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Abstract ; Dissolved gas analysis (DGA) is the core method for transformer condition monitoring and ear-
ly fault warning. However, traditional data-driven DGA prediction methods have some limitations in accu-
racy and generalization. To address these limitations, a prediction method for dissolved gases in trans-
former oil based on a physics-informed neural network ( PINN) was developed. An oil-paper insulation
experimental platform with typical defect models was constructed to investigate the gas generation behavior
of partial discharges in DGA, and a correlation model between dissolved gases and discharge energy was
established. Physical information constraint equations were then formulated and embedded into a time-se-

ries prediction model, which was trained to enhance prediction accuracy and interpretability. Experimen-
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tal results indicate that, compared with traditional intelligent models, the proposed PINN model can pre-

dict the variation of dissolved gas concentrations in oil more accurately and can maintain high stability and

generalization capability under data-scarce conditions. This study provides a new approach to improve the

intelligence level of transformer health condition monitoring and supports more accurate state assessment

and early fault warning.

Keywords : power transformer; prediction of dissolved gas in oil; physics-informed neural networks; gas

production law; artificial intelligence
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Fig.1 Simulated discharge experimental platform

I ZR G0 T4 Sk i v = AR i LA 5 S HE
IS B AT S IS R R AR . Hor . 50 R
FRAE HLE 100 KV, TSR S I L A S
CHI ;Pearson Model 8600 = 45 H, i H. /& %% ( high fre-
quency current transformer, HFCT ) F T % 4 Jlk wp e,
Tifs s CH2 , HAZ0H 924 40 kHz ~ 130 MHz, R
JE4 10 V/A, K CHI Fl CH2 {5 5 {2 Rl a4 5]
PicoScope5443D RAEFR [, S i I A9 [A] 252Kk
BEARAT

WEA, S 1 s rp A A VA S [ P DL LS
7 T gt v A S A 0 PRI Sl R Il i Ah T AR 3
T IFTERPRZE ) 1 Ab 222 =l i, 7 S B f v
AT LAEAS BELIB i iae ) 475 00 B e BB, B J7 (o SR 4
Y GRAME SO 22 S0 AN O B U BT it PR
—H, TR S e R E M, i R R 2
RICT By L AR B [ g% AR T K HL R
1.2 ®REEEITSHEMTLE

TE S W Hh 9 v 54 B e 728 T i P S S AR
Y2 K AL HAR Y 5 37 2 1 35 1Y 5 0 0 B
FEIN L L0 00 3k, DA 7 A 5 0 T8 A
T, ASCRIGRum i v o, et 1 aniEl 2 s i g
P AR A b AR 4 b B AR R B LA
ST IR B A S AR AR T ELEE 2SO 2 mm, AR AR A
Y G AR N B = 0% W) AR R SR AR, SRR
1 mm, 48 5 A0 B WAl AR, A fdi 1] 25# 5 4ir
A

TF R PSS WAL S A AR T A
T KBRS R A PR 3, O R R 2k
AR 5 ASCI i AR 55 il A2 T bR v 20K, I



4 Bl 5

o R

94529 &

S TAE B S B i A o e L A O R
I JA SO RS o Al

™

Freatk

Eik v

SR E—

e | .

|||—

B2 miREs
Fig.2 Electrode modelling
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Fig.3 Dissolved gas concentration in oil
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Fig.4 Statistical chart of dissolved gas proportion
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Comparison plot of gas concentration evolution

trend by different prediction methods
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Table 2 Comparison of evaluation indexes for prediction results of other characteristic gases

CH, C,H,
T ALY

CH, CH, CO

ER2 ERMSE EM:\PE /% ER2 ERMSE EM:\PE /%

ER2 ERMSE EMAPE /%

ER2 ERMSE EMAI’E /% ER2 ERMSE EMAPE /%

PINN-LSTM ~ 0.95 17.22 8.89 0.94 3.09 12.15  0.93 32.06 12.12 0.92 137.26 8.8l 0.92 1.71 10.45
LSTM 0.93 18.91 9.44 0.91 3.55 13.70  0.89 34.65 13.36  0.89 144.73 9.30 0.89 2.37 12.07
BiLSTM 0.87 19.41 14.08 0.88 4.34 13.32  0.90 41.63 14.41 0.88 189.31 15.69 0.85 2.95 16.86
BPNN 0.75 21.34 18.02 0.72 5.89 18.41 0.71 48.73 17.96  0.75 198.53  20.95 0.81 4.21 19.77
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