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Fault feature component extraction of generator stator inter-turn short-circuit
based on MUSIC method for cross-high-order spectrum

WANG Hong-xi', LIU Zheng?, TIAN Wei'
(1. College of Electric Information Engineering, Beihua University, Jilin 132021, China;
2. Jilin Chemical Construction Electrical Engineering LTD, Jilin 132011, China)

Abstract: When generator stator windings inter-turn short circuit occurs, the disturbing signal in stator currents is strong and the fault
signal is weak, thus multiple signal classification (MUSIC) method based on cross-high-order cumulate is proposed to overcome the
shortcomings. MUSIC algorithm can decompose stator current signals quickly into noise subspace and signal subspace, and the
frequency component of stator inter-turn short circuit feature is obtained. Since cross-high-order cumulate can restrict the correlated and
uncorrelated noise, MUSIC method still shows high spectrum resolution and strong spectral estimation ability in the condition of mixed
noise. The effectiveness of the proposed method is proved in simulation experiments that it reflects the fault feature frequency

accurately without full period sampling of analysis data when the stator windings inter-turn short circuit fault is detected.

Key words: MUSIC; cross-high-order-spectrum; inter-turn short-circuit; fault diagnosis

R4 25T TM307.1  SCERFRIRS: A

0 3l

RN AL L RE R AR A L, EAE R RER A7
fefin P BC LR MU B IKE) . 2R ST
SEJT ARG R . T AL e TR
21 It T A o FR BRI 15%, L A2 158
21 F R 418 P I I 4 Pl 1) 1 40 5 T 38l A i 5
BT R, PR AEAE 2 P AR S BN
(1) e it e L e B e, 5 FEML AR — > T i
B2t PR, WIFFE S T I A T R S T AR
FEHL R LA DO S N BEAT 4, HA HK
R ORI 2 2 0 R i

H BT R RIS WA b vk S22 N —
SEYVBE AN B A R OR AR NI, H
H1 T HATL A P R I 0 LR SR AR I B, T ik
(1) 5347 45 R 15 SR B s A R R IR 1 2 B kot

Pt

1674-3415(2010)23-0117-04

FULFERT TR I LR RRA T 0 IS A% 4k HL DR 3772 L )
M EE . B 1 A EOR PR 4
OB AR AU IR B AT T, ke A
A AT ST N T AR I S48 Wk
RO SRR BEAT 70 S 00, AT IRE T 52 2% 1 73
PR, (HEPER B TE 5 115 RCTA A2 M 45
R BN, 1T ELAHE TN 2R AT A 22 190 2%
%ﬁfﬁﬁ%%%%%%ﬁi%%%%ﬁ@é%ﬂ
S

I T4k AL A BT I, PR Pl e L 3
HAAAE R BRI, TR B R . Tt
AL 7 HLURE AR T BORIEA T B DL 15841
I [ L e SR A I DRI, ASSOR ] T — Aok
TH b BRER MUSIC J7ik, HTfhvlhdble
F TRV B SR AR, S WK A AR . i
BRI R 4T BE A AR HRRAS CRLAS IR 3 R



-118 - T ES X AL

IR AR S, BRI AT SN B RF L 1
VG Bl M e 1) Y, B ARG TH—IRE
S B,  REGHAMCIIRE Y, RIAFAEMS g S
=Y, AR S Wi H e AR T )
fIE ) R AW R G AT FORAS o AN S =B B
=[] MUSIC J73284 e ke 525 m Y 4
fif by W 7S 1 i) NORYE 5 723 0] G, R e s -3
) N 55 BEF )7 0 HBE A 51 5% 8 EAS o, #4)
TE 25 ()% R £ PO HREAT 1 R . MUSIC J772:
AMEST R A HEIVE R RIS AN T 2 o A s
HEATEEIRARE, BT A0 AT 0 s R A A 2
N HBEZM, AEARARBE . s A 1F T A A
RV A B R R

1 ETFESMEFHS/IMUSICH X
5 T ISR H I [A) 0 B INE, 23 5 T HLIR
PN f, zfl{kiﬁ(l—s)}:nfr +if, (It
p

Hre ORI s NHNLEEZER,  p LAk
MG k=135 n=123(2p-1); f A¥T
e sl f, = (1—-s) f,/ p) MHEHERES.
R TG A R LA 2, r )
HUMTLAR) R 7 IR o T S5 o v L X R R 2 59
B, HHUSATR f, Bl ksf) SAAEAN IR A A1k,
DR SRR A G (RIS 20 753508 W 5 I T 4 4
Bz BN, BB TR nf e
SR

Ik, A3 2 W i 3R R 2 AR
TRRG I IR B R AE AR £, AR 5 “ g
Ko ATCRE R Y BB IMUSICIA 2 5
o RS DR 22 1 e L e WP RF AP NE 2 e ot
GUik- LA BRI, T e AR RO N )
W HA TN W IR, X T ARRNE R (KA %
FIAEH G 75 A AR A PRl fE

T e SR AR N A OG- AR S 7 AT )
F > IXAESCRR 10T SCHR[11] L2843 Sk .

B i IMUSICEE T, XHE 5 AT %7 5 fH
Ay TR T o Rl T e o St o L PR
A TR AN P S A, LA AN 7 5 ]
IHARAGVHE SIS H IXRER S P T 5
SN 0T RLHLE T AR I, R A
PRI LVEE “fEs 7 T LA HRAL .

BEAGTIU ) HLU B AT 5 P () A y(m) 90530
AT B INTE £ e 7 (1 S TR L AR, I

x(n) = ‘%1 aiexp[ja)in + gox] +<&. (n)+ 1, (x)
= (D

v = 3 exp jon+6,+ ¢, |+ ,0+n,(n)

e o, B S EOEPBAE SR 0, WAE S x(n) M
y(n) W R AR 225 o, WG TI0R; o I
o, NBEHIAIARHIN,  FLAE (-, m) DXTA] A 215 341 5
£oney o Ly, 5Y T AR AR A T ) (1 £ e
vy iy, WEMIAERGN S & Mg, AR
SRR s £ Fg, 5 Ry, MR

x(n)Fly(n) [ E DY B SRR N -

cxyyy(kl,kZ,k3)=cum4{x(n),y(n+k1),y*(n+k2),y*(n+k3)}

Copyy (m,0,0) = E|:x(n)y(n+m)y*(n)y*(n):| = —% Otiﬁie_jgie_ja}im
i=1

2 Gy () = 1y (m00) » JUTLX L o 4EG B L DU By
SRR

Caypy 0) Copyy =D © Cay (=h+1)
Coppy = Cny.y @ Cny):/ 0) ey (Th +2) (2)
Cppy (h=1) Cappy (h=-2) - Cppy 0)

= _ i@ H
[t} c,,, =FE"PF
Refe B=[1 02
i X g Y 5B Ew:djag[ﬂ AL

ig-ney T B
e i F=|FF.F,

_JH
o]

—aq,b’;:| (g hc,. R,

¥y

. 3
P= d1ag|:—a1f1 -a,f

e, AR IL PO AR, B W R
(SVD) Ny
Copry —uzv? (3)

Hrbe URIW RGN €, (R A5 SRR
Y =diag(oy, ;) L oy(n =12, m) BT A%
FH, 1% o LI I O HES1) CRI Ciy S0; Do
BV V=[V1,12], HHP VRV g N
SRBEH, V2REVG (h-q) A KR
Jls  [RVERE A0 7 S R A MR U B U=[ U1 02].

=L (3) 75 R: Co = [U1 Uz] ZO 0 V]H

0 VZH

: - H —oc? v - 4
W: ¢, =UZV .Cy W, =0,Cp Uy =0 HTFPE
AP TR, PTURRF S 5230, V204

)’::I-?‘él‘aj o




T H % MUSIC 10 HUBLE 1 [ ) J B WP A 7 AR I -119 -

Tk, %
i M e, g A IE O B R

R P D E AR Vo VN
HH T A R BT BRI RHE TR -

v, (0)+v, )z 4t (h=1z " =
i=q+ 1, WA 2X (3D 1 (h—q) MNRFIE T RE MR
HHNE g A, EliEe™, ™, e,

FEA TS S B R I, MR >>q
BRI, EROCRIR S T B BOR A T RS T &
SRR, HFEEIEI AT (h-q) NMER. T
RS 5 R U AFT X I FR) o T b 3K 6 98 R 5t AN W 3 e,
SO, SO O R A (R R A . BRAT [R5
FROLAREAS TV, R R T 24T 28
WA A, HH T EMIEA R X LR, B
CLSAIAS [RIFE B A7 A0 A D I S o eyt m] T S5 O it -

S(f) = ;
H
‘A L
N h h h T
AF: 4|2 v I vy X v (h-1)
i=q+1 i=g+1 i=gq+1
T
L:[l eZTff . eZTf(p—l)f:| .

EREAE s BUS e KA I g MNAERAE 4 1E 5%
TR ICR AL . XS i MUSIC J5i2%)
FHEE S ST

2 (HESREWIE

15 EAERIE ] — G40, 2.2 kW ZERY S48 il )
L, AL EZESE: BUEDhH2.2 kW; FuE R
380 V; HEHLS.0A ; s =0.04, & TIHECNS6,
KAESA A1 000 Hzo #BEATIN T W 1. TR
Sl HP A I A BETS 21 B — (1 1 5% A5 5 W 3 47,
X AR PR SEBR G R S %5 515 (e ek
B8 U I R 2 TR e AN I ) i R kD, By T
B RAE S AR H 2 (1D Rik, 7ESERR R H 1R
IS
g :_W UL
AL

[eimign | apten o[ somikizmgor o] sk
Bl 1 kLA
Fig.1 Experimental system scheme

SIS A I M LIE R IE AT R, DU I [
R2.3%, 5.8%, 23.3%IN, BEATE I A 4 %

PR 23 AT o

Kl 2 2 HALEF ST S, v UG HAE
/=50 Hz Wil K, TMEA 2.3%I0 AN, 3
U B i s AR AR (B 3D, 1 4 I [a) Jd i
ARSI, XN AR ORI 5 R, e
VR A SEAR, ISR 4 AIEn¥E N T 7.32 dB, Hil T &
[ ()i mT DA S L SR A i A Ak, AT
R A, BT R, KIEE 4
RS HH B AR O SRR IR A o o A R it [ 5 1)
i, el S R DLE A 7 L. X5
bl 0 o A = < el 1 [T S5 S 7 s
(150+12) Hz, (250+12) Hz H45RA%F, M
4 Hnl DU S IRA UGB B sl (o 38 o
7 6.24 dB. 14.9 dB) , [FWHILT 7 KikH:. b
5 R R (1) 1S I R B PR R P AR A AR I
CHRAELIE N 5 T TE e A W e ot L o ) 38
B, JUHE 3 R, SRR T R, RS
P L BRSO LRPIRES AR AT 22 e i HLAA
X1 BR3P HBEEE A s N,
MUSIC J7 V% (Al vH 75 2 A R i A e PE R dt+
PPk o A7 BLARTRE Pl e 55 I8 M 5 e 5 I v B i 11
N, A— @M, XnEee M T —AHis
ATIEBA TGN FRIE AT, Wl RgE T I A
BATIE L5 ), ARAN I S0 45 L 5 B
)2k

2 MUSIC Pseudospectrum

Amplitude/dB
”n

“,

A Ll

150 200 2350 300
E 2 BHIESREFRTLEE A8
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Fig.3 Power spectrum of stator A-phase winding inter-turn
short circuit (2.3%)
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Fig.5 Power spectrum of stator A-phase winding inter-turn
short circuit (23.3%)
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