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ABSTRACT 

This paper presents the progress of the hybrizing of the BR800, Brazilian mini car. This car 
has originally a two strokes 800 CC, 30HP internal combustion motor and was the one of the 

first Brazilian mini cars. The Internal combustion motor was adapted with an electric axial 
flux motor coupled to its shaft configuring a parallel hybrid propulsion system that can be 
driven by the combustion machine or the electric machine. The Electric motor was designed 
to be capable to drive the mini car in start-up velocities and to permit regenerative braking. 

This project is part of larger initiative of the Electric Vehicle Laboratory of the University of 
Brasília that has been converting conventional cars with internal combustion engines to 
electrically driven cars. The objective of this initiative is to develop technology for electric 
mobility, study the overall efficiency of these vehicles and do research on how this 

technology can be used to help to solve the transport and environmental problem in the dense 
urban cities in Brazil. The paper starts with a review of the urban mobility challenges in the 
Brazilian cities and an overview of recent policies and incentives, focused on the insertion of 
electric or hybrid vehicles for individual transport. The second part of the paper presents the 

original BR800 car, its plug in electric version and its actual hybrid version. Finally the 
results of the hybridizing of the traction system are presented starting with the design of the 
specially build brushless DC axial flux motor, the design of the electric driver board and the 
microcontroller based control system of the electric machine and the control strategy based on 

the magnetic field position feedback of the rotor. It is expected that at the end of this work, a 
viable low cost control system for the electric machine will be obtained and that it will serve 
as a basis for the integration of the electronic ignition and injection control system for the 
internal combustion motor.  
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INTRODUCTION 

Electric mobility is expanding at a very high rate. In 2016, only 2 million electric and hybrid 

vehicles were on the road worldwide, about 0.2% of the global fleet [1]. This amount more 
then doubled in 2018 when the global stock of Battery Electric Vehicle (BEV) and Plug-in 
Hybrid Electric Vehicle (PHEV) reached 5.1 million units, with around 45% of this fleet 
located in the People's Republic of China, followed by the European Union with 24% and the 

United States 22%. The remaining 9% or 460 thousand cars of the BEV and PHEV are 
distributed in all the other countries including Brazil [2]. According to International Energy 
Agency the stock electric cars in Brazil in 2018 was 1.110 in 2018 with 400 BEV and 710 
PHEV on total stock of 55 million passenger cars [3], but these numbers are outdated as from 

in 2012 to 2019 there were licensed a total 16102 new passenger vehicles with electricity as 
their main propulsion source [4].   
Besides introducing new BEV or PHEV there is also a trend of converting existing vehicles 
driven by an Internal Combustion Engines (ICE) to electrically driven. Brazil has a very 

interesting history on converting fuels for the automotive industry that go way to the first oil 
crisis in the nineteen seventies. In that period Brazil started an ambitious program to convert 
vehicles with gasoline ICE to ride on Alcohol. The project program started in 1975 to develop 
conversion technology, convert the engines of state owned companies and pass the 

technology to the automotive industry [5], alongside policies to incentive the production and 
distribution of Alcohol fuel [6]. The ethanol biofuel program in its 40 years resulted in a 
complete value chain to produce and distribute alcohol for passenger cars with participation 
of Brazilian subsidiaries of multinational carmakers and local suppliers with a flex fuel ICE 

technology that permits the use gasoline, alcohol or a mix of both. 
In 2018 there were 26 times more flex fuel cars licensed that gasoline cars. Flex fuel vehicles 
were 88% of the total of passenger vehicles produced in Brazil [4]. 
Another initiative on converting technology began in 2006, when South Americas largest 

hydropower company, Itaipu Binacional, started developing converting technology for EVs in 
partnership with Swiss hydroelectric Kraftwerke Oberhasli (KWO), Swiss firm MES DEA 
and the Italian automaker Fiat. Itaipu build a production line with capacity to convert up to 50 
vehicles (Palio Weekend Electric model) per year with the support with Brazilian utilities 

company Eletrobras, battery manufacturer Moura, electric motor manufacturer WEG, and the 
oil and gas company Petrobras. Now this initiative has been expanded with the French 
carmaker Renault to assemble the Twizy mini car at Itaipu [7]. 
Several Brazilian Universities and research centers have also individual research project, 

mostly started with conversion of ICE cars to electric. It can be stated that there are some 
small movements towards the development of electrical mobility in Brazil, mainly outside 
traditional automotive sector, but they lack strong coordination and the support from public 
policies [8]. 

DEVELOPING TECHNOLOGY 

The Electric Vehicle Laboratory of the University of Brasilia (EVL-UnB) started with the 

development of technology for electric cars in 2010 with the conversion of a BR800 from Gurgel 
Motors SA. The BR800 was launched in 1988 as one of the first popular small Brazilian cars 
designed to attend the specific demand for urban vehicles classified as A-segment mini car, mini 
compact or a city car. For that time it has some innovative characteristics as being made with a 

fiberglass body, lightweight and a two stroke 800 CC internal combustion motor. All of its 
components entirely fabricated by Gurgel Motors including its 32 CV internal combustion motor 
and had a length of 3195m and liquid weight of 620 kg with a transport capacity of up to 4 
persons or payload of 350 kg. Figure 1 shows the BR800. 

0161-2



3 
 

 

 
Figure 1 - BR800 

 
The BR800 is one of the most converted cars in Brazil as it has a very simple powertrains 
structure with the motor in front coupled with a gearbox and differential transmission to the rear 
wheel axis. One of the first conversion was the Supermini, a smaller version of the BR800 in 

2007 that was adapted with a DC motor [9]. There are several conversion, most of all not 
documented but presented on internet and social midia as listed in [10]. All of these conversion 
were executed with DC motors.  
The conversion project of the BR800 from UnB focused on the mechanical adaption of a 7,5 HP 

electric induction motor into the vehicle in 2015 [11]. 
A second project focused on the conversion of another popular car from FIAT motors converting 
a Palio with a water-cooled induction motor [12]. The same BR800 was upgraded in 2017 with a 
30KW water-cooled Brushless DC motor and a 10kWh battery pack composed of LiFePo4 cells. 

All of these initiatives are part of larger initiative of the Electric Vehicle Laboratory of the 
University of Brasília that has been converting conventional cars with internal combustion 
engines to electrically driven cars. The objective is to develop technology for electric 
mobility, study the overall efficiency of these vehicles and do research on how this 

technology can be used to help to solve the transport and environmental problem in the dense 
urban cities in Brazil. 
Up to now the main technological development areas were: Electrical drives and motor 
control; Vehicle dynamics and structures; Instrumentation; Control area networks and Energy 

management for battery plug-in electric cars. These knowledge areas coincide with the ones 
appointed in a survey as an excellent opportunity for Brazil to insert itself into the electric 
vehicle value chain [7]. 
With this new project on hybrid vehicles several other skills need to be developed, as it is 

necessary to study instrumentation and control of internal combustion engines (ICE) and its 
synchronization with the electrical machine. In order to support this technological 
development the EVL-UnB an experimental conversion platform was designed. 

Conversion Platform 

The conversion platform designed is composed of a chassis dynamometer or rolling road, 

electric induction motor controller unit, electric brushless DC motor controller unit, Battery 
Pack with BMS, instrumentation system, all together interlinked with Supervisory Control 
and Data Acquisition System (SCADA). So it is possible with this platform to do all the 
necessary testes within the lab without to the necessity to perform test drive on the road. 

Figure 2 gives an overall view of the platform while the photos in figure 3 give a view of the 
dynamometer and the brushless DC motor controller unit and Battery Pack and BMS. 
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Figure 2 - Conversion Platform 

 
All the converted vehicles [13][14] were implemented on this platform and it helped to 
develop technology for cooling [10] and regenerative breaking [15] for BEV. 

 

 
Figure 3 - Platform with Dynamometer 

 
Figure 4 - Battery pack and BMS 

Workbench 

Besides the study on BEV, technology on hybridizing internal combustion engines is one of 
the focuses of the laboratory. A special workbench was designed by coupling an electric axial 
flux motor and to the original internal combustion of the BR800 engine [16]. The purpose of 

this workbench is to permit studies of parallel hybrid systems that can be driven individually 
by a combustion machine or electric one. The Electric motor as designed to be capable to 
start-up the internal combustion motor and drive the car in low velocities.  
 

With this workbench it will be possible to support the development of the electric driver of the 
brushless DC motor. Parallel with the driver technology, the instrumentation and control 
algorithm of the motor are being implemented and will be detailed in the next chapter.  
In the near future, the next challenge will be designing an electronic ignition and injection 

control system for the two stroke internal combustion engine. Synchronizing the control systems 
of the electric motor and the ICE will be also a challenge with need for high speed CAN-Bus 
interconnection.  
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After these steps have been developed on the workbench the whole system will be tested on the 
conversion platform before road tests. 

HYBRID WORKBECH 

The workbench has both motors sharing the same shaft axis. The electric motor is driven by a 3 
phase inverter powered by a 24V source and this device is controlled by a ATmega328 the 
microcontroller. Between the inverter and microcontroller there is a driver circuit and there are 

also a sensor of the rotor’s magnetic field (Hall sensor), rotation velocity and source current. The 
workbench project proposal is illustrated in Fig 5. 
 

 
Figure 5 - Workbench system block diagram 

 

The combustion motor came from the Gurgel BR-800 vehicle and it is a 800CC motor, uses 
gasoline and has an electronic ignition, 2 horizontal opposite strokes, central valve command and 
water cooling. The Figure 6 shows the combustion motor from a catalog source and the motor 
fixed in the workbench. 

 

 
a) 

  
b) 

 
c) 

Figure 6 -. a) 800CC Motor.  b) Workbench, combustion engine side. c) Workbench, electric engine side.  

 
 

Electric motor  

The electric motor is a brushless DC axial flux motor whose technology is more detailed in [17], 

[18] and [19]. These motors are more efficient than radial ones mostly because this topology can 
reduce the flux leakage and has better heat removal as seen in  (Nair, S. S et al.. 2011). This kind 
of engine needs a magnetic field position feedback to be properly operated [20] and therefore, an 
array of Hall sensors was placed to implement this measure. 

The electric motor has a flat shape with 3 majors discs, 2 of them belongings to stator and 1 to 
rotor. Each stator disk has 3 wave windings. The rotor has 20 permanent magnets that are placed 
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in way to align the magnetic field with axes, which are parallel with the rotation axis, this 
scheme is known as axial flux motor. The Figure 3 shows three views of the electric motor and a 
rotor disk while the Fig. 7 shows the rotor and the stator. 

 

 
a) 

 

 
 

b) 
 

c) 

 
Figure 7 - a) Electric motor in general view. b) Electric motor in lateral view. c) A stator disk in superior 
view. 

 

 
Figure 8 - Detailed lateral view of rotor and stator 

 
 

The Figure 8 is a more detailed representation of the motor in a lateral view, it shows the stator 
disks, their windings, slots, rotor with magnets and the positions of Hall sensors, Ha, Hb and Hc. 
The wave windings must pass from an internal side to external side of the stator while the slots 
are the way between this sides. A slot has only one phase passing through it. The stators disks 

shown in Fig. 4 can be tagged as superior and inferior, the superior one has 3 phases, A,B and C, 
that must be connected with their pairs in the inferior stator, so that the phases has slots with 
same horizontal position and therefore the pairs are A/E, B/F and C/D. The phase coils was 
connected in star configuration, this connection can use two windings in a cycle with forward 

and backward activation, the Fig. 9 shows the inverter and coils connection. 
 

 
Figure 9 - Inverter components and phase coils connection 
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This electric motor can be driven as a brushless DC motor, this type of motor acts like a typical 
DC motor but instead of using a mechanical commutator, it uses a electronic commutation that 
can be performed by the constant measuring of the rotor magnetic field position, the Hall sensors 
are placed for this purpose. 

Axial flux motors are more efficient than the radial ones because it can links the magnetic flux 
with less loss. Another efficiency feature is a higher managing of the stator coils, that gives more 
power density to the motor. 

Driver board hardware 

The driver circuit must control with minimum losses a three phase inverter circuit implemented 

only by NMOS transistors and a special reference system. The control of entire driver system is 
performed by the microcontroller ATmega2560 which receives the velocity reference, velocity 
feedback, Hall sensors signals and current measures. The entire system has a configuration like 
the ones shown in [20] and [21].  

The motor will be driven by 3-phase inverter circuit that can converts a continuous currents into 
a pulse sequence required by the electric motor. 
An issue in the driver project is the simultaneous activation of two transistors in the same phase, 
that can leads to a short circuit that could damage the transistors. A logic circuit is introduced to 

avoid this problem and this logic circuit also receives a PWM input to modulates the gates 
signals. Therefore the inverter phase voltage can be modulated in order to control the motor 
speed. 
The only switching device used is the NMOS transistor, it has advantage of being faster than 

bipolar technologies and it also is more common and cheap than other semiconductor switches. 
For the NMOS transistor to be used in the high side of a inverter it is necessary to increase the 
voltage in the transistor gate higher than inverter supply voltage in order to avoid the appearance 
of a voltage drop in transistor that can means more heat dissipation in the transistor and an 

unbalance in the inverter. 
This can be implemented by a gate driver circuit that delivers this higher voltage to the 
transistor’s gates and there are to many strategies to implement this. A popular approach consists 
in the usage of a capacitor with a floating voltage reference, known as bootstrapping capacitor. 

A commercial gate driver, IR2010, was chosen for the driver purposes, this IC can do the 
bootstrapping operation and has a power coupling between a logic stage and a power stage. 
Figure 10 shows the driver circuit for the phase A, and how it is controlled by signal AH and AL 
and  how it controls the transistors T1 and T2. 

 

 
Figure 10 - Phase A drive circuit 
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Magnetic field position feedback 

The inverter driver must use Hall sensors in order to be able to start-up a brushless motor and it 
is important to know if the coil is facing a north pole, a south pole or none pole. To implement 
this feature a pair of sensor magnetic sensors was used to detect the rotor magnetic field 
variations in each phase, one of the sensors is placed in backwards position to detect magnetic 

flux in other direction. 
A ring of magnets was built to represents the rotor magnets and this ring was placed at the engine 
external side of the engine. The Figure 11,12 and 12 show the magnets ring, the Hall sensors and 
where they were placed. 

 

 
Figure 11 - Electric motor with sensor 

Hall and magnets ring 

 
Figure 12 - Sensor array 

 

 
 

 
Figure 13 - Magnets ring 

 

 

The controller hardware  

The core of the controller hardware is an ATmega2560 microcontroller within a Arduino 
development system. We prioritize as a development strategy the use of open source hardware 
and software development systems and low cost electronic circuits, as in this phase of the study 

the focus is not on optimizing the control algorithm but creating a flexible hardware and software 
structure that can serve as basis for a more robust development system.  
The controller hardware has the necessary interface to be integrated with the Conversion 
Platform through a high-speed CAN-Bus network linked to the SCADA system.  

CONCLUSION 

The adaption of the 800CC 30HP internal combustion motor with a permanent magnet 

brushless electric motor at the engines shaft transformed it to a hybrid motor. The electric 
motor was designed to drive the car in low velocities and also to work as a starter motor for 
the ICE. The whole system was mounted on a workbench that is part of a platform to convert 
ICE cars to electric. The electric motor driver and electronic control hardware and software 

with magnetic field position feedback of the rotor were designed and implemented using open 
source development environment. Parallel with the design of the electric motor controller a 
study was started to convert the original carburator system into an electronic injection and 
ignition system. 

These design are part of a mayor project to develop technology for a plugin hybrid electric 
car. However, one of the mayor results was the formation of human resources in electrical and 
hybrid vehicle technology to act in specialized automotive services and qualified 
maintenance.  
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This is important as it is predicted that the electrification of the transport sector will provoke a 
change in the traditional automotive industry and will gave rise to non-conventional 
production schemes following the same evolution of the computer industry with the 
introduction of personal computers in end of the twentieth century. The computer industry 

followed a new dynamic trend with the design and fabrication of interchangeable computer 
parts, where it is possible to assembly a personal computer with parts from different 
manufacturers without the predominance of a specific supplier or technology. 
Electric cars in the future will permit that you will be able to select electric motor, battery 

pack and control system from different manufacturers, in more or less the same way that this 
has happened in the computer industry. This can lead to a more flexible production scheme 
where the client can specify parameters like autonomy and driving cost per km. In this new 
market there will also be a special place for the recycling of ICE cars and other specialized 

automotive services that nowadays does not exists. It is expected that the technology 
development here presented will be part of this new era in the automotive industry. 
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