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Abstract: To address the issues of long temperature rise time and low efficiency in oil-immersed
distribution transformers, a method for predicting winding temperature rise in such transformers
using thermal circuit model parameter identification is proposed. Based on the principle of
thermal-electrical analogy, a fifth-order thermal circuit model for oil-immersed distribution

transformers was established, which includes losses from the core and both high-voltage and low-
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voltage windings. To obtain the thermal parameters, an extended Kalman filter algorithm was
introduced to achieve dynamic identification of the thermal circuit parameters by integrating the
fifth-order thermal circuit model with 2 h of measured data. Numerical solutions were used to
calculate the temperature rise curves of the top oil and the high-and low-voltage windings.,
achieving the goal of temperature rise prediction. The results show that the identified thermal
capacitances for the low-voltage winding, high-voltage winding, oil, and tank of a 400 kV « A
transformer are approximately 66. 1, 110. 1, 255. 7, and 125. 6 kJ » K™', respectively, while the
thermal resistances for the low-voltage winding-oil, high-voltage winding-oil, oil-tank, and tank-
air are approximately 8. 76, 6.61, 0.56, and 10. 96 mK « W', respectively, with fluctuations in
cach parameter being less than 10%. The thermal resistance between the high-voltage winding
and oil significantly decreases with increasing transformer capacity, dropping from 6.61 mK « W' at
400 kV » A t0 4.00 mK « W ' at 800 kV + A. Under rated loss power, the maximum relative error
in predicting the steady-state temperature rise of the top oil for 400, 630, and 800 kV - A
transformers is 4.86% , with a maximum absolute error of 2.6 K. Prediction results under
different loss power levels indicate that the prediction accuracy under 1. 0 times the total loss

power is below 2 K, while under 0. 5 times the total loss power, nonlinear parameter drift at low

temperature rise leads to an increased error of up to 7. 3 K. The proposed method can be used for

rapid temperature rise detection and assessment of oil-immersed distribution transformers.
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Fig. 1  Fifth-order thermal circuit model of oil-

immersed transformers
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Fig. 2 Schematic of the temperature-rise test platform of

distribution transformers

I AT B O AN I R AN, BB AN 3 T
Ao 4 A PREE IR R AN ﬁﬂ‘ﬁ?ﬁﬁﬁ(\ﬁrr%ﬁlﬂﬂ Jilg
P P (E AE Ay S D0 PR B8 U BE 5 4 A HCER 0 A5 43 )
ﬁﬁ?ﬁﬁ%ﬁﬁﬂﬁﬁfﬂ]ﬁﬁﬂﬁE‘JLFW%,EX/H\EF
Y45 B 30 S B IR B 5 1 A T2 il IR R ) s 5 T AR R
AT T 2 A I R Rk T il S
TLEE(E . R S B0 IS R e B IR R 4
[ fF %4 1 min,

BT R R |

ARBTG5 W, z'./uu
W R 3
iy L3 =
P BT — HCHR T D
I m [T(,
1’1‘1 ’ll'uUi Tz 0 M“Hﬁ[’u”g'{
W Ri2 W i4

3 U BE A AR I

Fig. 3 Location of the temperature sensors

12058 73 S e i A5 R A 0 A HL I P A B
Bro M2 iR ELL 2 /D 3h/NT 1 K/h,
FHE R B B D) 4 2 A L B B . S . B 1 min
IS — R TOUZ Ml B MBS v 20 A Bt L 1 R
1h J&  TGH T T H R I 9 B e 0% e 2, D & s
I 2% 20 W BHL, 56 7 100 75 1% 2% 4 v BH S0 1 55 ik
EER Y= (AR 2R S RS W R i (SRR g
EA T m RN (1 £ 0.2%) pQ; KRy (0.2 +
0.2%) pQ. B/ HEE N 0.1 1Q.

FIHZAF- G X R A A F T %8 858 53 5 o 400,




210 (LR VNI %5 60 &

630 M1 800 kV « A 4% 3 .31 9 BRCAHEZIEAE & VRESA BB MR 1w, & KRS
THRFPEBE AT GUS0 F T 20 A . AR TR gR AR SR SRR UL IE .

21 EERBRAESZHLA RS

Table 1 Transformer losses and winding DC resistance

RS AR/ (Ve A) A FE/ kW = HAPFE/ kW FEERBM/Q KR E R/ mQ
S20-M-400/10 400 3.615 0. 37 3.312 1. 494
S20-M-630/10 630 4.963 0. 60 1.771 8. 087
S20-M-800/10 800 6.014 0.63 1. 483 4. 641

2.2 AREMSEIHAER K2 38400kV - ABRZTREZEAESKIIRER
2.2.1 400kV « A T EZ &AL A K PR Table 2 Results of thermal capacity parameter identification
HTRT SO B S BN e, s B JE S IE for three 400 kV « A-capacity transformers
WL TR 2 1 30 KR 2E AT B A R S O o Cu/ Cu/ Co/ Cr/
. -1 . -1 . -1 . —1
ST 45 5 AL B3 51 o B CRSUTE SR SCEE S
. 1 109. 6 66. 3 246. 2 125. 2
Fs
2 114.5 63.2 263.5 124.7
20 3 106.2  68.8  257.3  126.9
—Cy, T
2000 _("11 S (E 110. 1 66. 1 255.7 125.6
—C A vz 2L 23 s

Z 10 —c k3 36400kV AR FTEEZAMARARER

= A Wt N — Table 3 Results of thermal resistance parameter identification

:\C 100 \/_\/“_/FL/’—/ for three 400 kV « A-capacity transformers

‘ % J/—_V_P\'\,k o) Riro/ Rio/ Ror/ Rr/
(mKW ) (mKW ) (mKW ') (mK-W )
. . . ) . . 1 6. 581 8.762 0.562 11.403
0 20 40 60 80 100 120
i1 /min 2 6. 432 8.193 0.538  10.911
(O 3 6. 821 9.428 0. 580 10. 576
S {E 6.611 8. 764 0. 560 10. 962

NI SEIR G R B R, & X5 0 A
SRR T B 0w 22 A 23t D, I =X
X, —X |
X
s Xo 8 A NP BE 1 S B T E 5 X R
I Z B B (E TR IR D o A S5 2R AL 5

D, = X 100% (16)

FABH/(mK « W)

IiPZie

0 2 40 60 80 100 120 St u A
I 1] /min . )
- do. : A A3

( ““B A n

Bl 4 400 kV « A i B R MAE S HOH TR
Fig. 4 Identification process of thermal capacity and thermal © i ‘
resistance parameters for 400 kV « A transformer E~
2 -

HE 4 AT, 2293 120 min BOFHIR TR, AX R 4% L s
A0 o 5 A L S T B0 R . e
WS HSRIE DT 524, T 6 400KV - A e

75 s 25 A 06 B A 245 3 Y IS R H S 8 A
a@)ﬁﬂ HORANER 2.5 3 fn () 2

zkxb. xjtu. edu. cn



%5 W TR 52, 45 < SR FH AR AR T8 2 50 1L 1Y 5 2 v A 2 8 4L TRL T T O 9 211
8 60
N " BRI X368K
7F o T2 am=m=—TT *539K
. A BIE#3 sof --7
6 L d
e am==

5L 40} -
S o
4k
] : : %30 o

A Jut N .
3P, ’ - = T b
w0} 1 - = TR BT
2r - = ks M a
= = ACHESEUL LT
Ir 10 * RS RAAS I T S
0 . . = ° ¥ RIEGRAURR AR T 2
Ryo R o Ryp Ry . ) ) ) ) ,
i 0 100 200 300 400 500 600
[ 1] /min
(b)#FH

K5 A IRB D oA
Fig. 5 D; distribution of thermal capacity and thermal

resistance parameters

HY B 25 B 0] L [A] — B S AR TR AR 0 A AN A
H A S B S BN T 10 %0, B o B KR
LN 63.2~68.8 k] » K, & I Z8 40 4%
H106.2~114.5 k] « K ', il # & K 246.2 ~
263.5 k] « K MAEIMAS ly 124.7~126.9 k] « K7,
PP 2 Rra = Rio = Rio = Rors Ry 8 Hl 4
10.576 ~ 11.403 mK « W', R, N 8.193 ~
9.428 mK +« W', RyoN 6.432~6.821 mK « W !,
Ror 4 0.538~0.580 mK « W', %k 28 BH #4 fH
KT e RS , 3 2 AR e 28 4 B A 1F 0 25 5 4
EERSRi I CIN R ST N R ST i i Il T 2
BH, 05 A T S8 20 A0 0 40 25 19 4 2% 4035 T 1% A
BH 1

SR N QST TANRY SR S
130 3 5 400 kV « A AR AR AR T & El 6
Jiw B 6 v 3 5 A8 A 14 T00J2 3ok T S il £k i
AFRAS B H) i 600 min,

60
______ ¥55.0K
mmmETE TS 536K
50 F L
4
40 F
[
M
H£30F
LE
20F 1 P ) L 5UE 3
- = EE I
*  HikGE Wi T Iy\iiwllﬂ‘[
10 ¥ AREGRALE A LT S

0 100 200 300 400 500 600 700
[ [11) /min

()1 AR A

zkxb. xjtu. edu. cn

(b2 Z72 k4%

0 100 200 300 400 500 600 700 800 900
5[] /min

(e)3 T A R #
Bl 6 400 kV « A 25t 48 He & il T T i 2% 15 S50 45 % L
Fig. 6 Comparison of temperature rise prediction curves and

measured results for 400 kV « A transformers

T A rp AR B 2 ¢ T Y TR Z 3 R A T
HH Z8 AR X R 22 0
| AT, (2) — AT, () |
AT, ()

e AT, (O HFRF s AT, () S SE0RF-.

HT & 6 AT T, B A 4 TOUJZ I 3l T {8 T 3% 25 43
Bk 0.1,0. 2.8 1.9 K, 3 & 78 [k % 15 T+ 1500 il £&
B2 R H A SR 4k 4.78% . 4.86%
3.36 %, VEEAIE TF 2 h iR PR 2 80T A T2
A 5Lt Lv) &R, 36 400kV - A
7557 TR A R SR A A IR TR 5 22 43 5 R 0. 2,
0.4 F 0.8 K; Ik & Z8 41 i1 - ¥ I T+ 1% 22 5 il K
0.3.2.1.0.4 K, 3 G MB ML R P, 1 &
A5 AR R S84 1 T 1% 25 5 2.1 K4, A 1
WEH/PNT 1K,
2.2.2 ARZEXTEZGHAE HM

H1 2 h T BT AR AR (9 A [F] 25 28 e 2% Y
AR IR AN SR 4. 5K 5 R,

e(t) = X 100% (17)




212 (LT S T N S S (1 %60 &
K4 BFH 400,630,800 kV « A TR Z ey R A S or ammms g Tyl
%i ?H: ‘i/a\ éé:: % 50+ . /,” -
(s e
Table 4 Identification results of thermal capacity parameters ///0 -
40 4
for 400, 630, and 800 kV « A capacity transformers o ,/’/
Cu/ C./ Co/ Cr/ Eap it
U/ (VA ' ! ! 2|
(kJ*K™) (kJ+K™) (kJ+K™') (kJ*K™) w0l # 2 ‘[
Tt
400 110.1 66. 1 255.7 125.6 " 3 %.Ut-iiiwlﬂ‘[
630 506 9. 9 2033 1979 ok ¥ MGIRSRALE S T
i
800 260. 4 113.3 628. 8 256.6

%5 AFH 400,630,800 kV ¢ A TR B g A
BRI R
Table 5 Identification results of thermal resistance parameters

for transformers with capacities of 400, 630, and

800 kV « A
gi/ RH—()/ RL—()/ R()—T/ RT—J\/
kV+A) (mKW H(mKW ) (mK:W ) (mK:W 1)
400 6.611 8. 764 0. 560 10. 962
630 4.784 7.921 0.471 7.307
800 4.001 7.079 4.731 6. 235

I8 4,38 5 A, PR Bl 25 78 He 4 45 1 09 19 fn
T3 A, DA A A ], 400 KV « A K F R 255.7
k] « K ',800 kV « A ZF 5 i3 & 628.8 kJ « K'',
PABHBE A IR TR EL,400 kV « A BRI E
JEZE2H MR PFHE K 6. 611 mK « W 1,800 kV « A
HREMPEZE 4.001 mK « W 15400 kV « A 58 A
FA-M B HAE R 10. 962 mK « W 1,800 kV « A
HIFER 6.235 mK « W', [ 5k ol ) 33
BLH Y fA BE R RE AN T - Bl A A8 He A 25 1 IR B - L 46
TR K O T3 N, RBCE MR G
A B 5 o) — 7 L A G RS B R T
SR T Rl R A o T AR ) U T BIR R 26 25
IR T DARR AR RSP . R BRI R 530
ERUEA BRI TR E X
2.3 BAMNEREZMEZE
2.3.1 AR ELERRERN

26 AU AR A5 A B 7 630 AN 800 kV ¢ A ZK
AR R AR SRR R ] 7 PR .

60
e 553K
. #515K
50 e’
k4 e
4
40 ’
7
M 7
o
w30 7
N — ) \
2l - - T BTt
! - = EIRZRA T
I — 1 /A S
10 Ey N
*  EEGedlR FHSzI
K ARIESAULE Tz
0 100 200 300 400 500 600 700 800 900
I 1] /min

()630kV « A

zkxb. xjtu. edu. cn

0 100 200 300 400 500 600 700 800 900
I 1] /min

(b)800 kV « A
P 7 630,800 kV « A Z5% 78 a8 il BE ¥ U T00 45 2R
Fig. 7 Temperature identification and prediction results of

630 and 800 kV « A capacity transformers

FETE 7 hmnm p g AR XD RS R 3
£ 630kV « AFI3H 800KV « A 2578 a5 19 iR 7
U AE X 152 22 Fe R AE 430 R 4. 33%6.3.06%6.3. 89 %% .
1. 74 % .2. 68%0.2. 54 %% , Ui B DI T+ B2 46 B Bt B 2 52
A AR TN it Ze 5 SR il 2w B RE A
630 11 800 kV « A Z¥ A8 R 4% i KR Se2H K T2 iR
JERRAS IR THE B 5 TR0 T+ ) DR 25 e X HE I & 8 Jir
e HP L Ao Avy Avy 53 B8 T0UZ 0 55 R SE4]
TR Se 2 AR A IR THIE S TN I THE A R 25 4 XHEE

3.0- |:]

)5

wFAR%E/K
n o

T T
o

=)

S
n
T

J ¢

A'l‘-(J A'l‘-” A'l-]_

(a)630 kV « A
3.0

25

1.2

WIR /K
o
.

1.0

o
o
o
o
o
S
w

A'l‘-() A'I'JI A L
(b)800 kV = A
B8 630,800 kV « A £ & 7A8 Fe i (1 il i 22
Fig. 8 Temperature rise error of 630 and 800 kV « A

capacity transformers




%5 31

i T 5 L A5 SR AR A 0 2 RS AR i 52 B v 738 T 8 L T T Oy 3

Tk T TR 5 S e B, T AT RN ) TR 9 I
AT B TR ORS BE AR E L BIAR T 2 K R R
LR T 1 e R T R 22 4 0 R 2.2 R 2.6 K.
R 25 AT, A I AR R 2R YRR A IR T
M KR 2R 2.6 Ko 2R 2 /N T 3 K A9 TR
K,

2.3.2 BAI FAFTANLERG A

Tk T2 JIT e e 0 A S A R B A e 2 2 R K
T $2 Tt o s ] AR ) 2R R J R 25 a8 1 4 i 73
5, AR ARERE . O TR A RIBAET R T S5
PR A HER P 5 A A7, X 800 kV « A B TR 2R BT 5T
0. 5Qw 1. 0Qw - 1. 2Qw . 1. 5Qw (Qw FKR F H M AE) T
2 h R T IRHEA T S B0 AR5 T BN 1. 0Qw (HP
BUE TH0 B T2, AR5 A 25 R ik 9 FiR

M 25 AT, 2 bl R g R, W — 5 A R
Fi 4 B AR RE T R 0y T2 T IR BE Y B K 4
14.7.23.0.28.1,35. 4 Ko iR -3 & )3 — b 3
1.0 5 S T B T, WX 7 A 05 — Ak I T 43 50 Sk
29.4.23.23.4.23.6 K, FR&EHR UL, 0.5 £ B
FEN A0 £ 25 S W] RESZ AR IR T T ) R G AR e
Wi o % 4 i 6 ) 2R T e A T00 )2 9ol 3 T 9 5% 25 4y
M- Wi 10 frs .

701
60r Lo m T T T 572K
Rt 540K
501 14 a7
7 -~
A 438K
M 401 V7
< u p
= v, —— T S
I I = =TS E T
v, — — T BT
20} 1, - = ISR T
’ — - ARELRAL BT
ol O A5 TS
- S RS RAS T T ST
©ARE SRR T S DM
0 100 200 300 400 500 600 700 800 900
I 1) /min
(a)0. 5Qw
007 - —57
- 45k
i
50 ,//, -
0 mmmmmm T 438K
40t 7 .-
V/4 s
< v,
i 30 /s
e v ¢

=

o SRR A T S
WG e R Al T S B

0 100 200 300 400 500 600 700 800 900
i} 1] /min

(b1, 0Qw

zkxb. xjtu. edu. cn

iwFt/K

0 100 200 300 400 500
I 1] /min

(o) 1. 2Qw

mJt/K

600 700 800 900

0 100 200 300 400 500
i [11) /min

(D1. 5Qw
800 kV + A 78 T i AN [ 450FE 2y 5 T 15000388 32 X L

Comparison of predicted temperature rise under

Al 9
Fig. 9

600 700 800 900

different power losses for an 800 kV ¢ A transformer

8-
7L = T 44
2 -w - RGEA
oL A BN i
i Ny - - TR
\\\\
N T \\\\
\ AR
e 4+ S
= R\
&= 3+ \\\\
Jui=) AR
=5 ) \\\\ Ao
r \ - ~- - A
Q\ N
1+ \ "____——0
ol \l-’——__. _____ -
- | 1 1 L 1 L )
04 0.6 0.8 1.0 1.2 1.4 1.6
ISR

Kl 10
Fig. 10 Comparison of predicted

AN R FE D) 2T il iR A S 4R T R

and measured node

temperature rise values under different power loss

conditions

FIET 10 R R £ A [ 453 FE 20 3R T IR 21 A 24

BRI S E R ,1.0.1.2.1.5 fF i

AR 2 A9 3R T




214 AT A ]

PNEE

560 %

P FER R 0 S B T 04 SR SR E RS
SEPRIR TR 22 AR T 2.5 K, J5 R AR T 0 i 5 2 %
PAFETT R 2 h S THR R i, 1. 0 5 B AE TR L B
Tk T 4 1 R 0 W IO 1) AR fb B 5 T 0. 5 A% L 4
FED) R T FER B AR S HOH T 10000 455 s R s T
JE AR T 5 S B iR TR 25 B R KL B RAR 22 A
FT 73K XSMMIETFHREELEM K, 7
AR L AT AR 1.0 A% SRR Th R T TR IR
T 58 A 3L T AR T 8 20 R IO SR T

34 B

ARSCEEW TR AR R AR 5 B AR BRI, LT
PR IR S R A IR T 2 A AR R S
BT R I 0 T AN [A] 45 & R AE T R T 1 AR
FEAR R TRV A B DL R 4518

(1) 38 33 B R Ak o R R A B Bt 9 39 i 7 e 1)
SEAE P BTG F/N B T HE R 3 R e . S8
BRI I 28 A3 A BH v R SR 4l
FRBE -] HRBELAG T B-AORRBHs SR A S A B
TEAH G 5 250HA BEL DU B 75t 185 T 0/

(2) FIFHFHR A S E0T 519 400,630 2 800 kVeA
708 i 1 L P T gt £ 5 Sy £ A R R 25 3 T
5% LA DY, B I T 0 35 25 B KOk 2.6 K, TR
RURS BE BERS T L T RE R OR

(3)1. 0 7% J 5 FE Th 2R T 00 1 9 TR 2 B090 0 A
JE fe L S AR TR 2 ARBAFE D 3T 9 il TRk
PEREVE IR AL 5 SO AL F0 3% 22 3 K, I R iR 25
7.3 K, TRSEP AR 105U E S HFED %
TR T2 HHR S E R RS R T

AR SCHIE 5 AR 7T 48 5 0 3 R AR T R S A TR
T R A

SELHK.

(1] Z=Jo. BRE B xR, S FEBERIAR B 35 R 410

A8 2% BRI B O RO R B ROR Tk [T]. W&
BC3E K2R, 2026, 60(3) : 166-174.
LI Yuan, CHEN Zhiqiu. LIU Zhihao, et al. Adjoint
mesh adaptive refinement method for enhancing com-
putational efficiency of transformer internal tempera-
ture simulation models [J]. Journal of Xi’an Jiaotong
University, 2026, 60(3): 166-174.

[2] QIAO Wen, ZHANG Baohui, HAO Zhiguo, et al.
Simulation and analysis of oil-immersed transformer
based on thermal-fluid coupled field [C]//2014 Inter-

national Conference on Power System Technology.

zkxb. xjtu. edu. cn

Piscataway, NJ, USA: IEEE, 2014. 826-831.

(3] #hRot, FRIK, K, % AR H A =HCHA A% i

PR R AL S I e Y [T]. M TRER,
2020, 39(5): 178-184.
XU Tianguang, Wang Yongging, Zhu Chao, et al.
Numerical simulation and experimental study on heat
transfer performance of panel-type radiators for trans-
formers [J]. Electric Power Engineering Technology,
2020, 39(5): 178-184.

C4] XU, 58, Mg, S WiRE RS AaS

IR TR PR 3 g s [T, W R4, 2024, 39
(3): 643-657.
LIU Gang, HU Wanjun, HAO Shiyuan, et al. Re-
duced order calculation method of steady temperature
rise of oil immersed power transformer [J]. Transac-
tions of China Electrotechnical Society, 2024, 39(3):
643-657.

(5] mriele. RADHRERA AW AEMEFWPE (D]
M WL T RS, 2014,

(6] /MM, SDE:IY. iR s 2R A EHUE &M T Y
HETHRIEHT ST [T, TR, 2016(5): 25-27
YUAN Xiaoxian, MA Guifen. Temperature rise study
for oil-immersed transformer under non-nominal condi-
tions [J]. Electrical Engineering Materials, 2016(5):
25-27.

(7] SRoLAr, WK, N, &8 3+ K h m % $40m hk
RS SR TR S s A [T]. ) TR
A, 2019, 38(1): 24-30.

ZHU Liwei, PAN Hongcheng, YING Zhanfeng, et
al. The state space model of conductor temperature es-
timation considering axial heat conduction for middle
and low voltage single core power cable [J]. Electric
Power Engineering Technology, 2019, 38(1): 24-30.

(8] EWHT. B, R, % N 4B eI
oy prikit A ma TABEENERES A [T
Hh [ L TR 22 4R, 2016, 36(22) : 6269-6275.
WANG Qingyu, YANG Xi, PENG Zongren, et al.
3D coupled electromagnetic-thermal-fluid method for
computation of temperature field of converter trans-
former RIP bushings [J]. Proceedings of the CSEE,
2016, 36(22): 6269-6275.

(9] TE=, kM, S, & X BB 2 E &0 4
AAPEBA (] R AR, 2019, 45(3): 968-974.
DING Yuqin, ZHANG Qiaogen, GAO Meng, et al.
Distributed thermal circuit model of oil-immersed dis-
tribution transformers [J]. High Voltage Engineering,
2019, 45(3): 968-974.

[10] SUSA D, LEHTONEN M, NORDMAN H. Dynamic




m T €, A5 < SR P BASR AE 20 2 O L0 i 9 A A S % 8 AL i T N O v

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

thermal modelling of power transformers [J]. IEEE
Transactions on Power Delivery, 2005, 20(1) . 197-204.
SWIFT G, MOLINSKI T S, LEHN W. A fundamen-
tal approach to transformer thermal modeling: [
theory and equivalent circuit [J]. TEEE Transactions
on Power Delivery, 2001, 16(2). 171-175.
GERLING D, DAJAKU G. Novel lumped-parameter
thermal model for electrical systems [ C]//2005 Euro-
pean Conference on Power Electronics and Applica-
tions. Piscataway, NJ, USA. IEEE, 2005: 1-10.

LI Huan, LIU Yunpeng, ZHUANG Xinyu, et al
Test and analysis on extended temperature rise of
110 kV transformer based on distributed temperature
sensing [ J]. IEEE Transactions on Power Delivery,
2023, 38(2): 1030-1041.

TR, A3 A 2O £ DR A AE A A C H S R L
MR [J]. TR, 2025(3): 114-116.

SU Zhongxin. Application of distributed fiber optic
temperature measurement technology in vegetable oil
distribution transformers [J]. Electric Engineering,
2025(3): 114-116.

XA, B, tRAkoT, 4. AR 4% 58 4 IR DL 47Ot
AL i as B it R gk [T, W R HOAR . 2012, 38
(6): 1348-1355.

DENG Jiangang, GUO Tao, XU Qiuyuan, et al. Design
and performance test for fiber Bragg grating sensors of
transformer winding temperature measurement [ J]. High
Voltage Engineering, 2012, 38(6): 1348-1355.
PIZLI0, FEIAE, W, 55 DR S AR E R
THAH 5 6 £F S0 {8 22 18] 19 22 5 65 L A [0, B
%, 2014, 51(4): 60-63.

JIA Hongyuan, JI Zenghua, LI Bin. et al. Compara-
tive analysis of value differences between software cal-
culation and optical fibre measurement of transformer
winding temperature [J]. Transformer, 2014, 51(4):
60-63.

R RN, B, % BT OGS Brage SUl AR
AR A 2 i I L] m R R R, 2017,
43(5); 1543-1549.

WANG En, ZHAO Zhengang, CAO Min, et al. Multi
point temperature monitoring of oil immersed trans-
former based on fiber Bragg grating [J]. High Voltage
Engineering, 2017, 43(5): 1543-1549.

LIU Yunpeng, LI Xinye, LI Huan, et al. Experimental
and numerical investigation of the internal temperature of
an oil-immersed power transformer with DOFS []].
Applied Sciences, 2020, 10(16): 5718.

XS R A% PR AL BT S R HAE v g BB i 0 A

[20]

[21]

[22]

[23]

[24]

[26]

zkxb. xjtu. edu. cn

Br [M. Jbst. s g AL . 2006 137-140.
WANG Pengxiang, CAO Haichuan, XIAO Jian. Struc-
ture design of a four-pillar magnetically integrated frac-
tional-turn planar transformer and its loss analysis [ ] .
IEE] Transactions on Electrical and Electronic Engi-
neering, 2025, 20(2) . 208-216.

TN B, SR T, B BETT-BUEER
ARG B S (] s EROR, 2014,
40(10): 3164-3170.

SU Xiaoping, CHEN Weigen, HU Qiyuan, et al. Cal-
culation for transformer winding temperature distri-
bution by numerical analytical technology [J]. High
Voltage Engineering, 2014, 40(10): 3164-3170.

HEE . AAEbR, JEH L, A BT o A B R R 1Y T
HL R R 4% T80 TR TR 5T (1], 2 k&, 2020,
57(12) . 22-26.

HAO Yu. SHI Hualin, FAN Ruixiang, et al. Study
on temperature rise of distribution transformer under
overload condition based on dynamic thermal circuit
model [J]. Transformer, 2020, 57(12): 22-26.

TIwg, NORKE, SRR, SF. D AER AR S B
KA R H SRR RWF 5 [T W LHOR ¥4, 2015,
30(21): 31-38.

WAN Meng, YING Zhanfeng, ZHANG Xudong, et
al. Research on the lumped parameter thermal circuit
model and the parameter extraction method of power
devices [J]. Transactions of China Electrotechnical
Society, 2015, 30(21): 31-38.

TAGHIKHANI M A. Heat transfer modeling in a
transformer using magneto-CFD analysis and GWO al-
gorithm considering dynamic thermal model [J]. Re-
sults in Engineering, 2024, 23: 102856.

SRERL, PFWEF, SCRUE, . AR T B AR Y
R AR Se AT B [T]. kT A shik
FefdF, 2019, 46(9): 725-730.

JIN Nengsi, XU Xiaoping, WEN Hemin, et al. Thermal
behavior calculation model of oil-immersed transformer
winding based on thermoelectric analogy theory [J].
Control and Instruments in Chemical Industry, 2019,
46(9) . 725-730.

o0, B, WEE. LS H AR BT R 2
F5E . (DB AR [J]. 7422 2¢ K744k, 2021,
55(8): 78-84.

LI Yuan, WANG Chen, ZHANG Guanjun. Analogi-
cal transfer between heat transfer and electrology: (1)
theoretical fundamentals [J]. Journal of Xi’an Jiao-

tong University, 2021, 55(8): 78-84.




216 (A7 ST I N SO S 4 %60 %
[27] TANG W H, WU Q H. Thermoelectric analogy ther- [32] MIKHAK-BEYRANVAND M, FAIZ J, REZAEE-

[28]

[29]

[30]

[31]

mal models of power transformers [J]. Condition Mo-
nitoring and Assessment of Power Transformers Using
Computational Intelligence: 2011.
55-71.

KULKARNI S V, KHAPARDE S A. Transformer

Power Systems.,

engineering: design, technology. and diagnostics [ M ].
2nd ed. Boca Raton, FL, USA: CRC Press, 2017.
LS. 280, R, & mRAEEREHR A
I LT SY R AR [T, S HUEROR, 2000, 35(7)
1635-1640.

JIANG Taosha, LI Jian, CHEN Weigen, et al. Ther-
mal model for hot spot temperature calculation in oil-
immersed transformers [J]. High Voltage Engineer-
ing, 2009, 35(7): 1635-1640.

T4, A, Sl & ST 584 AR A G B0
RAZERGHR AR AR [T]. SRR,
2015, 41(3): 895-901.

WANG Fenghua, ZHOU Xiang, GAO Pei, et al. Im-
proved thermal circuit model of hot spot temperature in
oil-immersed transformers based on heat distribution of
winding [ J]. High Voltage Engineering, 2015, 41(3):
895-901.

CHEN Weigen, PAN Chong, YUN Yuxin.

transformer top-oil temperature model based on ther-

Power

mal-electric analogy theory [J]. European Transac-

tions on Electrical Power, 2009, 19(3): 341-354.

ALAM B. Thermal analysis of power transformer u-
sing an improved dynamic thermal equivalent circuit
model [J]. Electric Power Components and Systems,

2019, 47(18): 1598-1609.

[33] BROBME . MRVEEZE, XUWI 2k, 4%, 25T WORER T REAE 1L

[34]

[3

o

]

zkxb. xjtu. edu. cn

MRREMERFERUSEIHR ()] BT RGEAED
k., 2014, 38(4): 44-50.

ZHANG Xuhui, LIN Haijun, LIU Mingzhu, et al.
Model parameters identification of UKF algorithm
based on ACO-PSO [J]. Automation of Electric Power
Systems, 2014, 38(4) . 44-50.

E&E, AR, AUk, & BTV RKFRSIEEMNK
1k 1) 2 A S LS BN (1], e L, 2012, 40(7) .
19-22.

WANG Lei, LI Hong, WU Mingzhu, et al. Parame-
ters identification of PMSM based on extended Kalman
filter [J]. Small & Special Electrical Machines, 2012,
40(7): 19-22.

M, 22T, Xl 2EF Kalman 38 3 0 #2845
AL RN A (V] WAL S B TR, 2005,
33(2): 40-42.

TIAN Xiaoyu, LI Minggan, LIU Pei. Kalman filter
learning algorithm for feedforward neural network and
its application [J]. Computer &. Digital Engineering.,
2005, 33(2) . 40-42.

(g Keim)




