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ABSTRACT

Wet clutches operating under low velocity and high load
are studied with the aim of obtaining reliable models for the
torque transfer during boundary lubrication conditions.

INTRODUCTION

Disk-type wet clutches are exceedingly important for
controlling torque transfer in modern drive trains for both two-
and four-wheel drive passenger cars. Modern drive trains are
generally equipped with on-board computers that make it
possible to predict the vehicle dynamic in real time and enable
quickly response to changes in the differential settings.
Implementation of this system requires good theoretical or semi
empirical models that are capable of accurately predicting
torque transfer as a function of the actuator signal at any given
operating condition.

The common simulation approach is to study an
engagement from a high velocity to a state of lock-up.
Typically the Reynolds equation is used to predict the torque
and film thickness at the beginning of the engagement and then
a measured friction characteristic is applied to the boundary
friction at the later part of the engagement. In order to obtain
good agreement with experimental data, it is necessary to
include an appropriate thermal model to compensate the change
of fluid viscosity during the engagement. The boundary
friction, however, is generally not compensated for temperature
[Berger, Jang].

Traditional engagement models are generally not suitable
for application to limited slip differential (LSD) applications.

Richard Olsson
Haldex Traction
Box 501, S-261 24 Landskrona, Sweden

An LSD-clutch is generally engaged from a rather low velocity,
making the contribution of the full-film Reynolds equation less
important. The common approach of using flow factors in the
model can not be applied since the oil film thickness is so small
that the flow factors are not valid [Patir & Cheng]. In addition,
it is not always desired to reach a state of lock-up, but rather to
allow a controlled limited slip, hence transferring only a certain
given torque. Since this period of limited slip can be long, a
significant amount of heat might be generated, making it
important to use a temperature dependant model for the
boundary, or asperity, friction.

The aim of this work is to develop a technique suitable for
modeling thermal behavior and torque transfer for wet clutches
in LSD-applications.

APPROACH AND NOMENCLATURE

The wet clutch model of Jang and Khonsari [Jang], with a
somewhat modified boundary friction model, was applied to
investigate an LSD clutch (velocity < 0.5m/s, pressure >
5MPa). It was found that the contribution from the Reynolds
equation to the transmitted torque is negligibly small, since the
system primarily operates in boundary lubrication regime.
Thus, the Patir and Cheng flow factors are not applicable. For
the working conditions in an LSD application, a boundary
friction model only depending on velocity is not sufficient
because friction is influenced by the heat generated.

Based on these findings a new approach was adopted. This
model is valid at low velocities. For applications where the
velocity can be expected to be in excess of somewhere around

1 Copyright © 2005 by ASME



1m/s, it should be combined with a model including
hydrodynamic effects by using Reynolds equation where inertia
forces on the fluid are taken into account.. The suggested model
features a semi-empirical boundary friction model that
calculates the friction as a function of sliding velocity,
temperature, and applied pressure. This friction model is
connected to a thermal model that predicts the temperature in
an LSD clutch based on current operating conditions and the
temperature history of the clutch.

Thermal Model

The thermal model considers heat dissipation in the fluid
as well as heat transfer into the separator, friction material, and
core disc. The calculation domain is one half of the thickness of
the separator disc and friction disc, respectively. Since the
simulated friction discs are considered to be located in a clutch
consisting of several similar discs, the heat conduction over the
edges in axial direction is neglected due to symmetry
[Zagrodzki, Yang]. Temperature in the domain is solved with a
finite difference method for a frictional heat source with
friction coefficient calculated according to the boundary
friction model. The cooling oil flow is approximated by a
simple energy dissipation depending on clutch velocity and
temperature.

Boundary Friction Model

The boundary friction is modeled as a function of load,
velocity and temperature based on an extensive amount of
experimental data. The data is analyzed according to the
method described in an earlier publication [Maki], generating
friction-velocity profiles for different loads (10 — 25kN) and
temperatures (-40 - +200°C). Each profile is fitted by the
following equation, where W is friction and v is sliding velocity.

u=C, tanh(C, -v)+C,v"" +C,
The fitting parameters are stored for different loads and
temperatures are stored in a matrix, and the friction is

calculated using a linear interpolation between the closest two
values.

Solution Technigue

Engagement force, sliding velocity, and initial temperature
are assumed to be known parameters and are given as input to
the model. These parameters can be easily measured on-board
the vehicle. The clutch is represented by an axisymmetric grid.

The friction in each sliding grid point is given by the
boundary friction model at each time step based on velocity,
pressure, and temperature. The generated heat is calculated
based on the friction and velocity and is used in the thermal
model to predict the temperature in the next time step. Based on
this temperature, a new friction value is calculated. Finally, the
transmitted torque is calculated by integration of the friction
force over the clutch area.

RESULTS

Results from the simulation and measured data are
presented in Figure 1, based on a test cycle in which the
rotational speed increases linearly with time for ten seconds.
The new model is able to give good predictions of temperature
and transmitted torque. This temperature and velocity-
dependent friction coefficient in combination with the

temperature model of the friction discs enables one to perform
simulations of longer clutch engagements. This makes the
model useful for simulating real working conditions of the
clutch, when located in an LSD mounted in a vehicle drive
train.

Figure 1: Comparison between measurements and
simulation of test cycle.

CONCLUSIONS

Thermal effects have a significant influence on the torque
transferred by the differential under limited slip conditions. It is
possible to accurately determine the transferred torque knowing
the current operating conditions and the thermal history of the
clutch, given that the boundary friction model is taking clutch
temperature into account.
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