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Insulation tests of Continuously Transposed Coated Conductors
for a high voltage superconducting transformer
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Abstract: A cryogenic insulation technique for a 3o F4E 71 o

high voltage and a large current capacity of a 2 =Fd4 A8 2% AT #g7d A18E
conductor are now two big issues in a field of 1L AR AT dEAAEAL ey zA dAXE
recent R&D projects of superconducting power diolt AEAYEAE TUallof 3t ol FE WFH
devices, especially a superconducting power E4del AR, gz WAF BAdolge Hol vk
transformer. For the large rated currents of the sy gAdF BH Al &4 7 4% AR BEXE
power transformer, it is well known that lots of 2nd gt A&AATA L AM b dAo] HHolug
generation superconducting conductor, so called ol ot Z AAE JdEFA IHoE HASHT
coated conductor, should be stacked together with 2 =EdA= 10 /M9 Z8E 24 & AZsta, o8
transpositions in order to get an even distributions A& 938l AE£AY=AE HE ¥ Nomex® Hlo)
of the currents. We had come up with an idea of a z32 3 F AAAEL Jisle $uldFE e 2AE
CTCC (Continuously Transposed Coated Conductor) By Adege] HErted S HEIFNYTHI).

as a conductor for a large power superconducting
transformer, and keep trying to verify the usefulness
of the conductor. As one of the efforts of verifying, 2. 2
we prepared and tested a sample CTCC with

rhu

insulations for high voltage, which includes the 2.1. AKHA A =
epoxy coating and Nomex® wrapping. This paper 231 AT HY7d AlLHE AAE 1L
contains the insulation process and dielectric ZAE AR lAw, B =Fides dd EAAWNES
breakdown test results. We expect the results 18 & Bxoz AHAHA AEE A 3] APs}
obtained from this experiment to improve an Gtk ®E 1ol 2HQdElx 22 ALE FAEIGT
insulation technique for high voltages in various A EAZ Fdslgd, 21L& 2AE HAAER UE
cryogenic environments(1,2]. AEHY=A o LT ZL 7Pk &7] W&, 12
mm g 7FA e 2HdE s 28 Ho|ZE A £3
Key Words: cryogenic insulation technique, I, 21 Z2AE BT A1eE A&5AYEA
superconducting power transformer, CTCC, epoxy
coating, Nomex®. Table 1. Stainless Steel Specification.
Specification ALHAEA 24
I H = s zdgelx 29
FA 60 um
A AT DA e 2aY 2AE AL Z 12 mm
Zole A7 ZtHol & FaoF Q4VER HA A g 0753 pQ *m

ATk SALAHAA L] AZFHAL o, W]
Ao | 7 AAL FFo|tt ukstd xu
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Fig. 2. Wire Puncher for CTCC.

Fig. 3. Producged strand fér'C';fCC.
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Table 2. Epoxy Specification.
UTOMASK Resin

—
Product name

Color Transparency
Acid value 59-62 (KOH-mg/g)

. Mn 1,000-2,000
Molecular Weight Mw 10,000-25,000
Viscosity op . - =

{(Poise=dpasi+1{EZE =

Solid Content(%) 70-79 (at 80C)
Solvent Carbital, Cellosolve)

Table 3. Nomex® Specification.

Nominal thickness{mm) 0.05
Dielectric strength AC rapid rise(kV/mm) 18
Full wave impulse(kV/mm) 39
Dielectric constant at 60 Hz 16
Dissipation factor at 60 Hz(x107?) 4

HEo AM&zd ug qEXA s ZHEE HE}
dzeg dAAd 2L 984 0.7-0.8 mm/s9
252 "L APstgh. JEAL BE A4e] A
ke g & 9 e 24 =7t de €A
2|72 £9stA "ok 3" A9 g2l PEo 2%
= AKX 300CE nFsATh A4l EXYE B
A wAsE Jtae AT 9ol AXT #F7
E 28 o wigHct F 160 m Zole ZHT &
e Y3 Zdolg FAAdte oF 10 m Zole d&H
gxdz AZEUct 28 54 ZHE YT Hold
24 10 71gE YeldAn.

2.3. Nomex® Hd F0| Hdl

AZE 10 m Zole d&HA=EAE AFA 2HE
Ea 24 2+ A4S grRagn. 23y 10 7=
sAdez moz AxAAEA | 1 FAAdE #HuE
71 98] Nomex® 2 Fol2 A 3+Fth. Nomex®
A Fole 25 mm & 7HA}. Nomex® A Fol
o A¥e & 3o JERT. A& F 3 IE A
o, AN BAE 2HY (Overlap) 2oz 234
&€ 30~50 (%)2 1,22 3 222 FAgeh o
o, 299 EFL A3 A8t vpAT F2 9
e s #gtew, a8 63 2y Tl Fo] HH
AdEe AHEE 252 JeETh

2.4, Bd otz AlY

Wekrle] | 2t dele de 1 9l 7 714
e AGE guaH 244 dAdME A%/A P
et Ao A7) 2 AdSs 23 EY. B A7HE

Fg. . Exyﬁ Décéaterhfor CTCC.
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Fig. 5. Coated Wire for CTCC.

A AEAAEAE Hgete] HAT 154 kV, 33
MVAHE 2 AR Wsiziel AA ZAzte) osid
2Ax g4 AW/HH 5 o 138 volt}. 19 8
£ Nomex® 75%].?.51 &o] Zanof wE AC Adsa] A
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& uirlsh, FAL B (77.3K) steliA olg e,
B HAARY 25 mm Ho AFAE ol &3t A
#3 AEE EF3F F o] 2AHY FF S Weibull
SAAYE B3 0.1 % 2433 AG#S 534
o aY 8edA A FHd BRI 4 HEL
Nomex® A Fol9 #2337 E4E vephdg. &
A s#sidte] A 247 Hogd iy v
u‘r. 2t A Fol W) Fo) mE " shy AlgolA

A oAdd #ae dolux gz, AR #E A5}
°‘°] 5%rh. Nomex® H¢ Zo]9 %--’F‘Oﬂ & AC 0.1
% Aady &5 dgde zb2 3.25 kV, 6.95 kV, 8.96
kV o]t},

3.2 £

2 AFINE 2N 24T WYY AA) B2
FAe BANAY nAG AAA A209e
STt AR Note fel 2AE AAG 2e B

cTe Warp

Fig. 7. 3th Wired with Nomex® Paper.
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Fig. 8. Results of dielectric strength test of AC
breakdown voltage.

% FAE A 2A9AL 29 Hol g A&
SAl9 Fez A4l AN 28 3 Nomex® A
A poz Aasatd. 24 T A9E As A=A
292 & o, HRAQY 2WE £uas) Al WA

300CdA 0.7-0.8 mm/s9 £5=2 78S Agsgr),
g 34E 98 Nomex® A9 Folx 3 3

qdaes, 3Ae 4933 g A3 A A
mek AC 0.1 % A% &8 Asro] 2epAx, 247
3.25 kV, 6.95 kV, 8.96 kV 2.2 jelyt} % H}Pd‘—;‘
Wedsle] AwAel @ 7 Ade weld 2 ou,
2 4ANgaM BE delska BE Wte F¥a

B2 Aom fodn

HAtel 2

2 AFE 214712880 ARG AA
%715711% Aol Al Aol <3

Z2AZE
FHHAFH

d

S s AR A,
K

& %
Z, HAY, "B¥EF¥ YBCO CCEEL A
AEEAY F4 Ased [z 547, d=z2d
© Aezes, 1178 32, 15 HolA, 20094

(2) A$A, s, oA, L o|x P, °]’“§} o]
WS wkz AEl, old 47’%} 5%, "Case
design for an 154 kV, 33 MVA HTS power
transformer ., EUCAS2009, 20094,

(3] o)A, Wiy WL o wras A b
2, B3¢, "Reduction Effect on Magnetization
Loss in the Stacked Conductor With Striated and
Transposed YBCO Coated Conductor’, IEEE
Transactions on Applied Superconductivity,
Volume 19, Itase 9, pp. 3340-3343, June 2009.

A A A A




SRR M2EEE=RA, 128, 3%, 20104 99

HIL (&%)

1984 8¢ 30¥4, 20099 =47
el ARFEH £, A I
ed AA7RlE duAdEtd A7E

3t A4,

A+ (%th8)

19708 69 1294, 1996 A -g&oiEtm
e Av|gEe &9, 19989 ¥
e 2A(FEHAD, 20029 B EY
EA(FEUAb, 2006~2008 FBML/MIT
Post Doc. Fellow, @A =xdd1d
Ada .

i ROV R Y

1969 2¢ 1094, 1996 =g
A7138H £, 20049 F g &
H(FEEAh, dA dxAd7led A

A

gt 2R B

19649 4¢¥ 3044, 1986 A gdigtm
FAAETEA &9, 1988d ¥ Ui
Z(F XA}, 1996 New York State
College of Ceramics at Alfred University
Al A Medidn A 2R af

o] Al & (it i)

19793 29 2594, 2008 Ad@og
a2 A7 gEs SA(FEAALD, dA
AU g n JFA L.

ARA(TER

19784 69 294, 2004d A 2ol
A712es =, 2006d 5 oigtd A
Nesn 2A@HAAD, A4 5 U
4 A7zt BA4Hg,

AAE(LHEE)

19508 29 744, 19749 ddd I
AZlzety 24, 19794 & digd A
7128 ZA(FTEAAD, 19868 28
ATt E e gt ArgEsn 24
(A, dA ARd Fd AT
&3 @

o A % (& K)
1966 649 1¥A, 198903 Mgdl A7)
Zota 2, 19923 F oatal WolB
B3 ZA(EEAAD, 19979 5 oig
4 ArlEEE EPEHMD, A §
Aojetm AuHAET 5

ARG (EES)

19623 29 124, 1984d M e2digtw
g AxFEHd &9, 19863 F
&Y ArFea 244N, 1993
d 5 gge ATy 243
A, A gaiddrietdn JuAg
2w,



