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Fig. 1 The space transfer learning strategy

RUER o [a) B, i 5 B R] 0 4 % 30 o S0 B3 0K 0 A VR
STUSAEAS, IE I AHT (0 R B2 R A DL 4712 W R R Y
RS 0, R B R A e R B A C A R
R B W B B i RR S AR TR 5048 A L A1 AR R
B B BSCHE T S B R A0 1 AR AR AL AR RS R
8 0 D7 s B AN e I < a5 A ST RS T A Ak Sk < B
] 3E A% 7 SEUIS , BRI R b O 8 A A DD S AR IR iR B
BOHE Y B R SUR , H A AR A A Y R SR I 3 B
P R AR S, B 2 R4 B A C i AR R iR
B

Shy itk — 25 ) B S AR T 2 WA R 1A 2
Fe 8 AR T D AR A ] DA D S8 2 W
T R AL PR 3 T 0 50 o RS 8 A T 3k B — 3, T
AR E AR SR, s Ak BRI A, HLZ
B+ Dy it I JE & BT oA T R A R |

| IR - ;
| B4R Uiy i
R il
(a) ICHIA B AR
(a) Use single target domain
s I §
gy SR A A |
! ik, |
LR | B
Rl S SR SR 4
¥ ol |
Aadl -+ SR 2 |

(b) [RIR A FHIRAN B A5 05

(b) Use source and target domain in the meantime
B2 “aslER” m Iz WA A

Fig. 2 Diagnostic effectiveness of space transfer learning



el

K AE B B B 2 )T RS A A R AR KRS T b B g T 391

SR B UAS TR0 & A R T2 WS k. Al
PO, a8 5 — U HAE T AR D AL 2 2%
e O BEAL A, T B8 15 i R SC IR AN 3 T 2 [8] 1
7 1 o A A 40 Ik BOHL Y, 6 £ D 5l R B
FH SN, W5 EL AT 555 1) 1A 8 A 2 BT RE ) o

1.2 EREHED HREEARIESR

AR 23 TE) S AR 7 A I, 2 Y 0AT R A 12 WA
TUSEAHELE A0 1&] 3 s A 45 4R 2 3R - A) B3l 40
I e FE ML - A BS-TCA B i Sk 28 3, [m] s A1) ] T
D07 A S K 5 B) B AR 5 R AR B B 2300 X
TR SR M o 3 3£ 5 5 it A A 4R B, A0 9
TR AT bR I 48 B AR A5 AR ABK vh 4 B
855 C) i B 2 ) B < M 3% 10 2 2 45050 5 U
R s 5T Jek B 2 AV 24 2 T O 2 fRe /) Al 4 8
{H 22 5 LARL I PT343 18] 9 A B B 5 D) IR 4 ==
(] 73 2 « KR4 U 40T 7 2 ()RR AR 45 28 5 ) A
R A4 S AR [T U0 S ) AL S e R AR
AR AR A LS il A e R 5 ) A5 R B - X
RN s T s B HiE HE A7 BB DL S B 2212 Wi

HHAEB&C HHAA |

A Bt TR B
B A4
R 5 RS AEHR AL

4 AR

€ BRI B

M 1 SRR AU, [ B /MG SIS 2 3¢ DL
I E AR ORI ARG o) W P R AR A Py B

(REIRASAESE | 4% FARISAESE |
D eSS

BRI 95 K 58 SH RIS KR
IR HARAE | R 4 R
E AL

3 oA AR W 12 BT L HE 42

Fig.3 The framework of gearbox fault diagnosis model
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Fig.5 Domain update flow for gearbox fault diagnosis
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Tab.2 Experimental conditions of gearbox fault diagnosis
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Tab.3 Diagnostic accuracies of gearbox fault types
H 4% WK/ %
FEA  NC RCF SWF-M MTF CTF 1

1 5

Test=S6 60X5 95.00 88.33 95.00 93.33 96.67 93.67
Test-S7 60X5 93.33 95.00 95.00 98.33 98.33 96.00
Test-S8 60X5 95.00 96.67 88.33 90.00 93.33 92.67
Test-S9 60X5 100 96.67 90.00 93.33 96.67 95.33
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Tab.4 Diagnostic accuracies of gearbox fault severities

- R BWIREEE/ Y%

A NC SWF-L SWF-M SWF-H iy
Test-S10 60X4 93.33  90.00  90.00  95.00 92.08
Test-S11 60X4 93.33  95.00 93.33  98.33  95.00
Test-S12 60X4 90.00 96.67  90.00 96.67 93.34
Test-S13 60X4 98.33 88.33  96.67 95.00 94.58
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Fig. 11 Varying rotating speed curves of gear drive system
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Tab.5 Sample selection conditions for gearbox fault diagnosis

F58 07

REA 1 2% F

LR 1) JE 3014k BE AR I 2 - 104 30 (5f P ol 0k 8 4 < Tl ) 5 2) Rl S0 A A Bt - 300 2%

1) Ja 300 4k BRSO 1R - 1248 R 30 (R AT A OBl 1 8 A o, y AN AT B2 AR HE A o,y = B, F AR 450080k 11 9t 145 6 A

1) 30T Ak SRBCHE A 2 - 1243 J 300 R AT B 08t A 8 4 o, y BVRIAT B UG8 A0 o,y = B, B AR 0Tk B 080 1A 48 4

SVM 1) JE 3 AL BRECHE B2 < 10 A% J8 30 CR B W0 5 58 56 < 5l 5 2) A AR AR B0 - 300 4%
TCA N , \ e

A 5 2) B FE AR KL B - 360 4% (5 IR 43 300 2%, H A8l 3 60 4% )
DSM

Al 5 2) SR RE AR i £ 360 % (% WA 403 300 4%, H Ar 83 60 5% )
2 IERS 1) JE 300 A0 BB I BE + TR 40Tk 3k 8 0 5 2) J 300 A B0 = Pr gk A 41 5 < 30

TE 1A R 3 U0 A8 i i s A7 — T8 B 22 0 R I G

Pk, 2 6 51 & B RLAE 50 s J8 N B AT IR
B0 E T X R DL R S R R AR S B A IR =2 b A S
e L P 12 2 i 45 A 80 1) 10-50 s P 254512 Wik B2
Mgk, mMERTATLLEN i TLRMSVME AR H
T 3 3 BT 0 M B S A TR AL R RT,
PR AT R B e TR AR K B R FER R, L
AT U BCHCHR F 5 95 $A 7 B i), 9 25 1 ) 300 - 2 ) o
¥ 2.08 s, TMi7E TCA, DSM Fl 2 [i] 3T % 4 4 o |
1 T b 38 T8 P T 0 B0 o b R S e M o8 4
W PR PATHE , B TG ER Rk E R
By, A () X RS AR TR (0 P T B 24 R A4 R
TiWisEat . B2 X il B AR E R AR,
YT A8 AR (30-40 s I 6] BE Y ), 8 P % 14
SIS WS B B 18,64 %0 IEBT T iR

MG F) L B 5 0 P2 A A B AR PRI AR R, B AR

I 5 AR BORG BE ASLE IS 35 81 0.67 20, {5 i T Lk

7 PR, 2 B i e A R AR A e M) A A R dl

B R T AT 2 I 22 O I A B 25 Sl 1.67 04,
F6 HHEAESISEHANMITER

Tab. 6 Implementation results of models during 50 s cy-

cles
AT E, IR Gk s
X MR /s BEFRIZ /%
LR 24 2.08 64
SVM 24 2.08 23
TCA 9 5.95 0
DSM 15 3.33
= AL R 40 1.25 0




el

A RS 5 =

TR 18 U 56 R R 12 W R 1 399

1.00
A R S
0.95 -:r_.__.j_.x..:‘.{.,,‘f{ * e . "):.::/ ;}l
-, ~. “e, -
| N NS
fm 085f CY el
= 080} [ IR RSP s
A . SVM e e e
0.75F |-~ TCA .Y cm
~~ DSM s
0.70 [ |-+ Proposed Sy
065615 20 25 30 35 40 45 50
AFIE] /s

Bl 12 10-50 s P S 2 RS 12 h 2k
Fig. 12 Real-time diagnostic accuracy curves from 10 s

t0 50 s

UEBH T 28 [ 38 i A 34

5L 28 TCA %, LSSVM # #il DSM #% 4
1 e B LR/SVM B4, LA Fb 4 25 o] i B A 7Y £ 1
g, g A R D) BRE 35 - NC, RCF,
SWF-M,MTF,CTF;2) i B th 5 - 9805 5 56478 5 3)
W £ 8 30 Hazs 4) PR AT e REA K A7 BRI 5640
2%l 240 4% 5 5) H ARG R 15 S0 < il 60 4. A
[ % 11 25 0] 3T B8 A5 L g 12 W7 M B L B AN 3R 7 B
Mo HERTALUAED,HHLR/SVMAZ T, Hi2
W7 A 4 T 982940, R L A BT i 3 43 2 1 $E T
BOR R LR/SVM A% i 8 #5525 ik FE il e i, A7
Bl F 2 TH SR AT R B, A P R S I 2 G 4
T, 3T LR/SVM #% 1 %5 [i] 11 458 78 1A %5 vy 1)
#r it

x7 AEZATETBERHESEERILR
Tab.7 The comparison of fault diagnosis performance of
space transfer models with different kernels
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Application of data domain selection and space transfer on gearbox

fault diagnosis

SHEN Fei', CHEN Chao', XU Jia-wen', YAN Ru-giang"*
(1. School of Instrument Science and Engineering, Southeast University, Nanjing 210096, China;
2. School of Mechanical Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: To improve the performance of gearbox fault diagnosis, a space transfer strategy is proposed. Here the source domains
are composed by multiple auxiliary channels and the target domain is composed by single target channel. With transfer learning
(TL), the fault diagnosis models in the former can be applied in the latter to overcome the problem of lacking target data. Firstly,
the domains are selected according to the band selective independent component analysis (BS-ICA) rule and the original five-di-
mension spaces are constructed by extracting their time-domain features. Secondly, the source and target domains are mapped to a
public two-dimensional space using the equilibrium density projection (EDP). Meanwhile, the minimum mean difference strategy
is used to minimize the difference between two projection spaces. Finally, the logistic regression (LLR) and support vector machine
(SVM) classifiers are both carried out for sample classification. Also, the diagnostic model can be updated by removing low-quali-
ty samples while adding high-quality samples in source domains. Based on the Spectra Quest’s gear drive system, the performance
between proposed method and classical transfer strategies including transfer composition analysis (TCA) and domain selection ma-
chine (DSM) are compared, which indicates that the former has higher diagnostic accuracy as well as faster running speed when

facing with rapid change of working conditions, thus possessing high value in application of engineering.

Key words: fault diagnosis; gearbox; space transfer; band selective independent component analysis; equilibrium density projec-

tion
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