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Abstract
The main objective of this study was to explore weight and cost 
reduction opportunities for a production forged steel connecting 
rod. This has entailed performing a detailed dynamic load stress 
analysis of the connecting rod. In the first part of the study, the 
static load analysis and the selection of material and the production 
method of the connecting rod are considered. Then we go for 
design of connecting rod in “Catia” Then component was imported 
to the Ansy’s work bench and analysis is done. Then the results 
obtained in Ansy’s are compared with Experimental values. 
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I. Introduction 

A. Material Selection
Different types of materials are used in manufacturing of the 
connecting rods. The material for a connecting rod is selected 
based on the purpose of the connecting rod and depending upon 
the requirement of the I.C engines. 
Some of the materials used in the manufacturing of connecting 
rod are 

Cast iron • 
Aluminum alloys • 
Carbon steel • 
Stainless steel • 
Magnesium • 
Titanium • 

Generally forged materials are used for the connecting rods into 
account or neglected during the optimization. Nevertheless, a 
proper picture of the stress variation during a loading cycle is 
essential from fatigue point of view and this will require FEA 
over the entire engine cycle.
The objective of this chapter is to determine these loads that act 
on the connecting rod in an engine so that they may be used in 
FEA. The details of the analytical vector approach to determine 
the inertia loads and the reactions are presented in Appendix I.
This approach is explained by Wilson and Sadler (1993). The 
equations are further simplified so that they can be used in a 
spreadsheet format. The results of the analytical vector approach 
have been enumerated in this chapter.

B. Investigation Plan
The connecting rod undergoes a complex motion, which is 
characterized by inertia loads that induce bending stresses. In view 
of the objective of this study, this is optimization of the connecting 
rod. it is essential to determine the magnitude of the loads acting 
on the connecting rod. In addition, significance of bending stresses 
caused by inertia loads needs to be  determined, so that we know 
whether it should be taken.

II. Materials Used in This Project
Aluminium 7075 is the material used for this investigation. The 
major constituents of this alloying material are 5.6–6.1% zinc2.1–
2.5% magnesium, 1.2–1.6% copper and reaming is aluminium. 
This is one of the most widely used aluminium-copper alloys. 
This is a heat-treatable alloy and has the behaviour of corrosion 
resistance. Aluminium 7075 has the ultimate tensile strength of 
74,000–78,000 psi (510–572 MPa), yield strength of than 21,000 
psi (145 MPa), percentage elongation of 5–11%.  This alloy is used 
for heavy-duty forgings, air craft fittings and truck frames.

III. Static Forces on Connecting Rod
The stresses in the connecting rod are set up to the following 
forces acting on it 

Direct load on piston due to gas pressure. • 
Inertia of connecting rod. • 
Friction of the piston rings and of the piston. • 
The friction of the piston pin bearing and the crank pin • 
bearing.

Gas pressure force FP

Fig. 1:

The load due to piston inertia is 
=  weight of the reciprocating masses X accelerations
Fi = F/g ω2 r(cos θ + r(cos 2θ) / l 
Centrifugal force acting on the a unit length at the crank pin, 
then
C = ρ A ω2 r sin (θ + Ф)
Where  
θ = angle between rod and vertical line.
Ф = angle between crank and vertical line.
Buckling load on connecting rod: 
Wb = σc A/{1 + a (L / k)2}
Where   a = Rankin constant
Total force on the connecting rod :
F = Fp - Fi
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A. Theoretical Calculation

1. Specifications for Petrol Engine
Diameter of a piston  = 100mm
Weight of reciprocating mass = 1.8kg
Length of connecting rod  = 315mm
Stroke    = 140mm
Speed    = 1500-2500 rpm
Compression ratio  = 4:1
Maximum explosion pressure =2.5Mpa.
The maximum gas force

 =

         =  = 19,635 N.
According to Rankin formulae 

= 

            = crippling load 
 =   19,635

98,175 = 

t = 5mm. (t = thickness of web)
From the relation of big end and small end dimensions are 
calculated As follows

2. Small End Dimensions
Inner diameter of small end     .
Outer diameter of small end 

 = (1.25 .
Length of the small end .
Where .
Consider the bearing failure of the pin

.
Diameter of the crank pin   

Length of crank pin 

Consider the bearing pressure   =5.45 N/mm2
Thickness of the bush

  = (0.03-0.1)* 0.05 3mm

3. Cap of the Big End:
It is designed as a beam supported at the bolt centre

Bending moment M = 

Where C = distance between the centers of the bolts
= diameter of crank pin + (2 thickness of   bush) + diameter of 
the bolt + clearance.

IV. Modeling and Analysis of Rod
With the calculated dimensions of connecting rod it is modeling 
in Catia workbench and uploaded to the Ansys workbench

V. Material Properties

Material
Modulus of 
Elasticity, 
(N/mm2)

Shear 
Modulus 
of Elasticity
(N/mm2)

Poisson’s 
Ratio 
u

Weight 
Density 
(kg)

Steel alloys 29.0 11.5 0.29 0.28
Aluminum
alloys 10.2 3.9 0.33 0.098

Titanium
alloys 16.5 6.5 0.27 0.16

Created Part model in catia

Fig. 2:

Here we are using Ansys’s workbench to find the stresses 
developed, displacements of different materials.

Mesh generation in Ansys Workbench

Fig. 3:
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Load application in Ansys Workbench

Fig. 4:

Results founded from the Ansys workbench.

Material 
Vonmises 
Stress 
(Mpa)

Displacement
(mm)

Safety 
Factor 

MASS
(kg)

Stainles
steel

96.9285 0.14482 2.5792 1.2637

Aluminum 
alloys

92.6715 0.04868 2.8446 0.4362

 Titanium 
alloys

90.2463 0.09704 2.8634 0.7260 

VI. Dynamic Load Analysis of Rod
The objective of this chapter is to determine these loads that act 
on the connecting rod in an engine so that they may be used in 
FEA. The details of the analytical vector approach to determine 
the inertia loads and the reactions. 

A. Analytical Vector Approach
The analytical vector approach has been discussed With reference 
to Figure  for the case of zero offset (e = 0), for any given crank 
angle θ.
Free body diagram of connecting rod and piston.

The orientation of the connecting rod is given by: 
β = sin-1{-r1 sinθ / r2 } .
Angular velocity of the connecting rod is given by the 
expression:
ω2= ω2 k 
ω2 = - ω1cosθ/ [(r2/r1)

2 - sin2θ] 0.5

The angular acceleration of the connecting rod is given by the 
following relations
The angular acceleration of the connecting rod is given as
α2 = α2 k 
α2 = (1/cosβ )[ ω12 (r1/r2) sinθ - ω22 sinβ ]
Forces at the piston pin and crank ends in X and Y directions are 
given by:
FBX = – (mpaP+ Gas Load)
FAX = mcac.gX - FBX
FBY = [mcac.gYu cosβ - mcac.gXu sinβ + Izz α2 + FBX r2 sinβ] / (r2 
cosβ)
FAY = mcac.gY - FBY. 
Where
a = (-r1 ω1

2 cosθ - ω22 u cosβ - α2 u sinβ) i+ (-r1 ω1
2sinθ - ω22 u 

sinβ + α2 u cosβ) j
Acceleration of the piston is given by
ap= (-ω1

2 r1 cosθ - ω2
2 r2 cosβ - α2 r2 sinβ) i+ (-ω1

2 r1 sinθ - ω2
2 

r2 sinβ + α2 r2 cosβ) j

Configuration of the engine connecting rod 
Crank shaft radius  = 48.5 mm 
Connecting rod length  = 141.014 mm 
Piston diameter   = 86 mm 
Mass of the piston assembly = 0.434 kg 
Mass of the connecting rod = 0.439 kg 
Izz about the center of gravity = 0.00144 kg mm2

Distance of C.G. from crank end center = 36.44 mm 
Maximum gas pressure  = 37.29 Bar 
Consider piston movement inside the cylinder as slider crank 
mechanism.
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Typical input required for performing load analysis on the 
connecting rod and the expected output graphs are shown.
Here we have to calculate the angular acceleration of the connecting 
rod.
Angular velocity of link AB at 3000 rev/min crank speed 
(Clockwise).

Angular acceleration of link AB at 3000 rev/min cranks speed 
(clockwise).

Forces at the joint A at 3000 rev/min crank speed. Fx
Corresponds to FAX and Fy corresponds to FAY is given as 
follows.

Forces at the joint A at 3000 rev/min crank speed. 
Fx Corresponds to FAX and Fy corresponds to FAY.

Forces at the joint B at 3000 rev/min crank speed. Fx
Corresponds to FBX and Fy corresponds to FBY.

            
Variation of crank angle with time at 3000 rev/min crank speed 
in clockwise direction.

                
Pressure crank angle diagram used to calculate the   forces at the 
connecting rod ends.

Finally we can get the acceleration of the connecting rod is 
calculated as follows.     
FEA of connecting rod using dynamic analysis results at crankshaft 
speed of 2000 rev/min.
Acceleration at the crank end center is 2,127,448 mm/s2.

VII. Conclusion
The following conclusions can be drawn From this study:

There is considerable difference in the structural behavior of 1. 
the connecting rod between axial fatigue loading and dynamic 
loading.
Dynamic load should be incorporated directly during design 2. 
and optimization as the design loads, rather than using static 
loads.
Bending stresses and Tensile stresses of the connecting rod 3. 
will be reduced. Bending stresses were also negligible at the 
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piston pin end.
The stress Multi Axially is high especially at the critical region 4. 
of the crank end transition.
Optimization was performed to reduce weight Fatigue 5. 
strength was the most significant factor in the optimization 
of this connecting rod.
Due to less weight of Aluminum alloy (7075) inertia forces 6. 
are neglected.
Due to light weight of connecting rod efficiency of engine 7. 
will be increased.
In the cost orientation Aluminum is less compared to Titanium 8. 
and Steel.
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