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Abstract 

A truck is a major form of transporting goods on land because of 

its efficiency in terms of cost and effectiveness. Increased truck 

usage has heightened the risk of component failure, particularly in 

the rear-wheel-drive axle, which is prone to structural problems. 

Therefore, this study aimed to analyze the causes of rear-wheel-

drive axle failure in trucks through numerical simulations based 

on the finite element method, using Finite Element Modeling and 

Postprocessing (FEMAP) software. The axle material used was 

AISI 4140, with four test models, including a version without 

defects and three other models with variations in defects at certain 

locations. During the investigation, the analysis was conducted to 

observe the effect of stress on axle performance under various 

defect conditions. The simulation results showed the maximum 

von Misses stress on the shaft without defects reached 115.19 

MPa, which was significantly lower than the yield strength limit 

of 415 MPa of the material. The maximum shear stress of 124.67 

MPa also remained lesser compared to the material allowable 

limit of 239.45 MPa, showing that the shaft was safe in a 

condition without defects. However, in the shaft model with 

defects, stress intensity factor (KI) values were recorded at 17.80, 

15.01, and 20.325 MPa.m
1/2

, which exceeded the material fracture 

toughness (KIC) value of 10 MPa.m
1/2

. The results signified that 

KI > KIC condition, facilitating accelerated crack propagation on 

the shaft, showing the potential for structural failure. This study 

provided a deep understanding of the importance of defect 

mitigation to maintain the reliability and safety of truck 

operations. 
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1 Introduction 
The use of trucks as a means of transportation is growing 

rapidly these days [1]. As a flexible land vehicle [2], a truck can 

transport various types of loads and play an important role in 

supporting economic activities in terms of goods distribution. The 

growing dependence on trucks [3] has led to an increase in various 

problems related to the failure of important components in the 

vehicle. Following the discussion, a critical component often 

raising concern is the rear-wheel-drive axle [4], which serves as 

the foundation for the drive system of the truck. This component is 

responsible for transmitting power from the engine to the rear 

wheel, allowing the vehicle to move and operate efficiently [5]. 

Rear wheel drive axle is a major element in truck system that 

plays an important role in maintaining the mobility and holding 

capacity of the vehicle [6]. Fig. 1 shows that axle is a component 

that serves by connecting power from the engine to rear wheel of 

the vehicle [7]. This component also functions by moving truck 

and distributing the load optimally [8]. 
 

 
Fig. 1. Axle is a part that drives rear wheel of truck [9]. 

 

As the component failures of rear-wheel-drive axles in trucks 

become increasingly common and widespread, a detailed analysis 

incorporating different methods and perspectives is required to 

identify the various failure points [10].  

The finite element method was used to conduct loading 

simulations in some investigations. In the study of Fauzan et al. 

[5], failure analysis was performed only on the defect area located 

near axle teeth (splines) on the wheel drive axle, while the 

investigation by Qarnul et al. [11], analyzed the broken area of the 

axle near the axle lip (flange).  

This study conducted a simulation-based failure analysis on 

the rear axle of a truck with various loading scenarios at various 

locations. The loading scenarios included rear axle conditions in 

normal conditions without defects and conditions with initial 

defects at three different locations. This follow-up investigation 

aimed to understand the influence of defect conditions on stress 

distribution, deformation, and crack potential in truck rear wheel 

drive axles. 

2 Study Materials and Methods  

2.1 Material 

The material used in this study was a rear wheel drive axle on 

a truck with a total length of 805 mm and a diameter of 35 mm. A 

150 mm diameter flange was located at one end of the axle, acting 

as an interface for connecting the material and other components. 

This axle was also equipped with 18 splines as a power distributor. 

According to previous studies, the rear axle of the truck was made 

from a material classified as AISI 4140 [11]. This material was 

known as an alloy steel with excellent mechanical properties, 

specifically in applications that required high strength, toughness, 

and fatigue resistance [12]. The chemical composition of AISI 

4140 material was shown in Table 1. 
 

Table 1. Chemical composition of AISI 4140 material [11] 

Element  Composition (%) 

Carbon (C)  0.38 - 0.43 

Chromium (Cr)  0.80 - 1.10 

Manganese (Mn)  0.75 - 1.00 

Molybdenum (Mo)  0.15 - 0.25 

Silicon (Si)  0.15 - 0.30 

Phosphorus (P)  max. 0.035 

Sulfur (S)  max. 0.040 
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The main elements, such as chromium and molybdenum 

contributed significantly to corrosion resistance and wear 

resistance, while carbon increased the strength and hardness of the 

material. Manganese played a role in increasing tensile strength, 

and silicon increased the elasticity of steel [13]. Following this 

discussion, the mechanical properties of AISI 4140 material were 

shown in Table 2. 

 

Table 2. Mechanical properties of AISI 4140 material [14] 

Properties  Value 

Ultimate strength,     655 MPa 

Yield strength,     415 MPa 

Elastic modulus, E  190-210 GPa 

Shear modulus, G  80 GPa 

Poisson’s ratio, v  0.27-0.30 

Fracture toughness, KIC [15]  10 MPa.m
1/2

 

 

The rear-wheel-drive axle of the truck fabricated from AISI 

4140 material, offered high torque transmission capabilities with 

excellent resistance to fatigue and wear. By applying an optimal 

heat treatment process, the axle is strengthened to withstand 

various extreme operational conditions such as heavy loads, 

vibrations, and high speeds [16]. 

2.2 Study Methods 

Previous studies conducted investigations using experimental 

methods to determine the material type of the rear wheel drive 

axle [11]. The methods included hardness testing, chemical 

composition testing, microstructure observation, and visual 

surface observation.  

During this study, stress analysis was performed with the finite 

element method using Finite Element Modeling and 

Postprocessing (FEMAP) software version 12.0.1. A tetrahedral 

mesh with a size of 0.1 mm was used in the numerical simulation, 

producing a total of 57,316 and 361,397 nodes. This configuration 

was selected to obtain precise and accurate analysis results in 

describing stress distribution as well as deformation on the rear-

wheel-drive axle of the truck. 

The simulation process in this investigation aimed to identify 

stress distribution and stress intensity factor (KI) on the rear axle 

of the vehicle. During this study, four different axle models, 

namely an axle model without defects as the initial condition and 

three models with initial defects at three different locations, were 

used. 

The four models of rear wheel drive axles for truck included: 

1. Model of drive axle without defects. 

2. A model with an initial defect of 665 mm from axle teeth 

(point A, shown in Fig. 2). 

3. Model of drive axle with an initial defect of 335 mm from axle 

teeth (point B, shown in Fig. 2). 

4. A model with an initial defect of 95 mm from axle teeth (point 

C, shown in Fig. 2). 

 

 
Fig. 2. Rear wheel drive axle of truck. 

 

The simulation began by entering the redesigned shaft 

geometry using Computer-Aided Design (CAD) software into 

FEMAP software in the first model. Subsequently, simulation and 

loading analysis were conducted to determine the von Mises stress 

value as well as maximum shear stress, which were then compared 

to the yield strength value (  ) and the material allowable shear 

stress (       of the material [17]. Yield strength value (  ) of the 

material was obtained from the previous test shown in Table 2, 

while the allowable shear stress value (       of the material was 

determined from the calculation of Eq. 1 [18]. 

 

                  = 239.45 MPa   (1) 

 

where    represented the yield strength of the material (MPa). 

 

A simulation process was conducted in the drive axle model 

with initial defects at points A, B, and C. These defects were used 

to analyze stress values that occurred in axle elements, where the 

variable data were determined by calculating KI value. In addition, 

KI value can be calculated using Eq. 2 [19]. 
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where: 

   = Stress intensity factor (MPa.m
1/2

) 

    = Stress (MPa) 

  = Distance from crack tip to node point (m) 

  = The angle formed 

 

KI was compared with the material fracture toughness (KIC) 

value to determine the enlargement or reduction of the crack. This 

analysis was performed to assess the performance of the material 

under load, specifically in scenarios where defects or cracks 

occurred. The relationship between KI and KIC values was critical, 

where exceeding KIC value led to crack as well as failure [20-21], 

while a lower KI variable ensured the crack remained safe and 

stable. 

3 Results and Discussion 

3.1 Analysis of the Flawless Drive Axle Model 

The condition of the shaft without defects in the first model 

signified a normal load distribution with a maximum von Mises 

stress value of 115.19 Mpa. Fig. 3 showed that the fillet area 

experienced the highest von Mises stress value distribution.  

The calculated von Mises stress value was significantly lower 

when compared to the yield strength of the material, which was 

415 MPa. This comparison showed that the maximum von Mises 

stress in the first model remained in acceptable limits. 
 

 
Fig. 3. von Mises stress. 

 

The maximum shear stress results in the simulation signified a 

centralized location in the fillet area with a value of 124.67 MPa 

as shown in Fig. 4. The analysis results confirmed that the 

calculated value did not exceed the allowable shear stress limit of 

the material, which was 239.45 MPa, as determined through the 

calculations in Eq. 1.  

The results showed that the rear-wheel-drive axle structure was 

safe since the shear stress value was lesser than shear stress limit 
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permitted by the material. This outcome signified that the material 

possessed a sufficient safety margin to withstand shear stress that 

occurred. 

 

 
Fig. 4. Maximum shear stress. 

3.2 Drive Axle Model with Initial Defects had a Length of 665 

mm from Axle Teeth (Point A) 

The initial defect condition at point A in the second model was 

shown in Fig. 5. The analysis results signified an increased load 

distribution in the area around the defect with a maximum von 

Mises stress value of 42.41 MPa.  

 

 
(a) 

 
(b) 

 
(c) 

Fig. 5. (a) Simulation of drive axle with FEMAP model A, (b) 

enlargement of the defect location, (c) nodes locations around the 

defect. 

 
KI analysis in Table 3 showed an average value of 17.80 

MPa.m
1/2

. This value was higher when compared to the KIC value 

of 10 MPa.m
1/2

. Moreover, the results signified that the rear wheel 

drive axle of the truck experienced crack propagation and failure. 

Table 3. Results of KI calculations for the second defect model at 

point A.  
Nodes     (MPa) r  θ  KI (MPa.m1/2) 

399413 38.17 0.007 71 22.18 

370889 36.05 0.015 52 21.55 
340923 38.17 0.011 41 15.47 

472804 40.29 0.009 29 11.95 

Average 17.80 

3.3 Drive Axle Model with Initial Defects had a Length of 335 

mm from Axle Teeth (Point B) 

As shown in Fig. 6, the third model, with an initial defect at 

point B, signified a load concentration around the defect area, 

leading to a von Mises stress value of 50.09 MPa. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 6. (a) Simulation of drive axle with FEMAP model B, (b) 

enlargement of the defect location, (c) nodes location in the defect 

area. 

 
Fig. 6 showed that the defect area experienced the highest von 

Mises stress value distribution. During the study, KI calculated in 

Table 4 had an average value of 15.01 MPa.m
1/2

, which exceeded 

the KIC value of 10 MPa.m
1/2

. This result signified that the shaft 

experienced increased crack propagation. 

 
Table 4. Results of calculating KI for the three defect models in 

the area of point B. 
Nodes     (MPa) r  θ  KI (MPa.m1/2) 

296108 31.30 0.011 100 20.74 
270557 28.17 0.015 53 17.21 

288946 37.57 0.011 23 11.36 

385093 34.44 0.015 7 10.71 

Average 15.01 
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3.4 Drive Axle Model with Initial Defects is Given 95 mm from 

Axle Teeth (Point C) 

The initial defect in the fourth model was applied at the 

location of point C as shown in Fig. 7. Based on the simulation 

results, the maximum load distribution was centered around the 

defect. This condition signified that defects affected the stress 

distribution pattern in the surrounding area. The maximum von 

Mises stress value of 49.30 MPa obtained from the simulation 

implied that areas with defects were more prone to failure. 

Moreover, the results of KI analysis in Table 5 showed an average 

value of 20.33 MPa.m
1/2

. Exceeding KIC value, this result signified 

that the shaft experienced significant crack propagation, 

eventually leading to failure. 
 

 
(a) 

 
(b) 

 
(c) 

Fig. 7. (a) Simulation of drive axle with FEMAP model of defect 

model C, (b) enlargement of the defect location, (c) location of 

nodes assignment in the defect area. 
 

Table 5. Results of calculating KI for the fourth model 
Nodes     (MPa) r  θ  KI (MPa.m1/2) 

166330 33.89 0.010 98 21.98 

187176 40.63 0.013 56 24.66 
196675 43.14 0.009 54 20.87 

179450 43.14 0.016 5 13.76 

Average 20.33 

 

The results of the analysis showed that the three models with 

initial defects experienced further crack propagation as the applied 

stress exceeded the KIC value of the axle material. This crack was 

caused by high stress exceeding the safe limit that was accepted 

by the drive axle. Fig. 8 showed the comparative relationship 

between K1 and KIC values of three rear-wheel-drive axle models 

with initial deformed conditions. 

 
Fig. 8. Graph of the relationship between KI and KIC of A, B as 

well as C axis models. 
  

A previous study conducted by Fauzan et al. [5] investigated 

the rear-wheel-drive axle of a truck using an experimental method, 

producing valuable results. The study found that the cause of 

failure was due to initial defects in the splines area. In addition, 

shear stress analysis showed that the maximum shear stress 

exceeded the permissible shear stress on axle material. 

During this study, a stress analysis was conducted using the 

finite element method on the shaft by modeling several initial 

defects at different locations to find KI. Subsequently, the value 

was compared with KIC of the shaft material as shown in Fig. 8. 

4 Conclusion 

The simulation-based analysis failure analysis on the rear axle 

of a truck with four models showed the relationship between the 

location of the defects on the shaft and the severity of the potential 

failure. 

1. The first model, representing a defect-free shaft, provided a 

benchmark with von Mises stress and shear stress values of 

115.19 MPa and 124.67 MPa, respectively. These values were 

significantly below the material limit with a yield stress of 415 

MPa and allowable shear stress of 239.45 MPa. 

2. Analysis of the defect impact on the shaft with initial defects, 

particularly around the splines, revealed that the stress 

intensity factor ( I) exceeded the fracture toughness ( 𝐼𝐶) of 

AISI 4140 material by 10 MPa·m¹/², highlighting a critical risk 

for crack propagation. 

3. Analysis of the stress intensity factor revealed the average  I 

values for the three defect models were 17.80 MPa·m¹/², 15.01 

MPa·m¹/², and 20.33 MPa·m¹/². These results underscored the 

strong correlation between defect location and the potential 

severity of failure. 
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