%39 A% 11 #l B I & Vol. 39 No. 11
2022 # 11 A Journal of Mechanical & Electrical Engineering Nov. 2022

DOI;10.3969/j. issn. 1001 —4551.2022. 11. 006

% T HRCMFDE LS . BA-SVM H
7R E R RIS

B8 F OE EEE L ILER
(1 GUMBHEL AR BE B AE R BE, Wi GUM 311402,2. WHTHL T BB 1 SRl f b,
WL B 31001833 7 Tl Ao LA T2t , W7 XBM 450001
4. Y BUBRTZ B4 BRZA 7, 7 B 450052)

FEZE AT XA T A R AR A AR AE BRI R R iR Upl () R, 48 1 1 — Tl IR K A 5 22 RUBE D4 sl A 9 ( HRCMIFDE ) RRAIE £ B it
PRI K CLS ) ARRATE o 2 DL A 5 098 5032 e A SRR i AL (BA-SVM) il Ul 947 R A AR B2 W7 i o 08 Bl T —FiofT
R IRF 17 3 51 2 232 B 4 J7 1 —HRCMEFDE (Hephy 5 RO [RPHDRL AL 77 X9 RCMFDE 21 A, 4 54 DA A] 58 B AR AE S IOV RE ) , T T
MRS S oz S e 7 A 6 A AR AS Rk e 8, M A0 R O R 45 SRR A 5 S8, 5 JE 3 tly HRCMFDE 2 A i) i e il B Ay
BOm AR TUAY , I LS MR RRHEHEAT 10k , A2 i TR R B4 SRR AIE 5 R Je , )P A 7 i o R0 12 D0 A 10 SR ) B BIL, X947 2
Ve B AN RIS BB AE 1) B E AT 1 ISR 20 26, R S e PR X0 46 X6 56 T HRCMFDE (LS \BA-SVM WY J7 3L #EAT T 0k, WFSE45E R
KW A AT RV R RO S X% 07 SR AT B AT ROk 52 56, RE 6 VA 3t IRUN) 147 e A 900 A [ i B, G PR o0 28 0 A R B T
98.13% , Z2 RSy 2R PS4 R ZR UL O TS HU 7 1% 5 1A RS IE 1 1 T-1R 5 G 40 52 5 22 RUBE e s B R Rp Ak 412 I A7 25k, SR T
T RERE A AT B R A B SR A T2 T

SRERIR) < FRAE I AT R 2 DL AL 5 0 20 SR 5 TR R A A2 22 RUBE D 8l A 008 5 3735 1 395 70 K305 Wi 8 S0 A0 A S i AL

& 4> 35 TH132. 425; TH17 THRFRIRAG : A X E4HS 1001 —4551(2022)11 - 1535 -09

Fault diagnosis of planetary gearboxes based on
HRCMFDE .| LS and BA-SVM

ZHUANG Min', LI Ge*>, FAN Zhi-jun’, KONG De-cheng"

(1. Intelligent Manufacturing College, Hangzhou Polytechnic, Hangzhou 311402, China;
2. School of Mechanical Engineering and Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China;
3. College of Mechanical and Electrical Engineering, Henan University of Technology, Zhengzhou 450001, China;
4. Zhengzhou Machinery Research Institute Co. , Ltd. , Zhengzhou 450052, China)

Abstract: Aiming at the question of characteristics extraction and fault diagnosis of planetary gearbox, a fault diagnosis solution based on
hybrid refined composite multi-scale fluctuation dispersion entropy (HRCMFDE) , Laplacian score (LS) and bat algorithm optimized support
vector machine (BA-SVM) was raised. Firstly, HRCMFDE, a new time series complexity measurement method, was presented. Tt was
composed of five RCMFDEs with different coarse grained methods, which had more comprehensive and reliable feature extraction
performance , and was used to mine the fault information reflecting the state of planetary gearbox from the vibration signal to form the initial

mixed fault feature. Then, considering that the fault features composed of HRCMFDE had high dimension and redundancy, Laplacian score
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was used to optimize the initial features to generate low-dimensional sensitive features. Finally, bat algorithm optimized support vector

machine (BA-SVM) was used to train and classify different fault feature vectors of the planetary gear train, and the methods based on

HRCMFDE, LS, and BA-SVM were verified by using the real fault data set. The results show that the effectiveness experiment of the

proposed scheme using the planetary gearbox data set can accurately identify the different faults of the gearbox, the accuracy of single

classification is 98.13% , the average accuracy of multiple classification is also better than the comparison method. The results verify the

effectiveness of the hybrid refined composite multi-scale fluctuation dispersion entropy feature extraction, and can provide a supplementary

method for fault diagnosis of planetary gearbox.

Key words: feature extraction; feature dimensionality reduction optimization; fault classification and identification; hybrid refined composite

multi-scale fluctuation dispersion entropy( HRCMFDE) ; Laplacian score (LS) ; bat algorithm optimized support vector machine ( BA-SVM)
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3.3.3 BA-SVM

T Bk BA-SVM B3, 28 % A RVRL TR A
(particle swarm optimization, PSO) {4k i) SVM ( PSO-
SVM) , i &8 ( genetic algorithm, GA) f{L ) SVM
(GA-SVM) FRMEALHEY SVM 47X [ o

2 #F  HRCMFDE F1 LS £ B e B e ik 4 A
4 PRI R 28 A R AN 3 P .

R3 4TS EI/AMERENTEE

oKt WOSE PUIMERIR/ % BFEl/s
SVM 13 91.875 2.153
GA-SVM 9 94.375 4.365
PSO-SVM 5 96.875 5.172
BA-SVM 2 98.75 5.814

M3 LU B S BTl 9 BA-SVM H A #x
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BA-SVM 15 ik A R E AT T 5k

WA AT
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o T JRAR 3L T 3 — KR LB ) RCMFDE %5 5 3t
T 50 v O EA JE A B A, AT L AT el DA A 8 A 4
YR = R R A3 FE R A B AR 5

(2) FIH LS XFRAAEFEAT T 4b BB 0% B AR KR AE 19
YEE PR R R ZLRAAE , I B RO HER SR AOR AR
TIEARRHE 5

(3) R BA J5i:Xt SVM (% .0 S 8017 T 5
T, BENE 0 25 Ml g B U R B R B TR Ak
SVM, GA-SVM Fl PSO-SVM 42 gafsis

TR G 2 AR E 4 Uy i, 22 T HRCMFDE |
LS BA-SVM Jr i AL R LML T, WEE R R L
LSS
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