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In this paper, 3-D nonlinear
electromagnetic  analysis of a single phase
IMVA 229 kV/6 kV  high temperature
superconducting(HTS)  transformer  with  double
pancake windings was accomplished. The
characteristics of 1MVA HTS transformer such
as The efficiency, voltage regulation and %
impedance voltage drop were obtained by the
3-D non-linear electromagnetic analysis. And in
order to verify the 3-D non-linear
electromagnetic  analysis of a ° single phase
IMVA HTS transformer, a IMVA test
transformer with windings made of copper tapes
with the same size as BSCCO-2223 HTS tape
was manufactured. The energy  conservation
method to perform the analysis of leakage
impedances of both a 1IMVA HTS transformer
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and test transformer was used. The
characteristic  analysis such as efficiency,
voltage regulation and % impedance voltage

drop of transformer was performed. And the
obtained values of both 1IMVA HTS transformer
and test transformer were compared.
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Table 1. Specification of a IMVA HTS transformer
model

Specification Value
Capacity 1 MVA
Rating Voltage 22.9kV/6.6kV
Current 44A/152A
Material Bi-2223 HTS tape
Windings |No.of turns 832/240
No. of bobbins 8/4
Material Silicon steel plate
Core Height/Width 1,580mmy/1,340mm
Cross Section area  [715.16cif
Max. B 1.488T

1,340 mm

>

1,580 mm

<

Fig.l. Design of a single phase 1IMVA HTS
transformer with double pancake windings
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Fig. 2. Analysis model of a quarter of a 1IMVA
HTS transformer. The number of element is
1615523 and the number of node is 274,449.

BTy
LR

. ST B

Fig. 3. Distribution of magnetic flux density of
a IMVA HTS transformer.
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Fig. 3. Distribution of leakage magnetic flux
density on between high winding (H2)and
low(L1) winding.
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Fig. 4. Distribution of B, from A to B on
between high winding(H2Jand low(L1) winding.
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(b) Copper windings

(a) Shell type core

Fig. 5. (a)Manufactured shell type core and
(b)copper windings of IMVA test transformer.

- 1004 -



(b) Cryogenic state (77 K)

Fig. 6.Characteristics  test  of 1IMVA  test
transformer. (a) is room t(emperature state and
{b) is cryogenic state {77K)
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Table 2. Characteristic values of both a IMVA
HTS transformer and test transformer.

HTS Tr. Test Tr.

Contents LN: Room Tem. LN2

(7T7K) (22 T) (77K)
Lself) Ist 3541 H 3641 H 3541 H
_ 2nd 295 H 295 H 295 H
M(mutual) 1021 H 1021 H 1621 H
Resistance 1st 0Q 2064 Q 310 @
2nd 0 Qe 148 @ 022 @
Leakage 1st 424 Q 424 Q 424 Q
Reactance | 2nd 137 @ 137 e 137 @
% Iz 39 % 870 % 470 %
Voltage 00782 %| 74121 %| 11742 %
Regulation K o
Efficiency 99.67 % 9291 % 98.62 %
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