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Abstract: The present paper deals with the calculation of wear for a shaft-sliding bearing
coupling, trying to point out the factors that influence the wear of the coupling.

Keywords: wear, temperature, contact pressure, kinematics coupling

1. INTRODUCTION

As a consequence of the influence of different random factors that operate during the running of a kinematics
coupling (specific pressures, sliding speed, surface micro geometry, temperature, etc.), the wear of the part is
uneven. This wear of the kinematics coupling influences directly the running of the assembly that has it among
his components. The analysis of the potential distribution of the wear on coupling’s contact surfaces and the
pointing out of the factors which determine it constitute the premises for the calculation and the evaluation of the
coupling’s wear.

Wear calculation for kinematics couplings can be dealt with taking into consideration two aspects:

- the calculation according to the pressures on the friction surfaces, where there are compared the values of the
pressures (medium and maximum) that operate on the friction surface and the accepted values given in the
technical documentation;

- the calculation of wear size and the determination of the shape of the worn surface, which allows input
information about the wear of surfaces in each point, the distribution of pressures on the friction surfaces and the
variation of reciprocal position of coupling’s surfaces as a consequence of the wear.

We shall not insist on the first aspect of the calculation, due to the fact that we consider that the second one is of
much more interest.
2. WEAR CALCULATION FOR SHAFT-SLIDING BEARING COUPLING

The wear of the shaft-sliding bearing kinematics coupling (Fig. 1) can be studied under the conditions of dry
friction or limit lubrication.

a. The shaft is not worn out
b. The wear of the shaft is higher than the one of the bearing
c. The wear of the bearing is higher than the one of the shaft
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Fig. 1 Wear of shaft-sliding bearing coupling

Starting from the fully recognized hypothesis that a continuous film of lube oil (in the case of dry friction or
limit lubrication) can not be formed, it is presumed that the wear is of adhesive type and the detachment of a
wear particle is a cumulative phenomena of contact fatigue by means of elastic deformation [1,2], plastic
deformation or elastic-plastic deformation.

We consider the linear, dimensionless intensity as the indicator of the wear process:

- “
where: dUy - linear, elementary wear in a certain point;
dL¢— friction elementary length that “passed” over that point.
As far as these values are concerned, we want to make the following observations:
The elementary friction length is detailed according to the kinematics conditions specific for the coupling:
- for the (shaft) neck
dLg, =2Rda )
- for the bearing backing
L, =27R 3

where o — contact angle between the neck and the backing, which depends on the loading, on the properties of
the materials of the coupling and on the geometry of the elements.
- elementary wear

dU =kpv dt = kpvt da /2 4
From the tribological point of view, the wear intensity depends on the material’s characteristics (elasticity mode

E, breaking tension or flow tension in one cycle), on micro geometry’s characteristics and loading conditions
(contact pressure p, speed, and friction coefficient p) [2]:
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where a, b, k — constant dependant on the characteristics of the micro geometry and on the material. Given these
conditions, the elementary wear shall be:

a b
dU, =k(%) (Ej dL¢ (6)

So

It is well known that in the sliding process, the mechanical work of friction generates a certain amount of heat,
which dissipates into the elements of the coupling. In the process of flux transmission and in the presence of
relative motion, the phenomena take place at the level of real contact area, so that we can talk about an
instantaneous temperature at the level of contact micro-areas (“flash”) and an average temperature of the
nominal surface [3, 4, 5].

Part of this heat flow is distributed into the shaft and the rest into the backing bearing. The evaluation of the heat
partition coefficient in the shaft and backing bearing is based on Jaeger’s hypothesis [3, 5, 7, 8], namely that the
average temperature on the mobile surface (shaft) equals the temperature on the fix surface (bearing). It is also
considered that the dissipation of the heat flow is done according to Peclet’s number (Pe — dimensionless speed),
which depends on the diffusivity of the material (neck), coupling’s geometry and sliding speed. So, we can take
into consideration three heat flow variation ranges, for which Pe<0.1; 0.1<Pe<0.5 and Pe>5.

3. THE INFLUENCE OF THE HEAT FLOW ON THE WEAR INTENSITY
In the specialized literature [4, 5, 6, 7] the melting temperature for the irregularities has the form:
T = 4ouPpPe (7
where:
o — heat partition coefficient
p — molecular friction coefficient

B — dimensional coefficient

For the three variation ranges of the partition coefficient in relation 6, the variation of the pressure on the surface
will be:

CT(+0 /N)  4BPT,

for P,<0,l (®)
4 Pepim )
/29 1/2
T|1+0795 Ay /A / P 4BP,
o= T+0.795002 /21)(@1 /a) " Pe PPeto]  for Py >3 ©)
ABPepy
T 4BP.z,[(1,02 0,02 0,204 P
_ B e'to[(, ag] s 0.5)+ > (OLS OlOl) e] pentru 031<Pe<5 (10)

4BP.uy [(1,0200g;  0,02005) +0,204(cs  agp)Pe ]

where:

oy, os— partition coefficients calculated for Pe=0.1, Pe=5

A1 A, — thermal conductivity for the materials of the coupling
B=1,L

1., — distance of heat diffusion in the coupling
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L — square side equivalent to heat generation and dissipation
7o — shearing stress for absorbed and/or chemisorbed layers of the lube oil on the solid surface

Fig. 2 presents the evolution of pressure for half of the contact surface (2x/2), depending on the dimensionless
speed, and temperature at the contact surface for a coupling having known dimensional characteristics.
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Fig. 2 Pressure evolution for contact surface depending on the dimensionless speed and temperature

The effects of the increase in temperature and deformation on the wear intensity is evaluated by means of a
reduction in hardness and micro hardness and, implicitly, by the appearance of local plastic deformations and, in
this way, an increase in coupling’s elements clearance.

Dispersion of hardness value Law and deformations of the type Lim and Ashby [3, 4, 5, 6, 7, 8] are accepted,
which for the majority of the metals can be written as follows:

H_ | T T 1106

= n
H, 20T, BPe

)

where:

H — modified hardness

H, — hardness for temperature To= 20°C

T, — average temperature at the contact level of irregularities
T; — melting temperature of the material

Fig. 3 presents the hardness evolution with pressure, speed and temperature for the same dimensional
characteristics of the coupling.
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Fig. 3 Hardness evolution with pressure, speed and temperature

Pe3

The variation of the wear intensity for a coupling having known characteristics is presented in Fig. 4.

, 001 |
140 -
. BT =
10 | o N 7
r mt2l01 Pe2 0015 66107
ratlos pet,0015,66.10°) 18 — I 4
L &
L mi2los,pez,0015,710°0 | -
Iull(Dj,Pel,D.DlS,'J’-lDS) e U[ ’ ) 1o’ - 7
X =7
110 .
3
140
_ -8 I
110t T 1 10
110 Pel
el
14070 -
1407 -
g 140" .
Iu13(ﬂ.1,Pe3,U.U]5,6.6-IU ) ~
— 110 -
Iu13[0.5,Pe3,0.015,?-108) 1 ID_N _
Bl -
Bl
110t

Fig. 4 The variation of wear intensity

Fig. 5 presents the evolution of the wear for a shaft-sliding bearing type of coupling, depending on the
pressure, speed and temperature.
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Fig. 5 Wear evolution for shaft (a) and bearing (b)

4. CONCLUSIONS

The paper deals with a more complex calculation of the wear (for a shaft-sliding bearing coupling, considering
the different factors that influence the wear size.

Out of the wear analysis of this type of coupling, one can notice that the size of the wear decreases once the
speed of sliding increases and increases as the functioning temperature increases also, things which are
confirmed also by the specialized literature.
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