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ABSTRACT

Crankshaft is a critical component in an internal combustion engine, operating under cyclic bending and
torsional loads, making it susceptible to fatigue failure, particularly in regions with high stress concentration
and pre-existing defects. Therefore, this study aimed to investigate the effect of defect location on the failure
mechanism of the crankshaft using the Finite Element Method (FEM). The analysis was performed using
ANSYS Student version of Mechanical on both defect-free and defective models. Defects were introduced at
the crankpin fillet, main journal fillet, and oil hole. The material was specified as ASTM A536 Grade 80-55-
06. The evaluated parameters included von Mises stress, strain, and Mode I stress intensity factor (K;). The
simulation results showed that the maximum von Mises stress in the defect-free model was 364.18 MPa, which
is below the material yield strength of 379.2 MPa. In contrast, defective models produced K; values ranging
from 45 to 57 MPaVm, all exceeding the material fracture toughness (Kic) of 32.9 MPavVm. The highest K;
value, 57 MPaVm, occurred at the main journal fillet with a crack depth of 0.6 mm. The results indicate that
increasing crack depth elevates the likelihood of crack propagation and subsequent fatigue failure. Defect
location exerts a significant influence on crankshaft failure behavior, and FEM provides an effective approach
for predicting crack propagation in engine components.
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INTRODUCTION

A crankshaft is a key component of an internal combustion engine, responsible for converting the reciprocating
motion of the piston into rotary motion. During operation, it is subjected to repeated cyclic loading, making
fatigue resistance a critical design consideration [1]. In pickup trucks, the crankshaft also plays an essential
role in transmitting engine power through the drivetrain [2]. Operationally, the crankshaft operates under high
rotational speeds and is subjected to combined bending and torsional stresses from combustion and inertial
forces. Stress concentrations at the main journal, crankpin, fillet, and oil hole make these regions highly
susceptible to fatigue failure [3].

The crankshaft, as the engine power shaft, works under a combination of cyclic bending and torsional loads,
which produce tensile, compressive, and shear stresses on the crankpin radius and connecting rod seat [4].
Therefore, fatigue life prediction and stress concentration analysis are very important to ensure component
reliability and safety [5]. Crankshaft materials are generally made of forged steel or cast iron according to
strength requirements [6]. Cracks typically initiate at surface defects or regions of stress concentration and
propagate under cyclic loading. Fillet regions are considered the most critical locations for fatigue failure [7].

Cracks initiate at stress concentration sites and propagate under cyclic loading, with fillets being the most
critical regions for fatigue failure [7]. Previous studies indicate that crankshaft failure is primarily governed by
fatigue mechanisms. Zulfikar (2018) reported that cracks initiated in the vicinity of the oil hole and propagated
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under cyclic loading. However, the influence of crack location on fatigue behavior was not examined [9].
Therefore, this study examines the influence of crack depth and location on fatigue characteristics.

METHODOLOGY

A crankshaft converts the reciprocating motion of the piston into rotary motion and transmits engine power to
the drivetrain. Typically manufactured from steel or cast iron, it is designed to withstand high mechanical
loads. Figure 1 presents a failed crankshaft from a diesel pickup truck.

The components on the crankshaft consist of the crank pin, crank journal, crank arm, crankshaft bearing,
balance weight, and oil hole.

Fig. 1. Crankshaft

Fig. 2. Crankshaft and its components [10]

This study used a crankshaft made of ASTM A536 Grade 80-55-06, which was selected because it is suitable
for components operating under cyclic loads. The mechanical properties of this material directly affect the
results of stress and strain analysis, as shown in Table 1.

TABLE I Properties of ASTM A536 Grade 80-55-06 Material [11]

Mechanical properties Mark Unit
Tensile strength (cu) 551 MPa
Poisson ratio(v) 0.30 -
Density (p) 7300 Kg/cm3
Modulus of elasticity (E) 172.4 GPa
Yield strength (oy) 379.2 MPa
Hardness, Rockwell B 89.5 HRB
Fracture Toughness (Kic) 33 MPaVm

Page 1019
www.rsisinternational.org



http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,
MANAGEMENT & APPLIED SCIENCE (IJLTEMAS)

ISSN 2278-2540 | DOI: 10.51583/IILTEMAS | Volume XV, Issue VII, July 2026

The fracture toughness (Kic) value of ASTM A536 Grade 80-55-06 material is 32.89 MPavVm, which has been
studied previously [12].

Crankshaft modeling was performed using Autodesk Inventor based on predetermined dimensions. The model
was created in two conditions, namely without defects and with defects, as independent variables of the study,

as shown in Figure 3.

45 mm 45 mm 50 mm 18 mm 18 mm 18 mm
g £
= — = = e il -
e
2
' (=] - — = | -
i .::_ 2 — —
E q ing —_— —
0 = 5[ & [ ] ] |
& o € || i
1 = w £
v- b p—{ S— —
=) £
E =2
wy
<
@ 707 mm

Fig. 3. 3D Dimensions of the Crankshaft

The initial defect dimensions of the crankshaft can be seen in Figure 4.
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Fig. 4. Variations in defect locations, a) Initial defect condition at the crankpin fillet, b) Initial defect condition
at the main journal fillet, c) Initial defect condition at the oil hole.

FEM is used to analyze stress and deformation statically and dynamically [13]. In this study, the analysis was
performed using ANSYS Student version 2025. A crankshaft model from Autodesk Inventor was imported in
STEP format, given ASTM A536 Grade 80-55-06 material properties, and then meshing was performed before
numerical analysis.

Boundary condition applied with fixed support at both ends of the crankshaft and a pressure load of 300 MPa
on the three surfaces of the crank pin [14-17]. The same loading was used for all models to evaluate the effects
of crack location and depth on stress, strain, and stress intensity factor (Kj), as shown in Figure 5.

Fig. 5. Application of boundary conditions: (a) Fixed Support (A) on the Main Journal and (b) Loading Force
on the Crank Pin (B)
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Stress Intensity Factor (Ki) is a linear crack mechanics parameter that describes stress concentration at the
crack tip [18-21]. In this study, the K; value was obtained using ANSYS through the J-integral method and
displacement around the crack tip, then compared with the material fracture toughness (Kic). If Ki > Kic, then
the crack is predicted to experience propagation.

RESULTS AND DISCUSSION

Analysis using FEM was carried out to evaluate the distribution of stress and strain that occurs in the
component.

The simulation results of the flawless model show a maximum stress of 364.18 MPa in the critical area of the
crankshaft, and a minimum stress of 3.635e-8 MPa in the location that does not receive significant loading, as
shown in Figure 6. The maximum stress value remains below the yield strength of ASTM A536 Grade 80-55-
06 (379.2 MPa). Therefore, the crankshaft operates in the elastic region and can be considered structurally safe
under the given loading conditions. A flawless model is used as a reference to analyze the effect of cracks on
the distribution of stress, strain, and stress intensity factor (Kj).

Static Structural
Equivalent Stre
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Fig. 6. Results of von Mises stress without defects

Based on the analysis results, it shows that increasing the depth of the defect from 0.4 mm, 0.5 mm, and 0.6
mm at location A increases the stress value and stress intensity factor (Ki), which can be seen in Table 2.
Increasing crack depth leads to higher stress concentration at the crack tip, thereby enhancing the likelihood of
crack propagation.

TABLE II The effect of defect depth on stress value and Mode I stress intensity factor at defect location
A.

Defect Location | Defect Length | Defect Width Defect Depth Stress Value Kic Value
(mm) (mm) (MPa)
(mm) (MPa\m)
A 1 0.3 0.4 85618 32.89
A 1 0.3 0.5 94181 32.89
A 1 0.3 0.6 102740 32.89
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The simulation results show that increasing crack depth increases stress around the crack tip. Stress increased
from 85618 at a crack depth of 0.4 mm to 94181 at 0.5 mm and reached 1.02740 at 0.6 mm due to higher stress
concentration. Figure 7 shows that the 0.6 mm crack depth produced the highest stress.

Static Structural

Equivaient Stress

Fig. 7. Distribution of von Mises stress at defect location A with a crack depth of 0.6 mm as the most critical
condition with the highest stress value

The results of stress intensity factor (Ki) analysis at location A (crank pin fillet) with varying defect depths are
presented in Table 3. K value is used to determine the effect of increasing defect depth on the tendency of
cracks to propagate. The greater the K value, the higher the possibility of cracks developing on the crankshatft.

TABLE III Results of Stress Intensity Factor (Ki) Analysis of Defect Depth Variations at Location A

Defect Defect Depth Node Ki Value Ki Value Kic Value

Location (mm) (MPaVmm) (MPaVm) (MPavm)
A 0.4 105786 1427.8 45 32.89
A 0.5 105748 1570.7 50 32.89
A 0.6 105796 1713.5 54 32.89

Stress intensity factor (Ki) value also increases with increasing crack depth. At a depth of 0.4 mm, the K; value
is 45 MPaVm, increasing to 50 MPaVm at a depth of 0.5 mm, and reaching 54 MPaVm at a depth of 0.6 mm, as
seen in Figure 8. An increase in stress intensity factor (K:) indicates a higher stress concentration at the crack
tip, thereby increasing the propensity for crack propagation.
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Fig. 8. Simulation results of stress intensity factor (K1) on crack propagation at defect location A with a crack
depth of 0.6 mm as the most critical condition

Analysis at location B was performed by varying defect depth to evaluate changes in stress values and stress
intensity factors (Ki). The results obtained are presented in Table 4.

TABLE 1V Effect of defect (crack) depth on stress value and Mode I stress intensity factor (Ki) at defect
location B.

Defect Location | Defect Length | Defect Width Defect Depth Stress Value Kic Value
(mm) (mm) (mm) (MPa) (MPavVm)

A 1 0.3 0.4 102740 32.89

1 0.3 0.5 111310 32.89

A 1 0.3 0.6 119870 32.89

The simulation results show that stress at location B increased with crack depth, rising from 1.02740 at 0.4 mm
to 1.11310 at 0.5 mm and 1.19870 at 0.6 mm. Figure 9 shows that the 0.6 mm crack depth produced the
highest stress due to increased stress concentration at the crack tip.
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Fig. 9. Distribution of von Mises stress at defect location B with a crack depth of 0.6 mm as the most critical
condition with the highest stress value

Based on stress distribution results at location B, the analysis continued by calculating the stress intensity
factor (Ki) at each variation of defect depth. The obtained K; values are presented in Table 5 as the tendency of

crack propagation on the crankshaft.

TABLE V Results of Stress Intensity Factor (Ki) Analysis of Defect Depth Variations at Location B.

Defect Location Defect Depth Node K Value K; Value Kic Value
(MPa\/m) (MPa\/m)
(mm) (MPa\/mm)
B 0.4 105726 1545.5 49 32.89
B 0.5 105764 1674.3 53 32.89
B 0.6 105924 1803.1 57 32.89

Stress intensity factor (Kj) at location B increased with crack depth, from 49 MPavVm at 0.4 mm to 53 MPaVm

at 0.5 mm and 57 MPaVm at 0.6 mm. Figure 10 shows that increasing crack depth raises Kj, indicating a
greater tendency for crack propagation.
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Fig. 10. Simulation results of stress intensity factor (Ki) on crack propagation at defect location B with a crack
depth of 0.6 mm as the most critical condition

Analysis at defect location C was performed by varying crack depth to observe changes in stress values and
stress intensity factors (Ki). The results of this analysis are presented in Table 6.

TABLE VI Effect of defect (crack) depth on stress value and Mode I stress intensity factor (Ki) at defect

location C.

Defect Location | Defect Length | Defect Width Defect Depth Stress Value Kic Value
(mm) (mm) (mm) (MPa) (MPa\m)

C 1 0.3 0.4 82502 32.89

C 1 0.3 0.5 89376 32.89

C 1 0.3 0.6 96251 32.89

The simulation results show that stress at location C increased with crack depth, from 82502 at 0.4 mm to
89376 at 0.5 mm and 96251 at 0.6 mm. Figure 11 shows that the 0.6 mm crack depth produced the highest
stress due to increased stress concentration at the crack tip.
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Fig. 11. Distribution of von Mises stress at defect location C with a crack depth of 0.6 mm as the most critical
condition with the highest stress value

Based on the results of stress distribution analysis at location C, stress intensity factor (K1) was calculated for
each variation in defect depth. The results of these calculations are presented in Table 7.

TABLE VII Results of Stress Intensity Factor (Ki) Analysis of Defect Depth Variations at Location C.

Defect Defect Depth Node Ki Value Ki Value Kic Value

Location (mm) (MPaVmm) (MPaVm) (MPavm)
C 0.4 105786 1537.5 48 32.89
C 0.5 105775 1665.6 53 32.89
C 0.6 105886 1793.6 56 32.89

The simulation results show that the stress intensity factor (Ki) value also increases with increasing crack
depth, as shown in Figure 12. At a crack depth of 0.4 mm, the K; value is 48 MPaVm, then increases to 53
MPaVm at a depth of 0.5 mm, and reaches 56 MPaVm at a depth of 0.6 mm.
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Fig. 12. Simulation results of the stress intensity factor (Ki) on crack propagation at defect location C with a
crack depth of 0.6 mm as the most critical condition

This analysis compares the effect of variations in defect location on the Mode I stress intensity factor (Ki)
value on a crankshaft with the same crack depth. The locations analyzed include A (crank pin fillet), B (main
journal fillet), and C (oil hole). Differences in geometry and stress distribution at each location result in
different Kj values, where the higher the Kj value, the greater the potential for crack propagation in the
material.

Comparison of stress intensity factor (Ki) values against material fracture toughness (Kic) at various defect
locations with a depth of 0.4 can be seen in Table 8.

TABLE VIII Comparison of Stress and Strain K Values Against Variations in Defect Locations with a
Depth of 0.4

Defect Defect Defect Defect Depth | Stress Value K Value Kic Value
Location Length Width (mm) (MPa) (MPaVm) (MPaVm)
(mm) (mm)
A 1 0.3 0.4 85618 45 32.89
B 1 0.3 0.4 102740 49 32.89
C 1 0.3 0.4 82502 48 32.89

Table 8 shows that stress intensity factor (Kj) varies with defect location. Location B has the highest K (49
MPavVm), followed by location C (48 MPaVm) and location A (45 MPaVm), indicating the greatest crack
propagation potential at a crack depth of 0.4 mm. K; comparison is shown in Figure 13.
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Based on Figure 13, all stress intensity factor (Ki) values exceed the material fracture toughness (Kic) value of
32.89 MPavm. K| values at locations A, B, and C are 45 MPa\/m, 49 MPa\/m, and 48 MPa\/m, Location B has
the highest Kj, and all locations exceed Kic, indicating crack propagation potential.

Comparison of stress intensity factor (Ki) and material fracture toughness (Kic) values at various defect

locations with a crack depth of 0.5 mm is presented in Table 9.

TABLE IX Comparison of Stress and Strain Ki Values Against Variations in Defect Locations with a

Depth of 0.5
Defect Defect Defect Defect Depth | Stress Value K Value Kic Value
Location Length Width (mm) (MPa) (MPaVm) (MPavVm)
(mm) (mm)
A 1 0.3 0.5 94181 50 32.89
B 1 0.3 0.5 111310 53 32.89
C 1 0.3 0.5 89376 53 32.89

Based on Table 9, stress intensity factor (Kj) increased at all locations with crack depth. Locations B and C
exhibited the highest Ki (53 MPaVm), while location A reached 50 MPaVm, indicating greater crack
propagation potential, and K; comparison is presented in Figure 14.
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Fig. 14. Comparison graph of K; with Kjc for each defect model at a depth of 0.5 mm

Based on Figure 14, all stress intensity factor (Ki) values exceed the material fracture toughness (Kic) of 32.89

MPaVm. Locations B and C have the highest K (53 MPaVm), while location A reaches 50 MPaVm, indicating
crack propagation potential at all locations.

The effect of defect location on stress intensity factor (Ki) value at crack depth of 0.6 mm can be observed

through a comparison with the material fracture toughness (Kic) value presented in Table 10.

TABLE X Comparison Values of Stress and Strain Ki Against Variations in Defect Locations with a

Depth of 0.6
Defect Defect Defect Defect Depth | Stress Value K Value Kic Value
Location Length Width (mm) (MPa) (MPaVm) (MPaVm)
(mm) (mm)
A 1 0.3 0.6 102740 54 32.89
B 1 0.3 0.6 119870 57 32.89
C 1 0.3 0.6 96251 56 32.89

Based on Table 10, stress intensity factor (Ki) increased at all locations with crack depth. Location B exhibited
the highest Ki (57 MPavm), followed by location C (56 MPaVm) and location A (54 MPaVm), making it the
most critical location for crack propagation, and Ki comparison is shown in Figure 15.
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Fig. 15. Comparison Graph of K; with Kic for each defect model at a depth of 0.6 mm

Based on Figure 15, all stress intensity factor (K) values exceed the material fracture toughness (Kic) of 32.89
MPaVm. Location B has the highest K; (57 MPa\/m), followed by location C (56 MPa\/m) and location A (54
MPaVm), making it the most critical location for crack propagation.

Simulation results show that defect location affects stress intensity factor (Ki). Location B has the highest K
and is the most critical area, while location A has the lowest. K increased at all locations with crack depth. K
comparison is shown in Figure 16.
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Fig. 16. Comparison graph of K with Kjc at each depth of the defect model
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The graph shows that stress intensity factor (Kj) values at all defect locations increase with increasing crack
depth, and all exceed the material fracture toughness (Kic) value of 32.89 MPaVm. Location B was the most
critical area, exhibiting the highest K; values.

This study's findings are consistent with those reported by Zhang [22], who stated that the presence of an
initial defect in the fillet region crack propagation, ultimately leading to material failure. Similarly, a study
conducted by Witek [23] also reported that the failure occurred due to the presence of an initial defect in the
crankpin of the crankshaft.

CONCLUSSION

In conclusion, this study showed that all stress intensity factor (Ki) values obtained from the simulations (45—
57 MPa\/m) exceed the material fracture toughness (Kic) of 32.89 MPaVm (ASTM A536 Grade 80-55-06),
indicating a potential for crack propagation. Increasing crack depth elevates stress intensity factor (K.) at all
locations. The main journal fillet represents the most critical region, exhibiting the highest K. value of 57
MPaVm at a crack depth of 0.6 mm. This is consistent with the findings of the present study, in which the
defect was also modeled in the crank pin region, and the results demonstrated the occurrence of failure.

This study has several limitations. The finite element analysis was conducted under simplified static loading
conditions and assumed homogeneous, isotropic material properties without considering cyclic loading.
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