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ABSTRACT

Power factor and harmonics are increasingly
important for high speed train auxiliary block,

This paper presents experimental results of the
power of two
parallel PWM converter circuits, under various supply
reducing
harmonic content is eliminated by the phase shift

factor and harmonic performance

and load conditions. For harmonics, the
belween lwo converters switching phase.

Experimental results show the usefulness of the
proposed method and applicability 1o PWM converler
in auxiliary block of high speed train.

1. Introduction

Auxiliary block of high speed train consists of
ac/dec  converters, VVVEF  Inverfers, hattery
chargers and CVCF Among this
constitution, the ac/dc converters generally is in
use thyristor phase controlled technigue. This is
the problem with respect to power factor and

inverters.

harmonics in the ac line.

In this paper, a PWM
method of which use high
device such as IGBTs instead of
proposed [or obtaining unit power [actor.

A method of reducing harmonics based - on
switching method is  proposed. The
operation and contro] of a four quadrant PWM

converter control

speed  switching
thyristor are
&3]

parallel

converter [or increasing output power s
proposed in this paper.
Simulation  results  verify that this  control

method is a practically available and effective

way to reduce the harmonics.
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2. PWM Converter
21 A parallel PWM converter

Fig. 1 shows the configuration of a parallel
PWM converter,

Fig. 1 Parallel PWM converter

The voltage equations of each terminal are

given hy eq. (1)

— Rs-{-PLs U Isl - Vcl
im0 g ml vy W

where, F is %

Input voltage of the PWM converter V,, Veare

determined by the output voltage V. and each

switching state. Vi, Vo are expressed as

cVa=8am - Va (2}

Via=8am " Va

Output current of the PWW converter becomes
the eq. (3) by the input cwrrent ol the PWM
converter Iy, I, and the switching state of

—- 543 -



each PWM canverter,

current of the each PWM converter becormes the
eq. (7).
[a'=SAD1'Iﬂ+SAD‘2,'I§Z (3)
Output voltage of the PWM converter is given %7‘ = -ﬁﬁ[LmLk- v, = (L,Ly— Liva + Ll va)
by eq.{4). i :
Tf = _E;}B[L’”Lk s+ Lplpug — (L,L,— L2y 'Ulz]
AV Va.
C p7 =], 70 {4) (7
where, L;=L,+L,, L,=Ly+ L,
For eguation (1}, (2}, (3), {4}, the state equation D=2L,L,+ Lil,
of the parallel PWM converter becomes the eq.
[2-5]
). 2.2 Control of the parallel PWM converter
— Ré SE‘:D‘ Sém Fig. 3 shows a cross section of the transformer
FIRC I A;: R Vi 1 0 o that is used in the experiment.
Isl - 1] Igl + I’s (J;
a | L "1 ATy
2 | B SADE 0 .._ﬁ 2 %
L L —_—
[NE7 ( ;
Fig. 2 is the parallel PWM converter with the 1505 7 7
transfomer for deriving the differential equation : éi_//ff}/ /
of input current of the each PWRJI converter. } & %
T T i
L, K, Fag. 3 Cross section of the transformer
T Y T .
Conserter |* ) .
PR Converter 2 effects converter 1's characteristic
———\_4 because windings are too close one ancther,
while converter 3 and 4 have not effect on
Canverter |* converter 1's  aperation.  Therefore, non-
o 1 . .
: interference algorithm should bhe adopted to
| I
between canverter 1 and 2, 3 and 4 only.
Fig. 2 Parallel PWM converter equivalent circuit

Fig. 4 shows a control system of single phase
PWM ac/dc converter.
To simplify the analysis, it will be assumed

that the transformer winding resistance K,, Ky,

Ry is zere and the inductance generating to the

PWM
transformer secondary part

Converter

V':
is neglected. The
voltage eguation of the Fig2 becomes the eq.

(6).

3 @ ﬂc.
b} e, — vy — i '
vy = Lm_;; + L, s ;-_——5; )
i ali,— iy —1a)
Vo = — Llsl d;l + Lm d? 2 (6)
. . . Fig. 4 Control system of single phase
_ diy d(Zf: — g = 352)
g = — Ll’&‘? at + Lm i

ac/dc converter
Therefore, the differential equation of input Fig. & describes

the method which 15 reducing
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harmonic  of the source cwrent. [t shifts
relerence current to reduce ripple of source
current during parallel operation.

Nen-interference  algorithm  was  used  to
compensate effects of adjacent windings in
transformer including converters., By using the
two PI voltage controller, the divergence cccurs
because PI wvoltage controller integrates srmall
error caused by that of sensor. Teo prevent
divergence stated above, it is adopted a single

voltage controller.®

= = —————— —
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Fig, 5 Control block diagram

3. Simulation

The system specification and parameters are
shown in tahle 1.

Table 1. System specification and parameters
|220/2200v1)

Primary lezkage inductance 0.53[mH]
Secondary leakage inductance( )| 1.62/mH]
Secondary leakage inductancel L) 1.67[mH]

Input transformer turn ratio

Mutual inductance 15.3[mIE]
Quiput voltage 4000V
DC Link capacitor 47000 4]
Switching Frequency 5fkHz]

Fig. 6 is illustrated 3-level switching pattern.
A period of the PWM converter is shifted 0.05
[ims] from the other, where the switching frequency
is AlkHz] and current control pericd fs 100[us]. As the
results, source current harmonics can he reduced.

Fig 7 shows the transient responses of the output

voltage ol the parallel PWM converter in case of
powering. The output voltage of the parallel PWM
converter is perturbed for impact unload but it follows
its reference rapidly by the voltage controller.

R d. 101 o700 0312 9 1e 1z

(b}
Fig. 6 Three-level switching pattern
(a) reference sine wave and carrier
(b) switching pattern

Fig. 7 Transient responses for impact unloading

Fig. & shows ouftput voltage of the parallel
PWM converter and load cwrent wavelorm
varying the load. It follows its reference rapidly hy
the voltage controller

Fig. © illustrates that input voltage and current
is the same phase. Therefore, power [actor Is
near umty for input side,

-~ 545 -



1

§
s
[
i
£
&
3

L
o

i L —/f{ S
AW

T CEED) R ) o a4 R

4]
~8

Fig. 9 Primary voltage and current.

Fig. 10 illustrates the harmonic specttum of
the converter current and the input current.
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Fig. 10 Harmonic spectrum.
(a) primary current
(h) secondary current
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4. Experimenial Result

PWh
Convertar

PWh
Convorler

(" Gata Drivar | '
==

¥ig. 11 System configuration

Fig. 11 shows the system configuration. The
ac/dc IGBT PWM converter is connected
through the inductor to sinuscidal voltage
source(220V, 60Hz), The inductance and
resistance of inductor are 1.5[mH] and 0.18[2].
The  control  circuit  is  constructed  with
DSP(TMS320C31). The input cwrent and output
voltage of the converter are detected by sensors
and they are fed to 12bit A/D converter.

e

Fig, 12 Output voltage waveform of the paraliel PWM
converter varying the reference voltage
(¥-axiz ¢ 0.2 s/div , Y-axis : 65V/div)

Fig. 12 is the output voltage waveformm for the
varying the reference voltage from 350(V] to
400[¥]. The output voltage is well tracking the
relerence voltage,

Fig. 13 is the output voltage and the input
current waveform of the parallel PWM converter
for varying the load from 16kW] to 3.2[kW].
QOutput voltage is tracking relative rapidly for
the reference voltage,



Fig. 13 Output voltage and current waveform of the
parallel PWM converter varying the load

(Y~axis : 0.5 s/div , ¥-axis : 100V/div , 10A/div)

] [
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Fig. 14 The primary voltage and current waveform of
transformer
[¥-axis @ b me/div , Y-axis : 150V/div . 10AA4iv)

Fig. 14 is the primary voltage and current
waveforms of the transformer for showing the
power factor correction.

T I T
X I
}& ¥ dla
Ea
Fig. 15 FIT spectrum for the primary current of the

transformer

Fig. 15 is the FFT spectrum for the primary
current of the transformer.

5. Conclusions

In this paper we performed study on the
harmonic  reduction  of single phase PWM
converter for auxiliary power unit of high speed
train. We obtained satisfactory results to the
cutput veltage control and unit power factor
control for parallel operation system of single
phase IGBT PWM converter. The output voltage
is perturbed for impact load but it follows its
reference rapidly by voltage controller.

Experimental results for a prototype system of
two parallel converter confirm the validity of the
proposed algorithm.
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