably greater than that obtained
with molybdenum disulfide, which showed the most beneficial
affects in the previnus series of tests. Molybdenum di-
butyldithiophosphate in the calcium scap-paraffinic oil
grease also showed excellent fatigue life improvement but
in lithium soap gresse the improvement was much less.

Table I saoows the wear rates on the bottom three balls
of the Four =11 Fatigue Li‘fc¢ Tests with the various lubri-
cant compos..icns and thelr relaticnship to fatigue life.

Littie diff{erence in wear could be detected bstween
lubricants containing naphthenic and paraffinic oils except
possibly for the nonadditive lithium scap greaseas, The
fatigue 1ife, however, was generally less with lubricants
containing naphthenic oil.

Calcium coap greases made with thesme oiis reduced wear
to nil and increased fatigue life. VWear reduction was less
with the lithium soap thickener and the fatigue 1life changed
1{ttle, increasing slightly 4r naphthenic o0il and decreasing
a little in paraffinic oil.

The wear and fatigue properties of three of the four
greases were affected little by the addition of nounyl-
phenoxyacetic arid. In the 1ithium base pavaffinic oil
grease, however, wear was reduced and fatigue life incrsaased
with this additive.
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Molybdenum disulfide, tricresylphosphate and the twc
organic molykdenum additives had no adverse effects on wear
in the calcium base greases with which wear wui aiready very
low. These additives 1in lithium base greases reduced wear
to a minimum with one exceptica. This exception was that
rolybdenum dibutyldithiophosphate in lithium soap paraffinic
oll grease reduced the wear only to a level comparable to
that ooiained with nonylphenoxyacetic acid in this grease.
Fatigue life with the latter two greases was also n2arly
the same and considerably shorter than that with the other
lithium soap additive combinations in paraffinic oil.

svidently high wear rates are a factor in obtaining
lower fatigue lives but not the only influencs. There is
quite a variation in the fatigue lives of greases showing
iittle or no wear.

CONCLUS IONS

The rolling contact adaptation for the Four Ball
Exireme Pressure Tester has proved to be a useful and
relatively economical means of determining fatigue effacts
of lubricants on 52100 steel balls.

The low viscosity paraffinic oil was a little more
veneficial to fatigue 1life than was the unaphthenic oil of
the same viscosity at 100°F. Since these tests were run
at smbiont temperstures, the lower viscosity of the waph-
thenic oil at the higher temperatures could be an influsnce.

Lower fatigue lives were usualiy accompanied by higher
wear rates.

Calcium base greases were usually more beneficial to
fatigue life and wear thawn their iithium base counterparts.

Nonylphenoxyacetic acid was relatively ineffective for
improving fatigue life in all greases except ilicthium 12-
hydrostearate-paraffinic oil grease.

The insoluble solid additives with good lubricating
properties, molvbdenum disulfide and moliybdenum dibutyl-
aithiocarbamate, were very effective in all greases for ex-
tending the fatigue life of 52100 steel bal.is.

Molybdenum dibutyldithiophosphate was very beneficial
to fatigus life in the paraffinic coil thickened with cal-
ciur soap but much less effective 1n this oil thickened
with lithium soap. For the other phosphate additive, tri-
cresyl phosphate, the raelutive Improvement of fatigue life
in these two greases was reversed,

e g,




The color of the balls after test was distinctive with
each of the organ:'c molybdenum additives, dependinyg on
whether they were 1ncorprrated ipto the lithium or calcium
base grease. This and varying fatig e results indicate
intaraction between the additives, thickeners and balls to
form different surface coatings having unique properties.
Fatigue resuits indicate this is also true with nonyl-
phenoxyacetic acid but no distinctive coloration of the
balls collaborates this.

The ball surface coloration and B ~1fe was unique
to the additive with molybdenunm disulf?ge and tricresyl
phosphate regardless of which grease they were ilncorpor-
ated into. The thickener influence was evideniiy nil
witu greases containing these additives.

RECOMMENDATIONS

1t is recommenced that additives normally used in
Military Specification MIL-G-10924B greases be evaluated
for their effects u—on bearing metal fatiyae singly and in
combination. Alss the effects on fatigue 1life of the in-
soluble solid t- e lubricant additives 1in fully formulsted
greases of this type siuould be determined. Possible ad-
verse effects on fatigue life of otherwise excellent ad-
ditives might be neutralismed or obscured by the excellent

fatigue oxtending properties of these solid lubricant ad-
ditivas .

The effects upon fatigue life 0f non-soap thickeneu
graases should 8lso be evaluatsd.
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Tester with 52100 steel bails at 1,200,000 psi. Hertz iocad and ambient
tomperatures Fatigue 1110 improvement over the 0ils was yreater
usling calciux sceap inste of aithiunm soan as the groase thlckener,
Noonyl

prenoxyacatic acid was relatively lL.;iest\\S ior improving
Tatigue Zife in all greases gxcept the fiilil.m bare paraffinic oil
grease. The incoluble croystalline addiiives with good lubricating

properties, nmolybdenum disulfide and molybdenum dibufylaithiocarbamate
woeoe very effective for improving fatigue life in greases of votn
thickener ({ypes. The 011 miscible molybdenus ditutylditaiophosp

in the calcium base parsffini: 0il grease was nearivy as affectrve
the latter. which was the best fatigue 1nhibitisg additive tested
was less efiective than edther of the atove aagditives ia the 53

LA Sl
soap paratfinic oil yrease. ¥itn toe less effective ricrecyl vncs-
phate the relative laprovement of fatisue life in taese t¥0 greiasss
was reversead. (V)  {(Author)
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