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Abstract: The experimental study on the large transformer under the lightning impulse voltage is of long period and
high cost. The experimental study on the reduced-scaled model has good economic performance, and it is easy to ob-
tain valid data. The results can be compared with the simulation results. In order to design a scaled model with the elec-
trical characteristics of the original model, the similarity formulas of the transformer under lightning impulse voltage
are derived according to the similarity theory. The reduced-scaled model is designed. The electric field and magnetic
field distribution of the original model and similarity model under corresponding motivation are studied by simulation.
The winding voltage waveforms of the original model and similarity model under corresponding impulse voltage are cal -
culated by multi-conductor transmission line model. The error between the original model and the scaled model is less
than 5%. The distribution voltage distribution of winding is measured. The results show that the structure of the outgo-
ing lines affects the electrical characteristics of the winding. It is necessary to further study the correction method.
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Fig. 1 Simplified transformer model
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Fig.2 Comparison of the electric field distribution

(b) 45 LLAE Y

between original model and reduced-scaled model

PEAT IR Y 5 457 LRSS RY A 1 37 O3 A % LEBIESE
TEJFRE Y Y 10 S8 2H AN 10 A B9 IE 35X U, B
NGRH FIAENNEE-22.5 AW IE X HLI , SR IS
410,100,200 kHz. M4 H 22 3, 457 FEA LA J
G PRI 2 A B IE 5% i U, @l 3 S22 S A

#-4.5 A BYIE TZ LT, BEE XS RN B FIAAR R, 2 51k
50.500.1 000 kHz, AF5T LS 21K 5200, 2R Y
P sz 7 2, — PR 5 DR R A ] 1 5 %, )
— P 4 H A 2COCA DR B4 S A% o Sk T I Af )
1358 s b, 78 JE A A F e T — 4K N 1.8 m
B A, 1 47 OB ARY I 3o BRI 4%, K B 0.36 m,
TBUH 2% B AR I ) SR I 5 B8 S R A7 % B AT, DL
3. XF LEIE 3(a) (b)), >4 S 455 280 5 4 LA AL 4
SR R A, 26 L 7 g B 78 0 ISR 7R ) R 3 43 A
2 %5 Jg W 5 % LU TR B(a) (), AR IR 4 L 2 2R
5 LA 2R TRV B RSB AR [ AR R Y
T B IO e JBE 3 AT SR A A TR) S /Nt A A [
SEIR R 4 IR LA sCHEAT B B AR R R 45 L A
YA 9 3 AT FEAS A TR] o 5 S B 750 SR FH A [)
SR AR S —EE R
450
400
C 350
3300
%5250
21200

’g 150
100

50

10 kHz 100 kHz 200 kHz

>

0.0 0204 06 08 1.0 12 1.4 1.6 1.8 2.0
JEE/m

(a) JUAsTY

450;
400

_ 350
2300f § S0kHz S00kHz 1MHz
%( 250
3200
’%J 150
100
50

0 Il L Il 1
0.000.040.080.120.160.200.24 0.28 0.32 0.36 0.40
PR /m

(b) GLLR(R S A)

450
400
350
~
52 50 kH \
9%(250 % z 500 kHz 1 MHz I\
g AlaanARAAKARDA
g 150
100
50
0 ul AN N NNy
0.000.040.080.120.160.200.24 0.28 0.32 0.36 0.40
PR /m
(c) 4 LU BRI 3 378 hy S )

B3 R 5 YE AR B s Rk R 58 B X L
Fig.3 Comparison of magnetic induction intensity

between original model and reduced-scaled model



W55 W, X B, JrEAE, A Bl MR AS AR A4 LB S 5 + 99 -
50 B
. —a— 1[0
3 FHEMETSHARBRES TS 40 —— 524IT
—— ZE 1500

L S A i = IR L il N N A iV RSPy iR
LR R — B E AR e A5 T
B SR A BT R R A M o3 1 S BUE R . XF
V153 P 5 D ASE 7 A 457 L ASE TR 1 o3 A S 5E AT X L
30T AR 4 A 2, L R A S R R e
PRI A7 45 LU 1Y, LG Ak 4 LSS Y 1Y) S 0 D 5 A%
55 JE ALY 6 B S B AT X b o e B4R H s Sk
TTUE 48 AR 55 TSR (1) FE 25 R A5 T 3R I i
K250 2.08%, F- 322 54 0.2% , W35 22 5 1] D
B AR . A4 LA 2R F AR A
A, 5 R A B LSS B B 4 U R oK 22
SN 11.64% ,FI 25538 7.06% . 2445 B4 s 5K
P48 LU S 26 H 5 8 A48 Sy S AR, i RS HUR
i e B KB 0 3.37%, 1 2% 5 4 2.19%,
Ul B AR L R R 5 5 R AR B R 00

W TR 1 53 A S BOE FEAR N MTL A A,
Ry TR B BRI . DR AR 1 K B I
TE 3 8 o 110 B E o D, B 1.2/50 ws o AR R
IS AR Ui /N T 5485  HEBUR I8 T S ARORE iz 1A
BB OBEPEN 0.24/10 pso 1B HUFAR BY RN 45 L AR AR X
A7 B R LA MR 2 I i L R O DL BT 4. Xt
L5l 4(a) < (b), 4f FE A RY B 3 48 L 3 R RN ORI,
XTI 2 A R R 5 R R AT — o 22 R A Lk
Kl 4(a) . (c), # 40 s Ak 28 i R 1 40 LU B R,
Xof 7 1 (%) R, 9 T 722 Ak 34 5 DA A A A [m] , B
W (I P 220 P9 R R 0 A HEA T X B A 22 AN AT 5% 0 25
TR W DA AR R 4 LU AR R S 4 AE TR L b R B
JE 3 AT REPE S AR A, i — 2P Bk 7 AR AR R
e T B 4 A 20T DL AR R 25 S 4 B L o
it N HLUR A R AR

4 HBREESREEERIZIT S

MR Y 3% 32 19 £800 kV i Ui 78 1 i LU 45 4
SEA S B 4t oS SO TT ER B2 R 15 1R 45 AR
R AR PO AR, K UTE R Al 155,
0.80.1.46 m, itk b ZE 41 156 ; B i M 28 41 5 1
0 5 21 [ %4 HE A 5107160, X 28 28 76 PN, 2R FH 4
NGRS, N S 4L 7E M, R IR e SR 4 5 I 4K
ANAR 2 I AT AR LR ) o A 28 2 4 IR i
K HAB.C.DEMSAHLGEA FERmH A B.C
KT =0 9k 2P3 2P2 F1 2P 1, 461 40 2P3 77 22
6 B 2 s A2 0F A A TR BE I 3 LR

- 30f
=
= 20
£ 10}
ok
710 L L 1 L 1 L 1 ]
0 20 40 60 80 100 120 140150
IFa]/us
(a) BB
10

—a— [
8 —e— 24T
\ —— E150]1
> O |
% 1
W4T
)
0
-2

0 21 é 1I2 1I6 ZIO 2I4 ZIS 2l9
I Ta)/ ps
(b) A LERRL (L PR AR)

+%1ﬁ
8 M‘L —e— FIA[T
M —— 51500
s OF
<
4 4
. 2
Y
0
=2

0 4‘1 é 1I2 1I6 2I0 2I4 2IS 2I9
I ra)/ps
(c) A LE B (FL 3 328 51
4 FIEE 545t AR R SRS [ B B R IR AT b
Fig.4 Voltage waveforms of typical coils in original model

and reduced-scaled model
D REAT SRR AL, 7 N S 4 b B 9 T
2, TASEAUL I ] L f i e, DL IR 50 4551 i DL
Rl BRGH EHUE Tk, ALK
AR A 4 o B, AR BRI LAUURS AN 1 203
0 7 25, T FE B AR A] BRI 2 2] WL 7 1 ol o, 3R

E5 MEk5|HE&LH

Fig. 5 Internal structure of the outgoing lines
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Table 1 The set position of nine outgoing lines
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