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Abstract
To optimize the propulsion performance and to reduce the mass of electric vehicles, an electronic differential
subsystem might be preferred since the transmission shaft is removed and the motor is directly connected to wheels.
In this research, two motors are used to move 2-Independent-Wheel-Drive of an electric urban bus. In the connection
between the two motors, the control system is required to align the performance of both motors to keep the bus
stable. This study used the fuzzy logic control in Matlab/Simulink to drive the dynamics of the vehicle modeled in
TruckSim. Through calculation, it was found that the maximum lateral speed of the vehicle had the characteristic
speed of 150.36 km/h, with wheel angle conditions and slip angle that occurs are 10 deg and 5 deg. However, the
speed at which the simulation is used is the maximum speed of the bus with a full charge of 70 km/h. After the
simulation, the difference between the yaw rate is ideal, and the actual yaw rate was compared with the yaw rate range
derived from the calculation. In the fuzzy logic control, the difference must be less than the yaw rate range. Simulation
results showed that the control system was able to align the 2-independent motors by considering the yaw rate; thus
the method can improve the dynamic stability of the bus. © 2018 IEEE.
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 Abstract— To optimize the propulsion performance and to 
reduce the mass of electric vehicles, an electronic differential 
subsystem might be preferred since the transmission shaft is 
removed and the motor is directly connected to wheels. In this 
research, two motors are used to move 2-Independent-Wheel-Drive 
of an electric urban bus. In the connection between the two motors, 
the control system is required to align the performance of both 
motors to keep the bus stable. This study used the fuzzy logic 
control in Matlab/Simulink to drive the dynamics of the vehicle 
modeled in TruckSim. Through calculation, it was found that the 
maximum lateral speed of the vehicle had the characteristic speed 
of 150.36 km/h, with wheel angle conditions and slip angle that 
occurs are 10 deg and 5 deg. However, the speed at which the 
simulation is used is the maximum speed of the bus with a full 
charge of 70 km/h. After the simulation, the difference between the 
yaw rate is ideal, and the actual yaw rate was compared with the 
yaw rate range derived from the calculation. In the fuzzy logic 
control, the difference must be less than the yaw rate range. 
Simulation results showed that the control system was able to align 
the 2-independent motors by considering the yaw rate; thus the 
method can improve the dynamic stability of the bus. 
 

Keywords—electric bus, electronic differential, fuzzy logic 
control, yaw rate control 
 

I. INTRODUCTION 

Electric buses have the characteristics of zero emission and 
good economy [1]. Besides, the use of electric buses as public 
transportation has already widespread in the community, but the 
safety of the vehicles is one of the problems at this moment. One 
of the causes of accidents is the incapability of the vehicle when 
maneuvering. Therefore, the controlled powertrain system of 
the bus is developed. In this paper, a powertrain model which is 
used is 2-Independent-Wheel-Drive (IWD), which the bus has 
two motors on its powertrain. 

To control two separate motors working on the bus require 
an electronic differential. The electronic differential has a role 
in regulating the voltage applied to the motor according to the 
given control system. 

In the electronic differential, there is a fuzzy logic system 
that accepts parameters measured through sensors as motor 
speed, longitudinal speed of the bus, and steering angle. 
Through the designed control system, the system can determine 
the required torque as an output of both motors to reach stable 
conditions. 

The using of the electronic differential is more profitable 
than gear differential because it is lighter and has a fast 
response. The transmission of the gear on the differential gear 
makes the time generated in the response become slower. So 
does the weight, on the differential gear, there is a heavy 
gearbox that causes its weight exceeds the electronic 
differential [2]. 

The main purpose of the electronic differential is to respond 
to the motor to stabilize the bus during maneuvering. To 
maintain the stability of the bus, the control in the lateral 
direction is built. The function of the lateral control system on 
the bus aims to regulate the torque of the motor in the bus so 
that the bus could maintain its position of the bus against the 
load or lateral force applied to the wheel. 

Because the existence of two motors that are independent,  
there is a moment where the torque of both motors do not match 
with their positions and conditions while the bus maneuvers. To 
provide an appropriate torque in the maneuvering conditions, 
the control system on the bus is needed. By controlling the 
moment that occurs on the bus, the yaw rate of the bus is 
controlled. Therefore one of the observed parameters from bus 
condition to make stable in maneuvering is the yaw rate of the 
bus. 
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Abstract – The demand for improved fuel economy and the 
request for Zero Emission within cities require complex 
powertrains with an increasing level of electrification already in 
a short-termed timeframe until 2025. According to general 
expectations the demand for Hybrid powertrains will increase 
significantly within a broad range of implementation through all 
vehicle classes as well as on battery electric vehicles (BEV) 
mainly for use in urban areas.  

For a broad acceptance of battery electric vehicles, the 
trade-off between all electric range and battery cost respectively 
weight represents the most important challenge. The all electric 
range obtained under real world conditions most often deviates 
significantly from the nominal value which is measured under 
idealized conditions. Under extreme conditions – slow traffic 
and demanding requirements for cabin heating or cooling – the 
electrical range might become less a question of spatial distance 
but even more of total operation time.  

As long as no sufficient charging infrastructure is available, 
measures for BEV have to applied to avoid “Range Anxiety” of 
the user. This may be additional battery capacity, which is 
increasing cost and weight proportionally to requested range. 
Alternatively, a so-called Range Extender (RE) with internal 
combustion engine (ICE) may be integrated, of course also 
increasing cost and weight, but independent from requested 
driving range. 

In the last years AVL has developed several solutions for 
electrification of the powertrain as well as Range Extenders for 
battery electric vehicles. The different solutions cover REXs 
with Rotary engine, 2- and single cylinder engines derived from 
motorcycle applications. In the present paper the different 
solutions are described and the priorities for application as well 
as practical use are explained. 

 
Keywords – Battery electric vehicle, range extender, serial 

hybrid, internal combustion engine 

I. INTRODUCTION 

In the next years electrification will have a major impact 
on the powertrain of passenger cars. The application spectrum 
will range from simple start/stop systems over various kinds 
of hybrids up to the pure electric vehicle (EV). Although 
market shares for battery electric vehicle are still growing 
slowly, but hybrid technology definitely will come on really 
large scale, in all vehicle segments and all around the world, 
Fig. 1. 

 
Fig. 1. Global production of passenger cars differentiated by propulsion 
technology [1] 

For the pure battery electric vehicle, a severe trade-off has 
to be overcome, which is the conflict between requested 
mileage and battery weight on the other hand. Current electric 
vehicles usually have much wider nominal driving range 
compared to the real life average driving distance which 
usually is much shorter (e.g. in Germany 70-80% is below 50 
km per trip). This means that for daily use additional battery 
weight is carried around in the vehicle without being used. 
Besides battery cost, the portion of battery capacity not 
utilized also is reducing efficiency of the complete vehicle. 
Apart from purely efficiency standpoint it has to be considered 
that BEV-batteries have to have a certain over-capacity to 
avoid the so-called “range anxiety” of the car users who want 
to complete their driving mission without any unexpected 
recharging.   

A very simple and clever solution to overcome this 
conflict is the Range Extender by means of internal 
combustion engine. The most effective technical solution for 
such a Range Extender is largely determined by the ratio 
between pure battery operation and vehicle operation 
supported by an internal combustion engine. With primarily 
battery driven vehicles, the priorities for the RE combustion 
engine have to be set completely different compared to the 
conventional powertrain: NVH, package and weight are the 
most important items whereas the efficiency of the ICE is less 
important due to the low share of ICE operation. Hence, even 
ICE concepts, which are not optimal for pure ICE driven 
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Abstract — Safety is the primary concern in developing 
Electric Vehicles (EVs). Recent accidents on electric vehicles 
involving thermal runaway event have set drawbacks in EVs 
deployment around the world. Battery thermal management 
needs to be considered carefully during the design process. This 
work uses an integrated model of Li-ion batteries starting from 
the electrochemical process in the electrodes. The model is used 
to analyze the effect of both dimensions and materials on 
thermal behavior of Li-ion batteries. The results demonstrate 
that different designs are prone to suffer from the distinct risk 
of thermal runaway event. The results are expected to be a 
guideline to design batteries for EVs.  

Keywords—Electric Vehicles, Battery, Lithium, Thermal 
runaway 

I. INTRODUCTION 

Climate change and global warming are the challenges of 
this generation [1], [2]. These challenges threat the existence 
of our species. This generation will have to come up with a 
solution to this threat to ensure the survival of our species. 
While anyone with a good common sense agrees that EV is 
one of the solutions to climate change and global warming, 
not everyone is convinced to purchase or even use it yet. 
Among the primary reasons are cost, practicality, and safety.  

EV is still expensive relative to the Internal Combustion 
Engine (ICE) based vehicle [3]. The high cost is primarily due 
to the battery. The practicality is also a big issue. The battery 
storage capacity is still limited ranging from 33-100 kWh, 
depending on the manufacturers and the price. Although these 
numbers still need to be increased, these capacities are already 
translated to a good travel range, 180-530 km. However, the 
scarcity of the charging station and the long charging time still 
does not offset the advantage of using the ICE based vehicle.     

In addition to those challenges, safety is another primary 
concern[4]. One would never consider using a vehicle which 
is not proven to be safe. Recent accidents involving EVs have 
set drawbacks in the expansion of EV deployment[5]. This is 
an issue as we try to expand EVs exposure to larger market as 
one of answers for climate change and global warming. 

The vehicle safety is commonly related to the prevention 
from a crash and the crashworthiness[6], [7]. The prevention 
is satisfied by designing a vehicle with excellent 
maneuverability, different sensors to prevent the crash, and 
semi/full autonomous control correction. The crashworthiness 
is designed to avoid harm to the passengers when a crash 
happens. This task is satisfied by designing a strong structure 
yet light and easy to manufacture[8]. The vehicle design also 
includes a safety belt and airbag simulation during crash to 
minimize harm to the passengers. 

Fire hazard is also a safety risk that needs to be eliminated 
in designing vehicles. Fire hazard is usually caused due to the 
batteries or gasoline as both serves as the energy storage in the 
vehicles. Different than ICE based vehicles which need to 
prevent fire hazard from the gas tank, EVs designers focus the 
effort to eliminate fire hazard from the batteries. 

Fire hazard from batteries is due to a thermal runaway 
event[9]. The thermal runaway event is a spontaneous event 
in which the temperature of the batteries increases rapidly 
until it reaches the ignition temperature point of the electrodes. 
Short-circuited electrodes or high temperatures could cause 
the thermal runaway event. When the positive and negative 
electrodes are short-circuited, there is no resistance between 
them. This will cause large electric current flow through 
contact. The large current flow will generate heat at a very 
small location. This will increase the temperature rapidly until 
it reaches the ignition temperature. This phenomenon is called 
the thermal runaway event. 

II. MODELLING AND SIMULATION 

A battery model is created in this work. The model is 
simulated by integrating the electrochemical and heat transfer 
phenomena. [10]–[12] 

A. Electrochemistry 

A Newman Pseudo-2D model is used to study the 
discharge process of a Li-ion battery. This model is the most 
compressive model. However, it requires more complex 
parameter input and is considered as a computationally 
expensive compared to two others models available in 
ANSYS software [13].  
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