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Abstract: In order to solve the problem of the noise interference and the difficulty in feature
extraction in the vibration signal of planetary gearbox, a fault diagnosis method for planetary gearboxes
based on jel-lyfish search optimization variational mode extraction (JS-VME), deep belief network (DBN)
and supervised Mahalanobis distance uniform manifold approximation and projection algorithms (MS-
UMAP) was proposed. The vibration signals of the planetary gearbox were collected, and JS-VME was
used to preprocess them to obtain expected IMF (intrinsic mode function) component with strong
correlation. Then, DBN was applied to the IMF component to extract feature vectors, and the high-
dimensional fault feature set was built. MS-UMAP was used for dimensionality reduc-tion to obtain low-
dimensional and sensitive fault features. The low-dimensional fault feature set was applied to the jellyfish
search optimization kernel extreme learning machine (JS-KELM) to de-termine fault types. The
experiment results of planetary gearbox fault diagnosis showed that com-pared with UMAP, t-SNE,
Isomap, LPP, W-Isomap, LLE, LTSA and MDS, the MS-UMAP algorithm had the best dimensionality
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reduction effect on the feature extraction results of JS-VME-DBN. The fault recognition rate of the

proposed method reached 100% with a certain validity in planetary gearbox, such as the cracks, wear and

missing teeth.

Keywords: fault diagnosis; planetary gearbox; variational mode extraction (VME);

deep belief network (DBN); uniform manifold approximation and projection (UMAP);

kernel extreme learning machine (KELM)
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Table 1 Descriptionof six data sets
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SRR SRR VIRREAR  MAREA

97,111 20,22 77, 89

wine 178 59,71,48 12,14,10 47,57,38
iris 150 50, 50,50 10, 10,10 40, 40,40
diabetes 768 500,268 100,54 400,214
tic_tac_toc 958 626,332 125,67 501,265
splice 1000 483,517 97,103 386,414

R2 SEBSYPIEE

Table 2 Classifier parameter settings
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SR RAE TN 2, &R RAES N 2, BT R
PSO-KELM H10, 1L 100
GWO-KELM TRARFIEERLEBCN 10, K 1R%ARH 100
WERERLRECR 10, WILAEEIE A 10, EHISECh
ABC-KELM 100, L AAEFRUAECH 100
AO-KELM SRR RERLRE N 10, 2 1E20N 100

BRAE AN ERLIE B 10, WA 0.5, Tk EE 5 40
BA-KELM ¥4 0.01, Fmisii%h 0.5, f AR 0.2, &k
BARKECH 100

JS-KELM TREFFVHERIBECA 10, Z0E%0R 100
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Fig. 4 Recognition rata of different classifiers on six data sets
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Fig. 5 Fault diagnosis model of planetary gearbox

1351 i E 18 3 5 #5252 (MS-UMAP) [+
i AR B RRAE AR, BRHIURAE B, #E— 2215 5
R4 BRI RRIELE

SBS BB BEALBE R R R
FEA A I 2 SR R AR A N GRS, T4 2 JS-
KELM Z2 5§ Fi 10000 A5 78 , W 380 2 0 A 1) {1 2 e e
FEAEAE R DN RE AR, i A 28 T A5 50 gk 4 7 031
B, PR AL
42 BIEESHIRE

T B UE AR SC ik B R AT P, SR ) Spectra
Quest /A B T & [ B0 B 12 W7 52 56 15 X547 B 50 4R
W E IR IR N5 S # AT R . AT, RET
TR A — YUK R W IE R . 2480, BEH M
BV SRS T R IE 5. T DA RS 2R
FEUNE 6 s AT BRI EEAR S5k 3 i
7, b, B E SN R 1 800 r/min, RASIZ.

10240 Hz, FIIFH 2 5 Jin i B AL A8 dEAT REAR(S 5
1 R 4, 22 IS [RD IR LA 2 048 AR A 4 o — 4
QAT LA —

Ko frRARMEEZEAER

Fig. 6 Planetary gearbox fault diagnosis platform
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Fig. 7 Time domain waveform of vibration acceleration signal

in four working conditions of planetary gearbox
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Table 4 Feature extraction effect of JS-VME-DBN

A [ 2 e AR AR B A EE /%

Tk
EE R BEHR g4k P
PSO-KELM 5250 100  80.00 100  83.13
ABC-KELM 87.50 100 8250 100  92.50
GWO-KELM 9750 100  67.50 100  91.25
AO-KELM 7750 100 100 100 9438
BA-KELM 4000 100  77.50 100  79.38
JS-KELM 100 100 90.00 100  97.50
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Fig. 8 Classification effect and confusion matrix of different classifiers on test samples
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Fig. 9 Three-dimensional visualization results after dimensionality reduction by nine algorithms
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Table 5 Fault identification accuracy and performance index after dimensionality reduction of nine algorithms
LS 25 A AR AR B R A BE /% R PEREFE
Wi 2 Jy ik

1B e JEE 4R B -4 S Sw Sp/Sw

t-SNE 100 100 90.00 82.50 93.13 428.53 43.06 9.95
Isomap 85.00 100 100 100 95.00 2.33x107* 2.29%107° 10.17
W-Isomap 97.50 100 100 90.00 96.88 1.16x10* 4.67x10°° 24.84
LPP 40.00 100 72.50 100 78.13 1.32x107 7.11x107 1.86
LLE 100 60.00 100 100 90.00 1.28x107 2.11x107° 6.07

LTSA 100 80.00 82.50 100 90.63 6.20x107° 8.79x107 0.71
MDS 100 57.50 100 100 89.38 2.31x107* 2.29x107° 10.10
UMAP 52.50 100 100 100 88.13 59.92 36.14 1.66
MS-UMAP 100 100 100 100 100 82.52 1.40 58.94
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