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Rolling bearing quality evaluation based on variational mode
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Abstract: Aiming at the insufficient extraction of representative features of vibration signals and the low accuracy of
pattern recognition methods in the process of quality evaluation of rolling bearings, a method for evaluating the quality
of rolling bearings based on variational mode decomposition (VMD) and support vector machines (SVM) was proposed.
Firstly, vibration signals of the bearing samples with three quality grades were collected. Secondly, the time domain
indexs (TDI) that effective value, peak value and kurtosis value were calculated, and vibration signals were decomposed by
VMD. Each vibration signal was decomposed into four band-limited instrinsic mode function (BIMF), and the permutation
entropy (PE) was calculated respectively. Finally, a total of 7 features including three time domain characteristics and four
PE features were used as inputs of SVM to establish models for quality level prediction and evaluation. The experimental
results show that compared with the TDI-PE-SVM model, the TDI-VMD-PE-SVM bearing quality evaluation model is
better, and the recognition rate is improved from 83.33% to 93.33%. The VMD method effectively improves the resolution
of vibration signals, which is conducive to the extraction of detailed characteristic information of bearing vibration signals.

Key words: rolling bearing; variational mode decomposition; permutation entropy; time domain characteristics; support
vector machines

Citation: HAO Yong, WU Wenhui, SHANG Qingyuan. Rolling bearing quality evaluation based on variational mode
decomposition and support vector machines. Control Theory & Applications, 2020, 37(7): 1544 — 1551

1 55

Vol. 37 No. 7
Jul. 2020

WURE BIAR RS EERAR SR, 15 W = R b U i 2

VR BN AR AE LR B SR B BE AR, T T3
FEBUBI e e R SR AR Y 25 £E A% B3 A% o A AL 28k A
JEERE Z A N[ T T NI P AS [ G P8 S 0 ) Bl K
TR IS 5 5 20 1) il R S5 A2 ] b i B AT AR 14

ek H A 2019—07—21; 5 H #: 2020—02—16.
Ti@{E/E% . E-mail: haonm@ 163.com; Tel.: +86 13607060672.

AT TR,
E X BREHAIE ST H (21265006, 51665013) % 3.

RISATAEER). Bl it ST S5 R 70K CIB/T 7047
2006 IRTE ER A AR B ACTARAED ST, IRAEIRB0 N
TR LRI ELRH AR i T 70 A — S AT SRS
VGO E e (R E (22 4 AN | iy ¥ IR CEE R R G|

Supported by the National Science Foundation of China (21265006, 51665013).



57

DR AR GBS RN ST el BN LA VR Bl A it o LA 1545

(s i, MIRBNE 5 B Bt AR )R PR e L
ANERA, DALt 75 EARZH AR IR NG 5 115 Bk
W7, dE— st s iR IR S5 5 BIRHIE
TRARE I, LI AR 5 S AE A S A Bk 703k

N ATl I 7T 32 BEAE b T AR AT LA
RIS W T S PR R T 2 I A ) R
(empirical mode decomposition, EMD)#1 H [#] I i 74
(autoregressive model, AR)FFHA A RRAS I 757, SL56
2 SLE B A 0, SR T, EMID i AR 5T B A 48
FT7%, I\ BN M 7 AR A0 28 v R ARG R ER
SR B T IR 2 50 B 49 fif (ensemble empiric-
al mode decomposition, EEMD)#5 5 i %8 1) 4 A 4
Ror il 75 ¥, 1% 7 DR il A R, {H 2 EEMD
(RN e P 2 S 5 BT AT R R PRI
GongZF DI T A5 /04545 73 i (variational mode decom-
position, VMD) 7 VA0 Fliz& (1) #5545 5 1047 0 i E 5
EMDFIEEMDJ5 i 34T FLAL, 45 RR I VMDJ7 ik AE
B R AU T LA 5 (9 14 B85 Mohanty 45015
XTHARAS S RESEI AR ), 42t 1 F+T-VMD. A
KABABTRAR IS G T7 %, IR PR AE.
RenZ5 U tH 7 VMDZE & 2 ROBEHES 6 1) il 7K it o
VAL T, S &5 BRI 1 A 2. R, VMDJy
RS T AP TT T 28 T EMD/EEMD 445 5 AL B 77
1%. HEZ ) (permutation entropy, PE) & — Fka Il i (7]
A BEALE RIS ) 5 AR () Bk, A THE L Bt
W P e R SRR R NS T AR A TR e U

Zx ERTA, B AR F A 2R 5 J7 2008 il A i o 4
P AT IR AR D T . AR %6201 BUR )l
7 i B VAl IR TP R SE S RR AR SR BURT 5 BT SRR
MJTEREFFWEIE, 2 T 2R T B 3845 bR (time domain
indexs, TDI)FVMD-PEF 7 5l il 7K 5 1iE 52 HX 7 72,
Iah G AR I 77 R ST R o 5T S ) DAk ALY,
SER AR T S AR SR
2 HEHRAEH
2.1 AR

VMDA — sk, HIEMN . #E 1R
B9 RT7E, B ENE T 0 2 A R AR
AR H g, FIH ZALEGNIE B S I8N 7215 5 5>
AN, A MRS PR B, R S — O iR W, 1
AT 93 . B — S BRI A BRI 58, 919 B
AR, T BT N PR

1) SRS B H0dE 1T Hibert 32 #, 45 31 45
SEBIMITE S (5(t) + #) s uy(t);

2) @R B AT DA T IR BB IE, ¥
BEASRAITBT R 1% 1 A ((5() + ) »

. Tt
uy(t)]e Ikt

3) tHRD TR HIE 5 IR T J5 LPYa 4L, fil
B RS R T, o R 2T PR ] AR

min{ 3 |0,[(5(t) + L) % wi (£)Je 33,
k Tt
s.t. ijuk = f(t),
Ay, R R EL A A B A7 98 5245 B £l (band-limited

instrinsic mode function, BIMF) /) &,

)]

up = {uy, ug, -+ UK}

wi ABIMFZr s I O, w), = {w1, Wa, - 7CUK}§
8(t) A EALIK I R E 0, 0 BREG T I TRI PR -
BN, 7 NERATS.

RFRIE AR R RR, 2518 T IR R B o AR
BA H TR BNH S & 177k, X IR 4 A BE T PARRAT
TS B H IRE 2 R, R SR S .
A BRI N, AR (D) i A AR SR A A
I3 1) R AY R T R SR A (1738 53 [ REEA T SR i

L({ui}, forh, V) =
o SO + ) +us(B]e™ 3 +

\U@—;wﬁW%<Mmfm—§wﬂﬁam

b NS HG () AR I H 3T A1)
o BRI TRl T AR AR 8 )RR R S 2)
AU, 8 I A2 B W) 552 (alternating direction met-
hod of multipliers, ADMM) HIEARIR AL 51801, 15
A AP OIRFRIA A T

R A
ﬂ@—ZMm+SP
B W) =
14+ 20(w — wy)?
{7 wln(w) Pdw
wpt(w) = Hs : @)
L|m@wm
s ap OB S B 4RGN gD, T HL A
BrT 1998 Buy, (8); wp ™ (w) AN AR 25 B A R 0 AT
$[10—12]'
2.2 HFRETHE
E R HE IS, FRE = RS EERERE,
TIEAROK, Ron RGUE 4%, HEY) /2 BandtF1Pompe
P B — P e B R IR T (8] P & AR B 1 R M A
TR BB vk TR R Is S P,
{Efae F Hpihe i ae uss. HEF RS0 an R .
dhE — MK FEANX {2, k=1,2,--- ,N}, &
St AT A 23 (B FE A, 1T LTS 2R TR 4t =
X"=[z@() z(i+7) -+ z@+(m=1)7)], (5)

?

s X — AN I 18] 13 810, mo IR AN HERL, 7

3)




1546

7w oo 5 MM

37 %

SEIRASA], ¢ =1,2,--- N — (m — 1)7.
B X m A TR ILIR T, Ho 2
x(t+roA) <z(t+mAN) < <z(t+T1mo1),
(6)
KF0O<r, <m—1Hr, #r;.
PRI, R — X # A m IS 7 20, 8 I
FHXS o AAE Ry

Num{ X}
Pu) = m, (N
b Num{ X" }EOR X 8L, i < T — (m — 1)7.
HEFE ] LLE SCN
T—(m-1)7
HPE(m) = - Z D) 111]3(1‘)7 ()

AT, 4P, = %w, Hpwl kB fEIn (m!). 24
5, HE A — A 5
HPE (m)

Hypr(m) = In(m!)

HHILATA], Hyxpr(m)i 20 < Hypr(m); < 1.

MU BT PR Y, Hypr BRI 8] 731
BEALME R SRR, A1, Hypg it/ N3 BB 18] 7 51)
R, 5 EA R . AERR R T, AR A R A
e —H AR, W Hypp N1 0 1875108 1E 5% 8 #
RILENEDLR, W Hype 0. R AT LU HES R (E R
Tl T 25 NG 5 I B A MRl AR A 14151,

PRI 7 SCAT %, HEB IR A 15352 BN Z4E K om
ITHE B I 1) 7 AR B I 5K, K /0N T 28 A 4 I ) 32 %71
KA, ToEFAT R mAOK, iFERAAK, §
BT . AR, 7 /N, TR BRI AT 2B IR A b
IZRIRAN, KB TEMPRE L HrRK, 2 SHE
FIRHAT AR AR S BRI, 25515 5 5 FIRFHIESS .
Bt I ) 8, Bandt&5 AUV A BEAT HESI B TH 5
i — e BUE3 )7 2 18], THUE /N T2,

2.3 STREMEML

7 ¥F 7] & Hl(support vector machines, SVM) & H
Vapnik% N$eth, J|& T B2 I Hvk, R Egs
g JRISS: S U Aty b RN 127 2] LR ) VC4E R (1) —

€))

TG 2 Bk, W T /INREAS L ARG s 4
. FEREAT 7 2R, SCRp IR AL ENE S M g o) 2K
ST, B A TR IREA Ty 1, IR BRI 2.
OS5 EAR e €7 SAYA Y i bl 1| 5 N A
M SRAAF L R — R e, 45317 B9 -1 1y
wrz +b=0, (10)
e a WA w ik m) & bR, FH R 73
f(x) =sgn(w'x + b). (11)
XA A AT B A, T T VR S NKA it
ARHEE, WS AN AT 73 1) R Ak an S A4k 1) RR 3%
R
[Jw H2

min +CZ§17
{yi(wmﬂrb)/ - &, (12)
s.t.
&>0
K i=1,2,-- I, CATEIIZHH K T0. — Xt

?:ﬁj\%’él‘ﬂ%ﬂ,%‘é U*TmajjJrl?FD 1, feJr B % R KL
5 58] B8 e KA SR AR L PR T — R [ 2 ) 15
B> BT AR B 7 SO R L. ARZRPESVM
I SRR bR éﬂlT%Ti}

f(x) = Sgn(Z ayi K (zi, ) +b),

A oo RIS I H 3T, KONRZERE W TR B 5
HEMAZ AL dY 2 LR 72 ) R s R 2
AZH LN SigmoidiZ k7.

A% 48 22325 (grid search, GS)FFEAS JR FH 2 1ECHI
GTE— 7 [P0 BB 2 DX SHe i [y DXL A P FRT BT s AT
HUE, X T3R5 FICH gff F KW A8 Bk (1 7 145
FXF LI GREE I 73 F U 2, BUETS ISR 7 U
Kb T B C R g NS 081,

3 BWBhEhAR R VA v VY
3.1 BRI VAL TR
Zl-‘iﬂﬁﬁVMD—I um}éiﬂ{:

(13)

Jﬁﬁéﬁﬂ \$D3‘EIF§J

¥ | s e L BHIET
wl %] | : . £ IR T 1 A s
@ | x| | : - : ¥
el imke il my—
x| 5] |3 UL | | a — 71
_ ) # | g {0
= DR T
v H IR B

B 1 iRshi R S B R A

Fig. 1 Schematic diagram of rolling bearing quality evaluation process
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Fig. 2 On-line testing process of bearing quality and schematic diagram of vibration testing station
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three kinds of quality bearings
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Table 2 The results of bearing quality evaluation bas-

ed on SVM model
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Fig. 6 SVM test set prediction classification diagram with time
domain features combined with VMD-PE
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