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Research on transformer fault detection method based on a regression algorithm
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(1. Huanghua Power Supply Company, State Grid Qinghai Electric Power Company, Jianzha 811200, China;
2. Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Transformers are expensive and difficult to regularly maintain and check. In order to achieve fault detection of
transformers and to ensure that they can be in normal operation for a long time, a simple on-line monitoring algorithm is
proposed. First, a temperature model of a transformer hot spot is studied, and the accuracy of the model is verified by
simulation. Secondly, the regression algorithm of transformer fault detection is theoretically analyzed, and the simulation
is verified by the real data program algorithm on the transformer. The simulation results show that the parameters from
the proposed algorithm would change significantly during a transformer fault, while the parameters remain basically
unchanged when the transformer load changes slowly or suddenly. This verifies that the proposed algorithm could
effectively identify a transformer fault.
This work is supported by Science and Technology Project of State Grid Corporation of China (No. 522804170002).

Key words: fault monitoring; temperature model; regression algorithm; transformer

0 35

AR s g SR A F PR R, PR
ARG EENE, o2 B SOt s Akt ok BRI
TRk . DRI, BENEX AR 4% ) fe RER A AT S
S R AT IC O E L, [R A AT H SR R DL
AR A Ab T R IE AT ISR I L B AR 2 AL it
R T H AT 0 AL e 5 57 RO TR FH R i 0
AR s 5% A BT K AU REAT A I 23 A, ARG ke Sk
Mo AR A R E T v DA b FL IS 2 3 B0 A2 2%
MRV, D A AL, AR IR A
FRANTR] (i R S AR o A R U, DRI —

HEEWB: BREMAEAHIRE K85 (522804170002)

JOE SR FH 0 SR v AR L AL ¥ o) 0 s 4% 1 i e 2 78
AT L,

AR AR % 3 T A A R S e R SR
AR BRFAE SR, FHMRE AR R 2R 5 R, X ey
o BTN A2 I A s A I v,
HIECHRAE— R 51 AT AR HED,  CIGREFR1fE 1
i L S AR SRR R AT e R R iR R (B
5&, |ECICIGREIHRHEIEA & MBS Bl 3 50 UE 4
RARTFI, X LERRUE R A BE AR EILAR e 45 BT 18 3 1 4%
Fh AR H S, WRIARESR Ot — AN AT & W
s yEE . Wb, ERFEEN T, RiE
IEC/CIGRE AR EAREHI BT H A% [ 28 Wi e 2

BT AR 28 s is Wi fE e 2 2% HL 2, 75 2t
KEHIEFAT Wi SRR B T X



i, %

F T[] R SR 1A A e A WA U 7 1 9 - 133 -

— i, ERNAMEEATRA T 20N TR
A R AR AT SR IZ W . ARPEChin E. LinZE A3R-H T
ISR T (DGA) T IEEL,  IEC/IEEE#H T 4%
WZH 5, Huang Y CZE A$RH TR AN T
X & (Artificial Neural Networks , ANN)iEAT 48 [k 2%
S ) 5 R0, Guo Ying-JungE AR T
12 9] 25 PR B (RBF) 1 22 X 4% o7 P T 48 T 2 O i 5 12
Wr, 1ZEEEAA BRI RE I, Ak, R
S5 N K Petri X FH T8 = #% W B 12 W 3 R A i R A
AT, X BT VEAEEA R SR i, A REIR L
7 W 7 A . RO = DA, BRI, AR SCit
FU T — AR R SR AE S AT M T V. RN R
PR R B8 I BRI . AR A HOTIR
T AZ s #5% P o i P P AR BRI /0N 1) UL P A e 2
AT R I REEASEIE R T 28 R 2 E R
PR R FELe A 04, AR 38 A RN, BT Rih )
SO AE TR Z R A R B A8 Ak, DRIk e ke R AR
JRAR R AT . AR SR o0 A8 4 A 50 T00 3 i B2 1)
T EAT AT TS, (ESRERE RER s T —Fp AR
WSHA T RS Rl IR T T E
AT

1 RARREAERE
1.1 ARIREEANES

ARSI IR EE, 8 ONAR AR o B e
IR, JEUEAR AR — N AR E, AT
FH DLR 5 923 ek sz 11

1) 7[R R4 e B A7 B s SR 8 M4
FEAR AR, SRR H~F- 3418 5

2) FI AL RS R TR AR SR IR R DAL
HARKHGEHE N H=1.3), TSR HEIRE.

R4 |EEE bRtk C57.91-199508 e [R5 1 S it 11
PSR, Hh AR ()3T

0,=0, +A0,, +AO, (1)

O, =0, +AB,, + K" )
A O, ARSI ; O, AMEE
FEs A®r, NI MR & TR E N A0, N
SR HOT IR THEL TR T E; O A ERS T
TR AO g IR IR T IO R A A 1 5
K AL bs i 85 %0E B, m=0.8~0.9 4 H
SRAED, 0.9~1.0 AsmfilAEl. FEUHIE, AL
Fris SR FE AR &, ALIACC.

AT ()s (2), FIH IEEE frERAdk4T
AR U P ) TN B R RAR AR A 1 T R

TOU L PR A 2R S S T 47 7 (P8 88 IR Ge ) L

LRI 2 B N AR 4% A R R HRE s AT SR T
TR L TR AS B ARTI AL e, B, ARIE
SRR AL . SR IR AN BT A IR Y 2
ﬂ%—o

i 5 AR D AT G B IR 25 B B 2 T BEIR
A g K 120

0, =(0, -0,)(1-e"")+o, ?)
K@) T R R LT
do,
TOT_ 0, +0, 4)

K O AT R AR EE, 0,. ©
AWIUE B LR R AR AR Ty A [a]
ﬁ’ﬁo

fE |IEEE 57.115 45 Y IEEE #i8dr, &
Tt EmER T, I B fla] LLEIR R

KZR+1)
0, =0 (Wj 5)

e O 7R He 3 T 1) T el i A i A B i
|

EME;K=I DS bR HLIL 5 AIUE HLIAL A EE AR
rated

R NAUE B 5 B HARFERI LU n A 0.8 1Y
NESRAEL, n A 0.9~1.0 AsmibilA A . ARG T
et T KRR, 1521:0(6).
dO,[k]  (O,[K]—-6,[k —1])
da At
PLk AR RIE] G, SRAFEEA

T
0O,[k]= T +0At O,k -1+
0

i, )
AO, {I} R+1 )

rated
(T, +At)

(6)

(R+1)

BikmmfAHE, Bin=1, N EXAN
T G)o[k—l]+—At®fiR {I[k]} +
T, + At (T, +At) [ I
AtO,
(T, +At)(R+1)
0,[K]= K O, [k 1]+ K, I [K]* + K, ©)
AT R AR, R A ELIR A T R IR AR
e n=(10) s .

®o[k] =

rated

(8)

®top = ®O + ®amb (10)
H L) RA K@) 153



-134 - ® 0 EREFEEH
de,, 100 - T : —
T g~ Ot Om + O, b ol L NA
N 4 B ([ R
T At 0 fsussvsiass .............. ............... ........... 4
0, [k]l=——0, [k-1]+—06_, [K]+ ) : : : :
top [ ] To + At top [ ] To + At amb [ ] “u 60 frassspasibpmifan armrrrgaranal ey
At@fiR {|[k]}2 JE S0 : T, ............ e 4
(TO + At)(R +1) Irated (12) 30h
Ao, )
e 20
(T, +At)(R+1) ol : H H . |
b] D S
hﬂﬂ2+@®mdm+kﬁka—ﬂ+k4 Fli] /h
Horfr, 1 AHRSTUTIHESENASERE
At® R Fig. 1 Hot-spot temperature calculated during
17 (T, + At) (R+1) (13) normal loading condition
kz _ At (14) 180 —
(TO +At) 160 X — o
k T 140 f\\ =
= 15 :
? T, + At (15) 120 \\-\-\
‘= AtOy 16 ::{ 100 : \\
(T, + A (R+D) (16) Z w0 A
19304 BRI IO BEJ AR SR A B s v w/‘
R 28 B e R |
1.2 A LREERRYINIE 20
TEFE H SRR A I 57k 2 A, AR 3 SR [21] B %5 5 015 20 25
H1) HY SR H, 77748 R 2 0 5o # s IR AR R 3 AT 106 L
Wk, SCHERAE 24 hN BRI B BT B 2 faEi AT R SRR

AT PR R
AT IEEERI PG AMatlabr, X il 2
BEAT TR o A FH P ZH B e A AT IS, — 2R
TAFIZETAEA, T — R AR . X AL
o AR T I AS SR S 1 i s e T 57
®1 BEHSH

Table 1 Transformer parameters

24 e IEFAE
T i ) H H 288 min
ch AR 1 TOT 5 T R o AL P 1 1 36 °C

R BUE SOERARFE S S B ARE I LU 2.51

HRIEZ 1 Jfr 7 (R T T P 1022 s 2 2 4
AT (12) 381522 He 2% A TR R B2 AR AL , PR 3K(2)

TR s 2 PSR B, 15345 Bl i 1 FnE
2 Flizso

Fig. 2 Hot-spot temperature calculated during
emergency loading condition

R 1S R AR s R P RO BRI, Horp, B 1R
(1351 77 FR 0 22 52,0577 °C, [ 238 56 B4 (19 34 77 FR
W22 N3.2141 °Co SEIEATT FIER A DL R AT B
WE, UL T AR R AR TR A A R, AT R
TR AR 2% P 8 S R R

2 HkENAYEAES

A AR R IRAT T i, PME TR (12)
KIS %k kv keflkao XFF—2FTAIRELS ki
kov ke RAERE Ao 2948 IR AR AT, BRI
B R B AR A G . O S B AR
BENVEREFRAR, AR (R RO JER, AR IR ER
AR () R E 2 AR S L A BT IS
MITNEESE IR, SR DN iR I 5



i, %

F T[] R SR 1A A e A WA U 7 1 9 - 135 -

1) 2478 s A5 WINI BN I2 47 B e e 2,
WRANAE IR 4 A0 T BLAR I ARG o I R iR
M2 s BRI, HESHk~k 1, IF
B HAE NI F A DL ki~KafE 5

2) FREME I TOTh R R, AR T 0] & 45 R 2
Hiki~ka BEAT {4 55 5

3) WitRk~kaf AL B R TR, WA R AR
Kb RS -

FEAERL) 2) A B S AL T 2 Hiki-kalf)
{E. [RIRSRE R N e 1 B AEA{(x(K), y(K)}
Forbx() AR,y . AR R
T IR AT AT — IR e R AR A AL S
HY 052 4 T e Tl IR . R 3 U A/ 3 (RLS)
RPN RGBT T, SR
Hil B, SRS R O(K) . B3
[e A ] U 1) B S

0 =[k k, ks k, ' (17)
X(<) =[1? Oy, Oy 1]’ (18)
Sorp A Py

Q) 0,0 6,0 1
172 0,(2) 6,,(2) 1 19)
M M M
12(N) 6,,(N) G, (N) 1
A 38 VA B/ —RIEAS 3R AT 8 (1 2 2R B
P

x(K) =

O(k) = O(k = 1) + P(k)x(k)e(k) (20)
P(k) =P (k —=1) + x(k)x" (k) (21)
Horp P(K) fvsaE 8 PO) =al , TRt
WWSIOHEE, — B ol EREK. e(K) ARz,
A AR N
e(k) = y(k) - y(k |k =1) = y(k) = x" (k)&(k 1)
(22)
N T TGkt P(K) AR RE RS, @ 3 R T
i 3ot 5| 3 2O) 7 AR IX A ol
P(k)=%(1—7(k)XT(k))P(k—1) (23)
1
7(k)—WP(k—l)x(k) (24)
A, A RORILY AR ER T, % E 1@
BENAKT09,

3 EVARCERMEFEAYIEIE
N T AR R A SR AR, AR PR 2>

MR REAT IR BRI AL A8 SR -
3.1 BRI RE

fEIX ko, PAa()MN(12) R Ay
S Aith X A2 e A PR AP T 5322647 1 Matlab {17 32055
UE e RV s A A il B BRI P i S T
B, R R, SRR BOR IR E SO R
AMERAI R . AR AN (D AN PR S5 ) A
H (AR D) IS A, AT HE e/ — IR A
S k~ka M . WERA SIRAT 1 S 80H W] AL,
ISR I oy et

MEEE] 3—I&] 6 FIRN, ARAUNAR A A A s iy
14h W, WASHEBORE, ERRMRIERIET
i ki=4.4385, k,=0.172 4, k3=0.827 6, ks=1.768 3.
FE57 14 h I AL s ROR KW, BRI ki~ka 2975
A TR, SRR WGBTS A 2 AR 18
{8 RIS BB R AU SIE AN R 7 45
R ARV AR AR TR, IR 7 AR AT .

6.0

551 Tzl
50¢F
451

-
40}

351

30} : 3

2.50
e /h

B3 kEfEEE
Fig. 3 Estimated 4 value

020 -

i 1 i i
0 5 10 15 20 25
Ff1E] /h

B4 kihEE
Fig. 4 Estimated 4. value



-136 - @ HERIEF DR

5 10 15 20 25
fE] /h

E5 kpfhEE
Fig. 5 Estimated 4 value

Ef1E] /h

o6 kHEEE
Fig. 6 Estimated 4 value

3.2 EHIRIRILEIE

TEA/NT I BRIE SRR, RIS ASCINL.271 M
IF) {4925 T 8 B S B0 SR 6 E HE HH P i Al B
I EHE 128 R 23 AL T IE R ST IRES, HAEIRE
B RGP L. MERA R, TR
N, FIFHZAEE RS B ki~ka N 1% A L B B
FTIS A . ZEEIRTS HIX Bl J5 82K F T e A2
S A A (1) R A

A ) B3R A5 ki~ka 2 B B BAR T 3,175 BT
XIS SHUE . 7R E FI0 A8 35 A 75 e i
M RRIERT, SRR BN, KRt HE i
Bes AN SRBE R B RKBE S SLhME, B
UAS R PIWT, DRI A B 50 B P ) R A

K] 7— 104 1E H iz 47 i) £ fnf PR AR AL s 3R 45
ZHKk~Ka AT

& 44380 o

44395

44390

44385 F

44375 F

44370 feverennn

44365 i i i
0 5 10 15 20 25
T /h
7 ZibeE. ATEIEENE 4EEE
Fig. 7 Estimated 4 value without faults with

gradual change in load

0.1738

01736
01734
01732
0.1730
0.1728
01726}
0.1724

0.1722

0.1720 : : - -
0 5 10 15 20 25
7] /b
El 8 THbE. ATTEIETNR LHEEE
Fig. 8 Estimated 4. value without faults with

gradual change in load

0.8280

0.8278

0.8276 -

0.8274

0.8272

0.8270

08268 ; . : :
0 5 10 15 20 25
B 1] /h
B9 TibeE. AFTEIEEN LHEEE

Fig. 9 Estimated 4s value without faults with
gradual change in load



froete, 55 BT A SE AR 8% SR A 77 VAL - 137 -

1.7700

17695

1.7690

1.768 5
1.768 0

<« 17675

1.7670

1.766 5

1.766 0

1.765 5
0

5 10 15 20 25
BfT] /h

10 JTTHPE, AEEISTR ARIMEE
Fig. 10 Estimated 4. value without faults with

B 11— 1409 IR W 384T I AL e 2% 74y RAR AL

gradual change in load

i SRk~ KRB L

44400

44395

44390

44385

44380 F

44375 +

44370

44365
0

5 10 15 20 25
Ffa] /h

B 11 Gl sRER LB EEE

Fig. 11 Estimated A value with abrupt change in load

0.1738

0.1734 +

0.1732

0.1730

0.1728

01726
01724
01720

Ff1E] /h

12 AfRER A BIEEE

Fig. 12 Estimated 4 value with abrupt change in load

0.8280

08278

08276

< 08274+

08272

08270

0.8268 : L t -
0 &) 10 15 20 25
BT /b

13 DT RBAT A B EE
Fig. 13 Estimated 4, value with abrupt change in load

17705

T —— T T e e
1.7695 ¢
1.7690 F
1.768 5 : :
1.7675 ‘ ;
T T T PP YL . SR,
1.766 5 F
1.766 0 |

; : i ; ;
L1835 3 10 15 20 25

ftfE] /h
14 SRR LB EE
Fig. 14 Estimated 4. value with abrupt change in load

329 b, AEAL AR R RIs AT I
k~ke ALV, M AR IR SR TE s A hh, faEk
HIZAE AR AL RIRBA I A 22 5k ~Ka TR AL,
VL 72BN S B R

I 1o 3,175 M) Y S A [ O AU A8 T s
BLGR f bae DL R 3,275 SR AN [ S 3 A8 40 1 A2 s 4
B AT B HEAT X AR SO H R SR AT JiE 73
B, FTRNZ AR MER IR 3 LT AR IR 45 RO
i, 103,275 ki~ ka FI A2 A1 LU B B AR I 45 T Wi o

ZR PR, AT HRAE D, R AT ki~ka
IR AL B A e A AT W A T2 T AT/ EAh,
FE A A LARARA A B S il — R A T8
RGBS B TR RS GE A E, L
AR s s BRI R ATAR I, R I S SR AL =
TR, IR SEE, RiTke-ka AL TE L,
i 5 4 AT s PR B AELREAT U, SRR L R L
I 58 Y A s 5 It e o




- 138 -

@ HERIEF DR

4 ZEiE

L5 EPTIR, AR T — oA AR He 4 R
BV, TR B He g i RS« PRBER BEA A7
BWAB R WA R AR U B AT TR ST, F
Beop AT THES: BERMREBE B3 AR
PR ] U i e M R . S, A 2 s
X ST R A el AR DA B SR AT B, 3K
37U S

1) 3 PG BT R AT 1A I A B A TR A
R, ORI 6 22 Mo 2% AR SS B0 TR AT 1 A
RS AR 2, I8 IS B T A R R AR
AL AR s 25 R SE B A iR B2, 30E 1 3R by
ARATAL s 2 T T AR AR DL R PR e Tk AR AR ) I i
P, AR A EEBUE T

2) A7 B R PRI AR [ A R AR R A R At
FHEA B A, B K~k S H0OY LR
BARA, R M B ROHA AR T g AR T R

3) oK AR s A B P 4 3 S B s 3 AT 0 1
WA, 7 A5 R AR WA SR AN 1 B R AN W R
AR, AHRk~ke 2 BUEAR [ 4 1E W I8 AT W1 IA) R A
TRFFANAS, YL P SR AR AR s i 1E 8 I RV 8
RO RAERIRBNEE AR, ZFIRAHAYEE
AR

ARSI, 2SN AR IS AT IR )
SEI IR B T —FEr TS, BR B, N AR
A S WA N i R A ) 0 R RIE I SRV R T AT
Big, HANEAREMEMESE, fFe:— Bk
O T EE AT IOUE 5 FH 7T DARIE R HY
FHRL M B, K b3 B B A A R ds BT DL
I R INAR s A e, b e YEB TR, f e
BRG] SEPE.

S Hk
(1] meHee. o) A% I 4% W i en ) 5 92 I e LA 5[],

B T H A, 2019(12): 36-37.

NAN Huaxing. Research on detection and diagnosis of

transformer faults in power plants[J]. Electric Engineering,

2019(12): 36-37.

(2] ZEh. ARSI WIERT SUPF[D]. i 1

TRHEK A, 2019.

CHE Zhe. Design and research of transformer fault

diagnosis[D]. Xi’an: Xi’an University of Science and

Technology, 2019.

(3] MHOAL, &5, Fve, 5. TR %k

SRS W], 5 R, 2019, 56(22): 84-88.

CONG Rili, ZHAO Mingyu, ZHOU Yang, et al. Power

transformer fault diagnosis model based on parameter
optimization[J]. Electrical Measurement & Instrumentation,
2019, 56(22): 84-88.

(4] EDA, BB, OB, A BT ORHCHIN AR AL E &

A ESIRS LRSI 5[], B RG R 545
#il, 2020, 48(1): 88-95.
TAN Guisheng, CAO Shengxian, ZHAO Bo, et al. An
assessment of power transformers based on association
rules and variable weight coefficients[J]. Power System
Protection and Control, 2020, 48(1): 88-95.

(6] MBSO, i, ARAR, 5 ETHRE BP &ML

BRI/ S W] B E k% &, 2020, 43(2):
143-148.
ZHAO Wenging, YAN Hai, ZHOU Zhendong, et al. Fault
diagnosis of transformer based on residual BP neural
network[J]. Electric Power Automation Equipment, 2020,
43(2): 143-148.

[6] ISLAM S M, WU T, LEDWICH G. A novel fuzzy logic
approach to transformer fault diagnosis[J]. IEEE
Transactions on Dielectrics and electrical Insulation,
2000, 7(2): 177-186.

[7] Guide for the interpretation of gases generated in oil
immersed transformer: ANSI/IEEE Standard C57.104[S].
1991.

[8] HUANG Y C. Condition assessment of power transformers
using genetic-based neural networks[J]. IEE Proceedings-
Science, Measurement and Technology, 2003, 150(1):
19-24.

[9] LINCE, LINGJM, HUANG C L. An expert system for
transformer fault diagnosis using dissolved gas
analysis[J]. IEEE Transactions on Power Delivery, 1993,
8(1): 231-238.

[10] HUANG Y C. Evolving neural nets for fault diagnosis of
power transformers[J]. IEEE Transactions on Power
Delivery, 2003, 18(3): 843-848.

[11] XU W, WANG D, ZHOU Z, et al. Fault diagnosis of
power transformers: application of fuzzy set theory,
expert systems and artificial neural networks[J]. IEE
Proceedings-Science, Measurement and Technology,
1997, 144(1): 39-44.

[12] GUO Y J, SUN L H, LIANG Y C, et al. The fault
diagnosis of power transformer based on improved RBF
neural network[C] // 2007 International Conference on
Machine Learning and Cybernetics, August 19-22, 2007,
Hong Kong, China: 1111-1114.

[13] HRZ, 5kEE, BEHE, % ETHEEMES
ICA-SVM AL 23 i B2 Wi U [J]. W R RIS
¥4, 2019, 47(17): 163-170.



gt %

F T[] R SR 1A A e A WA U 7 1 9

- 139 -

TIAN Fenglan, ZHANG Enze, PAN Sirong, et al. Fault
diagnosis model of power transformers based on feature
quantity optimization and ICA-SVM[J]. Power System
Protection and Control, 2019, 47(17): 163-170.

[14] ELMOUDI A A. Evaluation of power system harmonic
effects on transformers, hot sport calculation and loss of
life estimation[D]. Finland: Helsinki University of
Technology, 2006.

[156] BR{E. FETOLHLRERKIIR AR IR LS REZ

SEAALRMFA[D]. Hrra: LH K=, 2012.
CHEN Xiao. Online detection research on oil power
transformer status multi-parameters based on optical fiber
sensing technology[D]. Jinan: Shandong University,
2012.

[16] IEEE guide for loading mineral-oil immersed power
transformers: IEEE Standard C57.91[S]. Institute of
Electrical and Electornic Engineers, 1995.

[15] SEJ7IE, Bk, BXIFD. 22 H 48 4R B 2 T2 v i

TRIEERLI]. AN S BCfF, 2018(6): 115-117.
SHI Fangzheng, LU Bin, ZHAOQ Lili. Prediction model
of transformer hot spot temperature and top oil
temperature[J]. Internal Combustion Engine & Parts,
2018(6): 115-117.

(17 ZEr] %, (RIENT, BANI, 55, 2T PSO-HKELM H72

JE ATz MR BN ]. R EOR, 2018, 44(8):
2501-2508.
LI Kejun, XU Yanshun, WEI Bengang, et al. Prediction
model for top oil temperature of transformer based on
hybrid kernel extreme learning machine trained and
optimized by particle swarm optimization[J]. High \oltage
Engineering, 2018, 44(8): 2501-2508.

(18] T, I, mii, 5. iR i AR s & 0 A 5

PERBAI]. mEERR, 2019, 45(3): 968-974.
DING Yugin, ZHANG Qiaogen, GAO Meng, et al.
Distributed thermal circuit model of oil-immersed
distribution transformers[J]. High Voltage Engineering,
2019, 45(3): 968-974.

[20] RFFRZFHR, WELCAM]. JERG S5 0R HR
#t, 2014.

[21] THASANANUTARIYAT. Evaluation of power transformer
loss of life in MEA's terminal station[C] // Business
Investment Department Metropolitan Electricity Authority

(MEA), AESIEAP Conference, 2010.

[22] B8, HptEd. T RPE MR/ — AT T[]
=54, 1999(3): 240-248, 280.

ZHAN Wang, YANG Fusheng. Research on recursive
least square algorithms based on cumulants[J]. Signal
Processing, 1999(3): 240-248, 280.

(23] BR3K, w20, €7 790K, %, FE T URIE SR> — 3k

WS ) B AL 0 AR R A RS B [0]. R R R,
2018, 44(11): 3664-3671.
CHEN Huan, PENG Hui, SHU Naigiu, et al. Fault
diagnosis of transformer based on LS-TSVM optimized
by bat algorithm[J]. High \oltage Engineering, 2018,
44(11): 3664-3671.

[24] ZMY. F T/ ZRIFFHENAM D-S UEEHICHH

JIR R TR L Wt AL [D]. 22 M A M8 K%,
2015.
QIN Peng. Power transformer fault diagnosis research
based on least squares support vector machine and D-S
evidence theory[D]. Lanzhou: Lanzhou Jiaotong University,
2015.

[25] F, HEMR, KBNE, F FETRBEWBHEM

B/ TSR ) B AL AR A T U L5 TN [I]. LA
KRR, 2014, 29(4): 237-245.
WANG He, HU Zhijian, ZHANG Yihui, et al. A hybrid
model for short-term wind speed forecasting based on
ensemble empirical mode decomposition and least
squares support vector machines[J]. Transactions of
China Electrotechnical Society, 2014, 29(4): 237-245.

[26] J7fh#s, FM4kR, FER. FEERM]. b5 HHEX
SR, 2013.

ks HHEA: 2019-12-24;
EEE N

TR (1978—), F, AH, HEAIAER, T2RFR
w5 TAE;

FRZME (1990—), F, AFh, BTN, £B2AER
I ol i

BAESL(1987—), B, AF, TRF, T2AERLIE
. PHRBIEBRARS &) BT E T,

1&E HHA: 2020-02-20

(4 KEE)



