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Abstract - Subject of this paper is the simulation, implementation and concept validation of a battery charging device for electrical 
vehicles, using only the on-board components of its drive chain without the need of implementing any additional electrical 
hardware. A description of the concept is followed by a mathematical derivation and simulation of the system behavior. An 
electrical drive chain including motor, power inverter and control unit were implemented on a laboratory test bench to plot the 
characteristic curve of the system and validate the simulation results. The closing part of this paper includes the critical 
interpretation of the test results, as well as an outlook on further steps of increasing the complexity of 
the concept. 
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I. INTRODUCTION 
 

Most battery-charging concepts in the field of electro-
mobility are using additional external or on-board devices 
for rectifying and controlling charging current. These 
devices cause additional costs and weight, take away trunk 
space of the vehicle and ultimately have negative effects on 
their range and provided comfort. These devices usually 
consist of a power rectifier with integrated filter hardware 
followed by a dc/dc power converter to boost the input 
voltage and control the charging current. Now, looking at 
the drive chain of an electric vehicle, we find almost the 
same topology: The coils of the electric machine are 
connected to the bridges of a power inverter that usually is 
used to commutate the dc battery current to the three phases 
of the motor. Connecting a dc power source to one of the 
three phases, it should now be possible to drive the 
transistors of the power inverter in such a way, that the 
inductance of the motor coils and the inverters capacitor 
form a dc/dc power converter that can be used to charge the 
vehicle’s battery. 

The concept of integral battery chargers was reported in 
[1] [2] [3]. This paper takes on a basic and more theoretical 
and analytical approach to the concept of the integral battery 
charger itself. By determining different simulation models 
and obtaining measurement data in a realistic physical 
environment, it shall help obtaining a deeper understanding 
of the system and the concept, and the relations of theory 
and practice. The results of this paper can and shall be used 
as a basis for further development and research. 
 

II. LABORATORY TESTBENCH OF AN ELECTRICAL 
DRIVE CHAIN 

 
To evaluate the charging concept, an electrical drivechain 
was implemented on a mobile rolling table shown in figure 
1. The main components include a Semikron SKAI 45 A2 
GD12-WDI power inverter 5, a rapid prototyping controller 
box from dSpace (Microautobox II) 3 and an Emrax 228 
synchronous permanent magnet motor as electric machine 2. 
A review of different designs of electric engines and their 
characteristics in regard of integrated chargers can be found 
in [4]. Secondary components include a cooling system for 
the power inverter 6, as well as a simple printed circuit 
board (PCB) for communication signal adaptation between 
the inverter and control system. The input source, as well as 
the battery are represented by two Regatron TopCon power 
units. They deliver up to 32kW of power at a maximum 
voltage of 440 V and can be operated as source or sink. The 
model parameters resolve from the datasheets of the used 
components and are shown in table I. 

 
Figure 1. Electric drive chain implemented on a rolling table for testing
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As figure 10 reveals, the average efficiency differs about 10 
- 15% between the areas below and above the critical duty 
cycle of 30%. 

 
Figure 10. efficiency curve of the system 

 
A way more complex problem exists in the concept of 

the electric machine used to provide the inductivity for the 
boost-converter. Driving current through only one phase of 
the machine will lead to a unidirectional electromagnetic 
field in the stator coils. This will eventually result in a short 
moment of torque at the start of a charging procedure, if the 
permanent magnet in the rotor of the machine is not in 
alignment with the field of the current-carrying coil in the 
stator. The further development of the charging concept 
therefore includes the validation of a 3-phase-charging 
method that is designed to avoid any torque generation in 
the electric machine. This can be achieved by remaining the 
angle of the phase currents space phasor constant. A 
detailed description of this strategy can be found in [7]. The 
resulting space phasor of the phase currents resolves to: 
 

   
(26) 

 
The angle Φ of the resulting space phasor is now to be 

held constant, while the angle itself can take on any value. 
A control method for single-phase On-Board chargers using 
torque elimination is described in [8]. 
 
 
 
 
 

VII. CONCLUSION 
 

This paper is presenting the simulation and validation of 
an on-board charging concept for electric vehicles. It 
provides the mathematical modeling and simulation of the 
system behavior in a typical hardware environment of an 
electric drive chain, represented by the chosen model 
parameters. To validate the simulation results, a test-bench 
was implemented to run measurements and proof the 
concept. 

Test results showed good correlation between the 
mathematically predicted behavior and the physical system. 
The test results and occurring problems during the 
measurements where then analyzed and reflected to evaluate 
further steps of concept improvement. This paper delivers a 
foundation for developers and researchers of charging 
concepts in the field of electro-mobility. 
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