O
|

CTION AND WEAR

f % VIATERIALS
OF MA

second Edition

(RNEST RABINOWICZ

A Wiley-Interscience Publication
JOHN WILEY & SONS, INC. . Toronto
New York °

CKET

_ ARM

. Singapor®

Chichester ° Brisbane

Sanofi Exhibit 2212.001

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

D
A

This text is printed on acid-free papet.
Copyright © 1995 by John Wiley & Sony, Ine,
Al rights reserved, Published simultancously in Canada,

Reproduction o translation of any part of this work beyond

that permitted by Section 107 or 108 of the 1976 United

States Copyright Act without the permission of the copyright
owner is unlawful, Requests for permission or further
information should be addressed to the Permissions Department,
John Wiley & Sons, Ine.

This publication is designed to provide accurate and
authonitative information in regard to the subject

matter covered. It is sold with the understanding that

the publisher is not engaged in rendering

professional services, If legal advice or other expert assistance
is required, the services of a competent professional

person should be sought.

Library of Congress Cataloging-in-PuMication Data:

Rabinowicz, Bmest, ‘

Friction and wear of materials / B

P oom, _
Includes index.

ISBN 0-471-83084-4 (alk. paper)

I Materals, 2. Frict
TAOIORMT  joos
620.1'1202—ge20

mest Rabinowics, — 2nd od,

3 Mechanical wear, I Title

O 2800

098765854213

OCKET

LARM

Sanofi Exhibit 2212.002

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

£ 02 9
&
2
§
[)
0.1 e
L=300g
P=200g
0 l L | l
0 10 20 30 40 days

Time
Fig. 4.3 Displacement-time curve for steel on indium, unlubricated.

variables: the applied load, the size of the region of contact, and the sliding
velocity. The three quantitative relations are as follows:

1. The friction force F is proportional to the normal force L:

F={L. @b
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on steel, lubricated by the friction force as measured from the sliding !

a machine oil. Load 1000 g velocity 50 mm/se¢:
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Alternatively, 1t 1s often convenient to €xpress this law in0n

f (or p).
constant angle of repose, or frictional angle 6 defined by

terms of g

R 4.2)

gle of an inclined plane such that
on the plane will remain station-
any amount whatever, the object

It may readily be shown that 6 is the an
any object, whatever its weight, placed
ary, but that if the angle is increased by
will slide down (Fig. 4.5).

. The friction force is independent of the apparent area of contact 4 . Thus
large and small objects have the same coefficients of friction. ’

3. The friction force ?s independent of the sliding velocity v. This implies
that the force required to initiate sliding will be the same as the force to
maintain sliding at any specified velocity.

2

Taken together, these three laws provide the quantitative framework within
which friction is generally considered by engineers. It is therefore important
to discover how closely these laws apply in actual practice.

The first two quantitative laws are generally well obeyed, to within a few
percent in most cases (Figs. 4.6, 4.7). Exceptions to the first of them occur
mostly with very hard materials like diamond or very soft materials like Teflon
(Fig. 4.8) or at loads down to the milligram range (Rabinowicz 1992). In many

cases sliding combinations involving materials such as these obey a law of the
kind

F=c" L 4.3)

where ¢ is a constant and x a fraction varying somewhere in the range from §
1. Naturally, in cases where the first law is obeyed, x is exactly 1.
Another case where the friction force is not proportional to the load involves
a surface with a thin hard surface layer and a softer s-ub.strate. At lpw loa(cils rt:ne-
thin surface layer remains unbroken, and its friction properties preco
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nate. At high loads the sun‘:m}aﬁr 18 bmlgen through, and the Propertiey of
e substrate hecone the more lmpon*:mt.(Flg\ 4.9). ‘
" Deviations from the second quantitative law, \\‘l‘!lCh states Ehat friction j;
independent of the apparnt ar of contact, are sometimes n9ted N very smooth
and verv clean surfaces. Under these conditions very strgmg Interaction betweey
e surfaces takes place, and the friction force l?ecomes mdependem of the loag
but proportional merely to the apparent area of contact (which has become the
resl area of contact). Such cases are discussed later.

It should be emphasizad that the first and second quantitative laws are gen-
erally well obevad and that pronounced exceptions to them are rarities.

Rather typical are situations where, if we change the load or the area by s
factor of ten, the friction coefficient changes by a factor of 10% or less. Rather
different is the pasition of the thind law which states that friction is independent
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Fie. 47 The effect of changes in contact area on the friction of wood Of stee
uignificant variation js found,
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