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New Control Scheme for 3 Phase PWM AC/DC Converter without Phase Angle
Detection under Unbalanced Input Voltage Conditions
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ABSTRACT

Generally, 3-phase PWM AC/DC converters have been implemented in the synchronous frame model to
eliminate steady state errors effectively and have fast transient response characteristics. However, such
designed controllers have input current harmonics and dec-link voltage ripples under the unbalanced input
voltage because they have been designed under assumption of the balanced input voltage conditions. In this
paper, a new control scheme is designed to minimize harmonic distortions of the input current and dc-link
voltage in converter system under the unbalanced input voltage. The synchronous frame input voltage, which
is considered as input side back-emf component, is regulated pertinently according to the input voltage
conditions. And the current command is selected to eliminate the reactive power and the 2nd order harmonic
component of active power. In this case, the analysis of the input voltage is implemented in the synchronous
frame without phase angle and magnitude detecting of each phase voltage. The proposed control scheme is
simple and effectively minimizes the harmonic distortions in the input and output system under the unbalanced
input voltage conditions.
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Fig. 3 Block diagram of proposed converter system.
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40A
@ ol N A -
404 ]
104
MMJ\«MLJ'\,\
® o - i SR —
404 ]
404
T
© o .
-40A L
404 t
@ oftiomedbnidmlpilioitiiy
404
7 thue(m sec) 1090

(@ & (0) iy (o) & ()3,
a3 8 Quksol WA= HojA| SI|BEAMe| A

Fig. 8 The current waveforms in the synchronous frame
with conventional method.

40A

® o P.N i

-40A

=

(b) A —

~40A L J

40A

«©) P PN AN P
= Pt e e G G

-40A
40A j

() e, PRSP N N L T U .
o Dt e i Caiia i T i g i
i

0 time(m sec) 100

(@) ig (0) 74 (c) &, (d)i,

-40A

a8 9 okt wAloz HOjA| ST|EEA M Nz
o}
Fig. 9 The current waveforms in the synchronous frame

with proposed method.

Q7149 #A¥A 2 79 (@), (Y HIA E/
Mool 948 £y wE WEEL B ¢ Uk 2
H 82 dubHQl WAooz AojA dgF HAFAY 2
A& BFolx, IY 9= AT LYo AojA] dg
% AFARE 9 A% Fgo|th. 1Y 99N BXo
dq% AFABEAE FEHAY 2 23 nx2y FEAY

< AAE7 fs8 Hds) =P9E B 4‘— ATk

I8 102 49 WA o2 oA A 4
AR Holn 1Y 112 As whalo i AojAl ¢



29 98 At sM A4 FZol gl 34 PWM AC/DC AHE Y A2 Ao 718 259

“ NN
AN

S~ S~/
=
AN

40A

(b) o

-4DA
40A

N
F N\
(c) o \x;r/ r/:\w —+

-40A J

o dme(m sec) S0

(a) 7, (b) 4 (¢) i,

O8 10 YUkl giioz HoAl AHMF Ty
Fig. 10 The input current waveforms with the conventio-
nal method.

(,,)W:'\ PN TN j

-40A
40A

\/
o o N TN N

.‘n: V \d/ r; \J/ \J
40A t

© o ot NI ] " /i\h

-40A .|

o Amean sec) %0

(a) 7, (b) 7 () 4,

I 11 Ao YASR oAl YHEF T
Fig. 11 The input current waveforms with the proposed

method.

400V 1

= DN LN N DN

@ T T NN

® o BEVAN I NIVANINAN
WA AR v W

(<) 370V

350‘/0 thme(m sec) 100

(a) E, (b) 7, (c) Vg

I8 12 Yubxol waloz MM T 8H SN
Fig. 12 The transient characteristic wiyh the
conve-ntional method

- 400V )'
NI VAN P
WO N jt N S
-+t
P Y AN ) VA AV
N r\/ NNV
390V ;l[ =
(©) 370V e A = e G e o s i i
3sev [
o tHme(m sec) 100

(a) E, (b) 7, (c) Vg

a8 13 Mokst aiMoz HolA U E8E 54
Fig. 13 The transient characteristic with the proposed
method

fod
B o xfl 2

AF el 19 125 A WAooz A

29823 A7HOkW — 52kW)el 2% # =g
BolFu ¢ 13& §Y 2dA AL
AjojAl stgelch. a9 103 29 12904 =
FAFAGel g JHEAG 3 PHAFIL
m AFa At 27 1z fEol £FH
F gtk 28y 29 103 29 132 993F
Y3 Aol EdEE 23 nx3 JEo] &
AAHANEE & 7 A

dH & o oXx
10, oft Ku o

Ls)

e

]

s o fo mE > Jm > f

M
S

Z

2
o
it

58 &

B =2dME 34 PWM AC/DC #HWE &3
JE o] AVMENE w JFAF FFHA AY
o UYehte nzxa ARS HAagsEy]) 43 2939
Aoj71¥& Adstyet EHE JFALE EUHR
Aol Aol AH A4EN dGEoz BAFozH
JFALe] 94 L AFHZFo| EHAFH, A
AAL duglFol 7t HAN FA] AGEF dE
£8 Aosye T2 F IAG. = FEAY
AE 22k 29 FEAY AEo] Qo] HES 7} A
B AFAERE Faen, ol F/NFRAL
Al GAAF g AFAHEGez gy welA
AFAA] JHAFE AREE BAgA ¥ia% Il
Z23 JAES EHYOE AA FogER Aojrle &
& 7193 & & Jvh At gmElEse By
QA slol A AwrEA AWE A2d"e) WE glo)
e dEAF o AFHI ALE & F AUtk



260 THEFEE R 5% H39 20004 61

|

[11 P. N. Enjeti P. D. Ziogas, and M. Ehsani,
"Unbalanced @PWM  Converter  Analysis and
Corrective Measures”, IEEE-IAS Rec., pp.861~870,
1989.

[21 M. H Rashid, and A. I Maswood, "Analysis of
Three-phase AC-DC Converter Under Unbalanced
Supply Conditions”, IEEE Trans. on 1A, Vol.24, No.3,
pPp.449~455, 1988, May/June.

{31 P. Verdelho, "Voltage Type Reversible Rectifiers
Control Methods in Unbalanced and Non-sinusoidal
Conditions”, JEEE-TECON Rec., pp.479~484, 1988.

[4] P. N. Enjeti and S. A. Choudhury, "A New Control
Stratage to Improve the Performance of a PWM AC
to DC Converter under Unbalanced Operating
Conditions”, IEEE Trans. on PE, Vol8, No4, pp.49
3~500, 1993, Oct.

[5]1 P. Rioul, H Pouliquen, and J. P. Louis, "Regulation
of a PWM Rectifier in the Unbalanced Network
State Using a Generalized Model”, IEEE Trans. on
PE, Vol.11, No.3, pp.495~502, 1996, May.

[6] J]. W. Kolar, H. Ertl, K. Edeimoser, and F. C. Zach,
Analysis of the Control Behavior of a Bi-directional
Three-phase PWM Rectifier System, EPE Rec,
pp.2.295-2.100, 1991.

[7) Eugenio Wernekinck, Atsuo Kawamura and Richard
Hoft, "A High Frequency AC/DC Converter eith
unity Power Factor and Minimum Harmonic
Distortion”, IEEE Trans. on PE, Vol6, No.3, pp.364~
370, 1991, July.

X X & 7

HET A

1974 18 794, 19969 S FAtEL
H7\3&n EA(EAD. 20000 BHeH
M7|Zstn) oistel EZAMAD. B ol
= el

otM ZHEH P K)

Zarat EY(EAD. 19903 & i
A(A A, 19894 ~1998 FEHZSAUF)
221998 F et A 8,

tAR). 1978 & CHEH M7
AMAD. 1986 ME0) et
EA(34). 19844 ~19854
i the m@tm<-, 19884 ~
dZncis metws A B UM o oS



