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Abstract: We come answer to the main question : how are the elastic contact stress and deformation between curved surface in contact ,
inflence by surface roughness ?

Many processes involve the passage of a strip or sheet of material through the nip between rollers. In this paper we consider the strip to
be perfectly elastic and investigate the stress in the strip, the length of the arc of contact with the roller, the maximum indentation of the
strip and the precise speed at which it feeds through the nip in relation to the surface speed of the rollers. If the strip is wide and the
rollers are long in the axial direction it is reasonable to assume plane deformation
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1. ELASTIC CONTACT OF ROUGH CURVED SURFACE

The qualitative behaviour is clear frédom what has been said alrealy. There are two scales of size in the problem: (1) the bulk
(nominal) contact dimensions and elastic compresion which would be calculated by the Hertz theory for the ,,smoth” mean
profiles of the two surface and (2) the height ands spatial distribution of the asperities.For the situation to be anable to
quantitative analisys these two0 scales of size should be very different . In other words, there should be very different. At
any point in the nominal contact area the nominal pressure increases with overall load and the real contact area incrases in
proposition, the average real contact remain constant.

The asperities act like a compliant layer on the surface of the body, so that contact is extended over a larger over a larger
area than it would be if the surface were smooth , and in consequence , the contact pressure for a given load will be reduced.
We shall consider the axi-symmetric case which can be simplified to the contact of the smooth sphere of radius R with a

nominally flat rough surface having a standard distribution a summit heights o, where R and o

1 |
are related to the radii and roughness of the two surfaces : — = —+— and 0'52
R, R,
In figure 1 a datum is taken at the mean leved of the rough surface . The profile of the undeformed sfere relative to the
datum is given by
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At any radius the combined normal displacement of both surfaces is made up of a bulk displacement W, and an asperity

displacement w_ . The ,separation” d beween the two surface contains only the bulk deformation :
2

d(r) = w,(r) = y(r) =¥, +(;"—R)+w,, (r) @)

The asperity displacement W, =z, — d , where z is the height of the asperity summit above the datum .
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Figure 1

2. AN ELASTIC STRIP BETWEEN ROLLERS

The stresses in an elastic strip due to symmetrical bands of pressure acting on opposite faces have been expressed by
Sneddon (1951) in terms of Fourier integral transforms. The form of these integrals is particularly awkward and most
problems require elaborate numerical computations for their solution. However, when the thickness of the strip 2b is much
less than the

Arc of contact 2a an elementary treatment is sometimes possible. The situation is complicated further by friction between
the strip and the rollers. We can analyse the problem assuming (a) no friction (4 =0) and (b) complete adhesion
(4 — 00), but our experience of rolling contact conditions leads us to expect that the arc of contact will, in fact, comprise

zones of both “stick” and “slip”.
We will look first at a strip whose elastic modulus is of similar magnitude to that of rollers, and write

C- (1-v))/E, +a

= = 3)
(1-v))/E, l-a
where o is defined by the equation (2), and 1,2 refers to the strip and the rollers respectively.
[1-v))/G]-[1-v,)/G,] @

o=y +a=-v)i6,]
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If the strip is thick ( (b > a) it will deformi like an elastic half-space.

At the other extreme, when b < @, the deformation is shown in fig.1
The compression of the roller is now much greater than that of the strip so that the pressure distribution again approximates
to the Hertz

p) =L 1-x21a¥) )
a

The strip is assumed to deforms with plane sections remaining plane so that the compression at the centre of the strip is
given by
J b(1-v])p(0) _2b -v))P ©
E, mk,
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Figure 2

If the deformed surfaces of the strip are more approximated by circular of radius R’ then

1 2d 4b(1-v])P

R @ wE g
The rollers are flattered from a radius R to R’ so that
2
a* =%‘2V2)/(R R') ®)
Eliminating R’ from (4) and (5) gives
4y =14 c% ©)

o
1

where a, = (4PR(1-Vv3)/ E, )5 is the semi-contact width for vanishingly thin slip.

With frictionleas rollers the longitudinal stress in the strip o is either zero or equal to any external tension in the strip.

Doe to the reduction in thickness, the strip extends longitudinally, whilst the roller surface compresses to the Hertz theory,
so that in fact frictional tractions q(x) arise (acting inwards on the strip) whether or not materials of the strip and rollers are
the same. For equilibrium of an element of the strip.
do, 1
= =—q(x) (10)
dx b

Slip between the rollers and the strip is governed by the equation (9)
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where ng =(oV,—-0V,)/V and géE OV, =0V ,,)/V are the creep rations y is the non-dimensional spin
1
parameter (@ , —® ,)cV and ¢ = (ab)?.

In a stick region
x =x,=0 (12)

In additional, the resultant tangential traction must not exceed its limiting value:

lg(x, ) up(x, y) (13)

and the direction of q must oppose the velocity :

q(x,y) _ s(x,p)

laGoy)] .
X, :
PHI s (r )
If there is no slip equation (9) reduces to :
Ou, Ou,
xl X2 _ 15
ox ox > 1

where & is the creep ratio (V; —V,)/V, of the strip relative to the periphery of the rollers. The longitudinal strain in a
roller within the contact arc is given by equation.

[ax 1 h p(x)j (16)

ou, 1-v}
Ox E,

Vi

The integral equation (8) is satisfied by the traction :

4 b X
q(x) = (l—ﬁ D a7
(a® —x*)?
where B is defined by the equation:
5 1[1=2v)/G ~(1-20,)/G, s
2| (1-v)/G,+(1-v,)/G,

The result of a complete numerical analysis of this problems for a range b/a is show in fig.2. The contact pressure is close to
a Hertzian distribution for all values of b/a. The frictional traction is zero at the extremes of both thick and thin slips, it
reaches a maximum when b/a=0.25.

Althrough q(x) falls to zero at x== a in the absence of slip the ratio q(x)/p(x) reaches high value. This implies some micro-
slip is likely at the edges of the contact.
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An clastic strip between elastic rollers: semi-contacb-wikihce,
penclinlion o ad creep rtio £, (0 =1, =0, 1y =r; = 0.3).

—t = = i I = R L
L] LI 1 .18 IS 2.0

Strip thick pessfeontsct width by

Figure 3
When the strip is more than the rollers (f>0) the friction traction acts outwards on thick strips and inwards on thin ones, so
that the patterns of slip depends upon the strip thickness, but is similar to that shown in fig.3 if the strip is thin.
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