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TEST BENCH WITH SUPERCAPACITOR STORAGE
This paper describes a test bench developed to study and monitor the propulsion drives of electric
vehicles at Tallinn University of Technology. The composition and performance of the setup are explained.
The charging process of the supercapacitor bank is described as an example of the test bench application.
The developed simulation model of the supercapacitor bank is presented and discussed.
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INTRODUCTION
An electric vehicle (EV) represents a transport facility, such as a bicycle, a car, or a train propelled
by an electric motor. The EV is a rather complex system for accurate mathematical description, monitoring,
and validation. However, today much attention is paid to the studies of EVs and their test platforms. The test
bench, combining advantages of software models and real equipment, contributes to the reduction of the
number of vehicle test runs and safe maintenance. Reports on the test benches developed in different
research centres cover energy management [16], [7] optimal configuration [12], [1], [4] and combination of
different energy sources of EVs [11], like the batteries [8], supercapacitor packs [2], [3], [5], flywheels [11],
and fuel cells [17].
The focus in this paper is on the EV propulsion electrical motor drives, which are the main
components of EVs that define their energy efficiency, distance, speed and acceleration performances, and
cost. Results received from the proposed test bench could affect the choice of the propulsion drive
components and the assessment of the particular drive manufacturing technologies. They suit for the
comparison of different models of the propulsion drives in terms of their dynamic performance at start-up
and braking, static stability on the road, energy consumption, reliability, and control suitability. Such
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solutions may help researchers in the selection of the car models and companies to support and in providing
customers with many hidden data of the marketable electric cars.
TEST BENCH DESCRIPTION
The test bench described in this paper facilitates analysis and comparison of EV motor drives from
the viewpoint of their power economical performance resulting in the selection of EVs most appropriate for
regional road and climate conditions. The platform is suitable for exploring different steady-state and
dynamic modes of the motor drive performance in multiple EV applications. The developed simulation and
experimental techniques could be effectively applied to the drives working in many EV motor modes.
The major part of the powertrain of the experimental setup is shown in Fig. 1. The test bench
incorporates two electrical drives, the testing drive ABB ACS 800 and the loading drive ABB ACS 611.
Every drive is equipped with a squirrel cage induction motor and AC/DC and DC/AC converters coupled via
an intermediate DC link. The shafts of the motors mounted on the single base are mechanically coupled
through a cardan transmission to provide their joint rotation. The testing drive is equipped with a speed pedal
to imitate the regular driver’s habits in the case of the vehicle application. Electrical equipment is installed
within a cabling cabinet the front panel of which is occupied by the remote control buttons, control panels,
sockets, and measurement devices [18].
The test bench enables four quadrant smooth load variation of the testing drive, which can be
explored within all possible running and braking modes. By adjusting the loading torque, a wide range of
different EV motion conditions can be simulated on the test bench at different slip values including the
vehicle locking. This is analogous to the braking process of a vehicle whose wheel can rotate freely or be
locked. By applying different loads and slip gains, a variety of driving conditions on the dry, wet, and icy
surfaces can be studied. The testing drive can be supplied with variable voltages and frequencies both in
open and the closed loop DTC (Direct Torque Control) control modes. The loading drive operates only in the
DTC control mode to provide smooth transition between the forward and the reverse torques. Using the ABB
software DriveWindow, it is possible to track, save and analyze the parameters of the booth drives of the test
bench. In addition to the ABB equipment, the test bench is supplied with the speed sensor and the input
energy analyzer.
The testing drive can be calibrated to obtain the speed-torque characteristics of its static and dynamic
performances. To this aim, at the beginning of experimentation an active DC load is applied to the testing
drive to provide an energy flow during the regenerative braking. In this way the test bench is calibrated
correctly for further studies, particularly to study the propulsion efficiency aiming to reduce the drive losses.
To explore dynamic EV performance, the standard urban driving cycle ECE-R15 is used, which represents
an alternating speed of the vehicle in the predefined time intervals. The testing drive based on the ABB ACS
800 has the internal logical controller that allows many speed testing programs to be designed under adaptive
DriveAP programming software.
Diagrams in Fig. 2 were plotted using the DriveWindow toolbox at the constant load of 21 Nm. The
ECE-P15 speed set-point diagram is shown by the dashed lines (Fig. 2.a). The set of speed timing traces
shows that the measured speed values correspond to the speed set-point values. Some inaccuracies in the
corners could be explained by the normal open loop system operation. Inaccuracy during the constant-speed
motion is due to the induction motor slip. Both errors can be eliminated by the transition to the close-loop
operation. Other timing diagrams display the current (Fig. 2.b), power (Fig. 2.c), and active torque (Fig.
2.d) throughout the driving cycle. The power peaks at acceleration could be reduced using the fast operated
storage systems such as supercapacitors.
Results obtained from the test bench can be used to choose the drive components and to assess the
particular drive manufacturing technologies. They are suitable for the comparison of different models of the
propulsion drives in terms of their dynamic performance at start-up and braking, static stability on the road,
energy consumption, reliability, and control properties.
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Fig. 1. Basic circuit of the test bench
TESTING AND SIMULATION OF THE SUPERCAPACITOR BENCH
The possibilities of the test bench could be expanded with the help of additional setups, like
supercapacitor bank storage with an adjustable DC/DC converter that allows comparing different
charging/discharging modes and optimal tuning of the EV supercapacitor energy storage.
An electric double-layer capacitor (EDLC), or just a supercapacitor is a capacitor with high power
destiny, with a capacitance up to kilofarads and high-rate charge/discharge characteristics. The EDLC uses
solid porous carbon on either side of a porous membrane containing a dilute sulphuric acid electrolyte which
is dispersed and is in intimate contact with the high surface area electrode material [15]. Such high surface
area and small charge separation highly increase the supercapacitor capacitance relative to the conventional
capacitors. The electric charge stored in the layer is proportional to the surface area of the electrode and
reversely proportional to the thickness of the double layer. Optimizing the pore-size distribution of the
electrodes improves the high-rate charge/discharge characteristics [9].
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Fig. 2. Sample urban driving cycle ECE-R15 applied to the loaded testing motor
The main benefits of supercapacitors are high specific power and high efficiency, low self-discharge,
long lifetime, and low cost per cycle. The main drawbacks of supercapacitors are: low voltage of a single
device; to increase the voltage several capacitors should be connected in series which decrease the total
capacity [13]. Supercapacitors are now being used in many applications where higher power densities are
required. Among them, the load levelling in EV and hybrid EV, telecommunications built on the short highpower pulses, and power smoothing in elevators [6].
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The developed supercapacitor bench consists of a supercapacitor bank, a bidirectional buck-boost
DC converter and an LC filter. The supercapacitor bank consists of three Maxwell 48V/165F modules
connected in series with a total capacitance of 55F and voltage of 144V. According to [6, 14], from the
viewpoint of efficiency, stability and failure modes tolerance, the dual bidirectional buck-boost interface
topology of the DC/DC converter is more suitable for applications like EVs. The buck-boost converter is
used to decrease DC-link voltage to the supercapacitor range and to limit the charging current. To reduce the
ripple factor, an LC filter is used.

Fig. 3. PSIM simulation scheme of the supercapacitor bench
Many supercapacitor models have been published based on the material structure of the
supercapacitor and their limitations. One of the classical equivalent circuits suitable for slow chargedischarge applications (Fig. 3) was used in this study [6, 14]. It includes the supercapacitors (SC), equivalent
series resistors (ESR) to emulate the internal resistances that occur during charging and discharging, and
equivalent parallel resistors (EPR) to represent the path of the leakage charge which, for supercapacitors, has
a long-term effect.
The diagram in Fig. 4 shows the charging process of the supercapacitor bench supplied from the DC
link with constant duty cycle. As the diagram reveals, it takes about 300 s to charge the superapacitor banks
from the half-rated level to 97%. The normalized voltage swing (Umin/Umax) at open circuit for
supercapacitors is 0.2. It is limited by the electronic circuitry, which does not allow the supercapacitor depth
of discharge (DOD) to exceed 80 % [10]. It means that in real applications the charging/discharging time is
shorter.
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Fig. 4. Voltage and current responses obtained during the supercapacitor charging
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Although the model is widely used, it fails to simulate all the dynamics of the supercapacitor cell.
That is because the capacitance of a supercapacitor is generally not constant, and the charging process
strongly depends on the terminal voltage [6]. Therefore, more accurate supercapacitor dynamic models are to
be used for short-term modelling.
Figure 5 presents some results obtained from the measurements during the charging of the
supercapasitor bank and those from the PSIM modelling of this schemeFig. 5. Experimental and modelling
results.
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Fig. 5. Experimental and modelling results
CONCLUSION
The platform described in this paper provides durability and functional tests to the customers and
helps to solve many other propulsion problems. The results received from the charging tests of the
supercapacitor bank could be used for correct choice, verification and tuning of the real EV with a
supercapacitor. The designed PSIM software could be used for computer simulation of different
supercapacitor charging conditions.
ACKNOWLEDGMENTS. THIS RESEARCH WORK HAS BEEN SUPPORTED BY ESTONIAN MINISTRY OF
EDUCATION AND RESEARCH (PROJECT SF0140016S11) AND EUROPEAN SOCIAL FUND (PROJECT
“DOCTORAL SCHOOL OF ENERGY AND GEOTECHNOLOGY II”).
REFERENCES
1. Alcala I., Claudio A., and Guerrero G., Test bench to emulate an electric vehicle through
equivalent inertia and machine dc, 11th IEEE International Power Electronics Congress CIEP 2008,
Cuernavaca, Mexico, 2008, P. 198203.
2. Cheng Y., Joeri V.-M. and Lataire P., Research and test platform for hybrid electric vehicle with
the supercapacitor based energy storage, 2007 European Conference on Power Electronics and Applications
EPE 2007, Aalborg, Denmark, 2007, P. 1–10.
3. Drabek, P., Streit, L. and Los, M., The energy storage system with supercapacitor, 14th
International Power Electronics and Motion Control Conference EPE-PEMC 2010, Ohrid, Makedonia, 2010,
P. 39–43.
4. Hui, Z., Cheng, L. and Guojiang, Z., Design of a versatile test bench for hybrid electric vehicles,
IEEE Vehicle Power and Propulsion Conference VPPC 2008, Harbin, China, 2008, pp. 1-4.
5. Jannuzzi, D., Improvement of the energy recovery of traction electrical drives using
supercapacitors, 13th International Power Electronics and Motion Control Conference EPE-PEMC 2008,
Poznan, Poland, P. 1492–1497.
6. Jarushi, A. M., Analysis and Modelling of Energy Source Combinations for Electric Veicles,
PhD Thesis, University of Manchester, United Kingdom Faculty of Engineering and Physical Sciences,
2010.
7. Jun, L, Li-Fang, W., Jian, Y. and Gui-Dong, L., Research of a novel flexible load for electric
vehicle test bench, International Conference on Computer and Communication Technologies in Agriculture
Engineering CCTAE 2010, Chengdu, China, 2010, P. 223–226.

Спец. выпуск. Т. 2 № 8 (114) 2013 ЭНЕРГОСБЕРЕЖЕНИЕ • ЭНЕРГЕТИКА • ЭНЕРГОАУДИТ

69

СИЛОВАЯ ЭЛЕКТРОНИКА И ЭЛЕКТРОЭНЕРГЕТИКА

8. Khatun, P., Bingham, C. M., Schofield, N. and Mellor, P. H., An experimental laboratory bench

setup to study electric vehicle antilock braking / traction systems and their control, IEEE 56th Vehicular
Technology Conference VTC 2002, Vancouver, Canada, 2002, P. 1490–1494.
9. Kibi, Y, Ssito, T., Kurata, M., Tabuchi, J. and Ochi, A., Fabrication of high-power electric doublelayer capacitors, Journal of Power Sources Vol. 60, P. 219–224, 1996.
10. Lukic, S. M., Wirasingha,, Rodriguez, F., Cao, J.; Emadi, A., Power management of an
ultracapacitor/battery hybrid energy storage system in a HEV, Vehicle Power and Propulsion Conference,
2006. VPPC '06. IEEE , vol., no., pp.1-6, 2006
11. Lungoci, C., Bouquain, D., Miraoui, A. and Helerea, E., Modular test bench for a hybrid electric
vehicle with multiple energy sources, 11th International Conference on Optimization of Electrical and
Electronic Equipment OPTIM 2008, "Transylvania" University of Brasov, Brasov, Romania, 2008. P. 299–
306.
12. Marra, F., Sacchetti, D., Pedersen, A. B., Andersen, P. B., Træholt, C. and Larsen, E.,
Implementation of an electric vehicle test bed controlled by a virtual power plant for contributing to
regulating power reserves, 2012 IEEE Power & Energy Society General Meeting, San Diego, USA, 2012, P.
1–7.
13. Rassõlkin, A. and Hõimoja, H. Switching locomotive as a part of smart electrical grid, 8th Power
Plant and Power System Control Symposium Power Plants and Power Systems Control, Toulouse, France,
2012. P. 606–609.
14. Rosario, L., Power and Energy Management of Multiple Energy Storage Systems in Electric
Vehicles”, PhD Thesis, Cranfield University, United Kingdom, Department of Aerospace Power & Sensors
15. Schneuwly, A. and Gallay, R., Properties and applications of supercapacitors from the state-ofthe-art to future trends, pp.1-10, Proceeding PCIM 2000.
16. Test Facilities for Automotive Research and Development, IKA Institut für Kraftfahrzeuge,
RWTH Aachen University, FKA Forschungsgesellschaft Kraftfahrwesen mbH, Aachen, Germany, 2011, 4 p.
17. Thounthong, P., Control of a three-level boost converter based on a differential flatness approach
for fuel cell vehicle applications, IEEE Transactions on Vehicular Technology, vol. 61, no. 3, 2012, P. 14671472.
18. Vodovozov, V. and Rassolkin, A., Advanced Course of Electrical Drives: Laboratory works,
Tallinn: TUT Press, 2013, 31 p.

70

Спец. выпуск. Т. 2 № 8 (114) 2013 ЭНЕРГОСБЕРЕЖЕНИЕ • ЭНЕРГЕТИКА • ЭНЕРГОАУДИТ

