o5 35 445 5 1)
2022 4E 10 H

® z T & F #

Journal of Vibration Engineering

EF L RE Lempel-Ziv BR S HR R G IR E
SRR
BT, Lok, E &, KHEF

(BB Tl oA BB 5 i i = 2B 5 2 1 it £ AR b AT H T 9096 %, bt 100124)

WE: XL S Lemple-Ziv 8 24 B (Lempel-Ziv complexity, LZC) 3151 o, (L fb Ab B 25 0l 728 )50 30 14 55
SRR LA B T B 0RO A i) B, 5 5 Tl R IR o o R AR £ 8 52 5 S DS TRC 3B BE 35 7% (compound dictionary
matching pursuit algorithm, CDMP) 578 R Lempel-Ziv & 7% i (variable scale Lempel-Ziv complexity, VLZC) 43 #r
AHEE G 1 T Sl 7R P A B A5 405 B2 B I Al D7 vk o SR T CDMIP X IR A 5 6 AT J ARG, 4G DU A5 5 J0 00k o o A 0 5 AR 4R o
i M B4 T A5 5 23 DA Al R B o e DRI o o g 9 DX, X {5 45 ey R AT 728 RUBE (B AR A BRUS R b i A S gk AR A
JLER R H i I3 A 0k T B VLZC $8 48 s R4 30 500U 45 N S AN TR 450 05 F2 B9 VIZC B X ], 51 A BP #fi 28
o0 266 % HAR U5 AR BE EAT B RE 02 0 SRR WI i 0 I BB A AL O B 5 5 J) B0 o o A 40 0 A b i B, 4 55

Vol. 35 No. 5
Oct. 2022

AT R, T2 IR S Rl N S T 4 AR T A

K W FRI2 W A FHICHELA B A R Lempel-Ziv 83k, Ak ; BP A& 4%

FES%ES: THI65 .3; TH133.33 XERARERD: A
DOI:10.16385/j.cnki.issn.1004-4523.2022.05.023

5]

i

VR B R 38 AT IR AS B 5 i 4R B HL SR
e, M TSP AT TOLE 2% R T H55 R & fi
RS S BLR Y IR, VR Bl il 7 i e A T
SioW A EEEY . HAr, TR S
TR B 2 W T 9 3 B AR P A B A O I - R IR 30 15
SR IE 4 B 25 B9F 5 0 R R iR Sl HL BRI AT
SRMT , 33X B 5 3k TR 22 et X6ty Rl o 0F 47 8 1 23 7, %)
Tl RO R B O R B e AT AR D . BEE AR A R R
5 B 7 R AR AE - 18 A7 A R0 e R R S T, S
T RS G Sy

AT AE R il A 0 R T A M A2 B [ Ah e
HITIZ KT o Jiang 0K Bk I 2 A 0B U O T
FH T B 7 A £ 5 o M 1 A 2% P A B B, 15 381 T
7R AR S 2 A S R R 2 R 56 R . Zhang
SR T EEMD A HE 51 05 45 A Xt Bl 7k g s 2 7
MG AT 250 Cul E R —Fh 3L T3 7
B ABE TR (1% il 7R K R 2 T A DG T G R B kL 0 4B S
PRVR Sl Bl R SR ) 2 T2 W, TR SR fE B 1T L AR
haf LR — ARt ok R Gl R RS E
MR . H AT, 5 2% H N Lempel-Ziv

W% B #3: 2020-09-08; 1&1iT A #3: 2021-02-07

XEHS: 1004-4523(2022)05-1250-09

SRR AR AT S Y 52 e MR R AT il R R
g =R RO

Lempel 1 Ziv" &t T & 2 EH %, K K
Lempel-Ziv & 22 % . Hong %" #2117 —Fh 3L T 3%
SN AR e 1Y Lempel-Ziv & 2% B %l K B s 7™ E R
FEZ W 5 i, A5 R W, ) Sl R i A % o A B
RO B, PR 3 17 5 A 2 5 P RSB R~ B,
hES AR, RS R AT 45
B4 it (EMD) Fl Lempel-Ziv 8 b1 (0 PEH J5 85, 15
B 7 Lempel-Ziv (B BUE G [, X5 A 7] 4 21 e 4 473 i
17 PF 4 o 5k B % 4R — Fh gk F LMD
Lempel-Ziv (977 ¥, 1T U0 A [6) % 30F0AS 6] 14 41
Pl e s ™ AR VR Sh K o SCHRL13-14 143 5
Protrugram Fl Sparsogram 5 Lempel-Ziv #1145 & #E17
I3 M7, B E T Lempel-Ziv 52 2% JE 48 A5 7R £ 17 52 1
PAZ W7 A — & ROR o Firid J7 12 3R 48 T AlK ik
B RR AR 2 BT 1 5, O 4% H 5 15 5 Lempel-Ziv &
7% BE LM 25 G R AT B OR B 2 . (H N
Lempel-Ziv & Z% B 53k kb 35 il 7K e e i 20 15 5 1)
FHE—EANR . 5B —, T HA B SR VE S il
SR N i (A DS i S Aol S B N
JE A AR AR . Rt A R R AP S
WA AR SI15F 5 ALY Lempel-Ziv & A B

EEWAB : HK A KFHEL 4 ¥ B H (52075008, 51575007) 6



o5

FEFSTN , 45 . T8 KB Lempel-Ziv (978 st AR 353 45 B2 B2 3044 7 = 1251

R, —F AR R Lempel-Ziv & 2% R 5))
R A R BE VAL O ik . S8 R CDMP 83 %t
{55 #1475 SR J5 F) H Protrugram Ab B & #) 5 5
5 B e A o3 e ity F B A A5 5 43 Rl o s DX
s R X, I X R AT AR RO A A ab . RhR
AR A S 32 BRIy b b AR AE R R b
ERERIEA TR, ERITHBE R VLZCH, 5l A
BP Bt 28 [0 £ 0 E A7 450 40 A% B2 BB A 2 . i 46
WA T 5T RO Lempel-Ziv B9 7 30 il & 451 4
T2 BE VAL 5 7 A 3 o

1 BEAXRFEZXHER

L1 R R

WK R G A Ry — A B B i A R
g5, R IR S5 S R
2(2,)=A(1,)~exp[ —2xf,£(1, — 1,)] ¥
sin[an,,(z‘,,*zk)Jf 500} (1)
L=1 + AL (2)
A AC) R ohdi e B A5 5 B BRAA 5/, 388 BRS¢
1) AR A3 8 5 & 7R A T BELJE 2R B85 o0 37 ik e 7
TS BRI AG AL A 5 0, R HE RS b e N 1 e A
Z1 5 At Fe R E RASFNHS k1A il i R 22 8] Y AR JE]
Ii] i
Lempel-Ziv & %% B2 50 1 A 52 1 5015 5 i 1)
PE SR AE S R HCRE Sl R AE S b AN AT R A b 2 A AE
T Fe I s E L, 3 B RIR 2 15 5 v s 6 30
AL, X 5 Lempel -Ziv {8 77 A= 5 S50, % A5 AL
ZRENKEN HMEERE S RITERLR A
2 I BEHL I Bl , e 3 A B b il 1) FNAR () 2
oA, BUE — 4 0.01~0.02" . {7 A 5 B Al
SRR IMFE 1R,
1 HERESEERSH

Tab.1 Simulation signal model parameters

S HE

KFE R /Hz 8192

4R 45 % /Hz 10000

A1 PB4 i o A A%/ Hz 214.2
FHLJE L 0.1
IR KA A5 5/ dB 80
45 /He 60

2 J B il AR S B TAEAB B0, 51 A TR IR A
Aabrs, ffBEFSRIEL N,

2()=x(t,)+ 2, (1) +x,(2) (3)

K 2() 55 52, (0) R AR 2, ()

A MR S e 4 M R Y e A (AR ELAE SR

M [, SNR=—15dB.

BG5S WME LR . AT LLE Y il A& B
B DA o i R A 3 B SR AR S AT o i (R
E ¥ HAE Sy A 00 o0 b o 9 B Al B o o (1)
P bR T AL ) J5 KA 5300 43 Sy i e o e X (5 HE )
il =X fFS ol QL Q.. QL R,
(m<n/3).

&/ (m's?)
Lo

]

IF

(=]
W
S
—_
[
S
—
W
(=]

200

PIT Al i e £ 5 il gk 4

Fig.1 Time domain diagram of outer ring fault signal
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—— HiC P B A% /mm
0.5 2 3.5 5
1 0.2001 0.3009 0.3806 0.4636
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3.5 0.3654 0.0088 (0.3380,0.3928)
5 0.4450 0.0084 (0.4198,0.4702)
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Fig. 13 Optimal analysis frequency band of inner ring recon-

struction signal
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Fig. 14 Inner ring reconstruction signal variable scale binary

signal
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Tab.5 CDMP-VLZC indexes of bearing inner ring fault

signals with different damage degree

i H A% /mm
AR
0.5 2 3.5 5
1 0.3086 0.2345 0.2016 0.1603
2 0.2966 0.2251 0.2108 0.1576
3 0.3097 0.2408 0.184 0.1526
4 0.2878 0.26 0.1918 0.1359
5 0.2755 0.2563 0.1844 0.1636
6 0.3016 0.2523 0.1911 0.1364
7 0.289 0.247 0.1952 0.1435
8 0.3223 0.2394 0.2024 0.1695
9 0.3203 0.2501 0.1774 0.1687
10 0.2946 0.2631 0.2026 0.1451
11 0.2764 0.2631 0.1887 0.1409
12 0.3086 0.2538 0.1871 0.1554
13 0.3169 0.2626 0.1872 0.1705
14 0.3236 0.2576 0.1836 0.1704
15 0.2779 0.2312 0.2228 0.1546
16 0.2975 0.2502 0.2218 0.1416
17 0.3041 0.2424 0.2159 0.1677
18 0.3096 0.2296 0.2114 0.1471
19 0.311 0.2324 0.1838 0.1703
20 0.3075 0.235 0.193 0.1267

FEAH
P15 20 2 A [ 468 £ it JEE 4 Jl R o4 L e £ 5 9 CDMP-
VLZC 845
Fig. 15 CDMP-VLZC index of 20 groups of bearing inner

ring fault signals with different damage degrees

ME 15T AFE 1, CDMP-VLZC $8 45 7] LA X 43
H VR 2y Bl 7R P P R S 061 S S [ 4 R L O
H BE & o pe RO 38 K, R oy B CRE (R 5
CDMP-VLZC f84r 2 B F a5, MRIEG =0
T 11 1 7% S N v = 7 N i 7 O T = £
CDMP-VLZC 45 b5 i BUE X 8] 412 6 T 7

®6 WETRREIRGEERN CDMP-VLZC iEHRAEE X |
Tab. 6 Value range of CDMP-VLZC index with different

damage degrees of inner ring

[ Ff FEAR N
i/ﬁ . * e . HUHE X 1]
EH1/ CDMP-VLZC3 CDMP-VLZC ( 3 1 30)
. e un m-—oo,m o
mm FRIME m/mm  $8FRARMELE o
0.5 0.3019 0.0072 (0.2803,0.3235)
2 0.2463 0.0065 (0.2268,0.2658)
3 0.1968 0.0074 (0.1746,0.2190)
5 0.1539 0.0060 (0.1359,0.1719)

[ FE B COMP-VLZC AE A il A& 452 455 2 5 4
SRR A R AT BP R A% KRG,
DLl 7 A1 P03 40 PR S Sy B 5 0 B R 4 40 R
ABiZ W . R I 20 41 4R 1 5 i B AR 25 4R S Il
RREAEE 400 PR M IR AR A HE . B R 2845 1
WM 7R .

x7T SRGERENBEBSERESEER
Tab.7 Intelligent classification results of inner ring of

each damage degree

BCBE B A% /mm
FEAE S A
0.5 2 3.5 5
JFIRE S 53.75% 59.00%  64.25%  67.75%
CDMP 75.75%  79.25%  72.75%  75.50%
CDMP-LZC  85.75% 87.75%  92.50%  90.25%
CDMP-VLZC 95.75%  98.25%  97.50%  98.75%
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rouing  bearing

Evaluation method of rolling bearing damage degree based on
variable scale Lempel-Ziv

CUI Ling-li, AN Jia-lin, WANG Xin, ZHANG Jian-yu
(Beijing Key Laboratory of Advanced Manufacturing Technology, Faculty of Materials and Manufacturing ,
Beijing University of Technology, Beijing 100124, China)

Abstract: In the traditional Lempel-Ziv complexity (I.ZC) calculation process, the binary processing changes the dynamic charac-
teristics of the original sequence and lead to the low computational efficiency. Combined with the impact characteristics of bearing
faults, a compound dictionary matching pursuit (CDMP) algorithm is proposed, and variable scale Lempel-Ziv complexity (VI.-
7C) analysis is combined to evaluate the damage degree of inner and outer rings of rolling bearings. CDMP is used to reconstruct
the original signal and detect the periodic impact component in the signal. According to the impact amplitude, the reconstructed sig-
nal is divided into bearing fault impact area and impact attenuation area. After the impact in the signal is binarized by variable scale,
it is regarded as the basic element of iteration and the VI.ZC index is calculated by ergodic search method. According to the 3¢ prin-
ciple, the VLZC indexes of the inner and outer rings are given. The VLZC value range of damage degree and BP neural network
are introduced to classify the damage degree intelligently. The results show that the new method can effectively reduce the noise,
retain the periodic impact characteristics in the signal, suppress the non-impact components, improve the iterative calculation effi-

ciency, and effectively evaluate the damage degree of the inner and outer rings of rolling bearing.
Key words: fault diagnosis; composite dictionary matching pursuit; variable scale Lempel-Ziv; binarization; BP neural network
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