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ABSTRACT 
A camshaft is a rotating cylindrical shaft used to 
regulate the injection of vaporized fuel in an internal 
combustion engine. These are occasionally confused 
with the crankshaft of the engine, where the 
reciprocating motion of the pistons is converted into 
rotational energy. Instead, camshafts are responsible 
for accurately-timed fuel injections required by 
internal combustion engines. Camshafts have 
multiple cams on them, which are used to open 
valves through either direct contact or pushrods. A 
camshaft is directly coupled to the crankshaft, so 
that the value openings are timed accordingly. An 
engine camshaft can be made from many different 
types of materials. The materials used in the 
camshaft depend upon the quality and type of engine 
being manufactured. For most mass-produced 
automobiles, chilled cast iron is used. Not only it is 
cheap, but child cast iron is also extremely durable 
and reliable. This is because cold treating increases 
the strength and hardness of any metal that 
undergoes the process. In this project, a cam shaft 
will be designed for a 150cc engine and modeled 
through pro/engineer. Present used material for 
camshaft is cast iron. In this work, the camshaft 
material will be replaced with steel and aluminum 
alloy. Structural analysis and model analysis will be 
done on cam shaft using cast iron, steel and 
aluminum alloy. Comparison will be done for the 
three materials to verify the better material for 
camshaft. Modeling will be done using pro/Engineer 
software and analysis will be done using ANSYS. 
 
Keywords—Almmc, Ansys, Cam shaft, Carbon 
steel, Cast Iron, Vonmises stress, Vonmises strain, 
Total Deformation. 
 
I. INTRODUCTION 
 
The camshaft is the most crucial part of an internal 
combustion engine. Its main function is to control 
the valve timing, thereby allowing the intake valve 
to open at the right time for feeding air and fuel 
mixture into the engine. An early cam was built into 
Hellenistic water-driven automata from the 3rd 
century BC. The camshaft was later described in 
Iraq (Mesopotamia) by Al-Jazari in 1206. He 
employed it as part of his automata, water-raising 
machines, and water clocks such as the castle clock. 
The cam and camshaft later appeared in European 

mechanisms from at least the 14th century, or 
possibly earlier. 

 
Fig.1. Valve timing diagram in I.C. Engine 

A. Camshaft Position 

Depending on the location of the camshaft, the 
cams operate the valves either directly or through 
a linkage of pushrods and rockers. 

 
Direct operation involves a simpler mechanism 
and leads to fewer failures, but requires the 
camshaft to be positioned at the top of the 
cylinders. 

 
Fig.2.Camshaft position in I.C. Engine 
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Camshaft basics are very important to design 
the camshaft perfectly following are the 
parameters of camshafts. 

1. Base circle radius 2.Valve Lift 3. Cam 
action angle 4.Valve opening and Closing 
Angles 5. Duration 

B. About cam 

A cam is a rotating or sliding piece in a 
mechanical linkage used especially in 
transforming rotary motion into linear motion or 
vice-versa. It is often a part of a rotating wheel 
(e.g. an eccentric wheel) or shaft (e.g. a cylinder 
with an irregular shape) that strikes a lever at 
one or more points on its circular path. The cam 
can be a simple tooth, as is used to deliver pulses 
of power to a steam hammer, for example, or an 
eccentric disc or other shape that produces a 
smooth reciprocating (back and forth) motion in 
the follower, which is a lever making contact 
with the cam. 

 
Fig.3. Schematic representation of Plate cam. 

 
 

II NUMERICAL SIMULATION 
 

1. To design the model of disc brake using CATIA 
V5R20. 
2. To analyze the model for displacement and stress 
using Hyper Mesh 11 
3. To analyze the model for grid temperature using 
Hyper Mesh 11 
4. To find the best material for disc brake among the 
selected materials using 
comparative study. 
 
Numerical simulation 
For 150cc 4 Stroke IC engine  

D = Diameter of bore = 57mm l = stroke = 58.6mm 

Area of piston a = D2 = π/4(57)2  

Pressure P= 15.454N/mm2 

Kinetic Energy(KE)=445.5  

Joules Heat Flux(q)= 0.1916 w/mm2 

TABLE I 
Material Properties 

 
S.No Properties Cast Iron Carbon 

Steel 
Almmc 

1 Young's 
Modulus 

(Mpa) 

1.29*105 2*105 2.0*105 

2 Poisson’s 
Ratio 

0.29 0.295 0.3 

3 Density 
(kg/m3) 

6800 7872 7850 

 
III MODELLING OF CAMSHAFT 
Modelling is a pre-processor tool, the modelling of 
disc brake rotor are created using the Computer 
aided three- dimensional interactive application 
(CATIA) V5 R20 software tool. 
Part and Shape design are the basic modules of 
design in CATIA software. They are based on 
several tools for easy and qualitative modeling of 
any kind of machine elements. First step of design 
any part is to define position (plane) of Sketch and 
to draw profile in chosen Sketch. 
 

 
Fig.4 .Camshaft 3-D representation in CATIA. 

 
IV FINITE ELEMENT ANALYSIS 
The finite element method is a powerful tool to 
obtain the numerical solution of wide range of 
engineering problems. The method is general 
enough to handle any complex shape or geometry, 
for any material under different boundary and 
loading conditions. 
 
Advantages of FEM 
The properties of each element are evaluated 
separately, so an obvious advantage is that we can 
incorporate different material properties for each 
element. Thus almost any degree of non-
homogeneity can be included. There is no restriction 
on to the shape of medium; hence arbitrary and 
irregular shapes cause no difficulty like all 
numerical approximations FEM is based on the 
concept of description. Nevertheless as either the 
variations or residual approach, the technology 
recognizes the multidimensional continuous but also 
requires no separate interpolation process to extend 
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the approximate solution to every point with the 
continuum. 
 
Limitations of FEM 
FEM reached high level of development as solution 
technology; however the method yields realistic 
results only if coefficient or material parameters that 
describe basic phenomena are available. 
The most tedious aspects of use of FEM are basic 
process of sub-dividing the continuum of generating 
error free input data for computer. 
 
Applications of FEM 
Refering to temperature or heat flux distribution in 
the case of heat transfer problem. Referring to Eigen 
value problems in solid mechanics or structural 
problem, natural frequencies, buckling loads and 
mode shapes are found, stability of laminar flows is 
found if it is a fluid mechanics problem and 
resonance characteristics are obtained if it is an 
electrical circuit problem, while for the propagation 
or transient problem, the response of the body under 
time varying force is found in the area of solid 
mechanics. 
 
About CATIA V5  
CATIA version 5 is a process-centric computer-
aided design/computer-assisted 
manufacturing/computer-aided engineering 
(CAD/CAM/CAE) system that fully uses next 
generation object technologies and leading edge 
industry standards. Seamlessly integrated with 
Dassault Systems Product Lifecycle Management 
(PLM) solutions, it enables users to simulate the 
entire range of industrial design processes from 
initial concept to product design, analysis, assembly, 
and maintenance. The CATIA V5 product line 
covers mechanical and shape design, styling, 
product synthesis, equipment and systems 
engineering, NC manufacturing, analysis and 
simulation, and industrial plant design. In addition, 
CATIA Knowledge ware enables broad 
communities of users to easily capture and share 
know-how, rules, and other intellectual property (IP) 
assets.  
 
Structural  Analysis  
This analysis is used to perform to find Structural 
parameters such as Stresses, Strains,Deformation, 
Bending Moment and Shear stress. Structural 
analysis is probably the most common application of 
the finite element method as it implies bridges and 
buildings, naval, aeronautical, and mechanical 
structures such as ship hulls, aircraft bodies, and 
machine housings, as well as mechanical 
components such as pistons, machine parts, and 
tools. 

Cast Iron used as Camshaft Material 
 

 
Fig.5. Vonmises stresses acting on Cast Iron 

Cam shaft. 

 
Fig.6. Vonmises strain acting on Cast Iron Cam 

shaft. 

 
Fig.7. Total deformation acting on Cast Iron 

Cam shaft. 
 

Fig.8. Shear stress acting on Cast Iron Cam 
shaft. 
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C. Carbon steel used as Camshaft Material 

 

Fig.9. Vonmises stress acting on 

Carbon steel Cam shaft. 

 

Fig.10. Vonmises strain acting on 
Carbon steel Cam shaft. 

 

Fig.11. Total deformation acting on 
Carbon steel Cam shaft. 

 

Fig.12. Shear stress acting on 
Carbon steel Cam shaft. 

D. ALMMC used as Camshaft Material 

 
Fig.13. Vonmises stress acting on 

ALMMC Cam shaft. 

 

Fig.14. Vonmises strain acting on 

ALMMC Cam shaft. 
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Fig.15. Total Deformation acting on 

ALMMC Cam shaft. 

 

Fig.16. Shear stress acting on 
ALMMC Cam shaft. 

RESULTS & DISCUSSIONS 
 
Results from Structural Analysis 
 

 
E. Graphs 

 

Graph .1 Von-Mises Stress for  Cast Iron vs 

Carbon Steel vs AMMC. 

 

Graph .2 Von-Mises Stress for  Cast Iron vs 
Carbon Steel vs AMMC. 

 

Graph .3 Total deformation for Cast Iron Vs 
Carbon Steel Vs AMMC. 

 
VI CONCLUSION 

The FEM Analysis Report Reveals the 
Following Results: From the Simulation Report 
and Graphical Representation Finite Element 
Analysis of Automobile Camshaft by varying 
Different Materials the Vonmises Stress, Strain, 
Deformation and Frequencies generated in 
ALUMINIUM Metal Matrix Composite 
(AMMC) is less than Carbon steel is less than 
Cast Iron and the Maximum stress generated in 
AMMC is less than the Allowable stress 
120Mpa. So we think the Design of 
CAMSHAFT is Safe and it will improves the 
Component Life time. For Designing and 
Manufacturing of Camshaft Shear Stress plays 
an Vital role the shear stress of Aluminum Metal 
Matrix Composite(AMM)< Carbon steel < 
Cast-iron (6.990Mpa<6.993Mpa. 

Future Work 

 In today’s fast paced world, CAD/CAM 
systems have become an essential element in 
manufacturing companies throughout the world. 
Technology and communication are changing 
rapidly, driving business methods for 
organizations and requiring capitalization in 
order to maintain competitiveness. Knowledge 
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prior to investing into a system is crucial in order 
to maximize the benefits received from 
changing CAD/CAM systems. Along with the 
modern manufacturing industry with high speed 
development, many materials are used to design 
the Cam shaft, such as plastic and polymer 
material and thickness also is one of the 
important factors for the Cam shaft dynamic 
analysis. So comparison should be done for 
material property of Cam shaft system under 
low and high speed and time variation.  
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