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Abstract — The majority of testing cycles for the vehicle
comparison is the long-term cycles and could not be used for the
short-term transient mode imitations. Also, all the used nowadays
testing cycles were designed for internal combustion engine
vehicles and take into account not only energy and mechanical
aspects, but also pollution and internal combustion engine
characteristics. The paper presents a collection of sample signals
developed to explore and simulate multiple system impacts to
emulate different reference and load conditions. The study
describes the major driving modes, such as the constant-speed
cruising, speeding up and braking, typical parking regimes,
uphill and downhill motion, and taking a turn. The developed
testing equipment and software are described. Responses of the
battery vehicle drives to the changeable controls and
disturbances were studied in the laboratory test bench. The set of
test cycles prepared in the frame of the ABB control arrangement
was applied to the system evaluation and assessment. The
developed methodology can be recommended to adjust the
electric drives for different kinds of testing equipment.
Experimental validation of the described approach has
demonstrated the broad possibilities for the steady-state and
transient modes of vehicle quality evaluation. It suits for
recommendations that can be made with regard to the tuning of
the drive regulators, control looping, sensor allocation, and
feedback arrangements.

Keywords — Automotive applications; Electric vehicles; Test
equipment; Variable speed drives.

I. INTRODUCTION

There is no order of merit or checklists of essential
requirements appropriate to every electric drive or even to
most of them. Such demands are very diverse for a broad
range of driving applications. Also, the relative weighting of
importance of various features should alternate among
particular areas. As the drive use differs according to the field,
such properties as the steady-state and transient accuracy,
speed range, surge resistance capability, weight, or size are
often decisive properties. In this connection, the problem can
be considered from two points of view. The former deals with
rational economic and technical judgments whereas the latter
involves  specific  electromechanical and adjustment
estimations. This paper studies the electric drive of automotive
applications, particularly hybrid electric vehicles and electric
vehicles (HEV/EV) for which a specific test bench has been
designed.

According to a recent literature review concerning the
HEV/EV drives, drive quality is mostly estimated from the
viewpoint of economic and technical efficiency. In [1], [2], [3]

the first feature of propulsion quality is the capital cost. The
major problem in [4] is the drive power density resulting from
the system size and weight. The third integral mark strongly
associated with the capital cost of HEV/EV is the drive
reliability. For this reason, the squirrel-cage induction motors
and the permanent magnet reluctance motors are
recommended in [5] — [8] as more reliable and required less
maintenance than any other machine. Moreover, many studies,
for instance [9] — [15], discuss the efficiency as the significant
factor of the HEV/EV drive quality. In order to validate most
of these indicators in the test benches the New European
Driving Cycle (NEDC) is commonly used ([4], [5], [16], [17]).

Conversely, effective control considerations have not found
proper attention in literature. Nevertheless, the control quality
above all affects the vehicle mobility, driving suitability and
ease, parking accuracy, and cruising stability. Therefore, focus
in this paper is mostly on the requirements related to control
restrictions and tuning possibilities of the HEV/EV propulsion
drives. The goal is to propose a methodology for adjusting the
electric drives under the test cycles different from the standard
NEDC. By estimating the drive responses, the discussed
methodology helps to measure the steady-state and transient
vehicle quality and to recommend approaches to the drive
regulator tuning, control looping, sensor allocation, and
feedback arrangements.

Firstly, the set of specific HEV/EV motor drive estimations
is specified. Next, some conventional drive control signals are
described and their implementation in the scope of the ABB
arrangement is proposed. Finally, some examples of the
developed methodology are shown and recommendations are
given about the use of the described approach for the drive
designers and consumers.

II. QUALITY ESTIMATIONS OF THE HEV/EV DRIVES

To qualify the HEV/EV drives, different indicators have
been proposed. In terms of controllability, a drive must have
acceptable performance with regard to both the steady-state
operation and the transient responses [18]. The steady-state
operation is concerned with the accuracy of control and how
closely the vehicle follows slow excursions of the control
signal.

Important steady-state estimation is the rate of the system
response to rapid input and load changes [19]. In power
converters, the overload capacity is restricted by their heat
dissipation features. Typically, for the semiconductor devices
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it is relatively small, but for the electrical machines this value
is significant enough. The rated overload capacity of motors
represents the ratio of their maximal and rated torques
indicated in the datasheets whereas the practically reachable
value depends on the actual control possibilities of the
particular drive design. The torque rise time of the open-loop
systems is about 10 ms whereas this parameter for the closed-
loop drives is within 1 ms. The speed rise time is usually by an
order greater. When determining the transient responses, the
physical properties of the drive subsystems are of primary
importance.

A speed range is another important index showing the ratio
of the maximal motor speed to its minimally accessible level
over the full area of disturbances[20]. In particular, to
measure the speed adjustment range, the drift of the load
torque should be within the expected maximal and minimal
levels.

Speed regulation is also a specific feature of the drive
operation. It deals with the fractional reduction of speed upon
the variable load torque [21]. Nearby the zero speed regulation
can be realized by the use of frequency-controlled
synchronous motors or with the help of induction motors in
the closed-loop control systems with a tachometric negative
feedback. A rigorous specification for speed regulation may be
refused in an acceptance of loss of efficiency or loss of
power/weight ratio.

For various HEV/EV vehicles, the dynamometer test cycles
are employed in type-approval tests for emission certification.
Such test cycles are as follows: the NEDC used in Europe,
JCO08 applied in Japan, the UDDS (FTP-75) used in the United
States. The NEDC cycle includes four urban driving cycle
(ECE R-15) segments characterized by the low vehicle speed
and low engine load, followed by one extra-urban segment to
account for more aggressive and higher speed driving [22].
The urban driving cycle ECE-R15 is used to evaluate the
tuning quality of the HEV/EV. The cycle has been designed to
represent typical driving conditions of busy European cities,
with a maximum speed of 50 km/h.

Fig. 1 shows the timing diagram of the test bench with
open-loop drive system and applied ECE R-15 cycle. The
speed reference signal is shown here with the dot-line and the
measured speed with the continuous blue line. The main
benefit of ECE R-15 is that it is easy to apply and repeat.

In using the ECE-15R driving cycle for the propulsion drive
system tuning, some problems could be found. First, the
tuning is possible only from the side of speed reference
control. Second, the ECE R-15 has many constant speed cuts
that are very rare in the urban driving, but can be used for
steady-state mode tuning of the propulsion drive system. In
the steady-state mode at the constant parameters, the drive
could be tuned to achieve the best drive performance, but in
the case of variable load, the drive control parameters have to
be retuned according to load variation.
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Fig. 1. Speed profile of ECE-15R driving cycle applied to the experimental
setup.
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Fig. 2. Speed and acceleration profiles of WLTC.

There are some different standardization projects forwarded
to develop the World-wide harmonized Light duty driving
Test Cycle (WLTC), to represent typical driving
characteristics around the world, and to obtain the basis for a
legislative worldwide harmonized type certification test. One
of the programs was launched by the World Forum for the
Harmonization of Vehicle Regulations of the United Nations
Economic Commission for Europe (UN-ECE) to evaluate
pollution and energy consumption [22]. One cut of WLTC is
presented in Fig. 2.

WLTC has some advantages in comparing with ECE R-15.
Firstly, WLTC has less steady-state mode cuts during the test
cycle making it more suitable for the transient analysis.
Moreover, as it is shown in Fig. 2, WLTC has an acceleration
function, which means the transient processes could be
described more carefully and the drive load forces could be
taking into account by using the dynamic torque 75,

do

T, dyn J dt > (1)
where J is moment of inertia of the drive system and da@/dt is
an acceleration. In spite of all WLTC benefits, it is still in
development stage and cannot represent testing cycles for
many typical driving characteristics. Tuning of the vehicle
propulsion drive requires more careful and deep study of the
processes inside the systems.
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III. TESTING SOFTWARE

To estimate the abovementioned indicators, specific test
cycles were designed. The library presents the family of
simple tests that can be adopted to simulate multiple
mechanics, thus allowing the study of different parameters and
load conditions for testing and tuning of the open-ended and
closed-loop drive systems. Fig. 3 shows the developed test.
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Fig. 3. Test cycles: a) constant; b) pulse; ¢) meander; d) triangle; e) trapeze;
f) sinusoidal.

These test cycles could be adopted for both the references
and the loading models of the HEV/EV traction.

A constant set-point shown in Fig. 3(a) is simulated by the
step signal y* of the required level £:

yi=k. )
Using as the speed reference, it imitates a constant-speed
vehicle motion, particularly the stable cruising control mode.
Using as the load reference, it imitates a constant-load vehicle
motion during the highway cruising.

A rectangle pulse reference cycle given in Fig. 3(b) is
represented by the permanent input k within the time slot
te{0; t}, t1<r, where 7 is the signal period. Within the
remaining part of the period a delay is assumed:

{y* =k, te {O; tl}

. 3
y*=0,te{tl;r} ©

Using as the speed reference, is imitates the speed-up and
brake modes of the wvehicle travelling at self-adjusted
acceleration and deceleration. In this way, some typical
parking regimes are provided. As the load reference, this cycle
is typical for constant-rate acceleration and deceleration.

A meander speed reference cycle presented in Fig. 3(c)
corresponds to some specific parking regimes, where the drive
requires fast reversing. It is simulated by the permanent signal

k within the time slot #<t. Within the remaining part of the
period the set-point changes its sign:

{y* =k, te{O; tl}

. 4
v =k, telty; 7} @

As the load reference cycle, it is typical for some variable
speed driving modes.

In a triangle reference cycle, the set-point temporary rises
within the first quarter of the period as shown in Fig. 3(d).
Next, it drops until the last quarter of the period. Finally, it
rises again:

« * T T 37
=y, —klt——| req=; —t . 5
y yZ ( 4j 6{4 4} (%)

As a speed reference, this cycle simulates different driving
modes, such as uphill and downhill vehicle operation,
overtaking, and even the city-cruising between traffic lights.
As a load reference, it imitates the vehicle load during
overtaking, with desired acceleration.

A trapezoidal reference cycle, Fig. 3(e), is a composition of
the triangle and meander reference cycles:

y =k, te{0; tl}

Y =y tein; b

¥ ZJ/Z —k(ty—t,), telty: 1) . (6)
Y ==y el ty)

y* =—y:; +k(z’—t4), te{t4; r}

This speed reference imitates the most conventional city
cruising, particularly between the traffic-lights.

Finally, a sinusoidal reference cycle, presented in Fig. 3(f),
of an amplitude k; changes relatively the constant level & at the
required frequency w=27/7 as follows:

y* =k+k sin(a)t), te {0; z’}. (7
Using this signal, accurate travelling up the gradient and
taking a turn can be effectively simulated using the speed-
reference and load-reference tests.

According to vehicle mechanics [23], the vehicle velocity,
acceleration, the road slope angle, and the rolling friction
mainly affect the vehicle load. This means that during
manoeuvres, such as acceleration and deceleration, turning,
overtaking, and the road type changing (turning from high-
way to country road) the load of propulsion drive is changing.
During crossing the interferences on the road, like puddles or
areas partially covered with ice or sand, the load could
suddenly be changed for short time. Using the developed
cycles, these regimes can be effectively simulated with the
load-reference tests.
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IV. LABORATORY STUDY OF THE HEV/EV DRIVE TUNING

The test bench developed in the Electrical Drives
Laboratory of Tallinn University of Technology is based on
the induction machines. Induction machines, especially the
squirrel cage motors, have high reliability and low
manufacturing cost, though their efficiency and torque density
are not adequate. The test bench incorporates two motor
drives. The testing system is based on the ABB ACS800 with
the M3AA112M GAA 112022-ADC squirrel-cage induction
motor (1455 rpm, 400 V, 50 Hz, 4 kW). The loading system is
built on the ABB ACS611 electric drive, with an induction
motor M3AA132SB 3GAA 138110-ADC (2820 rpm, 400V,
50Hz, 4.7kW). To imitate the mechanical chain of a
HEV/EV, the transmission shaft was used. The remaining
installation equipment such as remote control buttons and
measurement devices was mounted within a specially
manufactured cabinet where interconnections were made
through the cabling equipment. The ABB toolbox
DriveWindow provides the remote control of the tested and
loading drives, their tuning, monitoring, graphical trending,
and registration of the drive parameters. The output data from
the DriveWindow software can be presented and saved in
graphical and numerical forms for the following analysis [24].

To implement the laws (2)—(7), the ABB adaptive
programming methodology and the DriveAP toolkit were
used [25]. The obtained results are presented in Fig. 4 to 13.

TABLE I. ANALYSIS OF DIFFERENT SPEED PROFILES

OF THE TESTED DRIVE.
Speed errors Energy, | Current, | Control
Max, % Mean, % kWh A mode
-0.50 0.12 1.75E-04 | 5.69 DTC
Pulse
-1.06 0.98 2.06E-04 | 5.47 SCALAR
-0.49 0.11 1.49E-03 | 5.72 DTC
Meander
-0.55 0.58 1.69E-03 | 5.42 SCALAR
-0.97 0.05 1.42E-03 | 5.64 DTC
Triangle
-1.47 0.94 1.69E-03 | 5.41 SCALAR
-0.73 0.11 1.44E-03 | 5.66 DTC
Trapeze
-1.13 0.99 1.72E-03 | 5.42 SCALAR
-0.49 0.04 1.38E-03 | 5.64 DTC
Sinusoidal
-1.08 0.96 1.67E-03 | 5.40 SCALAR
1250
= reference
1200 -
—DTC
1150
——SCALAR
1100
£ 1050 !
51000 __j l._
9
& 950
900
850
800
750
1 2 3 4 5 6 7 8 9

Time,s

Fig. 4. Drive speed response profile around 1000 rpm at pulse test cycle.
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Fig. 5. Drive speed response profile around 1000 rpm at meander test cycle.
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Fig. 6. Drive speed response profile around 1000 rpm at triangle test cycle.
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Fig. 7. Drive speed response profile around 1000 rpm at trapeze test cycle.
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Fig. 8. Drive speed response profile around 1000 rpm at sinusoidal test cycle.
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All the tests were conducted in both the sensorless closed- 1500 100,00
loop (DTC) and the open-ended (SCALAR) control modes of 1400 =—DbTC | 500
the testing drive running at different speeds and loads. The 1200 _fzjljr 80,00
1100 e R \ -

trials were initially performed in the closed-loop system under 1000 W 70,00
900 ' ! 60,00

the proportional gain of 10 and integral gain of 0.3 without the 200 !

Speed, rpm
]
]
]
!

derivative gain. The 400 ms time constant of the speed active 700 \ :" """" 2222 E
filter was assigned. Then, the drive was tested at the SCALAR 500 ] ! 2000
control mode with compensated slip; the load frequency value o \e==p=== o 20,00
was raised to achieve revolution speed of 1000 rpm. 200 10,00
Fig. 4 to 8 show the traces of the drive speed responses at 0 - 0,00
2 3 4 5 6 7 8 9

1000 rpm. As it can be seen from the traces, the both systems,
closed-loop and open-ended, are properly tuned. All the
testing cycles are correctly executed. As a result of such
tuning, good controllability of the HEV/EV propulsion drive
could be achieved.

Fig. 10. Drive speed response on variable load of meander profile.

Table I compares the results of the response analysis. The 1500 100,00
. . 1400 =—DTC
Max speed error represents maximal difference between the 1300 —ocalar | 000
speed reference and the real speed response in percent. The 120 & --load | 2%
R KA 70,00
Mean speed error represents the average difference between g 1000 A e 00
. Q N I g x
the speed reference and the real speed response during the Ss0 ____/S N ymmmemen] 5000 ©
. . 700 A ! ©
testing cycle; all values are shown in percent. In the Energy 3 c00 N ,,' 40,00 3
column, the energy consumption of testing drive was s o \\,' 30,00
evaluated. Because of the small power of the testing drive 300 20,00
(4 kW), differences between energy consumption in different 100 10,00
. . 0 0,00
control modes are noticeable. As there were no current spikes s 3 a4 s 6 7 s 9
marked during the tests, the average values of consumed Time, s

currents are presented in in the Current column.

Fig. 11. Drive speed response on variable load of triangle profile.
TABLE II. ANALYSIS OF TESTED DRIVE RESPONSE
ON VARIABLE LOAD PROFILES.

Speed errors Energy, Current, | Control ﬁgg —DTC ;ZOO’EO
Max, % Mean, % | kWh A mode 1300 —Scalar '
2 2 1200 Load 80,00
pul 3.67 0.0097 5.73E-04 | 6.42 DTC Egg === Toac 70,00
ulse S N ———
5.06 -0.0004 5.90E-04 | 7.00 SCALAR S 900 7 N 60,00
< 800 L I 50,00 ©
5.13 0.0006 6.17E-04 | 6.34 DTC g 700 \ i g
Meander o 600 N ’ 40,00 =
3.63 -0.0012 7.77E-04 | 5.86 SCALAR & igg \ / 30,00
. 4.46 0.0000 | 527E-04 | 6.35 DTC 300 == 20,00
Triangle 200 10.00
2.62 0.0003 5.18E-04 | 5.89 SCALAR 108 . O’O
4.83 0.0005 5.80E-04 | 6.31 DTC 2 3 4 5 6 7 8 9
Trapeze Time. s
3.21 -0.0008 5.28E-04 | 5.87 SCALAR ’
. ) 3.79 -0.0001 7.05E-04 | 6.29 DTC
Sinusoidal Fig. 12. Drive speed response on variable load of trapeze profile.
2.39 -0.0003 5.64E-04 | 5.87 SCALAR
1500 o7 100,00 1500 b7 100,00
1400 — . 1400 —
1300 —scalar % 1300 —scalar %
1200 Load 80,00 1200 - 80,00
1100 A A - ==Loz 1100 —. TRl
£ 1000 ———f=" —— 100 £ 1000 TN ———— 7000
S 900 1 ] 60,00 3¢ S 900 / S 60,00 o
-g 388 Eaad \ccccccccccccaaa 50,00 T 8 ggg ————— AN em====1 50,00 ©
2 600 4000 3 2 600 LR §4 40,00 3
(%]
P 30,00 < P N 30,00
300 20,00 300 20,00
igg - 10,00 igg 10,00
0 0,00 0 0,00
2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9
Time, s Time, s
Fig. 9. Drive speed response on variable load of pulse profile. Fig. 13. Drive speed response on variable load of sinusoidal profile.
g p P! p
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Our analysis of the speed responses under the desired test
cycles shows that in the majority of typical driving situations,
the closed-loop control is preferable. At proper tuning, it
results in the minimal steady state errors, thus providing better
controllability, faster rate of the system response, broader
speed range, and higher speed regulation.

Fig. 9 to 13 show the traces of the drive speed responses at
different load cycles under DTC and SCALAR control modes.
As it can be seen from the traces, the open-ended system has
some delay and it makes speed response on different load
smoother, while closed-loop system has some speed spikes. In
Table II the same parameters of the testing drive demonstrates
like it is in Table 1. As analyses show, at the variable load the
open-ended system shows better performance. Speed errors of
the SCALAR control mode are mostly some lower than in the
DTC control mode. Moreover, the consumed energy and
average current are less under the open-ended control mode.

The open-ended control could be preferable for load
response driving modes. It is totally clear that the load of the
propulsion system of the HEV/EV could not be predicted with
a high accuracy, but it is possible to tune the system for the
specific driving modes and to give a possibility to the vehicle
controller in selection the driving mode for the vehicle
depending on the driving terms (e.g. parking, city cruising,
highway cruising, off-road driving etc.).

V.CONCLUSIONS

Literature review shows that tuning of the propulsion drive
of HEV/EV is mostly estimated from the viewpoint of
economical and technical efficiency. The majority of testing
cycles for the vehicle comparison is the long-term cycles and
could not be used for the short-term transient mode imitations.
Also, all the used nowadays testing cycles were designed for
internal combustion engine vehicles and take into account not
only energy and mechanical aspects, but also pollution and
internal combustion engine characteristics.

An effective methodology was proposed to explore the
drive responses under changeable control and disturbance
signals. Using the laboratory test bench, multiple conventional
modes of the vehicle motion were studied. Analysis of test
results shows that the closed-loop control systems are
preferable for speed variable working modes because of
smaller speed response errors and better energy performance.
Under changeable load conditions, the open-ended control
systems could be recommended because of smaller energy
consumption under SCALAR control mode of the propulsion
drive.

The developed methodology can be recommended to adjust
the electric drives for different kinds of testing equipment.
Experimental validation of the described approach has
demonstrated the broad possibilities for the steady-state and
transient modes of vehicle quality evaluation. It suits for
recommendations that can be made with regard to the tuning
of the drive regulators, control looping, sensor allocation, and
feedback arrangements.

32

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 I17).

REFERENCES

[1] Test Facilities for Automotive Research and Development, IKA Institut
fir Kraftfahrzeuge. RWTH Aachen University, FKA
Forschungsgesellschaft Kraftfahrwesen mbH, Aachen, Germany,
2011, 44 p.

[2] F.Marra, D. Sacchetti, A. B. Pedersen, P. B. Andersen, C. Traeholt and
E. Larsen, “Implementation of an electric vehicle test bed controlled by
a virtual power plant for contributing to regulating power reserves,”
IEEE Power & Energy Society General Meeting, San Diego, USA,
2012, pp. 1-7.

[3] F. Abrahamsen, F.Blaabjerg, J.K. Pedersen, P.Z.Grabowski and
P. Thegersen, “On the energy optimized control of standard and high
efficiency induction motors in CT and HVAC applications,” IEEE
Transactions on Industrial Applications, v. 34, no. 4, 1998, pp. 822-831.

[4] Y. Cheng, V.-M. Joeri and P. Lataire, “Research and test platform for
hybrid electric vehicle with the super capacitor based energy storage,”
European Conference on Power Electronics and Applications EPE-2007,
Aalborg, Denmark, 2007, pp. 1-10.

[5] R.Miceli, M. Montana, G. R. Galluzzo, R. Rizzo and G. Vitale, “A test
cycle for the standardization and characterization of electric drives for
electric vehicles — Experimental approach,” International Conference on
Power Electronics, Drives and Energy Systems for Industrial Growth
PEDES-1996, New Delhi, India, 1996, pp. 313-317.

[6] J.Riveros, B.Bogado, J.Prieto, F.Barrero, S.Toral and M. Jones,
“Multiphase machines in propulsion drives of electric vehicles,” 14™
International Power Electronics and Motion Control Conference EPE-
PEMC-2010, Ohrid, Macedonia, 2010, pp. T5-201-T5-206.

[7] T.Letrouvé, A.Bouscayrol, = W.Lhomme, N.Dollinger and
F. M. Calvairac, “Different models of a traction drive for an electric
vehicle simulation,” IEEE Vehicle Power and Propulsion Conference
VPPC-2010, Lille, France, 2010, pp. 1-6.

[8] ABB, Technical Guide No. 1: Direct Torque Control, ABB, Helsinki,
Finland, 2002.

[9] IEC 60034-2-1: Rotating Electrical Machines — Part 2-1: Standard
Methods for Determining Losses and Efficiency from Tests, 2007.

[10] IEC 60034-30: Rotating Electrical Machines — Part 30: Efficiency
Classes of Single-Speed Three-Phase Cage-Induction Motors, 2008.

[11] J. O. Estima and A.J. M. Cardoso, “Efficiency analysis of drive train
topologies applied to electric/hybrid vehicles,” IEEE Transactions on
Vehicular Technology, v. 61, no. 3, 2012, pp. 1021-1031.

[12] F. Abrahamsen, Energy Optimal Control of Induction Motor Drives:
Doctoral Dissertation, Aalborg University, Institute of Energy
Technology, 2000.

[13] P.Angers, “Variable frequency drive testing,” Motor Efficiency
Performance Standards Conference, Sydney, Australia, 2009, pp. 4-5.

[14] C. M. Burt, X. Piao, F. Gaudi, B. Busch and N. F. N. Taufik, “Electric
motor efficiency under varying frequencies and loads”, Journal of
Irrigation and Drainage Engineering, v. 134, 2009, pp. 129-136.

[15] J. Viholainen, J. Kortelainen, T. Ahonen, N. Aranto and E. Vakkilainen,
“Energy efficiency in variable speed drive (VSD) controlled parallel
pumping,” 6™ International Conference on Energy Efficiency in Motor
Driven Systems EEMODS-2009, Nantes, France, 2009, pp. 519-530.

[16] M. Rodi¢, K.Jezernik, M. Trlep, “Use of dynamic emulation of
mechanical loads in the testing of electrical vehicle driveline control
algorithms,” European Conference on Power Electronics and
Applications EPE-2007, Aalborg, Denmark, 2007, pp. 1-10.

[17] C.Lungoci, D.Bouquain, A.Miraoui and E. Helerea, “Modular test
bench for a hybrid electric vehicle with multiple energy sources,” 11®
International Conference on Optimization of Electrical and Electronic
Equipment OPTIM-2008, "Transilvania" University of Brasov, Brasov,
Romania, 2008, pp. 299-306.



Electrical, Control and Communication Engineering

2014/5

[18]

[19]

[20]

[21]

[22]

(23]

[24]

(23]

V. Vodovozov, Electric Drive Systems and Operation, London, UK:
Bookboon, 2012, 102 p.

V. Vodovozov, Z. Raud and T. Lehtla, “A toolbox to design inverters for
automotive applications,” 11™ International Conference on Applications
of Electrical Engineering AEE-2012, Vouliagmeni Beach, Athens,
Greece, 2012, pp. 190-195.

V. Vodovozov and Z.Raud, “A toolbox to design and study
mechatronic systems,” The 29" TASTED International Conference on
Modelling, Identification and Control MIC-2010, Innsbruck, Austria,
2010, pp. 276-283.

V. Vodovozov, Electric Drive Dimensioning and Tuning, London, UK:
Bookboon, 2012, 103 p.

M. Tutuianu, A. Marotta, H. Steven, E. Ericsson, T. Haniu, N. Ichikawa,
H. Ishii, "Development of a World-wide Worldwide harmonized Light
duty driving Test Cycle (WLTC)", Technical Report Informal Document
GRPE-68-03, 68th GRPE, 7-10 January 2014

C. Mi, M. A. Masrur, and D. W. Gao, Hybrid Electric Vehicles:
Principles and Applications with Practical Perspectives, Ist ed. UK:
John Wiley & Sons, Ltd., 2011, 448 p.

Rassolkin, A.; Vodovozov, V., "A test bench to study propulsion drives
of electric vehicles," Compatibility and Power Electronics (CPE), 2013
8th International Conference on , pp.275-279, 5-7 June 2013

ACS800 Firmware Manual. Standard Application Program 7.x, ABB
Inc, 2005, 264 p.

Anton Rassélkin received the B.S. and M.S.
degrees in electric drives and power electronics
from Tallinn University of Technology, Tallinn,
Estonia, in 2008 and 2010, respectively. In 2010
he received Dipl.Eng. (FH) degree in
automatics from the University of Applied
Science Giessen-Friedberg, Giessen, Germany.

His main scientific interests lie in electric
transportation. Since 2010 he is a PhD student
at Tallinn University of Technology

Postal address: Tallinn, Estonia, Ehitajate
tee, 5.

E-mail: Anton.Rassolkin@ttu.ee

Liisa Liivik received Dipl.-Eng, M.Sc. in
Electrical Engineering from the Department of
Electrical Drives and Power Electronics, Tallinn
University of Technology, Tallinn, Estonia, in
1998 and 2000, respectively. She is currently
working toward the Ph.D. degree at the
Department of Electrical Engineering. From
2002 to 2007, she was a lecturer in the
Department of Electrical Drives and Power
Electronics, Tallinn University of Technology.
Her fields of interest are: research, design and
simulation of switch mode converters for
distributed power generation systems.

Postal address: Tallinn, Estonia, Ehitajate tee, 5.
E-mail: liisa.liivik@gmail.com

Valery Vodovozov is a professor of Tallinn
University of Technology, Estonia, from 1997.
He was educated at the Technical University of
Vologda and received his Candidate of Science
degree and Associate Professor and Senior
Researcher academic titles in Electrical
Engineering from St. Petersburg
Electrotechnical University, Russia, where he
worked from 1976 to 2007 as an associate
professor and a senior researcher. His teaching
areas include electric drives, electronics, and
programming of electromechanical and human
informational systems. His areas of expertise

envelop electric drives and power electronics, application of object-oriented
technologies in industry, and Web-based education.

Postal address: Tallinn, Estonia, Ehitajate tee, 5.

E-mail: valery.vodovozov@ttu.ece

Zoja Raud is with Tallinn University of
Technology where she is employed as an
assistant of Department of Electrical
Engineering since 1983. She received her
education in Tallinn Technical University, St.
Petersburg State University, and Institute of
Economics and Management. Zoja Raud
received her PhD in 2012. Her doctoral thesis
was devoted to the development of educational
technologies in the field of electrical drives and
power electronics.

Postal address: Tallinn, Estonia, Ehitajate tee,
5.

E-mail: zoja.raud@ttu.ce

33



