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Abstract –In this project dynamic analysis of clutch assembly will be carried out. Clutches are useful in devices that have 
two rotating shafts. In these devices, one of the shafts is typically driven by a motor or pulley, and the other shaft drives 
another device. The clutch connects the two shafts so that they can either be locked together and spin at the same speed, or 
be decoupled and spin at different speeds. In evaluating the stresses and strain in the part, modeling and simulation are used. 
The modeling of the clutch assembly is modeled using 3D software. Here we will be using Pro E for modeling. The 
simulation part will be carried out using the Analysis software, ANSYS. The created model is exported to ANSYS by 
converting it to IGES format. The imported model is meshed in ANSYS and boundary constrains are defined. With the 
Boundary constrains, the stresses and strain of the clutch assembly can be determined and the values are tabulated. Thus the 
investigation of stress and strain is carried out using ANSYS. This project will also help to learn Pro E and also ANSYS. 
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I. INTRODUCTION 
 
A clutch is a mechanical device that engages and 
disengages the power transmission, especially from 
driving shaft to driven shaft. Clutches are used 
whenever the transmission of power or motion must 
be controlled either in amount or over time (e.g., 
electric screwdrivers limit how much torque is 
transmitted through use of a clutch; clutches control 
whether automobiles transmit engine power to the 
wheels). In the simplest application, clutches connect 
and disconnect two rotating shafts (drive shafts or 
line shafts). In these devices, one shaft is typically 
attached to an engine or other power unit (the driving 
member) while the other shaft (the driven member) 
provides output power for work. While typically the 
motions involved are rotary, linear clutches are also 
possible.  
If you drive a manual transmission car, you may be 
surprised to find out that it has more than one clutch. 
And it turns out that folks with automatic 
transmission cars have clutches, too. In fact, there are 
clutches in many things you probably see or use 
every day: Many cordless drills have a clutch, chain 
saws have a centrifugal clutch and even some yoyos 
have a clutch. In this article, you'll learn why you 
need a clutch, how the clutch in your car works and 
find out some interesting, and perhaps surprising, 
places where clutches can be found. Clutches are 
useful in devices that have two rotating shafts. In 
these devices, one of the shafts is typically driven by 
a motor or pulley, and the other shaft drives another 
device. In a drill, for instance, one shaft is driven by a 
motor and the 
other drives a drill chuck. The clutch connects the 
two shafts so that they can either be locked together 
and spin at the same speed, or be decoupled and spin 
at different speeds. In a car, you need a clutch 
because the engine spins all the time, but the car's 
wheels do not. In order for a car to stop without 
killing the engine, the wheels need to be disconnected 
from the engine somehow. The clutch allows us to  

 
smoothly engage a spinning engine to a non-spinning 
transmission by controlling the slippage between 
them. To understand how a clutch works, it helps to 
know a little bit about friction, which is a measure of 
how hard it is to slide one object over another. 
Friction is caused by the peaks and valleys that are 
part of every surface - - even very smooth surfaces 
still have microscopic peaks and valleys. The larger 
these peaks and valleys are, the harder it is to slide 
the object. During the engagement of clutch, pressure 
plate pushes the clutch disc towards the flywheel to 
bring it in contact with the flywheel and slipping 
occurs between the contact surfaces. At the beginning 
of engagement slipping occurs between the contact 
surfaces of the clutch system, as a result of this 
slipping heat is generated and the surface temperature 
increases gradually to higher values. In some cases 
temperature exceeds the maximum temperature limit 
of the material and eventually leads to premature 
failure. N addition to their use in heavy 
manufacturing equipment, single-revolution clutches 
were applied to numerous small machines. In 
tabulating machines, for example, pressing the 
operate key would trip a single revolution clutch to 
process the most recently entered number.[9] In 
typesetting machines, pressing any key selected a 
particular character and also engaged a single rotation 
clutch to cycle the mechanism to typeset that 
character. Similarly, in teleprinters, the receipt of 
each character tripped a single-revolution clutch to 
operate one cycle of the print mechanism. 
 
NEED FOR STUDY 
The need for doing this project was primarily an 
interest in undertaking a challenging project in an 
interesting area of research. Clutch assembly is one of 
the key components of the automobile and it’s 
working the hard condition. Here the material of the 
clutch assembly is analyzed with two materials to 
improve our innovation and this project carried out by 
us will make an impressing mark in the field of 
automobile. 
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OBJECTIVE OF THE STUDY 
 3D model of the structure created using pro e, 

then the model and perform transient structural 
(dynamic) analyses of the clutch assembly 
loading conditions such as moment, rotational 
velocity on the appropriate portions. The finite 
element software ANSYS 14.5 is used for the 
analyses. 

 To analyze clutch plate by asbestos and alumina 
materials in ansys workbench. Then the results of 
deformation, stress and strain values are getting 
from ansys finite element method to find suitable 
material for clutch plate. 

 
II. LITERATURE REVIEW 
 
Mamta G. Pawar, Monarch K. Warambhe, Gautam 
and R. Jodh described about design and analysis of 
clutch using sintered iron as a friction material. In this 
project, the modeling of clutch is done in detailed 
using modeling software. After that the FEM analysis 
is done for sintered iron friction material. The stresses 
& deformation obtained for this friction material is 
then compared to analysis software result. The 
analysis is done for worn out friction disc. 
 
Sagar Olekar, Kiran Chaudhary, Anil Jadhav and P. 
Baskar described about structural analysis of multi 
plate clutch. Clutch has been prepared using 
modeling software Pro/E. The structural analysis is 
carried out for friction plate by using analysis 
software Ansys Workbench 14.0. The results for 
stress, strain, total deformation and for strain energy 
are obtained. These results are compared for two 
different friction materials. 
 
Oday I. Abdullah, Wassan Abd AL-SAHB and 
Abdullah M. Al-Shabibi described about 
thermoelastic analysis of multidisc clutches using 
finite element method. A finite element technique has 
been used to study the transient thermo elastic 
phenomena of a multi-disc dry clutch. The results 
present the contact pressure distribution, the 
temperature evaluation, and the heat flux generated 
along the frictional surfaces. Analysis has been 
completed using two-dimensional axi symmetric 
model to simulate the multi-disc clutch. ANSYS 
software has been used to perform the numerical 
calculation in this paper. 
 
Muhammad Mumtaz Jamil Akhtar, Oday I. Abdullah 
and Josef Schlattmann described about transient 
thermoelastic analysis of dry clutch system. The high 
thermal stresses, generated between the contacting 
surfaces of clutch system (pressure plate, clutch disc 
and flywheel) due to the frictional heating during the 
slipping, are considered to be one of the main reasons 
of clutch failure for contact surfaces. A finite element 
technique has been used to study the transient thermo 
elastic phenomena of a dry clutch system. The effect 

of sliding speed on contact pressure distribution, 
temperature field and heat flux generated along the 
frictional surfaces is investigated. Analysis has been 
completed using two dimensional axisymmetric 
model to simulate the clutch system. ANSYS 
software has been used to perform the numerical 
calculation in this paper. 
 
Abdullah and Schlattmann investigated the 
temperature field and the energy dissipated from dry 
friction clutch during a single and repeated 
engagement under uniform pressure and uniform 
wear conditions. They also studied the effect of 
pressure between contact surface when varying with 
time on the temperature field and the internal energy 
of clutch disc using two approaches heat partition 
ratio approach to compute the heat generated for each 
part individually whereas the second applies the total 
heat generated for the whole model using contact 
model. 
 
Zhang used Matlab/Simulink to build the model and 
find the temperature field during the engagement of 
wet clutches in hydrodynamic machineries. Two 
dimensional heat conduction model was used to 
calculate the temperature distribution along the axial 
and radial direction on the sliding interface between 
the contact surfaces. The results have shown a good 
agreement with the experimental work. 
 
III. METHODOLOGY 
 
MODELING 
The clutch assembly model has been entirely 
modeled by PRO E software. First of all sketch 
command of the pro e is opened. Then by using 2d 
commands sketch is created. Then 3D model of 
clutch assembly created by using extrude and revolve 
commands. 
 
TRANSFORMATION OF MODEL 
Then the model is converted in to the IGES format 
which is most suitable and easy access for any other 
software’s. Using the IGES format we can import the 
clutch assembly model from PRO-ENGINEER to 
ANSYS. Now we can make transient structural 
(dynamic) analysis. 
 
MESHING 
After the complete structure is modeled, clutch 
assembly is meshed. This has been done by using 
ansys workbench software. The last step to be 
completed before meshing the model is to set the 
meshing controls, i.e. the element shape, size, the 
number of divisions per line, etc. Selecting the 
various parts of the model, one by one finite element 
mesh is generated. The critical portions are plates 
with sharp corners, curvature etc. These areas can be 
remeshed with advance mesh control options. "Smart 
element sizing" is a meshing feature that creates 
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initial element sizes for free meshing operation. 
Proper care has to be taken to have the control over 
the number of elements and hence the number of 
degrees of freedom associated with the structure. This 
is done to have a control over the solution time. 
However, no compromise is made on the accuracy of 
the results. 
 
LOADING 
The types of loading that can be applied in a transient 
structural analysis include: 
 Externally applied forces and pressures 
 Steady-state inertial forces (such as gravity or 

rotational velocity) 
 Imposed (nonzero) displacements 

 
ANALYSIS 
A transient structural (dynamic) analysis determines 
the displacements, stresses, strains, and forces in 
structures or components caused by loads that do not 
induce significant inertia and damping effects. Steady 
loading and response conditions are assumed; that is, 
the loads and the clutch assembly model's response 
are assumed to vary slowly with respect to time. 
 
IV. MATERIALS FOR CLUTCH PLATE 
ASBESTOS 
 
Asbestos mining existed more than 4,000 years ago, 
but large-scale mining began at the end of the 19th 
century, when manufacturers and builders began 
using asbestos because of its desirable physical 
properties:[1] sound absorption, average tensile 
strength, its resistance to fire, heat, electrical and 
chemical damage, and affordability. It was used in 
such applications as electrical insulation for hotplate 
wiring and in building insulation. When asbestos is 
used for its resistance to fire or heat, the fibers are 
often mixed with cement or woven into fabric or 
mats. These desirable properties made asbestos a very 
widely used material, and its use continued to grow 
throughout most of the 20th century until the 
carcinogenic effects of asbestos dust caused its 
effective demise as a mainstream construction and 
fireproofing material in most countries. It is now 
known that 
prolonged inhalation of asbestos fibers can cause 
serious and fatal illnesses including lung cancer, 
mesothelioma, and asbestosis (a type of 
pneumoconiosis). Health issues related to asbestos 
exposure can be found in records dating back to 
Roman times. By the beginning of the 20th century 
concerns were beginning to be raised, which 
escalated in severity during the 1920s and 1930s. By 
the 1980s and 1990s asbestos trade and use started to 
become banned outright, phased out, or heavily 
restricted in an increasing number of countries. While 
mostly chrysotile asbestos fibers were once used in 
automobile brake pads, shoes, and clutch discs. 

 

Table no.1 Mechanical and Thermal Properties 

 
 
ALUMINA 
The Aluminium Oxide, Al2O3 is a major engineering 
material. It offers a combination of good mechanical 
properties and electrical properties leading to a wide 
range of applications. Alumina can be produced in a 
range of purities with additives designed to enhance 
properties. A wide variety of ceramic processing 
methods can be applied including machining or net 
shape forming to produce a wide variety of sizes and 
shapes of component. In addition it can be readily 
joined to metals or other ceramics using metallising 
and brazing techniques. Alumina based ceramics are 
by far the largest range of advanced ceramics made 
by Morgan Technical Ceramics. Due to the important 
combination of properties, we have thoroughly 
researched the behaviour and characteristics of our 
Alumina products to give you the best possible 
component. Aluminium oxide is used for its hardness 
and strength. It is widely used as an abrasive, 
including as a much less expensive substitute for 
industrial diamond. Many types of sandpaper use 
aluminium oxide crystals. In addition, its low heat 
retention and low specific heat make it widely used in 
grinding operations, particularly cutoff tools. As the 
powdery abrasive mineral aloxite, it is a major 
component, along with silica, of the cue tip "chalk" 
used in billiards. Aluminium oxide powder is used in 
some CD/DVD polishing and scratch-repair kits. Its 
polishing qualities are also behind its use in 
toothpaste. Aluminium oxide can be grown as a 
coating on aluminium by anodising or by plasma 
electrolytic oxidation (see the "Properties" above). 
Both its strength and abrasive characteristics originate 
from the high hardness (9 on the Mohs scale of 
mineral hardness) of aluminium oxide. 
 

Table no.2 Mechanical and Thermal Properties 

 
 
V. SOLID MODELING OF CLUTCH 
ASSEMBLY 
 
This project we are designed the 3D model of the 
clutch assembly by using pro-e software. First of all 
parts of the clutch assembly created by extrude and 
revolve commands. Then all the parts will be 
assembled to make full structure. 
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Fig.1 Full assembling view of clutch assembly in pro e 

 

 
Fig.2 Parts used for clutch assembly 

 
VI. MESHING 
 
Mesh generation is the practice of generating a 
polygonal or polyhedral mesh that approximates a 
geometric domain. The term "grid generation" is 
often used interchangeably. The process of 
subdividing the part into small pieces (elements) is 
called meshing. In general, smaller elements give 
more accurate results but require more computer 
resources and time. Ansys suggests a global element 
size and tolerance for meshing. The size is only an 
average value, actual element sizes may vary from 
one location to another depending on geometry. It is 
recommended to use the default settings of meshing 
for the initial run. For a more accurate solution, use a 
smaller element size. 
 

 
Fig.3 Mesh view 

VII. ANALYSIS OF CLUTCH ASSEMBLY 
TRANSIENT STRUCTURAL ANALYSIS 
 
A transient structural analysis determines the 
displacements, stresses, strains, and forces in 
structures or components caused by loads that do not 
induce significant inertia and damping effects. Steady 
loading and response conditions are assumed; that is, 
the loads and the structure's response are assumed to 
vary slowly with respect to time. 
 

Table no.4 Transient analysis results for clutch 
assembly 

 
 

Deformation values for clutch assembly 

 
Fig.4 Asbestos 

 

 
Fig.5 Alumina 

 
Equivalent elastic strain values for clutch 

assembly 

 
Fig.6 Asbestos 
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Fig.7 Alumina 

 
Equivalent Von-mises stress values for clutch 

assembly 

 
Fig.8 Asbestos 

 

 
Fig.9 Alumina 

 
TRANSIENT THERMAL ANALYSIS 
Transient thermal analysis determines temperatures 
and other thermal quantities that vary over time. 
Engineers commonly use temperatures that a transient 
thermal analysis calculates as input to structural 
analyses for thermal stress evaluations. Many heat 
transfer applications-heat treatment problems, 
nozzles, engine blocks, piping systems, pressure 
vessels, etc.- involve transient thermal analyses. A 
transient thermal analysis follows basically the same 
procedures as a steadystate thermal analysis. The 
main difference is that most applied loads in a 
transient analysis are functions of time. To specify 
time-dependent loads, you first divide the load-

versustime curve into load steps. Each "corner" on 
the load-time curve can be one load step, as shown in 
the following sketches. For each load step, you need 
to specify both load values and time values, along 
with other load step options such as stepped or 
ramped loads, automatic time stepping, etc. You then 
write each load step to a file and solve all load steps 
together. To get a better understanding of how load 
and time stepping work, see the example casting 
analysis scenario in this chapter. 
 

Table no.4 Thermal analysis results 

 
 

Temperature distribution results 
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CONCLUSION 
 
Analyzing results for clutch assembly under moment 
and rotational velocity are listed in the Table. 
Analysis has been carried out by asbestos and 
alumina. The results such as total deformation, 
equivalent elastic strain, equivalent stress, 
temperature distribution for each material are 
determined. Comparing these materials alumina has 
the low values of total deformation, stress and strain. 
Hence it is concluded that alumina material can be 
used for the clutch assembly. While carrying out this 
project we are able to study about the 3Dmodelling 
software (PRO-E) and Study about the analyzing 
software (ansys) to develop our basic knowledge to 
know about the industrial design. 
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