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Abstract : There are abnormal temperature rise and difficult measurement of loss in the lap joint area of transformer laminated core joint.
To solve these problems, this study proposes the joint building factor (JBF) method to obtain the accurate calculation of loss mutation at
the lap joint. Firstly, a three-dimensional equivalent model of the overlapped zone of core joint is formulated and the equivalent range of
the overlapped zone is determined by the gradient curve. Meanwhile, the calculation formula of JBF is determined and the influencing
factors of JBF are studied. Then, the whole temperature rise model of transformer considering JBF is established. The temperature rise
and influence factors of different hot spots on iron core and structural parts under open circuit test are calculated and analyzed. Finally,
the temperature rise test platform of transformer core is built to measure the temperature of joint lap area and hot spots of clamps.
Experimental results show that the relative error between the measured value and the calculated value is less than 2. 50% , which proves
the effectiveness of the calculation method. Therefore, this method of equivalent loss in the lap area provides a theoretical basis for
transformer core loss assessment and engineering design. It is of great significance for transformer safety operation and on-line
monitoring.
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Fig. 1  Transformer core joint
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Fig.2 BP curve of the 30Q120 silicon steel
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Fig. 3 BH curve of the 30Q120 silicon steel
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Table 1 Heat parameters of the 30Q120 silicon steel

B/ (kgom ) AR/ (J-kg 'K SREH/(Wem 'K

7 650 502 42.5
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Table 2 Sizes of the laminated layers

L/mm W/mm [/mm d,/mm d/mm §/mm h/mm N

20 10 2.5 0.02 0.3 0.5 11.5 2
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Fig.4 Magnetic field and loss in the the laminated area
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Fig.5 The distributions of magnetic flus and loss in the core joint
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Table 3 Heat parameters of the 30Q120 silicon steel
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Table 4 Heat parameters of the steel AISI4340

W/ (kgom™?) K/ (JokgT KT BER/(Wem T KT

7 850 475 4.5

R BEE TR B R AN 5T RS T3 8 A e R
AR SFREE R 0.042 m, W E E/NR AR SR
0.005 25 m, e KEEA B R 1,45, iR H+24 0.5,
7= IR PR R 0. 6, THELIN A1 2024 33 min 36 s,

MTAERGES N 1.5 T B, 3+ 3845 3400 0 w3l
T AP AW 9 (a) M (b) s, B 9(a) hEkith
B TAERGE B EE AN 1.5 T, BRBEREAE 15 12 X P (0 1 2
FEAFAER R S P i R AA A H] 1.98 T, B 9(a) ZEN
B oz ~F-TAT L= 14) i 08 48K THT &5 {1 2k 11, R o dpe {8
IPATERE R IX AL, B it BP BHZE AN JBF £kt H
FYFAIE A S5 R o A AL, B Bk A P X
AL F e 308 3 R S O P IX A PR A v T e A
URE , S RIFEIL S 17 200 W/m®, & 9(b) iR it
FH S 2 A E PR 2 X Ak SIF BH 84 RE 40 A 5 1 1 4 % 4
AR — B, SRR B S A A A& 9 () Fr
TN B R B RS BRI Y 4 MR IX L B I
TR BEIAF 354 K, w—o—z 1A RS A 9(c) 2

M7 | LR RO AL & B 2 X B BB ANk
U P [ A A% TR R T R e PR IR R B 2 B8
FEGERE R DX IR RE 52 W, DT ] R bR S s 4 2 1k
GRS R R ZS i e 2 81k

]

L Y]

| SR | Bl

“‘H | W i

O,ITH i ! 0.70 | 2

5 e |
(a) WL 25 BE A

(a) Flux density distribution

10"
<10¢ )
10 e |
1.6 S E
1.4 1
1.2
1.0
8:2 g £0:60
§§§gugwqgﬁxﬁ

(b) PIFA i
(b) Heat source distribution HpLK
. x10?
0.3 1339 /\ 2349
FINIDE
02 344 346
342 o
M= L — == 3§
0.1 338 =S —
336

- LBy ~me
(c) ZBE AR DI A

(c) Hot spot distribution of transformer core

P19 AR A B g 18 2 R S AR o A
Fig.9 Magnetic flux density, heat source and hot spot

distribution on the transformer core

2.4 AEIIEHEINREDHHENE
ANT) T ARG 38 2% B 25 S A 5 45 X JBF K/l
RFSE T TAERGEZE M 1.4 T 2] 1.9 T [/ {E X}
O AVRBE R A A 52, DAL 7 (b) T i s e 4k
INFIERYE R IR 1 52 2 S 3 S E TR T
X4 RS BN 10~ 12 B,

349 5
349.0
348 5
348.0
3475
347.0
346.5
346.0
3455
345.0
344.5
344.0
3435
343.0

HAE/K

(a) £RL1 [ IR BE o A

(a) Temperature distribution of line L1



% 6 1

XIATIRE 2 78 ARk B 1 X A A8 R T il B 5 193

e

1.4 15 1.6 17 18 19
kB T

(b) RLI BB IR
(b) Hot spot temperature of line L1

B 10 L1 AU A6

Fig. 10 Temperature distribution on line L1

X
348

l K /m
(a) £RL2 MR IRLJE 5 A

(a) Temperature distribution of line L.2

3521 L2 T
351 L2 hdp# o
3500 L2HR
v 349
ﬁ 348
e 347
7 346
345
344
343 ) . . .
1.4 1.5 1.6 1.7 1.8 1.9
TEE B BT
(b) LRL2 M H AR
(b) Hot spot temperature of line L2
Bl L2 BRI EE S
Fig. 11  Temperature distribution on line L2

Vil WG 2 B B BTG N2k L1 12 L3 b SUR
PSR R AE I I, 2R L1 25 A P XA A TR
Bl B 3G b i s R R R 2 12
F L3 #A RS 4, By TR RS PRSI BE R B
By B O 2 S R D5 A 1 R o o [ 8710 N . P8
TR

RO b L3 Al gl BE A3 A A 12 s, b BE
FH X Bt R SE % B RSN TR S RGE % B<1. 5
T B, AU 7 g ek B AR T R AR . Y B>1.5 T
i, LA T i R S v TP R AR L 54k L1 Mk
L2 RS Ai M B AR TR 4, o T e A A T) 3 467 903 38

FHZER/NT 1K, 30 i T AP RO A A9 AR il 7 A
B g TR A

343.76

&&&&;L
Nel-CENTe XV NN
RETE TR U

t

K

T

0.05 0.0 015 020 025 030
K E/m
(a) ZRL3MIEE A

(a) Temperature distribution of line L3

—a——

343.01
0

343.8r o L3I FHi# A
343.7F L3 EoiR
336l TLITR
] 3435
#3434
% 3433
3432
343.1
343.0 . . . . .
1.4 1.5 1.6 1.7 1.8 1.9
BB BT
(b) RLIMA IR
(b) Hot spot temperature of line L3

F 12 13 R

Fig. 12 Temperature distribution on line L3

AR Ao BRI A2 PR i TRE RN 7 rp ™ A 10 SR H AR
T o BRES e U AR B 3 R 1) 3G T g g A ik
AR Th i o FEFEHE X rh o™ 2 S W) 0 8 T2
OMAR R UG T TARRE S DN X
HATRE P A S iR T, BIR 3 NSRRI Bt aEAL
FEHE DX B2 AN T 2205, ELA 4 DXL AR 2 Bl T AR
Gzt

3 XBMKEERST

3.1 =gt
S 5 kVA F3AS RS A DT-883H £14h
TR A A TR R T, 308 23 R/ T i e e A
ARITEA I, TR N
V2U,
B = (11)
27fN, S
KU, A TAER R f b TAESSR N, AW g2k 1 il
$5S g p R I A, AR R AR, =50 Hz,
N,=400,5=0.002 6 m*, MK ARGRBEEAE 13 Fiw,
LIAMNIRAL SN 3R S iR .




194 % # L F ¥

a1k

&5 DT-883H LA SMUBMHSE
Table 5 Parameters of the DT-883H infrared thermometer
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Fig. 13 Schematic diagram of the test system
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Fig. 16 Temperature of clamps surfaces in different flux
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