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Inverse-system control scheme for unified-power-flow controller

WANG Ben, HUANG Chong-xin, LI Tai, DENG Jia-ze

(School of Electrical Engineering, Southwest Jiaotong University, Chengdu Sichuan 610031, China)

Abstract: The mathematical model of the unified-power-flow controller(UPFC) in a synchronous rotating dq coordinate

system reflects that it is a strong coupling nonlinear system. To avoid the difficulties in designing the controllers for the

system, an inverse-system control is proposed. Firstly, using the inverse-system method, we linearize and decouple the

original system of UPFC into a pseudo-linear system. Secondly, employing the variable-structure-control(VSC) theory,

we design the variable-structure controllers of the pseudo-linear system for controlling the system of UPFC. Finally, by

performing simulations on a simulation model, we validate the feasibility and effectiveness of the proposed control strategy.
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principle and mathematical model of UPFC)
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1 UPFC

Fig. 1 Configuration of UPFC

1, UPFC
[1] :⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

LshİshA =UsA − RshIshA−SshAUdc−UNOs ,

LshİshB =UsB−RshIshB−SshBUdc−UNOs ,

LshİshC =UsC − RshIshC−SshCUdc−UNOs ,

CdcU̇dc =SshAIshA+SshBIshB+SshCIshC−Idc,

LseİseA =−RseIseA−UseA+SseAUdc+UNO,

LseİseB =−RseIseB−UseB+SseBUdc+UNO,

LseİseC =−RseIseC−UseC+SseCUdc+UNO,

CseU̇CseA =IseA − IseLA,

CseU̇CseB =IseB − IseLB,

CseU̇CseC =IseC − IseLC.

(1)

(1) : UsA, UsB, UsC

; IshA, IshB, IshC

; SshA, SshB, SshC

; Udc

, Idc ;

SseA, SseB, SseC

; IseA, IseB, IseC

; UCseA, UCseB, UCseC

; IseLA, IseLB, IseLC

.

(1) , UPFC dq

:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Lshİshd =ωLshIshq−RshIshd+Usd−SshdUdc,

Lshİshq =−ωLshIshd−RshIshq+Usq−SshqUdc,

CdcU̇dc =
3
2
(SshdIshd + SshqIshq) − Idc,

Lseİsed =ωLseIseq−RseIsed−UCsed+SsedUdc,

Lseİseq =−ωLseIsed−RseIseq−UCseq+SseqUdc,

CseU̇Csed =ωCseUCseq + Ised − IseLd,

CseU̇Cseq =−ωCseUCsed + Iseq − IseLq.

(2)

(2) , UPFC ,

, 0 0.

, UPFC

[x1, x2, x3, x4, x5, x6, x7] =

[Ishd, Ishq, Udc, Ised, Iseq, UCsed, UCseq].

[u1, u2, u3, u4] = [Sshd, Sshq, Ssed, Sseq].

[y1, y2, y3, y4] = [Ishd, Ishq, UCsed, UCseq].

(2)
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⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

ẋ1 = (ωLshx2 − Rshx1 − u1x3 + Usd)/Lsh,

ẋ2 = (−ωLshx1 − Rshx2 − u2x3 + Usq)/Lsh,

ẋ3 = [
3
2
(u1x1 + u2x2) − Idc]/Cdc,

ẋ4 = (ωLsex5 − Rsex4 − x6 + u3x3)/Lse,

ẋ5 = (−ωLsex4 − Rsex5 − x7 + u4x3)/Lse,

ẋ6 = (ωCsex7 + x4 − IseLd)/Cse,

ẋ7 = (−ωCsex6 + x5 − IseLq)/Cse,

y1 = x1, y2 = x2, y3 = x6, y4 = x7.

(3)

(3) , UPFC

.

3 UPFC (Control method of

UPFC)
3.1 UPFC (Finding inverse system

of UPFC)
[9],

,

. ,

.

, UPFC ,

:

[y1, y2]⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

ẏ1 = ẋ1 =
(ωLshx2 − Rshx1 − u1x3 + Usd)/Lsh,

ẏ2 = ẋ2 =
(−ωLshx1 − Rshx2 − u2x3 + Usq)/Lsh.

(4)

(4) ;

[y3, y4]{
ẏ3 = ẋ6 = (ωCsex7 + x4 − IseLd)/Cse,

ẏ4 = ẋ7 = (−ωCsex6 + x5 − IseLq)/Cse.
(5)

(5) , [y3, y4]⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

ÿ3 = ẍ6 = [ωCseẋ7 + ẋ4 − İseLd]/Cse =
[−Rsex4 + 2ωLsex5 − (1 + ω2LseCse)x6−
LseİseLd − ωLseIseLq + u3x3]/LseCse,

ÿ4 = ẍ7 = (−ωCseẋ6 + ẋ5 − İseLq)/Cse =
[−2ωLsex4−Rsex5−(1+ω2LseCse)x7+
ωLseIseLd − LseİseLq + u4x3]/LseCse.

(6)

(6) .

(4)∼(6), UPFC :

{
u1 = (Usd − Rshx1 + ωLshx2 − Lshẏ1)/x3,

u2 = (Usq − Rshx2 − ωLshx1 − Lshẏ2)/x3,

(7)⎧⎪⎪⎪⎨
⎪⎪⎪⎩

u3 =(Rsex4−2ωLsex5+(1+ω2LseCse)x6+
LseİseLd + ωLseIseLq + LseCseÿ3)/x3,

u4 =(2ωLsex4+Rsex5+(1+ω2LseCse)x7−
ωLseIseLd + LseİseLq + LseCseÿ4)/x3.

(8)

(7)(8) , ẏ1 = v1, ẏ2 = v2, ÿ3 = v3, ÿ4 =
v4, ,

2 ,

.

2 UPFC

Fig. 2 Linearized and decoupled system of UPFC

[9] ,

α = (α1, α2, α3, α4) = (1, 1, 2, 2), α1 +
α2 + α3 + α4 = 6 < n = 7, n .

, ,

(3) 3 .

, PI ,

x∗
1, ,

.

,

4 :{
ẋ1 = v1,

y1 = x1,
(9)

{
ẋ2 = v2,

y2 = x2,
(10)

⎧⎪⎨
⎪⎩

ẋ6 = z1,

ż1 = v3,

y3 = x6,

(11)

⎧⎪⎨
⎪⎩

ẋ7 = z2,

ż2 = v4,

y4 = x7.

(12)
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3.2 UPFC (Design VSC con-

troller for UPFC)
,

, .

UPFC

, .

,

. ,

UPFC ,

.

(9) : x1 → x∗
1,

[10], s1 = x1 − x∗
1,

,

ṡ1 = −κ1s1 − ε1sgn s1 = ẋ1 = v1,

(9) :

v1 = κ1(x∗
1 − x1) + ε1sgn(x∗

1 − x1). (13)

, (10) :

v2 = κ2(x∗
2 − x2) + ε2sgn(x∗

2 − x2). (14)

(11) : x6 → x∗
6, e =

x6 − x∗
6, s3 = c1e + ė,

ṡ3 = c1ė + ë = −κ3s3 − ε3sgn s3 = c1ẋ6 + v3,

(11) :

v3 = κ3[c1(x∗
6 − x6) − κ3 + c1

Cseκ3
(ωCsex7 + x4 −

IseLd)] + ε3sgn[c1(x∗
6 − x6) −

1
Cse

(ωCsex7 + x4 − IseLd)]. (15)

, (12) :

v4 = κ4[c2(x∗
7 − x7) − κ4 + c2

Cseκ4
(−ωCsex6 +

x5 − IseLq)] + ε4sgn[c2(x∗
7 − x7) −

1
Cse

(−ωCsex6 + x5 − IseLq)]. (16)

(13)∼(16) , x∗
1, x∗

2, x∗
6, x∗

7 x1, x2,

x6, x7 ; sgn(·) ; κ1, κ2, κ3, κ4,

ε1, ε2, ε3, ε4, c1, c2 , .

,

κ1, κ2, κ3, κ4, c1, c2

, ε1, ε2, ε3, ε4

.

3.3 UPFC (Control diagram of UPFC)
3.3.1 (Control diagram of

shunt converter)
d

x1( ),

. ,

q

x2,

. , 3 .

3

Fig. 3 Control diagram of shunt converter

3.3.2 (Control diagram of

series converter)
,

.

,

,

. :

Usr =

√
(Ur +

RLP ∗
L + XLQ∗

L

Ur
− Uscos δ0)2 + (

XLP ∗
L − RLQ∗

L

Ur
− Ussin δ0)2, (17)

tan δ =
U2

r + RLP ∗
L + XLQ∗

L − UsUrcos δ0

XLP ∗
L − RLQ∗

L − UsUrsin δ0
. (18)

(17)(18)

,

, ,

x∗
6, x

∗
7. , 4 .
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4

Fig. 4 Control diagram of series converter

4 (Simulation test)
4.1 (Parameters of simulation

system)

, (

), . :

U0 = Ur = 220 V,

δ = 15o; Ls = 5 mH,

RL = 1 Ω, LL = 20 mH;

2 : 1, 1 : 1;

Lsh = 4.5 mH,

Rsh = 0.2 Ω;

Lse = 2 mH, Rse = 0.2 Ω,

Cse = 66 μF; C = 4700 μF,

Udc = 800 V. :

κ1 = κ2 = 5000, ε1 = ε2 = 15, kp1 = 2.2, ki1 =
0.15, kp2 = 1.75, ki2 = 0.2. :

κ3 = κ4 = 10000, ε3 = ε4 = 20, c1 = c2 = 2000.

SPWM f = 5000 Hz.

4.2 (Results of tests)
4.2.1 UPFC (UPFC working

as STATCOM)
UPFC ,

(static synchronous compensator, STATCOM)

, ,

. 5 STACOM

, .

: 0∼0.1 s , 5 Var; 0.1 s

−5 kVar; 0.2 s , 0 kVar; 0.25 s ,

5 Var. 5 , STATCOM

. 6 STATCOM

. , 0.3 s ,

10 kW 10 kVar , 0.7 s ,

, 6 , STATCOM

( ), STATCOM

. 7 STATCOM A

, 8 A .

7 8 , ,

.

5

Fig. 5 Performance of compensating reactive power as

STATCOM

6 STATOM

Fig. 6 Comparison of node voltages with and without

STATCOM

7

Fig. 7 Current of shunt converter at AC side

8 (THD=2.28%)

Fig. 8 Current spectrum of shunt converter at

AC side(THD=2.28%)
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4.2.2 UPFC (UPFC regulating line

flow)
UPFC , 9 .

, UPFC .

: 0.2∼0.3 s,

0; 0.3∼0.5 s, 5 kW, −5 kVar;

0.5∼0.6 s, −5 kW, 5 kVar. 9

, UPFC ,

. 10 A ,

11 A . 10 11

, ,

.

9 UPFC

Fig. 9 Performance of UPFC to regulate the line flow

10
Fig. 10 Voltage of series converter injecting into transmission

line

11 (THD=0.21%)
Fig. 11 Spectrum of voltage injecting into transmission

line(THD=0.21%)

5 (Conclusion)
UPFC ,

, , UPFC

, 4 ,

, , UPFC

. PI ,

. ,

, UPFC

,

. ,

UPFC .
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