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Research on Finite Element Reduced Order Modeling Method of Transformer Temperature
Field for Digital Twin Application
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Abstract: In order to solve the transient fluid solid coupling temperature field of oil immersed transformer, the digital
twin reduced order model of transformer is constructed, which can quickly solve the transient temperature field. Firstly,
the digital twin implementation architecture of transformer based on internet of things (IoT) is established, and the full
order Galerkin finite element model of transient fluid solid coupling temperature field is built. Secondly, a reduced order
model of transient temperature field is established by combining proper orthogonal decomposition (POD) with finite ele-
ment method, and the digital twin modeling and reduced order calculation flow are given based on the measured data.
Finally, the actual transformer temperature rise test is carried out to ensure the accuracy of the full order model; mean-
while, the temperature field distribution is quickly calculated by using different order reduced models, and the calculation
error and time of each order model are compared. The results show that the temperature rise error between the calculated
value and the measured value is with in 1.5 °C. The results of the third-order model and the full order model meet the re-
quirements of POD error specification. Compared with the full order model, the computational time of the reduced order
model is reduced from hours-level to seconds-level. The research results verify the accuracy and timeliness of the reduced
order model, which can ensure the accuracy of the digital twin model and maximize the efficiency of the solution.

Key words: digital twin model; transformer temperature field; transient fluid solid coupling; reduced order model; proper
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Fig.4 Calculation model of winding and oil circuit
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Table 1 Physical parameters of medium

IS WK Hife
W /(kg-m™) 8798.0
gl SE R ELBVE /(- (kg C) ) 381.0
SFREF/(W-(m-C)™) 387.6
W /(kg-m™) 904.34-0.712T
TE R /(T (kg C) ) 170.1843.58 T
AR A SHAB/(W-(m-C)h 0.132 - 7.101x105T
SRR RBU(W - (m?C) ) 150
B IR R BU(Pass) 0.08
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438N v=0.025 m/s.
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Table 2 Comparison between calculated value of full order

model and measured value
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Fig.5 Nephogram of oil velocity distribution

42 Z2MEETEESSINELR

N T KRB R, SRR RS
s 725 iy 5 2R A e T TR AR R A R TR
RGN RN TSR R, i iR T T
AP AT, ¥ 2 SCEFIEAL R A B T
BRI AL B P s B SERR G B . RIS AR
&L ¢ 9 300Ar. 600AL. 900As I ZI| ) SZiliE 5
AR SRAE, R B RSB B SR T
TR, SRR 2 B,

H 2wk, SEME S SRR IR TR 2ZE LX)
fH<1.5 °C, H#EH51E DL/T 1400—2015 #i5E i& THi%
EUGHENA KT 3.2 °C, #l LR =5k,
DRI, P AP A 8 T AR PR 2R Se2H iR 3 T 3R
fESEPRERLIR T FE
43 AEMNMEPEMERITEREE

A 2 (8) 2 37 A R 3 4 BR e 5 AR i 515 2
A BN 2T R, TR RRE TR
FRUKORE, Tk b 3 P AR A L LR AN, AR 55 iR
TFA B TR A 30 NI 2 S5 RE ) [l B A
R BRI Ao SR S B Z1 1 s R AT LA
FAF U TF i FE v i B BE R [RI HE 2R MR 1h,  WIiRHR
FHI B IR R A A B OK, T B A R A
ETHIZBERN B IR TP B i 5 AR b 32
TP, mR&RBIFRREIRS.

gh G D) —RA2) 0 7 22 56 BEAE 5 75 5>
FRTHEIRAT 30 /N IEAS I J FORE R R RFAEAE - B TRF
TEE 2 (A R 2 PR, R B A HE B 3k LA
B LEARFIEE RS, RIS R O £, Xt
By A G oL 6(a)rs, HR/NRAERT M IEAE

il
FERARALE ZH
300A7 ~ 600A? 600A? ~ 900A?
ST C 7.16 2.01
A R/ C 7.66 2.66
IR ZE/C -0.5 -0.5
SR T C 4.16 3.13
H B TR T C 5.55 1.72
BIHRZE/C -1.39 141
10
5 B *
oF .
"
..5 L %
=< +
ey
-10} *
fls -
* o
-20+ s
F KKK K K ‘s
¥25 1 1 1 1 1
0 5 10 15 20 25 30
FRAE 5
(a) Fr{iFE
5
0r *
%
_.5 [ .
%
*10_ &
[ *
20
-15+ -
"
-20+ "
o #
=25 * o
Tk koK % * % % * %
_30 1 1 1 1 1
0 5 10 15 20 25 30
RS HEHH
(b) REERM IR E ot
El6 Xt mE

Fig.6 Logarithmic distribution diagram
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Fig.7 Temperature distribution of different orders models
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Table 3 Node temperature sample error statistics of reduced

order models with different orders

P WREIY

WA —hmm omEm  shEE  4nEE
FEA 1 7.142 0.192 0.012 0.012
FEA 2 6.933 0.227 0.014 0.013
FEA 3 6.998 0.166 0.008 0.008
FEA 4 2.434 0.114 0.011 0.011
FEA S 2.528 0.125 0.013 0.012
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Table 4 Calculation time of different order models
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BUBI s BUSIIS I A 5 H/%
1By 2.5 0.2 10.2 12.9 0.45
2 2.5 0.2 12.5 15.2 0.53
3 2.5 0.2 14.9 17.6 0.61
4B 2.5 0.2 17.5 20.2 0.70
iy 2.5 0.0 2867.3 2 869.8 100
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Fig.11 Calculation model of winding and oil circuit
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