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Method of Mechanical Compound Fault Diagnosis Based on Non—negative Matrix

Factorization of S—Divergence Constraint
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Abstract: Time—frequency analysis is often used to characterize local information of non—stationary vibration signals. However, it is difficult
to directly extract features or classify for high—dimensional feature matrices the transformed. For this reason, a compound fault diagnosis
method based on time—frequency analysis and the B—divergence constraint non—negative matrix factorization ( B—~NMF ) was proposed. The
time—frequency analysis was applied to obtain the local feature information for the vibration signal, the B—NMF algorithm was used to reduce
the dimension of the data, and the feature information was used to reconstruct signal. The correlation impulse factor ( CIF ) was introduced in
the B—NMF' algorithm to select the reconstructed signal, and the separated signal was analyzed by the envelope spectrum to achieve fault
diagnosis. The test results show that the proposed method can effectively extract the compound fault features of outer ring and rolling element,
and realize their fault diagnosis.
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Fig.1 Flow chart of method about fault diagnosis
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Fig.2  Waveform and envelope spectrum of simulated signals
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Tab.1 CIF of the signal
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Fig.3 Envelope spectrum of the separated signals
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Fig4 Waveform and envelope spectrum of the signal
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Tab.3 CIF of the signal

e CIF s CIF
1 8.77 6 19.62
2 6.95 7 274
3 2475 8 1.93
4 6.86 9 575
5 9.97 10 8.68

X ) AU S — AR B, A 20 4]
WE SR . mEATLCE I, RUGREIME 5 2l A SO
Ry L I R B SR S PO RSB it g
SEAEXT LG, PAREAE I 230 30X TRV Sl AR il s ik 171

f

m = ) o
100 200 400
1H . f/Hz ‘
W ez
100 200 360 400
Mz
s ElES g

Fig.5 Spectrum of separated signals
http://www.cnki.net

(T#%56 1)



2021406 H

ML TR AR

#50% 45065

55 2 IR 2E T DMG 23 &) 5 DMU60t 4 Jin T+
L, T 2R S8 BC izt (B K J1 B jigkk
, CHICH TR, FIFERCAR T IEFEIITNCS30 ¥
MRS, ] F N 20124E, MEHRITIEALS, HE
FEFH DL ENUR, AR 3BT TAE UG M AR HoAr
NS, Ja SRR IR ML BEIUA S BGR 3 J) h 2k A R A I
SERCT AT, BIEIRZE SR an & 18 i

LT

4 HERiE

Wt FARSCERIAE R, )R o AR T R A S B
Tl SO T AN TR SN T, L REAE 25 H AN TR H 5
FRGuAH A HOR LA SRR i, A BT
WA, BRI DG A = N 6 Bl I AR

BT TRl O iR 0 i A PR AR A A AR
PIAT 25 EHLR B AR A Bese 2t ke, 1 R e i
A FNBEAE BN B3R5 ZEHA =B Ak
e, Bl Al 2 2% K SCH T T Bl 2k o A )y A0 NXY
Post_Builder FI 2T % 38 JH (4 T 71 %l < 1 )5 A 2R A%
25 Ak B 22 5 TRT B0 AR B C A% i 45 1 Y TR AL
K, FEARE A BESTT R A, BA R 255 (A
JHES

SE

[1] #AARAR, B 409 3k #-01 4e 47 8 & % 2k T RTCP 77 4 &k & 35 )
G o dh Y A2 B R [J]. IR ) 1 TA2,2018(2):74-77.

[2] 5k %&.UG NX6J& A B3 R IE )| HAZ[M]. db 7 74 46 K 52 b st
2009.

[3] 7k . K T UG/post & & 4% 2 %o )5 A 72 B [J]. LA HU,
2008(3):78-80.

[4] ZEh IS Im TP SR K AR o TP S dn
I T & [EB/OL].(2016-12-26).https: //baijiahao.baidu.com/s?
id =1554731983872083&wir= spider&for=pc.

EE® A Eirat (1981-), B, WIFMM A, KRR, JF
Wi, BFEAUSCA 2 I T T 25 CAM it
(m#. 28 %)

B - L — i S - - e—-—-_-_—-—_e_ei i i - i - L, i B

(L#F17TR)

R BRARAE , JF HLH BT e U 5 B o0t e AR A B
EH . SCHZE SRR, ARSCHTHE Tk T DUA Ak A
AR5 oy s IR 5, 7EAas & h ] LR
BRI RS B, WA T %7 s e iR 2 A RS
W A R
5 ZFRiE

AR SCEE XU B2 W A0 P AR AR A R . R
RSB [ A, R T IR TRIUE L AR T
FEFE A A UBR R A B2 W vk o R BSCEE By 1 o
SRIGBELBEZIA, Yhuk Rt ae )1 e sk sl
AR R (CIF), X EWJE 055 i, A
SR D T o IR T AE B, ST B A Rk
Yt K R AR PRI SR S h, RS L
Bl A, AR SCRTER Iy A B S  PTRA
PR HAREAE B, SEH T AR A SR R RS T .
PG, AR SCH Y O e LB B 12 W A0 L AT — 52 1Y)
B SO T AR P

S k.

[1] YANG Yongsheng, MING Anbo, ZHANG Youyun, et al. Discrim-
inative non—negative matrix factorization and its application to
the fault diagnosis of diesel Engine[J]. Mechanical Systems and
Signal Processing, 2017, 95(1): 158-171.

RECP 8 AN, 3h TAEFIR, 2013, 26(6): 944-950

[3] XIE Jianwen, Pamela K Douglas, WU Yingnian, et al. Decoding
the encoding of functional brain networks: An fMRI classification
comparison of non—negative matrix factorization (NMF), indepen-
dent component analysis (ICA), and sparse coding algorithms[J].
Journal of Neuroscience Methods, 2017, 282(17): 81-94.

[4] Kpk. KT RAEELS MO TR & HxESRETHEP
A F[D]. KJR: KR L K5, 2014,

[5] Hao Yansong, Song Liuyang, Wang Mengyang, et al. Underdeter-
mined Source Separation of Bearing Faults Based on Optimized

and  Local
Non—Negative Matrix Factorization[J]. IEEE Access, 2019, 7(1):
11427-11435.

[6] Z4Fa, 24k, F %, §. A T EVMD-LNMF &4 5 & ¥ 43
5o B k)]. A5 k&, 2019, 38(16): 146-152.

(7] Z 24, K T4 50 AR B A 5 R AR 0 TR 5 b 7R 35 3 R
S [D). i i aE KR, 2015.

[8] Lee D D, Seung H S. Learning the parts of objects by non—nega-
tive matrix factorization|J]. Nature, 1999(401): 788-791.

[9] £ 4k, A A, RalME, 5. W& kaAE 7 48 % o fL6h B A%
MEAZ 5 o & 7 k()] k3 TAEFIR, 2020, 33(3): 590-596.

Intrinsic ~ Characteristic—Scale ~ Decomposition

F—EERE N THM (1992-), J, WA, wsesid
B, BRFRESUEC LR RS, DepLasiaitiest, Bk

2] gg}gbﬁ@ﬁlﬁ%y(gldlfﬁ’a%qmlm%W]@lﬁ};gem&vga}%mIishiﬁi&i@lﬁiéﬁ%%ll rights reserved.  http:/www (GlE.nEtE %)



