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Fig.1 Static frequency conversion system
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Fig.2 Commutation of current inverter circuit
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Fig.3 Steady state phasor of synchronous motor
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Table 1 Current inverter circuit conduction strategy
HrhrEsms (o) WIGSRBITRFS mE BOT R
0~60 T'1,T2 T'2,T'3
60~ 120 T'2,T'3 T'3,T'4
120~ 180 T'3,T'4 T'4,T'S
180~240 T'4,T'5 T'5,T'6
240~300 T'5,T'6 T'6,T'1
300~360 T'6,T'1 1,72

A EGH T BRI BE AP PR | F U A3 B XL PA] 34
P R R 5T, oh TR D R ML S R S
FAEAHZER, HE I A AN S 2, 23 iU i
BRAER fih A ) o KYEIE P sl BB MR 2E . U R
JHRE 7 PR o 6 T PR 1, oo B0 B 1 806 12 2R
23 Kyt P PTG B R T 0 B R () S BIR ) A
FL UL , SR B R
2.34kU cosay
Ljin < T < (4)
U s g ARV AL B R T A 5 T 9 B[R 25 AL
R Bl A B/ L FEL I 5 g A B0 ] 25 FLIL ) PR A
HLIL o
W ¥ b T, 5% TREESE A R Ty T AR IE



& AH) ALK 186

SRS E SN, SFC 754 A It T 3, 4 it v it
IETIRAYI E IR EliE: N

P, d(U,i,.)  do, do,

i de =/ di? +D§ (5)

U, - 2.34C,0,®,
= R, (6)
o Cp N R0 UL B A4 @ O B
B (5) Z(6) ATt
dcosa _ J o, K, do,

Lae

— X + — X — 7
de K, d? K, ")
K, = 2.34kUr(idt, + COSO‘) (8)

de
2.34C, @,
K,=D + (9)

B (7) o, B I, N o B4R %185 5%

H o, KRN
decosa K, do,
de :KT 8 dt (10)
e AT B b 78 A AR G T R T B R TR
PE R 1l s ) 457 19S5 00, RID 3k 2 A/ B 10 R U I 26
HRRE AER S BLTE [R) A0 H AL 5 3 B AT Y DR
P, LU N PR PR UE P R 9 15 i BRGE  , SFC i) 2

SEinE 4 o

PT 6
EEZ )
Lok
N o S [ e T
n 1
| i ——{ B gy sy e — I
l .
T fo =
P g e

I

E=
PT
el

Ty
(©)
[}
ARG

B4 SFCizHIR%
Fig.4 SFC control system
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Fig.5 Transfer function of static frequency
converter control system
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Table 2 Unit parameters of Panjiakou
hydropower station
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Fig.6 Rotor speed and position during startup
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Start-up control strategy of static frequency converter in stages
HUANG Donggi, SHAN Xuebiao, HE Jiaxi, LIANG Chao, JI Zhendon
(China Southern Power Grid Research Institute Co.,Ltd.,Guangzhou 510080, China)

Abstract ; As the main starting mode of pumped storage unit, the static frequency conversion starting mode has the advantages of
controllable starting current,frequent starting and wide speed regulating range. When the rotor is in low speed state, the speed
calculated according to the terminal voltage is not accurate. So the output electromagnetic torque error is large with the
traditional control method. Firstly, the working principle of the static frequency converter system of synchronous motor is
introduced. Then an improved control method of the static frequency converter( SFC) is put forward. In the low-speed phase ,the
open-loop control of the trigger delay angle is adopted in the rectifier circuit,so that the SFC can continuously provide sufficient
acceleration torque,and the rotor can rise according to a certain acceleration. Feedforward and feedback control are adopted in
the inverter circuit to make the direct current ( DC) current rise rapidly and maintain at a certain level. In the high-speed
phase, the double closed-loop control rectifier circuit is used to trigger the delay angle, and the inverter circuit uses the load
commutation method to realize the commutation. The parameter design method of the closed-loop controller is also given,which
improves the stability of the DC loop and the dynamic performance of the static inverter system. Finally, the correctness and
effectiveness of the control strategy are verified by simulation.

Keywords : static frequency converter( SFC) ;synchronous motor starting; rectifier control ; inverter control ;the reversing method
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Fault diagnosis method for secondary system of smart substation based on PSO-SVM
YUAN Mingzhe', ZOU Jinxin', WANG Gen®, LI Xuekai', WEI Jiaqi'
(1. State Grid Sichuan Electric Power Company Chengdu Power Supply Company , Chengdu 610041, China;
2. College of Electrical Engineering,Southwest Jiaotong University , Chengdu 610031, China)

Abstract: In order to make full use of the information of the intelligent substation, help the operation and maintenance personnel
to locate the faults of the secondary system of the intelligent substation more quickly and accurately, so as to ensure the safe and
stable operation of the power system, a fault diagnosis method for secondary system of intelligent substation based on multi
classification support vector machine(SVM) is proposed,and particle swarm optimization( PSO) algorithm is used to optimize
the parameters automatically. The expert database is built according to the historical state data of the long-term operation of the
intelligent substation and the processing results of the maintenance personnel. The original signal of the secondary system of the
intelligent substation is a large number of {0,1} state variables. The data group is defined in the form of switching value
coding,and the data dimension of the signal is reduced by using the principal component analysis method. Finally, the fault
diagnosis model of the secondary system of the intelligent substation based on the information of the terminal is constructed. The
results of the comparison between the diagnosis model and the expert manual judgment show that the method proposed has
excellent accuracy and applicability.

Keywords : smart substation ; secondary system; fault diagnosis; expert database; principal component analysis; support vector

machine (SVM)
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