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Abstract 
This paper presents a student project in which students designed and built an electric vehicle. A 
multidisciplinary team from the University of West Bohemia in Pilsen represented by students from the 
Faculty of Mechanical Engineering (Department of Machine Design) and students from the Ladislav 
Sutnar Faculty of Design and Art created a functional prototype of an electric car. The student project 
was led by tutors from both faculties. The purpose of this project was to create a functional prototype 
of a vehicle operating with zero emissions. Students were required to make the solution of the car 
interesting and innovative. The task was to create a vehicle which can transport 1-2 people including 
small-scale cargo. A side effect of such a vehicle is to improve the environment in city centres and 
other exposed areas of cities. Electric vehicles do not emit gas exhausts from their fuel and they also 
reduce noise levels. The designed vehicle can be used for regular transportation of individuals. 
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1 INTRODUCTION 
Each vehicle has its own specific characteristics, use and style. This also applies to electrically driven 
vehicles, with the difference being in some of the technological constraints. The use of rechargeable 
vehicles for personal transport is increasing not only for two-wheeled vehicles like bicycles, scooters 
and motorcycles, but it is also increasing for cars. The bulk of these vehicles that are available on the 
market are conversions of a conventional vehicle to an electric drive. 

New technologies and the emission-free operation associated with them are now popular, and so 
carmakers are beginning to focus on the construction of electric vehicles. The expansion in the use of 
pure electric vehicles is increasing. 

It is necessary to consider the concept of an electric vehicle for future designs. The design should 
focus on parameters such as weight, the electric motor, driving distance and power consumption. 

2 REALIZATION OF STUDENT PROJECT WITH DESCRIPTION OF 
INDIVIDUAL STEPS OF DEVELOPMENT 

“Almost every task undertaken in professional practice by an engineer will be in relation to a 
project.”[1] “Project-based learning (PBL) is a model that organizes learning around projects.”[2]. In 
this case, the subject of the project is an electric vehicle. There have been other similar projects at the 
Faculty of Mechanical Engineering involving students. For example, there was project involving 
students in the conversion of a press for experimental purposes [3]. 

Students started to solve the design of the car by determining the basic parameters.  Then they 
continued with the 3D modelling of the centre of gravity, created the carrier frame, determined and 
selected the drive systems. An overview of the individual parts of the project is given below. 

2.1 Basic concept 
Some parameters are important for any vehicle design. They determine the style of the vehicle and its 
use. The basis is the determination of the vehicle segment. In this case the urban cars segment was 
chosen. Another objective was to create an attractive design that attracts attention and increases the 
interest in vehicles with electric drives. Another criterion is the overall dimensions. This was followed 
by an ‘outside inside’ style of designing due to the assumed compactness of the vehicle. The 
determination of the external dimensions was approximately given by the segment of small cars at 3m 
length, 1.5m width and 1m height without seats. It was followed by the creation of the interior space for 
the driver and passengers and the space for the most important parts like the batteries and the 
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engine. The energy source is provided by batteries with a requirement for minimum weight and space 
that will not influence the centre of gravity of the car. Batteries typically have a great influence on the 
centre of gravity in conventional vehicle conversions. The vehicle was designed for LiFePO4-type 
batteries that are safer than other Li-based batteries. A larger wheelbase is better for the comfort of 
the crew. In this case it is 2565mm and it is based on the 3D CAD model of the crew workspace with 
human models. 

Other basic parameters of the vehicle were modelled and designed in software. Catia and NX 3D CAD 
systems were used for the technical parameters to create a model of the vehicle and also to perform 
the basic analyses of the parameters using finite element method computations. The basic layout is 
shown in Figure 1. The wheelbase and the weight distribution ratio (40% on the front and 60% on the 
rear of the car) are shown here. 

 
Figure 1. Basic parameters. 

2.2 Selection of the vehicle body 
Another issue is the choice of the body design, either a spaceframe or self-supporting bodywork. A 
welded space-frame was chosen because of the manufacturing options available at the University. 
The vehicle frame structure was made using thin-walled standard profiles. A basic 3D model of the 
electric vehicle is shown in Figure 2. The space for the two-member crew is clear in the figure. 
Suspension elements and an area for the batteries are already included. 
The welded frame made from thin-walled profiles proved to be appropriate for multiple adjustments 
relating to the stiffness parameters and design requirements. The final shape of the frame with 
dimensions and driving parameters were the input parameters for the design of the bodywork made by 
students of the Ladislav Sutnar Faculty of Design and Art. 
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Figure 2.  3D model of vehicle frame. 

2.3 Drive selection 
A complete rear drive axle with a central electric motor with transmission (1:10 gear ratio) and 
mechanical differential was chosen. The selected axle was designed for a standard 13-inch tyre 
(165/70 R13) with respect to the braking system.	  

2.4 Electric motor selection 
The advantage of an electric motor in comparison with a conventional combustion engine is that the 
maximum torque is available practically from "zero" speeds. The most important criterion is the 
capacity of the batteries, but the second important component is an electric motor with high quality of 
control. Electric motors and their regulation are at a very high level but there are still possibilities for 
their development. This development is directed at electric motors that are integrated directly into the 
wheel hub. This technology is already well known and fully used in bicycles, scooters, etc. In the 
automotive industry it has a very small use due to prejudices and some disadvantages. 

The advantage of a direct electric motor is that it does not need any other technical features (gearbox, 
clutch, distribution shafts). It saves space in the body, simplifies its construction and makes it easier to 
use the space for designer creativity. Two or more drive wheels on the vehicle can be very precisely 
controlled. If necessary, it is possible to divide the required power between these individual drive 
wheels. Individual drive wheels also serve as power generators when braking (energy recovery). 

The disadvantage of this electric drive system is its weight, which is around 31kg (without disc or tyre). 
This worsens the situation with regard to unsprung masses. It results in a deterioration of driving 
behaviour including adhesion to the road due to inequalities. 

A single-drive powertrain with a 1:10 transmission and a mechanical differential was chosen because 
of its less complex technology and competitive price. 
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2.5 LiFePO4 batteries selection 
Lithium-Ion batteries are lightweight with the highest energy density. Subsystems of these batteries 
have been developed. One of the subsystems is LiFePO4, also referred to as LFP (Lithium Ferro 
Phosphate). These batteries were selected because of several advantages over the most popular Li-
Ion batteries. They are safer and have higher stability due to their chemical composition. 

LiFePO4 batteries have a higher number of charging cycles ranging from 1000 to 3000 cycles (battery 
manufacturers differ in this range). They also have a small internal resistance (maximum tens of mΩ). 

Why choose LiFePO4 batteries? Future legislation is being prepared which will mainly focus on the 
safety of these batteries in vehicles to be developed and manufactured in the future. Therefore 
emphasis was placed on the safety of these battery cells and not only on their safe storage. The safe 
storage comprises a specially designed box that is resistant to impact and is heated when the 
batteries are being recharged and cooled during their operation.	  

 
Figure 3. Batteries in the vehicle for testing. 

2.6 Design of other components 
Other important vehicle systems such as steering, brake system, vehicle lighting and 12V on-board 
network are designed according to the standard computational requirements (with the assumption of 
the weight parameters of the electric-powered vehicle) and the regulations for vehicles. 
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Figure 4. Vehicle frame with additional components (steering, braking system, etc.). 

3 TECHNICAL PARAMETERS 
The overall parameters of this small electric car are: length 3400mm, width 1520mm, and height 
0.92m (without seats and protective frame). The drive unit is a DC electric motor with a nominal power 
of 6kW and torque 25N.m. It is connected to the control unit. The electric motor drives the rear axle 
with transmission (gear ratio 1:10) including the mechanical differential. The power is stored in 
LiFePO4 batteries. The driving distance is 50 km according to the load and the style of driving. The 
maximum achieved driving distance is 80 km (a very economic ride). The speed for the presentation 
mode is limited to 45km/h. In the classic mode it is limited to 70km/h (due to the open body concept). 
The composite body is made of fibreglass. The weight is 450kg. Pre-measured power consumption on 
a flat circuit ranges from 7 to 14kW/h per 100 km.	  

 
Figure 5. The final electric vehicle named YO!. 
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4 CONCLUSIONS 
The modularity of this vehicle rests in the possibility of changing the DC motor to AC (no 
maintenance). Power parameters can be raised up to a nominal 20kW (electric motors with the same 
connection dimensions). It is possible to add batteries (increase capacity) because the frame is 
designed for batteries up to four times heavier. It is possible to change the future design of the vehicle 
body thanks to the frame structure. There is room in the front of the car to allow the possibility of water 
cooling for the newly installed electric motors and for the battery system. All these assumptions will 
serve for testing components like the battery systems and also for design changes and bodywork 
design changes.	  

Control units and the charging system were not developed in this student project. Good quality 
systems are already available and manufactured directly in the Czech Republic. 

Kinetic energy recovery during vehicle braking has been experimentally measured and ranges from 5 
to 12% (according to driver experience) and extends the total vehicle drive distance. 

“Design-oriented project-organized education deals with know-how, the practical problems of 
constructing and designing on the basis of a synthesis of knowledge from many disciplines“[4]. A lot of 
technical disciplines intersect within this project. Students acquire new knowledge from different fields 
as well as experience of working in a multidisciplinary team. 
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