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THE REFECT OF RUBBER HARDNESS ON THE COEFFICIENT
OF STATIC FRICTICH WITHOUT LUBRICATION :
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[Following is a translatlon of the article
“Ylivenilye tverdostli rez iny ﬁd koeffitslent
Staticheskogo uruniy& ber smuzki' (English
version above) by 8. B. Ratuner and V. Da
Sokol'skaya in Dokledy Akedemil N Nauk SSSR
(Reports of the Academy of Sciences GESH)

Vol %”IXQ No 3, Moscow, lQJhg pages &3¢~
ik Ag,

In instances of fricticon of prubber agalinst hard
neteriasls the feliction caéfficieuu,fa Gﬁp&r&s (1=%} on
lnad N as per formula .
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whers f&w&m minimal value, which determines lts maz
tude ab great loads {whenF & ¥ ); Fp is the tangent
component of the force of molecular atiractlion hwﬁ

bodies and determlines the value of i at small loads
Vﬂan iten ftw is relatively suwalli.®
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* Whan The srticle was in print, there appeared a work
{0} on the rannﬁctlan between ume force of frictlion
QL rest and oiﬁE“ﬁL&?& forces" In that work it is
ghown that the smooiher the E&Pfaﬂe the greater the
role of elementary forces which come Into belng be-
tween bodies in conbtact. These findings reinforce
the concepts on the basis of which we proceed. There

| remains only & divergence in terminology Namely, !
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This Tormula iz based on the Deryagin theory of 1
the binominal law of rzc“l&f for gollid buaxagé AL the
sane tlme, a fullv *ue: ileal ahavaﬁteb ffeoct of load
on friction of ﬂﬁbg b@u 3 Il s io sule
el as 4 '
friction of &wi&aﬂraﬁﬁg
Therefore, with I
tdentleal character of

wer btakesg place

sthrahad

axd ﬁm the effect of lo8d,
70m?ﬂﬁd for hard {solid) ;
Voin frictiom of common BEMe
well. As far detailed appsarvance of the
ie concerned, ould not be ldentical for

poand rubbe ﬂﬂ gince the latisr becomes much
ad under 1 influence of 1 :a and fTurd
[l

vr s irference in the harxdnegs of rubber it

GaEY to have 1ts effect, too. Indesd, ¥

Lo mila, ¥, le & tangent of the angle uf i

Lo Bels] atr"*ﬁ%t Line in co Eilﬁ*ﬁﬂ$ { o~ gy 1 .

@ Gl inwaver, & gubQEzﬁLL@l dﬁvi& on from *“e reatie
: linear iz auuuﬁvﬁﬁie (2] in Flp. 12 jmv %wfw rubbers.

In this book we have abtitempted to lnitroduce into

’ the ““vﬂula (1) nmore precise definitions, which btske

into conslderstlion Lwo @fﬁed¢mb¢%u% faots observable in

thisg leu stilon (Flg. L}: the angle Q* molimaiﬂa% (i.8.

decreases with the inerease of 1/0 ie Be WItL daw 5358
ER « K P
of loadi: this effect 1lg the greaster uh@ sol

Both plfﬂ
of B.V. Daryaz
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spantary foress
Ltecular ggoarsensyg a
ro-coarsensss, but it should be called ulira=-micro-
ssrseness (4) because the VMWQ nicro-~ooargenass
nplied bo surfaces "for which the fwia jon
. he erplained with the ald of the known
MQuwi ﬁd twa Tiles" (9); this latier { i, } we have
“33h d {5} wacro=cosraeness, which ia riot scaapted,
this term ls employed for unevennass dlnoerne
with the naked ey
Las correct serveral typ@gwaphil ayrrorg in the
]
&t

* Pricetion are connected wit
ﬁq } which we had celled (3)
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& {5): On page 47 the Tine frow the bote
“r:un .?:*" VG M v, Cimgla) , while 1% f*‘nsui.é read Mawﬁmwfu
A or pooe 4% the 14th iins from the botiows ahould read

ffl &ﬂ%ﬁﬁﬂdraffémr§ in Table 2 qua“txty Fe is given
n grams/ewn? end not in kilograms/cm?.
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proportional to the area of true contact, which had re-
ceived experimental confivumation in the resesrch 1inio
Friction of dlverse bodles (1-5).

Pigure X. Cannﬁctien hetween the ca&f"ﬁﬁier+
of friction i and specific unlt load
P {in kilograms/em?) in the friction
of base SEN-26 rubbwﬁ against steel,
the rubber being £illsd by varlous
amounts of ﬁvapthe g (in partz by
’mavba} and haﬂiﬂq a hardness hi 1 -

m(*::l(:)? o= 0O, ‘;.:;’ gu[}::/.;.isf o=

::.:0653’;”!3::6(},‘{1::()63"4"{}:;

= 80, h o= 0.73; 5 = ¢ = 120, h = 0,8%,
& ~ system of cﬁﬁrdiﬂ?teﬁ po =

3

;,{’*»h

Takxing this ides &8 a polnt of daaartar let us attenpt
to connect Fy with the specific unit laaa P and with the
hardness of Tubbhar.

we shall characterize the hardneas of rubber DY

6 ~ syetenm of coordinates g

means of a conditlonal guantity h, confined wilthlin the
limits O - 1. Then F, can he described in terms of
formala : ' '

i ' (2)

ipasmich &8s the surfece area of irue contact lg propor-
+ional 4o the arvea of nominal surface of friction o,
Thie formuls reflects gqualitatively, both the noted
facts {the symbatic role of the load and the antibatic
role of hardness) and ie valld for extrene values of hj
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Figure 2. Comparlson of the effect of Gu*%t* Ly
of scob (in rubber of base SEE=-%0) on
the mininzl coefficient of frlctlon
.~
A

i 4 -

Mo {curves 1, 2 and %} and trus dupe

ability of rubber o (curve 4).

1 o~ friction of rubber ssalinst steel;
2 - arainst alloy AMC contalning alu-
minums

% - goainst plexizgiasd,

e Lable shows that Me lg
not Tilling in rubber 1f the fillar
remaina vithim ?h% 1! of compabibllity with csout
chouc, l.e., ag long za all the partlcles of the 1i¢l@r
are cosbted with a film of wulecanlzed cacutchone. Beyond
these lim;ﬁa, when the portlicles of the filler become
| 2 layer between cacutchouc and lining, He 4 diminishes. |
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1, senersl conclusions: g0 long as the inars
bbe mizture remairn within the limits of com-
0 e, with caoubtchouce, the mvant Ly me (which plays
8 role at greoat loade) is Lrueﬂmﬂﬁ@nf irom the ingredls
ents == 1 is determined merely by the im%@y& tion of the
Pilm of caocutchoue with the 1lﬂ?m"' ihe hardnesg of rube-

bher, whlch depends on the amo wmt &nd charac 10% of ingre-
dlents (fillers, softe eners}, &affects guantity Fp xinolud»
ing the con bwwt A}, whieh mekes a dlfference at sn 1l
loads.

The authors are rreteful to B. V., Deryagin for
disocussion.
Seientific Regearch Instliute lecclved
o¢f the Rubber Industry Q? May 1954
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