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Abstract— The main objective of this study was to explore
weight reduction optimization for connecting rod. It
contains a detailed report on load analysis. Therefore, in this
study it deals with two subjects, Tensile & compressive load
first and stress analysis of the connecting rod and,
optimization for weight second. This paper deals with the
static and fatigue analysis of the existing design of
automotive connecting rod which is having 0.1277 kg of
mass. Theoretical fatigue factor of safety of this design is
2.8. The critical area of the connecting rod is the crank end
(big end). But this design is having fatigue life nearly equal
to 1E008 cycle which is high and can be considered as
infinite life. So by studying the connecting rod geometry we
can remove some amount of material from it. That means
we can modify this existing design to get sufficient life.
Sufficient life means in the range of E006 cycles. After the
modification in the design the mass of optimized connecting
rod is-0.1127 kg. In the same process we have optimized the
geometry of the connecting rod. While doing so we have
modified the ‘I’ section of “existing design. Because of
which there will be increase in the stress at the critical
location, but this increase in the stress tends to factor of
safety of 2.1 and having fatigue life of 1EO006which
satisfying general criteria of E006 cycles. So by design
modification we are offering sufficient life with 0.015 kg
mass saving (13.30% weight reduction) with respect to
existing design. Experimental validation is done on
optimized connecting rod by testing the same on Universal
Testing machine which gives the same braking load which is
shown by FEA.
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I. INTRODUCTION

Connecting rod is a critical component in the automobile
engine which is produced in large volume. It is connected
with the reciprocating piston and to the rotating crankshaft.
Crankshaft transmits the thrust of the piston to the
crankshaft. In each of the vehicle that has IC engine has at
least one connecting rod depending upon how much
cylinder that engine is. Connecting rods are manufactured
by forging method. In some cases these are casted.

The Soule motive of this paper is to optimize the
weight of the connect rod. The aspect of this paper has been
dealt with in a master’s thesis entitled “Fatigue Behavior
and Life predictions of Forged Steel and PM Connecting
Rods” (Afzal A., 2004). Because of its large volume
production the cost aspects plays a vital role. And which is
directly related to the mass of the connecting rod.

A. Function:

The function of the connecting rod is to convert the
reciprocating motion of the piston into the rotary motion of
the crankshaft.

B. Materials:

The connecting rods are usually forged out of the open
hearth steel or sometimes even nickel steel or vanadium
steel. For low to medium capacity high speed engines, these
are often made of duraluminium or other alluminium alloys.
However, with the progress of technology, the connecting
rods these days are also cast from malleable or spheroidal
graphite cast iron. The different connecting rod steels are
(40C8, 37Mn6, 35Mn6 MO3, 35Mn6 Mo4, 40Cr4, 40Cr4
Mo3, 40NiCr4MO2) etc.

In general, steel forged connecting rods are
compact and light weight which is an advantage from inertia
view point, whereas cast connecting rods are comparatively
cheaper, but on account of lesser strength their use limited to
small and medium size petrol engines.

C. Construction:

A combination of axial and bending stresses act on the rod
in operation. The axial stresses are product due to cylinder
gas pressure and the inertia force arising on account of
reciprocating motion. Whereas bending stresses are caused
due to the centrifugal effects. To provide the maximum
rigidity with minimum weight, the cross section of the
connecting rod is made as and | — section end of the rod is a
solid eye or a split eye this end holding the piston pin.

The big end works on the crank pin and is always
split. In some connecting rods, a hole is drilled between two
ends for carrying lubricating oil from the big end to the
small end for lubrication of piston and the piston pin.

D. Classification:

The classification of connecting rod is made by the cross
sectional point of view i.e. | — section, H — section, Tabular
section, Circular section. In low speed engines, the section
of the rod is circular, with flattened sides. In high speed
engines either an H — section or Tabular section is used
because of their lightness. The rod usually tapers slightly
from the big end to the small end.
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Fig. 1: Different Cross sections of connecting rod

E. Forces acting on the Connecting Rod:

1) The combined effect (or joint effect) of,
1) The pressure on the piston, combined with the
inertia of the reciprocating parts.
2) The friction of the piston rings, piston, piston rod
and the cross head.
2) The longitudinal component of the inertia of the rod.
3) The transverse component of the inertia of the rod.
4) The friction of the two end bearings.

Il. STATIC ANALYSIS OF EXISTING DESIGN

A. Calculation of Forces Acting on Connecting Rod

1) Input Parameters:

The input parameters of it are described below. The original

mass of connecting rod is 11.47 kg. The calculations for

orlgmal design are as follows.
Maximum gas pressure, Pmax = 2.45N/mm?

— Length of connecting rod (Centre to center distance), L
=105 mm

— Reciprocating masses, Mr = 0.4785 kg

— Bore diameter, D = 47 mm

— Crank radius, R =27 mm

— Crank speed, N = 2500 RPM

— Firing angle, 6 = 90 - 110

2) Material Properties:

—  Material density 6C = 7.85 g/cm3

— Poisson's ratio p = 0.29

— Young's Modulus E = MPa

— Yield strength Sy = 385 MPa

— Ultimate tensile strength, Su = 635 MPa

3) Force due effect of gas pressure on piston

Fg = (Maximum Gas Pressure) x (C/s Area of Piston)

D2
F, =P X —
g max 4

10.152

@)

Fy = (2.45) x

Fg = 4250.614 N
d) Force due to inertia of reciprocating masses
Inertial force due to reciprocating parts is given by,
Fi = (mass of Reciprocating Mass i.e. piston assembly) x
(Acceleration)

F, = M,w?R(cos® +

F. = 04785 (2X1‘[><2500
; = 0. X %0

rcos(2 x 10)

0.00388
F; = 215326.816 N

rcos20

—]Q) 0]

) 0.027(cos10

B. Load Cases and Boundary Conditions

The static analysis is carried out for tensile and compressive
conditions under maximum gas load. There are four load
cases in the analysis of connecting rod.

1) Loading at Piston End

— Tensile loads i.e. load due to inertia 215326.816N is
applied over 180° at piston end with crank end restrained
over 180° of contact area.

— The compressive load i.e. load due to gas pressure
4250.614N is applied as a uniformly distributed load
over 120° of contact surface at piston end with crank
restrained over 120° of contact area.

2) Loading at Crank End

— Tensile load i.e. load due to inertia 215326.816N is
applied over 180° at crank end with piston end restrained
over 180° of contact area.

— The compressive load i.e. load due to gas pressure
4250.614N is applied as a uniformly distributed load
over 120° of contact surface at piston end with piston
end restrained over 120° of contact area.

I1l. FINITE ELEMENT ANALYSIS

Fig. 2: CAD Model

Fig. 3: Model after Meshing

Fig. 4: Stress Developed in FEA
Stresses Developed after application of 11KN load.
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1V. OPTIMIZATION

Optimization of connecting rod was done so as to reduce the
volume directly and mass indirectly.

The geometry optimization technique is used for
reducing the mass.
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Fig. 5: | Section of Connecting Rod

V. EXPERIMENTAL VALIDATION

Experimental validation is done on universal testing
machine. In the machine the piston end i.e. small end is held
in the fixture and static load is applied at the other big end
that means at crank end.

The result of which is the failure of the connecting
rod at the crank end.

Fig. 6: Actual Failure of Connoting Rod

Fig. 7: Actual Failure of Connoting Rod

VI. FATIGUE ANALYSIS

S-N Curves
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Fig. 8: S-N Curve

VII. INSERTION OF BUSH AT THE CRANK END

In order to increase the strength of the connecting rod one
bush is inserted at the crankend. The dimensions of the bush
are OD =29.3 mm, ID = 22.3 mm, Width = 15.3 mm.

000 46,00 ey
L Se—
2000

VIIl. RESULT DISCUSSION

A. Result Comparison of Connecting Rod before and after
Optimization

Iteration 1 2 3 4 5
Force (KN) 0.60 | 0.75 | 0.80 | 1.00 | 2.50
Equivalent Stress 105.

Maximum (MPA) 25.25 | 31.56 | 33.67 | 42.09 21
Life Minimum 1000 | 1000 | 1000 | 1000 | 3173
(Cycles) 000.0 | 000.0 | 000.0 | 000.0 | 76.3
Safety Factor | 5 ) | 573 | 256 | 2.05 | 0.82

Minimum

Table 1: S-N Curve Table

Connecting Rod | Connecting Rod
before after
Optimization Optimization
Material AISI 8620 AISI 8620
Alloy Steel Alloy Steel
Density, g/cm3 7.85 7.85
Volume, mm3 16265 14359
Mass, kg 0.12768 0.11271
Nodes 70382 64001
Elements 44919 39946
Maximum
Von-Mises Stress, 200.64 201.58
MPa
Maximum
Total Deformation, 6.4186e-002 7.2054e-002
mm
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Minimum
Fatigue life cycle,
cycles

25336 24905

Maximum
Fatigue life cycle,
cycles

1xE6 1xE6

Table 2: Comparison results before and after Optimization

B. Result Comparison of Connecting Rod
Optimization without Bush and With Bush

after

Connecting Rod | Connecting Rod
after after
Optimization Optimization
(Without Bush) (With Bush)
Material AISI 8620 AISI 8620
Alloy Steel Alloy Steel
Density, g/cm3 7.85 7.85
Volume, mm?3 14359 18756
Mass, kg 0.11271 0.14723
Nodes 64001 83441
Elements 39946 52189
Maximum
Von-Mises Stress, 201.58 94.342
MPa
Maximum
Total Deformation, 7.2054e-002 3.2152e-002
mm
Minimum
Fatigue life cycle, 24905 594730
cycles
Maximum
Fatigue life cycle, 1xE6 1xE6
cycles
Table 3: Comparison of Results without and with Bush after
optimization

IX. CONCLUSIONS

Connecting rod is the most dynamically stressed component
in IC engine so it is essential to evaluate fatigue life of the
connecting rod to prevent premature failure.

1) Dynamic load analysis is performed using analytical
vector approach. Maximum dynamic load corresponds
to maximum gas pressure acting at small & large end of
the connecting rod is estimated.

2) Static structural analysis of connecting rod is performed
using FEA software (Ansys). It is observed that stresses
developed are found less than permissible value,
because of which optimization of connecting rod is
carried out and fatigue analysis is performed to estimate
the fatigue life cycle. Also effect of bush on fatigue life
and stresses is evaluated and it is found that stresses get
reduced by 53.19% and fatigue life of connecting rod is
improved drastically.

3) Experimental test (Tensile Test) is carried out and FEA
results are validated by experimental test (Experimental
results are compared with Numerical (FEA) results.)
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