Journal of Theoretical
and Applied Mechanics
Sofia 1996, Year XXVI No 4

ON THE WEAR OF A TRIBOSYSTEM

V. DIAMANDIEV

When a body moves on a surface, under pressure, a wear occurs as a consequence
of friction [1]. Here we consider the wear of a round plate given in fig. 1. The plate is
made of a soft material and moves on an ideally hard surface. The plate rotates
around its axis with a constant angular velocity. Clearly the plate is worn out with a

Fig. 1

height w(¢) as a function of the time ¢. The initial thickness of the plate 4, changes
with ¢ as h(f) = hy — w(?). According to the Preston’s low (1), the conformation w(?) is

given by
M w(r, 1) = fm(r)f(r)p(r, (r, 1)t
0

where m(t) is the wear coefficient, fis the friction coefficient, p(r, ) is the normal
pressure and v(r, ¢) is the relative plate velocity. Due to the constant angular velocity
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of the plate one has:
2 v=ro
where o is the angular velocity.
We suppose, that the friction coefficient depends on time according to the
formula (2)

3) f0) = f1-KT(0)]
where f;, k, are constants and T.(?) is the temperature of the surface of the plate
(z=0).

The distribution of the pressure with respect to r is hyperbolic, i. e.

@ p(r, )= E’Q

The above formula (4) corresponds to the case of a concentrated force. We determine
k(?) if in the centre of the plate acts a force P (7). The elementary force AP at the
point (r, ¥) is given by the expression

(5) AP = p(r, t)rdrdd
we substitute (4) into (5) and integrate over the surface of the plate, i. e.
2n
0 0
where a is the radius of the plate. Then (6) implies
P(1)
7 k(t) = —
0 (=22
As a consequence of (7) and (1) we get the formula:
P(¢)
(3 plr.1)= 5-(-
nar

According to (3), (2), (8) and (1) we have:

©) w(r, 1)= %Im(r)[l— kTo() P(t)]de.

We determine the temperature T.(f) at the base of the plane (z=0). The Fourier
equation has the form (9)

o _ o7
(10) TR
where a is a constant coefficient. We assume that the temperature T varies slowly

with time , i. e. %-Jtl ~ 0.Then (10) implies
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or we get

(11) T(z,t)= Ciz + Cy.

We have the following boundary conditions
T(0,1) = Ta(z)
42 T(h,1)=O0.

The latter condition expresses the constancy of the environment temperature. Then
(11) and (12) imply

Tt
(13) C=T{1), G=- :i)'
After a substitution of (13) in (11) we get
(14) T(z,1) = -T'(t)z+]1(t).

According to the Fourier’s law the quantity of heat per unit surface and time is given
by the formula (4)

~ 29T (,_
(15) 0= xaz, (z=0).
Then (14) and (15) give
A
Q="Td1).
16 el

On the other hand, the same quantity Q appears as a result of the action of the
friction forces. The mechanical energy of friction is given by the following expression

2n
; a=far] P, foP(l)
a7 5 0 2nar 2
The quantity Q per unit surface is derived from the expression
(18) Q= %

where I is heat equivalent of the mechanic energy. Then (17) and (18) give:

: IfowP(1)]1- KT (1)]
2na

(19) Q
Comparing (16) and (19) we get
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__ InspP(t) 1.
B0= s ThofookP() ~ &y

Formula (20) gives the surface temperature of the plate. After a substitution of (20)
in (9) we have

(20)

_ L m()P(akr
@1 wlt) = fioh £ 2mal + T fywk P(2)

Consider the special case
(22) m(t) = my=const, P(t)=Pye ™, k>0.
According to (22) we get from (21)
mol 2na + Ihy fywkF,
t)= 1
23) W) Thdey  2mah + Thy Syl Py exp(~K7)

The time of the full wear of the plate is determined by (23), when w(t,)=h, i. e. we
have

hy = mgh In 2nak + Iy fook By
Ikkihy — mah + Thyoky fo By exp(—ks)
The equation (24) implies

[24]

exp[— ~m~l)(2nah + Ihy fywkgBy) — 2mak

We consider the following numerical example using the following data:

I= 10-4/4.27kgrLim, fo=01,A= 1.08.104_051;17_’%, ky = 5cm, a = Scm,

2
©=100sec™!, 8 =500kgr, & =2.10"grad}, my=0.190", = 0.01sec™.
1 (I ker

Using (25) we get:
t.=51sec.

We see that the full wear of the plate takes a small interval of time, since the
force P and the angular velocity are large.
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