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Table 1 Features of dissolved gas in oil

G R i R

1 H, 17 C,H,/C,Hg

2 CH, 18 CH,/TH

3 C,Hy 19 C,H,/TH

4 C,H, 20 C,Hg/TH

5 C,H, 21 C,H,/TH

6 TH 22 H,/TG

7 H,/CH, 23 (CH,+C,H,)/TH
8 H,/C,H, 24 (CH,+C,H,)/TH
9 H,/C,H, 25 (CH,+C,H¢)/TH
10 H,/C,Hg 26 (C,H,+C,H,)/TH
11 H,/TH 27 (C,H4+C,H,)/TH
12 CH,/C,H, 28 (C,H,+CyHg) /TH
13 CH,/C,H, 29 (H,+CH,) /TG
14 CH,/C,Hg 30 (H,+C,H,) /TG
15 C,H,/C,H, 31 (H,y+C,Hg ) /TG
16 C,H,/C,Hy 32 (H,+C,H,) /TG
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Table 2 Distribution of fault samples

el pid gl Bt
N 228 DI 82
Tl 180 D2 125
T2 245 D3 197
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Fig.2 The effect of classification for different
number of features
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Table 3 Optimal combination of features

222 FRAE 5 AL
1 TH 7 C,H,/CyHg
2 C,H,/TH 8 H,
3 C,H,/C,Hg 9 C,H,/TH
4 C,H,/C,H, 10 H,/CH,
5 C,H, 11 CH,/C,H,
6 (H,+C,H,) /TG 12 (CH,+C,H,)/TH
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T4 1) R 38 2 AR 2255 A 2 55068 17 , 1] TPE
AR RIS EES A R B, R TR S 4k
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Fig.3 TPE optimized RF model
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Table 4 Spaces of RF parameters

SRR ZHE X et
n_estimators PRSI R i [20,200]
criterion ALERESERR [ “gini”, “entropy” ]
max_depth IR TR E [5,50]
min_sample_split  f/N> X EE [2,12]
max_sample_leaf K-y i g i [1,11]
max_features TR SRRIEER [3,6,12]
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Fig.4 Iteration process of TPE
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Table 5 Optimal combination of parameters

SR BRI SRR ZHH
n_estimators 63 min_sample_split 6
criterion ‘ gini’ min_sample_leaf 1
max_depth 32 max_features 3
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Fig.5 Classification results under validation set
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Fig.6 The ROC curves of different diagnostic models
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Table 6 Diagnostic effects under different
indicators of evaluation

LW RE AlE R g
LDA 0.69 065 066  0.70

LR 0.74 0.72 0.73 0.76
GNB 0.81 0.81 0.81 0.82
RF 0.85 0.83 0.84 0.85

TPE-RF 0.87 0.86 0.86 0.90
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Fig.7 Analysis of characteristic importance
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Table 7 Optimization of fault correlation features
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— (H,+C,H,) /TG Jo— C,H,/C,H,
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C,H,/TH (H,+C,H,) /TG
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Fig.8 Flow chart of model application

X153 RN ZRaE A AR

(3) thyg RF Wi 8, 71l 2546 T F ] TPE
SVESLBL RY KRS S SA0, IF A 30 UE S F B uE A
RIRZALRE ST, JE B TPE-RF 12 Wik 5 , fe 2, 7E 0
AR T MR A IZWTCR

(4) 51 TreeSHAP #7153 B RRAIE £ X 4l
AU EE B e g A SIS B K 179 T SRR
i, 15 YRR X2 T 4 SR A 3 B DTk, O 4 ) —
TE IR B o

5 BfISH

S ERE SR I A RO, SCHR [ 17 ] Fi B
RO PP 8 s 12 4Ll P s i AR A S
MAER 8, % TPE-RF BORA TEC = HUAA LT L
SIHT AR IR 9 s .

*8 MHPBRMEREEE
Table 8 Data of dissolved gas in oil

P R AR B (ule L)

e IR,
I—

75 H, CH, C,H, GC,H, GC,H,
I 3025 1833 056  9.40 0
2 4035 2529 126 1536 0
33550 5170 8.01 547 0
4 27 90 42 63 0.2
5 1100 1600 221 2010 26
6 206 199 7.4 61.3 L5
7 1578 32 0.6 0.7 0
8 2953 1500 0.08 053 044
9 14710 562  1.07  3.04  0.88
10 1924 115 618 041 654

—_
—_

6.30 7.87 6.97 3.03 11.1
12 39.90 7.29 1.58 4.15 6.87

ARUAE L IEC = HEE A T4 1.2.8 A
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Table 9 Results of fault diagnosis

ma:  IEC = GfEM:

TPE-RF 57

.
Y Wm mm mm RS R

1 N — — N N

2 N — — N N

3 T1 020 T1 T1 T1

4 T1 021 T1 T1 T1

5 T2 022 T2 T2 T2

6 T2 002 T2 T1* T2

7 D1 011 b D1 D1

8 D1 — — D1 D1

9 D2 111 D3* D2 D2

10 D2 210 D2 D3* D3*

11 D3 220 D2* D2~ D3

12 D3 100 D3 D3 D3
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Fig.9 Diagram of characteristic contribution
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Fault diagnosis method for transformers based on

feature selection of dissolved gas in oil

LIAO Caibo, YANG Jinxin, HU Xiong, QIU Zhibin, LIU Xiaotian, ZHU Wenqing

(School of Information Engineering, Nanchang University , Nanchang 330031, China)
Abstract ; Dissolved gas analysis is important for the early warning and diagnosis of transformer faults. Aiming at the problems of
numerous types of features for dissolved gas in oil and the insufficient analysis of fault associated features,a new fault diagnosis
method for oil-immersed transformers based on feature selection of dissolved gas in oil is proposed. Firstly, the derivation of
original features for dissolved gases is completed. The optimal combination of features is selected by calculating the importance
of features for fault diagnosis based on random forest (RF). Then,the tree-structured parzen estimator ( TPE) is used to realize
the parameter optimization of the RF model,and the TPE-RF diagnostic model is obtained. Combined with the various evaluated
indicators , the proposed method is proved to be able to diagnosis the transformer faults accurately. Finally,the TreeSHAP model
is introduced to analyze the importance of the features corresponding to each fault, and the specialized features for each fault are
selected. According to the case of transformer in operation, the applicability of the method in the power system is discussed, and
the effectiveness of the method is verified.
Keywords : gas dissolved in oil; power transformer; fault diagnosis; tree-structured parzen estimator ( TPE ) ; random forest

(RF) ;feature selection ; TreeSHAP model
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