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SIMULATION AND VERIFICATION OF TWO-STAGE CONVERTER
WITH SINUSOIDAL FILTER

The paper deals with two-stage converter with uslingct matrix converter for feeding
Two-Phase Induction Motor (TPIM) with or withouttput sinusoidal LC filter. Simulation
and experimental verification of proposed systenprissented. The simulation models
of TPIM and 2° order LC filter are created in computing progranatiab.

SYMULACJA | WERYFIKACJA DWUSTOPNIOWEGO PRZEKSZTALT NIKA
Z FILTREM SINUSOIDALNEM

W artykule przedstawiony jest przeksztattnik matmwyc zasilagcy dwufazowy silnik
indukcyjny. Przeksztaltnik @ pracowa z/bez filtra sinusoidalnego LC lub bez jego
uzycia. Wyniki symulacyjne oraz weryfikacja laboratoryjpazeksztaitnika zasilagego
silnik indukcyjny przedstawione; sv artykule. Modele symulacyjne dwufazowego silnika
indukcyjnego oraz filtra drugiego¢du LC g stworzone wrodowisku Matlab.

1. INTRODUCTION — TWO-STAGE

Such a system usually consist of single-phase geltmverter, AC interlink, HF
transformer, 2-phase converter and 2-phase AC mbtgr to AC interlink direct converter
(cyclo-converter or matrix converter) is the behbice. One of the possible schemes
without transformer and using 2-phase direct matomverter is depicted in Fig. 1, [1], [2].
System with matrix converter and high frequency irlink can generate two-phase
orthogonal output with both variable voltage arghfrency [3] - [5]. Switching frequency
of the converter is rather high (~tens of kHz).c®ithe voltages of the matrix converter
system should be orthogonal ones, the second mloaserter is the same as the first one
and its voltage is shifted by 90 degree. Proposbdme of two-stage two-phase converter
system is shown in Fig. 3a. Basically, it consgdtsingle-phase fast IGBT inverter, and of
two single-phase matrix converters, both in fuldbge connection.

! University of Zilina, Faculty of Electrical Engiagng, 010 26 Zilina, Slovak Republic,
michal.prazenica@fel.uniza.sk

2 University of Zilina, Faculty of Electrical Engingrg, 010 26 Zilina, Slovak Republic,
slavomir.kascak@fel.uniza.sk

3 University of Zilina, Faculty of Electrical Engingreg, 010 26 Zilina, Slovak Republic,
roman.radvan@fel.uniza.sk

Logistyka 6/2011



3470 Michal PRAZENICA, Slavomir KASAK, Roman RADVAN

, HF AC 2-Phase
DC Link =

Ik — i
L] i = DO
T ¥
Fig.1. Principle block diagram of 2-stage DC/AC/A@nverter (without HF transformer)

Since the switches of the inverter operate withdhemmmutation, switches of matrix
converters are partially soft-commutated in theozamitage instants of the AC voltage
interlink using unipolar PWM. Therefore, the exmettefficiency of the system can be
higher as usually by using of classical three-pliagerter.

Inverter of first stage can be connected as:
1. Full or Half - bridge converter,
2. Push-Pull or LLC converter.
Inverter of second stage can be connected as:
1. Full bridge converters connection,
2. Two half bridge ones with central point of tleeice using HF transformer Fig. 2a or
3. Half-bridge ones with central points of the midtad Fig. 2b.
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Fig.2. Circuit diagram of half-bridge convertersstégm with a) central points of AC
source; b) central points of motor loads

The advantage is then less number of semiconddetaces of the converters (four
instead six). Disadvantage of the half-bridge iscaourse, double voltage stress of the
semiconductor switching elements. About to 2-pha€eelectric motors there are many
works, [3], [6] - [8] and others.

2. TWO-PHASE INDUCTION MOTOR (TPIM)

Permanent progress in the field of power electra@uices has given a rise to two-
phase induction machine (TPIM). These machines hawesqual stator windings spatially
shifted by 90 degrees. Supply is carried out by pvase converter with currents shifted 90
degrees in time. By means of this supply a wavefofiifux density rotating in the air gap,
similar to that of the three phase machines, isigced and vibrations and unfavourable
noise are thus suppressed [9].
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Let us consider the equivalent circuit of TPIM. SetiptsD and Q mean phases of
TPIM (first and second). Subscriptss and ps mean negative sequence and positive
sequence of rotating fields in TPIM. Paramet®s X, R’, X" and X,, are stator
resistance, stator leakage reactance, rotor resesteeferred to stator, leakage reactance
referred to stator and magnetizing inductance eesely. K is a ratio of turns of the phase
D over the turns of the pha$@ The negative sequence of rotating field in ajp-ga
suppressed by symmetrical two-phase supply.
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Fig.3. Equivalent circuit of TPIM

The equivalent circuit, Fig. 2, can be describeddiipwing formulas:

deS
+ dgs
Rods 0
d
VD st RDs ds
@)
d r
VQr l//Q I:aQr Iqr - Ka)l/jDr (3)
VDr :% + RDr,idr + Ka)rl//Qr (4)
Flux linkages can be written as:
‘/l = I-sD Qs + I-mD(IQs Qr) (5)
l// = L Ds+ I-mQ(IDs-'-iDr) (6)
(/I = L IQr + LmD(IQs +|Qr (7)
wDr = Lr I LmQ(I Ds Dr) (8)
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In the case of squirrel-cage rotor the rotor vadtagre equal to zero, thus:

Vor =Vp, =0 9)
If z9r is angular displacement between stator and rotes,aken
ds.
W = (20)
dt

is angular speed of the rotor.

An expression for the instantaneous electromagnetique can be obtained by
applying the principle of virtual displacement. $helation (positive for motor action) is
expressed as:

N . N .
Te = p(N_awqudr _N_mwdrlqu (11)

wherep is a number of pole-pairs.
The real TPIM was used with name-plate:
Tab.1. Nameplate of investigated TPIM

PhW) | (V) [nn(rpm) | K (A) | Ty (Nm)
150 230 2730 1.0 0.55

Parameter used in simulation are:
Tab.2. Parameters of TPIM

R[Q | Ry [Q] | X [Q] | Method | Xu () | Lm(H)

19.92 50.1 21.37| Classicpl 374.9 1.1933
X' [Q] Ls [H] L’ [H] Suhr’s 233.5 0.7417
D| 21.37 0.0679| 0.0679 2-phase 457 1.4388
R [Q] R, [Q] | X.[Q] FEM 398.5 1.2599
21.32 51.1 22.3
X9 | LeH] [ L' [H]

Q 22.3 0.0709 0.0709

3. MODELLING OF 2™ ORDER LC FILTER UNDER UNIPOLAR PWM
CONTROL
The harmonic spectrum of output voltage of invertehich is depicted in Fig. 4a is

shown in Fig. 4b. The harmonics in the inverterpotitvoltage waveform appear as a
sidebands, centered around the odd multiples d€bimg frequency. It follows, that output
voltage does not have higher harmonic componersndr the fundamental frequency.
Now is not necessary use the output resonant filteed to fundamental frequency, but it
can be used output resonant filter tuned to switgfiiequency, which is depicted in Fig. 5.

Equations for calculation of LC parameters:
AU 1
|_f =-_—-L Cf :—2
2715, L,.(27zf)
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Fig.4. The output voltage of the 1-phase invertedar bipolar PWM control (a) and its
harmonic content without filtering (b)
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Fig.5. Connection of™ order LC filter between load and two-stage corsert

Considering converter scheme in Fig. 5 then the-stpace equations can be written [10]:

dip _1 . 1
dt L T Upwm ~ ILlL _Euc (12)
du 1. 1 1
ot ct et oo .
dipgs _ 1 U - Ros o0rs ~ Loom dipgr (14)
D
dt  Loos Los 07 Logs dt
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After time discretization of system equations usimglicit Euler's methods
1

iL(i +1) [ iL(i) L Upwm (15)
uc(i+1) [=[-pA]"0 uc(i) |+[3-pA]"0 o0 |O o |Oh
iLOAD (i +1) _iD(Q)S(i) _ LD(Q)M dlD(Q)M
Los dt
where
T 1
i _ (16)
A= l 1 71
C Cl C
0 1 ~Rygs
LD(Q)S LD(Q)S
and
i - inductor current of LC filter
Uc - capacitor voltage of LC filter

ipgs -load current

4. SIMULATION OF TWO-STAGE CONVERTER

Simulation model for TPIM motor load has been niledein MatLab programming
environment. Simulation results of two-stage coterewithout and with % order LC filter
are depicted in next figures.

Simulation and verification of proposed system wealized only with single-phase
two-stage converter and start-up capacitor.

Parameters for simulation:

Uinoc =50 V, Wyacmac= 40 V, busw= 20 kHz, §yac= 35 Hz,

parameters of TPIM used in simulation are showpadrt 2.

- without sinusoidal filter
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Fig.6. Matrix converter output voltage and currewithout LC filter with motor load
(current waveform was fitted to the picture)



SIMULATION AND VERIFICATION OF TWO-STAGECONVERTER... 3475

- with sinusoidal filter

Parameters for simulation:

- Uinpc= 40V, Uymncmar 30 V, fusw= 20 kHz, §iac= 20 Hz,
- parameters of TPIM used in simulation are showpart 2.
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Fig.7. Matrix converter output voltage and curremith LC filter with motor load
(current waveform was fitted to the picture)

Simulation results were compared with experimemaasurements and the results give
good coincidence (see next part).

5. EXPERIMENTAL VERIFICATION

Experimental verification has been done using sipdlase bridge inverter and single-
phase bridge matrix converter for test rig systéhere is shown test rig in fig. 8. The first
power stage — inverter is integrated type of FauclkrSB50450T, the second one is
assembled of classical IGBT devices type of IRGABKIA. It is also possible to use
bidirectional switches. The whole test rig system dontrolled by Freescale DSP
56F8013DEMO.

Fig.8. Physical model of two-stage converter
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The output quantities of the two-stage converted aRIM load, i.e. its voltage and
current, are presented in next figures.
Tek i @ Stop M Pos -2.200ms  TRIGGER
+*

Type

Source
CH4

+

Slope
Rising

Muode

Caoupling

CH2 20.0% 1 2.00rms CHA 7 184md
CHA 100ms  26-5ep-11 1806 2.01443kHz

Fig.9. Matrix converter output voltage (blue) andrent (green) without LC filter with
motor load

We use LC filter with parameters:
L= 1.1 mH,
Ci=1uF,
fD = 4.8 kHz.
for working range 20 Hz — 50 Hz.

Tek e @ Stop k4 Pos: 2.430ms TRIGHER
Type

Source

Slope
Rising|

Mode

Coupling

CH2 20,00 1 500rms CH2 & —35.2%
CH3 2000 26-5ep—11 1336 < 10Hz

Fig.10. Input (magenta) and output (blue) voltadg&. G filter
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CHZ 500 14 5.00ms CHA 7 20.0mb
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Fig.11. Output voltage (blue) and current (greefhjwo-stage converter with LC filter and
resistive load
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Fig.12. Output voltage (blue) and current (greefjwo-stage converter with LC filter and
motor load

6. CONCLUSIONS

This paper has discussed modelling, simulationraadsurement of proposed system -
two-stage converter"%order LC filter and two-phase induction motor.

Simulation results of two-stage converter with L@tef shows, that designed
parameters of LC filter confirms good quality aftput quantities (voltage and current).
Change of parameters of LC filter (change of damggdiequency) it can influence shape of
output quantity. Measurement shows that there tsphase shift between the input and
output voltage of LC filter (Fig.10). Current wawei in connection with LC filter has a
smaller distortion and create less EMI.

Using of 29 order LC filter is suitable for feeding devices ieth requires harmonic
input voltage.
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