R AERBEYF DL EH

Power System Protection and Control

Vol.43 No.1
Jan. 1,2015

F43E 51
2015451 H1H

T RINMEFI 2F KA $E R APF MBS HE K T B9 12 A

KA, F AR, 3 &, AT, RS, hER, RS

Q1. RITERFHMME LA IEFR, Th BF 211816; 2. PEAFLREAMGAF RS, 248 A 230031)

PI*

TEE: HBARMGRFHRLR R ERNTIEBEERABATE, A RAGFERM AR, EAHETREXNG TSN
FEBE TR, AN FEBEOEXSER RGN IRE T ENX, S0HRIERAGGIELEAEE, B —F KA 5EY
PT 45 4] 83 ARH-E38 P1 4541 58 R LA WA A A4S ok, LTty Oustaloup ik, FASHMNR, KM, @37 A
5 I T 5 PL 5 F AL PL 454 B 0947280k, B A5 2 A M, RA M PL &AM F 44 82 E# 49,
HER — R 5E A,

KR RBFEURGIR; EIRITE; A RIEN, H4H Pl

PI" current loop controller for chain APF application of the outer superconducting magnet

ZHANG Yueming', LI Jun', LIU Jia', LIU Xiaoning®, ZHANG Minmin', SHEN Meijie', ZHOU Haifeng'
(1. School of Automation and Electrical Engineering, Nanjing University of Technology, Nanjing 211816, China;
2. High Magnetic Field Laboratory, Chinese Academy of Sciences, Hefei 230031, China)

Abstract: Superconducting magnet power of stabilized intense magnetic fields adopts double-inverse-star silicon controlled
rectifying technology; it is a typical non-linear load, which will bring about larger idle impact and harmonic pollution at runtime.
Aiming at the program planning for chained high-voltage active power filter system in scientific devices, combing with the non-linear
characteristics of active power filter system, a method adopting the fractional-order PI controller instead of ordinary PI controller is
proposed to realize inner loop decoupling, and based on improved Oustaloup algorithm to achieve solution of fractional calculus.
Through simulation and experimental comparison, the running effect of fractional-order PI controller and conventional PI controller
is analyzed. According to simulation and experiment, this fractional-order PI controller is correct, and has a certain value for
reference.
This work is supported by National Natural Science Foundation of China (No. 50977086).
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Fig. 1 Main circuit of superconducting magnets
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Fig. 2 APF main circuit topology
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Fig. 4 Equivalent model simplification of cascade H-bridge
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Fig. 5 Equivalent model of cascade H-bridge in dq coordinates

MBS e ARSI A LU AR S th =ADT
KBS RPEI, AU IT g SRS & AT LR
EINZ N AR A RGP AP =4 APF
LA R AL HL R RO ANAT S, P 22
KSR, =AU RR O R E . i A
WAL, APF —AHZ 2 HARRS &) o

3 HRAIMEHIREEOHT
3.1 B PI#EH 88 IR NN It

S = PWM 337 FLER , SR R ERmazs ),
FLUR T PSR A T W P A, ZWE APF HLI%



KA, 5

PI" L YR 3 S B B 5 APF ESME 3 B A (1 7 - 125 -

SERCRRL R X RGN T, WPER16)IFL AR 6
AR Vs Vo BITHITRE N

Ky . :
v, =—[Kid +le(ld —ld)+a)leq +e,
(16)
vo-—k +5 (i -i,)+ oLi
a=" iq+T lq_lq + @ sld+eq
A Kips K 730 09 FLGEER EE AT 1 775 18 25 AL AR 43 1
WG iy 0 N das i RIS E (EL.

¥RAnRARQ6) T, I

(17)
A7) AL dy q SR> RSO T RS,
AU P o A UK AIE i 2 A
HUBREIE AN A 2 K224, winT Bl b 22
SR, L AL e Py AR S U 6 T o

v

v

6 R A IRE IS AR R I

Fig. 6 Feed-forward decoupling diagram of inner voltage
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