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A Darlington Transistor Fault Prognostics Method Based on KPCA and
Mahalanobis Distance
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Abstract: In order to predict the failure of Darlington transistor, a method for fault prognostics based on
KPCA and Mahalanobis distance is proposed. Through the failure mechanism analysis and accelerated deg-
radation testing of Darlington transistor, the degradation data of collector current and saturation voltage
are obtained. The paper utilizes wavelet packet decomposition and KPCA to process the degradation data
and filter out interference signals, obtaining the principal component of the degradation. The Mahalanobis
distance is used to fuse these components into health index. And the health index could represent the
healthy status of Darlington transistor in changes. Finally, two fault predict algorithms are used to predict
the HI. And the availability is proved by the forecasting. The results show that RMS between the predic-
ted value and the true value is within 10%.
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Fig.1 The flow diagram of ADT
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Fig. 2 The data image of breakover current
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Fig. 5 Wavelet packet decomposition of collector current
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Fig. 6 Wavelet packet decomposition of saturation voltage drop
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Tab. 2 Accumulative contribution rate of the top ten main components %
Method c PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10
PCA — 61.08 68.88 75.73 81.24 86.29 90.99 94.96 98.52 98.93 99.24
2 78.12  90.14 93.45 97.58 98.76 99.21 99.58 99.79 99.90 99.97
. 3 78.64 90.35 93.80 98.01 99.14 99.35 99.62 99.81 99.94 100.00
P-KPCA
4 77.27 90.44 94.57 98.55 99.21 99.47 99.70 99.84 99.97 100.00
5 76.86  90.45 94.77 95.68 99.30 99.52 99.74 99.88 99.95 100.00
83.34 91.47 95.83 99.75 99.80 99.87 99.92 99.98 100.00 100.00
RBF-KPCA
3 81.14 91.52 95.36 98.79 99.45 99.63 99.81 99.01 99.99 100.00
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Fig. 7 The mean value of breakover current
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Fig. 8 The mean value of saturation voltage drop
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Fig. 9 Feature processing Mahalanobis distance
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