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Fault diagnosis method of gearbox based on intrinsic time-scale
decomposition and fuzzy clustering

DUAN Li-xiang, ZHANG Lai-bin, YUE Jing-jing

(Faculty of Mechanical and Oil-Gas Storage and Transportation Engineering in China University of Petroleum ,
Beijing 102249, China)

Abstract: Considering the non-linear and non-stationary characteristics of vibration signals of gearbox, a new method based
on intrinsic time-scale decomposition (ITD) and fuzzy center-means clustering (FCM) was proposed in order to diagnose
gearbox's fault more accurately and effectively. Firstly, original vibration signals of gearbox were decomposed by ITD meth-
od. The first four proper rotation components (PRC) containing the main fault information were extracted and the PRC fea-
ture energy was calculated as fault feature vectors. Finally, faults of gearbox were identified by using FCM method. The re-
sults show that the diagnosis results of gearbox are totally in accordance with the actual situation in the application. The new
method has high computation speed and accuracy compared with empirical mode decomposition (EMD) , which provides a
new efficient method for gearbox fault diagnosis.
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Table 1 Fault feature vectors of 21 samples of 3* gearbox

2) 1/2.

FE WEeRE  E/E  E/E EJ/E EJE
1 0.9054  0.3783  0.1427  0.1296
2 0.8957  0.3748  0.1948  0.1390
3 EH 0.8832  0.4022  0.2070  0.1237
4 0.9019  0.383  0.1799  0.0709
5 0.8990  0.3815  0.1880  0.1043
6 0.9408  0.3194  0.0968  0.0596
7 0.9394  0.3252  0.0994  0.0432

g
8 i 0.9412  0.3181  0.1034  0.0481
9 0.9334  0.3365  0.1031  0.0550
10 0.9330  0.3436  0.0975  0.0437
11 0.9850  0.1283  0.0941  0.0671
12 - 0.9783  0.1705  0.0881  0.0775
13 0.9808  0.1608  0.1039  0.0370

ELEA
14 0.9828  0.1480  0.0981  0.0513
15 0.9814  0.1633  0.0918  0.0421
16 0.8935  0.3907  0.1993  0.0963
17 o 0.8983  0.3905  0.1697  0.1087
18 . 0.9347  0.3318  0.1177  0.0484
19 o 0.9269  0.3564  0.0964  0.0678
20 il 0.9825  0.1321  0.1051  0.0785
21 0.9814  0.1577  0.0911  0.0609
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Fig.1 Decomposition results of the 10th sample using ITD and EMD
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Table 2 Fault feature vectors of 21 samples of 5* gearbox

5 EEeRE EV/E E/E E/E EJE
1 0.8570  0.4982  0.1268  0.0343
2 0.8378  0.5312  0.1210  0.0349
3 ¥ 0.8439  0.5135  0.1476  0.0482
4 0.8647  0.4872  0.1172  0.0341
5 0.8064  0.5776  0.1223  0.0334
6 0.9205  0.3566  0.1490  0.0569
7 - 0.9212  0.3483  0.1675  0.0451
8 N 0.9096  0.3679  0.1844  0.0576
9 B 0.9248  0.3377  0.1589  0.0740
10 0.9068  0.3773  0.1743  0.0711
11 0.9462  0.3033  0.1076  0.0329
12 . 0.9556  0.2780  0.0900  0.0380

AR
13 e 0.9396  0.3234  0.1055  0.0390
14 0.9338  0.3442  0.0910  0.0358
15 0.9476  0.3057  0.0894  0.0252
16 0.8300  0.5469  0.1038  0.0357
17 o 0.8555  0.4978  0.1367  0.0397
18 i 0.9173  0.3647  0.1519  0.0509
19 E” 0.9305  0.3295  0.1478  0.0614
20 il 0.9408  0.3247  0.0904  0.0362
21 0.9364  0.3345  0.1004  0.0341
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Table 3 Classification matrix and clustering results
of 15 training samples of 3*gearbox (ITD+FCM)

F e A B C R4S
1 0.0694 0.1626 0.7680 C
2 0.0282 0.0505 0.9212 C
3 0.0208 0.0399 0.9393 o
4 0.0643 0.1985 0.7372 o
5 0. 0030 0. 0069 0. 9900 C
6 0.0221 0. 9667 0.0111 B
7 0.0182 0.9726 0.009 1 B
8 0.0139 0.9794 0.0068 B
9 0.0014 0.9976 0.0010 B

10 0.0153 0.9748 0.0099 B

11 0.9769 0.0173 0.0058 A

12 0.9176 0.0637 0.0187 A

13 0.9012 0. 0785 0.0203 A

14 0.9872 0.0100 0.0028 A

15 0.9385 0.0493 0.0122 A
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AL R YV, AT RIS RO SR R AR
RN 4 FoR,

F4 EREN 6 MR ARMIRGI LR (ITD+FCM)

Table 4 Identification results of 6 test samples

of 3*gearbox (ITD+FCM)

P RBEr R EH PO 25
16 0.0145 0.0328 0.9527 EH#
17 0. 0086 0.0220 0.9694 EH
18 0.0241 0.9571 0.0188 45 T R 4
19 0.0430 0.9134 0.0436 A T B A5
20 0.9272 0.0528 0.0200 PR 2L
21 0.9951 0.0039 0.0011 PR 4L

[RIEE %) S* TR 15 VIR TR C-
PHER A 1B ME U, (£ 5) R LV,
SRR R KA, 3R 2 hEEAR 1 ~ 5B TIIEE,
BEAR6 ~ 10 JBTIZE AL ~ 15 BT, HWik,1
FARRIG AL IR K T, TEARR IR H AR
A, B3R 2 hi)E 6 ARFRBIREA S RIS L vy it
FTREER S OISR Jm B 5PN R LR 6,
[0.9674 0.0853 0.0663 0.2187]
V,=10.5154 0.7464 0.1233 0.1516
10.1261 0.9434 0.8167 0.7285 |
[0.9108 0.1318 0.0780 0.1934]
V,=10.7500 0.2585 0.7568 0.7080
10.2436 0.8109 0.3679 0.2372 |
x5 SR 15 MIGHEENS HKER

R RELR (ITD+FCM)

Table 5 Classification matrix and clustering results

of 15 training samples of 5*gearbox (ITD+FCM)

5 I I I ALY
1 0.0220 0.0217 0.9563 ]
2 0.0047 0.0047 0.9906 I
3 0.0731 0.1482 0.77817 I
4 0. 0603 0.0472 0.8924 I
5 0.0540 0.0568 0. 8892 I
6 0.0353 0.9408 0.0239 I
7 0.1196 0.7910 0.0894 I}
8 0.0514 0.8920 0. 056 6 I}
9 0.0725 0.8703 0.0572 I}
10 0.0558 0. 8820 0.0622 I}
11 0.9603 0.0240 0.0157 |
12 0.9389 0.0369 0.0242 1
13 0.9528 0.0291 0.0181 I
14 0.9636 0.0187 0.0177 |
15 0.9266 0.0377 0.0357 I
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Table 6 Identification results of 6 test samples
of 5*gearbox (ITD+FCM)

Fe INIRRL ISTHEMR EH AGES
16 0.04838 0.0413 0.9099 IEH
17 0.0350 0.04838 0.9162 EH
18 0.0759 0.869 1 0.0550 A T B A5
19 0.0545 0.9152 0.0304 W T B A
20 0.9863 0.0075 0. 0062 L33
21 0.9839 0.0088 0.0073 WAL
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R, B M UMEEHO VY,
0.9472 0.1403 0.0696 0.2158
V'={0.2952 0.7976 0.7161 0.2294
0.0884 0.4546 0.9098 0.5617
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Table 7 Classification matrix and clustering results
of 15 training samples of 3*gearbox (EMD+FCM)

gz A B C RRLGER
1 0.1077 0.1925 0.6998 C
2 0.0550 0.2396 0.7054 C
3 0. 0540 0.3676 0.5785 C
4 0.1059 0.2364 0.6577 C
5 0. 0060 0.0341 0.9599 C
6 0.0703 0.8108 0.1189 B
7 0.0076 0.9661 0.0263 B
8 0.0472 0.6383 0.3145 B
9 0.0383 0.8630 0. 0987 B
10 0.004 1 0.9801 0.0159 B
11 0.9707 0.0163 0.0130 A
12 0. 9662 0.0181 0.0156 A
13 0.9434 0.0326 0.0240 A
14 0.9478 0.0279 0.0243 A
15 0.9449 0.0327 0.0224 A

*8 3IEREN 6 MK ERRIAS LR (EMD+FCM )
Table 8 Identification results of 6 test samples
of 3*gearbox (EMD+FCM)

B9 EIRREL A EH TS5 R
16 0.0065 0. 0400 0.9535 EH
17 0.0174 0.1816 0.8010 EH
18 0.0231 0.8564 0.1205 P T
19 0.0049 0.9707 0.0244 A T B A5
20 0.9413 0.0329 0.0258 WL
21 0.8322 0.1056 0.0622 AR L
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