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ABSTRACT

The fretting damage to each of two different surface
finishes on each of two degrees of hardness of test specimens
of the same carbon steel was determined. Five greases of
nearly identical composition and physical characteristics
were used, thus conceivably nullifying any effect due to
these grease properties. If the hardness of the specimens
was the same, the smoother finish suffered the most fretting
damage in all but one case. When the effects of surface
finish was considered it was observed that for the smoother
finish the harder material fretted more, but for the coarser
finish the softer material was affected most. This seeming
contradiction has not been positively explained, but it is
hoped that future work will provide information on which an
explanation can be based.
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EFFECT OF METAL HARDNESS AND SURFACE
FINISH UPON YRETTING CORROSION

OBJECT

To determine what. effect the surface f•,ish and the hard-
ness of a metal have upon the damage due to fretting when
grease i.s used as a lubricant.

INTRODUCT RON

The literatre records concerning the effect of these
two factors upon the damage due to fretting is9 to the moost
extent qiuxalItatIve rather than quantitative. It also tends
to be somewhat contradictory. Uhlig, Tierney, and McClellan(l)
state that the surface finish has very t l].e effeet: -pon the
amount of damage by fretting, McDowellW also introduces
some data which indi.1cates no appreciable d. erences An
fretting due to? surface finlsh. Tomlinsosntif~ states that
fretting damage Is greater fq,' highly polished sirfaces,
The work of Rohmn and Wursterlb sapots this observatloo by
showing th&at vapor blasted surfaces are wtore resi1,,.!ant tao
fretting than the. unbiastod ones, Othe'r jvnestg&Vjors who
support the claa fnhat % smoeth surface As mnle susf p tI.ble

n s •frett hn th .n a rough um fe include A l m en • g o Gy and

There are ýh? gre.,iord disagreements to the above ebserva-
tionsI WallceiW claims that super finiAs hIng the bearing
surfaces crrechted the damege dhe to what calls . brAnell-
Ing"' in automobile wheel bearings. Gross( presents some
limited data indicating that the smoothest surface w~ll have
the highest pitting or frettling reaisttnce. Of inte~restt to
this discuss ion Is the almost universal agreement amgmg the
reforencied ivsgaosthat no mat-ter what the fintsh, two
surfaces of !Ake finish w~ll 9suffer more damage from fretting
than will ý;wa smzrfaces 6f un~like finish.

The question of the effect of metaR ha~rdness As almost
as confusing &S that of the w UIsh and most of the evidence
Is al8o Qat-1italAve. Almexyi ((, mientioans Anforeasing the hard-
ness ?Whe metal. as a means of reduciAng fret~tIng. Gray and
Jenny- rep~ort that Iinc.reasing the htirdness of steel reduces
Its tendency to) fxet, They also st-ate that even the hardest
a steeR.7ill, fret if the othe2r cond.,1.tio5ns ar-e Present.
Dies believes that the fretting daffaage is dep~endent to a
large extent upon the hardness of the metal oxide formed as

*well as up~om fhe hlgrdneas off the metal. He fou~nd that, alumi-
num fretted hxrdened steel ~;~a grea,@ter extent th'an did a
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ltr.ded ste,,.2o SSY mz Rngh ,o m conclude that the
gweatest damage x h*ýr Ih~o. the xmetaiL and tts oxide
were hard.

It was An the hoýpe of reS•IV1g Som- e of the confusion
that this w~c)rýk was ttdertaken.

PROCEDURE

Consutltatton with the motallurgical department led to
the •d•ptl.on of a carbo;n steel. for making all test specimens
foT tlhits irestiaton* ýipax heat treating of the steel
gave two ranges of hardness. One batch checked around a
59,-.62 Rockw'ell C und "he ather at 29-31 Rockwell C. The
specimens were -then saurface f.nished by grinding to two de-
grees of smoothness. One group from each hardness range was
finished to a 1015 m~cro-noh rms and another group to a
ffnish of 100-110 mic -'inxch xyas, The result was four groups
of test bpeniwens with the f).lUnwng hardness and surface
LIM.IAh,

TABLE I

Mitrdness S-crface Finish

11, 59-62 RC 015i rms

2 59-62 RC 1.900110 ras

3 29-111. RC 10-1.5 rms

4 29-31 RC 100-110 rms

Since *li the sp erimens wpeýr'e zide frona the same compo-
Ltiton of s,,ee'Lths hardness %nd s-.ý.t f•,ie f.nish were the only

variables asso,.1t0d wA1,1b, the ste~e.

Five greAses werei ie ~tdf~the investigation. They
were a•l qa•'.J.UA..d m.nder SMe,^fi,.A: I-G,10924A and were

'iu hydrcwxy 3;-18e 5mAe)'aA ol greases.
Mecaniw~'thej werp a~l. estable greases of N1W/ #2 fconsis-

tenny as c be nobserq'ed fro~a hI charar ter.As tics listed
:%n Tfable AT.~
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TABLE II

MECHANICAL CHARACTERISTICS OF THE GREASES USED

Grease No. 60 Stroke Pen 10000 Stroke Pen

1 288 297
2 276 282
3 304 313
4 285 270
5 295 268

The apparatus used and the method of conducting th§~st
are fully described in a previous report by the writer.'A1 "
Thus, the only conceivable variables were the surface finish
and hardness of the test specimens. Since each set of test
specimens was evaluate with each of the five greases, it is 0
felt that a comprehensive survey of the effects of the two
furface finishes and hardness ranges was obtained.

RESULTS AND DISCUSSION

The results in milligrams of weight loss are given in
Table II. The values given are the averages of at least
three separate determinations.

TABLE III

10-15 RMS 100-110 RMS
Grease No. 59-62 RC 29-31 RC 59-62 RC 29-31 RC

1 1.4 1.0 0.7 0.9
2 0.7 0.4 0.0 0.2
3 0.6 0.5 0.6 0.9
4 0.8 0.5 0.0 0.4
5 1.1 0.8 0.5 0.7

A study of Table III reveals that the smoother finish
(10-15 rms) suffered more fretting loss than the coarser
finish (100-110 rms). This was true for both hardness
ranges. Grease No. 3, however, seemed to have another fac-
tor affecting the fretting loss, as it did not follow the
trend of the other four greases. For the 59-62 RC specimens
it gave the same loss and for the 29-31 RC specimens less
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loss for the smoother finish.

A possible explanation for this observed effqIl of surface
fnish Is found In the work of Fong and Rightmo.e• , They
postulate that the contact between any two surfaces Is between
a comparatively few high spots or asperities. The smoother
the surface the greater the number of asperities that could
contact, A rough surface would have fewer contacts. The
smoother surface would thus have more metal to nmtal contact
and hence more metal transf r plucking and consequent oxi-
dation and damage. Barnett1h also supports this theory.
This theory Is based on the premise that the pressure between
the surfaces Is not great envagh to cause appreciable plastic
de fr~mat ion.

When comparing the effects of hardness of the metal upon
fretting an apparent contradiction Is encountered. For the
swoother finish (10-15 r•)n•s the harder specimens (59-62 RC)
incurred the most fretting dmage In all cases. For the
coarser fýiul- (1V10-110 rmp fte softer metal (29-31 EC) had
the most fretting loss for all greases tested.

to explain this reaming contradiction observed in the
effect of hardness on the coarser finish a% p b,. • b se Is
also fouind in the wor~k of Feng and Rlghtmire 0 They state
that plastic deformtiom de to -the dlstribut•on of the load
over a relatively few high spots results In wmore metal to
mietl coýntact and hence w6)fre metal transfer and 10plucking'9 .
The condlt•ons of pr'eue used in this I•.estigation were
evidently suffletnt to cause eavagh plastic defommtion In
the softer material to Increase the aTea of MetaL to metal
c~ontact and thus r*sul1t In morea frettling, The h&Tder material
w'ldd suffer less plasti.c deformation and hence have less sur-
f&a!.Ve In contact.

The epanatiam of the g~reater loss for the harder mar-
teon.al In the 10,15 rue finish is not so apparent. The con-
censsi of opiafon expressed by the literature Is that the hard-
er surface will reduce fretting, Most also admit that like
materials and like surface finishes wJl Increase fretting
damage. 8Snce In this Invest•IgatIon like materials of equal
hardness and surface finish were always used together, it is
felt that these factors were equalized. Evidently t-he harder
material produees wore fret'NAng when Tubbed against an identi-
cal material of equal hardness and when both are of fairly
smooth fnaish. At is entirely possible that there Is a sur-
face finish of such a smoothness that the hardness of the ma-
terial would have no effect upon fretting, It Is expected
that more information zgacerning this phenomena will be avail-
able from future work.
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