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Abstract. Electric vehicles are already known but simultaneously new. In the last
decades, an important evolution has been seen in electric energy storage systems, motor
control, and the design of electric motors. The present paper's objective is to illustrate
some examples of laboratory works implemented at the university didactical level. It
emphasizes the importance of choosing an adequate electric powertrain as an integrated
system, but also the role of the powertrain components for the performance of the electric
vehicles. The implementation of the program involves simulation tools for the vehicle
and the powertrain components, but also physical platforms integrating direct current,
asynchronous, and synchronous motors.

1. INTRODUCTION

In recent years, the social context has implied the usage of remote tools and more and
more digital learning scenarios [1]-[2]. But for the preparation of future EV (Electric Vehicle)
specialists, the integration of physical applications in the learning process is a must. EVs are
not a novelty [3], but the preparation for the future requires the development of new
technologies and the integration of new techniques to improve their performance.

For the didactical platforms presented in the actual paper, the first step consists in
offering via simulation [4]-[5], examples of the vehicle and the powertrain behavior. The next
step consists of performing practical experiments on physical platforms [6]-[7]. There is a
possibility to compare simulation and physical results for motor control [8], and torque
distribution [9]-[10] in the case of powertrains with multiple motors, study the influence of
motor efficiency maps [11], improve the energy consumption, and increase the whole vehicle
performance. There is a triple looked-up objective in developing practical applications for
propulsion systems, comparing the results of simulation and physical experiments, and offering
perspectives for dipper research in this area.

Section two gives a general image of the simulation tools and physical platforms used,
while section three gives information on their implementation. The next section presents the
expected results and some examples of the realizations. Finally, the conclusion summarizes the
achievement of the objectives by realizing the educational platforms and perspectives for the
extension of the works.

2. STRUCTURE OF THE WORKS

As specified in the introduction the laboratory works are split into two categories:
platforms using simulation tools, and physical platforms.

2.1 Simulation tools

The finality expected by the usage of simulation tools is to offer rapid results in
controlling the electric powertrain components and the behavior of an electric vehicle.
For the powertrain components, the focus is on:
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- battery and charging process,

- electric motor types and techniques for their control.

A dedicated tool, SIMPLORER, has been used to develop such specific works.

Regarding the vehicle simulation, MATLAB/SIMULINK offers large perspectives.
Once the models are built, the accuracy of results gives satisfaction. However, comparing
different propulsion systems in different EV configurations becomes laborious. An alternative,
also under MATLAB, is more appropriate for rapid results, using ADVISOR. The tool offers
the possibility to build the SIMULINK model for the chosen EV configuration.

2.2 Physical experiments

A model explained in [6] has served as a base for the physical implementation of the
works. Each studied motor is controlled individually and has a dedicated load. The objective is
the control the motor for load coverage.

3. IMPLEMENTATION OF THE WORKS

3.1 Advanced vehicle simulator (ADVISOR)

Several parameters are available for simulation configuration. For the described
laboratory works it is possible to configure the EV, and choose the motor, the electric energy
source, and vehicle load, as presented in Fig. 1.
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Fig. 1. Configuration of the simulated vehicle using ADVISOR

Additionally, the tool allows us to choose a testing cycle or to define one. It is also
possible to modify or use predefined parameters.
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3.2 EV powertrain components simulation

Figure 2 shows the main working screen in SIMPLORER which offers the possibilities
to integrate predefined components (from the left side), build electric schema (as presented at
the top of the figure), and observe the variation of chosen parameters during the simulation
period.
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Fig. 2. Working screen for components simulation

3.3 Physical platforms

The platforms include DC (Fig. 3), asynchronous (Fig. 4 and 5) and synchronous (Fig.
6 and 7) motors.

Fig. 3. Physical platform for DC motors
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Fig. 5. Physical platform for induction motor — controller and measurement tools
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Fig. 7. Physical platform for synchronous motor — measurement tools
4. RESULTS

4.1 Powertrain components simulation studied matters.

1. Acceleration control of a DC PM electric motor:

- realize under simulation a basic power supply schema of PM DC electric motor,

- integrate a hysteresis control for the maximum motor current,

- study the load influence of the motor capabilities in attempting the maximum speed.
2. Control of an Induction Motor (IM):

- realize a basic power supply schema of an IM (Induction Motor) under simulation,
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- control the motor using a constant ratio between voltage and frequency,
- supply the motor from a DC source (battery).

3. Controlling the charging of an electric battery from the power grid
- realize under simulation a constant current charging schema for an RC equivalent
electric battery,
- integrate a hysteresis control for the maximum charging current,
- study the parameters influencing the energy stored and the battery capabilities to move
an electric vehicle.

4. Powering sinusoidal motors from DC sources:
- realize under simulation different investors to provide sinusoidal motors with the
alternative current,
- use PWM signals for frequency control and inverters switches (transistors) command,
- built an SPWM logic to control a sinusoidal motor.

Examples of the implementation of powertrain components using simulation are given
in Fig. 8 and Fig. 9.
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Fig. 8. Implementation of an SPWM logic control
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4.2 Vehicle simulation studied matters.

1. Analysis of different onboard energy storages for EV:
- realize an acceleration testing cycle,
- configure the energy storage for an EV,
- simulate the completion of the test cycle with different energy storages.
2. Vehicle mass influence on the propulsion system:
- realize a comparative study of the capabilities of an electric propulsion system when
increasing its power,
- determine the minimum motor power and torque for a configured vehicle, able to respect
a testing cycle,
- for the chosen testing cycle, determine the dependence of the additional vehicle mass
on the additional power needed for the motor.
3. Propulsion system calculation for the EV:
- from a testing cycle profile, calculate the resistant forces for the EV,
- represent the operating points in a torque speed plan,
- choose the appropriate motor controller for the EV.
4. Electric motor efficiency map influence on the vehicle performance
- understand the efficiency map of an electric motor,
- analyze the vehicle performance using electric motors with different efficiency maps,
- choose the appropriate motor controller for the EV.
The next figures present an example of a four-wheel drive vehicle using a PM
powertrain. In Fig. 10, the image has been obtained directly from the simulation tool and gives
the motor-speed characteristics and the efficiency maps of the motor.
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Fig. 10. Motor characteristics

Figure 11 shows an example of a testing cycle, FTP, used to compare the powertrain
and vehicle performances for different studied parameters. Additional examples are given in
Fig. 12 and Fig. 13 for two battery types used to provide the powertrain energy, one is based
on Li-Ion, and the other on a NiMH battery.
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FTP testing cycle
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Fig. 11. FTP testing cycle (speed — time evolution)
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Fig. 12. State of charge of the Li-lon battery at the end of the testing cycle
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Fig. 13. State of charge of the NiMH battery at the end of the testing cycle

There is the same eclectric motor, same motor controller, and same vehicle. At the end
of the testing cycle (an FTP one), the states of charge of both batteries are analyzed.
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4.3 Physical experiments studied matters.

1.

Physical platform using a direct current motor:

- realize the speed control of a propulsion system using a DC motor,

- respect a driving cycle in parallel with a load cycle,

- calculate the consumed energy, the produced energy, and the efficiency with respect
to a testing cycle.

. Physical platform using an induction motor:

-realize the speed control of a propulsion system using an IM motor,

- use an increasing load when the speed increases,

- calculate the consumed energy, the produced energy, and the efficiency with respect
to a testing cycle.

. Physical platform using a synchronous motor:

- realize energy recuperation with a propulsion system using a Synchronous Motor,

- use an increasing load at a constant speed,

- calculate the consumed energy, the produced energy, and the efficiency respecting a
load cycle.

5. CONCLUSIONS

The results obtained by implementing the presented testing platforms gave

satisfaction in offering multiple simulation tools and physical experiments as a set of
laboratory works for electric propulsion systems.

An immediate extension is expected to integrate additional kinds of motors. An

example of a platform using permanent magnet motors is shown in Fig. 14.

Fig. 14. Physical platform using in-wheel PM motors.

Additionally, the usage of green energy for vehicle energy storage, and a real-scale

EV platform are in preparation for future extensions.
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