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In this paper the transition from mild wear to severe wear of lubricated, concentrated contacts is dealt
with. It is suggested that this transition is thermally induced. The transition from a mild wear to severe
adhesive wear occurs when more then 10% of the surface transcends a predefined, critical temperature.
A method for determining this critical temperature is presented. Using a BIM based numerical model
including the local implementation of Archard’s wear law, for the contact pressure and temperature the
transition diagram for a model system is calculated and validated by experiments. The transition pre-
dicted by numerical calculations is in very good agreement with the experimental determined transition.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The last decade an increasing demand for smaller machines/
components transmitting the same power or more is seen; hence
the nominal contact pressures increase. Due to these increasing
contact pressures components are operating in the boundary lubri-
cation regime rather than in the full film or mixed lubrication
regime. As a result the load is carried by the asperities rather
than by the lubricant leaving the adsorbed/reacted boundary lay-
ers as the final protection against wear. To be able to design such
a component in the most efficient way it is preferred to have
beforehand knowledge at which nominal load and velocity the
transition from mild wear to adhesive wear will take place. In
the late 1980s and early 1990s the International Research Group
on Wear of Engineering Materials did a lot of research on this
topic, developing “IRG (OECD)” transition diagram [1], three dif-
ferent regions are distinguished as shown in Fig. 1. These regions
are distinguished on the bases of the recorded friction-time sig-
nals.

Regions I/II indicate the save region at which mild wear will
occur. Regions III* and III indicate a region where temporary and
respectively permanent severe wear will be present. In this study
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only the transition from region I/II to III* and I/II to III (thick line
in Fig. 1) will be studied, since it is assumed that after passing this
transition enhanced wear will occur and the component has failed.
Usually the transition diagram for a certain oil/system is based
on experiments and lacks a predictive model or gives a relatively
simple empirical relation [2-8]. However, it gives a good overview
of the parameters influencing the transition to severe adhesive
wear, the transition from mild to severe wear shifts to higher
values for the load when for instance the viscosity is increased
or the sample roughness is decreased. In this paper an attempt is
made to predict the transition based on the postulate first made by
Blok [9] and later on adapted by Lee and co-workers to include the
presumed effect pressure has on the critical temperature [10,11].
Blok originally stated in the late 1930s that the transition from mild
to adhesive wear is a thermal phenomenon. Using this assumption
the transition diagram is given a more predictive nature. The
postulate states that if the contact temperature is higher than the
critical temperature of the protective boundary layer, the layer
will fail and the system will undergo severe adhesive wear. Blok
did not succeed in defining a uniform critical temperature for a
defined system. This is probably due to the lack of good thermal
models at the time able to deal with contact temperatures in a
sufficient degree of detail. van Drogen [12] did succeed in defining
a critical temperature for the transition from mild to severe wear
using a thermal model taking into account the micro-geometry.
However, as discussed in that work the influence of wear is not to
be neglected, and was taken into account by adapting the macro-
scopic geometry by increasing the radius of the bodies in contact. In
the current paper the Archard wear law is embedded in the contact
model using the local pressure profile as an input. The modeling
can be separated in three different parts: (1) contact model, (2)
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Nomenclature

Roman symbols

G specific heat [J/kg°C]

D, Dj; displacement influence coefficient/tensor [m/Pa]
E elastic modulus [Pa]

Fn, Fin, Famesn  Normal force total, incremental, local [N]

8ij gap [m]

hij, h(x, y) separation/separation tensor/height loss [m]

Lyiscer» I collection of grid points (all grid points/points in
contact)

k specific wear rate [mm?3/Nm]|

K thermal conductivity [W/M°C]

L length [m]

N¢ number of elements in contact

p(x,y), p;j pressure field/tensor [Pa]

Ra average roughness value ((1/N)> > h;; — hl.;)

T distribution in multidimensional space [m?/Pa]

S sliding distance [m]

tij search direction [m]

t time [s]

T(x,y), Ty thermal influence coefficient/tensor [®/Wm?]

u surface displacement in normal direction [m]

Vv [m/s]

w wear volume [m3]

X,y location of interest [m]

X', x",y" location of excitation [m]
Ax, Ay element size [m]

Xjj average value of tensor
Greek symbols
&, Eset relative error, preset relative error

temperature rise [°C]

thermal diffusivity [K/oCp]
coefficient of friction [—]
Poisson ratio [—]

specific density [kg/m3]

size of the iteration step [Pa/m]
partition factor [—]
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thermal model and (3) transition criterion. The different parts will
be addressed in this order, starting with the contact model.

2. Contact model

The systems of interest in this study are boundary lubricated
thus it is assumed that the contact load is carried by the asperi-
ties in contact rather than the lubricant as is assumed in [13]. This
assumption makes it feasible to model the contact as a “dry” con-
tact. The effect of the lubricant is only taken into account through
a reduction in the coefficient of friction, e.g. the presence of the
rather thin protective boundary layers. For dry contact the model
used in this study is based on the single loop CGM fist discussed by
Polonsky and Keer [14]. In their study a novel method is discussed
capable of calculating the elastic contact of large meshes using the
B(oundary) I(ntegral) M(ethod) in combination with a multi-level
summation method. The efficiency of the model greatly depends
on the reduction of iterative loops from two to one, namely only
the approach (or rigid body motion) of the bodies relative to each
other. Later this method is refined by Liu and Wang by replacing the
multi-level summation method by a DC-FFT method, as discussed
in [15], increasing the accuracy and calculation speed. This method
is based on the basic assumptions that both bodies can be modeled
as semi-infinite elastic half-spaces with homogenous properties

throughout the bulk. The elastic displacement of the surface due
to a pressure field (p(x, ¥)) can now be written as the convolution
integral:

ux,y)=— / / Dx—x',y -y )px',y")dx'dy’ (1)

The influence coefficient (D(x — x’, ¥ — y’)) is given by the Boussi-
nesq formula [16]:

17!)12 17\)22 1
Di = 2
(x.) ( w ) ey @)

Diskretizising Eq. (1) gives at all points of interest (I ):

uj = ZDi—k,j—lpklz (i,J) € lgiser (3)

Eq. (3) can be solved using the DC-FFT algorithm if the formula for
the influence matrix is known, where

1ax play .
Dy =/ / D(x; — X', y; —y)dx'dy’, (i, ]) € lgiscr (4)
-1axJ-1ay

The elastic contact problem can now be described by the follow-
ing equations and inequalities (as discussed in [14]):

Z Di_kjipu =hj+a, (i,j)el (5)
(k,1) € lgiscr
pij >0, (i,j)el (6)
Z Di_gjipu = hj+a, (i,j) ¢lc (7)
(k1) € Igiscr

with hj; is the original surface separation, « is the rigid body motion
and I is all grid points in contact.

AxAy > pij=Fa (8)
(ij)ele

where Ax and Ay are the grid spacing and F, is the total normal
force carried by the contact.

Using a CG based iteration method discussed next, the problem
described is solved (for details the reader is referred to [14]). First
the displacement of the current pressure guess is computed and
from this the current gap:

(i,j)el 9
The average gap is obtained by:
1
=N Z 8kl
kel (10)

8ij < 8ij— &

gjj = —uj — hy,

[0)e]]

Here N is the current number of elements in contact and I, are all
grid points in the diskretized region where p;; > 0. For the new gap
the sum is calculated:

- >4 =
(ij)ele

This value is then used to compute the new conjugate direction

tij:
b= g5+ 8-ty (ij)el (12)
T TG T



Download English Version:

https://daneshyari.com/en/article/618648

Download Persian Version:

https://daneshyari.com/article/618648

Daneshyari.com


https://daneshyari.com/en/article/618648
https://daneshyari.com/article/618648
https://daneshyari.com

