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DESIGN OF BRAKING SYSTEM IN THE LIGHTWEIGHT ELECTRIC 

VEHICLE 

 
1. Introduction 

Braking system of the Urban type vehicle designated to Shell Eco-marathon [2] was 

designed and constructed last year. We are working on this project in the Scientific 

Students Association of Machinery Design [1, 3] at Silesian University of Technology. 

Our car Bytel is involved in the Eco-marathon competition, which is organized by Shell. 

The competition task is to construct a vehicle that travels the longest distance, using as 

little energy as possible. The competition takes place every year in Rotterdam, and the 

form of the race simulates normal driving conditions.  

The priority in the design of this type of vehicle is to minimize the weight and to 

work out  a compromise between the minimum weight and good efficiency and 

durability of the structure [4]. And these conditions are taken into account when 

developing the concept of the brake system.  

The race vehicle designed and constructed for Shell Eco-marathon is presented at 

Figure 1. 

 

 
 

Fig. 1. The Bytel vehicle designed for Shell Eco marathon in Urban concept 

category 
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2. Design of braking system 

To participate in the competition, the vehicle must comply with the conditions 

specified in the regulations [1]. Therefore, hydraulic disc brakes must be used for our 

car. The area of the brake pads must be at least 25cm
2
. This is the total area of blocks in 

the system and it decomposes into 8 blocks. The system must have two working cycles, 

which can be done in two ways either  two pumps with one section, or one pump with 

two sections and a double pump tank.  

In addition to the main brake, the vehicle must also have the handbrake. It has to 

have a minimum braking force of 50 N. 

And the most important point in terms of the functionality of the brake system is a 

point, which concerns the test of braking system on the slope. During the test behavior of 

the vehicle on the ramp with a slope of 12 degrees is tested, especially the vehicle has to 

be able to brake immediately on a the slope and the force of the  brake should enable it 

to tend firmly on the slope for a given amount of time. 

The work on this project should begin by reviewing the solutions that other teams 

use as well as different types of brakes available on the market. The compromise 

between the ability to obtain the required braking force and minimizing the mass of the 

system together with an assessment of the advantages and disadvantages of the various 

types of brakes became the basis for selection of the type of brake. Analyzing the 

summary of the advantages and disadvantages of each type of brakes and keeping in 

mind the requirements of the organizers of the race concerning the braking system, 

hydraulic discs were selected The main and key feature of disc brakes is to make it 

possible to obtain very high pressure, which results in producing high braking force and 

is needed to lock the wheels at the time to check the operation of the car on the  ramp. 

An important advantage is also relatively small  dimensions of the components and the 

uncomplicated way of mountings. Leading brake cables connecting the actuating 

mechanism with the terminals are limited only by their arrangement so that there are no 

problems with the venting system. Hydraulic brakes are currently the most popular 

systems and are subjected to continuous modifications and improvements. Thanks to this 

they offer reliability and low failure probability. These features form  generally desirable 

characteristics, and in the presented example are of particular importance. In our case it 

is also  extremely important not to allow for  any friction of associated components, 

minimize the risk of defective activation of the actuator mechanism or jam of  hydraulic 

brake pistons or pads. allowing to lose additional energy during race.. An investigation 

concerning brake systems in such specific applications including different sources of 

knowledge was carried. Among others  the following sources were used: the 

photographs from the website, the experience of people who have already taken part in 

these competitions and a vast database of photos.  It has been established that essentially 

two types of disc brakes are used. They are bicycle brakes and brakes used in quads.  

The next stage of the project was to analyze the advantages and disadvantages of 

these two types of brakes. The brakes used in  quads have a high stopping power due to 

the fact that the mass of the vehicle reaches several hundred pounds, and achieve the 

speed of tens of kilometers per hour.  The brake calipers are produced as right and left, 

allowing the symmetry of the system. This is a big advantage compared to bicycle brake 

calipers which are only available as one-sided. The disadvantages of this system are the 

large size and weight. This disadvantage, as it turned out, was  decisively for choosing 

the bicycle brakes. The comparison of brake calipers of different types of braking 

systems is presented in Figure 2. 
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Fig. 2. Brake calipers used in  quads and bikes 
 

Their advantages are small size, light weight, and  sufficient braking force. The 

small diameter of the brake lines makes them easy to compose, and very big benefit is 

the fact that the same brake caliper can be used for different diameter discs by. simply 

replacing the adapter. A disadvantage of brakes used in bikes is that the bicycle brake 

calipers are produced only as a single-sided - the brake disc is always located on the 

right hand side mounting. It follows from the fact that in order to mount the right and left 

wheel in the normal position, the left caliper is fastened to the front of the brake disc, 

and the right caliper on the rear side of the disc. This makes it necessary to integrate the 

steering knuckle with caliper.. Second disadvantage is  small diameter of piston which is 

connected with relatively small braking force, which proved to be important in our case, 

when we chose the pump. As far as pumps are concerned we took into account three 

types of them. 

According to the requirements of the race the braking system must be dual circuit 

system, with the division front-to-back, or diagonal (front right wheel with the rear left, 

front left wheel with the rear right). Realization of this condition can be done in two 

ways: 

- apply one pump for each circuit; 

- use of one –two section - pump. 

The main issue on the actuating system is the choice of the pump, which enables the 

realization of one of the above methods. 

Automotive pump is a two-section pump, if it is a pump with a car without ABS 

system it has four outputs, which eliminates the need for additional distributors and has a 

big stroke, ensuring correct operation of the system. The disadvantage is the relatively 

large mass and the diameter of the plunger is similar to the diameter of the plunger in 

brake caliper, resulting in a significant reduction in hydraulic gear. 

The pump used in the quad is admittedly less heavy, but the necessity to use two of 

these pumps makes the system weigh more than a car pump. There is also a problem 

with the control and mechanical  connection of the two pumps. By far the lightest 

solution is a bicycle pump. However, it has several features that prevent its use. First of 

all, there is a risk that the small jump will be insufficient to handle the two brake 

calipers. The fact that it is supported by hand makes it necessary to modify it so as to 

allow support by the pedal. The integrated surge tank, which is often considered to be 
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advantage, due to the minimization of weight and dimensions, in this case becomes 

a disadvantage because of the difficulty in pouring and venting the system, as would be 

placed below the highest point of the hydraulic system. After analyzing the advantages 

and disadvantages of different types of pumps, the  car  pump has been chosen. 
 

 
 

Fig. 3. Test stand of braking system 
 

Due to the use of bicycle brakes, the brake lines must be compatible with them. 

There are two types: with steel braid and without braid. We chose the armored cables, 

because they have two times greater resistance to high pressure, which is 680 bars. 
 

3. Testing braking system on the test stand 

While  designing  braking systems, the  elements of the systems were chosen on the 

basis of engineering calculations, taking into account the functions of designed system in 

typical operation situations. Because the braking system was unusual and composed of 

various class elements it was necessary to conduct test stands before integrating the 

system to race car. For this purpose test stand was built. The basic functionality of 

braking system was tested at the stand. Especially the braking force was tested at the 

stand. The test stand of braking system is presented in Figure 3. 
 

4. Integration of braking system on the race car 

The next step was to submit the individual elements together in one actuating unit. It 

consists of a pedal, brake master cylinder and follower.  The entirety is attached to the 

beam in  front of the vehicle chassis. Due to the fact that there is planar motion here, the 

pump is fixed on the joints. The whole assembly of front part with brake pump, hoses, 

brake fluid mounted at vehicle reservoir is presented in Figure 4.  
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Fig. 4. Braking system mounted in vehicle 
 

5. Handbrake 

In addition to the main brake, the vehicle must also have the handbrake. The  

function of the hand brake is fulfilled by the mechanical clamps, cooperating with the 

brake discs. Such a solution in the simplest of all the possible solutions. The handbrake 

is actuated by a lever on the right side of the driver's seat. The hand brake lever is 

designed to minimize the weight of the whole assembly. It is equipped with the latch and 

release mechanism integrated into the lever. The lever solution is presented in Figure 5. 
 

6. Conclusion 

The designed and integrated braking system of Urban concept category vehicle is 

composed of elements of various braking systems, including car and bicycle elements. 

The test conducted on the test stand and during the real race car and scrutineering before 

race prove that the braking system fulfills the functions successfully. At the same time 

the braking system  operates reliably and is very light. It is worth saying that during the 

designing process  it was necessary to take into account the fact that the elements were 

adapted to the same working fluid as the  pump. Otherwise, it could lead to deformation 

of the rubber components and immobilize the system. 
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Fig. 5. Handbrake lever 
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Abstract 

The article relates to a braking system project designed for  a light electric vehicle 

taking part in international races. The braking system of such a car must combine  

minimization of weight, efficiency and reliability. These features have set the direction 

of the process of the project, which began with a review of available options. Then the 

analysis was conducted including both pros and cons of possible solutions. The last stage 

involved the selection of all the elements and  their combination, that the designed  

system meets as far as the conditions and our requirements are concerned. 
 

Keywords: Urban concept, braking system, race car. 
 

PROJEKT UKŁADU HAMULCOWEGO DLA LEKKIEGO POJAZDU 

ELEKTRYCZNEGO 
 

Streszczenie 

Artykuł opisuje projekt układu hamulcowego przeznaczonego dla samochodu 

elektrycznego, biorącego udział w zawodach międzynarodowych. Układ hamulcowy 

takiego samochodu musi posiadać kilka własności: niską wagę, dużą wydajność  

i niezawodność. Te cechy określają kierunek procesu realizacji projektu, który rozpoczął 

się od przeglądu dostępnych opcji. Następnie została przeprowadzona analiza w tym 

analiza plusów i minusów możliwych rozwiązań. Ostatni etap polegał na doborze 

wszystkich elementów i ich kombinacji, tak aby zaprojektowany system miał pełna 

funkcjonalność i spełniał zadane wymagania. 
 

Słowa kluczowe: Koncept samochodu miejskiego, układ hamulcowy, samochód 

wyścigowy. 


