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Conceptual Design and 3-D Electromagnetic Analysis of 1IMVA HTS Transformer
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Abstract - This paper presents conceptual design and 3-D electromagnetic analysis of 1IMVA transformer with
3SCCO-2223 High Tc Superconducting (HTS) tapes. The rated voltages of each sides of the transformer are 22.9 kV
ind 6.6 kV, and double pancake windings were adopted. High voltage and Low voltage sides were composed of several

Jouble pancake windings. Four HTS tapes were wound in parallel for the windings of low voltage side

and were

ransposed in order to distribute the currents equally in each conductor. The transformer core was designed as a shell
ype core made of laminated silicon steel plates and the core is separated with the windings by a cryostat with
7iberglass Reinforced Plastics(FRP). A sub-cooling system using LN2 were designed to maintain the coolant temperature
»f 65K. Finally perpendicular components of magnetic field applied to tapes were calculated 0.24T in the rated operation
1sing 3-D analysis. A real IMVA HTS transformer will be manufactured in near future based on the design parameters

wesented in this paper.

ey Words : HTS Transformer, HTS Tape, & si#o}l=a

LM =
Te XAE AYIE B AREFS AL AW 9G
2 5

&o] A Y2z FrA MgA nHE 5 9
1, 25 384 A59 A7 FS 24 AAAHY

7]et A 9 £48 933 29 F Y FHol Ak
S1E 3 VIERYTI v sEel Adu, HEHKE AHESHA
Yol 3hale) fdAdo] glon, A #7437

boold o fFE IFUYeME m2xAE WHYrIA O
197 @33 WY Fo ded o A 2Y, FY9
. BB7l 4] Hol 630kVA 34 1L 2AE HYIE
97dd ALy, FAE I0MVA F BA7E MRFo)
“}. Pl = Waukesha Electric Systems® %2 1998
1ol IMVA @4 318 2HE BY7E Aggon g
-] Kyushu tistel M= 229kVE @4 IMVA 12 231 E
7 E NdEte ARE AES v Aol Il
e V2AEFETEATF4ACAA 200139 34 10kVA X
ZAZ WY7IE AR 6l 23],

2 =@dME 4 T dgFA AAY A= &

—_

S I = B B N 22 i R R 3
v IE® B OEREDTEBRARES AYRES
o E R BBEREAEBR AR KB EIRE
iE 1 B SRERENASRKR AUARBE BHE
§ E & R BREXBEMABRK AUAKER R
$$IF & B MERER EELET 3
BEZHT 0 200249 108 2280
BRAGES 1 20024 128 2H

1AVA D2 =T HA?| g 42 ! 3% TRHE sy

f71EAEAY F FATE MAS AR ¥ Agy
12AIZHN 220kVE IMVA 2 2AE #igtr)e] /AdAA
2 3z AAE e Bt AR Hele £RAEY
LEANELEL S S B

= 1 ASCAtOAM H =% BSCCO-2223 12FMz M
Ao Apet '

Table 1 Specification of BSCCO-2223 HTS Tape made
by American Superconductor Corporation

Specification Value

Thickness 0.203 [mml
Width 41 [mm]

Critical Current >100 [Al
Critical Current Density >12 [kA/cm?]

Max. Stress 85 [MPa]

Max. Strain 0.15 [%]

Min. Bending Dia. 100 [mm)]
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Fig. 1 Scaling ratios for temperature and magnetic field
perpendicular to tape surface

22 12

b

HME HeT|o] HAH Atk

B 2T AAsnA e 2 2¥E
lMVA 229kV/66KkV olth. 1& A Wgtrle] 7]®
T dRt igrle 1 F2s A 92X gey, 24
7= ot wstvls 22 71ES AR o
= HA71Y A F&ol A ﬂf"ji 7
S8 s B9 Z7E 244 E
a7\t FAE Fole 2% EHE % T ‘Rl‘:‘r[S]. F20) 4
A Fxe] WE 12 2AE AYTY AMEE YERAIH.

ﬂd
o{r
o
n
O
Lo 4
Mo 2R ok

X
=)
o

IE 2 12 XXET Helr|el Atek

ar el T

Table 2 Specification of the HTS transformer

Specification Value
Phase Number 1
Capacity 1 (MVAI]
Rated Primary Voltage 229 [kV]
Rated Secondary Voltage 6.6 [kV]
Rated Primary Current 44 [A]
Rated Secondary Current 152 {A]
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Fig. 2 Dimension and arrangement of the double pancake
windings
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Fig. 3 Dimension of the cryostat and the shell type core
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Fig. 4 Total arrangement of the IMVA HTS transformer
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“able 3 Conceptual design values of IMVA HTS transformer

Turns 338 / 256
V/T 258 V/T
Winding Tape Length 1212 / 1332 m
Bobin Number 4/4
Outer Dia. 450 / 489 mm
Inner Dia. 378 / 378 mm
Material Non.—.Grain Oriented
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. 03/06m
Height 0621 m
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Fig. 5 Bx distribution of 1IMVA HTS transformer

f
o

o i
e rlo x B

E =ZdA AAR 229%V F 1IMVA
719] 32+ AA ANE Fs)
;g} \:'J O]E“‘E-]/KE_ 7;“

Al BY E AR AR AA

BolFo, 196L #Shd A
AR dele FAANFLY 2XE HOEHD}
TY4E ALY nE AR A F Ao H

REM T4 %ol YFHE AL B 5 9
4& dAdH AGEF dAo s=2& A v
o]y, 2 g2 o 0.24Td] o]t} o] #&

)

>
rx R g
3]
e
™
Jﬂmurz‘i
[ )

fmlm
1110&: d
Zﬁ

f

2 W

Ho
ok x JDI' ] -L%i
rlr i

)..

o0
£ o
e
X

R

IMVA I8 XX& #Hopo| sied A ¥ 3% MAE sy

Trans. KIEE. Vol. 52B, No. 1, JAN, 2003

A3 2 A HeR LE2AE AAY ALFE AP
ste adle] @ Aotk webd A FE £33 AFE
Zol7] 98 1AH3 AYS Ado] Wb REe nez
AZAE ol &3t S dig AHEHE dFF
glom, yte) T PHE RdsD Jo B4 = 2 =
oA AHAGY n2xAT HYrIY 3AY d"EHs ALt
AMRE BoFEd d¥e 2 AL WHE Energy MethodE
ALg-sF o).
0.24F ./.-‘.\'
/ N\,
0.231 / \
0.221~ / \
./ \
E 0.211 / \
C)é 0.20 . / \
I\ \
0191 ./ '\
/ .
L. \
0.18
/A 1 1 | | B'\
-189.6 ~196.2 -203.4 -210.6 -217.8 2250
Distance [mm}
a7 6 g HMolMel A XA B2
Fig. 6 Distribution of perpendicular B on the high voltage
winding
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Table 4 Inductance calculation results

Self Prim. 48.33 [H]

inductance Second. 4.00 [H]

Mutual inductance 13.86 [H]

Leakage Prim. 0.253 [H]

inductance Second. 0.053 {H]
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