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Residual life prediction of oil-paper insulation for traction transformers
based on hidden Markov model
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Abstract: In order to study the influence of ageing status of oil-paper insulation of EMU on-board traction transformer on
its residual life, the dissolved gas content in oil was used as the characteristic parameter to reflect the ageing of oil-paper
insulation in this paper. Since the ageing process of oil-paper insulation has dynamic characteristic, a hidden Markov model
was established according to the corresponding hidden state and observation state between the ageing status of oil-paper
insulation and the characteristic parameters. Firstly, the number of hidden states is determined using Bayesian information
criteria, and then the observation sequence is clustered by using the k-Means algorithm. On this basis, the state of the
observation sequence is identified by the Viterbi algorithm to determine the ageing state of oil-paper insulation. Finally, the
reliability function is determined by combining the proportional risk model. The accuracy of the model is verified according
to the online monitoring data of the dissolved gases in the oil of on-board traction transformer of CRH2 EMU, and it is
obtained that the remaining life of the oil-paper insulation is basically consistent with the actual life, which can provide
theoretical reference for the subsequent development of traction transformer maintenance strategy.
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x1 WoESITERMFIEBIELKE
Tab.1 Data of partial dissloved gases in

traction transformer oil

uL/L
Fs H, co co, pEp
1 15.20 1.61 7.55 236
2 43.92 9.05 34.38 2.52
3 48.28 12.43 39.13 3.38
4 52.21 13.37 55.91 5.12
5 54.88 13.84 334.90 6.07
6 60.24 14.23 418.37 6.41
7 68.97 14.81 427.47 7.39

®2 A UESHETIARSAERE

Tab.2 Normalized data of partial dissolved gases in oil

P H, co co, P59
1 0.107 5 0.008 4 0.001 0 0.000 6
2 0.1238 0.0473 0.001 1 0.003 0
3 0.133 1 0.064 9 0.004 7 0.003 8
4 0.1385 0.0717 0.0175 0.0100
5 0.1485 0.073 2 0.034 1 0.0128
6 0.164 0 0.076 4 0.051 1 0.014 8
7 0.168 6 0.078 9 0.060 9 0.017 6

*®3 BICIHHER
Tab.3 BIC recognition results

k 1 2 3 4
BIC -31.450 4 —34.118 2 -38.3102 —44.018 3

SOREBEOIR S R RS 1AEFE RS GRS 2R
HIZAIRE) VRS 3(ERE) SR E 4 EE 4L
R FOIRZS . SR )G FIH k-means HIL KA E S &
RE R4 9 428, FEARYE TEEE bR wf jih b 3 i S 1k
R TIRES R 0,

VI AR B RAS R 7 e G IR X R
IRBF R FAT I . %, WERIEIRE N IE R
R, M Ba T IR B A 1, (10 5 AR S ERVI IR IR S
FEFE N0 (22) ~ QA TR,

WIBIRASFIEER 2, =[08 02 0 0](22)
[09 01 0 0]
0 09 01 0
0 0 09 0.1
Lo 0 0 1]
[0.6 02 0.1 0.1]
03 05 0.1 0.1
0.1 03 05 0.1
0.1 02 0.1 0.6]

1y & A T ] 4R 26 2F )5, A Baum-Welch 5%k
HR AR WL 2 51 33 4T B BN 25, TS B g iR S #0291
SENF N RSy R B R, I 2k 5e B2 5 , I Viterbi

IR IR Fe AR A, (23)

HIUE W RE R FE B, 24)

SRR 5 HU AT IR A RO TH S0 7 51 i
FP(0]4,).1 = 1,2,3.4 M43 FIE A IR A5 57
HOAhPR oA B AE o X HOBh AR oR B B K B L AR
25 T 24 B BT AR A e T AR R S A T
ZRE R WA 3 PR .

15 A

=

4 ——IRE3

sy 20 i
= 25

&

=430
& 351
-40°

AR
E3 AEZLRET HMM )IZ#HZk

Fig. 3 HMM training curves under different ageing states
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