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All moving machine elements n d to be protected against 

failure under lubrication. In gear and bearink; ,laterials t 

coax= le of failures encountered are - fatiuo, Waling* 

3CorinC, scuffing, wear etc, jouffing is a phenomena that 

mostly occurs in the face of the gear tooth and the contacting 

son where sliding is proninont. This results in wear and til:• 

of the surface duo to failwm of the boundary lubricants. This 

is accompanied with a sudden increase in the friction vale at 

a temporature known as critical temperature. The critical tom-

poratuTo 13 greatly affected by the surface properties of the 

m-Lcrial and it ., tructufe, the hardness, the surface finih, 

the odat/roa sl)eed, the surface temperature, the additives 

and its interaction with the surface as lubricant. All tlIzm 

f:,ctors make the study of the phenomenon of scuffing and criti-

c]. tiyaraturo complicated, 

In the present study, an attempt tea boon made to explain 

the mecnism of scuffing both experimentally and theoretically. 

Different stool surfaces like ZN 533 (austinitic), [Aastenatic 

„48,61, EN 39B (case hardened)and Am 44o (martenities  

supplied by MilA with different hardness values have been ex-

perimented upon. The deformation of these soft to hard stool 

steol a_ecto the critical temperature of the lubricants and 

thoi2 interaction with the aurfaces, ?or carrying out this 

inwL;tijation, a modified 74.owden-Laban machine and a ball and 

Peg a.:)aratus wore used. The various range of parameters 
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ove:. :hich experiments were carried out were as follows* 

a) riao, 	nesi The surface roughness was varied 

„an 3 uin to 42. pin Welaame Ca. value for different 

stca:. flats. 

b) ljoad: The normal load on a half inch stainasss 

st2o1 ball sliCAng on the flat stool surfoes, using 

the _Bowden-Lk:ben machine, were in th r,mge of 1 to 

14 /13::;. Using the ball and peg apparcltw:1  tho range 

of normal load was from 1 to 30 ibs. 

C) 	DOO2 The sltIng speed was kept constant at 

•).02 cmisce. However, to examine,  its effect on the 

critical temparature the sliding speed was varied in 

the range of 0.02 c per sec. to 0.0c) cm. per See. 

for one sot of ox rimonts with a cons'6ant nornal 

load on the steel balls 

d) jub4celits*, The lubricL=nts used loom: 

i) Esso 0E1).90, 	f. Aj4/3070/66; 

ii) l4onsonto-73353-Totrwolerate penta ethythonol 
(supplied by MUM, i.); 

iii) '111-12314 (Mineral oil), Tilw9711 (ugh reference 
mineral oil), 	1 Til 9483 (low rloronce mineral 

oil). All supplied by iAtnbury on Th4mes, 

iv) tetarie acid as aoditiv in squ:Jaano (medicated 

white oil). The concentration of additive tried 

blween 0.02$ to 0.6i, by weight; 

v) Amines as additives in cetano. Th, concentration 

values 7.,2ied between 0.02% to 0.06,  by weight. 

:zporimentLaLy it Ii found that the critical temperature 
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a ure 	Wit 

valueis 

surfaces appeared as a s rp 

h i8 clearly seen in the f 	on 

3onsonto 73353 oiLl  a sudden increse 

eon at th a points giving three Values 

10 

he critical temper 	This iii due to the relearl,: o he 

fruo -e1,1 can tent at those stakes, In all them cases the rictian 

co-sefficient renamed eons teat inspite of the Increase in t tom-

porature till the critical poi. ,t was roIched. 

2he worn truek vi„stA 147,ich 1- ractically Lean 	instant with 

aninchase in temperature also jump-: 	suddon4to a 	r value 

at the critical temperature. This suz6asts that boundary lUbri- 

a 	comes ineffective at this tcs 	On the other hand 

surface fiAsh value remains constuzlt men beyond the 

aperature oi the lubricant. It then suede;  
cu r temperature irzespective of the normal 

applied on the ball and tho initial value of the surface finish of 

the test specimen. Tho value of this particular temperature is 

obtained by extrapoiatin to Dore load either the fricfriction teL 

prature trace or the tru 1 width-temporuture diLzrami 

curves give the sane value of the critical tc q Itroo 

rapolated zero load temperature corresponds 
	

the to 

lich serious surfce damage occals. This 	goats 	t a 

dynamic study of the metal - iubricent combination nay 

lead 	an insight of the mechanism of scuffing. An ex s.‘ tion 

to t is has been given in terms of the dosorptie uork term In 

all these casea it is assumed that the critical npo aturo in 

fact rotors toeversible adsorption and desorpti n, with g .7..1 
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If the temperature of the bound:- lubricant 13 further increased 

boyona this sero-load criticA. temperature, the adsorption and 

desorT)tion phenomena may bc)com irreversible and the covo2aeo. 

irlue for 	may go below 	causinz; serious damage to the 

surface*  

The interfacial surf cc entr: ,y varies linearly with the 

applied normal lewd for a particular surface rouchness value. 

Also the critical temperatures excited ith the sharp rises 

in t%:; friction and the track wi(lth decreased linerly with 

increasing load. This sua ats that the surface deformatiam 

due to specific pressure hau a Oofinite role in the detorMination 

of the critical Wmperature of the lubri,,tants*  The ameun of 

formation of the surface having diferent surr-Lco roughnes A.gni-

ficantly alters the critical temperature values as can bc eIerly 

seen from the experimental result 

The effect of the chain length of vurious amines in a Cetene 

carrier indicates a r%axime for the critical temperature* The 

maximum resistance to temperature occurs when the number of carbon 

atoms of the amines matches that of the carriers* 

A theoretical study has also boon carried out using Gibbis 

free energy concept to ide:Itify the critical tom'oe:etareef the 

lubrici.mts* The values of beat of adsorption 0 21Es, giver, by 

the equation for the thermodynamic activity, IS. 

0. Ago 4, 	= 	wg 	. Log
o Ci whore Ta 

is 
Ta 

the absolute critical temperature, .;"' is the etmndard antro177 

chonge, 9 is the percentage coverage of the poi: moic,culos on 

the surface site due to adsorption and C is the !)ercentago con. 



ration by—tnight of the polar molecule additives i1.;11 

base oil. t;xperinental results plotted between LoceC and (.44 

give*. a straight line and satisfies tho equation quite we 

The elope of this line gives the value for LI for the condition 

e = 0 5. This concludes that the critiCaltenporaturo at the 

onset of cuffing.  is a tlxodyrL.nie process in zbicht polar 

molecules of the lubricants adsorb and dosorb from the surface 

site. 

It was also obscrw4 during the court;e o th.s invoeti-

gation that the energy for desorption on the steel surfaces 

during the sliding process is composed ot' the enthalpy of the 

polar molecules or the additives andi tha activation energy dm 

to the us location movemnt. Those tzo °nor <.3s have been 

ijentified and it has been shown that tir heat of desorption 

is affected considerably by the surface conditions. Conse..ent-

ly tho critical temperature changed. The values for the heat of 

desorption zave an optimum surface roughnes, vaj_u for each Of 

thc,  stool s2ccimens. 

An attempt Ws been made to evaluate tWootically, the.  

Valw: of the friction coefficiont for the lubricatec. steel mir  

faces at the oma t of scuffing. Its value n3rmal:_y varies 

between 0.3 to 0.4 and depends upon the particular surface 

condition of the statl sec1mens„ 

It is also seen that for a particular temperature there 

isa minimum limit for the percentage concentration of fatty 

acids that can be used in order that it becomes- off 	as 

a boundary lubricant. 



An attempt has al o ly!en made to check the residence 

time for the adsorbed polar molecules on sites of steel aur-

faces at a particular temperature. This has been correlated 

with the ti 41 required to cross the liertzian width in the case 

of the ball slit 	on the plte to predict the necessary 

conditions for scuffing. 

All these contributions help in understanding the 

action of aditives and the mechanism of scuffing both qunti 

tativoly and qualitatively. The aim of this invoutization is 

to give originality to arm and equip the 	gnore in prave:nt 

ing failure rate of their best design. 
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