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Abstract - Connecting rod is one of the important
components of the engine assembly, it acts as a mediator
between piston assembly and crankshaft. It started from the
sawmills to the engine various transmission forces. The
connecting rod connects reciprocating piston to rotating
crankshaft, transmitting the thrust of the piston to the
crankshaft. It has two ends. The small end is connected to
the piston by a gudgeon pin while other end is connected
crankshaft using crank pin. The reciprocating motion
generated during the transmission of brake power at piston
head causes various stress to acts on the connecting rod. It is
generally use to transmit the force through mechanism. So,
it is important to reduce the weight with the consideration
of the permissible limit for manufacturing of better
connecting rod. This further analysis move towards von
misses stress so that we get the better component with
reduced weight, cost effective and provide better result than
other components. This paper illustrate a general study on
three designs of connecting rod along with modern
structure.
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1. INTRODUCTION

One source of energy in automobile industry in internal
combustion engine, I.C. engine converts chemical energy
into mechanical energy in the form of reciprocating
motion of piston. Crankshaft and connecting rod convert
reciprocating motion into rotary motion. The Automobile
engine connecting rod is a high volume production, critical
component. If connects reciprocating piston to rotating
crankshaft, transmitting the thrust of the piston to
crankshaft. Every vehicle that uses an internal combustion
engine requires at least one connecting rod depending
upon the number of cylinder in the engine. There were
different types of materials and production method used
in the creation of connecting rods. The major stresses
induced in the connecting rod are combination of axial
bending stress in operation. The axial stresses are produce
due to cylinder gas pressure (compressive only) and the
inertia force arising in account of reciprocating action
(both tensile and compressive), whereas bending stresses
are caused due to the centrifugal effects. It consist of three
designs in the alienate frame work with weight reduction
as compare to the general connecting rod. It reduce the
cost with the similar permissible limit and better material
for minimizing deflection in connecting rod.

Christy V Vazhappilly!, P.Sathiamurthi?[1], They show a
study on connecting rod, which performs the function of
converting the reciprocating motion of the piston into
angular effort of the crank. The objective of this study is to
optimize connecting rod for its weight and manufacturing
costs, taking into account the recent developments. An
optimized solution is the minimum or the maximum value
that an objective function can take under a given set of
constraints. The optimization carried out here is not true
in mathematical sense, since while reducing the mass,
manufacturing feasibility and cost reduction forms an
integral part of markets.

Prof. N.P.Doshi?, Prof. N.K.Ingole?[2], From analysis it is
observed that the minimum stresses among all loading
conditions, were found at crank end cap as well as at
piston end. So the material can be reduced from those
portions, thereby reducing material cost. For further
optimization of material dynamic analysis of connecting
rod is needed. After considering dynamic load conditions
once again finite element analysis will have to be
performed. It will give more accurate results than existing.

Mithilesh K Ladel, Ritesh P Harode?, Deepali Bankar Lade?
[3], By observing the analysis results for the Static load of
30KN, Carbon Fiber Von-Mises Stress found 2.804e9 Pa
which are very much less than the yield strength values i.e
1050 MPa. The stresses on the connecting rod are within
the limit. Total deformation of connecting rod made up of
Carbon Fiber is 0.0019m which is very less when applied
Maximum load.

2. METHODOLOGY

After comparison of multiple designs of the connecting
rod, the weight optimization by the extraction of material
seems difficult. The authentic dimensions of the
connecting rod used for the industrial application has
been designed on CREO 2.0 [4].

Three different models are showing in the form of figures.

Fig 1: Full solid connecting rod
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Fig 2: Vertical cut through center section

Fig 3: Horizontal cut through center section

Figure 1 shows the basic model of connecting rod,
moreover other two designs shows modified version.
Figure 2 illustrates that optimization of connecting rod has
been done by vertical cut whereas in figure 3 it has been
done by horizontal cut.

The modelled design of Creo2.0 is imported on
Hypermesh13.0 in the solver Optistruct and it is subjected
to the boundary condition. Designed models are divided
into the meshing. Tetramesh and Tria mesh is used for
solid, horizontal and vertical cut connecting rod. The
element size is supposed to be 2.00 in all cases.

Now three material AISI4340, Aluminium 7068[5] and
Aluminium boron carbide[6]. The mechanical properties

of the material is given below table 1.

Table 1: Mechanical Properties of material

Name Young Density | Poisson’s
/Properties | Modulus (GPa) | (Kg/m3) | ratio
AlS14340 200 7.850 0.280

Al 7068 73.1 2.850 0.330
Al4BR 362 2.300 0.180

Table 2 describes the weight of all connecting rod along
with selection of material. Overall volume of solid, vertical
cut and horizontal cut are 30759, 21807.9, 22081.3 mm3
respectively.

Table 2:Mass Calculation of designs

Name\Material | AISI4340 | Al7068 Al4BC

Solid 242gm 88 gm 70.5 gm
Vertical Cut 173 gm 63 gm 50.8 gm
Horizontal Cut | 171 gm 62 gm 50.2 gm

This calculation reveals the weight reduction make the
component cost effective. After analysing the calculations
the most optimum component is vertical cut connecting
rod of Al7068. The percentage change is near around 74%
as compare to solid connecting rod of AISI4340.

3. LOADING CONDITION

All the connecting rod include solid vertical and horizontal
are subjected into the various tensile stress. The smaller
end is consider fix by the application of constraints. The
bigger end is set at the loading condition of pressure from
10Mpa to 50Mpa.lt is shown in figure 4.

Fig 4: Model after loading condition

The section is consider at both the end by trimming the
surface, so that the von misses stress is calculated
accurately. Now create the load step by which fix and
loads are define into the HYPERWORKS.

Fig 5

Figure 5 shows the von misses stresses of solid connecting
rod whose material is AISI4340. Maximum von misses
stress develop in a connecting rod at 50Mpa is
261.5N/mm?2. While minimum von misses stress develop
in a connecting rod at 10 Mpa is 52.29 N/mm?.

Fig 6
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Figure 6 shows the von misses stresses of solid connecting
rod whose material is A17068. Maximum von misses stress
develop in a connecting rod at 50Mpa is 257.0N/mm?2.
While minimum von misses stress develop in a connecting
rod at 10 Mpa is 51.39N/mm?2

Fig7

Figure 7 describes the von misses stresses of solid
connecting rod whose material is Al4BC. Maximum von
misses stress develop in a connecting rod at 50Mpa is
267.6.0N/mm?2 Whereas minimum von misses stress
develop in a connecting rod at 10 Mpa 53.5 N/mm?.

300
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0

Vonmisses stress

10 20 30 40 50
Mpa | Mpa | Mpa | Mpa | Mpa

=0=—AISI14340| 52.29 | 104.6 | 156.9 | 209.2 | 261.5
—@i=A| 7038 | 51.39 | 102.8 | 154.2 | 205.6 | 257
==fe=Al4BC 53.5 | 107 | 160.6 | 214.1 | 267.6

Chart1

Chart 1 illustrates that comparison of all material on solid
connecting rod. In which this chart shows that, any of this
material can be used at 10 Mpa to 50 Mpa because the
change in von misses stress is in under 4% . After the
analysis of material Al 7038 shows minimum stress at 50
Mpa.

Fig 8

Figure 8 shows the von misses stresses of vertical cut
connecting rod whose material is AISI4340. Maximum Von
misses stress develop in a connecting rod at 50 Mpa is
284.2 N/mm?2 On the other hand minimum von misses
stress develop in a connecting rod at 10 Mpa is
56.8N/mm?.

Fig9

Figure 9, the von misses stresses of vertical cut connecting
rod whose material is Al 7068. Maximum von misses
stress develop in a connecting rod at 50Mpa is
280.4N/mm?. While minimum von misses develop in a
connecting rod at 10 Mpa is 56.08 N/mm?2.

Fig 10

Figure 10, the von misses stresses of vertical cut
connecting rod whose material is Al4BC. Maximum von
misses stress develop in a connecting rod at 50Mpa is
289.4N/mm?2. While minimum von misses stress develop
in a connecting rod at 10 Mpa is 57.84 N/mm?.

350
300
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100
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0

Vonmisses Stress

10 20 30 40 50
Mpa | Mpa | Mpa | Mpa | Mpa

=0—AISI4340| 56.8 | 113.7 | 170.5 | 227.4 | 284.2
=@—Al 7068 |56.08 | 112.2 | 168.3 | 224.3 | 280.4
=== Al4BC 57.87 | 115.7 | 173.6 | 231.5 | 289.4

Chart 2
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Chart 2 describes comparison of all material on vertical
cut connecting rod. In which this chart shows that, any of
this material can be used at 10 Mpa to 50 Mpa because the
change in von misses stress is in under 4%. After the
analysis of materials Al 7068 shows minimum stress at 50

Fig 11

Figure 11, the von misses stresses of horizontal cut
connecting rod whose material is AISI4340. Maximum von
misses stress develop in a connecting rod at 50Mpa is
303.3N/mm?2. While minimum von misses stress develop
in a connecting rod at 10 Mpa is 60.67 N/mm?.

Fig 12

Figure 12, the von misses stresses of horizontal cut
connecting rod whose material is Al 7068. Maximum von
misses stress develop in a connecting rod at 50Mpa is
300.6N/mm2. While minimum von misses stress develop
in a connecting rod at 10 Mpa is 60.12 N/mm?.

Fig 13

Figure 13 ,the von misses stresses of horizontal cut
connecting rod whose material is Al4BC. Maximum von
misses stress develop in a connecting rod at 50Mpa is
307.3N/mm?. While minimum von misses stress develop
in a connecting rod at 10 Mpa is 61.46 N/mm?,

350

300

250

200

150

100 ?!

50

10 20 30 40 50
Mpa | Mpa | Mpa | Mpa | Mpa
=¢=AISI4340| 60.67 | 121.3 | 182 | 242.7 | 303.3

== Al 7068 | 60.12 | 120.2 | 180.4 | 240.5 | 300.6
=== Al4BC 61.46 | 122.9 | 184.4 | 245.9 | 307.3

Vonmisses Stresses

Chart 3

Chart 3 describes comparison of all material on horizontal
cut connecting rod. In which this chart shows that, any of
this material can be used at 10 Mpa to 50 Mpa because the
change in Von misses stress is in under 4%. After the
analysis of material Al 7068 shows minimum stress at 50
Mpa.

350
@ 200
g 25
= )
p 13§
@ 1
& 50
8 0
E 10 | 20 | 30 | 40 | s0
8 Mpa | Mpa | Mpa | Mpa | Mpa
—o—FullSolid | 52.29| 104.6| 156.9/209.2| 261.5
—@—Verticle Cut| 56.8 | 113.7] 170.5|227.4| 284.2
=== Hori tal

orgft"a 60.67 121.3| 182 |242.7/303.3

Chart 4

Chart 4 describes the comparison of material AISI4340
on solid, vertical, and horizontal cut connecting rod. In
which the chart shows that, any of the designs can be used
at 10 Mpa to 50 Mpa because the change in Von misses
stress is in under 15%.

350
a 300
.
& 150
a 100
o 50
k%] 0
£ 10 20 30 40 50
§ Mp | Mp | Mp | Mp | Mp
a a a a a
== Full Solid 51.39/102.8|154.2|205.6| 257
== Vertical Cut |[56.08|112.2|168.3(224.3|280.4
=== Horizontal cut|60.12|120.2|180.4|240.5|300.6

Chart 5
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Chart 5 describes the comparison of material AlI7068 on
solid, vertical, and horizontal cut connecting rod. In which
the chart shows that, any of the designs can be used at 10
Mpa to 50 Mpa because the change in Von misses stress is
in under 15%.

350
a 300 Y —
o 250 E
= 200 -
2 e
g 10 20 30 40 50
g Mpa | Mpa | Mpa | Mpa | Mpa

=== Full Solid 53.5 | 107 |160.6|214.1|267.6
== \erticle Cut| 57.87|115.7 | 173.6 | 231.5| 289.4

Horizontal
Cut

61.46|122.9|184.4|245.9|307.3

Chart 6

Chart 6 describes the comparison of material Al4BC on
solid, vertical, and horizontal cut connecting rod. In which
the chart shows that, any of the designs can be used at 10
Mpa to 50 Mpa because the change in Von misses stress is
in under 15%.

4. CONCLUSIONS

This is a general study on the designs along with the
consideration of all aspects of industrial material uses in
the connecting rod. The main objective of this paper is to
optimize weight and make the component lighter with in a
permissible limit. These are following results:

Weight is reduced upto 74% of solid connecting rod of
AlSI4340 to the vertical cut connecting rod of Al7068.

After the analysis of von mises stresses for 10 Mpa to 50
Mpa, the vertical cut connecting rod is used instead of
solid connecting rod if permissible limit is consider upto
10%.

Further more, if permissible limit is considered upto 15%
the horizontal cut centre section connecting rod of Al7068
can be used in the place of solid connecting rod of Al7068..
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