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Abstract: Targeting the problem of poor accuracy of single sensor signal in synchronous motor fault diagnosis, the paper proposes a
pyramid split attention (PSA)based neural network model. Firstly, the three—phase current signal and vibration signal are input into the
convolutional neural network as two branches for feature extraction, and the extracted signal features are fused through the feature
fusion layer. Secondly, the spatial information of different scales is captured with PSA attention mechanism to enrich the feature space.

Finally, the diagnosis results are output through the output layer. The experiments show that the proposed model can significantly

improve the accuracy of the synchronous motor fault diagnosis.

Key words: synchronous motor; PSA attention mechanism; dual branch feature fusion ;fault diagnosis ;neural network

A 25 M LI ) R e b A A I, B
REAZIZ AT 7E & WAL AR PLEL AL Sh AL o
[0 ] R 5 o ] 2 FL L DL A B 2R A 2 —
TR TE T SATE R RAERTTT kA 46 %
MR BRI A e Ve, HACIH (B i 17 ik — 224"
KA BT, L 2B B R 4, a4 ML), X s ML R
FEFT e L R RS s AT A R . LG, BP9
EGWE : WK HARF BT IH (52177042)

Project Supported by the National Natural Science Foundation of China
(52177042)

[T, ) 6L 5 R i W 5 0, 418 e i i BT 9 T 5
Xt R GRS E i T HA B A IS

Wl 7 R die Ak BRI TR BB (1 A J | fEAL 2t
WAL W7 TR R b, B T ALER 5 ST B R 12
Jr A LA 2N o He— BB BRI X S I
R 5 DA T A BRI f5 , 4 B BRI B9 e PR A £
A BB > 2R ] TR WY (HAES
Wk e R AR Ll T A 2 B A SR R B AR
P o RIS St i e R AT 25 O AORSE, FR
il TGRS W AR AR B (8 236 PR A I
BIREST o MTAFR, FRREE N T2 MR AT TRA
TRIEE 25 > TE R4 W 0TS ) 107 FH R Bl ™32 o HemT
DA DA KA i A S5 532 Wi e 3R 114 o 30 i A ey

Smart Power

*ﬂg_‘
thEHIR m%]ttps://www.cn ki.net

051



RGRP 5z

System Protection & Control

2024 #52% S12H Vol52 No.12

2,00 1R R AT . SCHR[S R T 1 Ak
F— 4B T4 M 4% (One—dimensiona—Convolutional
Neural Networks , 1ID-CNN) {98 5 52 8 PE R4 T,
ZOITE SO KA T H SR IS ] 7 S FRIE R RE T o
FIFH 1D-CNN H& B AR | AR T 15 52 (10 ik
AEFZHCr v, ID-CNN TEALHL (8] /7 51455 i g %
FHALF 9 o B RS OC [ TSR i s &

K@%ﬁiﬂ‘l‘l@éﬁ([@ng Short—term Memory, LSTM)
BAKIP 2= 6807, (e AL 37 50 BE BA AR KRR
Pt Bz R, BN AR i R B —
SE 11 Jmy R 491 4 TG v 6 4 Al 442 6 (] 7 41 1) e S A
2 DA P A A OC 28 o SRR (7 138 2 7 ol 25 4
28 LAY o AR ] K R B 12 42 M 4% (Bidirectional
Long Short— term Memory, BiLSTM) , SZ 8 7" M 1E [7]
FRL ] 2 A 4E BE A P 905 R T, XA B T
s 0 U 8 B0 AR LA DT R T
BERY A SR R BE ) o T 28 28 A B v fin A
TR AL, wT LU 56 T AP 9 5 h e
T 3 ke K B RO ) R, T 4R v A Y A PR B
SCHER[SIH M T 1 B0 A 22 3k T B AL A 715 R
g, JFEE T BTEEIHLEIR CNN B2 K5,
T L BES AT RO A v T RIR R AR 5 L 32
e O R HER I . BA TR R R
HLL S 5 B IR S5 S A SRR — 15
SN TF YR R AR AT RS o IR T 2 AR AR
H BRI SEPE R0, 7880 R A B P A A R
2 FIANHS 5 P [ A, TG 12 4 T S5 e M 00 %o 4% 114) L

A SCHE T — Tt 245 8805 5 AT RHE AL A
FEIATE R LRI A Z AL A 5 5
AR5 54 1D-CNN 4 BURHEF TRl S, &5
153 1 7 J1 ML (Pyramid Split Attention , PSA) X}
G RRIE B BV X SE R R B BT O 1
B — A S A B — R S A S A ME B
A TIRKAIZT .

1 MAXREIERERRE

1.1 EFMEEERHEFED T

[P ALV D — B AR, SR e 2 5 [ B G
WAl N SAERE T AR Ly AN A RGN T
Y LI s A T BERES £ () BIZRIBAP -

flat)=F, cos(wt — pa)+ F, cos| ot — pa + ifr + %

(1)

SE I W] 6 S 5 o S B 3 () B 23K
A

fg(a,t) = F_,cos(wt — pa) + F,_cos(wt + pa) +

F ;cos(3wt — pa) + Frcos(a)t -pa+ i+ % +

F,cos2|wt — pa + f + %)

(2)
K F , HIEFE FRESNFIRIE; F,_ )72+
WEBhBRME s F o, NE T UGS A E{E s F,
RSN RNRAE F o, T RS I WG Bh s s p
IR R 0 RS f TR s o N RE T AU A
BE s R R WAL DR IR0 o
2 A G - L[] B B W) 20 FRL LSS 5 BT 52 3
)X il Y B ARG ) F o F, FRoR0R

oW _RLpraA

Fv="x =2 ), ax Je (ewt)da (3)
oW _RLpaA

Fv="y =7 fo gy Ji (o) dax

P W N RBRRE RS R I FINEREAR L

SBRA I A KBRS
TEFIRAS O STAREE R, B TR AR A HL R

R kAR 7, XA kAR 7 (R AR SR S5 48 1 2 £

PN [ TR 23 5 | S PR [ AE ST AR i 4R 2, 115

iR FEL R T3 SR FH 2 LB ) e 8 O,
KM B (at) FikXH

B(ag)=A(at) f(at) (4)
VEFAAEE - PN 158 2 T 8 Ok H 1% 0o
o) = B*(at)

2#‘0

Krow, WESHERHE,

2R P PTIER 2 kA E F L ) J E E 2 5 E E
THRSNFFE AR . UL, DK HR SV R AR ST
T 1 B A A T R AE L2 T
1.2 HRRMEME

SR G AL A 2 2] T2 W ) R AR B2 B 1 A
ke, CNN BE % 8 A3 %50 Ak PV 1 JE0A 500 dE , A 3
PR T YRR (B, AR SCR A 1D-CNN
Al [ SR G5 5 R RE , g A KPR R BE
SR AR A5 5 P SCBRRRAE , I HLiE 2o J5 3846 B A A 2
B L, AT ) S 508 D BT
P R 87 A, DT B o i 512 T A B 28 . LI 2%
BEEMAESRZ G2 2EEE mh)ZnE
1 7.

(5)

2
& %ﬂ&ﬁ https://www.cnki.net

Smart Power Z3EET]



2024 #52% E12H Vol.52 No.12

System Protection & Control R Z{RIF 54|

E1 CNNEZRZH
Fig.1 Structure of CNN model
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Fig.2 Structure of LSTM model
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Fig.3 Structure of BILSTM
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Fig.4 Structure of PSA module
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Fig.6 Fault diagnosis process
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Table 1 Experimental motor parameters
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Fig.7 Experimental platform site
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Fig.8 Phase current, stator vibration,and rotor vibration

signals of synchronous motor with different fault degrees
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Table 2 Corresponding fault types of synchronous
generator labels
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Table 3 Partial model parameters for CNN and BiLSTM
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Table 4 Model parameters for feature fusion layer and
output layer
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Fig.9 Change curves for accuracy
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Fig.10 Visualization of raw data
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Fig.11 Visualization of feature data
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Fig.12 Comparison of testing set accuracy among four
methods
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Table 5 Average diagnostic accuracy of different

methods
Wi FHS M 2%
PSA-CNN-BiLSTM 99.58
CNN-BiLSTM 85.25
PSA-CNN-BiLSTM-Cur 96.25
PSA-CNN-BiLSTM-Vib 71.65
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