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Abstract -~ This paper presents conceptual design
and 3-D  electromagnetic analysis of 1MVA
transformer with BSCC0O-2223 High Tc
Superconducting (HTS) tapes. The rated voltages of
each sides of the transformer are 22.9 kV and 66 kV,
and double pancake windings werc adopted. High
voltage and Low wvoltage sides were composed of
several double pancake windings. Four HTS tapes
were wound in parallel for the windings of low
voltage side and were ftransposed in order to
distribute the currents equally in each conductor. The
transformer core was designed as a shell type core
made of laminated silicon stcel plates and the core is
separated with the windings by a cryostat with
Fiberglass Reinforced Plastics(FRP). A sub-cooling
system using LNz were designed to maintain the
coolant temperature of 65K. Finally perpendicular
components of magnetic field applied to tapes were
calculated 0.24T in the rated opcration using 3-D
analysis. A real IMVA HTS transformer will be
manufactured in near future based on the design
parameters presented in this paper.
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Tablel. Specification of BSCCQO-2223 HTS Tape
made by American Superconductor Corporation

Specification Value
Thickness 0.203 [mm]
Width 41  [mm]
Critical Current >100 [A}
Critical Current Density >12 [kA/em®]
Max. Stress 85 [MPal
Max. Strain 0.15 (%]
Min. Bending Dia. 100 [mm]
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Figl. Scaling ratios for temperature and
magnetic field perpendicular to tape surface
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Table2. Specification of the HTS transformer

Specification | Value
Phase Number [ 1
Capacity 1 [MVA]
Rated Primary Voltage 229 [kV]
¢ Rated Secondary Voltage 66 [kV]
Rated Primary Current 44 [A]
i Rated Secondary Current | 152 [A]
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Fig.2 Dimension and arrangement of the double
pancake windings
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Fig3. Dimension of the cryostat and the shell
type core

Fig.4 Total arrangement of the 1MVA HTS
transformer

Table.3 Conceptual design values of 1IMVA HTS
transformer

Turns { 888/236 i

V/T 258 V/T

. Tape Length 1212132 m |
Winding S

Bobin Number 44

QOuter Dia. 450/489 mm i

Inner Dia. 378/378 mm !

Non-Grain Oriented |

? Material an n ;E

! Silicon Steel
Core | Height / Width | 0928 m /0904 m

Cross-Section area 570 cm?
Max. Flux density 17T !
Material FRP |
Cryostat | Quter Dia./Inner Dia. 0.3/06 m ‘
Height 0621 m |

2.3 IMVA 12 W5 $tr|e 38 84

E =8dA HA% 22.9kV F IMVA 222HE
Herle] 33 AR S8 E i ng 23z A
Aol dele #AAT 2 dHHAE AL

2352 HY7e HF 52 A dY ¥ 2@ AR
Aol dele $227tel 18 BoFo, 2Yed W
@ridl AAHARE E23e 9 2PF A 2Ye #
Ao £EE BAEY ALSE d4dd ndS AH
o mE HAZ Add F dHMol ME o] RdtE FRAA

~ 944 -



<
4

4 Aol YFHE AE B .
M3t AYE AMel 52E A Wkl
=

0

2,

o4

flo

ok ° o
?ﬁgf

h

wio g e
ofy P 0 20 Norjnh

to
i

of & Rolr} wabd Male] Hale £z
7] Y& ngEa AYgE PHo] vhie
AEAE olgatd £AAF i afsli
of low, oute g WEs ZAstn 9

4 B B =804 48 nexdn ¥g
4 e s A 235 B2 i"EEa
£ Energy Method& A}& 3t (6]

B
43 rlo

4t

#41
Doy 200 ot

AR

)
e

o ¢
22 28

-
{2 742058 -001

-2, 8775 34E-01

Fig.5 B« distribution of IMVA HTS transformer
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Fig.6 Perpendicular field distribution of high voltage
winding

Table.4 Inductance calculation results

Self Prim. 4833 [H]
__ inductance Second. 4.00 [H]
Mutual inductance 13.85 [H]
Leakage Prim. 0.233 (H]
inductance Second. 0.0053 [H]
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