U ER TR

179 2021 411 A

Electric Power Engineering Technology

40 ol

DOI:10.12158/j.2096-3203.2021.06.023

TN 0 725 VA B B

RER', B, MAM, BER, Bk, F¥g
(1. TR RIS LU e, TR FE 2111005
2. [ITTF5R A b 3 R R R BF B VAR AT 211103)

B E ARG TN S HZHE LM E LR, & MR R RALE YRS, Bk AR ARIE KA
BN o AT RGBT TN, 4R F AL T Se 20 B0 A2 5 A AR 4T 5 R B JRIR A 19 AL, U
Fdg 2AFEZ TA R RLAAREST R T BT RARB AL SRS 5T S48 2 8 6 HAE X %, 58 & KR
FAMIH S T A2y AR R TR EF 5 RRERKRES T ML R, RJe Rt ik A Ay i 3F &K M e S, SR IR
HFAZ 5 A AF AR AL F AR, I N AR ) IR R B 2 B 8 AT ST, kG AR Matlab 45 FAE B BT 42 7 ik =T AR 2o

MR AAALEE T L5 20 [ 6] 4B Kk R AR R

KPR B SRR 47 S s [ 1) A oA L O 5 N IR AR A 4R e R A 2 ) 4%

i E 4 K2 TM342 MRS A

0 3§

Wi T R 14 9 00 5 4 28 T L R P
L 00 X TR 0 R L A v, B R A5
R e, ZR SRR B R s P 22 A e B I 25 ™
T, AL R I TESE BA , HH G T
T SCTC B 9 B 3 #4558k, 76 WL g 2R 4 vh ol LA
LU RS2SR R 0 L 0 e e v A v 3
TEARHUAT LA 2808 S L g R S v TR SR SR R 5, L JE
SEAE FL TR VR BIL T LB R iR iy T b 2
WL P ) TE T B 2R [l B SRE K B e T,
Pl b s RETCIAIIKE " o I, KR AR LR
WL RS T

X TR PRAR L , LIl 1 2 2L I ) . e s A
WISV, K2 B I T AR TE SR 4L M)A
(I i, SR T 3K — 195 100 S 7 P B 014, DK o 1 ok
B A VAL I J5h R 258 41 e 37 el SR, TETh )
ST W, (8 ol 7 BR300 0 2 S BB o o 3 17 400
IRl LS 4L I ) B 00 8, SR AR LT L IE B AT
SRS TAE S AN, T A = A B 47 S X R, 6 4
VERIBL AT LR AR, (R LE AR L b B R 15
TERERES 2 S BUR LR S B O 76 T SR 4L A A A e
BT B B, T {6 60 6 B L I S K,
TR R G v, 4T 2% 4 4 2 A SR B
BRAGX— BN Z T PRI B R B
(14— P8 43 LG s T SR A 8 K 5B AT e A B 8
WA B 4 :2021-05-22 ;45 = B #7:2021-07-08
KRB BEARAMAFELF AR (51907052) ; & 5 %
KA #7) FH R (111 41 %) K 8hr 8 (B14022)

X E 45 :2096-3203(2021) 06-0179-06

FEEHLEE . PR ARAIL YR — B B Y
N I NI S PN NN PIP S T
XL, T HLRE A L ) 2R 8 RO AR E PR AN 22 A PR
233 B, 3 B R Y B R Ft 25
VAR FRPLA B R HLs AT, B0 e 1 58
L I ) 66T % 1) R O M8 531 7 1 b o (BT ARALAS B
AR A IR S LA AL T 2 ] 25 H AL, Ak ]
AR 25 1 0 R ALV 46 A v L A6 ) 20 v AL 1 B
FEXPARMLIEATIE LA o SO g 40 #r [l 2
HLBLBC AT 4 515 20 Al % B I 5 % 7 S8 4 T4
Z RIS I 5 28, I 1) /N A, 20 B 5 44 1) 5 R
(radial basis function, RBF ) fift £ X 2% A 45 & 1 E X
X (1. ) RS 5 B 1 A7 075 A2 Wi o AT, S A AR DG AL
AR TR BRI S

1 EEYUR R R REE

HVALEL TSR A B W s AT R R A T T
LR ISR OIS 4, I [ R 945 A0 AL >4 Dl i 5 2L 14 A 5
[T AR AR, T B O 3 ) S A 2 PR B e A ok
A% T LA SR v, 9 O T e e L o
QAR TN T — A [l e (L) o 3 il
LR AT SR ANT < g JRT AR BIL A% S8 L I ) Je
Jei Bt GO A A R B B T R A L AR
i) B4 DRl FEL O O B 52 B 1 2 1) ) 22
(ELR AT LTSRS 2 15 e AR % S8 241 I W] L % it
B, IR HE G R

X dg AR AR AU, 255 IR 58 2R A O H 3 7]
R, BEAS AT [ 2P AL IR se ok . B plis
FATEXPRERAST , & S Eh s, WD 2108 -



& AH) ALK 180

iy =0
i, =0
i,=(i, +1, +1i,)/3
. (1)
uy = Usin §
u, = Ucos &
l)bd’lllq ﬂ\j‘rE,fE

A i W EBFHE S iU 5 iy, SRR S 40
R s i, ARIFHI i, 5 6y, i W =AHHR; wg NE
bR I 5w, RS S s U g S H T 5 oy Ol ELB G
85 o, AR
e BRI A FRAIR I AT 15
ug ==, —rig =x,1, =iy
{uq =, -, =E - x40, -1,

(2)

—ruy +x,(E —u,)

Ly =

2
rtagxg

—rUsin § + x,(E — Ucos )

2
r +9«cdx(I

o owgug +r(E-u,)  x,Usin§ + r(E - Ucos §)

Lq =

o+ XgXg o+ XgXg

(3)
e iy BRI s i, NSRRI s g BN IR]
s », MR P E G L sh 3 r e T
FHo 2Rl E 7 HUBH r (EAR /I, PRt AT DL 2
s r fafea(3)  ARAT

) E — Ucos &
Ld =
Xq
(4)
. _Usiné

i
1 X

F2(4) RA R ALK v 5 8 AT A4S 2045 2
ATk s

2

. . EU . 1 1\ U .
P=ui; +ui, =—sind + (* - *) ——sin 26
x4 X, %y 2
EU
Q=u,, —uyiy=—cosd ~
Xq
1 LKW 1 WP
(74_7)74_(7_7) —cos 28
X, %) 2 x, o xy) 2
(5)
PN R B[R] 25 B BIL, BT LA 2y = 2, AR B
ERee
EU
P=—sinf
X4
EU U (©)
Q=——cosd——
Xq Xq

[ 2 AL ML B 2 B L B A

E=x,l,
xa(l = Lad = Mafd (7>
167lp )
M = 72( ok o) (;kosl) A
a ayT P

s v, WEREAK BT Ty G R L
B G Mg € TSRS il ik 8 4 L
FHG m RAPLEIAREE ; [ O E T RO R A K
BEs p AVEAENLEIR XS @ A IRARLE: TS24 B9
455 o, RRARNLE TSR S B8R a Rl SE
HSTHEROE 5 by WGRAREG by FE THEAHRIE
ﬁ%gﬂg\ﬁ, [ ﬁﬂ«%gﬂﬁﬁ, )\du ﬂ‘j%lﬁﬁﬁ%%ﬁo
b0 15 22 ) B 17 N W LT 2 [ RV
LN ERWSE
asafdﬂ'stkifd

) rdkosr(n lkoal AU

VoSt + 20, + U

Ifd

(8)
o Ly 958 1 HIEE; by E THITUIE(E S5
THURAELL ; S AMAETN A Q NI A,
TSR -G8 4 M B I ) 1) AT, Y A SRR
LI IS, IS 2t B2 I #) I 80y
W= oy ~ An (9)
K HARAZ(8) ) S0k Bt I ) Dl P,
asaderzLBkiﬂl

!
8wk 0dfdl Lk wAaolU

= VS + 20w, + U

(10)

ARV HE B % 5~ S8 21 & A= T 1) e J i e /s G

A D ATC i AR AN UK (8) A1 (10)
GEEEEE

Iy W T An

o (11)
I Wiy

ARG CLL) AT, e LA SR 20 A [ ] J
A T il L I I RO R NG AR, HA R
HUALAYA S AC Y e DG 5%, PRI mT LACKE 22 i AL Dl
ik PR DR DA 700 LB 2 L R P 1 ) B

2 FHHENEARESERBE

Wi bR A BB S A5 M, S5 A Rl G LU Y ek
A5 REAE HI) Wt HS 5% 1 B8 20 0 75t 30 D[] g6 S 1
{0, DRG] 7 A5 380 & FELBILAE A (] I i) i o A
PLRGEFAE LS W g i s e, A F T — 2 A
FHRRZ M 28 A2 Wik . 1 ] Matlab 82 57 5% + 28
2 [T [1) 6 % i) LA Y, L B 20 2 B0 - TR AR L
FLRA WAL PR r =2.906 9 Q; Jih i 2840 () i BELAE
R, =0.590 13 Q, R, =11.900 Q, R, =20.081 Qi
REBIE U, =24 V410K o =377,



181 K R SF TN [F) A PR AL T RS

AR VAR AL AR 2 B50rty i o e 2R 00 I A e,
BHAE I, IFAE dg Aebr 2T @7 i e PR o) O #
FIF Matlab G 8] 28 B0 2 4553 odel13 (adams)
SKARGLIT 7 R, 45 20 Jal G v It ) 78 1 il 48, 0F 9 A
PR Shiz A7 LA K [ 6] S g% B2 2 30l o 20% 1 50%
AT 05 B, A it A A DL an ] 1— 181 3 ffv o

45 ¢
40 | —

35t
30} /
1:25-
Fnl /
15t /
10t/

5 -,/’
0

t/s

B 1 BIhETHBER

Fig.1 Excitation current in start-up operation
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350
300
25
20

I /A
S S

—_
D
S O

10 ” h “ “ M I nﬂ'n’u‘n' M,

50 o

015 1j0 115 210 2j5 3i0 3..5 4i0
t/s
3 4R4H[H 845 B TR B 50%BY BiRZ R i
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Fig.5 Flow chart of rotor fault diagnosis
for synchronous condenser
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Diagnosis of rotor fault in synchronous condenser based on wavelet model
ZHANG Yuliang', WEI Chao®, LIN Yuandi*, MA Hongzhong', CHEN Zhenfei', JIANG Mengyao'

(1. College of Energy and Electrical Engineering, Hohai University, Nanjing 211100, China;

2. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute,Nanjing 211103, China)

Abstract: With the application of new energy in grid-connected system and the development of ultra-high voltage direct current

transmission, the grid’ s requirements for reactive power regulation have gradually increased. Considering that, large-scale

synchronous condensers have been put into use again. However, it is difficult to extract the characteristic signal of the inter-turn

short-circuit fault in rotor windings of synchronous motors. In order to improve the stability of condensers,a certain relationship

between the field current and the number of turns is derived using the Parker equation in the dg coordinate system,and the

differential equation simulates the excitation current. Then the characteristic energy value of the fault signal is extracted through

wavelet packet decomposition and reconstruction, and it is input to the radial basis function neural network for fault diagnosis. It

is proved by Matlab simulation that the diagnostic method proposed in this paper can effectively detect the degree of short-circuit

faults among the turns of the rotor in condensers.

Keywords : fault model ;rotor winding; inter-turn short-circuit;field current;wavelet model ;radial basis function neural network
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