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Abstract: To address the issues of prolonged temperature rise and low efficiency in oil-immersed distribution
transformers, a method is proposed that employs thermal path model parameter identification to predict the winding
temperature rise of oil-immersed distribution transformers. Based on the thermoelectric analogy principle, a fifth-
order thermal circuit model for oil-immersed distribution transformers incorporating core and high/low-voltage
winding losses is constructed. To obtain thermal path parameters, this study introduced an extended Kalman filter
algorithm. Combined with a fifth-order thermal path model and utilizing two hours of actual measurement data, it
achieved dynamic identification of thermal path parameters. The temperature rise curves for the oil top layer and the
high/low-voltage windings are calculated using numerical solutions, thereby achieving the goal of temperature rise
prediction. The extant research findings indicate the following: The identified thermal capacities of the low-voltage
winding, high-voltage winding, oil, and oil tank for a 400 kVA transformer are approximately 66.1 kJ-K-!, 110.1 kJ-K-
1,255.7 kI'K!, and 125.6 kJ-K"!, respectively. The thermal resistances between the low-voltage winding-oil, high-
voltage winding-oil, oil-oil tank, and tank-to-air thermal resistance are approximately 8.76 mK-W™, 6.61 mK-W,
0.56 mK-W™, and 10.96 mK-W™! respectively, with parameter fluctuations less than 10%. The oil thermal resistance
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of high-voltage windings decreases significantly with increasing transformer capacity, dropping from 6.61 mK-W" at
400 kVA to 4.00 mK-W" at 800 kVA. At rated loss power, the maximum relative error in predicting the steady-state
temperature rise of the top oil layer for 400 kVA, 630 kVA, and 800 kVA transformers is 4.86%, with a maximum
absolute error of 2.6 K. The prediction results under varying loss power conditions suggest that the prediction accuracy

is less than 2 K at 1 times total loss. At 0.5 times total loss, the nonlinear offset of parameters under low temperature

rise increases the error to 7.3 K. The proposed method has the potential for application in the rapid detection and

evaluation of temperature rise in oil-immersed distribution transformers.
Keywords: oil-immersed distribution transformer; fifth-order thermal circuit model; extended kalman filter;

temperature rise prediction

R T 8 A PP IEC A8 e A% FA R RE AR SR B T B
AR S BB 5B BA AT ERMIER . &4
I TG I T ARSI, FERSRERE, L
I PREARIR T, kT4 i R TR S A
BEVPAt T

Ayl 35 2 C F A H 45 AT B DIty ZE A AL
AT EI2 SRR AN B R BOR . BUE A
HESRAESAG EM IR A = &, (E 7 R
RIRWILAREN S22 TR, B IRk a0 T SRR I 7T
15 6~8h, HARRIRGE = AR T se 4L 4h 0 . s A
BESH, PUER T Sk BUS), S A
PR EC A PR i SO TH SRR R R R, AR RS
B AR N e — B AR AR -2 R TR
PALIE S RONIAA « IR B M L, AR TS
bR e S Wi, VR SR AR T =By
PRI AT DL R SRALRITHE R, (HICikIX
73 2R B IR L) PR B RT LS SR [X
SRBAR TS, EIRHIESHIRZ , SHERIEE
R DA R BE Dy 058 J 14 ) B e TR AR A g s
BUMIEE I, Tk SRRz n 215,

bRt R I A I R SR ATEAT VA 5 vk B
AR T RO IRFERI SEALIFE 1Y) L A A
M, BTV R /RZUEBEIERT 2 h SHEE AT HA
AT PR IIHSEHER, B TR M TUE
R I SRR T 2k, T SEEL R FURC HL AR A%
FEASR T . W FTEs Rl 15 iR AR S A Sedl
R T R PR A -

1 ABBEAUSHHHRE AR T

1.1 MR A EE RN T M AR

e HHL AR I 4 K O AT SR 2H FA 45 e A2 [ A =2
FAR, SRR ETHUeI8), Ae Gl 2 Pl 14 5
AR LA v N AZ T 28 A BB AR AR A,
A T AL AR S e A B A i 2 o R s R 022,
WRYE EIR B RE, R AR T A R Se 4L A A 4
BAFEI Y 3 ADEEIIE, BB RO —
BAR YR, AR G . SN

(PR AR 6 S LG T AL B IR L PHL 5 LR 123250, RS
BT AL A R AR ) L AR AR R, W] 1 B, 40t
RELIXIRAR A . Hed, Oy Ouy Ou 7390 92
JEAF PO R SR R R Se 414548 Con Cun Cus
Co. Crral Rkt IRESAH. m RS, WAl
FERE I s Reos Rios Ruo ~ Rors Rra 70 3R
ARG ARESRA - BE . SRS - -
AR A BH DL B 48 -0 55 2 [8) ) S5 RGP s Tew T
T~ Tos Trv Ta 73 WZORA AR DO ARESRH T
B, S EgeH IR TZE . AR AR
o

. TcReol T To Ror Tr Rra
A I e P —

1 R J\ Rio l

1 o

I ‘ [ ‘ 3

I = | == = = - C—)
} ch Cc H}@QL Cui| Co CHeQH i [Cr Ta

| 1

1 il | 3

T ——————————

K1 iR QD H AR T 248 1 T S A 7Y
Fig. 1 Fifth-order thermal circuit model of
oil-immersed transformers
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test platform of distribution transformers
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Table 2 Results of thermal capacity parameter identification for
three 400 k\VVA-capacity transformers
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Table 3 Results of thermal resistance parameter identification
for three 400 kVA-capacity transformers
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Fig. 6 Comparison of temperature rise
prediction curves and actual measurement
results for 400 kVA transformers

TR RE A, AT R 2 ¢ T R TH 2 i T T
LAIRIRZEN

AT, () - AT, ()]
RO=""10 6 (17)

b AT ATRIIE TE: AT, ASZIIETF, Bfr K.

B 6 AT %1, STy i T 2= 4y
AN 0.1 K, 02 KA 1.9 K, 3 G485 2875 -7 i
Lo 2 e NAB VR G R 53008 4.78%+4.86%+3.36%
VLEHETE 2 h FERSEOT B T0Z R T th 28
e th W & R E. 3 6 400 kVA BHEA T 5%
R SR B IR R 225390 0.2 K, 0.4 K AT 0.
8 K (RIELRAR PR FARZE DN 03 K, 2.1 K,
0.4 Ko —HBZEBMTMLERAp, Fr— G EIRK
JESSH TR ZE Sy 2.1 K 4b, HATRNRZ /N
F1 K.

2.2.2 FRAAETERZHHRE, #H

H 2 h BRI AR IR AN [ 2 AR T 2 1
REERANE . S HIER 4. K 5 s,

%4 400, 630, 800 kVA Z A K s MESHHHRLE R

x100%

Table 4 Identification results of thermal capacity parameters
for 400, 630, and 800 kVA capacity transformers
K Cu/ CL/ Co/ Cr/
/kVA (kJ KD (kJ’KD (kJKD (kJ’KD
400 110.1 66.1 255.7 125.6
630 154.6 90.9 393.3 197.2
800 260.4 113.3 628.8 256.6
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Table 5 Identification results of thermal resistance parameters
for transformers with capacities of 400, 630, and 800 kVA
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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
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kVA transformer
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Fig. 10 Comparison of predicted and
measured node temperature rise values under

different power loss conditions
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