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THE FRICTIONAL $’ORCZ WITHRE$J?ECT

TO THE ACTUAL CONTACT SURFACE*

By aagnar Helm

SUMMARY

Hardyls statement that the frictional force is lar~ely,.
adhesion, ,?nd to a lesser extent, deformation energy is pro~~d

by a simple experiment.

The actual contact surface “of sliding contacts and hence
the friction per unit of contact surface was determined in
several cp,ses. It was found for contacts in normal atmosi~here
to be about one-third t-oone-half as high as the macroscopic
te~.ring strength of the softest contact link, while contacts
annealed in vacuum and then tested, disclosed frictional forces
which are greater than the macroscopic strength.

INTRODUCTION

The view that the” work of friction is largely performed
against the adhesion and only to lesser extent against deformat-
ion had been expressed by W. B. Hardy (reference 1) in 1920.,. r

and proved herewith that the friction does not denend unon
?

whether the sliding surface
. .

is smooth or slightly roug”hq
Whi,le Go A. Tomlinson, (reference 2, p. 905) has supported this
concept b:? a neat comparison between sliding and rolling fi-ic–
tion measurelrients the present report, gives a simpler, striking
proof for the correctness of this view, and in addition, the
calculation of the adhesion per cubic centimeter of actual
contact surface corresponding to the friction on several worked—
out model. ~jroblerjs. It results in adhesion forces which, in
----_.=_____________________________________________

*llUber die auf die wirkliche Berfihrungsfl&che bezog’ene
Reibungskraft,~i Wissensc~aftliche Ver8ffentlichungen aus den
Siemeas-Ycrken, Vol, 17, r+ol 4, 1938, pp, 38_4~.
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part are considerably greater. than the re.sp,cctive macro- ‘,;=’k

scoyic tearing strengthe
~:%-g-:

While principallfi concerned with “
continuous sliding, the motiont unless a favorable lubri-

.
>

cation prevails; improbably in,termit.t..en,t.~re$e.renc~. ~)... .
Tor the individual jerks still greater forces (in part
elastic) than the mean frictional force are available.

FRICTiOIT TtiST’WITH MEASURABLE DEFORMATION ENERGY

For the measurement of the coefficient of friction ~,
the ioethod of the inclined -plane was used. Two metal wires
stretched along a plate, formed a track, the inclined p~anec
The runner also carried on its lower flat surface two identical
stretched wires, It was placed with its wires perpendicular
to the llrails.ll”Then it was attempted to ascertain the incli-
nation 0 of the track at which the runner remained in notion
when it was gently forced from rest? (The runner then usually
moved largely without acceleration, .) The coefficient of fric-
tion for the motion then is

~ = tarl @)

The ncv~ wires sagged a little in one another. At rest micro-
scopically measurable circular impressions prevailed, After
one slide the rails had flattened on top in microscopically
measurable measure, Through it the work of deformation was
ctimputablcc

The test was repeated with wires partly new, partly after
so many repetitions that a permanent flattening had been
reached., ‘?Phiscondition was reached after about five slidcsc
The wires, of copper of 1 millimeter thickness, were used
after being rubbed clean several hours, or a day, before
the test, wit-h cotton moistened with petroleum ether. This
ensured. a fairly reproducible friction coefficient, which
in turn formsan indication of a reproducible surface film-
Completely clean metals stick to each other, and where metals
slide over each other an extern@l (lubricating) film is in-
variably responsible for the slidableness. (See references 4
and 5..)

., .,, ,, .,,The fr$cti.onal forc,e ,,A along the
inclined plane is ,’,

A(s) =Pssin6

where P equals constant force-

p,ath S on the
‘B “ ““”” ““

(7’)
Figure l..

R Flattening
of the

/

copper
/, wiresi
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The work of deformation is computed as follows: Let
~..—. R. denote the wire.diameter, ..B. the a.v,era.g.eflattening along

the path s (fig, 1) on th~ rail wires, and ~ the corre- -
spending flattening on the runner- The widened area of the
runner then has a certain length a which is greater than
B and P, because the runner does not. move quite perpendi-
cular %’0’its wires.

The work of deformation AT iS,, at the most,,* equal to
the work performed by the weight P of the runner, when it
is first allowed to sink at one point, then - shifted f,arther
for the distance of the average width of impression on runner
and rail wire, Say by l/2(B+p) - allowed to sink in again,
and so forth, until the described flattening along the path
is secured- Pu’tting Cos e :1, the average individual
sinking is approximately

8R

2s
while the number of sinking spots is , . Accordingly

B+p
the work of deformation on path s is, at the most,

#+P2 u
--—
s

Av( S ) = P J:- =P
32 S+$2U.——-— --—...—- (1)

B+ ~ aa 4R(B+ P)

This work disappears after rails and runner are run in, If
the adhesion of the surface film has in the meantime ex-peri-
enced no change, the total work of friction must then drop
from. the amount of A(s) to a lesser amount, of about A (S)-
Av(s). In the same proportion the coefficient of friction
drops from the initial value p to the final value Uv,
that is, figuring with s = l’:

Av(l)” ~.- Me
---.—— .-—-—
A(.l)..=. ....~

(2),.,.., ,..,’ ,.,

“ S,._—— ______ —-------- _-_— _______ __ ____ __ __

*!i!heresistance to deforfiation is initially less than
P and increases to P during the deformation.,
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Actually the left side of equation (2) iS great er thane=.
the right “Side,”part’ly ‘because AT was. a--little too-.great,

,,. as described, partly because the lubricating’film has probably

} changed while running in and the adhesion increased little.

~~
By frequently repeated slides ,the lubricating film could be
damaged. so much tha,t we assumed an order of”magnitud.e of
0.4 ormore~ Table 1 gives two typical measurements,, each
with new wires,

Froin the measurements of 1 and la:

AT lJ- P’e
= 0s24 and —. . 0,098

T v

From .2and 2a:

Av
= 0,20 and ~ = 0,104

7 v

It is seen that both quantities equal in equation (2)
deviate from each other; one is about twice as great as the
other. The data indicate that the work of deformation is
only of the order of nagnitude of 10 to 20 percent of the
tctal work of friction?

Experiments were also Dade with nickel wires which were
so hstrd that the deformation could not be safely determined
after one rwnl v was of the same order of magnitude as in
the tests with the copper wires, whereas the work of deforma–
tion was ~bviQusly much less, probably only a few hundredths
of the total work of “friction,

FRICTIONAL I?ORCE’PER UNIT OF ACTUAL COITl?ACT SURFACE

The test data compiled in table T enable a direct calcu-
lation of the actual contact surface. It consists on an
average of four equal ellipses with the a~es B and P, hence
amounts -to altogether ‘IT;B, @i Thenormal force is

T’
Pcos@=..

J 1+~=
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Multiplication by w gives the frictional force and, after
further. di,visl.on ,PY. r. .B....@.s.. the specific frictional force -
that is, the effective friqti”onal’’-tircece“per cubic centimeter
of actual contact surface. The thus computed values are
shown in table 3.

Furtherexamples give the measurements of the actual
contact surface between a graphite brush and a copper ring
described in another issue of this journal (reference 5),
wherein table 1 also gives the contact pressure p (it aver-
ages about 1 t/om2). !Che respective specific frictional
forcet after multiplying by M., is about equal to 0,3,

Very instructive examples are obtained from frictkon
measurements in e.ir and of the contact resistances (screen
resistances) in vacuum after cleaning on copper plates, al-
though the number of contact surfaces could be determined
only by comparison with measurements on graphite brushes
against copper (reference 6); that is; not directs The plates
for the friction measurements had been previously treated
exactly as the crossed wires described earlier in tho report.
The appended table 2 contains the respective iueasurements as
well as some other data. The actual contact surface is visu-
alized as “oeing divid~d in n partial surfaces of average
magnitude -n aas The screen resistance R (andcontact pres-
sure P8 respectively), can be expressed with sufficient
accuracy by equations derived elsewhere (reference 6), pro-
vided it is borne in mind that a bilateral resistance is
involv~de The calculation thus proceeds with

TABLE 2,- MEASUREMENTS AT THE fJONTA~T BETWEEN CoppER pLATES

Screen Number of Mean radius Content
P resistance R partial of part pressure p

surfaces,q:
,,(kg) a

surfaces, a
(cm) (t/c#).,, ,, ,.. ,.

I
——--.,,. ,,- ,. . # , , ,. ,. , , , -—— .—-,, ,-- . .——.—,—. ., .,, . . ,,. ..-... -.. -.. —----- . . . .—
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Other interesting exkmples are found in the measurementsIa,s of the static friction between pure nickel surfaces in vacuum
~.
\ by Helm and Kirchstein (references 4 and 5) where, of course,

i the contact pressure p had to be estimated rather than.

~: measured. It should be a little lower than the hardness.,

:1
smaller, say, in about the same proportion as on the contact
between copper plates.

~“
Table 3 contains the data of the described measurements,,

:,’ with the yield point or harapess and the tearing strength of
the softest contact link ,as cmp.~.is.ons In the case of the “
graphite, this tearing strength was? of course, n“ot measured
but estimated at one-third of the hardness on the basis of
a comparison with other materials.

Consider first casesl to 4. Here? $ is always smaller
than the tearing strength. A closer connection between the
two quantities is not to be expected, as surface foreign
films are responsible for V. In the case of number 5. in-
volving contact between pure metal surfacest ~ is mubh
greater than the tearing strengthc This may appear absurd
at first glance, but presumably ties in with the fact that
the macroscopic tearing strength represents no ideal material
property, but is dependent upon cracks and other usually
occurring defects and is smaller by orders .of magnitudes than
the respective strength of a body free from defects.

In conclusion a word concerning the elucidation of
Coulombts law of independence of friction coefficient w
from the contact force and the contact,surfaceo This law
would apply if p and W were material coefficients, where-
by the lubricating film itself is co”unted in with the material
to bedetermined,c

Actually p and ~ show a tendency to remain constant
in the comparable measurements 1, 3, and 4, The accuracy for
its determination is, of course? not as groat as for the cus-
tomary confirmations of Coul.ombls law, Thus , while disclaim-
ing a final explanation of this law,
contributions

it might prove a notable

D.

Transl&tion” by’ J- Vanier~
National Advisory Committee
for Aeronautics,
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TABLE 1.- FRICTION WITH COMPUTCABLXWJRK OF DEFORMATION
.,

[Copperwire with R= O.005 cm; 2=J.2J”kg~ 2
d

~ :

i-

.
~ ~rictiond~ la

i z
—— ——.. .—

$ Length of
i
\ yifi;:; energy ~ Ih2for-

11

Hardness Remarks ,:
impression A mation

t 1 i ‘--;’ I

~~ onrunnerl V orve neygwiiys AT P

[cm) ‘ (m) j z
I_

+
—

1 o.oij5 0.0165 , 0-.023 0.133 425 I 102 j 3“6 New
la .ol~ .019 -.-.- ! .120 Run in”
2 .013 ‘ .0175 .02 .145 ] 46C ~ 93@ Ncw
2a .Olg ● 020 - —. .130 R-i ‘in

I
/“--/–-1-–, ,

—
i

I

Nature of IApproximate ~Coefficient Gonstant
Specific ‘ “:

Number ‘ frictional Hardness
contact normal force {of friction pressure

i force
1 .CroSsedCu-wires 3.2 — I 0.13 4*5* 0.6 3.6
2 Graphite brush- C-u-ring

I 101 93 1 ●3 1*U
3 Bctwcon Cu-plates .2 4.C ,f3 ;;;’
4 Between Cu-plates 2.0

~ =4
.2 5.2 -1*O

5 Ni againstNi in ~ .004 5 I Z20 g*

vacuum —1 I I

Tearing
strength

1’.5
‘*46

3.0
3*O
2~9

*Th~ fact that p is greater than-the origin~ h~f is a consequence of the hardening b? tO the

deformation..
.’”

.. 03-
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