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Abstract: - Matrix converters have attracted an amount of interest over the past 25 years already, but they find ti
after time once again new utilisation. The presented paper deals with the recent concept of hybrid and power spli
traction drive systems. Special attention is paid to electric power splitting. In the investigated system a tract
induction motor is employed. The matrix converter realised on the base of new progressive semiconductor elemen
used to treat the electrically transmitted part of the whole drive energy. This solution is advantageous with regard to
reactive component reduction. The special digital control system consisting of two personal computers is used for
realised test bed.lle matrix converter IGBTs are controlled by means of the designed indirect pulse widt
modulation method.
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1 Introduction systems, whereas a special attention is paid to electric

The matrix converter is a very popular topic today. Until POWer splitting.
now it has attracted mainly academic attention, with
investigation in this field begun in seventies. The very

first attempts to establish the matrix converter 2 Matrix Converter asan Alternative

technology was presented by Gyugyi and Pelly [1]. A : .
significant contribution was given in the late seventies Component of Hyb”d Drive System

when professor Venturini published a paper presenting Enormous expansion of automobile traffic brings new
the topology and some improved control algorithms. By Problems in environmental load and fuel resources
that time the converter was mainly named after the accessibility. Gas emissions of car combustion motors
author as the “Venturini-converter”. After decades of create ecological problems especially in big cities.
spontaneous evolution, ten years ago, the tendency wenUnfortunately development of alternative car drives
towards using the names “direct converter” and “matrix pased only on electric energy stored in a battery brings

the control algorithms only allowed a voltage transfer ., 4ar hi-tech batteries is too low in comparison with

ratio of 50 %. The input current quality was better than ) : :
for traditional drives, but still the input power factor was a fuI_I fuel tank Of. internal combustion motors. It Is
low. In the eighties an improved control strategy was possible to ecologically solve the problem of internal

proposed by Venturini [2]. The voltage transfer ratio combustion motor emissions and low action radius of
was now raised to 87 %, which was proven to be the electric vehicles by using hybrid drive systems. The
theoretical maximum without overmodulation. The input hybrid drive is a complex system resulting from the
current quality was also improved. In the late eighties combination of two or more simple systems that can
space vector modulation schemes were introduced byoperate simultaneously. Hybrid electric vehicles
different authors [3]. Especially Hubert and Borojevic combine electric and other drive or generating systems,
[4] were very active in this field. The space vector gch as internal combustion engines, gas turbines, and

tmhggrtle%gg? vg];tatgs trrggg%r ?gﬂgegﬁa grrfﬁr:oiég(la iI]L;)”ut fuel cells. Hybrid electric vehicles combine the zero
current with adjustable phase angle. So the matrix poIIu_tion _and high efficiency benefits of (_electric
converter switch topology has the cycloconverter traction with the high fuel energy density benefits of an
advantage of lacking a DC link, and hence lacks an €nergy source or thermal engine.

energy store, while offering a potentially unlimited There are various types of hybrid drives [5].
frequency range. The paper deals with the recentPromising is propulsion with electric power splitting

concept of hybrid and power splitting traction drive based on internal combustion engine power splitting
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into two parts. One part is converted into eleghosver 3 Realized Experimental Test Bed

In_a generator, which supplle_s. a traction motor, gjqq) diagram and real implementation of the resaliz
mech_amcally c.onnected' to ‘vehicle wheels, 'and the test bed are shown in Fig. 2. In the considered taes
remaining part is transmitted by electromagneticde : . . . . .

in the air gap to the wheels mechanically withasises _hyb”d_ drive  with elect_rlcal power splltte_r IS
in electric machines. The spliting devices can be investigated. On the realized test bed the internal
realized mechanically by a planetary gear or dtety combustion engine (ICE) is substituted by induction
by a special electric generator. Such system with motor controlled by frequency converter. Similatihe
electric power splitter furnished with a DC motoasv ~ wheels and traction load are substituted by indacti
used for the Czech traction express train unit motor controlled by frequency converter with energy
"Slovenska strela” in the year 1936 [6]. The eleelr  recuperation. The traction motor is of the asynohus

torque split device (see Fig. 1) consists of a BPec yne power splitter is special machine with twiors.

electric generator with both stator and rotor rotat One rotor is with permanent magnets, second one is
The rotor is connected to internal combustion emgin . . . '
with winding and rings.

and its torque is via air gap electromagnetic ferce
transmitted to the stator. The torque and the digipaft

angular speed constitute the mechanically transditt ICE load
power. The remaining part of the internal combumstio
engine power is transformed into the electric poseat model model
represents the input power of electrical transrarssio . . .
treat the electrically transmitted part of the vehbybrid mains matrix mains
drive power, the matrix converter can be employed. converter
. . frequency ~ frequency
Internal Cqmbustlon ——Pp = convertel ~ convertel
engine 2=
S 5 I
o
— — ICE . load
- | | power traction
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Fig. 1. Hybrid drive system with electric poweritpig Fig. 2. Block diagram and real implementation @f test

generator bed for hybrid drives research
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3.1 Power Part

The bidirectional switches are constructednfrtwvo

The power part of the realized matrix converter is anti-serial connected IGBTs in the common collector

installed into an iron frame (see Fig. 3). The psyd
rated power is about 12 kW. On the left top side, t
switching logic and protection and circuit breakars
placed. The current and voltage sensors can bel fonn
the left side in the middle.

The input filter is placed in its bottom pdttconsists
of three coils and star-connected capacitors. Th®ft
frequency can be adjusted by selecting of the nummbe
capacitors used and / or by selecting a branchetoatl
the inductor in the range from about 1 up to 4 kHz.

18 IGBTs

voltage and
current
measurement

drivers

filter

input and output
connectors

Fig. 3. Realized matrix converter power part.

The heat sink is mounted in the middle upat pn
the back side of the frame. In the middle of that lsnk

six diode modules (each made up of two diodes) have
been placed in order to assemble the capacitordbase

clamp circuit (see black modules in Fig. 3).

Fig. 4. Configuration of the semiconductor elements
on the heat sink

configuration. The transistors are split into sroups
according to their emitter potential and into twoups
according to whether they are connected to thetiopu
output side of the converter. The row of transsstor
connected to the output can be seen in the uppeopa
Fig. 3. The first three of these on the left side a
connected with their emitters to the output phas¢hé
middle group to the output phase B, etc.

For each group of three transistors one dnvet is
used. It has an optical interface (three inputs for
switching pulses, one input for an enabling siggad
finally one output for an error signal). The ersignals
are collected in the control rack and in the cdsany
error pulses are disabled on all units. The mostrre
version of the driver unit can be seen in Fig. 5.

Fig. 5. The driver unit for three transistors a¢ tame
collector voltage potential

RACK

' s -i:: |
PC connector, DAC
voltage and current measurement

protections circuits

Fig. 6. The control rack.

The realized converter is connected with an
induction motor, which is one part of a machine set
The set consists of the induction motor, the DChiree
and the small DC machine excited by permanent
magnets, which is used for speed measurements.
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3.2 Control Hardware

407

3.3 System Software

The employed control system is based on two commonThe realized system software serves to shield g u

personal computers (see Fig. 7). The first one (R
is equipped with any multitasking operating systesn
is usual nowadays. It serves for compilation of the
target real-time applications and for monitoring
purposes only. The latter PC is equipped with atimul
I/O PCI card Meilhaus ME-2600i containing 16 A/D
and 4 D/A converters and a 32 bit bidirectionalitdig
I/O port. This card is connected with an exterraadkr
that deals first of all with signal adjusting, pils
generation, and error signal management.

A special unit has been developed for the igeioa
of switching pulses. It is connected to the digdatput
from the I/O card. A kind of 24 bit parallel bus is
implemented, which enables the connection of two
switching units. Some of the signals are used dotrol
and synchronization purposes, 12 signals defingedkes
states of the output bits (switch word bus) andttie
relative times corresponding to particular switchin
words. It is possible to define up to 16 switch rése
on average for every period. The switching unit

from the PC and /O card hardware. This is done by
exact determination of the place where the useuldho
write his algorithms and by defining variables teatve

as gates between application and system softwée. T
kernel of the system software serves for synchatiaia

of the control loop with an externally generated
synchronizing signal, which is connected with ohéhe
special purpose inputs of the I/O card. The frequexi

the synchronization signal can be adjusted in tmérol
rack. According to this signal the kernel repeatestihrts
particular system processes (data conversion,
communication with the monitoring software, keylabar
service routine, etc.) as well as the actual contro
algorithm. The user application can according te th
results of the measurement undertake any necessary
counting and fills to the table of switching evefusthe
regulation period. These tables are then again bged
the system software as input data for routines
programming the switching units. The remaining tisie
used for communication with the host system.

has to be able to generate exact switching patterns

and to be programmed for the next regulation cycle
simultaneously. This is done with a help of thel ghoat
memory which is implemented in the FPGA which is
employed in the switching unit. The controller bkt
switching unit assures that programmed switching

3.4 Monitoring Software

The monitoring program consists of the set of militua
communicating programs programmed in the MatLab,
JAVA, and C languages. However, from the user's

events are saved one after the next to the correctP€rspective it seems to be only one applicatiore Th

positions in the dual port RAM. In this way a FIFO
structure with flexible length is actually creatéthe
value of the last not yet used time part of the

monitoring software enables changing the paraméters
the target system even while the target systenmising
in real time operational mode. It is also possitie

value of the internal timer which is reset at the
beginning of every regulation period and when they
match, the switching words are applied to drivdrthe
optical outputs of the switching unit. Two pieces o
these switching units are employed in the matrix
converter version of the control system.

L Rifimware :
... Stan2002

Fig. 7. Host PC — Target PC concept

of this implementation is the limitation of datarisfer
speed caused by communication between the morgtorin
program and MatLab. Thus, a version running outside
MatLab was also successfully tested.

4 Matrix Converter Control Strategy
Great number of sophisticated strategies of pulséhw
modulation methods, and control algorithms for
induction motor control in terms of various
optimization criteria are known in case of indirect
frequency converters, whereas both the invertertiaad
rectifier can be operated with pulse width modolati
The instantaneous state of both the output anthphe
converter waveforms depends at any time on theckwit
state of the converter power switches S. Suitablels
states sequence of the nine matrix converter sestch
can be indirectly derived from the given switchteta
sequence of the twelve switchers of the indirect
frequency converter as can be seen in Fig. 8 andFi
The matrix converter instantaneous switch estat
matrix S can be afterwards determined by means of the
instantaneous switch state vectsfgc andsgst in form
given by the simplified equation (1).



Proceedings of the 6th WSEAS International Conference on Power Systems, Lisbon, Portugal, September 22-24, 2006 408

R ——4
s

%

Fig. 8. Indirect frequency converter power switches
instantaneous switch state

e,

B SF—F—0——

o oC T

instantaneous switch state schema

S, Sik Shs
S= SABCSRTST = & (SR S Sr) =| Sk
S SR s

5 Simulation and M easur ed Results
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Fig. 9. Indirect frequency converter simplified
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Fig. 10. Typical output voltage and current waveafstharmonic analysis for indirect vector modulatbr20Hz

6 Conclusion

The developed matrix converter control hardware softivare system makes it possible to achieve gréfatoughput
of the digital control system and its variabilifyhe matter consists in the processor throughpuile/th case of the

digital signal processors it can be as far as 10@3vat 16 bit DSP with fixed point, 200 MIPS at 32 DSP with
fixed point, 20-200 MIPS/MFLOPS at DSP with flogipoint only, in case of processors for PC it caach
e.g. 9000 MIPS and 2600 MFLOPS. The results ohdaorethe built-up experimental test bed have prqweger

function of the designed conception of the matronwerter control system and implemented PWM styateg
The proper function of the matrix converter contsgktem is illustrated also by the matrix convexeitage and

current waveforms shown in Fig. .11
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Uin = 310 V,Uqy = 140 V,f = 55 Hz, T,y = 150us
Fig. 11. Comparison of simulated and measured oumtpueforms for indirect vector modulation
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