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Fig.3 Block diagram of chopper control
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Fig.5 Experimental waveforms in charging
and discharging mode

4 ik

XT SMES H R PCS #4T THWE5E , 0B T i A
FoHL R RN SR TAE R | 32 FR S 23 6] OF 35 1k 4t
ST Bl e L KO AR S A B B IR T
it A I I O



@ BEEER Y

£30%

B S B R S A 2 L Y e U L B B Y R 0
PRI BEAT T B i An i se el R AR R 7 B
K, IR UIZIT I AR BE S B 5 R A DA E
FUHCHL T AR RE AR GU N I

SE .

[1] OTTONELLO L,CANEPA G,ALBERTELLI P,et al. The largest
Italian SMES[J]. IEEE Transactions on Applied Superconductivity,
2006,16(2) :602-607.

[2] JAIXUE A SRR FY A B A AR B TR A R TR E
PERIRTFE[]]. I AR 2004,28(4):1-5.

ZHOU Shuangxi, WU Wei,WU Junling,et al. Application of su-
perconducting magnetic energy storage to improve transient vol-
tage stability[J]. Power System Technology,2004,28(4):1-5.

[3] RUL, W . SMES K HAE I RGP rani (1], W A3
BE#,2000,20(3):32-34.

YU Jiang,ZENG Jianping. Relative problems of using SMES in
electric power system|[]J]. Electric Power Automation Equipment,
2000,20(3):32-34.

[4] ZHANG Hui,LIU Ping,DAI De,et al. DSP controlled chopper in
power conditioning system for superconducting magnetic energy
storage[C ] //Power Electronics and Motion Control Conference.
Beijing, China: [s.n.],2000:1395-1399.

(5] et BB, T2 A, —Fopi 21 A% L it 95 2048 & PWM

P ) SR R A T WA AR P RO R[], b B LB R
#12,2006,26(22) :60-66.
PENG Xiaotao,CHENG Shijie, WANG Shaorong,et al. A novel
PWM control for current source converter and its application in a
superconducting magnetic energy storage unit[J]. Proceedings of
the CSEE,2006,26(22) :60-66.

[6] YU Jiang, DUAN Xianzhong, TANG Yuejin,et al. Control scheme
studies of voltage source type superconducting magnetic energy
storage under asymmetrical voltage [J]. IEEE Transactions on
Applied Superconductivity,2002,12(1) :750-753.

(7] BRI EERIE 5. ) 2R G ke 15 e T it
RE%EE RIS ()], E AL TR 24,2007 ,27(22) : 44-50.
WANG Shaorong,PENG Xiaotao,TANG Yuejin,et al. Apparatus
and experiment of high temperature superconducting magnetic
energy storage used for power system stability enhancement[]].
Proceedings of the CSEE,2007,27(22):44-50.

(8] SATEMG, 14, FARKRL. Bt RE R S0 Bl A 1 S B R Bt (7.
I 327 42, 2007,29(1) : 34-37.

SHAN Depeng,BAI Ye,WANG Qiulaing. Princple and design of
a chopper applied in SMES[J]. Chinese Journal of Lower Tem-

perature Physics,2007,29(1) :34-37.

[9] ZHU Guiping, WANG Zanji,JIANG Xiaohua. Design and re-
search on a multi-functional combined device incorporating a
SMES[J]. IEEE Translations on Applied Superconductivity,2007,
17(2):2018-2021.

[10] PADIMITI D S,CHOWDHURY B H. Superconducting Magnetic
Energy Storage system (SMES) for improved dynamic system
performance[ C ] /Power Engineering Society General Meeting.
Tampa, USA : [s.n.],2007: 1-6.

[11] 2N, R 2, 1 STl JH T8 A1 68 2R 40 10 L U8 80 1 6 1 6
JE)]. B &% H Mk ,2005,29(16) :76-78,92.

LI Shun,ZHAO Caihong,XIAO Liye. Experimental research of
current regulator for superconducting magnetic energy storage[J].
Automation of Electric Power Systems,2005,29(16):76-78,92.

[12] FEBRIE A7 dh AR, 5 0G4 8 R 48 (SMES) X HAE L 1 R 48
g AT IM ). b st E e CRE 2009  86-88.

[13] SB3CH BRI Sk, 8-St B8 T el il 8 55 8% ST 0l B i

B R PR R GE (D], W TR #E,2007,22(10) : 117-122.

GUO Wenyong,ZHAO Caihong,XIAO Liye. Charging and dis-

charging math model and control system of current regulator

for superconducting magnetic energy storage[]J]. Transactions of

China Electrotechnical Society,2007,22(10):117-122.

BRI VG AR X2 45, 2 E AL DC-DC 284 &t 52 4 KL IE

KA B M BE7E ()], 73 A Sk 45 ,2009,29(3 ) : 83-88.

CHEN Ming, WANG Guangsen, LIU Dehong,et al. Dual close

-loop control strategy for multi-channel interleaving bidirectional

[14

[

DC-DC power converter based on compound regulation techno-
logy[J]. Electric Power Automation Equipment,2009,29(3):83-88.
FEAFC AR, N T SAERERY AU DC/DC A gR BT ].
BARHLJ1,2006,23(1) :49-51.
WANG Shouren,JIN Xinmin. Design for the bidirectional DC/
DC converter for the application of superconducting magnetic
energy storage[J]. Modern Electric Power,2006,23(1):49-51.
(RE. FEHR)

=
O
Pl

EE’ I,

o R (1984-), B W T EA REFFR A BRI @
A e H B FHA A F L) HAK(E-mail : 08121975@bjtu.edu.
cn);

HEEA977-), %, L ARGA, TRIF WL R
w1 A R W AR R HA

=% (1986 -), 8, Md A LA MEMRTE R @
HEABTHAR BFEAHA,

o #(1963-), 8 EMEA @ik WEE R
Z ARG HA R AR A HAK

Simulation and experiment of HT-SMES chopper
YANG Bin'?,ZHU Jiahui*, GUO Yunzheng'?,FANG Jin'
(1. School of Electric Engineering, Beijing Jiaotong University, Beijing 100044, China;
2. China Electric Power Research Institute, Beijing 100192, China)

Abstract: The charge and discharge of superconducting magnets request the chopper unit of HT-SMES
(High Temperature Superconducting Magnetic Energy Storage) system to operate stably,for which its voltage
source power conditioning system is researched. The state-space averaging method is used to establish the
mathematical model of chopper for studying its working principle in charging and discharging mode and its
current-loop feedback control is designed. With the consideration of its actual inductance and current
-limiting protection of second-generation HTSM coil,the charging and discharging mode of chopper is
simulated with Matlab software. A test system of SMES chopper is built,which applies DSP2812 to control
the charge and discharge of superconducting magnets. The experimental and simulative waveforms of magnet
current and DC bus current inosculate well,which indicates the validity of the proposed mathematical model
of chopper and its control method.

Key words: HT-SMES; power conditioning system; chopper; current loop control; simulation; experiment



