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Abstract – A finite element technique has been used to study the effect of radial and /or circumferential grooves 
(classic models) on the temperature distribution for dry friction clutch during a single engagement. Three-dimensional 
transient simulations are conducted to study the thermoplastic coupling of the problem. The friction clutch has been 
discretized using 20-noded brick elements. The effect of the groove area ratio (G.R=groove area /total contact area), 
number of grooves and their location are investigated. Furthermore, new groove shapes have been suggested, e.g., 
curved groove. The response of the new suggested groove has been compared to the already existing shapes. The 
numerical results show that the average temperature of friction material can be controlled by the groove area ratio and 
shape of the groove. They show as well that the suggested groove is improves the response of the friction clutch 
considerably. 
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1. Introduction  
 

Automobile friction clutch is an essential component  
 

     That most failures and damages in the friction clutch 
occur due to excessive frictional heat and heat 
fluctuations. These situations lead to generate high 
thermal stresses, which causes cracks and deformation for 
the friction material of clutch. Finally, these 
disadvantages lead to reduce the lifecycle of the friction 
material. To prevent the clutch failure before expected 
lifecycle, it is necessary to know the values of maximum 
temperature and average temperature and how these 
depend on known loading condition, physical properties, 
dimensions of the clutch plates and the degree of air 
cooling.   
      Newcomb [1] derived equations of motion during the 
slipping period, the energy dissipated and the temperature 
reached at any instant during a single engagement for the 
clutch when the torque capacity is a function of time. 
Two typical torque-time variations were discussed and a 
comparison was made with the case when the torque is 
assumed to be constant.      
     The finite difference method used to setting up 
equations to express the heat balance at every region in 
the clutch. He determines the temperatures at various 
elements when band contact occurs between the rubbing 
surfaces during the operation of an automotive clutch. 
Temperatures distributions are determined for contact 
area of different band width on the two clutch facing. 
Both single and repeated engagements made at regular 
interval are considered [2]. 

      Newcomb [3] presented expressions to determine the 
torque capacity of a clutch and the rate of heat dissipated 
by dry friction during a single clutch engagement, 
together with equations to enable calculation of the 
rubbing-path temperatures as well as temperatures at 
various depths inside the contacting bodies during the 
slipping period. It was shown how the maximum friction 
surface temperature various with the thickness of pressure 
plate and for design purpose a rapid method of 
calculating temperatures is given when the slipping time 
is known. 
      Yong [4] developed a three-dimension finite volume 
method to predict the transient thermal response of wet 
clutch discs during engagement. Unstructured brick or 
wedge elements were used to represent the geometry so 
that complex groove patterns could be modelled in a 
relatively simple manner. The sliding between discs was 
incorporated through a source / sink term derived from a 
Lagrangian approach. Furthermore, the heat transfer 
across different materials was solved together in an 
implicit manner through the use of a conjugate heat-
transfer algorithm. Finally, the method was applied to 
evaluate the thermal effectiveness of double-parallel and 
radial groove designs for the same clutch and under the 
same operating conditions. It was found that the doable-
parallel groove design was superior to the radial groove 
design as far as thermal performance is concerned. 
Kennedy and Traiviratana [5] used finite element method 
to study transient heat conduction in two bodies sliding 
over each another with frictional heat generated at the 
contact interface. Temperature profiles and heat partition 
distributions are determined for three cases: two-
dimensional conduction between two semi-infinite 
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sliding bodies in contact over an infinite strip, three-
dimensional conduction between two semi-infinite 
sliding bodies in contact over a square area, and two-
dimensional conduction between a sliding railcar wheel 
and the rail. 
      [6] developed a two-dimensional finite element model 
to determine the non-linear steady-state configuration of a 
two-dimensional thermoelastic system involving sliding 
in the plane with frictional heat generation. Above a 
certain critical speed, this causes the uniform pressure 
solution to be unstable and the final steady-state 
configuration involves regions of separation at the 
interface and associated temperature and displacement 
fields that migrate over the contacting bodies in the 
direction of sliding. Also, they presented new algorithm 
to determine this migration speed by iteration to be able 
to use a reference frame in which the fields are stationary. 
      [7] simulated the engagement of wet clutches using 
Berger's model and torque equations. They studied a 
surface roughness, fluid viscosity, friction characteristics, 
material permeability, moment of inertia, groove area 
ratio and Young's modulus. One big concern for the wet 
clutch engagement is engagement time which affects the 
friction generated heat and thus the temperature. Another 
major concern is the torque response that is of importance 
to study clutch shudder. Surface roughness, viscosity and 
friction curves affect the engagement time and torque 
response. The moment of inertia has a big influence on 
the engagement time rather than the torque. Permeability, 
groove area and Young's modulus have less effect on the 
torque than the other parameters. 
      [8] carried out a numerical simulation to examine the 
effect of radial and circumferential grooves on the 
frictional surface temperature and torque response in a 
multidisc wet clutch. The modified Reynolds equation for 
hydrodynamic lubrication and heat conduction equation 
for heat transfer were solved by SOR and ADI methods, 
respectively. The contact pressure was assumed 
proportional to the real contact area. The simulation 
results show that grooving enhances the torque response 
and the temperature at the surface material can be better 
controlled by the simultaneous use of radial and 
circumferential grooving. 
       [9] used finite element method finite element for dry 
ceramic clutch disk to find the thermal behavior and 
comparison with experimental measurement results. In 
this study the heat partition factor and heat convection 
coefficient changing in time and space. A distributed heat 
source was applied for modeling heat generation. The 
thermal results are in good agreement with the measured 
temperature. 
      [10] investigated the effect of radial grooves and 
waffle-shape grooves on the performance of a wet 
clutch. Three-dimensional formulation of the governing 
equations, boundary conditions, and numerical solution 
scheme are presented for modeling the thermal aspects 
of the engagement process in a wet clutch. The thermal 
model includes full consideration of the viscous heat 
dissipation in the fluid as well as heat transfer into the 
separator, the friction material, and the core disk. The 
convective terms in the energy equations for the oil as 
well as the heat conduction equations in the bounding 

solids are properly formulated to determine the 
temperature fields corresponding to the domains between 
grooves. Roughness, centrifugal force, deformability, and 
permeability of the friction material with grooves are 
taken into account. The effects of groove geometry such 
as groove depth, grooved area, and number of grooves on 
the engagement characteristic of a wet clutch are 
investigated. It is also shown that the thermal effects in a 
wet clutch influence the engagement time and the torque 
response. 

The aim of this research is to shed light on the 
importance of grooves in friction clutch, and the effect of 
these grooves on temperature field for friction material of 
clutch. Two kinds of grooves models presented in this 
paper, classic groove models (radial, circumferential and 
radial with circumferential together) and proposed groove 
models (curved grooves). 

  
2. Statement of the Problem 
 
      The large amount of the kinetic energy is transferred 
into thermal energy during slipping period (ts). In this 
work, it will be assume that all the friction energy 
consumption due to slipping is transformed into heat 
energy, which is distributed in the friction interface. 
Then, the total heat generated during the slipping is given 
as follows [11], 

 

sst ttVptrQ ≤≤= 0;),( µ                  (1)   
 

Where, Vs=ωs r  
And, Vs is the sliding velocity and ωs is the sliding 
angular velocity (rad/sec). Assume the sliding angular 
velocity decreases linearly with time as, 
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Where ωo is the initial sliding angular velocity when the 
clutch starts to slip (t=0). 
The heat flux on the clutch surfaces at any time of 
slipping is, 
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Where fc is the heat partition ratio witch imposes division 
of heat entering the clutch, pressure plate and flywheel 
(assume the same material properties for the flywheel and 
pressure plate), and is given as follows [12]. 
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Where k is the thermal conductivity, ρ is the density and 
c is the specific heat. All values and parameters, which 
refer to the axial cushion, friction material, flywheel and 
pressure plate in the following considerations, will have 
bottom indexes cu, c, f and p respectively. 

When the engagement process starts for clutch, the 
heat will generated between the surfaces due to the 
slipping (result of the difference in velocities between the 
driving shaft and driven shaft). The heat generated will 
dissipate by the conduction between friction clutch 
components and by convection to environment. Due to 
short time for slipping process the radiation is neglected. 
It can be obtained, that the temperature distribution by 
building three-dimensional models to present the 
frictional heating process for friction clutch.  

The starting point for the analysis of the temperature 
field in the friction clutch is the parabolic heat conduction 
equation in the cylindrical coordinate system {r-radial 
coordinate (m), θ-circumferential coordinate (rad), z-axial 
coordinate (m)}, which is centered in the axis of the disc 
and z points to it’s thickness (Fig. 1-a). 
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Where α is the thermal diffusivity, α=k/ρ c  

Taking the symmetry of a problem into account, the 
first step takes symmetry in the circumference direction, 
this symmetry depends on the configuration of groove in 
clutch (takes quarter from whole model for all cases). 
And the second symmetry of a problem is depend on the 
applied load and boundary conditions (In this work the 
same value of applied load and same heat transfer 
coefficient on friction clutch surfaces), this means that the 
temperature of the solid is symmetric about axial plane in 
z-axis, that bisects the total thickness of the clutch 
(thickness of friction material both sides and thickness of 
axial cushion). On the exposed surfaces of the friction 
clutch models, the convection takes place with the heat 
transfer coefficient independent of the temperature. It is 
also assumed that the material properties of the friction 
material, flywheel, pressure plate and axial cushion are 
isotropic and independent of the temperature. 
Considering the assumptions mentioned above, it’s shall 
find the temperature fields in the clutch from the solution 
of the following three-dimensional boundary-value 
problems. The boundary conditions and initial conditions 
for friction clutch without grooves (Fig. 1-a), 
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Where Ta is the ambient temperature and h is the 
convection heat transfer coefficient.  
 

0,)2/()2(,20

];),,([
0

≥+≤≤≤≤

−=
∂
∂

=

tttzt

TtzrTh
r
TK

ccucu

aorrc

πθ
 (7) 

 
 

soi

cttzc

ttrrr

trQ
z
TK

ccu

≤≤≤≤≤≤

=
∂
∂

+=

0,20,

);,()2/(

πθ
            (8) 

 

0,)2(,)2(,20

];),,([

≥+≤≤≤≤

−=
∂
∂

=

tttzt

TtzrTh
r
TK

ccucu

airrc i

πθ
 (9) 

 
The initial temperature is,   
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New condition is added when there is a groove in the 
surface area of the friction clutch disc (Fig. 1-b), 
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Where Qconv. is the rate of convection heat transfer for 
grooves areas. 
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Fig. 1.a The boundary conditions of the friction clutch disc  
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3. Finite Element Formulation 
 

Transient condition involved time dependent function 
of the heat transfer analysis. Cook [13] stated that in 
transient condition, temperature change in a unit volume 
of material is resisted by thermal mass that depends on 
the mass density ρ of the material and its specific heat c. 
He stated that for transient condition, the finite element 
formulation can be expressed as, 
 

}{}{][}{][ FTKTC =+
•

                           (14) 
 
Where, [C] is the specific heat matrix, [K] the 
conductivity matrix, {T} the vector of nodal 
temperatures, {Ṫ} is the derivative of temperature with 

time )/( tTT ∂∂=∂
•

, and {F} the applied heat flows. In 
order to determine temperature distribution of this 
transient heat conduction problem, the fine mesh element 
was essential. Moreover, when the iterative method of the 
given problem is employed, then a relatively short time is 
needed for the calculations. In the next step of the study, 
the Crank-Nicolson method was selected as an 
unconditionally stable scheme. In this paper ANSYS 
software was used to investigate transient thermoelastic 
analysis behavior of dry friction clutch. Two types of 
loads are applied in this paper (Fig. 2); the first load type 
is the uniform pressure (load type A) and the second load 
type is the uniform wear (load type B). In all 
computations for the friction clutch model, it has been 
assumed a homogeneous and isotropic material and all 
parameters and materials properties are listed in Table I. 

The heat transfer coefficient has been taken as 40.89 
W/m2 K [2] and is assumed to be constant over all 
exposed surfaces, and the slipping time is 0.4 s. Fig. 3 
shows the three dimensional models of friction clutches 
for the classic groove models (radial, circumferential and, 
radial and circumferential) and proposed groove model 
(curved) . The twenty-noded thermal element (SOLID90) 
was used in this analysis; the element has one 

temperature degree of freedom at each node as the 
temperature is scalar. Also these elements have 
compatible temperature shapes and are well suited to 
model curved boundaries. A mesh sensitivity study was 
done to choose the optimum mesh from computational 
accuracy point of view. 
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Fig. 1.b The boundary conditions of the friction clutch disc  
(With groove) 
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Fig. 2 Thermal load (during the slipping) on the friction material 
surfaces of the clutch (a) Type A. (b) Type B. 
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d. Curved groove 

Fig. 3 the grooves models for friction clutches 
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THERMOPHYSICAL PROPERTIES OF MATERIALS AND OPERATIONS 

CONDITIONS FOR THE THERMAL ANALYSIS 
 

Table. 1 Thermomechanical properties of materials and 
operators conditions for the thermal analysis 

  
Inner radius, ri  [m] 0.093 
Outer radius, ro [m] 0.155 
Thickness of friction material, tc [m] 0.0028 
Thickness of the axial cushion, tcu [m] 0.0012 
Depth of the grooves, [m] 0.0005 
Maximum pressure for Type A, pmax [MPa] 0.73 
Maximum pressure for Type B, pmax [MPa] 1 
Coefficient of friction, μ 0.3 
Number of friction surfaces, n 2 
Maximum angular slipping speed, ωo (rad/sec) 194 
Conductivity for friction material, Kc (W/mK) 0.75 
Conductivity for pressure plate & flywheel, Kp & Kf 
(W/mK) 56 

Density for friction material, ρc (kg/m3) 1000 
Density for pressure plate & flywheel, ρp &ρf (kg/m3) 7200 
Specific heat for friction material, cc (J/kgK) 1400 
Specific heat for pressure plate & flywheel,  
cp & cf (J/kgK) 450 

Time step,  Δt (s)  0.0005 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Results and Discussions 
 

Series of computations have been carried out using 
ANSYS software to study the effect of grooves (classic 
and proposed models) on the temperature distribution for 
dry friction clutch during a single engagement.   

Fig. 4 and 5 show the contour of temperature 
distribution for friction material surface for all models of 
grooves (radial, circumferential, radial & circumferential 
and curved) at time 0.2 s for type A and type B 
respectively. It can be seen, for the load type A the 
temperature grows from minimum value at the inner 
radius to maximum value at the outer radius, and for the 
load type B is approximately uniform temperature on the 
surfaces. The values of the maximum temperature for 
load type A (uniform pressure) are greater than load type 
B (uniform wear), these result because of the thermal 
load function for type A grows as a function of radius 
(start from minimum value of load at inner radius to 
maximum load value at the outer radius, and the 
maximum load for load type A is greater than the load in 
type B), and for load type B the thermal load is constant 
with radius. Also, it is seen that the difference in the 
values of maximum temperatures between all models 
under the same conditions is neglected. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  4 The temperature distribution [k] at t=0.2 S (Type A, G.R=0.12) 

c. radial & circumferential grooves model. 

d. curved groove model. 

a. circumferential groove model  

b. radial groove model 
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Figs. 6 & 7 present the variation of temperature 

distribution with friction material thickness (z) for 
different time step (load type A). It can be seen from 
these figures, that the maximum effect of temperature 
occur at outer radius and at the contact surface (z=3.4 
mm), and then the effect of load decreases with thickness 
to zero approximately at mid point of thickness of the 
friction material (z=2 mm) for inner and outer radius. The 
maximum difference in the temperature between the inner 
and outer radius occurs at (z =3.4 mm) and 0.2 s is 60.29 
K. 

Figs. 8 & 9 show the variation of temperature with (z) 
for different time step (load type B). It can be seen from 
these figures that the small difference in temperatures 
between inner and outer radius and the same behavior of 
Figs. 5 & 6 for temperature with (z), the maximum effect 
of thermal load occur at the surface and then decreases to 
zero at the mid point of friction material thickness.  The 
maximum difference in the temperature between the inner 
and outer radius occurs at (z=2.84 mm) and 0.2 s is 6.1 K. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figs. 10 & 11 show the variation of temperature with 

time for different locations at the surface for type A and 
type B respectively. It can be noted, that the values of 
temperature for load A start from minimum values of 
temperature at inner radius to maximum values of 
temperatures at outer radius, and for type B the different 
behavior, the minimum values of temperature occur at 
inner radius and then the temperature increases to 
maximum  near the middle point between the inner and 
outer radius (r=0.124m) and finally the temperature 
decreases at outer radius, but also here the values of 
temperatures  at outer radius are greater than the 
temperature values at inner radius. The maximum 
difference in the temperature between the inner and outer 
radius are 63.424K at 0.18s for load type A and 14.326 K 
at 0.0575 s for load B. 
 
 
 
 
 
 
 
 

b. radial groove model 

d. curved groove model. c. radial & circumferential grooves model. 

a. circumferential groove model  

Fig.  5 The temperature distribution [k] at t=0.2 S (Type B, G.R=0.12) 
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thickness (G.R=0, Type B) 
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Fig. 6 Variation of temperature at inner radius with thickness 
(G.R=0, Type A) 
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Fig. 8 Variation of temperature at inner radius with thickness 
(G.R=0, Type B) 
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(G.R=0, Type A) 
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      For the load type A, Figs. 12, 13 & 14 demonstrate 
the variations of maximum temperature for different 
groove area ratio with time for the classic grooves models 
(circumferential, radial, radial & circumferential 
grooves), and for type B Figs. 15, 16 & 17 show the 
maximum temperature with time for the same models. In 
all figures, it’s observed that the temperature increases 
from initial temperature at (ts=0) to maximum values 
approximately at ts=0.2 (near the half time of slipping) 
then decreases at the end. The maximum temperature 
difference (Tmax.-Ti) at ts=0.2 s are found (157 K and 133 
K) corresponding to the type A and type B respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

300

320

340

360

380

400

420

440

460

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

Time [S]

M
ax

im
um

 T
em

pe
ra

tu
re

 [
K

]

GR=0 GR=6 % GR=9 % GR=12 % GR=15 %

Fig. 12 Variation of maximum temperature for different 
groove area ratio with time (circumferential groove 

model, Type A) 
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Fig. 13 Variation of maximum temperature for different groove 
area ratio with time (radial groove model, Type A) 
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Fig. 15 Variation of maximum temperature for different 
groove area ratio with time (circumferential groove 

model, Type B) 
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Fig. 16 Variation of maximum temperature for different groove 
area ratio with time (radial groove model, Type B) 

300

320

340

360

380

400

420

440

460

480

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

Time [S]

M
ax

im
um

 T
em

pe
ra

tu
re

 [K
]

GR=0 GR=6 % GR=9 % GR=12 % GR=15 %

Fig. 14 Variation of maximum temperature for different groove 
area ratio with time (radial & circumferential grooves model, 

Type A) 
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Figs. 18, 19, 20, 21, 22 & 23 display the variations of 
the average temperature for different groove area ratios 
and different groove models (circumferential, radial, 
radial & circumferential) with time for loads type A and 
type B. It can be detected in these figures, that the 
maximum values of the average temperature occur at 
ts=0.3. The maximum difference in the average 
temperature between the friction material with groove 
and without groove occurs when used the circumferential 
groove model are 2.769 K and 2.46 K at 0.3s for 
G.R=0.15 corresponding to load type A and type B 
respectively. 
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Fig. 18 Variation of average temperature for different 
groove area ratio with time (circumferential groove model, 

Type A) 
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Fig. 17 Variation of maximum temperature for different 
groove area ratio with time (Radial & circumferential 

grooves model, Type B) 
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Fig. 20 Variation of average temperature for different groove 
area ratio with time (radial groove model, Type A) 
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Fig. 21 Variation of average temperature for different groove 
area ratio with time (radial groove model, Type B) 
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Fig. 19 Variation of average temperature for different 
groove area ratio with time (circumferential groove 

model, Type B) 
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Figs. 24 & 25 show the variations of the maximum 
temperature for different location of circumferential 
groove with time for load type A and type B respectively 
(G.R=0.12). It can be noted from these figures, there is no 
effect of groove location on the values of the maximum 
temperature. 

Figs. 26 & 27 show the variations of the average 
temperature for different location of circumferential 
groove with time for load type A and type B respectively 
(G.R=0.12). It can be observed, that the minimum values 
of average temperatures occur at mid point between inner 
and outer radius (r=0.124 m) for type A, but for type B 
occur at (r=0.1085 m). 

Figs. 28, 29, 30 and 31 show the variations of 
maximum temperature and average temperature for 
different numbers of groove of circumferential groove 
model with time for load type A and type B (G.R=0.12). 
It can be noted from these figures, there is no effect of 
number of grooves on the maximum and average 
temperatures under the same conditions. 
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Fig. 22 Variation of average temperature for different groove 
area ratio with time (radial & circumferential grooves model, 

Type A) 
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Fig. 23 Variation of average temperature for different groove 
area ratio with time (Radial & circumferential grooves model, 

Type B) 
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Fig. 24 Variation of maximum temperature for different 
location of groove with time (circumferential groove 

model, G.R=0.12, Type A) 
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Fig. 25 Variation of maximum temperature for different 
location of groove with time (circumferential groove 

model, G.R=0.12, Type B) 
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Fig. 26 Variation of average temperature for different 
location of groove with time (circumferential groove 

model, G.R=0.12, Type A) 
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Figs. 32 and 33 demonstrate the variations of 
maximum temperature for different groove models 
(classic and proposed) with time for type A and type B 
respectively (G.R=0.12). It can be noted, there is no 
effect of groove shape on the maximum temperature 
under the same boundary conditions. 
 

Figs. 34 and 35 show the variations of average 
temperature for classic and proposed grooves models 
with time for loads type A and type B respectively 
(G.R=0.12). It can be noted, that the lower values of the 
average temperatures occur when used the curved groove 
model under the same conditions. 
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Fig. 27 Variation of average temperature for different 
location of groove with time (circumferential groove 

model, G.R=0.12, Type B) 
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Fig. 28 Variation of maximum temperature for different 
number of grooves with time (circumferential groove 

model, G.R=0.12, Type A) 

300

320

340

360

380

400

420

440

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

Time [S]

M
ax

im
um

 te
m

pe
ra

tu
re

 [K
]

1-groove 2-grooves 3-grooves

Fig. 29 Variation of maximum temperature for different 
number of grooves with time (circumferential groove 

model, G.R=0.12, Type B) 
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Fig. 30 Variation of average temperature for different 
number of grooves with time (circumferential groove 

model, G.R=0.12, Type A) 
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Fig. 31 Variation of average temperature for different 
number of grooves with time (circumferential groove 

model, G.R=0.12, Type B) 
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5. Concluding Remarks  
 

In this paper transient thermal analysis for the dry 
friction clutch disc in a single engagement was 
performed. Three-dimensional model was built to obtain 
the numerical simulation for parabolic heat transfer 
equation. The results show that both evolution of sliding 
speed of disc and contact pressure with specific material 
properties intensely effect disc clutch temperature fields 
in the domain of time. Proposed transient FE modeling 
technique of two types of thermal load (type A: uniform 
pressure and type B: uniform wear). It can be seen, that 
the result of temperature distribution for the load type A 
is more than load type B, because of the total quantity of 
load A is greater than load type B, and the function of 
load type A grows as a function of radius (from minimum 
value of load at inner radius to maximum value at the 
outer radius), but for load type B the thermal load is 
constant with radius. The highest values of maximum 
temperature and average temperature occur 
approximately at 0.2 s and 0.3s respectively during the 
slipping process for the period of 0.4 s for both types of 
thermal load.  
The maximum effect of the groove on the maximum 
temperature occurs for the uniform wear case, and the 
maximum percentage reduction in the maximum 
temperature are found 1.1% for load type A 
(circumferential groove) at ts=0.15s and 3.3% for load 
type B (radial groove) at ts=0.4s. From the comparison 
between the average temperature results for new groove 
model (curved) and classic groove models (radial, 
circumferential and radial & circumferential), it can be 
concluded that the new groove model improves the trend 
for the  average temperature for both types of load. 
Generally for all types of thermal loads, it can be 
concluded the maximum effect of load occurs at the 
surface of contact and the effect decreases with thickness 
of friction material to zero approximately at mid point of 
their thickness. The present paper is a preliminary of 
subsequent investigation of the effect of the grooves on 
multi-engagement of clutch disc for different contact 
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Fig. 34 Variation of average temperature for different types of 
grooves with time (G.R=0.12, Type A) 
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Fig. 33 Variation of maximum temperature for different 
types of grooves with time (G.R=0.12, Type B) 
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Fig. 32 Variation of maximum temperature for different types 
of grooves with time (G.R=0.12, Type A) 
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areas and material properties, also study the effect of 
thermoelastic instability on the temperature distribution. 
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