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Test and Characteristic Analysis of an HTS Power Transformer

H.J. Lee, G.S. Cha, J.K. Lee’
Soonchunhyang Univ., Woosuk Univ.*,

Abstract - This paper describes the
construction and test results of a 10kVA single
phase HTS transformer. Double pancake
windings with BSCCO0-2223 HTS tape and
GFRP cryostat with room temperature bore are
used in the transformer. Two double pancake
windings are connected in series to provide 184
turns and two double pancake windings are
connected in parallel to conduct the secondary
current of 45.4A. Coefficients of the constructed
transformer are obtained using the fundamental
tests of the transformer. According to the test
results. larger leakage reactance than expected
is observed due to the bulky core which
surrounded the cryostat.

Key word : superconducting power machine, HTS
transformer, double pancake winding, AC loss

I A2

W7 v a2xAZRAVIL F

e olfre FAZE 7PEm, Rt Aaste, ma g0
o, BR3A%A ojgted g = 2RAERGIE
Hy-otofl g Fygart glu, AN 2o ug B
For 2SR DLEAEALNA Aol Ryt A
BEedd Efstn vt (1)

¥ =EdME 9 10KVAF n22AE ¥
& AAs D A} nexdAnw HWgre 7B B4 A
& sAsigt. AN AdRe AsiEded s A
A st e, A s *ﬁx}ﬂloﬂ hE 9gs 19
A, oo MERHd AF7s @5l 527 9
o o= A My E}M HEdA AT W&
Agstel AAsG

H. 10KVA 2N HeI| =

B AHEE MAlE BSCCO-2223 1LE2A%
AWz EL 31 mm, vr’fﬂ‘_ 0.168 mmols AdAA
Fe AT gle A TTKAAM 624013, A9
AFLEE L= 1.2x10°[A/CmPlolth. ZAjEd S Fo
71 fd 2ZAe ogEe Algsigen, ®1o
BSCCO-2223 Aol tjak 7| & aloko|r},

1453 223 B5 28 42 A8sd AT
1433 2739 el 2lot 293 AQe
440Vl HFE 22.7Ac1W AYZFALS 220V n
BFE 4544000 470el GuAAelEHE A
2 ANFE ANALN FANEE sAn, 247
WAl ZE GI0-FRPE o &3kl Aastgon Az

BiHlde 9461 A5t
4709 EAA T ANF nYEL T Ao g

. K.D. Choi*,
Korea Polytschnic Univ.". Chonnam National Univ.™, Seoul Nation Univ!

K.W. Ryu™, S.Y. Hahn'

B0 Bue 492 e 18488 VERD A
d2e 5 1o dRRA2E HIE sl HAy
AT 5H¥ 4 UEE s

Bl OA2EFTT MR ALY

ks BSCC0O-2223
Helz % 3.1 mm
el = 0.168 mm
bl :
=2 2 ge
EQrE NO
AARF 62A (77K, self-field)

Ae Zd2dgr] 44 22 dgen

H A4 Ied gadde=s FHHIE O Z-Man]‘?‘,L
AL APz ARHNen A4E dez Holgl
ou "o BHAL §5x85mm’oln] Aol A A
Ed%E 1.95Toln FARSEEE 1.3Telx, A=
4o 7t A2 Heolw 670 mm, 340 mmelw 3

o AANE sz A2 zbzb 500 mm 170 mme) ™
FAE 86.7 kgoltt.

la}

i 500 570
|
}

a2 o AMel ety

2 & nezAx HAYUIY F8 I\}Okol:} a9
= 10kVARLZAE ®gre g ro] A-287]
¢} A= GFRPS REAZ 0% }04 “M =}z
o)k obd FEo] MR YA xﬂz}o}aiv} %Zﬁé 3
g Adsted 7heHE ol Auzd § UA o}al ”
2o #FAo] YA T & gA sFgen, A AL
71¢] tA &7 wlZAEL 130 mm, 405 mm, ¥©
470 mmolth, AAAAE7) A3 wig R 2
< Fo] R R &4 AFE WASAT

ol o
ofi rlr

- 321 -



. =5 SEXAol ofst Xt

Current lead

/{//

N
EN
D

P Cryostat
Windings

all

W
=

%

a8 2 2FEetY| ctHE

H2 ISENZHYT|Q A

37

|7 @4 10kVA

At 121/23  440/220V

AF 12/23 22 .7/45 4A
A

H4 1x/22F 188/94

A 2ol 1#/22F 133/133m

SE/PEZ AE 202/242 mm

9] 60 mm
A4

A4 1 BT 3

Fol/uy) 670/340 mm

b 85 %85 mm?

A 86.7kg

£4 84.8W, 1.3T

HUA&EYE 1.92T

FAAESUE 1.3T
A287]

A4 GFRP

A&/ EE RE 130/405 mm

] 470 mm

L22ARMAAN JEZREY AN 2FHD »

F&do] A=Y wFEAe FAJA B, $3x
A B, st #Zo] A9 Wik oj& Be zo]s} WA
o RLEAELAY We EdA QrsE RAEB
B 230 AR A R 2¥EY F3 $HA
T FE8AWUE o4 AMsAn Fedzx B
B, & o183ty aFEHE A(1)L ol &3t AlLtE
. (3]

o= Bd-g) Bk 0

A gl BE A%e % AEE YBhe A%zA
B=B,/B,. Bt A%o] 2AEHY F4d Egse
A&REZ B,=pJa otk d7ME BN B
st B, & A&

39 3a)e WYl B4 AN RIelMY A&
RLL YHUz on 2y 3b)t AHAREE @
@ otk 2@ 3b)dlA 2 4 350 nYE AR

9 A27t I AYE LAY A27 94 5
o 223} AgZo] tie AWAN 8 5ol A
FAE Ae ¢+ Ao

29 4% $34%9 A4 B, 7 A% B4
of Q7Y aFEAURT 1Y 494 & F A%
o] ;YA WM AYS AN AoldNE o] =
A=qol £7 Yoz AdAE A& & F7} T o
£ a3 B4 AQE A0l B2 ARe) Yo
tes] WEelth ARt uhHE RRelA Aol 24
=49 B, ¥z sAE AE & #7 Ak z
LAPEMG $AYROE AFo] ANAE FH LGS
el Q7ke wol waA AAAF gaZo] Azx
S4E AAA B ALY BA% 1¢2 A4o) wF
BE 28] Age AV 4 B ohe} A3 4
£ ZASH FAYgols] BEe] WY BAA
Tt £49 dREe uYE A4 AYS B4
BREE REda w4aA €t ome &de
3.24Wojtt,

V. 32T 4 Eo

ARE B4 10kVA 2JE Advle 29 59 2
A=z AgsgEd, Adrle JE Agd we
PRaAy PaAdEe a9t AEdgEEsle
Agded AztE neEAE WYYl AYE At
FHHAYH B S AASET Beds) 2350
Bdz dd9o o=z = A9 WAl Ads 9
ddxzt 2w £8 d57t T4sne 2nsy) 29
& % W02 A AUt £BAF A ATE
2 sl th,

2968 £9a Adel U@ Aol FREAY
A 1R AGE 440VAA FAANAEE BE A
BARARY 5% 11349 AR/ ETHoH, T¥a
£4& 84 8W ol Fe 01749} 143 A
°] 440V¥ 9 AxAFE= 1.13A o|22 zggdHx
£ 38900t REEXHE AP E FEo] 24

n rlo

- 322 -



Induction regulator
220/0~440V

HTS transformer
Shunt Wattmeter 4407220V Shunt
3

R ¥

a3 b Y| A g2x

32 ooz fREe £4L Mol 1Y 7oA
78314‘%} 440\/71}2] 7 1;1} @%7} A—}&isa_g_i =

o
Aol ‘5“3 °]’t: 7“ & %} Al\:]-
S PW v AQ o 'J
v 7 40
124 " v
/
104 4x0
] g
go.a 4@;
061 a
1
04
02 . . . o
1 0 A0 «0 50
Primary Voitage [V]
I3 6 FESAIH
7E BENEARE 1S AYH 14 A

= bﬂi} AE vetlzn, HH4E dudxsie @AAE
YeR 2 gl 1i}f‘ Zgto] 47 .4VellX 231 Z0] HF
AF7E EXct. old UlR HAE AdFdAI} 10.7%0]
Aed olgt Zo] YR dHU2It £ ofEE 3
A &-g7le] Hilo] Avrte -T’-_%ﬁ %d_/gﬂr A A}o)
0] Bel Frketon, @Mz BAAlele) Aol
7 FEAEel Bokon, A28v)e A7t ARe
el Aozt Zrigd d<le] A& Aoz Fvd

—YLHU—\.LJEoﬁﬁ

N

YL
N,

|1g\],
T
l
T.
|
1
1

2 Y
Prinery voltage [V]
Iy 7 oEAEdny

3% 8¢ ¥aAY Aol AR 243
1 220VelA 216. 8V§ Hgstng Y neaxAs
W19 AgEE L 2.4%0)T
2943 oo 32z A2H 2229 £ s)e o
BaAFo)R AN £RAR TARA AR o
R e BB WL INED
du st &% ¢ 4 AT E 3& Y 2%

Belg Rold},

i o

225
e {10
< 220} L e /'/ 8
;‘ I\-7.\-\. -
g 215] el ls
" g
g 210} /. /-/ 14 :__
g 208p 12
(ﬂr; o/ 0
200t . ~ L . .
0 2 4 6 8 10
Number of resistor module
a8 7 ReAgdn
¥ 3 MY Zo
PR3

oA ¢t 440V

AR HF 1.13A

R 84.8W

dEA g

At 47.4V

AF 22.TA

%Y E A 10.7%

=
gk e Azts A
ENEREES A}%o}ﬁL
kbl mf;}ﬂoﬂ*ﬁ I
e weolr,

l%‘—% 23 ne&RARW]
ARnes A8 23 4
W7o vjsl ﬁ%cﬂ )|

.
@4 10kVA LR2ZEAT
#E 71e3Ant. 4709 &R
o dEdela AdTELe
ol=dd WiETH “L°]
Azd dedrle] 5
9] 7] 7"“'1"5'5‘
1%7} 0e pexd
A Ao

)\

A

:}:

AT

= BARG BAAbele 3= Aot AT wf Eolr},
B azxs %aﬂ dojz viEAAIAY AXAZ
538 JXi&%ﬂ Az, ez di‘*‘%’iﬂﬂl 718 B4
o tﬂ

B AA %A

oﬁk
P
by

Anzs

(1] P. Mehta, Nicola Aversa, and Michael S. Walker,
“Transforming Transformers,” IEEE Spectrum,
Vol.34, No.7, pp.43-49, 1997

{2) K. Funaki et al., “Preliminary Tests of A 500kV
A-Class Oxide Superconducting Transformer
Cooled by Subcooled Nitrogen,” Trans. on IEEE
Applied Superconductivity, Vol.7, No.2, pp. 824

~-827, 1997
(3] C. P. Bean, "Magnetization of Hard Super
-conductor,” Physical Review Letters, Vol.8,

No.6, pp.250-253, 1962



