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Prediction of DC-bias Temperature Rise in Transformer and Insulation Life Assessment Based on
an Improved Thermal Circuit Model and PINN
ZHENG Yuzhou, DU Jinlong, WU Yonggiang, MING Ming, PEI Xiaodong, HAO Xiuping
(Xilingol Power Supply Branch of Inner Mongolia Electric Power (Group) Co., Litd., Inner Mongolia
Xilinguole 026099, China)

Abstract: DC-bias of transformer leads to such effects as half wave saturation and harmonis of iron core,
resulting in increased loss and abnormal temperature rise of iron core, winding and metal components of
transformer and damage of insulation life of transformer. The accurate assessment of temperature rise of
winding hot spot due to DC-bias can provide important reference for effective assessment of insulation life of
transformer for power sector. However, it is often difficult to obtain accurate internal electrical characteristic
parameters of transformer in practical engineering. For this reason, a prediction method of transformer
DC-bias temperature rise based on improved thermal circuit model and embedded physical information
neural network (PINN) is proposed. Firstly, the transformer DC - bias temperature rise mechanism is
analyzed and, on this basis, an improved thermal circuit model considering DC-bias heat accretion effect
is constructed. Then, in order to solve the problem that the heat transfer coefficient under the influence of
DC-bias is unknown and the temperature rise is uncertain, the parameters of the improved thermal circuit
model are estimated by using the inversion method of physical information neural network (PINN), and

then the thermal circuit model is solved by using pinn to predict the temperature rise of the DC - bias
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winding of the transformer. Finally, the proposed model is verified by using the measured data. The results

show that the error of the predicted DC-bias temperature rise of the transformer is less than 15% by using

the method proposed in this paper. Based on this model, the insulation life under the influence of convective

magnetic bias is assessed. The results show that the loss of thermal life caused by transformer bias DC-level

exceeding 50 A cannot be ignored, and the abnormal temperature rise of transformer and the loss of thermal

life can be effectively avoided by using transformer isolation measures. The proposed temperature rise

calculation model based on PINN has provided an effective method for real -time monitoring of transformer

DC-bias temperature rise and load capacity assessment.

Keywords: transformer; DC-bias; improved the heat circuit model; PINN; inversion; prediction

0 BI§

e I LA P, M R I v s AR S T R
P 2R G Th A S T AR RO A i i
Y BLUR 2 T e RS0 O F D5 D 2K A U v i B
S o WO R B T T s B k0 2 A1 il i R A %
I AR A B A 421 08 4 o 2 A TR) B 8 246 2 i 45 P
B AT AR BRUAI R o B, 3t FICABEAE 1) 1] Fof 35
X SEHRAL R T, Xof 748 e i 3 A A S e, i T
T JAE T s i v 7 A AR B R T AR A A
Y G RABHI AR 5 IS X T AR B R TS0 2%
SRR T T YR Bl e S
A2 VEREFN AT FiL 98 5 P00 U B 22 58
A5 T8 R TR IR 2 il o SR A ) 2 B Al
AR, 51 & RGO AR, , 45455 . Horp 2R R
SRR THE— R e B R A 4 252
AR, 072 T A 1) 2 R g is AT A RE X,
VB T 72 T 2 B G T SR 4 IR T RE RS S HL )
B T IE R AL E R S

SRR, AR IO T A% B i i S IR T 7
AT SEME R BRI o SCHR[3 1 T il ) B
AR PO AE AR e f i AR A, R4 T B s T 0 it T
[ = R | W L Al R N R D 3 e F S
Fetis B R 3 AT 57 TR R AT B 1 B i ik
52%, Ak, T2 Rdss T E = A RS
2 U I S D7 VA RS2 BT I3 S A A T R AT
XEJSE 1, T L P M I 5 R A A v T R
e TR A i H R T, I R ) 28 T 8 L T S 4
T AR A R A7 T JR X R A, St
FHOCH T ARG 2D o Marti 558 AR 0 B J7 A8
LT 5 A ] 25 2 R H S SRR A2 A AE A ] i
G TRV, SR A S 45 i A 2R T g 1371
FE4E o TR E R BTG 3 22 5 HAT R R ko
SEF AR FE AR TT BEXT GIC i R R [R] 1 44
M7 o SCHER[OTM A3 AT T 500 kV A8 JR 25 ¢ £ 2 i

- 108 -

FELIA W RIS VE R BR800, Fi S T X
AR RS IR RS2, TEEE Std €57.163™—2023 241t
AR R A LU AW R (A T 52 B (B AR, RS T AR e g
B RGN TR B T AR R AR AZ
GIC BETMIPEAN 5k, 45t 1T 887078 He 2% 1 B UL i
WIS EAE R, 45 O B I G 17 0 T 1722 He gt
RTHIR EE R RT Gedf E RAREEE
PRI 22 1% PRESC, 1T Ay s 30 A0 T A 0 TS A R L2 SR )
TR SRS

AR e fs B R S IR G S XS AT
HER G S PR TR SR BT A, H AT, X
FLI IR T 78 e S 2 B SR ()RR 5 D 2L
ANGAS R A8 E H 18 A T B G2 IR S R 5 TR
WS AT — W HE | A] SR A SCHR LA 5 SE Al
BRI TH AR RS S IR T R 25k 4 2%
Y TR T O TR REA L &R
R 22 PRI AT AR PR g iR s
B H R A BT AT FRAR R L 45 6 1 07 i i e s
JEAs A RS- AR IR B A R AR, 378 R
AR T BT EE R XA A B N AR
JEAS NFR ARG AR R S ML 2% H TAETT
TR FEIH , AR SCHRI 1 1= 126 e i DA it
(EARAF R ok BE TR 25 SR AT o B ks 40 1)
g% o SCHBR[1313E TG —r BER G 0 A
s W k722 R A R oA, S T 4 AR e =
Y3 P SR R IR B A B ST R A
(AR, 76— 5 28 S RN A 30 32 o3
ZIZ MG BRI E R 4% TR BiE N TR 6E
VLI R K R AR R A B T TR ) P s R
WHETFEE . SCHR14P e m = FIE T 10 kV
AR R AR T SIE o SCHRI1S1DUDKS 32 35 AU 2L ek
HEIF I T8 e A SE R - A S . SCRR[16-17]
BT SR 22 I 2488 R S A ) AL A5 VR I RS R
PR IO, BRAS T R R ROR o SCARR[ 18- 1914
Z Y5 B I 245 R 45 6 T AR R U



2026 4F5 2 1

FEF L E ET ORI PINN Y738 s 28 BT m s e T 17 b 46 2% 75 P4l

(s 224)

TRFHFIIN , FE 53R T A0S S 1R R Fui
¥E B . IEEE Std 57.91—2011 1 GB/T 1094.7—2008
(X} B F TEC 60076-7:2005) S5 bR 45 Hh T 78 i 7%
LR PR TR AR A 5 I T TslT
A I A SR B RS R T HBRAEL, TS Tl T
PR T BB, SCRR[2 17E 2% F& il BEXT i 30
R GRAPBFERZ NG LT, 23 X TO0h X B4
5 0 1R T R A X Tt ) et A S A AL S
TR (220038 i 7™ A8 F A5 i A BE 1 B L T AR S
RN I MR S S AL B i R ) S, E— 2B 5838 T
PR AR , SCRR23 100 7% 8 S s f = AHAN T
BTGRP AN HER 2, S T o —Fh ekt
() AR 3 28 0 PRASE AR R A B A6 A
TS R Y Bl o 7 e ) R P B W22 93 O R A T P
THEL, REAE T A2 S I 70 2 W i) 5K, PRt P A A
TESEBR AR 2 0, R o8 e 2 B IR s T Y
SR TR S IR 2%

T A A (S R A A AR s 2 IR T A
IEPE 2 AR s L U O 1 O R s 3 22 i
FESG R N H B G 20 AR IR S TR, % B
() 728 s A Ui T AR R i ARG o (RIS, O 1 fidf ke
LU IR LR R R EO TR A
RE S LI B 2 0 AR B S R 22 BRI
)R, P, LR RGN | AR RS v ) A S 24
TEAEAAAE AR, 572 I g aiE T 260 T AFEAN
[F] , 1] HAT 26722 e s A L AURE P E S RO LA AR,
5] A W) B B 22 W 2% (physics-informed neural
network, PINN)BE7ALEE . PINN (420 AR K 4
e A (DM i 7 IR X IO VRN 2R Rl A 3
P22 0 4 B I ok A v bR R O AR AR AR
PSP ST A BT 22 P45 R H T i e
5w 443 J7 #2 (partial differential equation, PDE )
ORI 25 A ) 8, A3 45 O R SR i L S EUS T B
B P 5 OEAAE RO A% G A SR S AR )
FEAS IUASE A A o i (R AR B, ] AR TSR A 52
BT B RCR ARG B o PINN A 1E | 336 79 o ] £ £
it DR D7 T AR IS TR, e PINN X 1 )
1) L1 SRR i A2 30 2ok 2 R0 ) s R A R 300 S 2%,
FHPI#% T80 28 W 28 Th B W B S B0K il R Ge i i1 5
PINN J0f 396 i [Fa) 50 18 SR A D) 2 i i S0 281 ) 45 SR
B, o Wy BRASERY vp i) R e A B S O T A
TEWAR )2 AR BRIR R G AR U & 4245 31
TR,

I, 2 gl G O AR SRR FILE B
P22 N 48 4738 T A T O G e 4 T T PO S 2, A

2 SR F 7% T T O A S DB A R 30 T RN ) A
b BRI AN [R] 7 2 e
A GREL TR b A i RS TR A TR B AR A S 4
AR A T)FE, ) PINN X725 e b A 0 v )
IR BOIAT RO, TEARAT S BUE T B Rl FER
PINN X748 Fe g SE2H il AR , 2 f5 FnLASE,
ISR SIS i 25 75 R L E 4L F B

1 EZEFOE B

L1 TEEFERFEGRAERRE

78 e L YL O P e S it T S i IR 2
L5 RO T AR BRI 738 1 e e i
Ko MAETEAHBATI, FIRIR TR 5 42 TR d 1125
IR (R0 R 14 IR T B i — [ i 1 P e ) 4K
X BRI R R AT W 1 7R o

|
|
|
AN
B S
o[ TR || g,%j;:
l T | g*gi
o |
|
R
|

1 TEFERBEVIERRFZER
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affecting temperature rise
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Table 1 Temperature rise data of each part of model A
with DC- bias

I./A 0 20 30 50
L. /A 0 20 30 50
R TR 0 10 18 30

T AREUCE Z B A KR KR 1 TR IR T
SR TR A T AR (R, AR 2 BT R A A
B, B BIIAE SHAR IR C=peV 115, Hi ¢
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Table 2 Insulating oil characteristics of transformer
T/ C 5 25 45 65 85 100
Poi/(kg/m®) 902 890 867 855 844 835
c/[J/(kg=°C)] 1785 1870 1995 2040 2120 2180
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different loads
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