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Comparison of Three—Phase Voltage—-Source PWM Converters
Using a Single Current Sensor

1__ i Ett#

(Woo-Cheol Lee : Dong-Seok Hyun : Taeck-Kie Lee)

Abstract - This paper presents a technique for reconstructing converter line currents using the information from a
single current sensor in the DC-link of a converter and comparative evaluation of the performance of single sensor
control techniques in the DC-link for voltage-source PWM converters. When three-phase input currents cannot be
reconstructed, three methods to acquire the input current are compared. Two of them are methods of modifying the
switching state (I, II), another is a method of using the predictive state observer. Also, compensation of sampling delay,
and a simultaneous sample value of input currents in the center of a switching period are included. Suitable criteria for
the comparison are identified, and the differences in the performance of these methods are investigated through
experimental results for a typical V-S PWM converter rated at 10kVA.
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{a) When voltage vectors Vo000) and Vi(100) are applied.
{b) When voltage vectors Vi(7171) and Vi(011) are applied.
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(a) When a reference voltage passes one of possible six vectors: (b) In case of a low modulation index:

(c) Example of three PWM-signals for (a);
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(d) Example of three PWM signals for (b).
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Table 2 System Parameters

Parameters Value
input Iinductance(L) 1.3mH
DC-link Capacitor(C) 13000uF

Input Voltage(E) 230V, 60Hz

Load Resistance 14 ohm
Tsamp 200usec

DC-link Voitage 370V
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Fig. 14 Input voltage, current waveforms before & after delay compensation:
(a) The waveform before delay compensation; (b} The waveform after delay compensation;
{c) The spectrum of input voltage in (b); (d) The spectrum of input current in (b).
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Fig. 15 Source voltage and current using unmodified PWM
signals and previous currents detected by a DC
current sensor in the steady state: (@) The waveform
of input voltage, current and reconstructed current;
(b} The spectrum of a input current in (a).
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Fig. 16 Source voltage and current using modified PWM
signals (I} in the steady state:
(a) The waveform of input voltage, current and
reconstructed current;
(b) The spectrum of a input current in (a).

7 Ase ) QHANE ol §¥ P A9 Eyoo
29 16()elH % % Aol THDE 667%°lch.

29 17¢ FEME ATl ARNT £y BT FE
49 W7¥ PWM AZ(DE AHeste PHe 7Y Ao
2 ATHY AFE 29 @A BEe] 29 15 vl
A A9 Uk 1Y 170 Y 1@ HAFY

ZE A8 A HH

THD7} 6.78%9 & HAFH ol 279 YHAME ALET
Aztet A9l Zrt
400V I
ca e TN TN N
~400V T
80A +
- e TN
_80A 1
B8OA 4
- P R . TN
* 2T N
~80A 1 Smsec/div
(a)
30 T e e S
20 {4 b e
A : , , i ! THD 6. 78% :
2 - e e Sk st
8 LU O N O S S
0 IS S N O T
0.8 IH _____
o : I:lllllllllllllll.rllln.:.l.
o 200 400 600 800 1000 1200 1400 1600 1800 2000
(b}
a2 17 HA MEjolM HAZ PWMAISINE AL Al

MMy, HEay

Fig. 17 Source voltage and current using modified PWM
signals (Il) in the steady state: (a) The waveform of
input voltage, current and reconstructed current;

(b) The spectrum of a input current in (a).
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Fig. 18 Source voltage and current using the method of the
predictive state observer in the steady state: (a) The
waveform of input voltage, current; (b) The spectrum
of input current in Fig. 17(a).
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Fig. 19 Step response when load current of 23 A is applied:
(@) When modified PWM signals(l) were used;
(b) When modified PWM signals(ll} were used;
(c) When predictive state observer was used.
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Fig. 20 Starting-up when the reference DC-link voltage is set
370Vdc: (a) When modified PWM signais(l) was
applied; (b) When modified PWM signals(ll) was
applied;(c) When predictive state observer was

applied.
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Fig. 21 Transient response when the step load was applied:
(a) When two input current sensors were used
without feed-forward of load current;
(b) When single current was used with feed-forward
of load current.
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{d) When predictive state observer was used.
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