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Abstract
This work addresses the design of the electric traction system of an Electric Vehicle (EV) which uses
supercapacitors as the only energy source. The aim of this work is to build a small EV prototype to research
about the feasibility of using supercapacitor based EVs in the public transport of Mexico City. This project
is sponsored by the Institute of Science and Technology of Mexico City. The vehicle uses rear traction
based on a Permanent Magnet Synchronous Motor (PMSM). A small size battery was used to power
ancillary vehicle devices such as lights, instrument cluster and contactors of the energy distribution system.
Simulation and experimental results are presented to validate the design of the traction system.
Keywords: permanent magnet synchronous motor, super capacitors, electric vehicle.

1

Introduction

The electric traction system of the EV is based
on a 3.83 kW, 220/240 V, 12.2 N-m PMSM. The
motor is driven by a 300 V POWEREX inverter.
The DC voltage is provided by a bidirectional
two-phase interleaved DC/DC converter which
steps up the voltage provided by the
supercapacitors (SCs) which are the only energy
source, and steps down the motor regeneratedvoltage during the braking stage. An external SC
charger was designed and implemented. The SCs
are recharged in 5 minutes time providing to the
vehicle the autonomy needed to reach the next
stop where it is recharged again and so on. The
energy distribution system was implemented
with the protections needed.
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Electric Traction System

Fig. 1 illustrates the electric traction system of
the EV. Contactors (1) are closed and (2) opened
when the SCs need to be recharged.

Figure 1: Electric traction system

The SC charger is comprised by the AC source,
rectifier and DC/DC converter. The SCs are
charged up to 144 V at constant current, the
minimum SC voltage is 72 V for that voltage the
SCs have delivered ¾ of their energy. Contactors
(2) are closed and (1) opened during the traction
stage. The DC/DC converter of the SC charger is
unidirectional (step down) while the DC/DC
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converter labelled with a 2 is bidirectional
allowing the energy to flow from the SCs to the
DC bus during the traction stage and from the
DC bus to SCs during the regenerative stage. The
PMSM control was programmed on a
TMS320F28335 DSP system.
The control of the DC/DC converters was
implemented with analog circuits. The Texas
Instruments UCC 28220 integrated circuit was
used to implement the PWM DC/DC converter.
APT100M50J MOSFETS were used as
switching devices with a commutation frequency
of 40 kHz.
The bank of SCs is comprised of six Maxwell
BMOD0165 (165 F, 48V) modules connected in
two parallel branches of three series modules
connected per branch. Fig. 2 illustrates the SC
bank and fig.3 the EV.
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Figure 4: PMSM vector control

mechanical brake was implemented with a second
pedal.
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Dynamic Model of the EV

By analyzing the forces acting during the
movement of the vehicle (see fig. 5) is possible to
get the dynamic model of the EV resulting in the
torque equation (1) describing the dynamic model
of the EV [1]:

Figure 2: Supercapacitor bank
Figure 5: Forces acting on the vehicle
(1)

1
2
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where:
Figure 3: Electric vehicle
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Motor Drive

The motor drive is based on a PMSM vector
control as illustrated in fig. 4. The reference
speed signal is generated by the throttle.
Acceleration and braking stages are controlled by
the throttle, in order to increase the safety a

Jw, Jm, ωm and rd - are the wheel and motor rotor
inertia (N.m.s), angular speed (rad/s) and mean
wheel radius (m) respectively. Fr , Fg - are the total
rolling resistance of the vehicle and the grading
resistance (N.m) respectively. ρ, Af, Cd and M - are
the air density, vehicle frontal area, aerodynamic
drag coefficient and total mass (kg) of EV
respectively. n, eff, Tm and df - are the
transmission gear ratio, transmission efficiency,
traction machine torque and factor proportioning
torque distribution on the rear axle respectively.
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Simulation Results

Fig. 6 illustrates the road angles (see fig. 8a as
well) of the driving cycle used for the
simulations. In order to improve the time that the
computer takes to simulate the system an average
model of the inverter [2] and the PMSM model

reported in [3] were used. Fig. 7 illustrates the
voltage and current responses of the motor for the
speed profile shown en fig. 8b. Fig. 8 illustrates the
vehicle performance under different reference
speeds.

Figure 6: Driving cycle used for the simulation

Figure 7: Instantaneous motor voltage and current values

(a)

(b)

(c)

(d)

(e)

Figure 8: Simulation results of the vehicle performance
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Experimental Results

Experimental tests were carried out by using an
electrodynamometer (ED) as illustrated in Fig. 9.
The ED is comprised by two inverters (Unidrive
SP3201) connected by the DC bus, these
inverters are used to manage the regeneration of
the load machine. The ED control was
implemented on LabView, an NI USB6211 Data
Acquisition Board was used as an interface
between a PC and the Unidrive. The ED is able
to emulate the dynamic load-profile of an EV.
Another PMSM working as a traction motor was
mechanically coupled to the load machine. The
traction motor was driven by a Powerex

PP75T120 inverter which was fed by a TDKLambda GEN 300-17 power supply. Diodes
connected in series with the power supply are used
to block the regeneration from the traction motor
to the power supply. To emulate the regenerative
braking stage of an EV braking resistors are
needed to dissipate the regenerated energy. Vector
control algorithms were programmed on a
Freescale DSCMC56F8357 for the motor control.
Data of the motors are as follows: Control
Techniques servomotors 7.75 kW, 26.35 Arms, 36.9
Nm, 220/240 V, 2000 rpm. Fig. 10 illustrates the
experimental setup as it was implemented in the
lab. The ED allows testing the control algorithms
of the traction motor.

Figure 9. Block diagram of the experimental setup.

Figure 10. Experimental setup
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Fig.11 shows the speed, electromagnetic torque of
the motor, motor power and dc bus voltage. The
EV speed profile used is shown in Fig. 11a.
Variations of the traction motor torque are
illustrated in Fig. 11b. This figure shows the
electromagnetic torque of the traction motor Tem,
the reference torque of the ED Te*_el, and the
torque produced by the load machine Te_el, all of
them correlate very well suggesting that the
system is working as it was expected. The torque
Tem fluctuations of the traction motor are due to
the fact that this signal is taken from a PWM
output of the DSC where the traction motor
control was implemented. The signal was filtered
and then was acquired by a NI USB 6211 to be
plotted finally by LabView along with the other
torques.
Fig. 11c illustrates the power in the shaft of the
traction motor, the negative values corresponds to

the
regenerated
power
from
the
electrodynamometer to the grid (electric traction)
and the positive values are due to the regenerative
braking of the traction motor. The increase of the
voltage in the DC bus of the inverter (see Fig.
11d) that drives the traction motor is due to the
regenerative braking of the EV.
The electrodynamometer load machine was
driven by the Unidrive (Fig. 9) which was
configured in servo mode to control the torque of
the load motor. An analog signal produced by the
NIUSB621electronic board was connected to the
terminal 7 of the Unidrive which was configured
as the input reference torque. The second
Unidrive was programmed to work in the
regenerative mode and its main function is to
work as an inverter. The EV load profile was
programmed in LabView.

(a)

(b)

(c)

(d)

Figure11: Experimental results obtained by using an electrodynamometer (a) EV speed, (b) torque (c) motor power,
(d) DC bus voltage

Fig. 12 illustrates the experimental results by
using the EV. A 2000 rpm reference speed was
set during nearly 7 s resulting in the acceleration
of the EV, afterwards the reference speed is set to
zero and the vehicle moves into the braking stage
and it is finally stopped. Results of Fig.12

correlate well with the simulation results shown in
Figs. 8b and 8c. Regenerative braking results with
the energy flowing to the SCs were not available
and are not included in this paper these will be
presented in a further paper.
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Figure 12: Resultados obtenidos con el EV durante la tracción.
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Conclusions

This paper addressed the design, simulation and
experimental validation of an EV which uses
supercapacitors as the only energy source. The
aim of the Project was to demonstrate the
feasibility of using this type of electric transport
in Mexico City. The SCs might be recharged
during the time spent in the bus stop, that electric
charge must be enough to allow the bus to reach
the next stop where it is recharged again.
Simulation results validate the motor control
algorithms during the traction and regenerative
stages. Experimental results were obtained by
means of an electrodynamometer where the EV
parameters
were
programmed;
some
experimental results by using the EV are also
presented.
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