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Abstract — The crankshaft is an important component of an engine. Crankshaft is one of the critical
components for the effective and precise working of the internal combustion engine. A crankshaft can be
called as the heart of any I.C. engine since it is the first recipient of the power generated by the engine.
Its main function is to convert the oscillating motion of the connecting rod into rotary motion of the
flywheel. The main function of a camshaft is to convert rotary motion of the crankshaft into vertically
reciprocating motion of the valves required to open and close the intake and exhaust valves of engine
cylinders, with the assistance of cams located on it and an intermediate mechanism. This paper presents
the design connecting rod of internal combustion engine using the topology optimization. This paper 1
basic model and 3 implement model is proposed. The crankshaft model 3D geometry is created by using
CATIA V5 and then it is import in ANSYS 19.0. and check all the result in three different load case

22624N, 32624N and 42624N.
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1. INTRODUCTION

The crankshaft is a moving part of the internal
combustion engine (ICE). It's main function is to
transform the linear motion of the piston into
rotational motion. The pistons are connected to the
crankshaft through the connecting rods. The
crankshaft is mounted within the engine block. The
crankshaft is fitted into the engine block through its
main journals. The connecting rods are fixed on the
conrod journals of the crankshaft. On opposite sides
of the conrod journals the crankshaft has
counterweights which compensates outer moments,
minimizes internal moments and thus reduces
vibration amplitudes and bearing stresses (Reddy,
et. al., 2017).

In the present work, one crank throw model was
used to calculate the static strength of crankshaft.
Software based analysis techniques use multi-body
simulation tools for accurately predicting the
operating loads acting on the engine components.
The 3D model of crankshaft system, obtained from
CATIA V5 software is analyzed in Ansys Software to
assess the motion and loads acting on the
crankshaft.

Fig.1 Crankshaft (Patil, et. al., 2017)

For the design optimization process of crankshaft
further topology optimization technique of Ansys is
used to remove the unnecessary material from the
crank shaft.

2. TOPOLOGY
ANSYS

OPTIMIZATION IN

Unless it has been topologically optimized, every
part in an assembly probably weighs more than it
needs to. Extra weight means excess materials are
being used, loads on moving parts are higher than
necessary, energy efficiency is being compromised
and shipping the part costs more. Now, with
Topology  Optimization  technology, ANSYS
Mechanical gives you the tools you need to design
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durable, lightweight components for any application.
You can define objectives easily and apply controls
to ensure that manufacturing requirements are met,
minimum material thicknesses are set and exclusion
areas are defined (Pandiyan, et. al., 2016).

Topology optimization in ANSYS Mechanical allows
you to:

. Take into account multiple static loads
combined with optimizing for natural
frequencies (modal analysis)

D8R3 3 2 6P BALE %T4033;80058 3 240 ¢ &3 L4

. Satisfy requirements for minimum material
thickness o an fin i e e G EOLBRRE G RORI AR NN
. Observe rules around feature direction (for 1

machining operations for example)

. Have scope for both cyclic and planar
symmetry
. Easily validate results
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Fig.2 Topology Optimization

3. METHODOLOGY 2303, 39 2 60 BAME %T+933;80088 3 540 ¢ @3 i

3.1 Modelling

In this modelling section 1 basic model and 3
implement model is proposed. The crankshaft model
3D geometry is created by using CATIA V5 and then
it is import in ANSYS 19.0. and check all the result in
three different load case 22624N, 32624N and
42624N.

lo28a. 8 o %0 m4er x74333;88088 3 548 w83 4

Fig.3 Different Crankshaft Model
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3.2 Material property

The forget steel is used to above analysis the
mechanical property are used in ANSYS are shown
in table below:

Table 1. Material Property

Density (Kg/m3) 7833
Young’s Modulus  2.21E+05
(MPa)
Poisson’s Ratio 0.3

3.3 Meshing

After applying meshing 26641 nodes and 19234
elements is generated in crankshaft.

Fig.4 meshing of crankshaft

3.4 Boundary condition

The FE model created was subjected to static
structural analysis after assigning suitable material
properties and boundary conditions.

The force acting on the crankpin for case-1 due to
gas loads at 4500 rpm. The maximum force acting
on the crankpin is 22624 N.

Fig.5 Applying force

The force acting on the crankpin for case-2 due to
gas loads at 4500 rpm. The maximum force acting
on the crankpin is 32624 N.

ANSYS

R19.0
Academic

0.00 50.00 100.00 (mm)
25.00 75.00

Fig.6 Applying force

The force acting on the crankpin for case-3 due to
gas loads at 4500 rpm. The maximum force acting
on the crankpin is 42624 N.

ANSYS

R19.0
Academic

100.00 {rm)
75.00

\ Geometry { Print Preview , Report Preview/ |

Fig.7 Applying force
3.5 Fixed support

The crankshaft is fixed in both the end of shaft.
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ANSYS

R19.0
Academic

100.00 {mm)

Fig.8 Fixed support of crankshaft
4, RESULT ANALYSIS

Case-1 (Model -1) In this case the maximum force
acting on the crankpin is 22624 N.

Deformation

In this case 0.011156mm deformation is found.

ANSYS

R19.0
_ Academic

| 0004077
I 0.o0a732a
L] oonpases
0.0012843
0 Min

100.00 {mm)

Fig.9 Total deformation in Case-1
Fig.9 represents the model lof total deformation in
case 1 when the maximum force acting on the
crankpin is 22624 N. in this model min. deformation
is 0 and max. deformation is 0.011198.
Case-1 (Model-1)

Equivalent Stress

In this case 68.42 Mpa maximum stresses is found.

ANSYS

R19.0
Academic

60818
= 53,216
25,614
L] 3012
— 3041
| 22808
15,206
7.6038
0.0018211 Min

Fig.10 Equivalent stress in Case-1

Fig.10 elaborates the mode 1 of equivalent stress in
case 1 when the maximum force acting on the
crankpin is 22624 N. In this model min. stress is
0.0018211 and max. stress is 68.42.

The ANSYS 19.0 provide the feature of topology
optimization. After applying 22624N force the new
model is proposed. The red region show that this
material is does not affect the all over stress value.
So all the new design is made only change in red
region.

Fig.11 Topology optimization in ANSYS

Case-1 (Model-2)
Deformation

In this case 0.011182mm deformation is found.

ANSYS

R19.0
Academic

0.0074544
0.006212

- 0.0049696
— 0.0037272
0.0024848
0.0012424
0 Min

100.00 {mm)

Fig.12 Total deformation in Case-1

Fig.12 shows the model 2 of total deformation in
case 1 when the maximum force acting on the
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crankpin is 22624 N. In this model min. deformation
is 0 and max. deformation is 0.011182.

Case-1 (Model-2)
Equivalent Stress

In this case 68.70 Mpa maximum stresses are found.

68.703 Max
61.07

53436
45,803
38169
30,536
22,902
15.269

7.635
0.0015045 Min

100.00 {mm)

Fig.13 Equivalent stress in Case-1
Fig.13 represents the model 2 of equivalent stress in
casel when the maximum force acting on the
crankpin is 22624 N. in this model min. stress is
0.0015045 and max. stress is 68.703.
Case-1 (Model-3)

Deformation

In this case 0.011202mm deformation is found.

0.011202 Max
0,0099571
0,0087125
0,0074678
0.0062232
0,0049786
0.0037339
0,0024893
0,0012446
0Min

100,00 (rmm)

Fig.14 Total deformation in Case-1
Fig.14 shows the model 2 of total deformation in
case 1 when the maximum force acting on the
crankpin is 22624 N. In this model min. deformation
is 0 and max. deformation is 0.011202.
Case-1 (Model-3)

Equivalent Stress

In this case 63.49 Mpa maximum stress is found.

63.492 Max
56438
49384
42,331
35.277
28223

2117
14116
7.0625
0.0088849 Min

100.00 (mm)
Fig,15 Equivalent stress in Case-1

Fig.15 represents the model 3 of equivalent stress

in case 1 when the maximum force acting on the

crankpin is 22624 N. In this model min. stress is

0.0068849 and max. stress is 63.492.

Case-1 (Model-4)

Deformation

In this case 0.011207mm deformation is found.

0.011207 Max
0.0099617
0.0087165
0.0074713
0.0062261
0.0049809
0.0037357
0.0024904
0.0012452

0 Min

Fig.16 Total deformation in Case-1
Fig.16 shows the model 4 of total deformation in
case 1 when the maximum force acting on the
crankpin is 22624 N. In this model min. deformation
is 0 and max. deformation is 0.011207.
Case-1 (Model-4)

Equivalent Stress

In this case 4 74.156 Mpa maximum stress is
found.
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Time: 1 20181052 AM
0/16/2018 10:51 AM

98.638 Max
74.156 Max e
65.017

57.679

4084

41.201

32.063

24724

16.486

8.2469
0.0083383 Min

76,719

.76

548

2.8

32.881

21022

10962

X 0.0026254 Min

L 0.00 100.00 200.00 (mm)
—
z 50.00 150.00

Fig.19 Equivalent stress in Case-2

l-..

100.00 (mm)
75.00

Fig.17 Equivalent stress in Case-1 Fig.19 shows the model 1 of equivalent stress in
case 2 when the maximum force acting on the
Fig.17 shows the model 4 of equivalent stress in crankpin is 32624 N. in this model min. stress is
case 1 when the maximum force acting on the 0.0026254 and max. stress is 98.638.
crankpin is 22624 N. In this model min. stress is
0.0083383 and max. stress is 74.156. Case-2 (Model-2)
Case-2 (Model-1) In this case the maximum force Deformation

acting on the crankpin is 32624 N.

In this case 0.016136mm deformation is found.

Deformation

In this case 0.016144mm deformation is found.

10/16/2018 10:11 AM

0.016136 Max
0.014343
0.01255
0.010757
0.0089643
0.0071714
0.0053786
0.0035857
0.0017929

0 Min

0.016144 Max
0.01435
0.012557
0.010763
0.0089689
0.0071752
0.0053814
0.0033876
0.0017938

0 Min

50.00 100,00 (mm)
X 25.00 75.00

¢
L’Z Fig.20 Total deformation in Case-2

100.00 {mm)

75.00

Fig.20 represents the model 2 of total deformation
in case 2 when the maximum force acting on the
Fig, 18 Total deformation in Case-2 crankpin is 32624 N. In this model min. deformation
is 0 and max. deformation is 0.016136.

Fig.18 shows the model 1 of total deformation in

case 2 when the maximum force acting on the Case-2 (Model-2)

crankpin is 32624 N. in this model min. deformation

is 0 anjd max. deformation is 0.016144. Equivalent Stress

Case-2 (Model-1) In this case 108.57 Mpa maximum stress is found.

Equivalent Stress

In this case 98.68 Mpa maximum stress is found. 1071672018 1011 AM

108.57 Max
96.508
84.445
72.381
60.318
48.255
36,192
24129
12.065
0.0021071 Min

0.00 50.00 100.00 (mm)
25.00 75.00

Fig.21 Equivalent stress in Case-2
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Fig.21 shows the model 2 of equivalent stress in
case 2 when the maximum force acting on the
crankpin is 32624 N. in this model the min. stress is
0.0021071 and max. stress is 106.57.

Case-2 (Model-3)

Deformation

In this case 0.016149mm deformation is found.

10/16/201810:12 AM

0.016149 Max
0.014355
0.01256
0.010766
0.0089717
0.0071774
0.005383
0.0035887
0.0017943

0 Min

100.00 (mrm)

Fig.22 Total deformation in Case-2
Fig.22 shows the model 3 of total deformation in
case 2 when the maximum force acting on the
crankpin is 32624 N. In this model the min.
deformation is 0 and max. deformation is 0.016149.
Case-2 (Model-3)

Equivalent Stress

In this case 91.533 Mpa maximum stress is found.

91.533 Max
81364
71.195
61.026
50.857
40.688

3052

20.351
10.182
0.012809 Min

100.00 (mm)

Fig.23 Equivalent stress in Case-2
Fig.23 shows the model 3 of equivalent stress in
case 2 when the maximum force acting on the
crankpin is 32624 N. in this model min. stress is
0.012809 and max. stress is 91.533.
Case-2 (Model-4)

Deformation

In this case 0.057078mm deformation is found.

0.057078 Max
0.050736
0.044394
0.038052
0.03171
0.025368
0.019026
0.012684
0.006342

0 Min

50.00 10000 ()
25.00 75.00

Fig.24 Total deformation in Case-2
Fig.24 shows the model 4 of total deformation in
case 2 when the maximum force acting on the
crankpin is 32624 N. In this model min. deformation
is 0 and max. deformation is 0.057078.
Case-2 (Model-4)

Equivalent Stress

In this case 176.84 Mpa maximum stress is found.

10/16/201810:14 AM.

176.84 Max
157.19
137.54
117.9

08253
78.607
58.961
39315
19.669
0.022639 Min

50,00 100.00 {ram)
25.00 75.00

Fig.25 Equivalent stress in Case-2
Fig.25 shows the model 4 of equivalent stress in
case 2 when the maximum force acting on the
crankpin is 32624 N. In this model min. stress is
0.022639 and max. stress is 176.84.

Case-3 (Model-1) In this case the maximum force
acting on the crankpin is 42624 N.

Deformation

In this case 0.02109mm deformation is found.

Mukund Hingne® Dr. Rashmi Dwivedi®

www.ignited.in

109



Design and Analysis of Crankshaft Using Topology Optimization in ANSYS

R: Copy of Copy of Static Structural
Total Deformation

Type: Total Deformation

Unit: mrm

Time: 1

10/17/2018 10:36 AM

0.02109 Max

0.018747

= 0.016403
0.01406

. 0011717

H 0.0093733

. 0.00703

0.0046866

g 0.0023433

0 Min

L:

100,00 (mm)
75.00

Geometry £ Print Preview }, Report Preview,

Fig.26 Total deformation in Case-3
Fig.26 elaborates the model 1 of total deformation in
case 3 when the maximum force acting on the
crankpin is 42624 N. In this model min. deformation
is 0 and max. deformation is 0.02109.
Case-3 (Model-1)

Equivalent Stress

In this case 128.86 Mpa maximum stress is found.

R: Copy of Copy of Static Structural
Equivalent Stress

Type: Equivalent (van-Mises) Stress
Unit: MPa

Time: 1

10/17/2018 10:33 AM

128.86 Max
114.54

= 100.22
85.905
= 71.588
. 57.27

42,954

=8 0.0034299 Min

100.00 (mm})

75.00

Geometry A Print Preview ) Report Preview/

Fig.27 Equivalent stress in Case-3
Fig.27 shows the model 1 of Equivalent stress in
Case-3 when the maximum force acting on the
crankpin is 42624 N. In this model min. stress is
0.0034299 and max. stress is 128.86.
Case-3 (Model-2)

Deformation

In this case 0.021079mm deformation is found.

M: Copy of Model, Static Structural
Total Deformation

Type: Total Deformation

Unit: mm

Tirne: 1

10/17/2018 10:37 AM

0.021079 Max

0.018737

0.016395

B 0.014053
0.011711

. 0.0093684

- 0.0070263
0.0046842

[j 0.0023421

0 Min

0.00 50.00 100.00 (mrm)
25.00 75.00

Fig.28 Total deformation in Case-3

Fig.28 show the model 2 of total deformation in case
3 when the maximum force acting on the crankpin is
42624 N. In this model min. deformation is 0 and

max. deformation is 0.021079.
Case-3 (Model-2)
Equivalent Stress

In this case 148.83 Mpa maximum stress is found.

M: Copy of Model, Static Structural
Equivalent Stress.

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

10/17/2018 10:34 AM

141.83 Max

0.0027527 Min

0.00 50.00 100.00 {mm)
25.00 75.00

Geometry A Print Preview A Report Preview/

Fig.29 Equivalent stress in Case-3
Fig.29 model 2 of equivalent stress in case 3 when
the maximum force acting on the crankpin is 42624
N. In this model min. stress is 0.0027527 and max.
stress is 141.83.
Case-3 (Model-3)

Deformation

In this case 0.021096mm deformation is found.
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Total Deformation
Type: Total Defarmation
Unit: mm

Time: 1

10/17/2018 10:38 AM

0.021096 Max

0.018752

= 0.016408
0.014064

= 0.01172

. 0.0093762
0.0070321

E 0.0046881
0.002344

0 Min

100.00 (mm)

Fig.30 Total deformation in Case-3
Fig.30 shows the model 3 of total deformation in
case 3 when the maximum force acting on the
crankpin is 42624 N. In this model min. deformation
is 0 and max. deformation is 0.021096.
Case-3 (Model-3)

Equivalent Stress

In this case 119.57 Mpa maximum stress is found.

0: Copy of Model, Static Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

10/17/201810:35 AM

119.57 Max
106.29

93.006

79.722

66438

53.154

39,869

26585

13301
0.016733 Min

10000 (mrm)

Geometry £ Print Preview ) Report Preview,

Fig.31 Equivalent stress in Case-3
Fig.31 shows the model 3 of equivalent stress in
case 3 when the maximum force acting on the
crankpin is 42624 N. In this model min. stress is
0.016733 and max. stress is 119.57.
Case-3 (Model-4)

Deformation

In this case 0.074564mm deformation is found.

Q: Copy of Model, Static Structural
Total Deformation

Type: Total Deformation

Unit: mm

Time: 1

10/17/201810:39 &M

0.074564 Max

0.066279

= 0.057994

M 0.049709
0.041425

= 0.03314

H 0.024855

b= 001657

o 0.0082849

0Min

100.00 (mm)
75.00

Geometry {Print Preview ) Report Preview,

Fig.32 Total deformation in Case-3
Fig.32 shows the model 4 of total deformation in
case 3 when the maximum force acting on the
crankpin is 42624 N. in this model min. deformation
is 0 and max. deformation is 0.074564.
Case-3 (Model-4)

Equivalent Stress

In this case 231.01 Mpa maximum stress is found.

Q: Copy of Model, Static Structural
Equivalent Stress.

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

10/17/201810:35 AM

231.01 Max
205.35

179.68

154.02

12835

102.69

77.023

51.359

25.6%
0.029575 Min

100,00 (mm)

75.00

Geometry £ Print Preview ) Report Preview,/

Fig.33 Equivalent stress in Case-3

Fig.33 shows the model 4 of equivalent stress in
case 3 when the maximum force acting on the
crankpin is 42624 N. In this model min. stress is
0.029575 and max. stress is 231.01.

Deformation comparison

After performing analysis in ansys following
deformation are found as shown in table.
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Table 2 Deformation comparison in all cases
250
)
2, 150 = Model-1
0.0115 0.016144 0.02109 »
2 100 ® Model-2
2 0.011182 0.016144 0.021079 % 50 = Model-3
0 a— ,
3 0.011202 0.016149 0.021096 i e '™Model-4
O O O
S < =
4 0.011207 0.057078 0.074564 O U O
0.1 Graph 2 Stress Comparison graph
c . Graph 2 represents the comparison graph of
O 0.08 —— stress. In this stress analysis research three case
"= ® Model-1 used for every four model. In every case model 4
E E 0.06 stress is very high and model 3 stress is low.
= & 0.04 m Model-2
S - Weight comparison
7] 0.02 = Model-3
(@] ._lI After performing analysis in ansys following Weight
0 - ® Model-4 are found as shown in table.
(J'bc’eo.db"e: Table 4 Weight comparison in all 3 cases
Graph 1 Deformation Comparison Graph --
Graph 1 shows the comparison of deformation. In 1 4.3805

this deformation analysis there are three cases used

for every four model. In this graph shows the model 4

deformation is high in case 2 and case 3. In case 1 2 3.854
the deformation of all model is close to each other.

Stresses comparison 3 3.990

After performing analysis in ansys following Stresses
are found as shown in table. - 3.6653

Table 3 Stresses comparison in all cases

Weight Comparison
o ot s s

I 6842  98.68  128.86 Z 99 = Model-1
- H Model-2
2 68.70  108.57  148.83 53_5 = Model.3
] -

3 6349 91533 119.57 3 Model-4 <

Weight (Kg) 3

4 74.156  176.84  231.01 =

Graph 3 Weight Comparison Graph =

S

s
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Graph 3 represents the comparison of weight. In this
graph four models of weight shows in four different
colours. Model 1 weight is high and model 4 weight
is lower.

5. CONCLUSION

Based on these analysis results, concepts have been
developed which reduce the weight of the crankshaft
to a possible extent, without affecting the
performance of the engine. The 3D model of
crankshaft system, obtained from CATIA V5 software
is analyzed in ANSYS to assess the motion and
loads acting on the crankshaft. Topology optimization
is help to optimize the performance of any machine.
The crankshaft model 3D geometry is created by
using CATIA V5 and then it is import in ANSYS 19.0.
and check all the result in three different load case
22624N, 32624N and 42624N.
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