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Fig.1 Simulative results of arc model
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Table 1 Simulative results of arc model under currents

with same value and differnet properties

g YN LA ELSIES
EER /TR D IR/ /A R /v SR /W
JHER 20 109.7 1462.9
2Pk 20 106.4 1501.4
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Table 2 Simulative results of arc model under
different power supply voltage levels and

constant current value

E/KV  R/Q  WINHEARE /V BRI EEE /W
10 500 109.7 1462.9
14 700 108.2 1472.4
18 900 108.7 1457.9
22 1100 109.9 1463.5
24 1200 110.4 1464.1

B AR A RUE E D 10 KV, i i s v RH
TR AL RN R HLIR /N R SIPE BR  S  £)5
HARANER 3 B, th 3R] W AL oI SR AT A (R Rl



& 12 1 B R LSE AR B Tt 0 P e ®

LRI NIBE NP 4 P 355 b = =T N A I
FRIELIE T e, - EL A ST AR O, v oI R BEL R FRAR
PRo /NG LI ER S REPEOR 2R T DU AR 28
BRI

UH=A+% (3)

Ao U, B A B8 5 1, O SR AT RU(E
A B n 5 S I AR A B AT S Y, R T /NE
TSR] BRI, n AR AR 10
F3 BEREREE—E.BERX/NAENEBIMERFEER
Table 3 Simulative results of arc model under
constant power supply voltage level and

different current values

W /A R/Q  HINRIEARUE /v IR / W

10 1000 117.4 834.3
15 666 109.3 1161.8
20 500 109.7 1462.9
25 400 100.6 1760.3
30 333 98.5 2013.6
40 250 92.1 2544.8
50 200 88.2 3100.5
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Table 4 Parameters of stator core material
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Table 5 Enthalpy characteristics of silicon steel

WmE/C IE/ Qo™ | BE/C KE/ Jem™)
0 0 1537 8.376x10°
100 4.004x10° 1539 1.031x10"
1000 5.409x10° 1800 1.203x10'"°
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Fig.2 Results of finite element simulation for

PEIE AT/ mm

o)
=]

SRS
S 3
PeRHARL/ mm’

8
6
=4
2
0

BekzIRsE / mm

i

stator core temperature field

KL BR T AR 3R 5 5 iR 56 S 5 A Fr A
[, TAERREE AR R 60 °C ¥R H1 T X258, Kk
F40m /s, KRR RECN 25 W/ (m?-°C) i
AR FREE T IR 05 B 58 #0058 IR 28 0] el e 4ot
I RESZ . Y H IR T A R ), 45 B & B0 T AR
RS IRIHEE T g i beds R LT e 4 —3, Ut
BHAE R AR TR VE T A IR B 58 2107
SO FL SR P U i i R B A AN K

FEL SIS 760 14 7 L 235 SR S /s R I 26 5 e B R 37
BRI LM X R, EE A BRIT ) B4 58 BoR g
PEIRRFS H IR R ST AR PR 56 &, DR b HE 2k
ISR R S M i p e i R R G R R X

Ham i Xt g BRI BRI 45 R A U 2 — 2
B
3 EFHROENERIRIGIIE S o

31 REERESHER

B X S ME DEC A& FLALIEAT 8 1R BRI
PR LS, Lo MR O BB R -5 ELHLAH [R] 4 44
BRI 20 S e g O s A 0 v B 2 BfS SR A R
A3

IR IR T, 70 AL, FEZe i BA LA,
FFKe L 2 2 BNV UG 1Y . SR 5 3 1 R R AR i
B R AL, 38 B | H S A R L I L
Ik B[] 4 L 25 08 S B RR R B ] . Jrp | R Rk
I [A] AR A 2 422 b OR AP S VRIS R] (0.5 s ) FIUK 45
I (13 s)E .

SRR E S NG TR SR U I A Wi s
TERGFLAR R AR IF e dit i - 8k.es , 21 1K B[] 2k i 25 Tl
B[] J i 1 33 ), U R, il 2 s
PRAF RN AT HL R (R R, R BR 2 1 s e g o
YN

52 B AN R B B S % il e R Y R 4 2 e
ST =0 Ol St B o N i B W 5 3 Ol N Y 9 8
IR, 50 R A5 G A L R /N B I A i
SLINF[R]AT R oa i o) 2 Y 52 i)

P T A 28 Rl 3 Ak 7 A R 5
23 A B EICA A FE . AR AN d R
) HL IR, T E SRR, 3 5 AT DL R AIE « rE IR
T BB AR IE 5%, AR SE AN AR 5 o 0 H B (1]
SR IAB B, TEWTES AR A9 0.1 s Y, R BRI
R R IS AR R, BRI
FEAGEWC L G, i AFRE BRI B, H O R
EHEIY . BEE YOGS R B TR PR A B
P, I EEL R R L 328 9 ik, 0 I 338 ) AE 5% 0 B A
P, IR AR AN | B )R 5 i R
PR 738 A A — 2, 10 i s ] 328 T TR0

FEAA R A R T, F IR R B ) L R DR
IS R R E R BB L R R AR — B, N
19.6 A B ICH R 7 L 540 (4 06F L An & 3 i, 45
SR UE 1 LIRSS RY B R A

> 300

>

m 0

=

'EJ _300 ! 1 ! 1 ]

0.21 0.23 0.25 0.27
] /s
— i, -

B3 RIlBENHESKRBRERILL
Fig.3 Comparison between experimental and

simulative results of arc voltage
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Fig.4 Relationship between arc power and

arc current and between arc power and time
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Table 6 Partial fitting results of arc power

RIG L /A k x
135 1156.1 -0.16
14.6 987.5 -0.16
19.6 1523.9 -0.15
249 2361.2 -0.14
27.2 1872.6 -0.14
30.8 3529.6 -0.15
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Arc burning process of stator core under stator single-phase
grounding fault of generator
GONG Heng',GUI Lin',ZHOU Guanghou®, YANG Yong*, WANG Xiangheng'

(1. State Key Laboratory of Control and Simulation of Power Systems and Generation Equipment,

Department of Electrical Engineering, Tsinghua University, Beijing 100084, China;
2. Dongfang Electrical Machinery Company Limited, Deyang 618000, China)
Abstract: Aiming at the phenomenon of arc burning stator core under stator single-phase grounding fault,a
simulation analysis method based on arc model and stator core temperature field model is proposed. Firstly,
the arc model is built according to the single-phase grounding equivalent circuit,and the influence of circuit
parameters on arc voltage and arc power is analyzed. Secondly, the temperature field model of the stator
core is established, and the core melting volume of the core with different parameters such as arc power
and fault time is calculated by finite element method. The simulative results show that the relationship
between arc power and grounding fault current is approximately linear,so as the relationship between core
melting volume and arc power. Finally, the arc power model is proposed by analyzing the data of stator
core arc burning test, and the temperature field model is modified. The relationship between core melting
volume and grounding fault current is clarified. The effectiveness of the simulation analysis method is veri-
fied by comparing with the test. Combined with the simulation and test results and the core repair level
of the motor manufacturer, it can be determined that the maximum permissible value of grounding fault
current of large generator is 25 A.

Key words:large generator;stator grounding fault;stator core burning process;arc power;core melting volume
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Transformer winding fault diagnosis method based on
oscillating wave multi-feature fusion
ZHOU Lijun,ZHOU Meng, LI Woyang, CHEN Tiandong, WU Zhenyu, WANG Dongyang
(School of Electrical Engineering,Southwest Jiaotong University, Chengdu 611756, China)
Abstract: In order to obtain more state information of transformer windings and improve the accuracy of
winding fault diagnosis,a transformer winding fault diagnosis method based on oscillating wave multi-feature
fusion is proposed. In this method,the fault type,fault degree and fault location are judged by the waveform
characteristics of oscillating wave and the colour characteristics of time-frequency graph, and the automatic
recognition of transformer winding state is realized by PSO-SVM(Particle Swarm Optimization-Support Vector
Machine). The proposed method is verified by transformer fault simulation test platform. The results show
that waveform feature, colour moment and colour coherence vector have the characteristics of separation and
clustering respectively for the spatial distribution of fault type,fault degree and fault location,and the recogni-
tion accuracy of PSO-SVM is higher than 95 % ,so the proposed method can accurately identify the state
of transformer winding,and provide a reference for on-site transformer winding status detection.

Key words:electric transformers;oscillating wave ; winding fault; waveform features;colour features; PSO-SVM
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