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Introduction Usay = 2/t * Uinax = 0.637 Ujmay - (1)
Classica way of the converson uses DC link
converters. In AC traction application it means: single- uiT
phase traction transformer (50/16.7 Hz), traction rectifier
(4Q), voltage DC link, three-phase PWM traction inverter Uimax |~
and three-phase traction motor, Fig.1:
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Fig. 1. Block scheme for indirect single- to three phase
conversion using converters with DC link Fig. 2b. Fictitious DC link voltage of single-phase supply

On the contrary, the average value of fictitious DC

Main disadvantage of this is bulk and heavy LF ) ) ) )
link voltage in case of three-phase supply, Fig. 3, is much

traction transformer and two serial connected traction ! _
converters, too. One way, how to solve that problem, isto  higher one:
provide supply of traction transformer by much higher

frequency (e.g. 2-10 kHz) on primary side, and to use Usay = 31 * Uimax = 0.955 Uiy - 2
direct converter (type of matrix one) on secondary side, see
Fig. 6 later. Since the first can be solved by various type of But, the average value of two-phase orthogonal

HV converters [2], [7], [11-14], [18], the later one brings ~ System is very close to the three-phase system, and it's
need to use of single- to three-phase matrix converter with ~ important that average value of active power of such a
variable output voltage and frequency (eg. 0-100 Hz).  Systemisconstant, see Fig. 3:

Such a matrix converter denotes itself by input power

fluctuation, because its fictitious DC link voltage and also Uzav = 22/ * Ujrax = 0.9 Uy - ©)
input power are not constant, see Figs. 2a,b:
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Fig. 2a. Fluctuation of single-phase active power

The average value of fictitious DC link voltage will E% 3. Time-waveforms of instantaneous Py, Qe components

then equal:



Inthe Fig. 3 the average active power is[17]:

Pupav 24 . .
= ﬁ :?_([ |a+uB-|ﬁ)~dt' (4)
and average reactive power
T
Qa[}a\/ 24 . .
Qu =g =g iy et (5)

Note: Phases of o and B demonstrate two-phase
orthogonal system.

Direct Conversion from Single- to Three Phase using
Matrix Converter

The matrix converter topology has became well
known after substitution of thyristor-devices in
cycloconverters by switched-off elements acting in high
frequency range, in 70-80-years [1], [2]. One of the main
advantages of that is unity power factor onitsinput side.
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Fig. 4. The basic topology of single-to-three phase matrix
converter

Besides, this converter offers sinusoidal input and
output harmonics, bi-directional energy flow, elimination
of DC-link circuit and decreasing of number of switching
elements of converter in AC/AC drives. The basic
topology of a single to three-phase matrix converter is
showninFig. 4.

Based on this during a half-period of input voltaget >
(0° - 180 the potential of output terminal A is as follows:

+u/2 Sl=turn-on, S2 = turn— off (6a)

-ui/2 S1 =turn - off, S2 =turn - on (6b)
These considerations are the same for

terminals B and C. Line-to-line voltageis:

output

(78)

Uag = (Uao - Ugo)
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Usc = (Ugo - Uco ) (7b)

Uca = (Uco - Uao) (70)

The value of output phase voltage depends on
switching commands as well as the instantaneous val ues of
input voltage as the value of input voltage changes with
given frequency. The reference value of output phase
voltage can be reached by appropriate switching logic.
Some of simulation results, showing power fluctuation in
single-phase system are depicted in following Fig. 5.

Using FACTS (e.g. PAF — power active filter, UPFC
— unified power flow controller, DVR — dynamic voltage
restorer,..) it can be improved unsymmetry and harmonic
content of the input and output currents.

Those FACTS can be connected on input- and also
output side of the matrix converter. Main goal of them is
elimination of power fluctuation of single-phase supply of
the converter.

Middle Frequency (MF) Traction Transformer with
input HV cascade-connected converter

One of the main disadvantages of the classical
system, bulk and heavy LF traction transformer, can be
reduced by using of middle frequency transformer [2],
[14], [19], probably with superconductive winding [20],
[21], [22].

-7.0a
*EL

Fig. 5. Input voltage and output currents of one-to-three phase
matrix converter IM drive [9]

It is true, that superconducting technology will be
used if the applications provide an advantage over
conventional technologies. They must be cost effective
over materials lifetime, including capita costs,
maintenance, reliability and availability. Thisis a basis on
which a discussion about HT superconductive transformer
can be started.

The core of the introduced converter isa HV modular
multilevel converter structure (matrix or classical
connection) [12-15], [19]. With the new converter concept
(Fig. 6) a compact MF-transformer is fed directly by the
single phase converter system which is operating on the
AC line voltage. The concept facilitates four-quadrant
operation and superior line-side behaviour under steady
state and transient conditions. Passive LC-filters at the line
side or resonant tank circuits tuned to the double line-
frequency are eliminated.
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Fig. 6. New converter drive concept with single-to-two phase
matrix converters

Matrix Converter Subsystem with Two-Phase
Orthogonal Induction M otor

A. Matrix Converters with Two-Phase Orthogonal Output
Voltages

The basic scheme of single-phase matrix converter is
shownin Fig. 7.
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Fig. 7. Basic switching scheme of single-phase matrix converter

Relation between output and input voltagesis as:

Vo ®]=[M®]v, ®)] 8
and reciprocally
v ©)]=MOT Vo ®)], 9

where [M (t)] — modulation matrix, [M (t)] transposed

matrix, m, (t) = ti — modulation index, t_, — time of

seq
switched state, with restrictions (10):

ZmKA(T) = Z Myg(T) = Zch (M=1. (10

K=a,b,c K=a,b,c K=a,b,c

Output current can be expressed by differential
equation:
lio®] =[Allio®)]+[B][vo(0] (11)

Simulation results for input frequency fiy= 2kHz and
output frequency fiy= 100Hz are shown in Fig. 8-11.
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Fig. 8. Time waveform of output a-voltage
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Fig. 9. Time waveform of output S-voltage
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Fig. 10. Time waveform of input current
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Fig. 11. Time waveform of output current



B. Moddling of the sysem matrix converter — two phase
orthogonal driving motors

Supposing model of induction type of traction motor
(equivalent scheme of an one phase), the mathematical
model will be the same as model of three-phase induction
motor, see matrix equation bellow.

ia ia VCC
ig ig Vg

dl|. .

a IaR :[A‘m]' IaR +[B|m]' 0 ’ (12)
R R 0

where [Ai] and [B;] are matrix of the parameters of the
driving (induction or synchronous) motor.

The only differences present the exciting voltages,
where v, and v are now output voltages of both matrix
converters.

Experimental Verification of One-to Three Phase
Matrix Converter with Three-Phase Induction M otor

So far, we have experimentally verified just operation
of one-to three phase matrix converter supplied three-phase
induction motor. Carried-out waveforms of output currents
of matrix converter are shown in Fig. 12.
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Fig. 12. Output currents of one-to-three phase matrix converter
drive

The IM parameters are as follows: stator resistance
1,556 Q, rotor resistance 2,08 Q, stator inductance 0,2355
H, rotor inductance 0,2355 H, mutual inductance 0,2265 H,
torque of inertia 0,071 kg.m?, 2 pole-pairs, constant load
torque 0,05 Nm.

Experimental measurements were recorded under the
following conditions. input voltage U= 54V, frequency
of input voltage 50Hz, reference frequency 50Hz,
switching frequency approximately 10 kHz. You can see
that output currents of all three phases are very similar to
those of Fig. 5b.

The works on preparing of experimental verification
of two-phase Matrix converter orthogonal system are in
progress.

12

Comparison of Two-Phase Matrix Converter
Orthogonal Driving Concept with Three-Phase VSI
and Matrix Converter

A. Matrix Converters with Two-Phase Orthogonal Output
Voltages

Needs of power semiconductor devices (PSD) in
basic connection:

2x4 = 8pcs of bidirectional IGBT switches.

Supposing that 1 bidirectional switch represents 2
IGBT and 2 diodes, so, we need actually 16 IGBT + 16 D.

Needs of power semiconductor devices in halbridge
connection:

2x2 = 4pcsof bidirectional IGBT switches,

i.e.81GBT +8D.
Needs of power semiconductor devices with naturally
source  commutation in  hafbridge  connection

(cycloconverter):
2x 4 = 8pcsof fast SCR thyristors.

B. Oneto Three Phase Matrix Converter

Needs of power semiconductor devices in bridge
connection:

1x6 = 6pcsof bilateral IGBT switches,
i.e. 12I1GBT + 12 D.

C. dnglePhase4QC and Three Phase VS Converter

Needs of power semiconductor devices in classic
connection:

4+6 = 10 pcsof smple IGBT switches
+ 10 freewheel diodes.

D. SnglePhase 4QC and Oneto-Three Phase Matrix
Converter

Needs of power semiconductor devices in basic
connection:

4 simple IGBT switches + 4 freewheel diodes,
+ 6 pcsof bilateral IGBT switches,.
i.e. 16 IGBT + 16 D in total.

Conclusions

The concept of two-phase orthogonal matrix
converter system shows an alternative to three-phase
converter or one-to-three matrix converter. The main
differences are:
two-phase orthogonal system needs no-ordinary AC
motor,
three-phase system needs much number of power
semiconductor devices.

Since the problem of AC motor lays on re-arranging
and conditioning of the motor winding, the problem of



higher number of power semiconductor devices seems to
be essential one:

¢ two-phase orthogonal system in halfbridge connection
needs only 66,6 % devices as the one-to-three matrix
converter system (4 bidirectional switches against 6),

¢ the cheapest variant of two-phase sytem is presented by
using of 8 fast SCR thyristors naturally commutated,

e comparing three-phase systems with VSI- and 1/3
matrix converter has been already done in [5]: for
higher switching frequencies (> 15 kHz) is better the
|atter one.

Using of two-phase orthogonal system is
advantageously under condition of hf power supply.
Anyway, this system is a new progressive method which
can be useful for .usage in electric traction or aircraft
applications.
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B. Dobrucky, P. Spanik, M. Kabasta. Power Electronic Two-phase Orthogonal System with HF Input and Variable Output //
Electronics and Electrical Engineering. — Kaunas: Technologija, 2009. — No. 1(89). — P. 9-14.

The paper deals with the direct single- to two-phase conversion system as a new version of classical indirect single- to three-phase
conversion system with DC link. It's supposed that such a system will supply two-phase synchronous or induction motors. The proposed
drive in comparison with currently used conventional drives reduces the number of power switching elements of the converter, aso
heavy and bulky DC link, which increases the drive's dependability and reliability, and brings lower investment in power electronics
used in drive. The system can be used in high power traction application as well asin lower power aircraft application using HF traction
transformer or HF generator, respectively. I11. 12, bibl. 27 (in English; summaries in English, Russian and Lithuanian).

b. Joopyuxn, II. HInanuk, M. KaGamra. MomHnas aAByx¢a3Has OpPTOroHaJbHasi 3JIeKTPOHHasi cucremMa ¢ BY Bxoaom u
nepeMeHHbIM BbIX0/10M // DileKTpoHHKA u diekTpoTexHuka. — Kaynac: Texuonorus, 2009. —Ne 1(89). — C. 9-14.

AHamm3upyloTcs cHocoObl  mpeoOpa3oBaHMs OJHO(A3HOTO TIOCTOSHHOrO TokKa B jByx¢asueld. IIpemraraemas cucrema
npeoOpa30BaHus HCIOJIB3YETCS JUII CHHXPOHHBIX JBHUrarenel. [loka3aHo, 4To Takast CHCTeMa OTIMYAeTCs! MOBBIICHHON HaIe)KHOCTHIO
M 3HAUUTENIFHO YMEHBIIAeT CTOMMOCTh. PEKOMEHyeTCsl Takne CHCTEMBI HCIIONb30BaTh B aBuanuu. M. 12, 6ubn. 27 (Ha aHIIIHHCKOM
s3bIKe; pedepaThl Ha aHTTIMHCKOM, PYCCKOM M JIUTOBCKOM 513.).

B. Dobrucky, P. Spanik, M. Kabaita. Galinga dvifazé ortogonalioji elektroniné sistema su aukstojo daznio jéjimu ir kintamu
is¢jimu // Elektronikair elektrotechnika. — Kaunas: Technologija, 2009. — Nr. 1(89). — P. 9-14.

Nagrin¢jama tiesioginio elektros srovés keitimo i§ vienfazés | dvifaze sistema. Ji analizuojama kaip nauja klasikinio netiesioginio
elektros sroves keitimo i§ vienfazés | trifazg sistemos su nuolatinés sroves grandimi versija. Daroma prielaida, kad tokia sistema tieks
dvifaze srovg sinchroniniams arba indukciniams varikliams. Payginti su dabartiniu metu naudojamas iprastiniy tipy variklias,
sitlomasis variklis sumazina galios komutavimo elementy poreiki keitiklyje, leidzia atsisakyti sunkios ir masyvios nuolatinés srovés
grandies, o tai padidina variklio patikimuma ir efektyvuma. Beto, tai leidzia sumazinti variklyje naudojamos galios elektronikos kaina.
Sistemagali biti naudojamaaviacijoje. 1. 12, bibl. 27 (anglu kalba, santraukos angly, rusy ir lietuviy k.).
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