#26 K2 /I AN AN Vol.26 No.2
201243 1 Journal of Hunan University of Technology Mar. 2012

doi:10.3969/].i1ssn.1673-9833.2012.02.014

S AR Z R B Y S HLI UPQC k5 72

TER, FEF, TR, BBM, WET
IR Tol k2 HSC 0 TREBE ., WA B 412007)

W OE: AL R AR ZTEIM, RETATRYRAMERG UpQC =4 F ik, % kil
WA BAACT M B AT R AR AR 0 M A R A KA BATdEH 2, bR RIAS A R A xR ag 4 ) 4
R, ARG M T EXRKBHOARE, RY TEREMR, AL REEW, EH &% AMER IR W T fod74)
WEKF, AR ELRRE,

KEER: TAHRTANEE; MER; UPQC: WKW E; LIEKL

FESES: TM714 XEAFRERD: A XERES: 1673-9833(2012)02-0064-05

The Micorgrid UPQC Control Method Based on Variable Constraint Predictive Theory

Luo Xiaodong, Li Shengqing> Li Yong an, Zeng Lilin, He Zhengping
('School of Electrical and Information Engineering> Hunan University of Technologys Zhuzhou Hunan 412007, China )

Abstract: According to the power quality problems in micorgrid, proposes a UPQC control method based on variable
constraint predictive theory. It constructs the convex combination coefficients for the state feedback matrix through on-line
optimization, obtains the current control and determines the corresponding control constraints according to the elliptical
stability domain, which increases the freedom of online solving and reduces computing time. Simulation results show that
the method compensates the harmonic distortions, restrains voltage fluctuation and improves power quality effectively.
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Fig. 1 Equivalent single phase of the UPQC
F R /R R E BT 153 upQC M= PR TT 2 N
x=Ax+Bw+ B,u,
{y —Cx, (1)
w RGN, BN T
u MR ;
» HRGEH
A (1) PR/EATERRN:

w=[U, ], u=[U, U,],

1 0 00O
C= o
[01000}

I 1y, 0 0 0
U, 0 -1/G, 0 0
x=|1|,B=| 0 0 |, B,=|-1/L, ©
1, 0 0 0 1L,
U, | | 0 0 | | o 0 |
[-R /L, -1/L, 0O 0 0 |
/¢, 0 0 1/C, 0
A= 0 0 -R/L 0  -1/L |-
0 -1/, 0 R/L, 0
1/C, 0 1/C, 0 0 |

2 FEEY RN F

2.1 UPQC TRz HliZ it
AR (1) oAbl B o A .
x(k+1)= Ax(k)+ B,w(k)+ B,u(k),
{ﬂm=cwmc (2)
78 2A) RTINS AR S AE AN [ o7 oK i
A AT TR, AEA ISR AR IR LT, KRR
XA R AT, DD oK e A S ], LA
BN RARRAAERIBOER . T 7T, BOT R
W=, B upQe BRI MRS TR 2 #4r, @
AT PR L (o) Sl iR A AL .
X(k+1)=AX(k)+ B,U(k),
{Y(k) — CX(k). (3)
K X(k), Uk), Y(k)H UPQC 5 B R SR A R 2
T AIRAL BS IIAE R 5 Uk) T X (k)73 3 R g A FTR]
PR, T Yo M2 TRESREGES .
M (3) ATF AR A LR RSN A
w IR
FEXT= (3) Bt gy, il R G AR
AR, ATLASEAA I 1 R B R A1)

Ni-1 No-l
Jky= Y |IXtk+i) + Y Utk +i)[, - (4)
=0 =0

2R v N, S T R
DA R AR AR AU
% UPQC HIZH A S th R GR M, % F
IMERZEEREARFRIE S, B AR AR 2] £, SRR
el L
Uk +i)=G ()X (k+i)
2P G MR O R B I 2

PNIIESE
Ui k+i;£g(1?)x<k+i)[£|r/;?]§9](k) ’ (5)
U, <Uk+i)sU,,,
{Xm <X(hk+i)<X,. . (o)

A u Ao, 5 ssEil AL2a doR FiR
JIME
X, FUx O3 FRA L R R/ ME

Xk +i+ 1)||j,(k) —|xk+i),, <

Py T
|X G+, =0 e+ ) - (7)
P(k)> 0o
(k)T IEE R

X (7) BEARUEVEREFE AR EATH H & tE , Kt
(7) Mi=1 Ci=1,2,- N) BIREIN, Ff LR y>0,
CIEE:



66 oM Lok K % % 20124F
@géJ%ﬁﬂXﬁﬂgmgy (8) [HGK@) N ]20 (16)
FAAEHE 250, X G Ok) QOG)|
Q=7P(k), Gk)=ZQ"", A H( 0 (k)=H'( 0 (k))-
i Schur #B IS (7) XL, <7 A (12), (13) RER:
o LM R Z(0°(0)=0"()Z,, +(1-6"(0)) Z,,
0 = ox o {Q(e*(k))=9*<k)gm.l+(1—9*=<k))Q,-m o
ACTBZ 0 T, (9) 3T 0< (U <1, FEAEMIR (12) FOZHELL A
D"Q 0 yI =
R*Z 0 0 yI (v (0" (0)),0(0" (k) X (0" (K)), 2 (0" (K))) =

St PRREARIIE, 4, B, AP IFRAE LMUEF,
=12, NIATRE ) 4 5 B, BFRIB

[ ! *]200
X(k) Q
X (3) FE kB 20 A4 il
U(k+iy=G(k)X(k+i)»
N MEPEREFE PR A (4) SRR ES y o H
G(k)=z0 ', H z% g I FAKAG:
;{ggy,s.tit( 9),( 10 7. (11)
AR LAY TN s ] 2 18 A A S N A R S
4%, FFBEAN SR B 20 (10 DR 25 pki A e 25 0 a0 e
PR R4, P R X IO ARG 580 P s ol A o B R
g3 F BRI A B TR S B ORISR,
X (1) RN B z, o Fly , FHFHEATREA. TAE
Lo XS X () M EP I ER, K
S T A AR s o A
XFFFELR sy, R TIREIETT AR, e
A TR, SIA— 1A HEE ¢ o 1E
Je BEZIIRAS X (), BRI RTHB 20 i 2O A N 1Y
AVISHEIRILE , TRl S 1 X G [Ble | s HAH 4R
PR Rl e o FRR 2 S BZOIR 25 BB ik 3 A i s A
BISES M( 0 (k))» T M 6 (k))/S T RERSHEIE T/ M
BIEG M, DAl
(7(0(k)), Q(0(k)), X(0(k)), Z(0(k))) =
O (7 outs Qo> Xowr Zow ) +
(=0 (7., X0 Z,,)- (12)
A v 00X Zo Vi O, X, Z, 7T HIFIRTE
st 220 1 o R e e 5 A 408 A 0 486 2 1A
v, Q. XM Z1H-
XT 0 ALK anh

(10)

0" (k)= mind(k), (13)

st 0<0(k)<l1, (14)
1 *

=0, (15)

{X(k) Q(G(k))] P

G*(k)(yout ’Qout’Xout ’Zoul ) +
(l _9*(k))(yin9Qin’Xin’Ziu)O
AR OB R — RS A B A

A

M(0°(k))={xeRr" | X" ()™ (67(h)) x (=<1},

XiF IO F) P A R S
U(k)=2(6"(k)) Q™' (0" (k)) X (k)- (19)

FRIRAREI 07 (0" (k) F Z( 07 (k) HilEle
FfEle, NG ZEMREe (i=12,---N) PEPR
5% IO A e R o T p ARG B A S A, X
FEARAR A [ 22 )l R AR /N B, sk mT il R
Gein P s R B E U Rle |
Wlle . BEF)RGURA T LA E H R A i A

Ulk+i)=G(k)X(k-+i)

(18)

H ko

P8 A DRSO A5 1 8 15

1) BHERAY . X T4 E R EA B EURES M X,
(=12, N), HEBHHNRN Z, 0 & v WfEH, If
MMt o >0, (i # 1), BRfRIHRIE EAHRE
PE DR i B AR R YE R R — RS IR
17z, 0 Ky, WfH, [RIIHRAF
(z0") x0l|(z.e)) xoff  (20)
2) TR . a) 15 k 2 E B RTIRES Xk P

TERIRGIE , FF I A R fr M B, AR AN S de /s
1,

Umaxi,n = max{

0,9 0,0,
Z,~Z,Z,~Z.,
Upy =min{U,_, ., U}
Elp ) IR REE/DRE, WFEEE ).
b) KL (13) 155 ¢, FERAFI (19), B
XN PRI, IR ) 4kEE,
¢) X(k)A T/, WG
U(k+i)=G(k)X(k+i)-



$o 4 BRIR, 5

He AR TN B OO I upQC i T i 67

it EARPUASK AR, 15 UPQC L 2 R T4 ]
B, DA S IR AR 24 SR I A ] R T
2.2 UPQC ZZRFMzEHl RS 45 49i& 1t

ST AR B H) upQC I AN & 2 B
o R G FEAUSE ypQe Ak | ARASAH BRI
AR P TI PE ARR , IZ AR g E R AR U
PEATER IR, S b e U5 R R A 2 R 3 P
POIEAMHI T A RS AR SRS SRR T 4 2
RS, 1358 BPIRAS ¢, IHRSHH y; RExT
UPQC i ity y AT AR5, 15 3RES X MR G 2 o
AR TN I 2 AL FRAS 2] UPQC IFEHIEA U, M
s upQC I .

HMEER AW UPQC WY
AU
wire | By A | ke | REIME
it ToT 2 it

2 UPQCH#EHIRIE
Fig. 2 The control principle of UPQC
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Fig. 4 Simulation waveforms for load voltage fluctuation
4 &g

AR SCER X, 19 ep A AR B BB ST RE ) T, 24
T —Fp R T AR A RHON B B ORI up Qe Y
o 5 A B T A ] At b, AR A
Pzl Jr ik, i A X R A A S B 42 o R 1 2
BRE, BRSBTS R R
HHEE, Wb Tisfmfml, JFRAREN, 20k
REA A1 2 1 Il 72 R0 ] oL e 82 3l , - DT A 2t ke
SR 1) P 1 L BT

% 3k

[1] Ackermann T, Andersson G, Seder L. Distributed
Generation: a Definition[J]. Electric Power System Research »
2001, 57(6) : 195-204.

[2] GuerreroJ M, MatasJ, Vicuna L G et al. Decentralized
Control for Parallel Operation of Distributed Generation
Inverters Using Resistive Output Impedance[J]. IEEE



68 1 2 T W /A N S S 20124F
Transactions on Induatrial Electronics, 2007, 54(2): 994- 99-104.
1004. [8] Kian HK, ChuY C, Ping L S. Model Based H. Control

BORM, ERE, W5, & el MBRLE
A AL, 2007, 31(19) : 100-107.

Lu Zongxiang, Wang Caixia> Min Yong- et al. Overview

R B

on Microgrid Research[J]. Automation of Electric Power

Systems»> 2007, 31(19) : 100-107.

BB, X4, REE, % AR TR I g

WEFE ). AT TR, 2003, 37(1) @ 74-78.

Li Guoyong. Liu Hankui> Xu Dianguo- et al. Study on

Unified Power Quality Conditioner[J]. Power Electronics

2003, 37(1)' 74 78.

X, , BRD4E TP s kg —

%ﬁﬁﬁglﬂﬁ%ﬂ%&%/ﬁ%}ﬁiﬂwﬁﬁ:[ﬂ. T AT AR

AR, 2010, 29(2) : 53-56.

Li Shengqing-> Luo Fei> Chen Xingguo. Harmonic Current

Prediction Method of Universal Power Quality Conditioner

Based on Rapid Block LMS Algorithm[J]. Advanced

Technology of Electrical Engineering and Energy, 2010,

29(2) + 53-56.

WS, AR, B, % LT pqr BHE RIS

— BB SR IR AR P SR 7). P E AL TR,

2007, 27(36) : 85-91.

Tan Zhili> Li Xun» A New Control

Strategy of UPQC by Using Simplified p-q-r Theory[J]-

Proceedings of the CSEE, 2007, 27(36) : 85-91-
AL, AR, XURRIR B RS — ri BE S5t 1 25 A

P 720, h R AL TR, 2009, 29(19): 99—

104.

Liang Zuquan, Shu Hongchun, Liu Zhijian. New

Chen Jian, et al-

Approach of Decoupling Control for Unified Power Quality
Conditioner[J]. Proceedings of the CSEE,> 2009, 29(19) :

(1]

IEEE
Transactions on Industrial Electronics> 2009, 56(7) :
2493-2504.

Rafiei SM R, Asadi R> Griva G» et al. Optimal Unified

Power Quality Conditioner with Improved Compensation

of a Unified Power Quality Conditioner[J].

Performance under Distorted Voltages[C]//Proceedings of the
2009 IEEE Bucharest Power Technology. Bucharest: USA
IEEE, 2009: 1-8.

RIESC, Bk SL, FAME, S AR AR A4 R
I S, 2011, 28(6) @ 855-860.

Gao Xianwen, Zhang Li. Wang Jiesheng, et al. Efficient
Model Predictive Control with Variable Constraints[J].
Control Theory & Applications, 2011, 28(6) : 855-860.
TEE, 48 “ﬁ LU A AN RE B R G R R
W EERIZEE ). A, 2007, 33(1): 78-83.
Ding Baocang» Zou Tao. Synthesizing Output Feedback
Predictive Control for Constrained Uncertain Time- Varying
Discrete Systems[J]. Acta Automatica Sinica> 2007, 33
(1) : 78-83.

Imsland L, Rossiter J A. Robust Triple Model MPCJ[J].
International Journal of Control> 2008, 81(4) : 679-689.
BB, AR A RS 2R G e S T 4 ) 2Rk
T B 5, 2009, 26(5) : 535-539.

Li Dewel, Xi Yugeng. Design of Efficient Robust Model
Predictive Controller for Systems with Bounded
Disturbances[J]. Control Theory & Applications> 2009,
26(5) = 535-539.

(FriE . SRE4E)



