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All moving mechine elements nced to be protected against
failure under lubrication, In gear and bearing matericls the
comon type of failures encountered are = fatigue, s_%‘illmeg
scoring, scuffing, wear ete. OSouffing is a pherpmena that
nostly occurs in the face of the gear tooth and the contocting
zone vhere sliding i1s prominent, This results in wear ond toay
of the surface due to fallure of the boundary lubrdicants, Thls
is sccompanied with o sudden inerease in the friction valus at
a tomporature known as critical temperatures The eritical tome
perature 1s greatly affected by the surfuce properties of the
muterial and its structure, the hardness, the surface finish,
the slide/rolb speed, the surface temperature, the additives
and ite interaction with the surface as lubricant, 4Al1 these
foctors make the study of the phenomenon of scuffing and eriti-
cal tomperature complicated,

In the present study, an attempt has been made to explain
the mechonism of scuffing both experimentally and theorstically,
Different stecl surfaces like EN 58 (austénttic), sustenctic
5/6 «18/8, EN 39B (case hardened)and Am W00 (martendtic,
suppllied by NASA with different hardness valucs have been oxe
perinmented upon., The deformation of these soft to hard stoel
gtecl allects the eritieal temperature of the lubricants and
their Iinteraction with the surfaces, For carrying out this
investigation, a modified Bowdeneleban machine and a ball and
peg opparatus were used, The various ranges of paremeters



over vhich experiments were carried out were gs follovss

a)

b)

¢)

d)

The surface roughness was varied
fm3u1nﬁolr2.5/ainuvmm CLA value for difforent
steel flats,

Horpal loads The normal load on & half inch stainless
steel ball 8liding on the flat steel surfuces, using
the Bowdeneleben machine, were in the range of 1 to
1 1bs, Using the ball and peg apparatus, the range
of normal load was from 1 to 30 1bs, |
Sliding speads The sliding speed was kopt constant at
0,02 em/see, However, to examine its effect on the
eritical temperature the slidding speed was varied in
the range of 0,02 em per sec. to 0,09 ems per soc,
for one set of exporiments with a constant nornnl
load on the steel ball.

Jabricantss The lubricents used werc:

1) Esso OEPe90, EF, AOL/3070/663
ii) lMonsonto-738%3-Totravolerate pents ethythonol
(supplied by HASA, USA)j

1i1) TH-1288% (Mineral oil), TH-9711 (iiigh refercnce

mineral oil), and TH 9433 (lov mforence minoral
oil)e All supplicd by Sunbury on Thames, U.H,3
iv) GStearic acid as additive in squalune (medicuted
white oil)s. The concentration of cdditive vuried
botveen 0,025 to 0,6/ by weights |
v) 4imines es additives in cetane, Tho concentration
values varied between 0,02% to 0,067 by weight.

Lzperimentally it is found that the critical temperature
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of the boundery lubricant on steel surfaces appoared as a sharp
rise in the friction value which 18 clearly soen in the friction
temperature trages, With Monsonto - 73853 oil, a sudden increase
in the friction value is seen at three points giving three values
for the eritical temperature, This is due to the release of the
free seid content at these stages. In all these Coases feiction
co=:f{icient remained constant inspite of the increase in the tem-
pereature till the critical point was reached,

The worn track width which practically remoins constant with
an incyease in temperature also jumps wp suddenly to 2 higher value
at the eriticel tomperature. This suggests that boundary lubrie
cation becomes ineffective st this temperature, On the other hand,
the trock surface findish value remains constant oven beyond the
eritical temperature of the lubricant. 1% then suddenly shoots
up ot o particular temperature irrespective of the nommal load
applded on the ball and the initiel value of the surface finish of
tho teut specimen. The value of this particular temperature 1s
cbkained by extrapolating to zero load either the friction tom=-
perature trage or the tragk widthetemperature diusgram. Doth
curves give the same value of the critical temperature, This
extrapolated sero load temperature corresponds to the temperature
at widch serious surface damage occurs, This suggests that a
thermodynamic study of the metal - lubricant combination nay
lead %o an insight of the mechanism of seuffing, An explonction
to this has been given in tems of the desorption work terme In
all these oases it is assumed that the eritical temperature in
fact refers to reversible adsorption and desorption, with o=,



If the temperature of the boundary lubricant is further inercased
beyond this zeroeload critical temperature, the adsorption ond
desorption phenomena may bocome irreversible and the coverage
value for may go below half eausing serious damage to the
surface,

The interfacial surface entrupy varies lincorly with the
applied nomal load for a particular surface roughness value,

Also the eritical temperatures associated with the sharp risos

in the friction and the track width decreased linearly with
increasing load, 7This sugg: sts that the surfuce deformation

due to specific pressure has a definite role in the detemuination
of the critical temperature of the lubridants, The amount of de-
formation of the surfage having different surfucs roughness signie
ficantly alters the critical temperature valuos as can be ¢lsarly
scen from the experimental results,

The effect of the chain length of various cmines in o cetane
carrier indicates a maxima for the eritical temperature. e
moximugm resistance to tanpéramm occurs when the mmber of carbon
atoms of the amines matches that of the carrders,

4 theoretical study has also been earried out using Gibb's
froe cnergy concept to identify the eritical tomperature of the
lubricontse The values of heat of adsorption 'AllY, given by
the eguation for the thommodymanic activity, o3

-_4_%:4- Aﬁ‘aﬁiﬁog@ ie-mgeeﬁ,mm?am
the absolute critical temperature, &° is the standard entropy
chinge, 0 15 the percentage coverage of the polar molocules on

the surface site due to adsorption and C is the percentage cone
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- gentration by weight of the polar molecule additives in the
base oil, Lxporimental results plotted between log,C end (7)™
gives o straight ldne and satisfies the equation quite well,
The slope of this ldne gives tho value for H for the conditicn

& = 0 9. This concludes that the eritical temperature at the
onset of seuffing is a thermodymmnic process in vhichile rolar
molocules of the lubriconts adsorb and desorb from the surfoce
sito,

It was also observed during the course of this investl-
gation that the energy for desorption on the' steol surfoces
during the sliding precess is composed of the enthalpy of the
polar molecules of the additives and the activotion energy due
to the dislocation movement. These twe energles have been
identified and 1t has been shown that the heat of desorption
i affeeted considerably by the surface conditions. Consequente
1y the eritical temperature chengeds The values for the heat of
desorption gave an optimum surface roughnes: vaiue for each of
tho steel specimens, ‘

in attenpt hos been made to evaluate theoretically, the
valuc of the friction coefficient for the lubricutec steel sure
fages at the onset of scuffing. I%s value normally vordes
betueen 0.3 to 0.4 and depends upon the particulor surface
condition of the steel sjecimens,

It is also seen that for a particular temperature there
is o nindmum 14mit for the percentage concentration of fatty
aclds that can be used in order that it bocomes effective as
. & boundary lubricante



An attempt has also been made to check the residence
time for the adsorbed polar molecules on sites of steel sur-
faces at a particular temperature, This has been correlated
with the ti e required to cross the Hertzian widih in the case
of the ball sliding on the plate to predict the necessary
conditions for scuffing. _

A1l these contributions help in understanding the
action of additives and the mechanism of scuffing both quintle
tatively and qualitatively, The aim of this investigation is
to give originality to armm and equip the designers in prevonte
ing failure rate of their best design.
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