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Table 3 Initialization parameter values of CHMM observation value probability distribution
B RAE1 R 2 PR3
® o b3 ® o > ® o >

e GMM1 0.4722  0.2601 2.9x107° 0.2486  0.3135 0.0002 0.3167  0.1955 0.0001

GMM2 0.5278  0.2416 3.0x107° 0.7514  0.2814 5.8x107° 0.6833  0.2216 4.55x107°
. GMM1 0.7210  0.1746 2.3x107° 0.6689  0.1360 1.7x107° 0.5168  0.1487 1.25x107°

GMM2  0.2790  0.1935 6.8x107° 0.3311  0.1195 4.4x107 0.4832  0.1606 1.35x107
Wiia GMM1 0.5316  0.1918 1.8x107 0.7079  0.1761 2.9x107° 0.7315  0.2247  3.95x107

GMM2 0.4684  0.2071 2.2x107° 0.2921  0.1548 7.9x10° 0.2685  0.2504 1.0x10™
i a GMM1 0.7178  0.1608 2.1x107° 0.5243  0.1358 1.1x107° 0.3214  0.1080  4.35x107°

GMM2  0.2823  0.1800 7.2x107° 0.4758  0.1471 1.2x107 0.6786  0.1232 1.65x107
s GMM1 0.7139  0.0282 8.6x107 0.3405 0.0182 1.4x10°° 0.4654  0.0256 4.4x107

GMM2 0.2861  0.0320 3.5x10° 0.6596  0.0210 5.5x107 0.5346  0.0234 4.1x107
. GMM1 0.6910  0.0307 1.1x107° 0.7512  0.0403 1.8x10™ 0.4623  0.0365 8.6x107

GMM2  0.3089  0.0262 2.5x107° 0.2488  0.0459 7.0x107 0.5373  0.0335 7.9x107
g GMM1 0.4854  0.1410 1.1x107 0.3038  0.1052 1.9x107 0.7167  0.1539 1.95x107

GMM2  0.5146  0.1304 8.8x10°° 0.6962 0.1194 1.3x107° 0.2833  0.1713 7.0x107°
S, GMM1 0.2626  0.0878 2.1x107° 0.4771  0.0703 3.19x10°° 0.6847  0.0583 4.4x107°

GMM2  0.7374 0.0772 5.9x107 0.5229  0.0645 2.9x107 0.3153  0.0503 1.0x107
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Table 4  State transition matrix A of feature vector CHMM model
=N T2 W3 T4
0.3168  0.6832 0 0.1077  0.8923 0 0.3263  0.6737 0 0.0001  0.9999 0
0 0.0040  0.9960 0 0.1160  0.8840 0 0.0039  0.9961 0 0.1435  0.8565
0 0 1 0 0 1 0 0 1 0 0 1
TS T RL6 a7 T8
0.0071  0.9929 0 0.1868  0.8132 0 0.3444  0.6556  0.0006 0.9994 0 0.0006
0 0.0002  0.9998 0 0.0002  0.9998 0 0.0057 0 0.0679  0.9321 0
0 0 1.0000 0 0 1 0 0 1 0 0 1
*5 FETFSCHMMUWNEMEZESHRRLEESEHE
Table 5 Optimized parameter values of CHMM observation value probability distribution
GH KA RA2 RE3
® m b ® " b ® " 3
. GMM1 0.1144  0.2459 0.0495 0.1995 0.2465  0.0446 0.3069 0.2480 0.0299
GMM2 0.8856  0.2460 0.0080 0.8005 0.2465  0.0104 0.6931 0.2481 0.0059
— GMM1 0.9923 0.1521 0.0016 0.8292 0.1512  0.0026 0.2835 0.1530 0.0072
GMM2 0.0077 0.1521 0.0232 0.1708 0.1512  0.0171 0.7165 0.1532 0.0022
53 GMM1 0.0661 0.2016 0.0370 0.8489 0.2003  0.0050 0.6450  0.1989 0.0046
GMM2 0.9339  0.2017 0.0044 0.1511 0.2003  0.0316 0.3550  0.1989 0.0149
. GMM1 0.9878 0.1422 0.0197 0.2834 0.1405 0.0142 0.4291 0.1404 0.0068
s GMM2 0.0122  0.1422 0.0201 0.7166 0.1406  0.0072 0.5709 0.1405 0.0040
" GMM1 0.9731 0.0239 3.9x10°° 0.6682 0.0236  0.0001 0.2706  0.0238 0.0003
PRS2 00260 00239 00006 03318 0.0236  0.0003 07294  0.0238  4.3x10°
T GMM1 0.9789  0.0342 0.0001 0.7471 0.0349  0.0002 0.5051 0.0343 0.0003
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HEALTH STATE EVALUATION BASED ON WAVELET PACKET
AND PCHMM FOR VULNERABLE COMPONENTS OF
WIND TURBINES

Zheng Xiaoxia, Li Meina
(College of Automation Engineering , Shanghai University of Electric Power , Shanghai 200090, China )

Abstract: Wind turbines have bearings, gears and other vulnerable components and the vibration signals have dynamic
and non- stationary characteristics. A health condition evaluation based on wavelet packet decomposition and parallel
continuous hidden Markov model is proposed in this paper. The collected vibration signals are decomposed by wavelet
packet and the wavelet packet decomposition level is selected according to the sampling frequency of the signal and the
fault characteristic frequency of the component. The ratio of energy and total energy of each node is extracted as the
feature vector of health state evaluation, then PCHMM is applied for health stage evaluation model of vulnerable
components. In order to reasonably determine the weight of each component in the parallel model, we introduce
information entropy to calculate the weight of each part. The log likelihood probability of model output is used as the state
evaluation index. The model used in bearing degradation simulation of experimental data and field data show that the
evaluation model well reflects the bearing running state and evaluation indicators in the early fault has obvious changes.
The proposed method can detect the fault of damageable parts and reduce the maintenance cost.

Keywords: wavelet packets; hidden Markov models; wind turbines; vulnerable components; state evaluation





