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Abstract: The Muhammadiyah University of Surakarta team seeks to develop an urban-concept 

car to participate in the KMHE 2019. The KMHE (Energy Efficient Car Contest) is a competition 

for students to create safe, economical and environmentally friendly vehicles held by the Ministry 

of Research, Technology and Higher Education of the Republic of Indonesia. One of the most 

critical components of a car is the body. The body should be able to protect the driver, and its 

specifications affect the vehicle's performance. Thus, this research is performed to obtain a sound 

body design. In designing the body, a three-dimensional visual design modeling using Solidworks 

2016 is performed. The specifications of the body are following the KMHE regulations. Afterwards, 

mass calculation and flow simulation are performed to evaluate the performance of the design. 

The results are the total body mass is 38.35 kg, and the airflow on the body surface is dominated 

by laminar flow. 
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Introduction 
 

Transportation is significantly related to human life, 
as a tool in carrying out activities such as travelling 
from one place to another. It is beneficial to human, 
especially as a mean of mobility [1]. The definition of 
transportation is facilities in the form of goods or 
services available for public [2]. The existence of 
transportation in a region also reflects how developed 
the region is [3]. It is one of the essential pillars of a 
country because of the relatively high level of use [4]. 
In addition to that, it has a vital role in increasing 
tourism and economy [5]. 

 

Transportation requires energy that may be obtained 

from several sources, such as fossils [6]. Fuel, which is 

produced from fossils, is widely used to supply most of 

the modes of transport in the world [7]. Coal is also 

made from fossils. It, for example, is widely used as a 

source of energy in a Steam Power Plant [8]. Fossils 

are non-renewable energy sources. It affects energy 

scarcity because most of the energy for worldwide 

transportation is supplied by fuel from fossil [9].  

 

Another problem is the rising of emission of green-

house gases from the fuel combustion process in the 

engine [10]. Excessive energy use will cause energy 

scarcity so that energy prices become higher [11]. 

Shortage of energy sources and worsening environ-

mental conditions inspire people to shift to electric 

cars [12].  
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More people use electric vehicles powered by 

renewable energy sources such as solar power, will 

decrease air polution[13]. 

 

One of the efforts of the Government of Indonesia in 

providing solutions to the energy scarcity is the 

automotive and renewable energy-based competition, 

namely KMHE (Energy Efficient Car Contest). The 

competition is held by the Ministry of Research, 

Technology and Higher Education [14]. This 

competition is oriented towards reducing the use of 

non-renewable energy. 

 

There are two types of vehicle contested in the KMHE 

that are prototype and urban [15]. Physically, the 

difference between the two types is the number of 

wheels, the prototype has three and the urban has 

four. The two types are then categorized further into 

four classes based on the type and source of driving 

power. One of the classes is electric cars where the 

type and source of driving energy are an electric motor 

and a battery. 

 

The development of technology in Indonesia accele-

rates toward modernity, including in the transpor-

tation sector [16]. In the transportation sector, it is 

shown by the development of environmentally friend-

ly electric cars. In general, an electric car is defined as 

a car driven by an electric motor that uses energy 

from a battery [17]. The electric vehicle is introduced 

for the first time by Robert Anderson from Scotland in 

1832-1839. With the development of the automotive 

industry, electric cars will take a leading role in the 

future [18]. Electric cars are more efficient and 

environmentally friendly because they do not produce 

emissions that pollute the environment [19]. Electric 
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car competitions at university level can foster 

creativity and enthusiasm for students to develop 

electric cars for the future [20]. 

 

The Muhammadiyah University of Surakarta is a 

private university. A team of this university plans to 

design an urban-type electric car to take part in the 

KMHE 2019 held in Malang. In designing the electric 

car, it is essential to give attention to several aspects 

evaluated to decide the winner of KMHE 2019. One 

of the most critical elements is the body of the car. The 

body serves as a protective component for the car's 

interior and the driver from extreme weather, from 

dangerous foreign objects, a penalty for air resistance 

and risk of minor or severe accidents [21]. 

 

The design of the body should follow the stages of the 

product design process and the regulations of KMHE 

2019. There are six stages of product design [22]: First 

stage (phase zero): planning. Second stage (phase 

one): developing a concept. Third stage (phase two): 

system-level design. Fourth stage (phase three): 

design detail. Fifth stage (phase four): testing and 

improvement. Sixth stage (phase five) is the mass 

production phase. 

  

Among these stages, the design detail is one of the 

most important and very influential stages. The 

designer must focus on the specifications and dimen-

sions of the product to maintain product quality.  

 

One of the essential body specifications is the type of 

fluid flow on the body surface. If the airflow is 

dominated by turbulent flow, it will resist the car 

when moving. If it is dominated by laminar flow, it 

will have an opposite effect. Laminar flow does not 

restrain the speed of the vehicle [23]. This study is 

conducted using the QFD (Quality Function Deploy-

ment) method to obtain the optimal specifications for 

the urban-concept car body. The QFD is a technique 

to design products following the desires of the users 

with a focus on quality. After the design specifications 

are obtained, the design is then modeled in two-

dimensional sketches and three-dimensional design 

models.  

 

One of the seven product design parameters is a 

model. The model can be a three-dimensional visual 

form of the product [24]. One of the software for 

designing three-dimensional product models is Solid-

works 2016 [25]. Solidworks 2016 is CAD (Computer-

Aided Design) based software that supports the 

design process of a two-dimensional or three-dimen-

sional model [26]. Solidworks 2016 is also equipped 

with a fluid flow simulation feature. This feature aims 

to evaluate the aerodynamics of a design. By using 

this feature, it is expected that the best body design 

for this urban-concept car can be achieved. 

The previous research presents the aerodynamic 

analysis of the Antawirya Urban Team's body [27]. 

The authors compare the fluid flow between the new 

body and the existing body. There is an improvement 

in the airflow on the surface of the new body. It is 

shown that there is not any turbulent flow. This 

because the shape of the new body follows the 

direction of the airflow when the car is moving. But, 

the dimensions of the new body are larger than the 

existing body so that the body mass is also larger. 

 

This current study aims to produce an optimal urban-

concept car body design following the KMHE 2019 

regulations and having a preferable fluid flow on the 

body surface. The preferable body has the airflow on 

the surface area dominated by laminar flow. 

. 

Methods 
 
The KMHE Technical Regulation 2018 and the 

benchmarking of general specifications of the urban-

concept car designed by other universities are used as 

a basis to define a customer needs matrix. Three 

experts are then requested to give weight and level of 

importance for each customer need. Subsequently, 

technical responses are determined through a group 

discussion analyzing the results of KMHE 2018 and 

its regulation and benchmarking with other teams. 

The relationships between the customer require-

ments and the technical responses are identified, and 

the relationship levels are also defined. Symbols and 

values then are assigned to represent the relation-

ships. Afterwards, interviews with experts in the 

related fields are conducted to determine the priority 

of the technical responses.  

 

The next step is to define design characteristics using 

the house of quality method. In this step, the engi-

neering characteristics are determined. They are 

used as specifications in designing the body of the 

urban-concept car. Afterwards, the selection of alter-

native designs using the morphological map method 

is performed through a focus group discussion. The 

selected design is employed to develop a three-

dimensional model using Solidworks 2016. Fluid 

simulation on the model is then performed also using 

Solidworks 2016, and the result is analyzed. The final 

model is used for producing a prototype. Finally, the 

research is concluded, and suggestions for future 

research are identified. 
 

Results and Discussions 
  
Data Collection 

 
The data collected for the design of the urban-concept 
car body is the KMHE 2018 regulation. The authors 
only use articles related to urban-concept car body 
design.  



Falah et al. / The Urban Car Body Design for “Energy Efficient Car Contest 2019” / JTI, Vol. 22, No. 2, December 2020, pp.143-150 

 145 

Table 1. Customer requirements 
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Customer requirements 

1 9 7.6 8.7 Windshield shards do not harm the 

driver 

2 9 6.1 7.0 There are rearview mirrors with a 

minimum size of 25 cm2 

3 9 7.0 8.0 There is ventilation in the steering 

room 

4 9 7.3 8.3 There is a partition between the 

steering room and the engine room 

5 9 7.6 8.7 Body dimensions following to 

KMHE regulations 

6 9 6.1 7.0 Body Covers All Components 

7 9 7.0 8.0 There is a towing hook at the front 

of the body 

8 9 8.4 9.7 There are main lights at the front of 

the body 

9 9 8.4 9.7 There are turn signals at the front of 

the body 

10 9 8.4 9.7 There are brake lights at the rear of 

the body 

11 9 8.4 9.7 There are turn signals at the rear of 

the body 

12 9 5.2 6.0 Windshield protects from sunlight 

13 9 6.4 7.3 The body is easy to sssembly 

14 9 6.1 7.0 The body has minimal thickness 

 
The regulations are used for obtaining consumer 
needs. After the customer needs have been identified, 
the next step is to give weight to each customer need. 
The weighting is performed by three experts in the 
field of design and design modeling. Each expert gave 
their opinions and suggestions about the variables in 
the quality matrix. Each variable is then assigned a 
different weight and level of importance based on the 
expert's experience in urban-concept car design. The 
weight and importance values have a scale between 1 
and 10. The more significant the variable, the larger 
the weight and level of importance. The values given 
by the three experts are then averaged and the results 
are presented in Table 1. 
 

Quality Function Deployment 

 

A product is designed and developed to meet the 

needs and desires of customers. The product must be 

made with an emphasis on quality at a competitive 

cost [27]. The Quality Function Deployment (QFD) is 

a product development system starting from the 

product design, manufacturing process to the product 

reaching the consumers. The QFD method is focused 

on consumer desires [28].  

Table 2. Specification of urban-concept car body design 

Item Specification 

Dimension of the rearview mirror 25 cm^2 

Dimension of the ventilation of the 

steering wheel vents 

10 cm x 8 cm 

Overall height of the vehicle 1000 mm – 1300 mm 

Overall width of the vehicle 1200 mm – 1300 mm 

Overall length of vehicle 2200 mm – 3500 mm 

Front Track width >1000 mm 

Back Track width >800 mm 

Steering wheel dimensions Height > 1200 mm 

Width > 1200 mm 

Ground clearance >100 mm 

Total mass of vehicle <225 kg 

Door dimensions 500 mm x 800 mm 

Dimensions of luggage space 500 x 400 x 200 mm 

Load capacity of towing hook >2000 N 

Dimension of steering  >250 mm 

Turning radius 6000 mm 

Wheel diameter 15 – 17 inch 

Body thickness  2 mm 

 

Customer Requirement 

 

The results of the group discussion are used as the 

customer requirements. The statements of the custo-

mer requirements must be easy to understand and do 

not cause multiple interpretations. Therefore, at the 

next stage, there will be no difficulty in understanding 

the customer needs. The results of customer requir-

ements are shown in Figure 1. 
 

Technical Requirement 

 

The technical requirements are defined by a focus 

group discussion involving the ECRC (Electric Car 

Research Center) Team, the PUPS Team. The 

discussion also uses the result of benchmarking with 

the Mechatronics Team UMM. In the technical 

requirements (Figure 1), there are several essential 

parts, in addition to the variables used as technical 

responses. Each technical requirement has a target or 

limit for each variable. Each variable is also assigned 

with one of the following symbols: "X" meaning better 

on the target, "▲" meaning better to be maximized 

and "▼" meaning better to be minimized. 

 

Design Specification 

 

The Quality Function Deployment method produces 

optimal design specifications, i.e. comply with the 

KMHE regulations. The design specifications for all 

items are presented in Table 2. They are the basis for 

the 3D design modeling process and the manufact-

uring process for the urban-concept car body. 

 

Morphological Map 
 

The morphological map is a map formed based on the 

interpretation of customer needs. The map helps the 
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process of selecting the best alternative in the process 

of designing a product [29-30]. This map shows 

several models to be chosen to find the best solution 

[31]. 

  

The morphological map assists the authors in 

determining the design concept of the body. Some 

alternatives models are the winners of the previous 

KMHE. The concept includes a combination of several 

needs such as material for the body, windshield type, 

door type, lamp type, wiper position, and the number 

of colors. Some alternative models for the UEV-15 

TRISULA and the selection process using the 

morphological map method are shown in Figure 3. 

 

Based on the Morphological Map, one concept from a 

model is selected for each need. Carbon Fiber Epoxy 

material is chosen because it is strong and light. The 

body mass will not be too heavy, and the energy 

consumption can be minimized. The second require-

ment is the body shape. The shape of the UMM 

Mechatronics Team vehicle is chosen. It has an 

advantage in terms of low air resistance, so the energy 

consumption is also low. The fourth requirement is 

the type of door. The selected door opening system is 

opened upwards, integrated at the top. Thus, the risk 

of self-closing the door due to hinge movement can be 

avoided.  

 

The fifth requirement is the type of lamp. An LED 

light is selected because it is affordable and has good 

durability. The sixth requirement is the position of 

the wiper. The desired position is at the top because it 

is easier to install. The seventh requirement is the 

number of colors. Four colors are chosen because 

there is a category for the best design winner. 

According to the authors, body-color variations will 

improve the aesthetic of the body. Overall, based on 

the morphological map method (Figure 2), the 

following results are obtained: 

 

Material  : Carbon Fiber Epoxy  

Body design  : UMM Mechatronic Team 

Windshield type  : Polycarbonate 

Door concept  : One hinge on top 

Lamp type  : LED lamp 

Wiper position  : Pile on top 

Number of color  : Four 

 

 
Figure 1. Technical requirement 

Strong Relationship

▲

Moderate RelationshipΟ

Θ
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Figure 2. Concept selection process of urban-concept car 

with the morphological map 
 

Urban-Concept Car Body Design and 

Simulation 

 

Based on the concept obtained from the morphological 

map, the selected material for the body is carbon fiber 

epoxy composite. The flow simulation is used to 

evaluate the resistance of the body and to observe the 

flow pattern. If there is any mismatching the 3D 

model and the expectation, then a repair stage is 

carried out to obtain the optimal shape. 

 

 

Design of Urban-Concept Car Body 

 

After obtaining the design specifications of the urban-

concept car body, the next step is to design a 3D 

model. The design of the 3D model uses Solidworks 

2016 software with a 1: 1 scale. The design is shown 

in Figure 3. 

 

Simulation of Urban-Concept Car Body Design 

 

From the fluid flow simulation, several outcomes are 

obtained, namely cut plot, surface plot, and flow 

trajectories. The explanation of each result is as 

follows: 

 

The cut plot is the first output from the fluid flow 

simulation, as shown in Figure 4a. There is a blue 

color on the upper body (number 1) which represents 

low air resistance. Number 2 indicates the air that is 

affected when the vehicle accelerates but has low 

resistance. Number 3 indicates the front body, which 

experiencing considerable pressure. The shape in that 

part is made taper to break up the wind that can 

restrain the vehicle's speed. Number 4 indicates the 

air that is free from pressure, which is at the bottom 

and top of the car. 

 

The second output is shown in Figure 4b. The surface 

plot displays the same results as the cut plot, but in a 

three-dimension form. The simulation results are 

more apparent in this plot. At the front of the car 

(number 1) there is a slight yellow obstacle because it 

functions to break the wind. But at the top (number 

2) and the side (number 3) there are no affected parts. 

 

The flow trajectories plot is the third output, as shown 

in Figure 4c. The flow trajectories display the 

simulation results in three dimensions along with the 

direction of fluid flow when the car is moving. It can 

be observed as pointed by arrow number 1, the wind 

flow is divided into two paths. The first path passes 

through the body with a laminar flow pattern that 

flows perfectly. The second flow enters the interior of 

the body, as shown by arrow number 2. The flow 

entering through the vent has a turbulent pattern. It 

provides cooling to the interior of the wheelhouse. 

Arrow number 3 shows the final part of the flow of air 

passing through the body. As expected, it can be 

observed a laminar-shaped flow pattern that flows 

smoothly downwards so that it does not cause a pull. 

 

The objective of the fluid flow simulation is to evaluate 

how airflow occurs on the body surface. There are two 

types of fluid flow: laminar (parallel airflow that does 

not restrain vehicle speed) and turbulent (airflow in 

an irregular direction and restrains vehicle speed). A 

sound body vehicle has a laminar fluid flow on the 

surface of the body. The obstacles that occur become 

smaller so that the energy consumption decreases. 

The non-sound body vehicle experiences turbulent 

fluid flow on the surface. The turbulent flow restrains 

the speed of the vehicle due to more considerable 

resistance and thus increases the energy consump-

tion.   
 

 
Figure 3. Design of urban-concept car body 

Bumi Siliwangi 4 Nogogeni ITS Titen EV-3 Mekatronic UMM

Composite Material

Body Shape

Windshield Type

Door Type

Lamp Type
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Carbon Fiber Epoxy Carbon Aramid FabricCarbon Fiber Epoxy Carbon Fiber Epoxy

Blue Polycarbonate Blue Polycarbonate Blue PolycarbonateYellow Polycarbonate
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In the fluid flow simulation, especially in Figure 5c, 

almost all flows that occur are laminar. Turbulent 

flow occurs only in the interior of the body, at the 

vents and the lower part of the body in the wheel area. 

The ventilation is made to circulate air in the 

wheelhouse, as stated in the regulation. The lower 

part of the body, in the wheel area, is made perforated 

(for the wheel). But it is made close to minimize the 

turbulence in that part. Thus, the body has an  

exemplary fluid flow, the fluid flow outside of the body 

is dominated by laminar flow, and turbulent flow only 

occurs inside of the body. 

 

Conclusion 

 

The urban-concept car body has been designed to 

comply with the KMHE regulations. It also has an 

exemplary fluid flow on the body surface because it is 

dominated by laminar flow. The results of concept 

selection with the morphological map are carbon fiber 

epoxy composite for the body material, polycarbonate 

windshield, one-hinge on top door, LED lamp, the 

position of the wiper is at the top, and four paint 

colors. The total body mass of 38.35 kg and the most 

considerable airflow resistance is at the front of the 

body. 
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