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abstract
In this research we will discuss the creation of the flower cart. It will be examined from an economical and 
environmental perspective. Additionally, the planning process regarding the carrying capacity and battery 
runtime will be explained. The cart is moved by three-phase electric motors which are controlled by Variable 
Frequency Drives (VFD). Electric power is supplied by the large battery pack. overall, the purpose of this 
vehicle is to be able to participate in the carnival march while increasing the quality of the event.
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1. Preface

The flower carnival in Debrecen has been held 
annually on August 20th since 1966[1]. It’s one of 
the best-known events in Hungary, being linked 
to the State Foundation Day. on this day in 1083 
King Szent István was canonized. For decades it 
has been a very significant celebration in the city, 
and has now reached a point where one week be-
fore the official carnival, many entertaining pro-
grams are held for the public. The aim every year 
has been to fascinate the spectators with more 
and more inventive car compositions, followed 
by dancers and orchestral art groups. Every year 
the city tries to bring something revolutionary 
to the table to bring in more and more tourists 
to this occasion. one such revolutionary addi-
tion was the University of Debrecen’s completely 
electric driven flower carnival car, which is com-
pletely unique in the history of the carnival. The 
only thing that can potentially ruin the quality 
of the show is fuel powered cars. These internal 
combustion engines are quite noisy and produce 
exhaust fumes in a huge amounts, polluting the 
air. The artistic groups marching behind the cars 
can obviously have a bad experience due to this 

pollution and noise. The solution is provided by 
the innovation represented by the University. The 
University of Debrecen has been a participant 
in the flower carnival for over a decade but just 
like every other company they have previously 
rented traditional cars to join the march. To work 
around this problem the University decided on 
building their own electric drive car for the 2016 
carnival [2]. The finished product was welcome 
on its first debut by the organizers and the pub-
lic. Since the car is completely the property of the 
University, the maintenance is carried out by a few 
of the students and teachers in the Faculty of En-
gineering. Alongside this we are teaching younger 
students to be able to take over the project on their 
own in future. For them to be part of this project is 
as much an honour as it is for us.

2. introduction

2.1. comparison between an ordinary and 
an electric drive

The main reason behind the fast spread of elec-
tric drive vehicles stems from the poor efficiency 
and environmentally burdening effects of the 
internal combustion engine. Nowadays, air pol-
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lution is one of the biggest problems, caused by 
power plants and factories, but mainly by vehi-
cles. The fumes produced are heavily air pollut-
ing and also lead to ozone depletion. These effects 
have motivated people for decades to create im-
proved technologies in the industry. 

The diagram of figure 1. represents very well 
how the efficiency and fuel economy of diesel 
engines has improved over the years. Based on 
studies, the thermal efficiency of a diesel engine 
is between 30–38% [3], that of electric motors is 
still superior, since they have efficiency of around  
80-90%. Energy leaves the system mainly in form 
of thermal losses and in form of various other 
losses that are responsible for the very poor  
efficiency of a traditional drive. From an environ-
mental point of view the local harmful emissions 
of an electric driven car are practically zero.

The air pollution doesn’t happen in the living 
areas in this case, rather in the outskirts at the 
power plants and factories where electricity and 
the car parts are created. If we only compare at 
the course of production, we see that electric car 
building releases a greater amount of Co2 gas into 
the air. But after extending the comparison to 
a car’s lifetime, for electric cars we can reach a  
51-53% overall Co2 exhaust reduction.

The Co2 footprint can be reduced even further 
by using alternative energy sources such as solar 
energy or wind power. A great advantage of our 
new technology is that while braking, the mo-
tor works in generator mode so that it produces  
energy from slowing down, figure 2. [4].

2.2. the planning
ATo our University, innovation has always been 

a determining value. Nothing represents that bet-
ter than pushing through such an upgrade. The 
specific plans were close to complete by early 
2016. In finalising the plans the main aspects were 
reducing the harmful emission and renewing the 
applied steering system. For the designing of the 
new chassis, its length and new width were deter-
mined by marching route specifications, such as 
the distance between the tram-stops or the height 
of the trolley-wire. This is very much needed be-
cause the cars pass under routes crossed by elec-
tric cables.

3. the structure of the electric car
The whole drive is built up around a chosen 

chassis. Therefore, choosing the correct sized 
chassis in our project is critical. For us the suitable 
market is the internal combustion truck’s chassis. 
So, for the carnival car, to make it totally electric 
we had to make a handful of modifications.
3.1. the chassis

Firstly, we needed to decide which undercar-
riage would be used. The planning requirements 
were to be able to carry a 4x8 m sized frame. The 
frame provides the platform that carries the deco-
ration, such as polystyrene statues with their steel 
braces, many flowers and turf. The frame is filled 
up with wooden flooring to provide a safe fasten-
ing. In this situation many of the traditional diesel 

figure 1. Fuel economy [3] figure 2. Life cycle global warming emissions 
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vehicle parts are no longer needed, so the engine, 
compressor, hydraulics, tank and steering wheel 
were removed from the vehicle.

3.2. drive and steering
To make the vehicle operational, we have to re-

place the removed parts with new elements: two 
electric motors, one for the drive and one for the 
steering. The asynchronous motor responsible 
for the drive chain has 18 kW power. This sends 
power through the gear-case to the differential, 
assuring the movement of the car. The smaller 
motor which is responsible for the steering is ca-
pable of putting out 5 kW power. This creates a 
pushing force onto the steering-rod with the help 
of the Pittman arm that is found on the globoid 
worm gear. This pushing effect causes the wheels 
to turn. To avoid damaging the structure, limit 
switches are applied in the end positions at the 
Pittman arm cancelling the steering signals. These 
connections are shown on figure 3. and 4. [5] . 

3.3. the control
The control of the motors is provided by VFDs 

(Variable Frequency Drives). Since three phase 
asynchronous motors are used, these VFDs turn 
the direct current that comes out of the batteries 
into alternating current. The two motors are con-
trolled by the correct controlling signals fed to the 
input of the frequency drive by joysticks – which 
are potentiometers that convert analog signals. 
This can be changed between 0-10 V depending 
on the position of the device, which determines 
the frequency – the 0-10 V range is matched by 
a 0-50 Hz range. The equal splitting determines 
the motors frequency causing the change in the 
driving speed. The steering uses almost the same 
analogy, but with a small difference: we only care 
about the direction of the rotation, when the giv-
en signal is read, the motor either starts turning 
the wheels left or right at a previously defined 
speed So that the joystick responsible for the 
steering only determines the direction which the 
motor starts turning not the speed of it. 

3.4. energy regeneration  
Braking on our vehicle is solved by the provid-

ed by the VFD. In the case of induction motors, 
solving the regeneration is quite easy. The solu-
tion comes from the principle of an induction 
motor. If we create the right amount of torque 
on the shaft of the motor, while connecting elec-
tric load on the poles of the motor, because of the  
lorentz force electric current will be generated in 
the motor. luckily the VFD includes regenerative 
braking function, so no circuit building is needed 
to get this function out of our drive. So-called 
“braking resistors” are needed to dissipate the 
energy in form of heat. Since the joysticks have a 
spring ,when this happens, they return to middle 
position, thus the motor switches to generator 
mode, slowing down and stopping the vehicle. 
When shut down, the hand brake is used to hold 
it in place.

3.5. supply
In the flower car the supply voltage is provided 

by batteries connected to each other in serial and 
parallel connection. The car contains 2 different 
voltage level circuits. The high voltage circuit has 
160 cells in it with their serial connection providing 
640 V. The low voltage circuit is only 12V being 
built out of 6 cells connected in serial and parallel 
so as to give 12V on their output. This is responsible 
for the contactors power supply. They cut and 

figure 3. Drivechain

figure 4. Steering mechanism 
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connect the high voltage circuit to stop or start 
the car. We applied two indicators during the 
summer of 2018. This equipment gives feedback 
about the voltage level and the charging current. 
To extend the range of the voltmeter a resistor 
was added serially to the circuit. This was needed 
because our voltmeter could only measure up to 
300 V. After the modification, on the same range 
we can display 640 V voltage. The range of the 
current meter is 10 A so that needed no modifi-
cation. To make monitoring much easier these in-
dicators were placed in the cockpit. To make sure 
the implementation was safe, the voltmeter was 
carefully planned out and built in to avoid any 
form of malfunction.

4. conclusions
The previous 3 years have been the best proof of 

the success of this project. on the previous carni-
vals no incidents occurred and the overall system 
has been proved to be safe. For now the mainte-
nance work mostly revolves around checking the 
battery levels year-by-year. With an upgrade to 
this using BMS (Battery Management System) we 
could skip the old method of checking the cells 
one by one. Such a system could make the task of 
checking and levelling the batteries more correct. 
It’s main advantage is that it would be completely 
automated. These days there is development  

going on in regards to the controlling system too. 
We are trying to implement a wireless remote 
control. It is a difficult task since we have to view 
this from many aspects such as the risks that it 
could give rise to. Implementing this would lead 
to a much more enjoyable festival experience 
since the view of these carnival vehicles would 
not be partially blocked by a driver.
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