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Abstract 

One of the alternative solutions to address environmental and 

energy challenges is the utilization of electric vehicles, 

particularly in the domain of public transportation. The focus was 

on the development of medium-sized electric buses to expand the 

reach of electric-powered public transport. The design process 

encompasses the selection of vehicle components, such as the 

drive system, and the configuration of a space frame chassis 

structure. The drive system was meticulously chosen and proved 

to exceed the design requirements, as it achieved a gradability of 

12.44%, surpassing the targeted capability of 10% slope. 

Moreover, it boasts a maximum speed of 108 km/h, exceeding the 

design requirement of a maximum speed of 50 km/h, and can 

accelerate at a rate of 1-2 m/s². The chassis design adheres to 

regulations and standards and is grounded in the strength, 

stiffness, and natural frequency criteria. The initial chassis design 

did not meet the design requirement, however, through several 

iterations, a chassis structure was achieved with a vertical bending 

stiffness of 8.57 kN/mm and a torsional stiffness of 9.63 kNm/°. 

Based on the outcomes of this research, a drive system and 

chassis structure design that fully satisfies all the existing design 

requirements has been successfully attained. 
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1 Introduction 

Electric vehicles are an alternative to overcome environmental 

and energy problems because electric vehicles tend to produce 

lower emissions and have better energy efficiency when compared 

to fossil fuel vehicles, particularly mass transport, which has a 

noteworthy difference [1-3]. In Indonesia, the use of electric 

vehicles as a mode of transportation still tends to be limited to rail-

based vehicles such as Kereta Rel Listrik (KRL), Mass Rapid 

Transit (MRT), and Lintas Raya Terpadu (LRT). For ground 

vehicles, there are large electric buses on specific routes [4, 5]. 

Hence, several urban areas still need to be covered by electric 

public transport, so utilizing a medium-sized electric bus is of 

interest to increase the reach of electric public transport and solve 

the congestion problem in urban areas. 

Currently, the available medium-sized electric buses do not 

meet Indonesian regulations. Their Gross Vehicle Weight (GVW) 

typically ranges from 8,400 kg to 14,500 kg, exceeding the 8,000 

kg GVW limit set by the Ministry of Transportation Regulation 

[6-11]. Therefore, there is a need to develop electric buses that 

comply with existing regulations. 

Based on the product architecture, the electric bus consists of 

various main systems and components, such as the drive system 

and chassis structure, which is the main focus of this study.  

The design of a drive system is constrained by the motion 

behavior and performance requirements of the vehicle. Vehicle 

motion analysis determines the drag forces (aerodynamic, road 

gradient, rolling resistance, and acceleration) acting on the 

vehicle, which dictate the required traction force from the 

powertrain system [12, 13]. 

Powertrain selection comprehensively evaluates various 

factors, including torque, rotational speed, power generation, and 

power transmission [12, 13]. While numerous combinations can 

meet the specified criteria, over-design should be avoided. 

Therefore, the chosen powertrain components should deliver a 

system that exceeds the minimum requirements but remains as 

close to them as possible. 

For medium buses, the chassis structure is typically divided 

into a space frame and ladder frame. Ladder frames, which are 

characterized by their longitudinal rails and transverse beams, 

offer straightforward manufacturing, modification, and repair 

advantages. Conversely, space frames, with their three-

dimensional network of hollow metal, prioritise weight reduction 

and passenger space optimisation. This is achieved through their 

design flexibility, which allows for lower floor clearance and a 

larger passenger compartment. As regulations increasingly 

emphasize lightweight design, space frames gain favour due to 

their inherent weight savings [14, 15]. 

Several studies have explored chassis structures for buses that 

can be applied to medium-sized electric bus designs. For example, 

Gawande et al. achieved significant stiffness gains by optimising 

cross-member design [16], while Afzal et al. identified hexagonal 

hollow sections as particularly effective in enhancing torsional and 

bending stiffness [17]. Material substitution with aluminium alloys 

offers weight reduction benefits, as explored by Nandhakumar et 

al. [18], while Alifio et al. investigated even lighter materials such 

as magnesium and titanium; however, safety considerations 

limited the practical application of some lightweight options [19]. 

Satrijo et al. explored optimizing chassis mass through profile 

thickness modifications without compromising safety, achieving a 

mass reduction while maintaining structural integrity [20]. 

Wicaksono et al. utilized rollover tests to assess crashworthiness 

[21], and Arteaga et al. employed simulations based on established 

safety standards [22]. This study provides a valuable basis for 

development of a medium-sized electric bus chassis. 

While designing a drive system and chassis structure for a 

medium-sized electric bus requires addressing limitations through 

Finite Element Analysis (FEA) for strength, stiffness, and 

crashworthiness, research focused on Indonesian regulations 

remains limited. This study aims to bridge this gap by adapting a 

design process for both the drive system and the chassis structure 

that adheres to or utilises equivalent alternatives to established 

Indonesian regulations and standards. For the drive system, GVW 

limitations will influence the selection of drive system 

components to ensure they can propel the vehicle with maximum 

GVW while adhering to regulations governing vehicle motion 

behaviour on public roads [11, 23, 24]. Similarly, the chassis 

structure will be designed within GVW and dimensional 

limitations set by Indonesian regulations. A Finite Element 

Method (FEM) analysis was conducted to assess the structural 

integrity of the chassis. Because specific regulations for the 

structural analysis of buses are absent, equivalent standards are 

adopted. These include NTE INEN 1323:2009 for deformation 

analysis and Ministry of Transportation Regulation number 175 of 

2015 for stress analysis [25, 26]. This multi-faceted approach 

ensures the final bus design adheres to safety requirements and 

possesses the necessary structural strength. 
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2 Methodology 

Structured methodology is crucial for designing a drive system 

and chassis structure that meets the desired specifications. This 

study adopts Dieter's design methodology, which comprises 

conceptual design, embodiment design, and detailed design [27]. 

Since detailed design focuses on documentation, this study 

encompasses only conceptual and embodiment design, the latter 

referred to as "basic design and analysis" because of its emphasis 

on creating a basic design and analysing the drive system and 

chassis structure. The flow diagram is shown in Fig. 1. 

Based on Fig. 1, the design process is divided into two main 

processes: conceptual design and basic design and analysis. The 

conceptual design stage initially focuses on data collection from 

established sources (regulations, standards, literature, and existing 

products) and incorporates user experience by gathering range-

anxiety data through observation and interviews with Bandung 

city bus operators. This comprehensive data set is then assessed to 

define design requirements and objectives for both the drive 

system and chassis structure. Subsequently, various vehicle 

configurations were developed and compared based on the 

component selection and three potential battery placement options 

(top, rear, and middle floor). The configuration that best met the 

established criteria was chosen for further development in the 

following design stage. In the basic design and analysis phase, the 

selected configuration was subjected to a more detailed design and 

engineering analysis. The drive system and chassis structure are 

meticulously evaluated to ensure they meet all established design 

requirements. Drive system performance is evaluated through 

engineering calculation, while the chassis structure undergoes 

Finite Element Analysis (FEA) to ensure compliance with existing 

regulations and standards. If any requirement remains unmet, the 

design is iteratively refined until all criteria are satisfied. This 

iterative process culminates in a finalized basic design for both the 

drive system and chassis structure. 

 

 
Fig. 1. Flow chart of the drive system and chassis structure design process. 

 

3 Conceptual Design 

3.1 Design Requirements 

Based on Fig. 1, the initial stage of the design process involves 

collecting data such as regulations, standards, literature, and 

existing products. The collected data determines the limitations 

that must be met by the design of the drive system and chassis 

structure. The design requirements were set: 

1. To fulfil the Ministry of Transportation Regulation, medium-

sized bus GVW must not exceed 8,000 kg, with maximum 

dimensions (length × width × height) of 9 × 2.1 × 3.57 m [11]. 

In addition, the distance between the road surface and the bus 

floor at the entrance is approximately 15-30 cm to achieve a 

low-floor configuration to facilitate access for the elderly and 

people with disabilities [28].  

2. The electric bus drive system design targets operation at 

maximum GVW on public roads with a 10% slope, achieving a 

top speed of 50 km/h and 1 m/s² acceleration from an idle, in 

accordance with regulations from the Ministry of 

Transportation and Ministry of Public Works and Public 

Housing [23, 24, 29]. 

3. Capable of achieving a driving range of 150 km by 80% 

battery Depth of Discharge (DoD) to avoid range anxiety. 

4. The chassis structure satisfies structural design requirements 

based on the Load Resistance Factor Design (LRFD) method 

in NTE INEN 1323:2009, where the maximum deformation of 

the chassis component must not exceed 1/240 of its length 

[25]. 

5. The chassis vertical bending stiffness is in the interval 7-10 

kN/mm, and torsional stiffness is in the interval 7.2-15.6 

kNm/° [30]. 

6. The natural frequency of the chassis structure was not in the 

range of 0.1-1 Hz to avoid motion sickness [31]. 

3.2 Vehicle Configuration 

After obtaining the design requirements, the next step is to 

create and determine the vehicle configuration. The creation of a 

vehicle configuration begins by selecting several basic vehicle 

components. Several component selection processes at the vehicle 

configuration creation stage. 

Assuming that the vehicle's centre of gravity is in the middle, 

and the GVW is set to 8,000 kg, the load on each wheel axle is 

4,000 kg. To ensure that the axle load capacity is higher than the 

actual load at the final design caused by the imprecise location of 

the Centre of Gravity (CoG) and the influence of dynamic loading, 

the load value that occurs on each shaft is increased by 25% of the 

estimated initial load so that each shaft can withstand a load of up 

to 5,000 kg. 

Meanwhile, the driving range of the vehicle affects the battery 

capacity of the electric vehicle. The battery capacity is determined 

by the driving range and power consumption of the vehicle under 

certain conditions. Assuming the vehicle moves at a constant 
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speed of 50 km/hour with a road slope of 0%, it can be seen that 

the vehicle's traction power is 25.92 kW, assuming the drive 

system efficiency is 85% [12]. It is estimated that electronic 

components such as AC and other components consume 16 kW of 

power, so it is known that the total power consumed is 41.92 kW. 

By entering time variables based on the distance travelled and 

vehicle speed, the energy consumed was 125.76 kWh. It is known 

that the recommended Depth of Discharge (DoD) for batteries is 

80% [32], and the efficiency of the electric motor is approximately 

92%-97% [33]; therefore, the maximum capacity value of the 

battery must be greater than 170.87 kWh, which is 3 units of BMZ 

magnus+ battery with a capacity of 217 kWh. 

For other components, such as air conditioners and wheels, the 

component selection process is conducted by selecting the 

components commonly used in medium-sized electric bus 

vehicles. Meanwhile, for drive system components such as electric 

motors and power inverters, selection is made at this stage based 

on the highest specifications. 

Based on the description, here are some estimates of the 

components used as shown in Table 1 and Table 2. 

 

Table 1. Vehicle’s component data 1 

Component Amount Dimension (mm) Mass (kg) 

Rear axle assembly 1 - 560.0 

Front axle 

assembly 
1 - 425.0 

Wheels 4 Ø954 × 275 50.4 

Air conditioner 1 2700 × 1630 × 195 200.0 

Electric motor 1 Ø510 × 731 490.0 

Power inverter  1 358 × 299 × 99 17.4 

Battery 3 1356 × 800 × 371 450.0 

Passenger seat undetermined 465 × 523 × 750 6.7 

 

Table 2. Vehicle’s component data 2 

Component Amount Dimension (mm) Mass (kg) 

Steering system 1 - 37.0 [34] 

Braking system 1 - 100.0 [35] 

Total without passenger seat 3381.0 

Following component selection, three battery placement 

options (top, rear, and middle floor) observed in existing products 

as seen in Fig. 2 serve as reference for the development of various 

vehicle configurations as seen in Fig. 3. In Fig. 3, the battery 

placement is marked with red circles, where the first configuration 

battery placement is at the top, the second configuration at the 

middle floor and rear vehicle, and the third configuration battery 

placement at the rear. The battery placement influences the 

allocation of seating areas, standing space (marked in green), and 

wheelchair-accessible areas (marked in yellow) within the 

passenger compartment. More detailed difference between each 

configuration such as vehicle dimension estimation, standing area, 

total passenger capacity, and chassis mass estimation can be seen 

in Table 3. 

 

Table 3. Vehicle configuration comparison 

Criteria 
First 

configuration 

Second 

configuration 

Third 

configuration 

Dimension (m) 
8.25 × 2.1 × 

3.516 

8.25 × 2.1 × 

3.395 

8.25 × 2.1 × 

3.395 

Standing area (m2) 2.666 1.818 2.05 

Passenger capacity 

(person) 

17 (seating) + 

15 (standing) 

16 (seating) + 

10 (standing) 

15 (seating) + 

12 (standing) 

Chassis mass (kg) 756 769.5 737.1 

 

The vehicle configurations will be evaluated based on four key 

criteria: vehicle stability, area optimization, chassis mass, and fire 

hazard safety. The importance of each criterion is inversely 

proportional to its assigned priority value (a smaller value 

signifies greater importance). A "worth" score will be calculated 

for each configuration using Eq. 1, where the sum of all priority 

values is used in the denominator. The configuration with the 

highest "worth" score will be chosen for further development in 

the design process. 

 

𝑤𝑜𝑟𝑡ℎ =
5 − 𝑝𝑟𝑖𝑜𝑟𝑖𝑡𝑦 𝑣𝑎𝑙𝑢𝑒

∑ 𝑝𝑟𝑖𝑜𝑟𝑖𝑡𝑦 𝑣𝑎𝑙𝑢𝑒
# (1) 

 

 

 

 

BYD 12m eBus → A&B [36] 

BYD 13m eBus → A [37] 

Volvo BZL electric → A [38] 

Solaris Umbrino 12 Electric → A&C 

Optare Versa → C [39] 

Prontera Catalyst → D 

Equipmake low entry → C&E [40, 41] 

Equipmake low floor → C&E [40, 41] 

Fig. 2. Battery placement configuration [42]. 

 

   

Fig. 3. (a) First configuration, (b) second configuration, (c) third configuration. 
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For each criterion, the configurations will be compared and 

assigned a rating from 1 (lowest) to 3 (highest) based on which is 

better or worse in that category. This rating was then multiplied by 

the corresponding criterion's "worth" score to obtain a weighted 

value for each configuration within each criterion. The 

configuration with the highest total score was selected for further 

study. As shown in Table 4, the first configuration achieved the 

highest total value of 2.10, which served as the foundation for the 

initial design, as shown in Fig. 4. 

 

 

Table 4. Vehicle configuration selection 

Category Priority Worth 
Configuration 

First configuration Second configuration Third configuration 

Vehicle stability 4 0.1 0.10 0.20 0.30 

Area optimization 3 0.2 0.60 0.20 0.40 

Chassis mass 2 0.3 0.60 0.30 0.90 

Fire hazard safety 1 0.4 0.80 0.40 0.40 

Total 1 2.10 1.10 2.00 

 

 
Fig. 4. 3D model of the developed medium-sized electric bus. 

 

It can be seen in Fig. 4 that the initial design of medium-sized 

electric bus has estimated dimensions of 8.25 m (length) × 2.10 m 

(width) × 3.52 m (height), adhering to the dimension limitations 

set by the Ministry of Transportation (9 m × 2.1 m × 3.57 m). The 

bus floor height of 30 cm falls within the recommended range of 

15-30 cm, ensuring easy access for passengers with disabilities 

and the elderly. Two entry points are provided: a central door for 

both regular and mobility-impaired passengers (disabled and 

elderly) and a front door for regular passengers. The wheelchair 

area is situated near the central entrance, whereas the standing 

passenger area is located in the central and front sections of the 

bus. 
 

4 Analysis 

4.1 Drive System 

The drive system design process begins with determining the 

value of the traction force required to move the vehicle with a 

specific motion behaviour. A vehicle's motion behaviour is 

determined based on the slope of the road, vehicle speed, and 

acceleration capabilities [12]. Based on this description, drag 

forces such as gradient, rolling resistance, aerodynamics, and the 

vehicle's inertia will influence the traction force [12]. For more 

details, see Fig. 5 and its nomenclature. 

Based on the design requirements, the vehicle must be able to 

climb a road slope up to 10%, travel up to a speed of 50 km/h, and 

accelerate up to 1 m/s2. Based on this description, a matrix was 

created to know what condition must be fulfilled by the drive 

system, as shown in Table 5. 
 

Table 5. Vehicle's motion behaviour matrix 

Vehicle’s motion behaviour Road slope 10% Road slope 0% 

accelerating 1 m/s2 from idle 

position 
acc1grad10 acc1grad0 

travel at a speed of 50 km/h Cons50grad10 Cons50grad0 
 

Based on Table 5, it is known that four conditions must be 

fulfilled. Each condition is influenced by its own drag force and its 

value at each condition as can be seen in Table 6. 
 

Table 6. Vehicle's motion forces at each condition 

Vehicle’s 

motion 
𝐹𝑟𝑟 (N) 𝐹𝑎𝑑 (N) 𝐹𝑔𝑟𝑎𝑑 (N) 𝐹𝑖 (N) 𝐹𝑡 (N) 

acc1grad10 1,015.18 0 7,809.05 8,000 16,824.23 

acc1grad0 1,020.24 0 0 8,000 9,020.24 

cons50grad10 1,015.18 566.12 7,809.05 0 9,390.35 

cons50grad0 1,020.24 566.12 0 0 1,586.36 

 

Nomenclature: 

𝒘𝒃 : Wheelbase (m) 

𝒅𝟏  : CoG distance to front wheel (m) 

𝒅𝟐  : CoG distance to rear wheel (m) 

𝒉    : CoG distance to road surface (m) 

𝑭𝑵  : Wheel’s normal force (N) 

𝑭𝒕   : Traction force (N) 

𝑻𝒘  : Wheel’s torque (Nm) 

𝑭𝒂𝒅 : Aerodynamics drag force (N) 

𝑭𝒓𝒓  : Rolling resistance drag force (N) 

𝑭𝒊    : Vehicle’s inertia (N) 

𝜽     : road slope (%) 

𝑤    : Vehicle's weight (N) 

Fig. 5. Free body diagram of vehicle motion behavior. 
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Based on the selected wheel type with an effective radius (𝑟𝑑) 

of 0.44 m and a transmission with a final drive ratio (𝑖0) of 7.22 

with driveline's efficiency (𝜂𝑡) of 0.85 assumed [12], wheel torque 

(𝑇𝑤) , electric motor torque (𝑇𝑝) , and electric motor rotational 

speed (𝑁𝒑) can be determined. Since a one-speed transmission is 

employed, the final drive ratio is the only applicable transmission 

ratio (𝑖𝑔 = 1). Using the calculated traction force and known 

variables, Eq. 2 and Eq. 3 were solved to determine the minimum 

required specifications for the electric motor. The overall 

calculation result is illustrated in Fig. 6. 

 

𝑇𝑝 =
𝑇𝑤

𝑖𝑔𝑖0𝜂𝑡

 # (2) 

 

𝑁𝑝 =
30𝑣𝑖𝑔𝑖0

𝜋𝑟𝑑

 # (3) 

 

Based on Fig. 6, it is known that the electric motor 

specifications that must be met are marked in bold. The 

specifications of the selected electric motor are listed in Table 7. 

 

Table 7. Electric motor specifications and calculation result 

Specifications Value Calculation result 

Motor type AMXE200L  

Serial number 3GLX203585-BFA  

Peak torque (Nm) 2,174 1,206.23 

Peak power (kW) 569  

Peak current (A) 900  

Max speed (rpm) 4,720  

Continuous torque (Nm) 803 668.50 

Continuous power (kW) 210 153.44 

Continuous current (A) 308  

Nominal speed (rpm) 2,500 2,176.32 

 
Fig. 6. Drive system calculation result. 

 

The selected electric-motor specifications slightly exceeded 

the calculated results. This ensures that the chosen components 

meet the required performance and represent the closest match 

among available options in the catalogue [43]. This approach 

helps to prevent overdesign and potentially reduces costs. 

Power inverter components are selected as an intermediary 

between the battery and the electric motor. The power inverter 

selection was determined based on the selected electric motor and 

battery components, as shown in Table 8. 

 

Table 8. Power inverter selection 

Category 
Battery 

(BMZ Magnus+) 

Power inverter 

(CM350 DX) 

Electric motor 

(AMXE200L 

series) 

DC voltage – 

operating (VDC) 
566-702 200-850 - 

Maximum DC 

voltage (VDC) 
724 860 - 

Motor current 

continuous (A) 
- 500 308 

Motor current 

peak (A) 
- 800 900 

Output power 

peak 
900 440+ 569 

 

After selecting drive system components, the vehicle motion 

behaviour curve based on the drive system design can be seen in 

Fig. 7 and Fig. 8. 

 
Fig. 7. Vehicle's tractive effort. 

 

Based on Fig. 7, the vehicle's tractive capability is compared to 

the traction force required at specific road slopes. If the tractive 

capability exceeds the traction force at a given slope, the vehicle 

can operate effectively under those conditions. The analysis 

reveals that the vehicle can achieve a maximum speed of 

approximately 110 km/h on a 2.5% slope. Furthermore, to satisfy 

the design requirements, the vehicle can operate at a speed of 50 

km/h on a 12.44% slope. 

Fig. 8 illustrates the vehicle's acceleration capability at various 

road slopes, represented by coloured lines. The recommended 

acceleration range for passenger comfort was 1-2 m/s2. As shown 
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in Fig. 8, the vehicle's actual acceleration performance falls within 

the range of 2.5-3 m/s2, exceeding the recommended interval. 

However, this is not of a concern because the vehicle's 

acceleration can be adjusted through the control system to ensure a 

comfortable riding experience for passengers. 

 

 
Fig. 8. Vehicle's acceleration capability. 

4.2 Chassis 

The geometric model of the chassis structure in each 

configuration is known as shown in the Fig. 3 and can be seen that 

the vehicle structure uses a space frame structure. The space frame 

structure tends to be lighter and more likely to optimize passenger 

cabin space and achieve a low-floor configuration than a ladder 

frame structure [44]. The engineering analysis process was only 

carried out on the selected vehicle configuration, namely, the first 

configuration. 

4.2.1 Strength Analysis 

The chassis structure strength analysis ensures that the 

structure does not fail during the operation of the vehicle. The 

strength of the chassis structure was analysed using the LRFD 

method referring to NTE INEN 1323:2009, in which there are 

diverse types of loads, such as loads due to vehicle weight, 

passenger weight, centrifugal force, and inertia due to acceleration 

and deceleration. Furthermore, these loads were multiplied by the 

load factor, as listed in Table 9. 

Table 9. Load combination of LRFD method 

LRFD case  Load combination 

1  1.4M+V 

2  1.2M+1.6V+0.5G 

3  1.2M+0.5V+1.6G 

4  1.2M+1.6F+0.8Raf 

5  1.2M+0.5V+0.5F+1.3Raf 

6  1.2M+1.5Ab+0.5V 

7  0.9M-1.3Raf 

8  0.9M+1.3Raf 

 

Each variable in Table 9, such as M, V, G, and forth, 

represents the loading that occurs, with details: 

1. M represents loading of bus components such as battery, 

electric motor, chassis structure, and forth. The value of M 

equals to component mass multiplied by acceleration due to 

gravity. 

2. V represents loading of the passenger. The value of V equals 

to passenger mass multiplied by acceleration due to gravity. 

3. G represents loading caused by the centrifugal force. The value 

of G equals to component or passenger mass multiplied by 

centrifugal acceleration, namely 2.01 m/s2 converted from 

recommended cornering speed and radius [24]. 

4. F represents loading caused by braking force. The value of F 

equals to component or passenger mass multiplied by vehicle 

deceleration, namely 5 m/s2 [45]. 

5. Ab represents loading caused by accelerating force. The value 

of Ab equals to component or passenger mass multiplied by 

vehicle acceleration, the value is equal to vehicle deceleration 

but with different direction [25]. 

6. Raf represents loading caused by aerodynamics drag. The 

value of Raf equals to the aerodynamics drag force at a certain 

condition, in this case the vehicle travels at a speed of 50 km/h. 

The criteria for fulfilling the LRFD method are that no 

components experience deformation exceeding 1/240 of its length 

[25]. Moreover, the stress criteria refer to the Ministerial 

Regulation of the Ministry of Transportation of the Republic of 

Indonesia No. 175 of 2015, which states that the most critical 

stress in a material must not exceed 75% of the yield stress [26]. 

In the simulation process, loads occur by each component 

related to the chassis structure, represented by a point mass 

representing component CoG, as shown in Fig. 9. 
 

 
Fig. 9. Mass point designation. 

 

After knowing the location of the loading, as shown in Fig. 9, 

and the magnitude of the loading are based on Table 9, a 

numerical simulation can be carried out with the results, as seen in 

Table 10. 

Table 10 highlights several cases where the current chassis 

design fails to meet the specified stress and deformation criteria. 

Case 3 exceeds the allowable deformation limit of 1/240 with a 

critical deformation of 1/65.72. While cases 1 through 6 violate 

the stress criterion due to generated stresses exceeding 75% of the 

material's yield strength. 

4.2.2 Stiffness Analysis 
In addition to the structural strength, the chassis stiffness must 

be considered. This research analyses two types of stiffness: 

vertical loading and torsional stiffness. 

Vertical loading stiffness analysis refers to the first case of the 

LRFD method because the loading occurs is pure vertical loading. 

So, by entering the load values and deformation that occurs as 

seen in Fig. 10, the stiffness value of the chassis structure can be 

determined by dividing the load with maximum deformation. With 
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a total loading of 53.90 kN and a maximum deformation of 8.67 

mm, the vertical loading stiffness value is 6.22 kN/mm. 

 

Table 10. LRFD simulation result 

LRFD 

case 
Load combination 

Critical 

deformation 

ratio to its 

length 

Critical stress 

compared to yield 

strength of 

material 

1 1.4M+V 1/415.32 127.57% 

2 1.2M+1.6V+0.5G 1/251.79 162.28% 

3 1.2M+0.5V+1.6G 1/65.72 171.76% 

4 1.2M+1.6F+0.8Raf 1/494.23 111.80% 

5 1.2M+0.5V+0.5F+1.3Raf 1/535.12 98.38% 

6 1.2M+1.5Ab+0.5V 1/359.42 96.73% 

7 0.9M-1.3Raf 1/949.28 58.18% 

8 0.9M+1.3Raf 1/957.31 57.57% 

 

 
Fig. 10. Deformation simulation result of first case LRFD. 

 

Torsional stiffness analysis is conducted by providing 

boundary conditions such as a fixed support at the rear suspension 

fulcrum, and a load is applied in the form of an opposing force at 

the fulcrum of the front suspension with a value of 0.25 load that 

occurs on each wheel owing to GVW loading with increment of 

0.25 until 1 [17, 46, 47]. Loading at the front suspension fulcrum 

causes the chassis structure to experience torsional loading in the 

longitudinal direction of the vehicle. For a clearer modelling and 

analysis, the geometric model and boundary condition of the 

torsional stiffness analysis are shown in Fig. 11. 

 

 
Fig. 11. Torsional stiffness model. 

 

FEA with the geometry and boundary conditions defined in 

Fig. 11 provides deformation values for various cases. To quantify 

the angular rotation caused by torque, the deformation along the y-

axis at a specific loaded fulcrum node was converted into angular 

rotation using Eq. 4. The resulting angular rotation values for each 

condition are presented in Fig. 12. 
 

𝜃 = arctan (
𝑦 𝑎𝑥𝑖𝑠 𝑑𝑒𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛

𝑛𝑜𝑑𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑒𝑛𝑡𝑒𝑟 
)  # (4) 

 

 
Fig. 12. Torsional stiffness result. 

 

The stiffness analysis revealed that the chassis structure's 

vertical bending stiffness of 6.22 kN/mm and torsional stiffness of 

6.02 kNm/° fall short of the design requirements. The design 

requirement specifies a vertical bending stiffness between 7-10 

kN/mm and a torsional stiffness between 7.2-15.6 kNm/°. 

4.2.3 Natural Frequency Analysis 

Modal analysis simulations were conducted to determine the 

natural frequencies of the chassis structure with boundary 

condition refer to Fig. 13. The fixed supports were applied at the 

suspension fulcrums to simulate the structure's connection to the 

suspension system, where minimal free movement is expected. 

Identifying the natural frequencies ensures the chassis avoids 

resonance at specific frequencies, which can induce passenger 

motion sickness. The resulting natural frequencies are listed in 

Table 11. 
 

 
Fig. 13. Modal analysis model. 

 

Table 11. Modal analysis result 

Shape mode  Frequency (Hz) 

1  4.04 

2  7.92 

3  10.38 

4  11.85 

5  13.55 

6  15.36 
 

Table 11 confirms that none of the natural frequencies of the 

chassis structure fall within the critical 0.1-1 Hz range across 

various vibration modes. This adherence to the design criteria 

ensures passenger comfort by avoiding resonance in this range, 

which can induce motion sickness. 
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4.2.4 Summary of Analysis 

Based on the previous discussion, it is known that the chassis 

structure design does not meet several design requirements. 

Hence, an iteration must be carried out to obtain a chassis 

structure design that fulfils all existing design requirements. In this 

research, three development iterations were performed to obtain a 

chassis structure design that fulfilled all design requirements. The 

first iteration ensured the design met all requirements by replacing 

specific aluminium profiles with alternative specifications that 

satisfied all performance criteria. The second iteration prioritized 

manufacturability by employing a uniform material selection with 

optimized profile thicknesses. To ensure structural integrity 

despite these modifications, additional stiffeners were strategically 

incorporated. The third iteration targeted chassis mass reduction 

by utilizing thinner profiles while strategically adding structural 

reinforcements to maintain the required structural integrity. For 

more clarity, see Fig. 14. The comparative simulation results for 

each iteration with the same procedure as mentioned before can be 

seen in Table 12. 

Table 12 indicates that Chassis v0 did not meet the 

deformation, stress, and stiffness criteria. Subsequently, 

development led to Chassis v1, which fulfilled all design 

requirements but experienced a substantial mass increase. To 

equalize the material, Chassis v2 was developed, resulting in a 

7.6% mass increase, a 6% decrease in bending stiffness, and a 

12.6% increase in torsional stiffness. To reduce the chassis mass, 

Chassis v3 was further developed, achieving a 4.4% mass 

reduction but experiencing a significant 13.6% decrease in 

torsional stiffness. However, the bending stiffness remained 

relatively unchanged, with a slight decrease of 1.8 %. Given the 

insignificant mass reduction and more prominent torsional 

stiffness change, Chassis v2 has emerged as the selected chassis 

design for medium-sized electric buses. 

 

 
(a) 

→ 

 
(b) 

  ↓ 

 
(d) 

← 

 
(c) 

Fig. 14. (a) first model [v0], (b) first iteration [v1], (c) second iteration [v2], (d) third iteration [v3]. 
 

Table 12. Chassis structure simulation result comparison 

Category Value that must be met chassis v0 chassis v1 chassis v2 chassis v3 

Material (s)  Al 6005A T5 Al 6005A T5 Al 6005A T5 Al 6005A T5 

Al 6063 T5 Al 6063 T5 

Al 6060 T5 Al 6060 T5 

Al 5083 T5 Al 5083 T5  
Al 6082 T6 

Mass (kg) 1695.34 756 924.96 994.82 951.34 

Maximum deformation ≤ 1/240 1/65.72 1/289.26 1/242.69 1/302.34 

Maximum stress relative ≤ 75% yield strength 171.76% yield 59.06% yield 40.22% yield 42.55% yield 

Vertical load stiffness (kN/mm) 7-10 6.22 9.12 8.57 8.72 

Torsional stiffness (kNm/°) 7.2-15.6 6.02 8.55 9.63 8.32 

Natural frequency at first mode (Hz) ≠0.1-1 4.04 7.10 6.62 6.74 
 

5 Conclusion 

In this study, a drive system and chassis structure for a 

medium-sized urban electric bus comply with all design 

requirements. The targeted specifications included a maximum 

slope capability of 10 %, maximum speed of 50 km/h, acceleration 

of 1 m/s², and driving range of 150 km at an 80% Depth of 

Discharge (DoD). The chassis structure adhered to dimensional 

constraints of 9 × 2.1 × 3.57 m, deformation limits that a 

component must not exceed 1/240 of its length, critical stress 

limitation must not exceed 75% yield stress, specific stiffness 

value interval of 7-10 kN/mm for bending stiffness and 7.2-15.6 

kNm/° for torsional stiffness. Additionally, the natural frequency 

avoided the range 0.1-1 Hz avoiding motion sickness for 

passenger. 
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Several electric bus configurations based on battery placement 

were evaluated. Three configurations are shortlisted: top-mounted, 

rear-mounted, and middle-floor-mounted batteries. These 

configurations were then compared across various criteria to 

determine the most suitable option. The configuration with the 

highest score is a space frame structure with top-mounted batteries 

and a low-floor design as seen in Fig. 4. 

The selected drive system components have fulfilled all 

performance criteria based on design requirement. The electric 

motor specifications exceeded the defined values in the drive 

system calculation, ensuring that the drive system performance 

surpassed the design requirements. This translates to an 

impressive 12.44% grade ability, a top speed of 108.02 km/h, 

capability to achieve acceleration of 1-2 m/s², and an estimated 

range of 190.50 km. 

Analysis of the initial chassis design, based on the chosen 

vehicle configuration, revealed limitations in meeting several 

design requirements. Iterative development has been used to 

address these shortcomings. Each iteration targeted a specific 

aspect: the first focused on fulfilling design requirements, the 

second on improving manufacturability, and the third on reducing 

structural mass. The second iteration, prioritizing 

manufacturability with uniform material, emerged as the optimal 

solution due to its high torsional stiffness (12.6% higher than 1st 

iteration and 13.6% higher than 3rd iteration) and minimal mass 

difference from the third iteration (4.4% difference). This final 

design fulfils all requirements with a critical deformation of 

1/242.69, relative stress of 40.22% from yield, a vertical bending 

stiffness of 8.57 kN/mm, and a torsional stiffness of 9.63 kNm/°. 
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