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Abstract

The crankshaft is one of the most important loaded components in the engine, as it is
experiencing cyclic loads in the form of a bending and torsion. In the study, crankshaft of the
single-cylinder engine and crankshaft of the four-cylinder engine were designed in the SOLID
WORKS software. Then these designs were transferred to ANSYS software with finite
element method. Both crankshafts were compared in terms of stress and deformation. Critical
areas had been identified as a result of stress and deformation. Comparative analysis of both
shafts was not found in the literature. As a result, the values of stress and deformation increased
as the speed increases in both shafts. Stress and deformation increased as the pressure increases
associated with the speed applied on the crankpin journal. The stress in the crankshaft of the
single cylinder engine was critically occurring on main journal, and the stress in the crankshaft
of the four-cylinder engine was critically occurring on the crankpin journal. This much of the
stress in the single cylinder engine crankshaft reduces the working life of the shaft. The shaft
material should be selected considering the working conditions in crankshaft, or the material
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should be improved by coating the main journal and crankpin journal.

1. Introduction

The crankshaft is a large component with a complex
geometry in the engine that converts the displacement
of the piston into a rotating movement with the
coupling mechanism. The fatigue performance and
durability of this component must be taken into
account in the design process as the crankshaft operates
at multiple loads over its operating life. A low-cost
crankshaft is required with functional requirements
such as minimum weight and suitable fatigue strength,
higher fatigue life, stress, deformation, natural
frequency [1,2]. Better fuel efficiency, higher power,
lighter and smaller engines are achieved with such a
crankshaft [2]. In addition, the crankshaft must be
strong enough to receive downward force without
excessive bending in the power stroke. Therefore, the
reliability and lifetime of the internal combustion
engine depends largely on the performance of the
crankshaft [3].

The crankshaft consists of shaft parts rotating in the
main bearings, crankpin and crank rings [4]. An
overview of the crankshaft is given in Figure 1. During
operation, power pulses cause the crankshaft to strike
from one place to another. Torsional vibration occurs
when a power stroke strikes the crank journal toward

the front of the engine and the impact ends. If not
checked, the crankshaft may break [5].

The strength of the crankshaft is a key factor in
ensuring engine life. In the past studies, the beam and
hollow frame model is used to calculate the stress of
the crankshaft. The number of nodes is limited in
mentioned models. Finite element method (FEM) has
been used to calculate more crankshaft design and
crankshaft stress with the development of the
computer. Finite element analysis allows easy and
inexpensive analysis of input parameters, including
design parameters and process conditions to be
investigated [6]. The design and analysis of the
crankshaft effectively utilized process development,
avoiding cost, time and limitations in practice. To date,
many studies have been done on crankshaft modeling.
In one study, the crankshaft designed in CATIA
program is transferred to ANSYS software and static
analysis is performed. The crankshaft of the single
cylinder engine is used. It is emphasized that the stress
range in the FE analysis should not exceed the
magnitude of the stress range in the original crankshaft
[7]. In another study, the stress analysis and modal
analysis of a 4-cylinder crankshaft are discussed using
the finite element method. The 480 diesel engine
crankshaft and crankpin are designed using Pro /
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ENGINEER software. The vibration mode, distortion
and stress state of the crankpin are analyzed with
ANSYS. Maximum deformation, maximum stress
point and hazardous areas are determined by stress
analysis of the crankpin. The results provided a
valuable theoretical basis for optimizing and
improving crankshaft design [8]. In the study of
Thriveni and Jayachandraiah, Von-misses stress and
shear stress values are compared with the help of
ANSYS and theoretical study of the crankshaft of
single cylinder engine. The values obtained by both
methods were found to be close to each other. This has
enabled the ANSYS program [9]. Stress and dynamic
analysis of the single cylinder engine shaft is
performed by ABAQUS program at two different
loads. As a result of the analysis, the crankshaft is
optimized [10]. The crankshaft of the four cylinder
diesel engine is designed in CATIA V5 R15 program
and this shaft analyzed in ANSYS software. Stress
analysis, deformation, maximum stress areas and
dangerous areas of crankshaft for different materials
are determined in this study. The crankshaft is
modified to reduce stress [11]. The crankshaft of a
single cylinder diesel engine is designed using SOLID
WORKS software and then transferred to ANSYS
software. Von-mises stress, maximum shear stress and
deformation analysis are performed. It is emphasized
that the analysis is close to the values obtained from
the theoretical model [12]. To date, the crankshaft has
been evaluated for stress and deformation using many
ANSYS programs. Crankshafts in different materials
have identified critical regions in the analysis [13-18].

Crankpin journal ~ Main journals  Crankpin journal

. |

S
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S
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Crankpin journals

Figure 1. Main parts of a crank shaft.

In general, many studies have been made on the
crankshaft in the literature. Most of the analyzes are
related to stress and deformation. As a result of the
analysis, critical areas are determined in the shaft and
some studies have been optimized. In this present
study, crankshafts of single and four cylinder engines
were compared in terms of stress and deformation.
Comparative analysis of both shafts had not been found
in the literature. Here, both shafts were designed in

SOLID WORKS software and then transferred to
ANSYS software. In the analysis, the critical regions
of both shafts were determined as a result of stress and
deformation.

2. Numerical Modelling of The Crankshaft

Crankshafts of single piston and four piston engines
were analyzed numerically. Crankshafts were
modelled by using SOLIDWORKS software, and
static analysis was done by using ANSYS Workbench
software in attempt to evaluate the von-misses stress
and nodal deformations. Mesh properties of the shafts
were presented in Table 1, and their mesh geometries
as well as boundary conditions were illustrated in
Figure 2 and Figure 3.

In Figure 3, the analysis of the crankshaft of the four-
cylinder engine was performed in two phases, since
two of the crankpin journals were in one direction and
the other two were in another direction. These were
called as Case 1 and Case 2.

Table 1. Mesh properties of shafts

Terms Single- piston Four- piston
shaft shaft
Element type Tetrahedrons Tetrahedrons
Number of | 145779 26184
nodes
Number of | 100147 13608
elements

0.000 0.050

[&] Fixed Support
[B Pressure: 2.2e 4007 P§

0.100 (m)

a)

0.100 (m)

0.075

b)

Figure 2. 1-piston crank shaft. (a) Mesh geometry, (b)
boundary conditions
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In the modeling made for the shafts, different pressures
were applied to the journal at different engine speeds.
The operating conditions were given in Table 2. The
pressures to the main journal and crankpin at different
speeds under the in-cylinder maximum pressure of
10.1 MPa were numerically calculated in the Table 2.
The load applied to the crankshaft, Factor of Safety
(FOS) for the different parts of the crankshaft and the
specific pressures in the main journal and crankpin
were calculated by using the procedure given in the
reference [19, 20]. The reason for choosing engine
speeds of 2000, 2300, 2360 and 2750 rpm, pressures
on the main journal and crankpin at these speeds in the
literature were used in this study. The pressures on the
journals were calculated by Finite Element Analysis
(FEA) method.

0.000 0.050
0.025 0.075

a)

0.100 {m)

20.06.2019 20:11

. Fixed Support
. Pressure: 2.2 +007 Pa

20.06.2019 21:19

[A] Fixed Support
[B Pressure: 2.2 +007 Pa

0.000 0.100

u.gnv(m)

0.050 0.150

c)

Figure 3. 4-piston crank shaft. (a) mesh geometry, (b)
boundary conditions for case 1, (c) boundary conditions for
case 2

Cast iron was generally used as crankshaft material due
to its durability and lifetime. Cast iron was used as
shaft material in both models. The operating conditions
of the analysis were given in Table 3. The operating
temperature of the shaft was generally in the range of
80-110°C [21]. The operating temperature of both
models was taken to 90°C.

Table 2. Average pressure to the main journal and crankpin
at different engine speed [20].

Specific Pressure (MPa)
Engine speed Main journal Crankpin
(rpm) Average Average
2000 11.7 10.8
2300 13.5 13.5
2360 15.7 14.1
2750 22 18.5

Table 3. Cast iron properties [22].
Stuructural
Young’s Modulus 1.78e+005 MPa
Poisson’s Ratio 0.3
Density 7.197e-006 kg/mm?

3. Results

In the study, crankshaft of the single-cylinder engine
and crankshaft of the four-cylinder engine were
designed in the SOLID WORKS software. Afterwards,
shafts were transferred to the ANSYS software. The
main journals were kept constant and pressure was
applied to the crankpin journal at different speeds. The
most widely used cast iron in the market was selected
as the crankshaft material. As mentioned previously,
the comparative stress and deformation analysis of the
crankshaft of the single cylinder engine and the
crankshaft of the four cylinder engine had not been
found in the literature. The stress analysis of the
crankshaft of the single cylinder engine and the
crankshaft of the four cylinder engine were compared
in Figure 4. As mentioned earlier, the analysis of the
crankshaft of the four-cylinder engine was performed
in two phases, since two of the crankpin journals were
in one direction and the other two were in another
direction. These were called as Case 1 and Case 2.

The stress of the single-cylinder engine crankshaft was
greater than that of the four-cylinder engine's
crankshaft (Figure 4). The stress occurred on the main
journal in the One-shaft, and the stress was formed on
the crankpin journal in the Case 1 and Case 2. This
much of the stress in the single cylinder engine
crankshaft reduces the working life of the component.
Therefore, the thermal conductivity coefficient of this
one-shaft material should be chosen higher than the
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four-cylinder engine's crankshaft. In addition, the
physical, mechanical and thermal properties of the
material should be better in this shaft (One-shaft). On
the other hand, the stress and deformation results of
Case 1 and Case 2 were almost the same as expected.
The results of stress and deformation analysis of shafts
were given in Table 4 and Table 5 at different speeds.

The deformations were maximized in the crankpin
journal of both shafts (Table 4 and Table 5). The forces
that come on the crankpin journal cause the shaft to
deform at different loads and speeds. Because of
deformation, the crankpin journal undergoes
deformations by various external forces.

The crankpin journal is one of the most important parts
of the shaft. Material selection should be made
considering the working conditions. It should be
produced by coating on the crankpin journal or with a
material that is better than the physical properties of the
shaft. The same pressure had been applied to the
crankpin journal of both shafts. In Figure 4 shows that
the single cylinder engine crankshaft was more
deformed. Shaft material must be selected according to
critical value and operating conditions in stress and
deformation. The crankshaft of the single cylinder
engine was seen to have more stress and deformation
compared to the crankshaft of the four-cylinder engine.

Case 1
Case 2
One-shaft

—

T
2100

Stress (MPa)

T T
2400 2550 2700

n (rpm)

T
2250

Casel |
Case 2
One-shaft

T T T
2400 2550 2700

n (rpm)

a)

T T
2100 2250

b)
Figure 4. Comparison of stress (a) and deformation (b) of
both shafts.

Table 4. Stress and deformation analysis of the crankshaft of a four-cylinder engine.

Crankshaft of four cylinder engine

n
Terms (rpm)
Stress 2000 mm

Deformation 2000
Stress 2300

Time: L
062018 24:14

197537 Max
175587
1536367
1316867
1087201
87796

0.000 0050
0025

0.100¢m)

0200 (m) -

0200 (m)

2532406
017264 Min

om0 0050 n.100(m)
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T | - Tt / ‘ >
20.06.2019 2105 2006.201921:16

4829366 Max 4.788e-6 Max

42074e-6 4256e-6

2151566
32155e-5
2678606
21437e.5 2478e.6
LE070e-6 15%6e-6
LOT1Be-5 10686
Sty 0100 (m) 532 .00 0100 (m)
0Min
Time: L ‘ Y
Stress 2360 A =
268067 Max 265067 Max
230767
200437 2081667
Lg7er LI671e7
Lagszer Lai2ser
L1914e? LMt
135266 835365
5.3568e5 ;:3”?';
237845 000 a0 L1006 LI 0000 045 0.100 ()
0.051639 Min| — — ? T
tm |
Time: Time:
Deformation | 2360 | o S
560936 Max 55663e-6 Max
4906105 1945606
4362005 433006
130566 3726
11163e-6 2083565
248306 2074866
L8698e-6 L8561e-6
L24s5e-5 L2374
(Ll 0.000 0.050 0.400 (m) 607e-T 0.000 0050 0.100(m)
0Min - 0Min
init:
Time: | Time:
Stress 2750 20062019 2108 2006.2019 21:10
2756267 Max 3714267 Max
330067 3301507
2924501 268887
250417 2476161
20060e7 206341
La6ade 16508e7
1252167 123017
8347106 “;::k:
417365 0.000 0050 0400 () Ll 0.000 0.050 0.400(m)
007236 Min — — e _—
Unit:
Time: L Time: 1
Deformation | 2750 | e
7.8602¢-6 Max A
6986606 S
6113506 Ll
Side 520866
436
4366806 2
345346 Tl
ikice 2600966
e 1733066
o 866977 0000 o050 0.100 ()
873851 0.000 0.050 0.400 ) 0Min ———
0Min = 2 s

Table 5. Stress and deformation analysis of the crankshaft of a single-cylinder engine.

Crankshaft of single cylinder engine

n (rpm)

2000

2300

ime:
20.06.2018 20:22

3.9296e7 Max
3.4920¢7
3.0563e7
2.6197e7
2.1831eT
1.7465e7
13099e7
8.7324e6
4.3662e6
0.14404 Min

Unit:

Time: L
20.06.2019 2039

4.5341e7 Max
4.0303e7
3.5265e7
3.0227e7
2519e7
2.0152e7
L5114e7
100767
5.0379¢6
0.1662 Min

Stress Deformation

ime:
20.06.2019 20:23

5.8121e-6 Max
5.1663e-6
45205e-6
3.8747e-6
3.228%e-6
2.5831e-6
1.9374e-6
1.2916e-6
0.000 0.050 0,100 (m)

e £ 45781 000 0050 D100 (e}
0.025 0.075 0 Min

Time: 1 )
20.06.2019 20:40

6.7062e-6 Max
5.9611e-6
5.216e-6
4.4708e-6
3.7257e-6
2.9805¢e-6
2.2354e-6
1.4903e-6

0.000 0.050 0.100 (m) T1.4514e-7 0.000 0.050 0.100 (m)

0025 0075 Gl 0025 0.075
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Total Deformation
Type: Total Deformation
Unit: Pa Unit: m
11 Time: 1
20.06.2019 20:46 20.06.2019 20:47
2360 5.273e7 Max 7.7991e-6 Max
46871e7 6.9325e-6
4.1012¢7 6.066e-6
3.5153e7 5.1994e-6
2.9204e7 43328e-6
23436e7 3.4663e-6
17577e7 25997e-6
1171867 1.7331e-6
5.8580¢e6 0,000 0.050 0.100 (m) 8.6657e-7 0.000 0.050 0.100 (m)
0.19328 Min —s 0Min - -
A: Static Structura
Total Deformation
Type: Total Deformation
Unit: Pa Unit: m
Time: 1 :
20,06.2019 20:48 20.06.2019 20:49
27 50 :.?:ggg Max 1.0929e-5 Max
5679e7 9.7144e-6
5.7463¢7 8.5001e-6
4.9259¢7 7.28580-6
4.105e7 6.0715e-6
3.284e7 48572e-6
24637 3.6429e-6
Ledze? 2.4286e-6
Gl 0.000 0.050 0.100 (m) L2143e-6 0.000 0.050 0.100 (m)
0.27084 Min 0TS 0TS 0Min —_— s
4. Conclusion

In

the study, crankshaft of the single-cylinder engine

and crankshaft of the four-cylinder engine were
designed in the SOLID WORKS software. Afterwards,
shafts were transferred to the ANSYS software. In
ANSYS program, pressure was applied to the crankpin
journal in different spindle speeds. The stress and
deformation of both shafts were compared in the
analysis. In this regard, a study does not take place in
the literature. As a result, the values of stress and
deformation increased as the speed increases in both

shafts. Stress and deformation

increased as the

pressure increases associated with the speed applied on
the crankpin journal. Stress is critically formed in the
main journal in the crankshaft of the single cylinder
engine. In the crankshaft of the four-cylinder engine,
the stress was formed in the critical area crankpin
journal. The stress of the single-cylinder engine
crankshaft is greater than that of the four-cylinder
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