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Abstract Crankshaft is one of the most critical compo-

nents for effective and precise working of the internal

combustion engine. In this paper, a static structural and

dynamic analysis was conducted on a single cylinder four-

stroke diesel engine crankshaft. A solid model of the

crankshaft was created using higher-end computer-aided

design software, i.e., Pro/Engineer software according to

the dimensional details drawing of the existing crankshaft.

Finite element analysis was performed using ANSYS

software under the static and dynamic condition to obtain

the variation of stresses at different critical locations of the

crankshaft. Boundary conditions were applied on finite

element model in accordance with engine specification

chart and engine mounting conditions. Optimization of the

crankshaft was studied in the area of geometry and shape

on the existing crankshaft; however especially working on

geometry and shape optimization, the optimized crankshaft

design should be replaced with existing crankshaft, without

changes in the engine block and cylinder head. The opti-

mized crankshaft helps to improve the performance of the

engine and causes reduction in weight. This optimization

study of the crankshaft helps to reduce 4.37% of the weight

in the original crankshaft.

Keywords Diesel engine � Crankshaft � Structural
analysis � Dynamic analysis � Computer-aided design �
Finite element analysis � ANSYS

1 Introduction

The crankshaft is one of the most important moving parts in

the internal combustion engine. Crankshaft is a large

component with a complex geometry consisting of bearing

plates as the crank webs and balancing mass in the engine,

which converts the reciprocating displacement of the piston

into rotary motion. This study was conducted on a single

cylinder four-stroke diesel engine. The crankshaft must be

strong enough to take the downward force during power

stroke without excessive bending. Thus, the reliability and

life of the internal combustion engine depend largely on the

strength of the crankshaft. The crankshaft is the large vol-

ume production part; hence an optimized design is an

effective method to increase the fuel efficiency and overall

cost of the engine; However as the engine runs, the power

impulses hit the crankshaft in one place and then another.

The torsional vibration appears when a power impulse hits a

crankpin toward the front of the engine and the power stroke

ends. If not controlled, it can break the crankshaft. A solid

three-dimensional parametric geometry of a single cylinder

crankshaft of a four-stroke diesel engine is created using

higher-end CAD software, i.e., Pro/Engineer according to

the detailed two-dimensional drawing. This solid geometry

was imported in step format for finite element simulation

purpose under structural and dynamic simulation using

ANSYS workbench software. The static and dynamic

analyses on the existing design were done to verify the

results under static and dynamic conditions by applying

boundary conditions according to engine specification and
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crankshaft mounting condition. The finite element analysis

results were verified theoretically and numerically. How-

ever, these results were most important as a benchmark for

further optimization study of the crankshaft. The opti-

mization was studied by consideration and effects of

geometry and shape on the counter weight and crankpin

without affecting mounting on the engine block and cylin-

der head in the existing design crankshaft. Hence, different

feasibility optimization cases were evaluated in the present

crankshaft design using computer-aided design and finite

element analysis approach. Furthermore, optimized case

results of crankshaft were compared with the results of the

benchmark crankshaft [1–5].

2 Engine specifications and boundary conditions

See Table 1.

Calculation of the forces on the single cylinder engine

crankshaft:

• Force on the piston:

Fp = area of the bore 9 maximum combustion

pressure.

Fp = p/4 9 D2 9 Pmax = 14.52 KN.

To find the thrust in the connecting rod, Fc, we should

first find out the angle of inclination of the connecting rod

with the line of stroke.

• Thrust on the connecting rod:

Fc = Fp/Cos h,
where, h = angle of inclination of the connecting rod

with the line of stroke, Sin Ø = Sin h/(L/R), h = maxi-

mum crank angle = 355�, L/R = 3.29, Fc = 14.527 KN.

The force on the crankshaft can be split into tangential

and radial components.

• Tangential force on the crankshaft:

Ft = Fc 9 Cos (h ? Ø) = 14.49 KN.

• Radial force on the crankshaft:

Fr = Fc 9 Sin (h ? Ø) = 0.88 KN.

Reaction at bearings 1 and 2 due to tangential force is

given by

• HT1 = HT2 = (Ft 9 b1)/b = 7.245 KN.

Similarly, reactions at bearings 1 and 2 due to radial

force is given by

• HR1 = HR2 = (Fr 9 b1)/b = 0.44 KN.

The boundary conditions were applied as per mounting

of the crankshaft by assuming that there is no change in the

engine block and cylinder head [6–10].

3 Static structural and dynamic analysis
of the original crankshaft

Static structural analysis of the existing crankshaft was

done using the finite element analysis approach. The finite

element method is a numerical analysis technique for

obtaining approximate solutions to a wide variety of

engineering problems, because of its diversity and flexi-

bility as an analysis tool. It is receiving much attention in

engineering school and industries. In more and more

engineering situations today, we find that it is necessary to

obtain approximate solutions to problems rather than the

exact closed form solution (Figs. 1, 2, 3, 4, 5, 6).

The static structural analysis of the existing crankshaft was

done using ANSYS workbench to evaluate the different stres-

ses and deformations under static loading conditions. Finite

element analysis involves four main steps to solve any physics

problem using ANSYS software (http://www.ANSYS.COM).

1. Preliminary decisions

2. Preprocessing

3. Solution

4. Postprocessing

• Preliminary decisions Before solving any engineering

problem using software, we need to make few decisions,

such as analysis type, type of CAD data and element type.

Table 1 Specification of single cylinder diesel engine

Parameter Specification

Capacity 435 CC

Number of cylinders 1

Bore x stroke 86 9 75 mm

Compression ratio 19:01

Maximum power 7.5 HP@3600 RPM

Maximum torque 18NM@2400 RPM

Maximum gas pressure 25 Bar

Engine speed 63.73 kmph
Fig. 1 Boundary conditions
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• Preprocessing As the name indicates, preprocessing is

something the designer does before the processing

analysis. In this stage, material properties, create/

import geometry and mesh plot are necessary to

compute an engineering problem.

• Solution The solution is the step in finite element

analysis simulation to apply boundary conditions in the

form of restraints and loads.

a. Postprocessing The postprocessing stage deals with the

representation of results. Typically, the deformed config-

uration, mode shapes, temperature and stress distribution

are computed and displayed at this stage.

1. Preliminary decisions:

a. Analysis type: static structural analysis

b. CAD data: three-dimensional solid model

c. Element type: Solid95

2. Preprocessing

a. Define material: structural steel

b. Import geometry

c. Mesh geometry: tet10

3. Solution

a. Apply load: load and boundary conditions applied

as per engine specification

b. Solve: linear analysis physics problem

4. Postprocessing

a. Total deformation

b. Von Mises stress

c. Shear stress

d. Safety factor

3.1 Dynamic analysis of the original crankshaft

Modal analysis is a technique to study the dynamic

characteristic of a structure under vibrational excitation.

Modal analysis is the most fundamental of all dynamic

Fig. 2 Geometry of mesh

Fig. 3 Total deformation

Fig. 4 Equivalent stress

Fig. 5 Shear stress

Fig. 6 Safety factor
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analysis types and is generally the starting point for other,

more detailed dynamic analysis. Modal analysis is used to

determine a structure’s vibration characteristic like natu-

ral frequencies and mode shapes. Modal analysis allows

the design to avoid resonant vibrations or to vibrate at a

specified frequency and gives engineers an idea of how

the design will respond to different types of dynamic

loads. The crankshaft of an engine is one such structure

whose dynamic characteristics can be better studied by

modal analysis. The objective of this study was to deter-

mine the natural frequencies and its mode shape of single

cylinder engine of the existing and optimized crankshaft.

Modal analysis of crankshaft was carried out by using

finite element software, i.e., ANSYS workbench. The

benefits of using finite element software were that mode

shapes could be accurately visualized and simulated. So,

deformations occurs in the crankshaft could be located

precisely [11–23].

An average operating engine speed is 63.73 kmph.

The effect of damping is a very negligible influence on

natural frequency of the crankshaft, hence damping

coefficient was not considered in the free vibration of the

crankshaft. However, another aspect was considered

during free vibration of the crankshaft calculation, as the

crankshaft was supported by ball bearings to both sides

so the effect of hysteretic damping, i.e., due to internal

friction of the bearing and crankshaft, was minor. Hence,

the damping effect is ignored in free vibration of the

crankshaft. In general, the equation of motion of single

degree of a system with damping under the vibration is

given by

[m] ü ?[c] ů ? [k] u = 0,

ü ? 2fxnů ? x2
n u = 0,

where

xn =
ffiffiffiffiffiffiffiffiffi

k=m
p

is the undamped natural frequency.

cc = 2
p

km is the critical damping, i.e., the threshold

between oscillatory and non-oscillatory behavior.

f = c/cc is the damping ratio, i.e., the ratio of damping

in a system to the critical damping.

xd ¼ xn

ffiffiffiffiffiffiffiffiffiffiffi

1� f
p

is the frequency of damped oscillation

[1].

The following is the procedure for modal analysis of the

crankshaft under dynamic loading conditions (Figs. 7, 8, 9,

10, 11, 12, 13, 14, 15, 16, 17).

1. Preliminary decisions

a. Analysis type: modal analysis

b. CAD data: three-dimensional solid model

c. Element type: Solid95

Fig. 7 Boundary condition

Fig. 8 First mode and deformation

Fig. 9 Second mode and deformation

Fig. 10 Third mode and deformation
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2. Preprocessing

a. Define material:structural steel

b. Import geometry

c. Mesh geometry: tet10

3. Solution

a. Apply load: cylindrical supports and fixed support

b. Solve: linear analysis physics problem

4. Post processing

a. Natural mode shapes

b. Natural frequencies

c. Deformation

Fig. 11 Fourth mode and deformation

Fig. 12 Fifth mode and deformation

Fig. 13 Sixth mode and deformation

Fig. 14 Seventh mode and deformation

Fig. 15 Eighth mode and deformation

Fig. 16 Ninth mode and deformation

Fig. 17 Tenth mode and deformation

Automot. Engine Technol. (2017) 2:1–23 5

123



3.2 Result of modal analysis

See Table 2.

4 Case 1: static structural and dynamic analysis
of the optimized crankshaft

The original crankshaft is optimized by removed the

material from the crankpin geometry with the technical

assumptions and manufacturing aspects by considered

20 mm drilled diameter. Figure 18 shows the the optimized

geometry details.

4.1 Static structural analysis results

See Figs. 19, 20, 21 and 22.

4.2 Modal analysis results

See Figs. 23, 24, 25, 26, 27, 28, 29, 30, 31 and 32.

4.3 Result of modal analysis

See Table 3.

5 Case 2: static structural and dynamic analysis
of the optimized crankshaft

The existing crankshaft was optimized by dimensional

changes in the counterweight geometry with angle 12�–
22�. Figure 33 show the optimized geometry details.

5.1 Static structural analysis results

See Figs. 34, 35, 36 and 37.

5.2 Modal analysis results

See Figs. 38, 39, 40, 41, 42, 43, 44, 45, 46 and 47.

Table 2 Frequencies and corresponding modes

Mode Frequency (Hz) Type of mode

1 3054.8 Bending

2 3870.6 Torsion

3 3883.2 Bending ? torsion

4 4076.7 Torsion

5 4330.3 Bending ? torsion

6 5484.1 Torsion

7 5802.3 Bending ? torsion

8 7142.5 Torsion

9 7157 Torsion

10 8329.3 Bending ? torsion

Fig. 18 Case 1: optimized geometry

Fig. 19 Total deformation

Fig. 20 Equivalent stress

Fig. 21 Shear stress
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5.3 Result of modal analysis

See Table 4.

6 Case 3: static structural and dynamic analysis
of the optimized crankshaft

The existing crankshaft was optimized by dimensional

changes in counterweight geometry and material removed

from the crankpin with combination considered in cases 1

and 2. Figure 48 shows the optimized geometry details.

6.1 Static structural analysis results

See Figs. 49, 50, 51 and 52.

6.2 Modal analysis results

See Figs. 53, 54, 55, 56, 57, 58, 59, 60, 61 and 62.

6.3 Result of modal analysis

See Table 5.

Fig. 22 Safety factor

Fig. 23 First mode and deformation

Fig. 24 Second mode and deformation

Fig. 25 Third mode and deformation

Fig. 26 Fourth mode and deformation

Fig. 27 Fifth mode and deformation
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7 Case 4: static structural and dynamic analysis
of the optimized crankshaft

The existing crankshaft was optimized by 5 mm material

removed from the web from both sides of the counter-

weight geometry. Figure 63 shows the optimized geometry

details.

7.1 Static structural analysis results

See Figs. 64, 65, 66 and 67.

Fig. 28 Sixth mode and deformation

Fig. 29 Seventh mode and deformation

Fig. 30 Eight mode and deformation

Fig. 31 Nineth mode and deformation

Fig. 32 Tenth mode and deformation

Table 3 Frequencies and corresponding modes

Mode Frequency (Hz) Type of mode

1 3021.8 Bending

2 3801.1 Torsion

3 3824.7 Bending ? torsion

4 4044.1 Torsion

5 4349.8 Bending ? torsion

6 5407.1 Torsion

7 5833.9 Bending ? torsion

8 7143.7 Torsion

9 7157.8 Torsion

10 8352.8 Bending ? torsion

Fig. 33 Case 2: optimized geometry
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7.2 Modal analysis results

See Figs. 68, 69, 70, 71, 72, 73, 74, 75, 76 and 77.

7.3 Result of modal analysis

See Table 6.

8 Case 5: static structural and dynamic analysis
of the optimized crankshaft

The existing crankshaft was optimized by considering the

geometrical changes with combination of case 1 and case

4. Figure 78 shows the optimized geometry details.

Fig. 34 Total deformation

Fig. 35 Equivalent stress

Fig. 36 Shear stress

Fig. 37 Safety factor

Fig. 38 First mode and deformation

Fig. 39 Second mode and deformation
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8.1 Static structural analysis results

See Figs. 79, 80, 81 and 82.

8.2 Modal analysis results

See Figs. 83, 84, 85, 86, 87, 88, 89, 90, 91 and 92.

8.3 Result of modal analysis

See Table 7.

9 Case 6: static structural and dynamic analysis
of the optimized crankshaft

The original crankshaft was optimized geometrical chan-

ged by considered combination of case 1, case 2 and case 4,

i.e., changed web thickness and geometry of counterweight

and material removed from the crankpin. Figure 93 shows

the optimized geometry details.

9.1 Static structural analysis results

See Figs. 94, 95, 96 and 97.

Fig. 40 Third mode and deformation

Fig. 41 Fourth mode and deformation

Fig. 42 Fifth mode and deformation

Fig. 43 Sixth mode and deformation

Fig. 44 Seventh mode and deformation

Fig. 45 Eight mode and deformation
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Fig. 46 Ninth mode and deformation

Fig. 47 Tenth mode and deformation

Table 4 Frequencies and corresponding modes

Mode Frequency (Hz) Type of mode

1 3069.7 Bending

2 3894.2 Torsion

3 3970.1 Bending ? torsion

4 4168.5 Torsion

5 4413.6 Bending ? torsion

6 5591.7 Torsion

7 5849.2 Bending ? torsion

8 7144.2 Torsion

9 7157.7 Torsion

10 8327.6 Bending ? torsion

Fig. 48 Case 3-Optimized Geometry

Fig. 49 Total deformation

Fig. 50 Equivalent stress

Fig. 51 Shear stress

Fig. 52 Safety factor
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Fig. 53 First mode and deformation

Fig. 54 Second mode and deformation

Fig. 55 Third mode and deformation

Fig. 56 Fourth mode and deformation

Fig. 57 Fifth mode and deformation

Fig. 58 Sixth mode and deformation

Fig. 59 Seventh mode and deformation

Fig. 60 Eighth mode and deformation
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9.2 Modal analysis results

See Figs. 98, 99, 100, 101, 102, 103, 104, 105, 106 and

107.

9.3 Result of modal analysis

See Table 8.

10 Conclusion

The optimized crankshaft cases results were compared with

the benchmark crankshaft results and material allowable

stress limits. All the optimized crankshaft cases are stati-

cally safe, but some of the optimized crankshaft cases were

not safe in the dynamic condition [24]. The overview of the

results is listed in Table 9.

Fig. 61 Ninth mode and deformation

Fig. 62 Tenth mode and deformation

Table 5 Frequencies and corresponding modes

Mode Frequency (Hz) Type of mode

1 3036.5 Bending

2 3835.6 Torsion

3 3903.4 Bending ? torsion

4 4137.1 Torsion

5 4433.2 Bending ? torsion

6 5516.2 Torsion

7 5889.2 Bending ? torsion

8 7143.4 Torsion

9 7157.5 Torsion

10 8362 Bending ? torsion

Fig. 63 Case 4: optimized Geometry

Fig. 64 Total deformation

Fig. 65 Equivalent stress

Automot. Engine Technol. (2017) 2:1–23 13
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Fig. 66 Shear stress

Fig. 67 Safety factor

Fig. 68 First mode and deformation

Fig. 69 Second mode and deformation

Fig. 70 Third mode and deformation

Fig. 71 Fourth mode and deformation

Fig. 72 Fifth mode and deformation

Fig. 73 Sixth mode and deformation

14 Automot. Engine Technol. (2017) 2:1–23
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In dynamic cases, the percentage of deviation in the

frequency of optimized cases of the crankshaft when

compared with frequencies of the existing crankshaft was

not more than 10% of the existing crankshaft results. The

overall percentage in the frequency with existing crank-

shaft design is listed in Table 10.

Fig. 74 Seventh mode and deformation

Fig. 75 Eighth mode and deformation

Fig. 76 Ninth mode and deformation

Fig. 77 Tenth mode and deformation

Table 6 Frequencies and corresponding modes

Mode Frequency (Hz) Type of mode

1 3209 Bending

2 3910.2 Torsion

3 4093.5 Bending ? torsion

4 4350.7 Torsion

5 4656.2 Bending ? torsion

6 5662.8 Torsion

7 5704.3 Bending ? torsion

8 7132.4 Torsion

9 7144.2 Torsion

10 7541.7 Bending ? torsion

Fig. 78 Case 5: optimized geometry

Fig. 79 Total deformation

Automot. Engine Technol. (2017) 2:1–23 15
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Fig. 80 Equivalent stress

Fig. 81 Shear stress

Fig. 82 Safety factor

Fig. 83 First mode and deformation

Fig. 84 Second mode and deformation

Fig. 85 Third mode and deformation

Fig. 86 Fourth mode and deformation

Fig. 87 Fifth mode and deformation
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In dynamic analysis considering the ±10% of frequency

deviation criteria with existing design criteria, the dynamic

results of all the optimized cases are evaluated and vali-

dated. Hence considering ±10% frequency deviation cri-

teria case 1, case 2, case 3, case 4 and case 5, the optimized

crankshaft design in dynamic loading conditions is safe,

but case 6 optimized crankshaft design failed under

dynamic loading condition. In Table 11 ‘‘SAFE’’ shows

that 10% frequency deviation criteria are satisfied and

‘‘UNSAFE’’ shows that 10% frequency deviation criteria

are not satisfied. The overview of ±10% frequency devi-

ation criteria results are shown in Table 11.

Fig. 88 Sixth mode and deformation

Fig. 89 Seventh mode and deformation

Fig. 90 Eighth mode and deformation

Fig. 91 Ninth mode and deformation

Fig. 92 Tenth mode and deformation

Table 7 Frequencies and corresponding modes

Mode Frequency (Hz) Type of mode

1 3183.5 Bending

2 3869.2 Torsion

3 4024.1 Bending ? torsion

4 4314.3 Torsion

5 4694 Bending ? torsion

6 5614.3 Torsion

7 5773.7 Bending ? torsion

8 7132.6 Torsion

9 7142.8 Torsion

10 7531.9 Bending ? torsion

Fig. 93 Case 6: optimized geometry
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Fig. 94 Total deformation

Fig. 95 Equivalent stress

Fig. 96 Shear stress

Fig. 97 Safety factor

Fig. 98 First mode and deformation

Fig. 99 Second mode and deformation

Fig. 100 Third mode and deformation

Fig. 101 Fourth mode and deformation
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In dynamic analysis considering the ±5% of frequency

deviation criteria with existing design criteria, the dynamic

results of all the optimized cases are evaluated and vali-

dated. Hence considering ±5% frequency deviation crite-

ria, case 1, case 2, case 3 and case 6 with optimized

crankshaft design in dynamic loading conditions are safe,

but case 4 and case 5 with optimized crankshaft design

failed under dynamic loading condition. In Table 12

‘‘SAFE’’ shows that 5% frequency deviation criteria are

satisfied and ‘‘UNSAFE’’ shows that 5% frequency

Fig. 102 Fifth mode and deformation

Fig. 103 Sixth mode and deformation

Fig. 104 Seventh mode and deformation

Fig. 105 Eighth mode and deformation

Fig. 106 Ninth mode and deformation

Fig. 107 Tenth mode and deformation

Table 8 Frequencies and corresponding modes

Mode Frequency (Hz) Type of mode

1 3194 Bending

2 3870.8 Torsion

3 4123.8 Bending ? torsion

4 4406.7 Torsion

5 4764.9 Bending ? torsion

6 5686.3 Torsion

7 5828.2 Bending ? torsion

8 7132.1 Torsion

9 7143.7 Torsion

10 7908.7 Bending ? torsion

Automot. Engine Technol. (2017) 2:1–23 19
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deviation criteria are not satisfied. The overview of ±5%

frequency deviation criteria results are shown in Table 12.

10.1 Static structural analysis results

1. FEA results of optimized crankshaft compared with the

existing design of the crankshaft showed that all the

optimized cases were safe under static loading cases.

2. The FEA results showed that the maximum deforma-

tion appeared at the web edge of the counter weight

and the maximum stress intensity appeared at the fillets

between the crankshaft journal and crank cheek.

However, the maximum intensity of stresses at the

fillet region did not deviate from the design limit of the

original crankshaft and theoretical values. Moreover

all the optimized crankshaft cases were safe in static

structural analysis, but optimized cases 1, 2 and 3 were

more realistic, as these cases were safe in the dynamic

loading conditions.

10.2 Dynamic analysis results

1. Modal analysis results of optimized cases of the

crankshaft showed that maximum ±10% of deviation

in the natural frequency compared with the existing

design of the crankshaft analytically.

2. With regard to the percentage of deviation in the

frequencies of optimized crankshaft with existing

design of the crankshaft, maximum 10% deviation

occurred in all the optimized crankshaft designs, which

is not realistic for safe design. Furthermore, cases 4, 5

and 6 are not safe according to the 5 and 10%

Table 9 Static analysis and dynamic analysis FEA results

Allowable stress [,aw] in
N/mm2

72

Shear stress [,s] in N/mm2 36

Yiled strength [,y] in

N/mm2
250

Ultimate strength [,ul] in

N/mm2
460

Safety factor 3.5

Static structural FEA results

Design limit values Exist

design

Case 1

optimized

Case 2

optimized

Case 3

optimized

Case 4

optimized

Case 5

optimized

Case 6

optimized

Total deformation in mm 0.0087 0.0095 0.0087609 0.0095674 0.0085219 0.0092977 0.0092987

Equivalent stress (,eq) in
N/mm2

45.584 47.926 43.578 47.787 43.417 46.743 46.532

Shear stress (,sh) in N/mm2 18.636 19.485 17.446 18.277 17.165 19.226 18.492

,eq\,aw SAFE SAFE SAFE SAFE SAFE SAFE SAFE

,sh\,s SAFE SAFE SAFE SAFE SAFE S.AFE SAFE

Modal analysis FEA results

Mode Frequency Frequency Frequency Frequency Frequency Frequency Frequency

Exist design Case-1 optimized Case-2 optimized Case-3 optimized Case-4 optimized Case-5 optimized Case-6 optimized

1 3054.8 3021.8 3069.7 3036.5 3209 3183.5 3194

2 3870.6 3801.1 3894.2 3835.6 3910.2 3869.2 3870.8

3 38832 38247 39701 3903.4 4093.6 4024.1 41238

4 4076.7 4044.1 4168.5 4137.1 4350.7 4314.3 4406.7

5 4330.3 4349.8 4413.6 4433.2 4656.2 4694 4764.9

6 5484.1 5407.1 5591.7 5516.2 5662.8 5614.3 5686.3

7 5802.3 58339 5849.2 5889.2 57043 5773.7 5828.2

8 7142.5 7143.7 7144.2 7143.4 7132.4 7132.6 7132.1

9 7157 7157.8 7157.7 7157.5 7144.2 7142.8 7143.7

10 8329.3 8352.8 8327.6 8362 7541.7 7531.9 7908.7

All the frequencies are measured in Hz

20 Automot. Engine Technol. (2017) 2:1–23
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frequency deviation with reference to the existing

design of the crankshaft.

3. Modal analysis is the basic design property under

dynamic conditions which helps to avoid the resonant

frequencywhen the engine is running atmaximum speed.

However, dynamic results proved that the design of the

crankshaft statically safe failed under dynamic condition

for cases 4, 5 and 6 of the optimized crankshaft.

Table 10 Percentage of frequency deviation with existing design

% of frequency deviation with existing design

Case 1 optimized Case 2 optimized Case 3 optimized Case 4 optimized Case 5 optimized Case 6 optimized

1.08 0.49 0.60 4.81 4.04 4.36

1.80 0.61 0.90 1.01 0.04 0.01

1.51 2.19 0.52 5.14 3.50 5.83

0.80 2.20 1.46 6.30 5.51 749

0.45 1.89 2.32 7.00 7.75 9.12

1.40 1.92 0.58 3.16 2.32 3.56

0.54 0.80 1.48 1.69 0.49 0.44

0.02 0.02 0.01 0.14 0.14 0.15

0.01 0.01 0.01 0.18 0.20 0.19

0.28 0.02 0.39 9.46 9.57 5.05

Table 11 10% Criteria of frequency deviation with existing design

10% of frequency deviation

Case-1 optimized Case-2 optimized Case-3 optimized Case-4 optimized Case-5 optimized Case-6 optimized

SAFE SAFE SAFE SAFE SAFE SAFE

SAFE SAFE SAFE SAFE SAFE SAFE

SAFE SAFE SAFE SAFE SAFE SAFE

SAFE SAFE SAFE SAFE SAFE SAFE

SAFE SAFE SAFE SAFE SAFE UNSAFE

SAFE SAFE SAFE SAFE SAFE SAFE

SAFE SAFE SAFE SAFE SAFE SAFE

SAFE SAFE SAFE SAFE SAFE SAFE

SAFE SAFE SAFE SAFE SAFE SAFE

SAFE SAFE SAFE SAFE SAFE SAFE

Table 12 5% Criteria of frequency deviation with existing design

5% of frequency deviation

Case 1 optimized Case 2 optimized Case 3 optimized Case 4 optimized Case 5 optimized Case 6 optimized

SAFE SAFE SAFE UNSAFE SAFE SAFE

SAFE SAFE SAFE SAFE SAFE SAFE

SAFE SAFE SAFE UNSAFE SAFE SAFE

SAFE SAFE SAFE UNSAFE UNSAFE SAFE

SAFE SAFE SAFE UNSAFE UNSAFE SAFE

SAFE SAFE SAFE SAFE SAFE SAFE

SAFE SAFE SAFE SAFE SAFE SAFE

SAFE SAFE SAFE SAFE SAFE SAFE

SAFE SAFE SAFE SAFE SAFE SAFE

SAFE SAFE SAFE UNSAFE UNSAFE SAFE
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4. Crankshaft frequency under different mode shapes,

i.e., bending mode, torsion mode and combined mode

shape, and amplitude are calculated using modal

analysis-ANSYS, which showed the actual working

condition deformation of the crankshaft under dynamic

boundary condition.

5. Modal analysis results show that the characteristics of

mode shape and its amplitude are most helpful to know

the critical frequencies of the crankshaft. However,

dynamic results of the crankshaft are more realistic,

whereas the static results of the crankshaft shows

overestimated results.

6. FEA static results showed that critical locations on

the crankshaft geometry are located at the fillet region

because of high stress gradient at these locations. The

failure in the crankshaft may initiate at the fillet

region of the crankpin and hence in future scope the

fatigue phenomenon is the main mechanism of

failure. It can be concluded that vibrational calcula-

tions are the most important to study the failures of

the crankshaft. Hence, finite element analysis is the

most effective tool to study the design and optimiza-

tion of the crankshaft.

7. By studying he optimization method using geometry

and shape method, the following are the weight

reduction in the different optimization cases compared

with the existing crankshaft.

a. Percentage of weight reduction in case 1 optimized

crankshaft is 2.9%

b. Percentage of weight reduction in case 2 optimized

crankshaft is 0.7%

c. Percentage of weight reduction in case 3 optimized

crankshaft is 4.3%

d. Percentage of weight reduction in case 4 optimized

crankshaft is 8.5%

e. Percentage of weight reduction in case 5 optimized

crankshaft is 12.1%

f. Percentage of weight reduction in case 6 optimized

crankshaft is 13.3%

11 Future scope

In future studies, the optimized crankshaft mode shapes

and its frequencies will be validated using experimental

methods. However, optimized crankshaft cases need to be

verified under force vibration and fatigue failure.
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