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Study on the Evolution Law of Hot Spot Dynamic Temperature Rise of Oil-immersed
Transformer Windings and Deduction Calculation Model
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Abstract: The dynamic temperature information of transformer windings can effectively measure their load capacity and
service life. Therefore, this paper investigates the evolution law and deduction calculation model of the dynamic hot-spot
temperature rise in oil-immersed transformer windings. First, based on multi-physics coupling simulations involving elec-
tromagnetic, fluid, and thermal fields, the steady-state temperature distribution of transformer windings under different
load rates was obtained, and the validity of the simulation model was verified through temperature-rise tests. Then, the
evolution law of the dynamic hot-spot temperature rise was analyzed by simulation, and the relationship between the dy-
namic hot-spot temperature rise and the load rate was studied. Finally, the differential evolution algorithm was employed
to predict the temperature-rise curve, and a deduction calculation model for deducing the hot-spot temperature rise was
proposed. The results show that the maximum error between the multi-physics coupling temperature simulation results
and the measured results is less than 5%. The hot-spot temperature-rise value increases with the duration of the load cur-
rent application following a saturated exponential function, while the steady-state temperature-rise value increases with
the load rate according to a power function. The dynamic temperature-rise time constant decreases with the load rate fol-
lowing a power function. The maximum error percentage of the steady-state hot-spot temperature-rise value obtained
using the proposed deduction calculation model is only 2.83%, and the maximum error percentage of the temperature-rise
time constant is only 4.76%. The research findings provide a feasible method for deducing temperature-rise data under
high load rates from low load rate temperature-rise tests, offering a technical reference for addressing the challenges of
conducting on-site transformer temperature-rise tests, which are difficult to implement and time-consuming.

Key words: oil-immersed transformer; temperature rise test; hot spot temperature; dynamic evolution law; deduction

calculation model

ESEBWB: EHEXE MBI ARESQNTIT A RADTE (51321063); 5 MABR A 7R H (5500-202327118A-1-1-ZN),
Project supported by Innovative Research Group Project of National Natural Science Foundation of China (51321063), Science and Technology Project of
SGCC (5500-202327118A-1-1-ZN).



EFAE MO, VW, S IR RS S R S A THE A S T SR 5217

0 5|8

VE e e 28 % P H BB A% 38 % PR R TR B 0
EZAE, RISERE Rk EH
HOK BBz 04, JEAEsR, A8 R 2% 0 20 o) i 2
fEOLH &, PR, B ARIR A S —
SEE R NS . AR 2SS s IR B BN A1 B R
SIS RS R AR IS AR, A i 5 AR B Re AR
A7 A B BRSO, [RIt, TP LSS s
AR O S R R s AT E K AR
HER L.

T TR IE 2 B LR AR e 28 5 R 1 S A B T H
SR, GB/T 1094.1—2013 F@ Kb HESIE FHIA
FEL i 6 M CATE I S it = 2 i TR A I3,
TR TARES B A AR AR R . B R EAZ IR . RIS HE
IS, PRE 2 T IR e 38 i A I K0,
IR, WY 7028 I B S A B S A IR TH s 5 1,
S A/ G R LRI T SRR S R IR A R T R
FHAIE R, 3T S DU IR TR K K 3k
R BOER

A5 s 2% G A A p e P A I B Ay A ) R BT vk
BfE: BENEE, BEPEE SNEREL
EOC2L, Gl Z YRR G BT A R AR R AR S
IR SE AR R AR I A [3-17), Rl ok
FRERIE ST Z A B RIE R4 N 45
T AR R A SR PR IR AN A SO R, R A
T 2 Sa 2H I FE Aar U (R FEOSY; A 7y K220 =
S A TR IR I SR AR TR B T AR A,
SEPL T SR A R R PR D), PR RS KR
FIZE LRI T A gk R TR R ARG H R SIS
IR, TR HBEE AR R, IR R R
T R N A N NN I A 1 AN B =S DN
S0 S5 E SR VR S R G AT BB B AR ST T
DR AR BEASR- ARG T, 2 m T BRI EEE
KRG EERY, UK A e 7 453 e S R [ o ] ) A
U 7 IR 20D T B8 SR 2H R A5 AR R P S i
Perm T RS R FERY; JEE R ER
LM AR R AR A B AR TR A, SRt —Fh
=B IR TR, ARSI T AR R
NERARFER O T, Bk b, BT A
FR R TR R ARG H i s &R 5
S AN ) G 38R T A T B SR 4 AR o 3 A IR T s A
MIRBEHTIE TR T HeAL, Al R /N L

TR 0 HHE I SRAF A LA ERCE K IR T
FEEHE, BRI R A IR TR BEAS I (i vT AT (14
ARFB, HETR ARG .

KR T R A A Se L A B A IR
WAL R R AR R . %k, B
S11-M-630/10 AL yi2 ST AR R 25 A A 52, 2
FAHRICIEM B H-R- AL I AT ERR, JF
A IR R IR 7 SO R v s RS, B
B MHEMREGA I AU &, i R4 SR
PRURF AR, FARMESHMR RS
FERR R, e, BT Es Rt RE
R P AU TION 0 Ar, AR ERA - HR SR A e
AT R 77, I e s v, ki se
I LA/ B 3 HL AT S RAF R S B I R IR RS
ol o A SCHEFU R AT R 1 I 3% 7% T 448 T Ao
B[R B St M ST 1) R 5%

1 HRE SR EH-R- A D ITRE EEN
B BRI IE

1.1 HBH-R-AZIWEHERE

AL S11-M-630/10 i AR [E 28 %) 42,
Fo= o J LAY DA K — 4350 T B an B 1(a)~ (b) BT
TER AR R 28 =40 BRI, BB, S8
M. G WAL POOERSE, J A mIE.
AT . K. B, RIESRYIRAE
G, N EAME 4 BIIL 16 1, 4508 2508 M AN
4 [M; @ ESedl 2 b a2 set| Nk, HNE
AL 3 [t 638 [T IEIL S 2, &FE3E 58 1M
BIAEEIL 3 2, £F235 58 [T, ANEREEIL 3 2, &
A4t 58 i,

A A J LTS v 5 S A L S B2k 1 AN
RK2PR. H, BRSPS, ik, 4%k
SR A M B R B EE, Wk 1 iR, 4
G AR R, RS EEE L MR Rk
2 P,

A e 48 T SE BRIz AT B 23 7 AR S8 21 B R Ak 8
TRE. BOOTUFE S H N SR % B ARG, Geddl
FRFE AR AR FE AR IR AR FE 0 . G4 Fa I T 2
TR AN, W NREWNL A X
TAE HR A2 88 Ge 2 I RE3A K /N A R TR AR
3tz s 7 R =R () Fs

oD

1
VX(Z(VXA)]:J5+E (1)



5218 i LR AR

2025, 51(10)

RO

| %I

2

g& ________ ______;
(b) — 43 1 K

BT iR AR A% L 7

Fig.1 Geometrical modelling of oil-immersed transformers
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Fig.2 Cloud diagram of magnetic field distribution of the

transformer body and windings at rated load rate
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Fig.5 Diagram of transformer key temperature measurement

point thermocouple installation
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test platform
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Table 3 Dynamic temperature rise fitting curve function

expression for hotspot T2

TR WA e HeRiA WEE
40 ABa0%=28.67(1-e118) 0.990
50 ABys0=33.78(1-e71%6) 0.987
60 ABis0%=40.30(1—¢ 10" 0.985
70 AB1/70%=47.04(1-¢09) 0.982
80 ABy50%=53.90(1-¢092) 0.981
90 AB190%=61.07(1-e038) 0.985
100 AB1/100%=68.26(1—e 034 0.981

R4 A T BN IRTHI G i 2k R AeRIA
Table 4 Dynamic temperature-rise fitting curve function

expression for hotspot Ti

IR/ Y% A 2R R BRI 5 WERE
40 ABoaor, =24.16(1—¢ 149 0.987
50 ABus09,=28.41(1-¢139) 0.994
60 ABa09,=33.27(1—¢ 125 0.998
70 ABro0, =41.36(1—e 121 0.999
80 ABys0%,=48.09(1—¢1-14) 0.995
90 ABro0%=54.30(1—¢197) 0.999
100 Aba100% =60.98(1—e1099) 0.999
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Table 5 Values of fitted curve parameters iz and ziz at dif-

ferent load factors

AR AR AL EH% Oilp wp

40 28.67 1.18

50 33.78 1.06

- 60 40.3 1.01
B2

S 70 47.04 0.96

80 53.9 0.92

90 61.07 0.88

100 68.26 0.84

40 26.16 1.49
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I 60 33.27 1.28
A k58

Y 70 41.36 1.21
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100 60.98 0.99
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Table 6 i and 7 as a function of the fitted curve to the

change in load factor
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ing hotspots based on DE algorithm
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