5537 & 559 W

BT R fE BT 4R
Advanced Technology of Electrical Engineering and Energy

Vol.37, No.9

2018 49 J Sept. 2018

ETHRESHITHENZEESRGHERSEN

st 3 A Bl EFAE K R HNE,
oz, mEI, Y O, EAR

(1. 5 M & WA FRFTAEA 8] o A A2 BRI, 5T, 5% Fa 550002 ;
2. WA MEN R T RIZRHHKFIEE R T, LGB K F, Lk 200240,
3. FEMN B R R FR T AR ] 26 SUAE L By ST 3% 3L 562400)

WE. AV EEZRIESTELRALRESEWAX, ARANZELTEBHRNIE 50 THE,
FIRGAREGEA LN KRIXRAEZ T EZEHRDEMNETHER L BEATALEEHTESR
BTN T HITEAARE AR T TEZZARDFAEG &, mARE T R SRS T 50T
T 30 B 2t e gL R A AT M A7, 3 S00kV R B RFD ALK L MIZ 5L R AN, Pt
Bog ZGRE T FRBAZOLRIRE EBIRFE T OB RBRIZ 50 T° 25 BT EH R
FIBT R E B RARE, ARERTAHARTRHETHEEELARS B NREE ZIRE,
KR RERBLMA; KT, FARE; RERM,; T° £4H

DOI: 10. 12067/ATEEE1801072 XEHS: 1003-3076(2018)09-0074-07 FES S TM411

1 5|5

AR AR L R G R BRI AR
FRGHEAE B | HL IR A e DL L BE 2 T AL i Y
HEAEH], dgtit, SR a7 SR e ) 2 b
SRy, ELRfAE P I T S 4 A T A AR R,
B S AN R, R I RS 2R SR 4
ARZES W, B st e B4 o s 8, 0 i R L IO ) 22 4 |
LBt FaE k& PrisfT A s,

UTAEAR  PRBh 73 Wik A D — R A 9
FEASSRAVIRAS KN T7 3k, 51 T E N AMIFFEN 51 1Y
Sk LR AR AR S A I — B SS
F A, M ERA ) BRA S sl AR AU RE 2 b2
AR, i o 0 2 phy 45 R 2 i 1 3 T A
BE RSN 15 5 68 7] S LSRR S 1 20 B iFAS . L
H A r DA 3 £ i 015 5 SR RO 5 B R Y
GEALIR S HEM AR bR — EUR I TE PR . SCHRES,6 R
PSR s e s a6 AR B T A9 BE IR s
T RS RAS R R IR B R  NL T TR B

Fs B E. 2018-01-27
HEWMB . il ARRAE 4T H (17ZR1414400)

7% 100Hz 73t (1948 F 254k sh A 7 | 4 T AR 4l U
{55 100Hz 433 1Y A8 fb X 28 4100k A5 2547 W I 19
ik, TESLIERE b, SCHR[ 7] % B T AR K48 E173
B BRI S SRNG5S R R T H
2 BN DL R 28 4 T AR R AR AR R IR S AR B R
T LS B R T2 Wi, SCHK[ 8 ] LA 50Hz 1 100Hz
R ATy A N FRAE AR, S T 1 AR R A i
TS0 IR BN 55 ST SRR | AR AR AN () 450 %6 43
HRRIZWGEA RS . SR 45 0 T IR3hAH
KM FRSh T A e AR LR P &2 24 B 4 iRy
TEAELR A3 AT I T A8 R 4R D SR 4l AR Y . SCIHR[ 10 AR
P R AR IR BN A5 5 22 50/ N 3 fift pR 73 1 1Y) Hilbert
T AR T LT RE R 0 R % e X AR R A Y B T
BLHEAT ], A LR RERAE LI = 45 N AT
B AR e s/ VAR IR AR EAT IR 9T, 5 TR 3 AR TR A4 45
1 G847 55 A BAEBR B 43 Bk B 5 28 W B e 4T
IRBE 22 S Tt (R 4R B 45 5 R AE i 0 A Rk
A ReiE— LWk, SCHER[ 11 ] 75 7% 18R R 4 i 17
SHERIRTHE T B T 3T SO o 5 ) 45 ) A

ER® AT BRilide(1988-), U5, SUMAE, mg TN, AL, BF5E07 1w R B AR ;
EHEA1973-), L, FHEE, BIEER, 1L, W57 O B A RS M EOR A GEIRTEE ) o



Fiiti e , X1

B O, 45 ETRNGESEIMER A EAR SRS 1], BT HEEHHAR, 2018,37(9) :74-80. 75

JE AR B B AR T35 7 1k, RS 110kV FEis 48
JESR AR IR S5 S 10UE T8 2R ea %, A
T BR824 Sl 7 2 Wi AR L 1 B 41 3
155 AT M LG4RS k2 T
SRAPRER 1, Ry 3 v AR 18 A8 JE 4% 38 17 n] Sk

A LB —BHIFE “’JUEE%E’J AR5 S b
Tk, I A SR RS R R DU
RIS HTE A BARAZ I —Fh T-Be, RERS PRI |

P RS 9 B A 5 B k9 b L A (B
B oA MBI, T, AR SRR R 5
RN AE FARIR BN AR 5 217 50 b7, K3 MR BN 5 5
RARLE R PRI IR BV RHIE ST ARS8 b
KHNWTLRAIR S, fcJa LA 500KV 75 TR #% 3R 31 76
£R WD R e e et i 30 W15 5 B0 S X &2 BGIE
T T s A s

2 ETRERENRIESHN

FREAR e f4I% Bl R 2 WD R e AR B IR B (55
KR, 2B IR 315 5 A A AV 5 8 R A58
HATIR S F 5 TAb 2
2.1 IRFESTHALE

TEXTAZ A 1 5 PR 20 W {5 5 iE A T b 33U, oy
TREFE 5 BB AR I AR AT 5 M {8 X 2 7 45 SR i 5
M), 380 H AT R 20 W I 2R 0 ok 4 B 1Y iR sh 17 5 AT
FRUEALAL I ASCHE MR Z-score PrifEfLT, 1H5E
NGWIR

Do

JZ@ - %)

A, F X 300 B S5 5 M 5y b e
G RN E S s N HIRSNE S KA,

8 P R SRR M I RGeS R R iz 8 TR AR Y
PN (5T AT R A I, LA AR S — P PR 30
RIS RAEATAR 10kHz A7 18] B9 Smin AR 2017
SR/ 10MB K, — B IR S e L il R 42
TE 1A A AR B v Ik 20 1GB A4 . B4,
Lo A — B IA] 817, A 20 I 2R S 2045 i R
BB RN A DE K, N H A B A R 2S AE AR T
AR G SBR[, PR, T ZEX Ak
PR SH 5 5 PEAT R B Uuﬂﬂ:ﬁ%ﬁao AL
XA S PRSI AE 5 ST 1 AR B By v
AT 0 W 2R 50 28— 7 Bk (1] (1] B £ it 1) 2% 20 4 50

Z\H

(1)

155, AT JE 1 9IR SR T2 PN 8 e AP S, AU B2
F0.2s BRSIE S, XEERRAR /N T £ b B 1 3k 51
TR AN 2 5 AR R AR IR B S 1 R AT
BOVS5H
2.2 REREHEZE

RERELMEABBNT e 2 A% A
B2 R G e Z R IR B 2R 52 Z a1
PR BRI B B/ N — X I R — AN B2, SR
BN AW I BEBS , FRR R S e N PR G T
R, BB RN R TR,
HHMBE B, RERLFIEBGERE X
ff B RIS AN 2 W) 4R RS A A L, e A
KA PE AR . eAh , o 20 A AR A b o 2
X G B AR SR, B[R] 2H T A X S SN A
[Fi] 25 A X6 G S B2 O T TSR X i A i AR
AR EN I S AT T b 3, BAACP BRI .

(1) TE Wt R B 5 D°

BRI WA AR N m, W B FEAS Bl
AR — 255 184 1, G, -, C o Ab 1
ANEEA B Ry AL B A E%ﬁﬁfedﬂnvo it
AR Z (B RR ECRE 2, 7531 m B4 4 1 2
HiBE D, Gy WG EE B R D° S — > X RR AR P
HXT AL ITRI R 0, 80 DL L =M T
=M,

(2) PEESHE R E4E

250 SR 2 W B R B v e /N TR G I 2
PR IR B B AR () PR IS AR T R A 7 285 O S B R
FEFERRELE , A E T U] it N IRERKIEER
FEE RN DY, FHRIE AR DY th i /N T
£d,,, GE/NITER d, IIEATRSN 500 0,
LT jﬁ%n**i JOVEI A IR ¢ 5K
C) BB INZEHE C . TR IR D", 12k
DY Horh 2RI CF AR AEE B AT R R
W= ok, BT, ¥ H BB A X F 84 &
FEFR RS AR PEE T PR PR R (O DL R
B RAEY L BB C) 3k C) i e
B IFMRE, A2 0 A JL A R 2 3 4 2 =45 3 iy 26
i CY BIRFE CY WMIEES d,, W lFRm N .

d,, = min(d,,d,) (2)
d, = max(d,,d;) (3)

N e e TS

tm




76 T BB BT B R

2 2 2
dlm = /\/ : dl[ + - dlj - — ZdU
n;, +n n, +n, (n; +n;)
(5)
n; 2 n; 2
dun = du‘ + dlj (6)
n; +n; n; +n

X, d, Fd, WHHE C) ZEIFRINZHE C) F1C)
MBEES s d, W2EHE C) M C) ZIRMBEES 5 n, AR
CY IR H n, IR C T R AR
L
AR RO Y B B s 4 A X R g Rk
GERTHEARRBISEN R, A S g | AR ARG
FRBORAS 38 AN (7] i 1 138 4 2 0™ A ) — ORI AN
SEPRFBUARFT AR RE | L6 e BE il D053 i B B
Wi Ty v, IR B AL SR SAUR
RBIME R C BT AN,

2 (dy=d)(z - 7)

2 (dy =y X (5 - 7)
R, 2, OB AN 27 SO HM —

HXEGZ RGBT ; 4T 5290 o L 5 10 73
it

— R B R T 1, HH
Y

(3) KA

BN RSB R R NE B TTE d,,, SR
At € O TERIHA Y € = 1€,
TR KNy €O O oe, S5
%2),

LR, BB RN A, i HUER
52 A B B A I 5 A (1, 5 L
RO

RSB R0 S I7) 2 8 55 8 o 25 10 7
AR T A R B4 L B 8
IR A5 16, 55 2647 Tl 3 5 0 1
S TR ORI T 4R 50155 5 10 A8 TR e LIRS
OB, TR, e R TR (i
SR 1 A 2 AR R, A SRR AR
1 B KBRS R e B BV BA 2 e
A AT AT REAC B K5 .0
BEETT BN, VTS B KBRS J, B A
.

C

(7)

=YY X @

Jo= (- 3 My (9

SR BRI, WAL f5 Rk
SRR C) IR 52 ] AT 2 — B A B
x, (REEES 0 HHE € TPIOREA KL

B AR B, AR B 2 B A 5
BB R 0K | AT 5 B PR B B 7 S BRI
WU B ER . SRR J T R
SR e T SRS TP B A R ATARA MR X T
FasE . PRI, AR SCURIUR PR B B T ISR AL ) N £
W RGEEAR,
2.3 YREHISAE B 25 HOIRER

S P T 70 TR T LR S P 5 1
W RO B RS, DA 725 25 B T4 o TRy — 52
{1, BT A RS T S B AR By — L B 24
A5 I B AL AF AR B0 5 T 258 i A BRI, L
FRO LB Bl Q77 A4 I 14725 14, T R 725 T
SRS R SR 1 S AR A b A B
LA PR AR 7 2 W 2R G R 5 15 T R 3
2 ) 0 S BB £ 5
FEAE 3 T8 T HHR a5 2, T 0 A P e
SRS S EVE . AR, SN R M RO 7
Ko TR AR B (25 M R 75 S, T B — N
B PR AR B 2 I 2 M 9 5% | K SO 5
KA C) IOABE L X, M R B (5 AT
2 JGHR AN

Kl ’ KZ ’ ’ KM
i, K, Ky, Ky S A SR IR 3 15 5
BOH MR RE S,
2.4 GARSENS %

S R A B W 5 5 AT IR A BT 1 e
B0 2 % 55 T A5 T 9 S8 ADIR S MO e B W, 7°
B PELR —FET 10 Gl BRI, e i
AR G HE TR R AT B s VA
W, IEHINT S AR TR R L L, A
AR T il K A 4R 301355 10 TR 245 R 4
BRI R 2 se R A . IR 7° Beit ik h 3
%% Hotelling 42t , & BT H1 %, BEOS K 30 22 0C
25 R RASE | RIS 4 TAR 3135 5 5 4 00




Briide , X B, BBLr, 4. FIRIE T oI R AR EER SRR MM [ ] . T AEHT IR, 2018,37(9) :74-80. 77

XHE AT A AR e R U, DR AR 315 5 A9
IEAE A IR IEZS SR N (e, X)) BB [/ 53 A o I
b S BARYIE 3 SR 22 . BERRIE S
HX X, X, MRS | ARSI E 5 T R
WO BOIRSIRAIE -, Al M o AR B 1R X /Y
T geiti .

2 l Y -1 v\T
7= (X-X)$7(X - X) (11)

e, X 1S S BIONEIES R X, X, - X, [REAR
P FREAS 7 22

MREAHU R K, G i T RN F 4y
1

P T - ()

FH, 1 —a EEEC—A p dERIREER, it 2
F(13) B4 X Y .

(X—Xﬁ%X—if$gbi$%m@J—w
(13)

T St 8 A AR A S A A B AL T ) B
B, BB T A B A8 e AR 345 5 2 LE R
FEAS RSN {55 R AE 2k i e 2, B G 5 S22 1E o T
VEIRZSRORREE . DAk, 36 i S0 W o A U 4 3 5 4
T e 2 A 7 IE W ik 30 15 5 B0 A X1l Py BT
HFIW SR AR BT IE R

HAARE TS, BRI T2 ) P o2 T g e 2 4R
ASHEAT MM, ] AR B SR R P B X I 5 42 il

IR U AR NBR L,
LCL =0 (14)
Ue, =%F1_a(l)9n_l’) (15)

AR e T2 v A XA 2 AT AT, A X
) 1 — o SOBE T RERIWTAEAS TS A O RIAEAS IX 8] (1448
WA SCHE JEHUE 2 7K o = 0. 05 Al = 0. 01
A BT FR AR PR

X PR R IR Z 5 5 RIS B T8
Giitim, MAEMSGARERHH, HiRIET S
AH S A 35 1E 5 IR B A 5, A N b iR B 5 5 Y T
et AR IR E A BT AR T° a0 1 T L
W EX —A8 1k, HIRENE TR T° Gt abi i
il LB, MR IRSN5 5 55, SR WIS 22 R 25 S84 AT
REAETEM R, T2 g i . o RS T° it
AR A Pl A B B O T DA R B 15 5 S O AR
FEAE BRI

3 GRS

DA 500KV 7% R 3 78 s i 9 31 70 26 4 I 3R 48
RALFIMIRBNG 5 N RIEHEAR %R G RAE IR
N 10kHz, = 20728 He 2 (AR BER Sl (55 . TAFE K
R B EA T I, Hovh IR0 A5 5 T R A8
4 10mV/g [ PCB Jills 15 s BEAT R4, I A
BT AR RE N TR R IEL 1/4 LB
(U RS E — IR S R . 1 DI
(A7

Bl s e sy K]

Fig.1 Real picture of vibration sensor placement
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Fig.2  Vibration signals after pretreatment

FERTHEE A8 R A IR ) IS A AR B 51T R 5
RN, B IS B A R B s i A 2, Hip AR
Ve FHBOIR B 5 SREA S W 2R 55 2 A~ A I RIBL
P, 4 15000 ABEAR,, 1 ARIER(2) ~ 2 (6) Ml



78 BT B BT R %3748 59 M
B AT R RIS R, R T, ! ' ' —vT™
KRB B AR N A IR 2 R 1 e A 2T 5 S EO&WWWWWMWWWWWWWWWW
2 R RS R B, RERS (AR SC A SR ik 51 *
B, AR SCHEH P T B T I B 15, | f ,' ,'
R1 REBEARI 8% REE 2 2
Tab.1 Value of cophenetic correlation coefficient g 0 W/WMWVNW
corresponding to different recursion formula a ) ) )
Dk ROERER RCKEEE bEBER  EmOo KT o : : —
C1E 0.7197 0. 8506 0. 9257 0.8647 0.8281 é o WWMWMMWWW
V13 3 A S R 30 32 1 R ) Bk . . ' .
IR BRI B A e i £ m Il 3 mT A, B ! - - , e
TSI, HHe 1 B 2 B 1 3 2 OMMWWWWMWWM
I L BRI N =6 4b T 16y ] 52 0 22, 3 49 ® , , ,
IR RN AR Z Wk THRaE . L, AR SCk 1 . , ,
10 =
9h = B . L .
w 8 - ! ' ' R
2 |
st 1o 0.05 01 015 02
) ‘ ‘ . ) . I Tils
SR S B4 BRI
3 RIS Fig.4 Vibration characteristic curves
Fig.3 Curve of total distance 06
04+
MRS A BTN B, X A8 TR 2SR 3 W i A 02f
HEAT T RGBS AR F) T 45— SR 07 JE B4R 2 o
Al BHEM L I 4 Bk, K 4 AT R A B 02
FE R S35 5 i 2% =2 1 1 I 304 9 9 ., o
Sl SRR 20 W T KR 3D 2 S0 R st o | | |
H T RE R A SRR A T o PEH R A 0 0.03 s 0.15 02
SCRIFH R G W Iy v 0 e A SO R 2 s e
FEA Z A 500k V A2 s A AR AR 10 2078 H Fig.5 Vibration signals for testing
YRS WA SV A R A A T b, TS R " -
BULE (4R 3155 R
S EUR FH K « = 0.05 fila = 0.01 A% s
il 1 BRAE Ry U B A B 1054 R A I iR 2 15 b U, B
S0 T GRS T R W 6 B g
HH 6 AT, 3K 10 4178 e PR sh A 4k A 5
9 7° Gei R IR T U, BUSHR 305 48 FE 2848 g T~ ]
3

UIRZSNIEH o BLOh, BTk i 4% 4128 IR g R 3h 15 =
(Y 7° e AR R LB HT , X TE—E R AL Bl
B Tk Se iR S 5 2 [ B AT B RO ARULEE , [RAR

1 2 4 5 6 7 8 9 10
WA A G2
Ee6 T4k

Fig.6 T° control chart



Briide, X0, SRLL, 55, FETIRIG S SR i TR AR e Ak

AW T]. BT HAEHHEAR, 2018,37(9) :74-80. 79

pring iRl

SCHTA BT S00KV AR 4% R 7Ei8 A8 T 4%, Bl is 17
RERZEE e R th B R HORS M IER , B,
7% il L) T 235 SR 5 S B s SR AR A, DA T S0 T
AR SCHTHE D 1k R RS I A

4 Hig

BT RGBTy 6 500k VAR B uh AR
IR B AR M I 2R 49 A Vg s R 3l WA 5 B A BT
R

(1) X8 FE 28R sh W I &R 48 b i BR sl 5 5 AT
RO R HEIUR B 4R S5 TR e T DR
BT H AR FE AR shARAE , 3 T o 1) I 2 kA R
BEAE A A RB U 158 e 8 IR S5 5 O R R IA 3|
30/

(2) T il e 45 - b I WA 35 75 R 28 4R 2
WEIAES LGRS B i FR AR 4l LE IR 3 5
SERHMEMZ N T gt s T s R e H R,
AT DU R R ) AR R AR A SR AR AS B AR R
ariyB T A REE

(3) A3y ik RIS T A 2R A AR Fe 28 4R 3
{55 B RHAE B, Bk, U7 X A8 R 2R sl A 2k
W T R G0 RS PEIUIR B A5 5 FRAE i 2 A0
WRGIRNE S T° Goit M H P R ED AT

SE LK (References) :

[ 1] &30k, MRed, 22638, % (Jin Wenlong, Chen
Jianhua, Li Guangfan, et al. ). 4=[& 110kV K& D) FZ5E4%
L 70 e 28 5 B IR i 4e 1T/ B (Statistics and a-
nalysis on power transformer damages caused by short-cir-
cuit fault in 110kV and higher voltage classes) [J].
B+ A (Power System Technology), 1999, 23 (6):
70-74.

[2] £#= (Wang Mengyun). 2004 4E 7 110kV K& L) 2748
He#s F5 845 11 43 M1 ( Statistics on power transformer
damages in 110kV and higher voltages classes) [J]. H
J13% 4 ( Electrical Equipment), 2005, 6 (11): 31-
37.

[ 3] ht, EFE4E, M, &% (Yang Xian, Wang Feng-
hua, He Miaozhong, et al. ). %&F PSCAD-ANSYS f{75
JEAS SR IR SN 45 AP 5T ( Research on simulation
of transformer vibration based on PSCAD and ANSYS)
[J]. HTHREHHE AR (Advanced Technology of Elec-
trical Engineering and Energy), 2017, 36 (11): 51-
56.

[ 4 ] Borucki S. Diagnosis of technical condition of power

transformers based on the analysis of vibroacoustic signals
measured in transient operating conditions [ J]. IEEE
Transactions on Power Delivery, 2012, 27 (2):. 670-
676.

[ 5] Garcia B, Burgos J C, Aloso A M. Transformer tank vi-
bration modeling as a method detecting winding deforma-
tions-Part I Theoretical foundation [J]. IEEE Transac-
tions on Power Delivery, 2006, 21 (1) 157-163.

[ 6 ] Garcia B, Burgos J C, Aloso A M. Transformer tank vi-
bration modeling as a method detecting winding deforma-
tions-Part II; Experimental verification [J]. IEEE Trans-
actions on Power Delivery, 2006, 21 (1) 164-169.

[ 7 ] Ibargiemgputia P H, Linan R, Betancourt E. Transformer
diagnosis using probabilistic vibration model [ A]. IEEE
PES on Transmission and Distribution Conference and Ex-
position [ C]. New Orleans, USA, 2010. 1-8.

[ 8] Sl BAAEE, BEf, %% (Ma Hongzhong, Geng
Zhihui, Chen Kai, et al. ). TR HE SR E4S 42
HATE ML WIH 775 (A new fault diagnosis method
for power transformer winding deformation based on vibra-
tion) [J]. B 1R S A31L (Automation of Electric
Power Systems) , 2013, 37 (8). 89-95.

[ 9] #M, fAISCAk, &7T4, % (Sun Xiang, He Wenlin,
Zhan Jiangyang, et al. ). HLJJA8 FREF 582 AR T Ao il 5
LWiHARMBAE S &R (Current status and develop-
ment of test and diagnosis technique of transformer wind-
ing deformation) [J]. EHLERAR ( High Voltage En-
gineering) , 2016, 42 (4). 1207-1220.

[10] b5, K| (Zhao Miaoying, Xugang). FETZ 50/
WAR e 09 A R A5 R Bl 15 5 FRIE B2 B ( Feature extrac-
tion for vibration signals of power transformer based on
empirical wavelet transform) [J]. H 71 &% H shfk
( Automation of Electric Power Systems ), 2017, 41
(20): 63-70.

[11] Z=vp ) Sk TI4E . MIB, % (Li Zhong, Zhang Weihua,
Sun Na, et al. ). FEF T [ IE 28 R 25 (9 A8 e 2% 55
TR Bl 245 0% {5 1152 ( Caleulation of vibration funda-
mental frequency amplitude of transformer surface based
on generalized regression neural network) [J]. W HE
R (High Voltage Engineering), 2017, 43 (7):
2287-2293.

[12] RAA, X H#HIE, FEM (Song Renjie, Liu Ruiying,
Wang lin). R EFCERIEFAEAB AR AR TT
flH BN FHAFSE (Application of grey fixed weight clus-
tering and variable weight model in transformer condition
evaluation) [J]. HL THAEHF AR (Advanced Technol-
ogy of Electrical Engineering and Energy), 2017, 36
(3): 75-80.



80 TR RE BT B R 5537 4% 59
[13] S XAy, dER (Ma Yisong, Wu Zhigang). %t T tic feature in big data) [J]. HF5{EE%M (Journal
Neo4j B B, ) RO AT e o (Modeling and analy- of Electronics and Information Technology ), 2015, 37
sis of big data for power grid based on Neodj) [J]. H (12) . 2795-2801.
THHEFH AR (Advanced Technology of Electrical Engi- [16] Jin Rongrong, Xu Bin. Structural damage detection based
neering and Energy), 2016, 35 (2). 24-30. on principal component analysis and Hotelling T> control
[14] B4 %=, FiEE, A, 5 (Jian Jinbao, Wang chart [ A]. Proceedings of 2010 International Conference
Yuanyuan, Zeng Xiangjun, et al. ). T REREN on Circuit and Signal Processing & 2010 Second IITA In-
MR -3 ( Earth fault feeder detection based on ternational Joint Conference on Artificial Intelligence
hierarchical clustering analysis) [J]. H 1 %&% H3hfk [C]. Shanghai, China, 2010. 257-262.
( Automation of Electric Power Systems ), 2013, 37 [17] BRI (Wu Yingyou). VEAEHUH R SRS W 5 5
(5): 111-116. M+ RWFF (Study on the vibration condition monitoring
[15] ¥ R4E, TE%E (Luo Entao, Wang Guojun). KEIE and forecast technique for machinery in submarine )

Hh— P LTI SRR BE 1 JZ R D715 (A hierar-

chical clustering method based on the threshold of seman-

[D]. . PR+ K% (Wuhan: Huazhong Uni-
versity of Science and Technology) , 2007.

Condition monitoring of transformer windings based on statistics feature
of vibration signal

CHEN Pei-long', LIU Jun', MA Xiao-hong', WANG Feng-hua’, ZHANG Xun',
HU Xing-hai®, XU Kui', HUANG Jun-kai', ZENG Peng', TIAN Cheng-yue'

(1. Electric Power Research Institute, Guizhou Power Grid Co. Ltd. , Guiyang 550002, China;
2. Key Laboratory of Control of Power Transmission and Conversion, Ministry of Education,
Shanghai Jiao Tong University, Shanghai 200240, China;
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Abstract; Vibration signals of the operating transformer are closely related to its winding condition. To further ex-
plore the variation tendency of vibration signals of power transformer and realize the condition monitoring of trans-
former winding, hierarchical cluster is applied to obtain the vibration feature curves of transformer winding based on
the processed vibration signals of the operating transformer winding. The 7> control chart of vibration signals are
proposed to judge the winding condition of transformer. The calculated results of the vibration signals of a S00kV
transformer have shown that the features of vibration signals are effectively described by the proposed method of hi-
erarchical cluster. The T° control chart is capable of accurately assessing the winding condition of transformer. The
results could provide the important basis for the on-line condition monitoring of transformer windings.

Key words: transformer winding; vibration signal; hierarchical cluster; condition monitoring; 7> control chart



