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Fig.1 Equivalent connection of
SMES and power system
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Fig.2 A single - machine infinite - bus
power system with SMES unit
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Fig.3 The feedback linearization controller of SMES
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Fig.4 The system response to transmission
line fault(Py=0.8 p.u.)

Bl 5 4 RGIETTHE Py=0.8 pu MHOL T, YLk
2Rk A AR b R | L 0.1 s S R T B A
RLER , B 5(a) W, JCSMES 5 il Bf | 2 483 #a Fl
ML R FE S sh 5 Rk, Ll T RS 555 |, i R
Ge AR IS ROR B R R TV A ) T 5 (b) B X
fifi FH SMES 19 ZR 4t , H ) ffy F1HL St L R 78 0 Be I 4T
RER K g 1547, D EA R U, Bt iy 4%
il g5 % F]FH SMES 38 il & 4 4% 4 £ 1 4 PR AT &
é}%liﬂli’fh é&i&mmlﬁﬁrﬁ PEARA R

E z
; & - 0.8
«
t/s z/s
(a) & SMES
141 . 18f
= 3
oo — 0 Z 1.04
« =l
1.0 L T2 o
0 2 4 6 8 0 2 4 6 8
t/s t/s
5 05 5 0.6
ol ==
Q:—O.S ! ! ! 6—0.6 ! ! ! |
0 2 4 6 8 0 2 4 6 8
t/s t/s
(b) SMES % H 2k 4k fre {2 il &%
Bl5 F% 7= B ME T BN (P=0.8 p.u.)
Fig.5 The system response to short
circuit fault(P,=0.8 p.u.)
4 4k

ARSCHE S LA SMES WY BHLICTS K RS H
WHFER G ESL T RGERI TR AR LV ERCA AR B0
PRI M R AR DT R AL T R R SE B
SRR LAY | AR B AR 1 51 A B ALHL S
HL T O T R M R R | A T ST R bR
AL R BIE B T SMES B 2 A JC 2 2 R 4 4
LA O FLES RN UE 1 B B il LA B n]



0 & D8R

F2%

Ayt T L 0 B 245 o im0 A R I RS F T R
2y A5V BE N = A T 9 VRS B P 22K IR e T
PRV I i A B ) DR HAT B 1 TR S

SEH .

(1] B, BeREARNEREEAER DRETRRHT]. B
H AR ,2001,25(9):48-60.

YANG Yong. Developing of the superconduction technology and
its applications in the power system[]]. Power System Tech-
nology,2001,25(9) :48 - 60.

Sl T R i BUR AR TR (1], ML 2004,
28(9):33-37.

XIAO Li-ye. Present station and development trend of super-

—
(3]

conducting power technology [ J ]. Power System Technology ,

2004,28(9):33-37.

WRAZE Eh ks 12 . S AR R B UGE T ) R G al kR

WOBFIEL) ], IRl A AR, 1999,39(3) 1 14-18.

CHEN Li-jun,MA Wei-xin,FENG Zhi-xin. Study of SMES to

improve dynamics of power system[J]. Journal of Tsinghua

University : Science and Technology,1999,39(3):14-18.

[4] TAN Y L,WANG Y Y. Augmentation of transient stability using
a superconducting coil and adaptive nonlinear control[J ]. IEEE
Trans on Power Systems,1998,13(2):361-365.

[5] FXE  RE RE® F SR EN TUEEE SRR E
PEMTFIE[ ) ], B H A 2004,28(4):1-5.

ZHOU Shuang-xi,WU Wei, WU Jun-ling,et al. Application of super-
conducting magnetic energy storage to improve transient voltage
stability[ J ]. Power System Technology,2004,28(4):1-5.

[6] feid et Fea i, JET 8 5 if A8 A9 25 4 L BB BT At 38 95 3

BRI RN )], B RS A B4k ,2003,27(21) :49-53.

HOU Yong,JIANG Xiao-hua,JIANG Jian-guo. SMES based uni-

fied power quality conditioner and control strategy [J]. Auto-

mation of Electric Power Systems,2003,27(21):49-53.

X ARBE O HEE . RE TR S A B A BRI Bk VR AT ]

HL 1 R 58 A B4k ,2004,28(3) :40-44.

LIU Xun,ZHU Xiao- guang,CHU Xu. Voltage sag compensation

by SMES[J ]. Automation of Electric Power Systems,2004,28

(3):40-44.

[8] AL, Bk &, TEfs =5 ) < it 070 70 By FE A SMES 4 il i 74 1oz JT)
[J]. W &R5A3I16,2002,26(21):39-44
YU Jiang,DUAN Xian-zhong. Rotating space vector control

—
(5]

—
~
[

algorithm of superconducting magnetic energy storage(SMES)[J ].

Automation of Electric Power Systems,2002,26(21):39-44.

[9] WU C J,LEE Y S. Application of superconducting magnetic
energy storage unit to improve the damping of synchronous
generator[J ]. IEEE Trans on Energy Conversion,1991,6(4):
573 -578.

[10] KM ML, ok, A, T 0 i E e i 1) AR 4 1 45 o 42 11

B[] ] T RS Ak, 2001,25(17) :1-6.

GUAN Tian-qi,MEI Sheng-wei, LU Qiang,et al. Nonlinear robust

control  design for power system including superconducting

magnetic energy storage devices [J ]. Automation of Electric

Power Systems,2001,25(17):1-6.

SR BN, B SR A AR PID 2 4% 76 8 5 1 A% g

BEE P NTBEFE (] ], BHEEAR 2005,29(5):37-42.

PENG Xiao-tao,CHENG Shi-jie, WANG Shao -rong,et al. Appli-

cation research on nonlinear PID controller in superconducting

[11

[

magnetic energy storage[ J ]. Power System Technology,2005,29
(5):37-42.

[12] BRER &7 o8k, S T B 4 SOt 4 M Ak 1 =l 2 e il 42 ) SR 1)
W5E[J]. HmRRA S T 2005(1):30-31.
CHEN Tie,SHU Nai-qiu. Study of nonlinear excitation based
on direct feedback linearization[J ]. Electric Power Science and
Engineering ,2005(1) :30-31.

[13] PhocsE:  Bebk SRS 45, [ B st F e M R E RS 2 i R 4k
PERhwERERIER[ ) ] P ER LT ,1996,16(5) :332-336.
SUN Yuan - zhang,LI Xiong,DAI He-ping,et al. The nonlinear
excitation controller for improving the stability and voltage
accuracy [ J ]. Proceedings of the CSEE,1996,16(5):332-336.

(RERE: & %)

EERN .

BuF(1971-), 8 M XAA MEHLE T 2RF
A FEEAE AR BB A R T A 6985 (E - mail . whpxt@sina.
com) ;

A A(1945-), F ALK AA HZ HEFLAEF
)i IEEE AL R, T ZNF U H RANRE SN 514 A
FRFACTSEREERHZATHREA ATHRALAESR
HARGEHREA B HEBOLBEF S BAFTR,

IV R1960-), B I mAkA @l H% FEAFEL S
FRETMEALASIEE AT GPS e Bl 2R KR &
SHBMREREC A RAR T RRNE T GAHR,

Bk (1958—), B M BIA ¥ HEHEAS
P ER IR ARFLRGIMHAREELER T ENER
Tl A s AR ARBR

Study on controller of superconducting magnetic energy storage
based on feedback linearization
PENG Xiao - tao, CHENG Shi - jie, WANG Shao - rong, TANG Yue-jin
(Huazhong University of Science & Technology , Wuhan 430074, China)
Abstract: A single - machine to infinite - bus power system with SMES (Superconducting Magnetic

Energy Storage) unit is investigated and its nonlinear mathematic model is established. A simple control

strategy based on the feedback linearization method and the linear optimal control theory is proposed for

the controller of SMES. One of its important features is that,as the generator terminal voltage is

introduced into the linearized model of the controlled system by a coordinate transformation,it becomes

easier to realize multi-functional control of both power angle and voltage stability. Simulation results

show that the proposed controller improves both the damping characteristic and the voltage stability

of the power system. At the same time,its feasibility is testified.
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