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Fig1 Circuitry of three-phase voltage
source PWM rectifier

15 HH1 .2006-03 - 14; f&E H 85 :2006 - 06 — 07

R FRAZ R PLA T

MEHS: 1006-6047(2006)11 0087 - 04

A IETF IR, H BB AT 4% PWM B 4% a
b.c =B IR

L ((1;; =u,,—Ri,—u,

L dil) — R ; (1)
dt =Upp— I, — Uy,

L di, =u,.—Ri.—u.

de
R CAR 4 v A3 PWM Ui as a b.c —AHME
16 PRIK
i(s)= Upa(s) =1, (s)

Ls+R
. _ up])(s)_ub(s)
MKS)—444Z;1?§44* (2)
i(s)= Upe(s) —u.(s)
‘ Ls+R

FE ab.c —AHIXTFR, HA5 Y a AL YRR
il AR ] an & 2 s, Herb G (s) LR T AR
&35 BREL , Ko o PWM & 0 #% 10 i K A5 %k, 5
By R G, AR SCEL G (s) N TR H B PLER
5 RE

1 [
Ls+R !

PWM %% i &5 4 FLER 43

A !
,,,,,,,,, Ty - L T o T

B2 s tHRRAFERREER

Fig.2 Principle diagram of inner
current control loop for phase a
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Fig.3 Principle diagram of
outer voltage control loop
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Fig.4 Principle diagram of inner current
control loop with voltage disturbance
compensation for phase a
HI T 4 ATAS a FH R 9 2R 12 38 pR BCR
KOuga (S ) + (KOKI_ 1 )ua (S)

i.(s)= Is (3)
s+R
KK, —1=0, 1% 38 sR AT AL 1R Ry
. _ Kou,, (s)
La(S)—iLHR (4)

HaC(4) T LAE 5L AR RIS A2 S | i iR
PN A i A6 R — A — B 2k R G kAT ) 6T Pl

A B
22 HRAI PLETHET

ARE S X
MR =4 s [Cor .
IR T R i ey

P R RN R 25 ) R

B BT

Gi(s)HL P EBECHTY

1 YEE K, 5 AR

W5 a M
L PN PR ) R EHE [ An 5 T

H L5 RTAS a AH HL I P9 2R P A% 36 R B
KoK s +Ko Ky

Ci(s)= Ls*+(R+KoK,; )s + KoK, )

XEF RN IR ES S E A L, 2R

1E 5% AR Ak TR /N T 45 T R 4 AR A B [ itk

AT DLAR $l IR PN A 1 R 3 ) O R R PTOJE Y

ZH0, “ITAE TERERATEN] 2255 B B R G iR 2= M

M Jo7 F5F 8] B2 L0 14 BB 4 A Fsf (] e LA i3 22 19 AR

B 5 a tHRRE NI Pl
WA RIEAEE
Fig.5 Principle diagram of
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for phase a
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Fig.7 Bode diagrams of inner current
closed loop transfer function
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closed loop transfer function

Fa AR 22 UL RSN ER PLIA T SRS B A
A R4 sl S MBS IERE

10 f

=05

0 05 1.0 15 20 25 3.0 35 40 45
t/s
B o FBIESMEREE I & G B 5 4 B BR 0
Fig.9 Step response of outer voltage
closed loop control

3.1.3 PWM A Z4HA

K10 8 PWM Eiae £ 0~0.2's = AHH
VEAH R o we FIERFERE 4, 0,0 VOB, 11 W E
TR R . BT FE 6=0.1s B iz H 120 Q R
A 60 O, MK 10 AT LLVE I FERASE 1T, =4
FL I T IE 5% Ak IR Fr i b H S A YR R
Z NI E P VS = € = Y N A 1 2
REFE 1/4 A H PN 50 W0 BR B W 48 ) LA B0 b iy 3l 25 i)
N OE 11 0 LR RS ST E
MR E | B B AR/ s 7 T 38 SR A8 AR B | B ) Pl
JEEPE /N JFRETE 1/4 JAI P 58 iU R R 48 72
ELA B 1) B 2 e 17 S R 4S5 11 K A7 B 38R b
1) e

20 T, 7 200

i,/ A
o
=)

u,/V

-200
200

i/ A
=)
w,/V

—-200
200

./ A
=)
S

u./V

-20 . . . I =200
0 0.04 0.08 0.12 0.16  0.20
t/s

10 PWM Z =8 = H R
R EMZBRGE R
Fig.10 Simulation waveforms of phase
voltage and line current of
three-phase PWM rectifier
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Dual closed-loop control for three-phase high-power-factor PWM rectifier
ZHU Yong-liang, MA Hui,ZHANG Zong-lian
(Nanjing Research Institute of Electronics Technology,Nanjing 210013, China)

Abstract: A simplified mathematic model of three-phase high-power - factor PWM (Pulse Width Mo-
dulation) rectifier with voltage disturbance compensation is established,which exactly reflects the
working state and can be easily implemented in the control system design. To meet the control
requirement of the inner current loop,its PI(Proportional - Integral ) regulation parameters are designed
with the optimum ITAE value rule according to the ramp response characteristic,while to meet the
control requirement of the outer voltage loop,its PI regulation parameters are designed with the
optimum step response rule according to the step response characteristic. The simplified mathematic
model and the proposed Pl regulation parameter design methods are verified by simulation and
experiments.

Key words: high power factor; PWM rectifier; dual closed-loop control; PI regulation



