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Abstract
Stress analysis of welded steel-to-steel, bolted steel-to-steel, and bolted composite-steel chassis in an electric low floor 

medium bus structure is presented in this paper. The analysis was carried out on the condition that is when the bus is full of load 
in idle/static. This condition reflects the situation of the vehicle in full load with passengers and components, which is important to 
be analyzed to anticipate the unwanted structural failure of the chassis. Finite Element Method (Harmonic response simulation) is 
used to investigate the structural behavior of both welded and bolted methods. Several parameters such as 2 Hertz for the maximum 
frequency, 5000 kg for the total vehicle weight, and the uniform distribution of load are used for this study to simulate the simplified, 
real application in the real world. The first comparison is between the welded and bolted steel-to-steel chassis which results in the 
bolted method has a lower stress value by the difference of 4.3 MPa in the joint section than the welded joint. This means that the 
bolted joint is more recommended than welded for the use as an electric low floor medium bus and has the potential to be optimized 
further. In terms of reducing the weight of the chassis structure, then lightweight material (carbon fiber composite) is used to replace 
the full steel chassis to be a composite-steel chassis. The use of this hybrid material depicts the stress value of 61.5 MPa in the joint 
area, this value is still far below the limit of carbon fiber that is 3200 MPa makes this bolted composite-steel is considerably safe 
in full load condition as an electric low floor medium bus structure. Using this hybrid bolted composite-steel chassis structure also 
reduces the total chassis weight by about 22.7 % compared to the full steel chassis structure, thus one could expect to extend the 
mileage of electric vehicles by more than 20 %.
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1. Introduction
The need to be more mobile triggers the increase of vehicle growth in the world. Un-

fortunately, it causes a lot of environmental problems such as air pollution especially in urban  
areas [1, 2]. Emissions from the transportation field are major contributors to air pollution, the top 
environmental problem risk factor globally [3]. Therefore, reducing fuel consumption is a good 
approach to solve this problem.
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Many researchers are trying to find alternative energy sources for a vehicle to minimize fuel 
consumption, especially in public transportation. One of the most popular sources to replace the 
internal combustion engine (ICE) is by using electrical energy. This kind of source provides cleaner 
technology and is more environmentally friendly because of its zero-emission [4].

Using public transportation may reduce pollution as it reduces motorized transport [5]. One 
of the most common problems in public transportation is its limitation for special needs users, 
these public transportation systems nowadays should allow the disabled, pregnant women, and the 
elderly to ride without hassle. Thus, low-floor vehicles are designed to meet this demand [6]. But 
there are still a bunch of problems in electric vehicle structures such as efficiency and safety due to 
different structural designs compared to ICE. Electric vehicle structure should be able to carry a lot 
of heavy batteries. However, it also needs to be as light as possible, since the heavier the vehicle, 
the least efficient it would be [7]. 

The lightweight construction of automobile components is one of the most important studies 
in vehicle design [8]. More than 85 % of the fuel energy is consumed by thermal and mechanical 
inefficiency in the drivetrain, while the remaining 12–15 % is used to overcome the tractive forces 
that resist forward motion [9]. Of these tractive forces, the weight of the vehicle most significantly 
affects inertial (acceleration) and rolling resistance forces. On the other hand, it is also reported that 
a 10 % weight reduction for an electric vehicle could extend the range by 13.7 % [10].

Decreasing the vehicle weight could be achieved through two main approaches, the first is 
lightweight design of a structure, where vehicle parts are optimized to achieve better performance, 
and the second is lightweight materials substitution, where lighter materials are used in automobile 
manufacturing [11, 12]. Combining a lightweight material with steel material as a chassis part is 
one possible option in lightweight material substitution on weight reduction efforts. Carbon fiber 
has recently become one of the most used materials in the automotive field. This type of material 
is chosen because of its lightweight and has better mechanical properties compared to steel. For 
the use of a chassis part, material stiffness is the most important point. Thus, carbon fiber material 
needs to be strengthened by using the right filler.

Lightweight material such as carbon fiber composite has different forms with steel, so it is 
necessary to find out about the joining method for combining both materials. Several ways have 
been done by many researchers on combining different materials. Adhesive bonding for composite- 
to-metal is good because of its small stress concentration. However, this joining method is unable 
to be disassembled for maintenance or reparation [13]. Meanwhile, the mechanical bolted joint is 
another method that is frequently used in automotive.

Any structure including bolted and welded joints is subjected to both static and dynamic 
loads [14]. For example, as a car moves along the road, the chassis experiences the dynamic forces 
from the road roughness, engine vibration, transmission, etc. Under various dynamic excitations, 
chassis tend to vibrate under various dynamic excitations [15].

To analyze the stress behavior of two different types of joining methods which are bolted 
and welded joints, a simulation approach with a harmonic response is used in this study. The con-
dition is set as when the vehicle structure is in full load condition, which is important to spot the 
stress point to anticipate any structural failure. The first simulation compares the stress of steel-
to-steel joints with welding and with bolt methods. Secondly, the simulation is used to evaluate the 
stress from a hybrid bolted joint composite-steel.

A lot of previous research has been done related to the stress analysis in an automobile 
chassis. Abrams investigated an engine mounting as a structural part of a Formula SAE using 
the finite element method [16]. Asker, H. K. et al. carried out the stress analysis of truck chassis 
structure during ramping block using the finite element method (FEM) [17]. FEM is commonly 
used to analyze the stress and deflection of the chassis structure during the loading condition. The 
study of chassis behavior using FEM has also been conducted by Nor et al. to improve the design 
of a low loader chassis. The simulation is done with an investigation towards the critical area of 
low loader structure that is the contact between the chassis to the axle and also the contact surface 
between the chassis and gooseneck [18]. The simulation determines the maximum stress value and 
deflection of the low loader chassis structure. Analytical study about the bolted joint that is used to 
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connect different parts has been done by M. H. N. Izham et al. to gain the correlation data between 
experimental modal analysis (EMA) and finite element method (FEM) [19]. It can be assumed that 
the different results between both methods can be minimized by optimizing the sensitivity of the 
analysis. A simulation study is chosen as its flexibility and low cost compared to an experimental 
that is time-consuming and expensive [20]. But there is still a lack of discussion about stress ana
lysis of chassis structure, especially on low floor medium bus.

Electric low floor medium bus is the object for this study and this paper aims to analyze the 
stress value and location of bolted joint composite-steel material as a chassis structural by doing 
some comparison with bolted steel-to-steel and welded steel-to-steel chassis during full load con-
dition on the road using FEM, which is a useful mathematical tool to calculate internal stress and 
strain analyses of complex structures with geometrical and material nonlinearities.

2. Methodology
There are some differences between a low floor and high floor chassis especially on the de-

sign and the purpose of each type. In terms of its purpose, the low floor is created to eliminate the 
boarding problem for special users like seniors and people with disabilities. On the constructions, 
the low floor is designed with a different height between the rear and the middle part of the chassis 
while the high floor looks more level as shown in Fig. 1 to accommodate the different height of the 
low floor chassis, a joint method is used.

Investigating the joint performance on a chassis structure under full load conditions is im-
portant to identify the potential structural failure. The frequency of chassis structure on the road 
is set 2.0 hertz as the highest value since the vehicle body modal response has two natural damped 
frequencies around 1.0–2.0 Hertz [22]. The total weight of a medium bus is usually around 5000 kg 
based on Federal Highway Administration (FHWA) vehicle classes. The simulation is extended 
further by using various safety factors 1.5 to 4. The design of welded composite-steel and bolted 
steel-to-steel chassis used in this study are shown in Fig. 2.

                              a                                                                                              b
Fig. 1. Types of bus chassis [21]: a ‒ Low floor chassis; b ‒ High floor chassis

                              a                                                                                              b
Fig. 2. Low floor medium bus structures:  

a ‒ welded steel-to-steel chassis; b ‒ bolted composite-steel chassis

The main consideration that any vehicle model must satisfy is to forecast the modal basis of 
the vehicle [23]. ANSYS Workbench Space Claim software is used for 3D modeling of the hybrid 
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composite-steel chassis for electric low floor medium bus. The use of ANSYS can provide an opti-
mum shape design [24]. This study is carried out based on the following assumptions:

– the maximum frequency of the simulation is 2 Hertz;
– the total load is 50 kN;
– the load is constant and distributed over the contact surface on the chassis structure.
The stress simulation of hybrid composite-steel part for a chassis structure is the main in-

terest of this paper. The mechanical properties used in this study were adapted from our previous 
investigation on the characterization of carbon fiber with microspheres filler [25]. It is known that 
the addition of such filler could add rigidity into the carbon fiber by a maximum strain of 1.17 % 
without any significant weight addition. 

The mechanical properties of composite carbon fiber and steel are shown in Table 1.

Table 1
Material properties of carbon fiber and structural steel

Carbon fiber Structural steel

Modulus Elasticity, E (GPa) 9.35 210

Density (kg/m3) 1480 7850

Poisson Ratio 0.3 0.3

Tensile Strength (GPa) 0.1 0.5

Eight fixed areas that represent the front and rear suspension points are shown in Fig. 3. 
The dimension of each suspension point is based on the real condition of the common ICE-based 
medium bus in Indonesia.

Fig. 3. Boundary conditions:  
a ‒ Front and rear suspension point of both welded full steel and bolted composite-steel  

chassis structure; b ‒ contact surface for loading condition of chassis structure simulation

The load for this simulation is 50 kN distributed on the contact surface of the chassis 
structure in the –Y direction as seen in Fig. 3. This load displays the total load of the medium 
bus (5000 kg) multiplied by the safety factor 1.5 to 4.

Fig. 4 shows the mesh of this chassis structure. An adaptive meshing method is chosen for 
this chassis design to cover all the complex geometry, especially at the bolted connection area.

This kind of meshing method can provide clear and symmetry mesh which is important in 
simulation works. Fig. 3 shows the meshing in the outer area of this clamped part of the joint that 
is covered by all geometries such as bolts and nuts. As seen in Fig. 4, the hole for all bolts is also 
important to confirm its mesh condition to make sure all spaces are covered.
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                                      a                                                                                       b
Fig. 4. The Meshing of low floor electric medium bus with hybrid composite-steel chassis 

structure: a ‒ bolted joint section; b ‒ bolted contact surface

3. Results
3. 1. Welded and Bolted Full Steel Chassis
Fig. 5, 6 show the stress distribution under the full load condition of welded and bolted steel to 

steel chassis structure. As presented in Fig. 5, 6, the maximum stress value of this chassis structure is 
in the rear suspension point. The maximum stress of welded full steel chassis is 185.9 MPa as shown 
in Fig. 5 and the maximum stress of bolted full steel structure that is 196.4 MPa as seen in Fig. 6.  
It can be concluded that stress is not concentrated in the joint area. Previously, Nor et al. carried out 
the stress simulation on the low loader chassis, and from the simulation, it shows the maximum stress 
point appears on the contact surface between the front beam and gooseneck part [18]. This result shows 
a good agreement that the stress point tends to appear in the connection area of a structure.

Fig. 5. Maximum stress location of welded steel-to-steel simulation

Fig. 6. Maximum stress location of bolted steel-to-steel simulation
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Fig. 7. Probed on the highest stress value in welded steel-to-steel chassis structure

Fig. 8. Probed on the highest stress value in the bolted steel-to-steel chassis structure

The result shows that the bolted joint section is considerably safe for full load conditions since 
the maximum stress value does not exceed the ultimate stress of steel material which is 420 MPa.

Probing is one of the ways that can be used for measuring the specific value in a compo-
nent [26]. As presented in Fig. 7, the probed stress value in welded full steel chassis is 62.9 MPa 
while the bolted steel to steel shows a lower stress value, which is 58.6 MPa as seen in Fig. 8. From 
these simulation results, it can be confirmed that the bolted joint method has a smaller stress value 
in the connection area which means that this method is more preferred than welded for as the appli-
cation in an electric low floor medium bus.

According to the results, due to its lower stress value in full load condition, the bolted joint 
method has a potential for weight optimization by utilizing its advantages to be dismantled by re-
placing the rear steel part of the structure with a lightweight chassis structure in terms of achieving 
better efficiency for an electric vehicle. 

3. 2. Bolted Steel to Steel and Bolted Composite-Steel Chassis
In the second simulation study, carbon fiber is used as a composite material because of its 

high maximum stress that is 3200 MPa. A bolted composite-steel is then compared to the bolted 
full steel chassis to find out the stress value and location for the possibility to be used as a safe 
electric low floor medium bus structure. Similar simulation parameters as the bolted and welded 
comparison in the previous section are also used. As shown in Fig. 9, the maximum stress value 
of bolted composite-steel chassis appears in the rear suspension point and the value is 203.5 MPa 
which is still far below the limit of carbon fiber stress. 
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The probed stress value of bolted composite-steel chassis structure shows the acceptable 
value that is 61.5 MPa. Therefore, the maximum stress value on this hybrid chassis structure does 
not occur in the bolted joint area as presented in Fig. 10, which means that the stress value does not 
concentrate on the joint section as well as the bolted steel-to-steel chassis. 

This simulation is also briefly expanded to cornering and braking situations. The results 
show that the maximum stress appears roughly at the same location as the full load condition. The 
maximum stress under the cornering and braking conditions are 54.2 MPa and 51 MPa, respectively.  
Because both values are lower than under the full load condition, it could be concluded that both 
dynamic conditions could be generally represented by this full load condition. 

Different safety factors are used in this simulation as presented in Table 2. The maximum 
stress of probed von Mises bolted composite-steel using the highest safety factor is 246.3 MPa, 
which is still lower than the maximum stress limit of the composite that is 3200 MPa. This means 
that the stress value of the bolted composite-steel joint method is acceptable for full load conditions 
since it does not exceed the maximum strength of the carbon fiber composite.

The comparison between simulation study and analytical calculation in terms of determin-
ing the average stress on the contact area of the bolted part is shown in Table 2. For theoretical 
stress calculation let’s use the formula:

	 Apt = πd0tp,	 (1)

where Apt is the surface area of contact, d0 is the diameter of the surface area of contact, tp is the 
thickness of the part being considered. This formula is used to identify the area that experiences stress.

Fig. 9. Maximum stress location of bolted composite-steel simulation

Fig. 10. Probed on the highest stress value in the bolted composite-steel chassis structure
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After that, the stress of the clamped area can be determined by using this formula:

	 Tpt = (Ft⋅app)/Apt,	 (2)

where Tpt is the stress of the clamped part, Ft app is a total force that is applied to the structure. 
Assuming the different directions of a force on the contact surface and specific setting of fixed 
support in this simulation leads to the different results between the theoretical and simulation.

Table 2
Simulation results with various safety factor

Safety factor Load (kg) Probe von Mises 
(MPa)

Stress average on contact area (MPa)
Max. deformation

Simulation Theoretical

1 5000 61.5 12.07 12.2 2.82

1.5 7500 93 18.1 18.4 4.23

2 10000 124.4 24.15 24.6 5.64

2.5 12500 153 30.17 30.7 7.05

3 15000 185.8 36.2 36.8 8.46

3.5 17500 217 42.2 42.9 9.87

4 20000 246.3 48.3 49.1 11.28

4. Discussion of results
The simulation shows the bolted joint has a lower stress value in the joint area than the oth-

er one which means this joining method is considered safe to be used as a low floor chassis. The 
material substitution from steel-to-steel into composite-steel has good potential in terms of weight 
reduction. The full steel chassis weight is 233.7 kg while the composite-steel is only 188.5 kg, 
which is lower by 22.7 %. This weight reduction could lead to more mileage covered by the bus 
every charging cycle (EV) or every liter of fuel (conventional ICE bus) than the existing full steel 
chassis, hence increasing its efficiency and reducing its side effect to the environment in the forms 
of air pollution since 10 % of weight reduction can improve the EV range by 13.7 % [10]. From this 
statement, one may expect to have the mileage extension of the electric vehicle for more than 20 % 
just by applying this material substitution. 

This research is limited to the analysis of the stress value of bolted and welded joints on 
specific low floor chassis for an electric medium bus. The stress analysis is carried out by a sim-
ulation approach using harmonic response tools in the Finite Element Method. The disadvantage 
of using bolts in the connection method is the possibility of damage on or caused by the bolt itself 
which results in structural failure, therefore the quality of the bolt components must be considered 
and treated carefully. Unlike the bolted method, adhesive bonding also provides a low stress value 
due to its small concentration. In the future, this method could become another option to be used as  
a  joining method especially for automotive chassis considering it does not require additional com-
ponents such as bolts and other fastener items that increase the structural weight.

Similar to any other computational works, the quantitative results presented in this manu-
script would still require further validations by means of industrial testing in the real world condi-
tion, where some assumptions used in this study might not be practically applied. For example, in 
certain critical road or vehicle conditions that may cause the natural frequencies beyond the normal 
range as assumed in this work or when the load distribution is not perfectly uniform. Such examples 
create more complex conditions such that there is a possibility that the real world condition would 
slightly differ. Meanwhile, this simulation work could also be extended in the future to evaluate the 
hybrid carbon fiber composite to become a beam profile with specific shapes. This would be bene
ficial to extend the evaluation not only in chassis structure but also to other parts of the vehicles.
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5. Conclusion
The stress on the chassis joint method using steel-to-steel and composite-steel materials is 

numerically analyzed in this manuscript. Comparing the welded and bolted steel-to-steel chassis 
method shows that the bolted method has a lower stress value on the joining section which is con-
sidered safe in its use as an electric low floor medium bus. Integrating lightweight materials such as 
hybrid composite-steel into a chassis structure is a good approach to reduce vehicle weight that can 
lead to better efficiency, especially for an electric car with its heavy components. The FEM-based 
simulation displays a good result for the composite-steel in terms of stress value that is 61.5 MPa 
in the joining section and 813.7 MPa for the whole chassis structure under full load condition. For 
further comparison, the simulation also shows that the welded full steel and the bolted full steel 
chassis has a stress value of 62.9 MPa and 58.6 MPa, respectively. Following these results, it can 
be concluded that this hybrid composite-steel chassis does not have significant probed stress diffe
rences than the other two methods hence it could still be considered safe to be used for a medium 
bus chassis. The use of this hybrid structure also can reduce the weight for chassis by 22.7 %.
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