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Fig.1 The voiceprint signals of a normally
operating transformer
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Fig.2 The voiceprint signals of transformers

with high vibration entropy
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Fig.3 The voiceprint signals of transformers
with high odd to even harmonic ratios
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Fig.4 The voiceprint signal of short circuit impulse

3
2
1
0

lgA

0 4 8 12 16 20 24
fikHz
BS5 BEHMENEYLES

Fig.5 The voiceprint signal of partial discharge
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Fig.6 The voiceprint signal of heavy overload
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Fig.7 The voiceprint signal of direct
current bias magnetism

BRI 100 Hz A5 0 43 A0 AR o ¥ 5045 S e D)
AN EA B R A, WS R E, R
SHAE 1 200~4 000 Hz ()55 55 [Bl P H 30 22 5 0
T R RRIE R A AR i 5 R, IR B (EDRE
ETE 31N 2 = i A [ R O R A S S DR
SRR IR 2 A R U LU AR R RR ¢

BRI Ah, PRJE M s Xof A 4 5 802 W I 2
R T] Z0% . QTG TR RS L 50 Hz B 150 Hz
R, N RHRFELL 800 ~ 1 500 Hz Sy 3, 1505 (i 45
F L2 000~5 000 Hz 3=, b iAW ms 2 2 %6 748 T 2
FE L W SR

BTSSR A AiF 43 AT 32 T 30 J01) 248 i 45 3L 780 e
BT SUE 5, (A 2 i S R ™ T R e A B M
TP A R 2 R, JHL o e e L A 3 %o R
AR IRIRG B B2, a3k 28 0 0 % o o A BRSO
R MBRH . R, ik a N T8 Res it —
FEA0 P 28U 5 B ARUURAE | X 5078 FE 2% 138 1 1R
A, DTS2 BRAR i 25 P 08 50 o s e (RS B 2

2 BETHENFINTERFLRMNEE
2.1 CNN
CNN 2 —Fh IR 2 ) Rk e R AR b B

oI RE T2 22 A D P 3 gt A PR AR A
b A v A R R TR s T A e A BRUR AT
— 2] ) YR PR (BOPR O BB 4L, X LE g
P AR AR B RE AT 3l DL T 4 BV, AN
RlIRIE e ey 1) S

CNN fy— A HZRFMR PR A X ERE
TCTE A A E MR L B, R TRAR ml A A5k o X
PR CNN A 385 5 4 P PG 05 44 B AT 25 ]
BRI S5 AL AR o A, CNN B i 728 2 M e 4 TR
JZ , AT LA A g B B 52 b o~ AR 19 )2
KA
22 ZBEWNEAHIE

B B D5 e A S BTG 1] st < A T, R
FI CNN BRI B F A50R 51 ) P i AR ik o i
SCHTIR , A2 Hs g 7 B0Uf5 5 A8 I B0 R A 2 5, A
TIRE R 285 DA 4 CA A5CRE AE LAR Tl A g, (H
RIS T AR 0 FER X AT BORAR
/R B AR T LA R B A TR 4, £ — R
AR X — T, ER AR R E T AR
o), AR J i X — 5 3 A S8 AT, AN T R
A TS A5 BRI i U 0L 4 155 A

% B3] CNN LT A P 205 5 R AR S O 1 Y
DRFA T8 R AT LB 0 P B SAE 5 1R A, H IR
J3E I 285 1 HURR AE I HEAT SRR S R T . (EAE L
AR AR S IR R L, T 4R AL T A
IBATRAS, FOP BUfE 5 R AR AR, [N e 20
KGRI RN EE TN 25 R L, 1X 5320 CNN A
TERSBORIIG I, AR TR B IR BIRCR . 53
— b RS R R AR Oy W 28 A, R 25 T R 45 5
BRI AL 4R BT AR, ROR A e I 45 (Wi IO
(EX 2 [ IR 100 2 TR BT 2545 S R LAY RiE

PR, 2 1 ff CNN AR [a] i . g A0 2RI A 25
FFAE AR 25 5 0 AL I BE 7, SC AP 8 H A I Jek
{55 MBS AR 4 i 2 e 3 iy AR, BT L3R it
I SRR S, , BT B N AR AL T ] — e 2
23 FEANE

Sl AT 3, 22 3 T8 i AR A T B T R 4%
AIPUIRERE (B SIA T 2 i TILE R,
TRERIM R R  SCPAE R M AR R R G| T T
AL

FERHLEE— R H TR TH CNN PEREAY G
R IZHLH AT XA [7) 25 18] 47 B sl R Ak 38 38 11 5
B AR RERS S i ) FREE MR
4t CNN | B BUZ A i AR A2 o i AL
B EE B 1 AT BB AR, X P55



2 HEHEAR 50

TG b 0 e AR R BURA [R] A R, TGk X 41
ANFLE B, F S JIPLE SR 2 2 AL
T, Be B AEAS [F) 25 o) 0 B BORRE 3 18 b R AT A 3 N
FIIALAERE . SR FHZ55 0= JIPLHIY CNN HR Al
DASEASE A X 1 b DG 3 5 8 R AE , DA TTT 98020 A ]
JEAF AR HL AR e g8 38 T 00 AR TP RHE 5 1
SEM . DRL A8 R 25 75 SR ) i v T HLRI AT AE
X2 A B AT 385 R AL v 3R A X0 XY A 55 B Ol Y
T L BT A A5 B SG TR T, 32 AT 55 A0 Y
R TNAERRTE
2.4 ERFEIEE

AR INF 2 S 48 T 22 Fh 25 110 2 ) Bk BOp Y
RPATHRAAE S B, HEAMEE . WEEZA
B, B AT BE A AR B v i SRR R v X, JF
WX SRR R 4 A T 5 e P Rk
RUFA LY, B 02 S AR RE ARG S AR F N e B, 46
BEE M EE IR AEN =K R TR
85 HARSBFERBAE LT WA J7 s — 22 5 7
DR ERAYE 38 3 3% 5 22 SRR 1Y 1T D0 45 21, 4R Bl
27 2] AT LU RACH - 48 O 22 F0 0 22, 345 S8 TR 1Y) T
MZER R m AR e, i TR F A
B KB Z A AR R, O B 1 g AR
AR P ELA i ) B R
25 TEF/FYLESISHEDR

e CNN FE & A0 J7 T B D0 3 SRRAE 3 Bt
BB AT B A, B IR RS A AUE S
RIS TTO0 IA S R 09 SR IR M , SO T AR R
2 ) W HER T i, B R T A A 2T BT Y A e
FEEUE SRR, I & 8 Frs o % BLEHRAE 43
BrideFil CNN AU ( RIEE 2% 2] s ) A0 F 0 o] 24 Sk 4
A AL 25 R 2 )2 ML B B T2y 2] 2R i AT
CRATIN . Ay e AR B U0 A5 % M HER M B RRAE
SINTIER G RAE A e RS TR 2=
B AR LR MR RR M FRRAE 20 BT I R 3R M S 7 UM
SRR IS W A S Jn oA R AR E A TN 2 SR

SCPIETRAEIS[A] 10 s SRAEAS 48 000 Hz
18732 T i P SORUE , R 12 W R B 1) 0 Sl TR 5 i
NG BRIy (1) 38 Ay B A2 A7 2050 5
5, [ K I A5 S AT (R Ty 22 H— A A =
SR T AR — 2, W IR 00 T B
(2) RHGE IR 4 s NIRRT 2 s RIS E 5
B XGHEIE (R Z 0 4 B P EFIFIR, B K &
(8,96 000) 1) 238 18 fig AKE

P8 i CNN gy B > et & 4 A~ —
LB TRZE (A& SRR R A BIR TS 2) |, H
BERUZ G IR ERE — MR, TR
FRER B PERE 252 2 M e EHE (BE
Dropout J2FZ MR Ji OS2 ) , 27 2 FRAE 5
BRI EBIME E R o HH, ONN A2 g 2 B R/
A H 64x11x8 192x5%64 384 x3%x192 FlI 256 X3 x
384, Jui ) fn o 2 2 IEAIL, o A2 ih Ak )
i FVRAE 23 BT 25 3 1) F900 1] 2 B B0 17 B804 R A1
i, (05 2 R, B — B — D R
ReL.U 301 ek B A, TR FH A8 2K R BSCH 28 U0

SCHR ISR B T ) R R A AR I R
Ht ( convolutional block attention module, CBAM ) , iy
STIBIERGE =R 8- Ry RGOS WAL B-13 S -
Hh T TE TR AR b AL JE (R R AR R
FHRAL)Z ) 2R IEMAL (A2 E R ReLU B0G
PR R (HES R | Sigmoid JEAIAL, HI T4
B TE TR D RAE , FRRF 5 ACRRAE [T AR 3, 3R
YBGHE 3E VE E  LR AR T RO RRAE I, O A S 220 25
() Ty FL A B 2 ] T 0 AL A AR B 91 3
TEHERE R AL 2 (A5 s R AR 2 A Bt AL )2 ) |
ERUZ Sigmoid JZL N, T RIS (8] 7E R T RHIE,
PR i AR B, 4t s 8] 3 L A
EINEREHES
2.6 TESRERFAISEHEE N ARE

BT 30 Al A A8 T A P BUfE T2 WA A
75 T i R S BRI W AR AN R 9 s .

,,,,,,,,,,,,,,,,, e kL 1L
I~ T T T 1 : == == RETEY RETEY : |r _}
WiNgE | | EE HEE EE *iE RS i
R i i i i LIS
it MWE%M@; @ Bk . ﬁﬁll BBk . Bk | %3 ST o
| g EZH BRI pemi (D pEmu |1l v i ! 1| Xl
o DHIA 1 64xT1x8  192x5x64  384x3x192  256x3x384 i ! X,
|_I_—' ________ | : : : | | |
__________________________________________ | |
| ] | |

|
RSB — X

|
I | :

I
I
|

B8 ETEMFINTERFLIESISHEE
Fig.8 The diagnostic model of transformer voiceprint based on ensemble learning
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Fig.10 Abnormal voiceprint recognition results of
single defect in transformers based on CNN
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Fig.11 Abnormal voiceprint recognition results of single de-
fect in transformers based on ensemble learning model
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Fig.13 Abnormal voiceprint recognition results of
mixed defects in transformers based on CNN
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Fig.14 Abnormal voiceprint recognition results of
mixeddefects in transformers based on
ensemble learning model
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Transformer fault diagnosis method based on voiceprint feature and ensemble learning

LU Yuncai', LIAO Caibo®, LI Qun', WANG Tonglei', SHAO Jian', ZHANG Yi’

(1. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute,Nanjing 211102, China;
2. School of Information Engineering, Nanchang University , Nanchang 330031, China;
3. Nanjing Saturn Technology Co.,Ltd.,Nanjing 210019, China)

Abstract ; The vibration and noise generated during the operation of the transformer are directly related to its operating state and
internal defects. The analysis of its voiceprint characteristics is helpful to further understand the operating conditions of the
equipment ,and ensure the safety and stability of the power system. Based on the analysis of voiceprint features,a transformer
defect diagnosis method based on deep neural network and ensemble learning model is proposed. Taking the time-domain and
frequency-domain features of transformer voiceprint data as multi-channel input, an integrated learning model is constructed
based on a deep neural network model,and the effective recognition of transformer voiceprint features is realized. An ensemble
learning model improves the accuracy of transformer defect diagnosis. Based on the transformer voiceprint sample library
constructed in this paper, the recognition accuracy rate of the method for single transformer defects is 99.2% ,and the recognition
accuracy rate for transformer mixed defects is 99.7%. The research results show that the method can effectively identify the
operating state of the transformer,and can provide technical reference for the operation and maintenance of the transformer.

Keywords : transformer ; voiceprint feature ;fault diagnosis;deep learning; ensemble learning; partial discharge
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