
IJSRD - International Journal for Scientific Research & Development| Vol. 8, Issue 2, 2020 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 306 

Finite Element Analysis of Thermal Buckling in Automotive Clutch Plate 

Disc 

Niraj Bhandari1 Pranav Rajkumar Mane2 

1,2Student 
1,2Department of Mechanical Engineering 

1,2VIT, Vellore, India  

Abstract— With the help of finite element method, behavior 

of Thermal buckling of automotive clutch disc is studied. 

The temperature which is along the thickness of clutch disc 

is simplified by using the mean linear uniform temperature 

method in the single material model. For designing of the 

automotive clutch disc under structural instability induced 

due to the thermal buckling, this research paper is useful. In 

Ansys, using various designs of clutch is prepared. Further 

on these various designs, analysis is done for stresses and 

thermal distribution. The analysis results is compared with 
an exact analytical solution and further it is used to calculate 

the critical buckling temperature. 
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I. INTRODUCTION 

In the power transmission, Clutch is used as mechanical 
device which engages and disengages the driving shafts and 

driven shafts. The one shaft is attached to an engine or any 

other power source while the output power for work is 

provided by other shaft. While depending on the motions 

required the use of rotary and linear clutches are possible. 

The thermal stresses which is caused by a radial temperature 

gradient are applied on clutch plate and buckling 

deformation model of clutch plate is established in case of 

clutch plate disc. Because of the increase in the temperature 

gradient, these generated thermal stresses will influence the 

friction components buckling deformation. This buckling 

deformation due to the radial thermal stress plays a leading 
role. The temperature gradient in the radial and 

circumferential directions only will be focused. Reduced 

two-dimensional (2-D) solid model will be used because of 

this reason. The critical buckling temperature is determined 

with the help of FEA Simulation by using ANSYS software. 

II. LITERATURE REVIEW 

Recently studies in thermal buckling filed exists. [1] 
Murphy, Kevin D. Ferreira, David presented a combination 

of both theoretical and experimental study on rectangular 

plates buckling characteristics when it is thermally loaded. 

Through results of a series of parametric studies clearly 

indicates that ratio of length to thickness (a/h) and width to 

thickness (b/h) are independent. In this paper an 

experimental validation was also studied. [2] Zhao, Jiaxin 

Chen, Zhuo Yang, Huizhou Yi, Yun Bo have studied that a 

finite element analysis is done in automotive clutches to 

investigate the stability boundaries of thermal buckling. The 

linear or monotonic temperature profile is always leading 

towards a dominant coning mode. [3] Namrata A. Narkhede 
and Dr. V. L. Bhambere compare the reference grooves of 

friction plate which is the 23 ̊inclined friction plate and the 

new grooves friction plate with the different design of the 

grooves is suggested. Moreover, the comparison is made for 

both the grooves friction plates by checking the 

phenomenon like stresses, deformations and the heat flux 

through the grooves. This paper invented the above steps 

and also compare the models in Ansys and Catia V5 models. 

[4] May Thin Gyan, Hla Min Htun, Htay Htay Win have 

studied the design of single-plate clutch used in automobile. 

This is a dry friction type of clutch. With the help of 

theoretical calculation results, single-plate clutch is 
designed. A single-plate clutch disc is modelled into the 2D 

drawing. With Solid works software, observation of the 

stress, stain and displacement during application of pressure 

on clutch disc face when stress of clutch disc is analysed.  

[5] G. Shanthi and S. Praveen Kumar have suggested 

friction lining material for a multi plate clutch with ANSYS. 

In CATIA V5, 3D model is created for multi plate clutch 

using design calculations and different materials like copper, 

cork, SF001, SFBU will be assigned to 3D model. The 

structural and thermal analysis to evaluate better friction 

lining to multi plate clutch for above design materials by 
using ANSYS 15.0. [6] Y. Kiani, M.R. Eslami provided an 

exact analytical solution which calculate the thermal 

buckling load with the help of eigenvalues obtained from the 

stability equation. Uniform temperature rise, transversely 

linear temperature distribution and heat conduction across 

the thickness type, these three types of thermal loading are 

studied. Effects of power law index, elastic foundation 

coefficient, thickness to outer radii, inner to outer radii and 

thermal loading type on critical buckling temperature of FG 

plates are presented. [7] Yang, Huizhou have used finite 

element method to study the behaviour of automotive clutch 
and brake discs undergoing through thermal buckling. The 

critical buckling load is affected due to temperature 

distribution along the radius and the thickness. Results 

indicates that at the inner radius, a coning mode having 

highest temperature is located which is formed due to a 

monotonic temperature profile. Whereas [8] Jeyaraj, P. in 

this paper finite element method (FEM) used under 

arbitrarily varying temperature distributions to study of 

numerical simulation on buckling and free vibration 

characteristics of isotropic plates.[9] Oday I. Abdullah, 

Laith Abed Sabri have studied the thermal behaviour of a 

single-disc clutch. The paper indicates during repeated 
engagements the surface temperatures of the friction clutch 

disc will be increased, while in some cases, premature 

failure of the clutch disc is also possible. 

III. FINITE ELEMENT ANALYSIS (FEA) 

The geometric nonlinearity in a deformed structure is the 

main cause of the buckling effect, which is equivalent to 

adding an additional stiffness term to the system. It is 
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Obvious that the clutch disc has an annular shape with both 

thickness and diameter. Therefore, a three-dimensional (3-

D) geometry is the first and natural choice to develop a 
numerical model. However, the thickness of clutch plate is 

very less compared to the other dimensions, and the 

stress/strain distributions across the thickness are usually 

negligible. 

 
Fig. 1: Schematic Diagram of Clutch Plate 

 
Fig. 2: FEA Model for Thermal Buckling Analysis 

We can therefore focus our attention on the 

temperature gradient in the radial and circumferential 

directions only. IN dimensional (2-D) solid model. 

Furthermore, if the thermal load and the buckling shape are 

both axisymmetric, using an axisymmetric element type can 

considerably improve the numerical accuracy and 

efficiency. We will therefore develop 2-D finite element 

model to investigate and compare the effects of 

dimensionality on the numerical solutions. Schematic of the 

model is shown in Fig. 1 and Fig. 2. A clutch plate can be 

partially constrained specially at the inner radius in some 
situations. The buckling load significantly. For simplicity 

we assume clamped support in periphery of the clutch Plate 

disc as a boundary conditions here for all cases. 

A. FEA Simulation using ANSYS Software 

FEA Simulation is performed to determine the critical 

buckling temperature by using ANSYS software. It is 
possible that the temperature patterns have some effects on 

the thermal buckling mode and the buckling temperatures, 

so we choose linear uniform temperature distribution and 

compute the eigenvalues of thermal buckling. To obtain 

more accurate and effective result, we use the following 

parameters for clutch plate by varying the diameter of plate 

in predefined ratio of internal radius to external radius(β) as 

shown in Table I for Grey cast iron (FG-300) and Table II 

for Aluminium Alloy (A-360). Thus, the deformed shape, 

temperature distribution along X-axis, sum of the vector 

displacement and the iteration of the critical buckling 

temperature for grey cast iron (FG-300) are shown Fig.1 and 

that for aluminium alloy (A-360) are shown in Fig.2. 

S
N 

Descriptio
n 

P1 P2 P3 P4 

1. 

External 

radius 

a (mm) 

160 175 200 225 

2. 

Internal 

radius 

b (mm) 

80 70 60 45 

3. 
Thickness 

h (mm) 
3 3 3 3 

4.` 
β (b/a) 

 
0.5 0.4 0.3 0.2 

5. 

Young’s 

modulus 

E (N/mm2) 

165x10
6 

165x10
6 

165x10
6 

165x10
6 

6. 
Poisson’s 

Ratio ν 
0.26 0.26 0.26 0.26 

7. 

Thermal 

expansion 
Efficient 

α (C) 

13x10-6 13x10-6 13x10-6 13x10-6 

Table 1: Grey Cast Iron (FG300) 

S 
N 

Description P1 P2 P3 P4 

1. 
External radius 

a (mm) 
160 175 200 225 

2. 
Internal radius 

b (mm) 
80 70 60 45 

3. 
Thickness 

h (mm) 
3 3 3 3 

4.` 
β  (b/a) 

 
0.5 0.4 0.3 0.2 

5. 

Young’s 

modulus 

E (N/mm2) 

68x106 68x106 68x106 68x106 

6. 
Poisson’s 

Ratio ν 
0.33 0.33 0.33 0.33 

7. 

Thermal 

expansion 

efficient α (C) 

21x10-

6 

21x10-

6 

21x10-

6 

21x10-

6 

 

Table 2: Aluminium Alloy (A-360) 

B. FEA Deformed Models for Grey Cast Iron (FG-300) 

 
Fig. 3: Results for β = 0.5 
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Fig. 4: Results for β = 0.4 

 
Fig. 5: Results for β = 0.3 

 
Fig. 6: Results for β = 0.2 

C. FEA Deformed Models for Aluminium Alloy (A-360)  

 
Fig. 7: Results for β = 0.5 

 
Fig. 8: Results for β = 0.4 

 
Fig. 9: Results for β = 0.3 

 
Fig. 10: Results for β = 0.2 

IV. ANALYTICAL APPROXIMATION 

 
Fig. 11: Clutch Plate Disc 
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An exact analytical solution is presented to calculate the 

thermal buckling load by obtaining the eigenvalues of the 

stability equation. Three types of thermal loading, namely; 
uniform temperature rise, transversely linear temperature 

distribution and heat conduction across the thickness type 

are studied. Tm and T0 are temperature distribution through 

the plate and the reference temperature and taking the value 

of Tm – T0 is 5C.  In my work, taking consideration of an 

exact solution for linear temperature distribution, the critical 

buckling temperature of clutch plate disc made of grey cast 

iron (FG-300) and aluminium alloy (A-360) are calculated 

as follows for different cases. 

In case of isotropic material, the value of ncr
T 

remain constant for all cases i.e. ncr
T    = 73.6, δ = h/a, 

For linear temperature distribution 

ΔTcr =   
  𝛅𝟐

𝟏𝟐(𝟏+𝒗)𝜶
 * ncr

T   - 2(Tm – T0) --------- 1.1      [6] 

A. Calculation for grey cast iron (FG-300) 

The required properties of the assigned cast iron are given 

below. 

Young’s modulus of elasticity (E) = 165x10-6 N/mm2 

Poisson’s ratio (ν) = 0.26 

Melting point (M) = 1380C 

Coefficient of thermal expansion (α) = 13 x 10-6 C 

Density (ρ) = 7.25 x 103 g/mm3 

For β = 0.5 

Parameters for the clutch plate are given below: 

External radius of plate (a) = 160 mm 

Internal radius of plate (b) = 80 mm 

Thickness of plate (h) = 3mm 

Therefore, δ = h/a = 3/160 = 0.0186, β = b/a =80/160 = 0.5 

Therefore, now substituting the parameters in the equation 
1.1 to obtain critical buckling temperature: 

ΔTcr =   
  𝟎.𝟎𝟏𝟖𝟕𝟓𝟐

𝟔(𝟏+𝟎.𝟐𝟔)𝟏𝟑x 10-6
 * 73.6   - 2x5   = 253.27 C 

Hence, the critical buckling temperature of the clutch plate 

disc is 253.27 C 

Plate(P) 
Value 

of β 

FEA Simulation 

ΔTcr (C) 

Analytical Method 

ΔTcr (C) 

CI Al CI Al 

1. 0.5 252.3 145.6 253.3 144.4 

2. 0.4 203.7 116 210.1 119 

3. 0.3 160.5 89.8 158.5 88 

4. 0.2 127.1 70.8 123.5 68.1 

Table 3: 

B. Calculation for Aluminum Alloy (A-360) 

The required properties of the assigned cast iron are given 

below. 

Young’s modulus of elasticity (E) = 68 x 106 N/mm2 

Poisson’s ratio (ν) = 0.33 

Melting point (M) = 284C 

Coefficient of thermal expansion (α) = 21 x 10-6 /C 

Density (ρ) = 2.63 x 103 g/mm3 

For β = 0.5, ncr
T    = 73.6 

Parameters for the clutch plate are given below: 
External radius of plate (a) = 160 mm 

Internal radius of plate (b) = 80 mm 

Thickness of plate (h) = 3mm 

Therefore, δ = h/a = 3/160 = 0.0186, β = b/a =80/160 = 0.5 

Now substituting the parameters in the equation 1.1 

ΔTcr =   
  𝟎.𝟎𝟏𝟖𝟔𝟐

𝟔(𝟏+𝟎.𝟑𝟑)𝟐𝟏x10-6
 * 73.6   - 2x5 = 144.40C 

Hence, the critical buckling temperature of the clutch plate 

disc is 144.40C. 

Plate(P) 
Value 

of β 

For Grey Cast 

Iron (FG-300) 

ΔTcr (C) 

For Aluminium 

Alloy (A-360) 

ΔTcr (C) 

1. 0.5 253.27 144.40 

2. 0.4 210.1 119 

3. 0.3 158.5 88 

4. 0.2 123.5 68.1 

Table 4: Analytical Calculations 

The calculated values of critical buckling temperature of the 

clutch plate disc for Grey Cast Iron (FG-300) and 

Aluminum Alloy (A-360) is tabulated in table 4. 

V. SUMMARY 

In this chapter, our main concern is to compare the results 

obtained from both FEA simulation using ANSYS software 

with results from analytical calculations for the varying ratio 

of internal to external radii (β). Graphical representation is 

used to show the comparison of results, validity and 

accuracy of the present project. A comparative graph 

showing the critical buckling temperature at varying the 
ratio of the clutch plate is plotted. Fig. 12 shows that by 

using ANSYS simulation for the same consideration of 

dimensions as well as other external environment on the 

clutch plate disc made of grey cast iron is having more 

buckling temperature which means clutch plate made of 

grey cast iron (FG-300) is more suitable than aluminium 

alloy (A-360). 

 
Fig. 12: Comparison of ΔTcr of Clutch Plate Disc by FEA 

using ANSYS 

Plate(P) Value 

of β 

FEA Simulation 

ΔTcr (C) 

Analytical 

Method ΔTcr (C) 

CI Al CI Al 

1. 0.5 252.3 145.6 253.3 144.4 

2. 0.4 203.7 116 210.1 119 

3. 0.3 160.5 89.8 158.5 88 

4. 0.2 127.1 70.8 123.5 68.1 

Table 5: Comparison of ΔTcr Results By Fea Simulation & 

By Analytical Method 
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Fig. 13: Comparison of ΔTcr of Clutch Plate Disc by 

Analytical Solution for LTD 

The Fig. 13 shows the comparative behaviour of 

the clutch plate disc under various consideration. Results 

obtained from analytical calculations also show the same 

idea and almost converged results to that from ANSYS 
software. Table 5 shows the comparative results to 

understand the deviation is not more than 5C which is very 

least as compare to other methods used. So, we have done 

the work very precisely to analyses the thermal behaviour of 

clutch plate disc. 

 
Fig. 14: Comparison of ΔTcr Results by FEA Simulation 

and by Analytical Method 

At last but not the least the Fig. 14 presents bar 

graph for overall comparative representation of critical 

buckling temperature of clutch plate disc made of grey cast 

iron (FG-300) is more suitable than aluminium alloy (A-

360). Therefore, the comparisons are done for the two 

methods of finding critical buckling temperature by varying 
the value of β. For the same value of β the chart shows that 

the results are much closed to each other. 

VI. CONCLUSION 

As per our objective we have determined the critical 

buckling temperature for two isotropic material for various 

consideration and different cases. An exact analytical 

method is presented to predict the critical buckling 

temperature differences of isotropic material. It has not 
found yet the analytical solution to find the exact solution 

for the thermal analysis of composite material. That has 

been done by FEA method. The deviation of the result using 

FEA method is very less than that of using analytical 

calculation. The number of nodal diameters and critical 

buckling temperatures of clutch plate disc increases when β 

ratio becomes larger because of the reducing in contact 

surface. Grey cast iron (FG-300) is the better isotropic 

material as compare to aluminium alloy (A-360) for the 

automotive clutch plate disc. Thermal buckling takes place 

only when the temperature gradient exceeds a critical value, 
and therefore it is hardly occurred at beginning of a clutch 

engagement. 

The critical buckling load and the dominant 

buckling mode are significantly affected by the temperature 

distribution. For the uniform linear profile of temperature 

depends on dimensions of the plate and thermal and 

mechanical properties of the material. And the critical 

buckling temperature of the clutch plate is higher for 

uniform linear temperature distribution than that for uniform 

temperature rise. 

VII. SCOPE OF PROJECT 

The scope of the project is for the computational efficiency, 

the clutch plate discs are usually simplified as annular ring 

geometry. However, the geometries of real discs are 

complicated. Some of the clutch discs even have convection 

grooves. In many cases, composite materials are used for 

better performance which may needs more complicated 

higher order equations, coding, programming etc. In the 

future research, temperature dependent material properties 
can also be taken into consideration. 
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