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Abstract- Camshaft is one of the key parts or components in the engines of automobile and other vehicles.The goal of the 
project is to design cam shaft analytically, its modeling and analysis under FEM. In FEM, behaviour of cam shaft is obtained 
by analysing the collective behaviour of the elements to make the cam shaft robust at all possible load cases. This analysis is 
an important step for fixing an optimum size of a camshaft and knowing the dynamic behaviours of the camshaft. Initially 
the model is created by the basic needs of an engine with the available background data such as power to be transmitted, 
forces acting over the camshaft by means of valve train while running at maximum speed. 
  
 
I. INTRODUCTION 
 
The camshaft is driven by the engine's crankshaft 
through a series of gears called idler gears and timing 
gears. The gears allow  the  rotation of the  camshaft 
 to  correspond  or be    in    time    with,    the rotation 
 of  the  crankshaft and    thereby    allows    the valve 
opening, valve closing,   and   injection   of fuel to be 
timed to occur at precise  intervals    in    the piston's 
travel. To  increase  the  flexibility  in timing  the 
valve  opening, valve closing, and injection of   fuel, 
and   to   increase power  or  to  reduce  cost, an 
engine may have one or more camshafts. Typically, 
in a medium to large V-type engine, each bank will 
have one or more camshafts per head. In the larger 
engines, the intake valves, exhaust valves, and fuel 
injectors may share a common camshaft or have 
independent camshafts. Depending on the type and 
make of the engine, the location of the camshaft or 
shafts varies.   The camshaft(s) in an in-line engine is 
usually found either in the head of the engine or in 
the top of the block running down one side of the 
cylinder bank. When the piston travels below the 
level of the ports, the ports are "opened" and fresh air 
or exhaust gasses are able to enter or leave, 
depending on the type of port. The ports are then 
"closed" when the piston travels back above the level 
of the ports.    Valves are mechanically opened and 
closed to admit or exhaust the gasses as needed. The 
valves are located in the head casting of the engine. 
The point at which the valve seats against the head is 
called the valve seat. Most medium-sized diesel 
engines have either intake valves or exhaust valves or 
both intake and exhaust valves. 
 
II. PROBLEM DEFINATION AND 
OBJECTIVE: 
 
Camshafts are rotating components with critical 
loads. Hence the determination of exact load values 
becomes the challenging one compared with other 
rotating members. This project provides the 
guidelines to solve such situation. The objective is to 

design cam shaft analytically and analyse the stress 
distribution on the cam shaft for static. 
 
III. MODAL ANALYSIS 
 
Modal analysis of camshaft is performed by ansys 
software to determine stress and deflection 
 
Solid Modeling of Camshaft: 
To Perform finite element analysis on camshaft, the 
solid model created in Pro-E. This Pro-E model then 
imported in Ansys workbench. 
 
Finite Element Analysis Procedure: 
Camshaft first modelled in PRO/E WILDFIRE which 
is excellent CAD software, which makes modelling 
so easy and user friendly. The model is then imported 
in ansys workbench.The camshaft is analysed in 
ANSYS in tree steps.First is preprocessing which 
involves modelling, geometry clean up, element 
property definition and meshing. Next step includes 
solution of problem, which involves imposing 
boundary conditions on the model and then solution 
runs.Third step is post processing which involves 
analyzing the results plotting different parameter like 
stress, deflection. 
 

 
Calculation for Analytical Solution 

 
Engine specification 
Power   = 35 H.P.  (for two 
cylinders) Speed   = 2200 rpm 
Torque (max)   =  10.2 kgm 
Cylinder volume   = 1.96 lit. (1960cc) 
Max. Pressure    = 140 bar at 200 of crank 
angle from TDC 
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Bore                   = 102 mm 
Stroke                   = 120 mm 
Compression ratio   = 17:1 
Inlet valve opens   =  100  BTDC 
Inlet valve closes       = 460  ABDC 
Exhaust valve opens   = 460  BBDC 
Exhaust valve closes   = 100  ATDC 
Firing order     = 1-2 
5.1.2 Camshaft dimensions:- 
Cam width   = 18 mm 
Camshaft diameter   =  28.85 mm 
Journal diameter  = 50 mm 
Cam height  = 41.3 mm 
Base circle diameter =  33.65 mm 
Total lift of cam  =  7.65 mm 
5.1.3 Mass of valve &valve accessories:- 
Follower =  114 gm 
Spring A =  28 gm 
Spring B               =  52 gm  
Valve   =  150 gm  
Rocker arm  =  276 gm  
Bush   = ( 28 + 8 ) gm 
Pushrod   =  152 gm 
 
 
5 Piston displacement and Total Volume: 
Xp = r (1- cos  + n - √(n2-sin2))………….When 
piston is at TDC, let us assume  = 00 

        By calculation we get the following result table 

        Piston displacement & Total volume at various 
Crank angles 

Crank 
angle    
(degree) 

Piston 
disp Xp   
(m) 

Stroke 
volume 
Vs   (m3) 

Total 
volume 
(mm3) 

0 0 0 61284 

10 1.137 9290.748 7057.748 

20 4.497 36746.257 97994.257 
30 9.92 81059.122 142343.122 

40 17.156 140186.522 201470.522 
50 25.875 211431.934 272715.934 
60 35.692 291649.411 352933.411 

70 46.1954 377475.66 438759.66 
80 56.6986 465506.52 526790.52 
90 67.62 552542.12 613826.12 
100 77.8064 635778.074 697026.074 
110 87.2378 712844.71 774128.074 
120 95.692 781926.364 843210.364 
130 103.009 841719.72 903003.72 
140 109.081 891337.385 952621.385 
150 113.843 930250.667 99153.667 
160 117.260 958168.659 1019452.65 
170 119.314 974954.108 1036238.10 

180 120 980553.888 1041837.88 
 
Forces Acting on Camshaft: 
Valve Inertia Force: 

M1  = m (valve)  = 0.150 kg 
Fi-v    = valve inertia force 

 = -Av * M1 
       = -191.861 * 0.150 
     = -28.779 N 
Spring elastic force = Fe-v = Hv*k 
Hv  =  valve lift  =  0 mm   
…………………………….(at exhaust valve 
opening) 
k = spring stiffness = 18 N/mm 
Fe-v = 0 * 18  =  0  N 
Total force on the valve  =  Fv  =  Fe-v  – Fi-v 
                                         = -28.779 N 
Total force on the cam through the rocker arm by 
using rocker arm ratio   =  Fv-c=  Fv * (r1 / r2) 
                                      = - 28.779 * (60.82 / 41.86) 
                                      = - 41.814 N 
 
3 Calculation for rocker arm inertia force 
valve acceleration = Av = 191.861 m/s2 
angular acceleration of rocker = α = Ψ 
   = α * γ 
   = 60.82*10-3* 191.861 
   = 11.668 rad/s2 
Assume of inertia of rocker arm = 0.0003 kgm2    

Mr = inertia Torque = (-1) * I * Ψ 
      = 0.0003 * 0.0……………at the opening, 
moment of rocker = 0 

Fr = Mr / r2    = 0 
 
5.3.4 Calculation for Pushing rod- tappet inertia force 
Pushing rod acceleration =  Av * ( r2 / r1) 

=  191.861 * 0.688 
                                               =  132 m/s2 

m2 = M (push rod+ tappet) 
=152+114 = 266 gm 
Inertia of the pushing rod & tappet= - mass * accln 

= (-1) * (Av* (r2 / r1)) * m2 
= - 132 * 266 * 10-3=  35.112 N 

5.4 Gas pressure force calculations:-  
 
5.4.1 Volume calculation:  
Xp = r (1- cos  + n - √(n2-sin2))   
Where, We assume n = 4 = l / r = ( length of 
connecting rod / crank radius) 
Clearance ratio:- 17:1 
Rc = (Vs + Vc) / Vc 
Vs = (π/4) *d2 * L 
     = (π/4) *(102*10-3)2 *120*10 
………….Considering  = 00 at TDC  
 L = 120 mm at BDC,  d = Bore diameter 
Vs = 9.8055*10-4 m-3 
Rc = (Vs + Vc) / Vc 
17 = (9.8055*10-4 + Vc ) / Vc 
Vc = 6.128410-5 m-3  

Total volume = Vt = Vs + Vc 
                           Vt = 1.0418*10-3  m3 
 
Pressure-Crank angle diagram:  
Pressure Vs Crank angle is shown below, 
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5.4.5 Calculation for max Gas Force: 
The calculation are done on previous pages, For θ = 
1340 of crankshaft  the exhaust valve begin to open. 
And pressure (P΄) = 0.60505 MPa  ……………For θ 
= 1340 
Gas force = valve head area * gas pressure  
                  = (π/4) * dp

2 * P΄ 
Considering, dp= 0.435 * d = 0.435 * 102= 44.37 mm 
Gas force = (π / 4) * (44.37*10-3)2 * (6.0505-1) * 105 

Gas force = 780.913 N 
Therefore Gas forces acting on camshaft  
= 780.913 * (60.82 / 41.86)   = 1134.618 N  
Deflection of Camshaft:  

 
y = 0.8 * Fmax * a2* b2 / [E * L*(dc

4 – 
δc

4)]………………………….. [Ref. 2] 
Where, 
Fmax = total force on camshaft = 1057.693 N 
a = Distance of exhaust cam from the journal end = 
40.5 mm 
 b = Distance of exhaust cam from the journal end = 
92.95 mm 
 E = Modulus of elasticity of C45 = 2.2 * 105 MPa 
 L = Distance between the two journals per cylinder = 
133.45 mm 
dc = Outer diameter of camshaft = 28.85 mm 
 δc = Inner diameter of camshaft = 0 mm   
y = [0.8 *1057.693 * 40.52 * 92.952] / [2.2*105* 
133.45 * (28.854 – 04)] 
                   

  
 
5.8 Bending stresses: 
σb =  [Mbmax / Wb]= [Fmax* b* a * 32] / [π * dc

3 * (1- 
(δc

4 / dc
4)) * L] 

 

 
Deflection V/S Time Graph: 

  
 
IV. ANALYSIS PROCEDURE 
 
In the real world, no analysis is typical, as there are 
usually facets that cause it to differ from others. 
There is however a main procedure that most FE 
investigations take. This procedure is detailed below:  
 
3.3.1 Planning the Analysis 
This is arguably the most important part of any 
analysis, as it helps ensure the success of the 
simulation. Oddly enough, it is usually the one 
analysts leave out. The purpose of a FE analysis is to 
model the behavior of a structure under a system of 
loads. In order to do so, all influencing factors must 
be considered & determined whether their effects are 
considerable or negligible on the final result. The 
degree of accuracy to which any system can be 
modeled is very many dependants on the level of 
planning that has been carried out. Answers too many 
questions need to be found. 'Planning an analysis' is 
dealt with in detail in the 'improving results' section 
of this site.  
 
3.3.2 Pre-Processor 
The preprocessor stage in general FE packages 
involves the following: Specifying the title that is the 
name of the problem. This is optional but very useful, 
especially if a number of design iterations are to be 
completed on the same base model.  
  
Setting the type of analysis to be used, e.g. structural, 
fluid, thermal or electromagnetic, etc. (sometimes this 
can only be done by selecting a particular element 
type).  
 
3.3.3 Creating the model 
The model is drawn in 1D, 2D or 3D space in the 
appropriate units (M, mm, in, etc.). The model may 
be created in the pre-processor, or it can be imported 
from another CAD drafting package via a neutral file 
format (IGES, STEP, ACIS, Para solid, DXF, etc.). If 
a model is drawn in mm for example and the material 
properties are defined in SI units, then the results will 

-0.0002
-0.0001

0
0.0001
0.0002
0.0003
0.0004
0.0005
0.0006
0.0007

0 5 10 15 20 25 30 35 40

D
ef

le
ct

io
n 

(m
m

)

Time (sec)



Design & Analysis of Camshaft 

Proceedings of 11th IRF International Conference, 15th June-2014, Pune, India, ISBN: 978-93-84209-27-8 

57 

be out of scale by factors of 106. The same units 
should be applied in all directions, otherwise results 
will be difficult to interpret, or in extreme cases the 
results will not show up mistakes made during the 
loading and restraining of the model.  
  
Defining the element type, this may be 1D, 2D or 3D, 
and specific to the analysis type being carried out 
(you need thermal elements to do thermal analyses).  
 

 
 
3.3.4 Applying a Mesh 
Mesh generation is the process of dividing the 
analysis continuum into a number of discrete parts or 
finite elements. The finer the mesh, the better are the 
results, but longer is the analysis time. Therefore, a 
compromise between accuracy & solution speed is 
usually made. The mesh may be created manually, 
such as the one on the right, or generated 
automatically like the one below. In the manually 
created mesh, you will notice that the elements are 
smaller at the joint. This is known as mesh 
refinement, and it enables the stresses to be captured 
at the geometric discontinuity (the junction).  
 
Manual meshing is a long & tedious process for 
models with any degree of geometric complication, 
but with useful tools emerging in pre-processors, the 
task is becoming easier. Automatic mesh generators 
are very useful & popular. The mesh is created 
automatically by a mesh engine; the only requirement 
is to define the mesh density along the model's edges. 
Automatic meshing has limitations as regards mesh 
quality & solution accuracy. Automatic brick element 
(hex) meshers are limited in function, but are steadily 
improving. Any mesh is usually applied to the model 
by simply selecting the mesh command on the 
preprocessor list of the GUI 

 
3.3.5 Assigning properties 
Material properties (Young’s modulus, Poisson’s 
ratio, the density, & if applicable, coefficients of 

expansion, friction, thermal conductivity, damping 
effect, specific heat etc.) will have to be defined. In 
addition element properties may need to be set. If 2D 
elements are being used, the thickness property is 
required. 1D-beam elements require area, Ixx, Iyy, Ixy, 
J, & a direction cosine property, which defines the 
direction of the beam axis in 3D space. Shell 
elements, which are 2½D in nature (2D elements in 
3D space), require orientation & neutral surface offset 
parameters to be defined. Special elements (mass, 
contact, spring, gap, coupling, damper etc.) require 
properties (specific to the element type) to be defined 
for their use.  
 
3.3.6 Apply Loads 
Some type of load is usually applied to the analysis 
model. The loading may be in the form of a point 
load, a pressure or a displacement in a stress 
(displacement) analysis, a temperature or a heat flux 
in a thermal analysis & a fluid pressure or velocity in 
a fluid analysis. The loads may be applied to a point, 
an edge, a surface or an even a complete body. The 
loads should be in the same units as the model 
geometry & material properties specified. In the cases 
of modal (vibration) & buckling analyses, a load does 
not have to be specified for the analysis to run.  
 
3.3.7 Applying Boundary Conditions 
If you apply a load to the model, then in order to stop 
it accelerating infinitely through the computer's 
virtual ether (mathematically known as a zero pivot), 
at least one constraint or boundary condition must be 
applied. Structural boundary conditions are usually in 
the form of zero displacements, thermal BCs are 
usually specified temperatures, fluid BCs are usually 
specified pressures. A boundary condition may be 
specified to act in all directions (x, y, z), or in certain 
directions only. They can be placed on nodes, 
keypoints, and areas or on lines. BC's on lines can be 
in the form of symmetric or anti-symmetric type 
boundary conditions, one allowing in plane rotations 
and out of plane translations, the other allowing in 
plane translations and out of plane rotations for a 
given line. The applications of correct boundary 
conditions are critical to the accurate solution of the 
design problem. At least one boundary condition has 
to be applied to every model, even modal & buckling 
analyses with no loads applied. See the 'Advanced 
Boundary Conditions' section for explanations on 
more advanced boundary condition types.  
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3.3.8 Solution 
Thankfully, this part is fully automatic. The FE solver 
can be logically divided into three main parts, the pre-
solver, the mathematical-engine, & the post-solver. 
The pre-solver reads in the model created by the pre-
processor and formulates the mathematical 
representation of the model. All parameters defined in 
the pre-processing stage are used to do this, so if you 
left something out, chances are the pre-solver will 
complain & cancel the call to the mathematical-
engine.  
 
If the model is correct the solver proceeds to form the 
element-stiffness matrix for the problem & calls the 
mathematical-engine which calculates the result 
(displacement, temperatures, pressures, etc.) The 
results are returned to the solver & the post-solver is 
used to calculate strains, stresses, heat fluxes, 
velocities, etc. for each node within the component or 
continuum. All these results are sent to a result file, 
which may be read by the post-processor.  
 
3.3.9 Post-Processor 
Here the results of the analysis are read & interpreted. 
They can be presented in the form of a table, a 
contour plot, deformed shape of the component or the 
mode shapes and natural frequencies if frequency 
analysis is involved. Other results are available for 
fluids, thermal and electrical analysis types. Most 
post-processors provide an animation service, which 
produces animation & brings your model to life. 
 
Contour plots are usually the most effective way of 
viewing results for structural type problems. Slices 
can be made through 3D models to facility the 
viewing of internal stress patterns. All post-
processors now include the calculation of stress & 
strains in any of the x, y or z directions, or indeed in a 
direction at an angle to the coordinate axes.  
 
The principal stresses and strains may also be plotted, 
or if required the yield stresses and strains according 
to the main theories of failure (Von-mises, St. 
Venant, Tresca etc.). Other information such as the 
strain energy, plastic strain and creep strain may be 
obtained for certain types of analyses. 

  
 

 
 
RESULTS AND CONCLUSION 
 
Modal analysis of exsisting camshaft is carried out. 
As per analytical solution deflection of camshaft was 
5.985*10-4 mm. from analysis result max deflection is 
0.48*10-3mm. Maximum bending stress in camshaft 
is 12.656MPa from analytical solution and from 
11.094MPa. Comparing analytical and analysis 
results it is clear that designing of camshaft is correct 
and safe. 
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