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under unbalanced grid conditions

KANG Zhong-jian1, CHEN Tian-li2, ZI Shu-wei1,

WANG Sheng-hua3, LIU Xing1, WANG Ping3

(1. Electric Engineering Department, China University of Petroleum, Dongying Shandong 257061, China;

2. China Nuclear Power Engineering Co. Ltd., Zhengzhou Branch, Zhengzhou Henan 450052, China;

3. Electric and Electronic Engineering Department, Chengde Petroleum College, Chengde Hebei 067000, China)

Abstract: By the mathematical model of the pulse-width-modulation(PWM) rectifier and the characteristics of the

unbalanced grid, we propose a new dual close-loop controller for the three-phase rectifier to reduce the second-harmonic

power content on the DC side when the grid voltages are unbalanced. A fuzzy PI control is used in the voltage outer-loop to

improve the speed of the dynamic response. Separate controls for the positive and negative sequence currents are employed

in the current inter-loop with no decomposition of the current. The simulation results show that the proposed controller

adjusts the DC voltage rapidly, reduces the harmonic power content and improves the dynamic performance of rectification

under the unbalanced grid voltage condition.
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2 PWM (Control sche-

me for traditional PWM rectifier)
2.1 PWM (Math-

ematical model of three-phase voltage type

PWM rectifier)
PWM 1 [6].

1 PWM

Fig. 1 Circuit diagram of three-phase voltage type PWM

rectifier

a Sa. Sa = 1 ,

V T1 , V T4 ; Sa = 0 , .

b c Sb Sc.

PWM [7]:

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

L
dia
dt

= Ea − Ria − SaUdc + UN0,

L
dib
dt

= Eb − Rib − SbUdc + UN0,

L
dic
dt

= Ec − Ric − ScUdc + UN0,

C
dUdc

dt
= Saia + Sbib + Scic − iL.

(1)

(1) d, q

PWM :⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

Egd = Rigd + L
digd
dt

− ω1Ligd + Ugd,

Egq = Rigq + L
digq
dt

+ ω1Ligq + Ugq,

C
dUdc

dt
= (Sdigd + Sqigq) − iL.

(2)

: w1 ; Egd, Egq

d, q ; igd, igq
d, q ; Ugd, Ugq

d, q ; Sd, Sq d, q

.

2.2 (Control scheme of tra-

ditional dual-close-loop control )
2 [8],

,

,

,

q 0

.

. ,

,
[9].

2

Fig. 2 Block diagram of traditional dual close-loop control
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3 PWM (Co-

ntrol scheme for PWM rectifier under unbal-

anced grid condition )
3.1 (Analysis of se-

quence component under unbalanced grid con-

dition )
, f

fP fN f0 ,

,

, ,

f = fP + fN = fP
m

⎡
⎢⎣ cos(ω1t + θp)

cos(ω1t + θp − 1200)
cos(ω1t + θp + 1200)

⎤
⎥⎦ +

fN
m

⎡
⎢⎣ cos(ω1t + θN)

cos(ω1t + θN + 1200)
cos(ω1t + θN − 1200)

⎤
⎥⎦ , (3)

: fP
m, fN

m ; θp, θN

.

(3) , f

f = fP + fN = fP
mejω1t + fN

me−jω1t. (4)

d+ d−
, (αβ) (dq)+ (dq)−

3 .

f ,

{
f = Fdq+ + Fdq−e−2jω1t,

f = Fdq+e2jω1t + Fdq− .
(5)

3 (αβ) (dq)+ (dq)−
Fig. 3 Relation between the axis of (αβ), (dq)+ and (dq)−

3.2 PWM ( Con-

trol scheme for PWM rectifier under unbalanced

grid condition)
PWM

4 .

1) .

PI ,

,

PI PI ,

:

ec , ,

Kp, KI; e ec ,

, Kp, KI.

PI

5[10].

4 PWM

Fig. 4 Block diagram of PWM rectifier dual close-loop control under unbalanced voltage condition
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5 PI

Fig. 5 Control flow of parameter self-tuning fuzzy PI

controller

2) .

S = UI∗ =

(EPejω1t + ENe−jω1t)(iPejω1t − iNe−jω1t) =

p(t) + jq(t), (6)

: EP, EN, iP, iN

, p, q .

(6) :{
p(t)=p0+pc2 cos(2ω1t)+ps2 sin(2ω1t),
q(t)=q0+qc2 cos(2ω1t)+qs2 sin(2ω1t).

(7)

: pc2, ps2, qc2, qs2

.

(7)⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

p0 =1.5(EP
d iPd + EP

q iPq + EN
d iNd + EN

q iNq ),

pc2 =1.5(EP
d iNd + EP

q iNq + EN
d iPd + EN

q iPq ),

ps2 =1.5(EN
q iPd − EN

d iPq − EP
q iNd + EP

d iNq ),

q0 =1.5(EP
q iPd − EP

d iPq + EN
q iNd − EN

d iNq ),

qc2 =1.5(EP
q iNd − EP

d iNq + EN
q iPd − EN

d iPq ),

qs2 =1.5(EP
d iPd + EP

q iPq − EN
d iPd − EN

q iPq ).

(8)

EP
d , EP

q , EN
d , EN

q , iPd , iPq , iNd , iNq
.

qc2, qs2 (8) :⎡
⎢⎢⎢⎣

p∗0
q∗0
p∗s2
p∗c2

⎤
⎥⎥⎥⎦=

3
2

⎡
⎢⎢⎢⎣

EP
d EP

q EN
d EN

q

EP
q −EP

d EN
q −EN

d

EN
q −EN

d −EP
q EP

d

EN
d EN

q EP
d EP

q

⎤
⎥⎥⎥⎦

⎡
⎢⎢⎢⎣

iP∗
d

iP∗
q

iN∗
d

iN∗
q

⎤
⎥⎥⎥⎦ ,

(9)

p∗0 ,

; q∗0 ; q∗0 = 0
; ps2, pc2

, , p∗s2,

p∗c2 0. (9) :⎡
⎢⎢⎢⎣

iP∗
d

iP∗
q

iN∗
d

iN∗
q

⎤
⎥⎥⎥⎦ =

2
3

⎡
⎢⎢⎢⎣

EP
d EP

q EN
d EN

q

EP
q −EP

d EN
q −EN

d

EN
q −EN

d −EP
q EP

d

EN
d EN

q EP
d EP

q

⎤
⎥⎥⎥⎦
−1 ⎡

⎢⎢⎢⎣
p∗0
q∗0
0
0

⎤
⎥⎥⎥⎦ ,

(10)

(5) ,

, 2

. ,

PI ,

,

,
K

1 + (s/2ω1)2
,

,

,

, :

Ci(s) =
K

1 + (s/2ω1)2
+ Kp +

KI

s
, (11)

6 .

6

Fig. 6 Block diagram of current inter-loop

6

Gi(s)=
iPd (s)
iP∗
d (s)

=
Ci(s)

K
PWM

(sL+R)(Ts+1)

1 + Ci(s)
K

PWM
(sL+R)(Ts+1)

. (12)

s = 2jω1 (12) Gi(s) =1.

,

, .

6 :

GE(s)=
iPd (s)
EP

d (s)
=

1
(sL+R)

1−Ci(s)
K

PWM
(sL+R)(Ts+1)

. (13)

s = 2jω1 (13) GE(s) = 0.

,
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, .

4 (Simulation results and

analysis )
, MATLAB/

simulink , 2 4

PWM

, 1 .

1

Table 1 Simulation parameters of system

U∗
dc 700 700

EP
abc/V 311.127 311.127

EN
abc/V 0 31.1127

Labc/mH 5 5(2)

C/mF 2.2 2.2

RL/Ω 50 50

4.1 (Simulation results

under balanced grid condition )
PWM

, 7 .

(a)

(b) iabc

7

Fig. 7 Simulation waveforms under balanced condition

7 , PWM

( (THD)=0.01%),

.

4.2 (Simulation re-

sults under unbalanced grid condition )

, PWM

,

5 mH, PWM

2 mH, 8,9

.

(a)

(b) iabc

8

Fig. 8 Simulation waveforms of traditional

dual-close-loop control
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(a)

(b) iabc

9 PWM

Fig. 9 Simulation waveforms of PWM rectifier improved

dual-close-loop control

8 9 ,

PWM

THD 0.33% 0.06%,

,

,

,

,

,

.

5 (Conclusion )
, PWM

,

. ,

,

PI , ,

,

, ,
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