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Abstract 

Transportation has become sector dominantly consuming fossil fuels and causes air pollution. The solution is 
either using natural fuels that are also environmentally friendly or replacing the engine by electric motor. This 
paper presents modeling and developing a prototype of city car scale electric vehicle employing Brushless DC 
(BLDC) Motor as a prime mover. A 1000 W, 48 V BLDC Motor is used and expected to provide a torsion of 
30 – 50 Nm. The chassis is constructed using Aluminum Chassis Frame, which is lighter yet more rigid. The 
body of vehicle is designed to have coefficient of drag (cd) of 0.4 – 0.5 to reduce aerodynamic resistance. The 
energy is stored in a 48 V, 8.7 Ah Lithium-ion (Li-ion) battery equipped with Battery Management System 
(BMS). A 48V 350W 17A controller is employed including IC MC33035 to drive a Mosfet to control the 
BLDC Motor speed. Together with BMS, this controller determines the most proper power consumption for 
the required speed and torsion. The weight of vehicle including the driver will determine the maximum speed 
of vehicle. The test drive demonstrated the maximum speed of 53.3 km/hour. This development may be further 
enhanced for building a real electric city car. 
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1. Introduction
The intensive use of fossil fuel has caused significant reduction of its deposit to a critical level. If the trend of

this use continues then the deposit is predicted to last in the coming tens of year. The reserve of fossil fuel and its 
depletion was calculated resulting in the prediction that the deposit of oil, coal dan gas will be depleted approximately 
in 35, 107, 37 years, respectively (Shafiee and Topal 2009). The environmental effects of fossil fuel use is another 
great concern worldwide (Kakaras, Koumanakos, and Doukelis 2012). Transportation sector seems to be the one 
responsible for the both problems. In one hand this sector consumes much fuel causing considerable fuel deposit 
reduction, and, on the other hand, this implies pollution problem. It would be a dilemma, while transportation sector 
is required by people, yet it may lead to some drawbacks. Looking for answers on how transportation system is 
operated using resources other than fossil fuel that concurrently implies minimum environmental problems would be 
the best option in this situation (Trappey et al. 2012).  

Alternative energy is currently considered as one of the sources that may be used for some purposes including 
for transportation system. This would be one of the efforts to replace (or reduce) the intensive use of fossil fuel. 
However, the development of system and scheme to produce alternative energy sources seems to be stagnant. The 
attempt of producing alternative energy is placed in the context of global decarbonization. Carbon emissions have 
reached unmanageable level at the global scale and directing energy policy by increasing efficiency and/or using 
environmentally friendly energy would be the primary strategy to minimize these emissions (Garrett-Peltier 2017). 
This concern therefore leads to fossil fuel divestment as a way to shift the policy focusing on environmental aspects 
(Healy and Barry 2017). Another concern of alternative energy production is the feedstock of its production that 
should not disrupt the food reserve. It is also identified that the feedstock of alternative energy production takes major 
portion of its production cost and finding the best feedstocks is important to assure low production cost and production 
continuity. For some type of alternative energy, the production cost is not economically feasible (Atabani et al. 2012). 

Electrical energy is expected to be the most feasible type of energy for different use, including transportation 
system (Shaukat et al. 2018). This is based on the characteristic of this energy, where it is easy to generate using 
different type of energy, and it is extensively suitable for different use. The use of electrical energy for transportation 
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system needs fundamental change of vehicle (Qiu et al. 2017). The prime mover of the vehicle is replaced with electric 
motor and the energy is stored in a battery (Mese et al. 2015). The development of vehicle powered by electric motor 
is still in the beginning stage yet the real vehicles are now used and commercially available. However, some researches 
are still required to improve the product and how some identified drawbacks may be resolved.  

This paper presents prototype development of city car scale electric vehicle powered by brushless DC motor. 
Some design parameters are considered in constructing the vehicle so that it enables minimum energy consumption. 
These include physical component and controller that need to be carefully developed to have the system operating 
with optimal energy consumption. The developed prototype has been involved in the contest of low energy vehicle at 
the year of 2019. Even though this prototype needs some improvements, a number of conceptual findings in the 
development process are useful for further development.  

 
2. Design of City Car Prototype 

Optimal design of electric vehicle is intended to construct the most efficient vehicle without disregarding the 
safety of driver and passengers. Total weight of vehicle is the main factor determining energy consumption and, 
therefore selection of best material for chassis and body is crucial in this context (Cavazzuti et al. 2011). The vehicle 
chassis is selected considering the strength, reliability and flexibility. The design of vehicle body needs to consider 
not only to cover the passenger and some devices, but also the aerodynamic factor to minimize air friction. The style 
of driving is another factor influencing energy consumption and some uncontrolled behaviors may be restricted by 
electronic speed regulator that enables securing the system while optimizing vehicle’s performance.  

Design of city car electric vehicle includes the design of chassis, body, engine, and controller. However, before 
designing the vehicle, it is necessary to estimate the weight and speed of the vehicle and the forces that work in the 
same direction with the speed acceleration (Suzuki, Tanemoto, and Maeda 2003). Some forces influencing the vehicle 
are air friction, rolling resistant (tire friction with the road), road inclination, and vehicle inertia. The resultant of these 
forces will determine the traction force and traction power, and speed factor. The traction power required by the 
vehicle considering the efficiency of power transmission determines the power of engine (prime mover). For safety 
reason, the actual engine capacity needs to be set higher. The following subsections discuss some estimations 
considered in vehicle design.  

One of the techniques to optimize the energy consumption by optimally distributing the load to each part of the 
vehicle. In this study, the estimation of vehicle weight will be including chassis set of 30 kg, engine set of 3.5 kg, 
body and accessories of 22 kg, control system device of 2,5 kg. Therefore, the net weight of the vehicle will be 58 kg. 
With the driver weight of 70 kg, the total weight will be 128 kg. For this estimated load, the vehicle is expected to 
achieve the maximum speed of 60 km/hour. The weight of driver may change, and this would change the achievable 
speed and energy consumption.  

2.1. Chassis Design 
The chassis for the vehicle uses Aluminum Chassis Frame instead of monocoque steel, since it is 40% lighter 

and 40% more rigid (Fridlyander et al. 2002). The frames are combined to construct the chassis using the method of 
rivet joint (Bassler et al. 2011). This is aimed to enable reconfiguring the frame for assessment purpose. The type of 
chassis in this study is Ladder Frame, that enables providing sufficient support for the given mechanical load.   

The design process as well as the mechanical analyses were carried out using SolidWorks. The three-dimensional 
perspective of the chassis is shown in Fig. 1. For analyses purpose, the method of finite element is used to get the 
deflection and safety factor. The material used is Square Tube Aluminum Alloy 6063-T5 with the size of 40 x 40 mm, 
the thickness of 2 mm. The following specifications are considered in analyses: 
a. Elastic Modulus: 69000 N.mm-2 
b. Poisson Ratio: 0.3 
c. Shear Modulus: 25800N.mm-2 
d. Density: 2700 kg.m-3, 
e. Tensile Strength: 240 N.mm-2 
f. Yield Strength: 215 N.mm-2,  
g. Thermal Expansion Coefficient: 2.34e-005/K 
h. Thermal Conductivity: 209 W/(m.K) 
In the analyses, the chassis is loaded with the weight of vehicle including the driver resulting in the total weight pf 
1254.4 N. The load center is in the area of vehicle’s Center of Gravity. The generated results from simulation are 
shown in Fig. 3 and Fig. 4 that indicate the strength level of the chassis to withstand the load in horizontal and vertical, 
respectively.  
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Fig. 1. Three-dimensional isometric perspective of vehicle’s chassis 

 
Fig.2. The chassis strength level in horizontal axis 

 

 
Fig. 3. The chassis strength level in vertical axis 

2.2. Body Design 
The vehicle body is designed considering some factors including lift force, drag force, side force, and turbulence 

force. These forces work on the center of pressure. Side force may be omitted, and turbulence force depend on the air 
at the road (circuit). Lift force is aerodynamic resistant distributed into: 
1. Form drag that contributes 55% depending on body design. In this study, the body is designed to have coefficient 

of drag (cd) of 0.4 – 0.5. The smaller the cd, the less the aerodynamic resistant. 
2. Interference from vehicle components (mirror, wiper, lamp, etc) that contribute 17%,  
3. Surface joint of the body that contributes 12%,  
4. Lift drag, which is the under-body side of the vehicle that contributes 7 %.  

Form and dimension of vehicle is designed considering the aforementioned description to have the body 
complying with the optimal aerodynamic characteristics. The design of the body including the dimension in mm is 
shown in Fig. 4. The size of the body is: 
a. The total height is 1068 mm  
b. The total width is 1362 mm 
c. The total length is 2225 mm  
d. The track width of front wheel is 1057 mm  
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e. The distance of wheelbase is 1250 mm 
 

 
Fig. 4. The vehicle body design.  

 
The energy consumption is influenced by air friction, when the vehicle is moving. This friction is expressed as 

drag force that depends on speed, vehicle front area, and air density. Aerodynamic resistant is due to the pressure 
reaction on vehicle front area, and is expressed as: 
𝐹𝐹𝐹𝐹  =  𝐶𝐶𝐹𝐹𝐶𝐶𝐶𝐶2𝐴𝐴/2                      (1) 
Where: 
CD: Coefficient of drag,  
FD: Force of drag (N), 
 v: Speed of air (m.sec-1), 
 𝐶𝐶: Density of air (kg.m-3), 
A: Vehicle front area (m2). 

The aerodynamic characteristic of the design may be simulated using Computational Fluid Dynamic (Tu, Yeoh, 
and Liu 2018). In this study, to carry out computational fluid dynamic, a design based on Computer Aided Design is 
required (O’Kelly, Abbas, and Mangharam 2017). Simulation was carried out using SolidWork equipped with Flow 
Simulation (Planchard 2017). The computation domain dan the boundary condition parameters in the simulation are: 
a. Road temperature: 303 K,  
b. Static pressure: 100800 Pa,  
c. Speed: 60 km/hour or 16.6 m.sec-1,  
d. Air density: 1.2 kg.m-3.  

The results of the simulation are shown in Fig. 5, Fig. 6, and Fig 7, respectively indicating air flow, pressure 
around the vehicle, and pressure on vehicle for the given parameters.  

 
Fig. 5. Air flow around the vehicle 
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Fig. 6. Pressure contour around the vehicle 

 
Fig. 7. Pressure on the vehicle 

2.3. Prime mover and Storage 
The vehicle is powered by Brushless DC (BLDC) motor as prime mover. Selection of this motor is because that 

this motor is efficient, enables providing high torque, and consumes less power. The specification of the BLDC motor 
used in this study is: 

a. Voltage = 48 v,  
b. Power = 1000 Watt,  
c. Current:  16 – 18 A,  
d. Torque: 30 – 50 N.m,  
e. Recommended controller: 48 V, 350 W, 1Amps, for full controller feature,  
f. Maximum controller: 48 V, 1000 W, 35 Amps, for full controller feature.   

The motor is commercially available, and it is simply purchased to be used in this study.  
For the purpose of energy storage, a Li-ion battery used in this study. The specification of the battery is 48 V/ 

8.7 Ah. The battery consists of 13 cells (3.6 V each) connected in series to have the voltage of 48 V and there are 4 
series connected cells to be connected in parallel to have the total capacity of 8.7 Ah. Therefore, the total cell required 
is 52 cells. The battery pack is equipped with Battery Management System type BMS 25A and is enclosed in a metal 
case. A fuse is used to protect the battery from any overcurrent or short circuit.  

2.4.  Controller 
Controller is another important device in this electric vehicle. The layout of PCB controller is given in Fig 8. 

The main component of the controller is MC33035 including the IC MC33035 that control the Mosfet. This component 
determines the speed of BLDC motor. The IC MC33035 executes pulse-width modulation depending on the throttle 
opening given by the driver. Strictly speaking the throttle opening given by the driver will determine the speed of 
motor. The wiring diagram showing the electric connection between BLDC motor, battery, controller and other 
measurement devices is given in Fig. 9. This also consists of some supporting components that include Joule-meter to 
measure energy consumption, DC chopper to reduce the DC voltage for controller power supply, some switches and 
protection devices. The battery management system employed in the system is equipped with current limiter to control 
the current drawn by the motor. In case that the driver pushes the throttle that implies motor drawing high current, this 
current limiter will set up the maximum current that motor can take. Besides improving the system efficiency, this 
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scheme will also protect some components from overcurrent condition. The outline of wiring diagram and the physical 
layout of the components are shown in Fig. 10.  

 
Fig. 8. PCB Layout of BLDC motor controller 

 

 
Fig. 9. Wiring diagram of BLDC powered vehicle 

 
Fig. 10. Physical layout of electrical components 
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The list of components as indicated in Fig. 10 are as follows: 
1. PCB of electrical system,  
2. Battery,  
3. Controller,  
4. BLDC motor, 
5. Throttle,  
6. Display instrument,  
7. Horn. 

3. Design Implementation 
Once the design is complete, the implementation of the design to the real system may be carried out. For the 

chassis, the material of aluminum is used. The specification of the material has previously described. The material is 
commercially available and, by following the design, the implementation of the design will lead to the result as shown 
in Fig. 11. The real chassis is shown in Fig. 12.  

 
Fig. 11 Chassis with some accessories 

   
Fig. 12 The real chassis with motor and controller 

The body of the vehicle was constructed using carbon fiber. The use of this material is due to the low-weight and 
good mechanical properties (Rezaei et al. 2008). A pre-cast made from stereo foam reinforced with plywood was 
made to construct the pattern (model) of the vehicle body. For constructing the vehicle body, a two-layer carbon fiber 
was laminated on the model. The smoothing and painting will be the next steps resulting the vehicle body as shown 
in Fig. 13.  

4. Testing and Results Discussion 
For the purpose of observing the performance of electric vehicle, a test drive was carried out. The vehicle, was 

driven for 23 laps, each with the distance of 450 m. Therefore, the total distance achieved by the vehicle is 10,350 m 
or 10.35 km. For the total distance, the time required by the vehicle is 1171 sec or 19.52 minutes. The complete result 
of vehicle testing is indicated in Table 1. It may be seen from the Table that the time required varies for every lap. It 
was recorded that the maximum speed that can be achieved by the vehicle is 53.3 km/hour. This value is less than that 
expected (60 km/hour). There are some reasons behind this condition. The weight of vehicle including the driver had 
been again checked giving the weight of 131 kg. This is heavier than the total estimated weight of 128 kg. Some 
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frictions in the vehicle and from the outside need to also be again taken into account. The way of driving is another 
reason where the driver seemed to be very careful in driving the vehicle. It might be because it is the new vehicle and 
the driver was quite doubtful to open the throttle at the maximum level to avoid any damage. It was believed that the 
vehicle may still achieve higher speed.  

The energy consumption of the vehicle for the given distance is also indicated in table 1. It may be observed that 
the shorter the time to complete a lap, the lower energy consumed by the vehicle. For the total distance of 10.35 km 
the energy required by the vehicle is 268.7 Wh or 0.2687 kWh. The sampling of battery voltage may be used to 
indicate energy consumption of vehicle. Since energy consumption implies voltage reduction at the battery. At the 
end of test drive, the voltage of battery was measured at 44.35 Volt, which is lower than the initial voltage of 47.54 
Volt. This reduction roughly indicates the reduction of battery capacity. This energy consumption demonstrates that 
the vehicle required small energy compared with that needed by vehicle powered by internal combustion engine. 
While the comparison needs to be carefully calculated, this result has indicated the possibility of energy reduction due 
to the use of electric vehicle. This will be the opportunity of replacing the prime mover of vehicle with electric motor.  

 

   
Fig. 13. The vehicle body    Fig. 14. The test of vehicle performance 
 

Table 1. The results of vehicle test 

Lap Distance  
(m) 

Time  
(sec) 

Energy 
(Wh) 

Battery Voltage 
Sampling 

(Volt) 
1 450 49 11.1 47.54 
2 450 54 11.7   
3 450 52 11.7   
4 450 49 11.7   
5 450 49 11.9   
6 450 50 11.6   
7 450 50 11.5   
8 450 52 11.1   
9 450 50 11.5   

10 450 53 10.7   
11 450 52 11.9 44.95 
12 450 51 11.5   
13 450 55 11.8   
14 450 54 11.5   
15 450 51 12.4   
16 450 49 12.1   
17 450 50 11.5   
18 450 49 11.8   
19 450 52 12.1   
20 450 50 12   
21 450 50 12   
22 450 50 12   
23 450 50 11.6 44,35 
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Some frictions that may take place in the vehicle will also need to be minimized. The production process of the 

vehicle has followed the design and it is expected that the internal and external frictions and resistant are as expected. 
However, there are still some unforeseen situations that may contribute the difference between the design and the real 
system. Some improvements are still required to have the system demonstrating better performance with minimum 
energy consumption.  

5. Conclusion 
Design and development of electric vehicle powered by BLDC motor have been carried out. These include the 

chassis, body, and controller. The prime mover of BLDC motor is commercially available and this is used for the 
developed system. The materials for the vehicle are selected so that these may be easily obtained but may provide 
good characteristic of the vehicle. The vehicle is produced by strictly following the design therefore resulting in 
minimum different between the estimated characteristics with the actual performances. The system has been tested 
proofing the capability of achieving some distance with minimum energy consumption. This will be the opportunity 
for further extensive application. Some improvements are still necessary in the design stage and production based on 
the feedbacks from the test drive.  
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