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Abstract

Since CORC® (Conductor on Round Core) is made of multiple strands of a superconducting tape to conduct a large current, it is
difficult to measure the critical current due to the limitation of a capacity of a power supply. The magnetization loss of a
superconductor is dependent on the full penetration field. The full penetration field corresponds to the inflection point of the
magnetization loss graph with respect to the external magnetic field. We propose a method to predict the critical current of CORC®
indirectly. This method uses the measured magnetization losses of various CORC® samples for the prediction of the critical currents.
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Fig. 1. CORC® Manufacturing Method.
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TABLE |
SPECIFICATION OF THE HTS WIRE.
Specification Value
Manufacturer SuNAM
Stabilizer Copper
Thickness 0.15 [mm]
Thickness of
superconducting layer 1[um]
i 77K, 338 [A
Critical Current 6 [mm] W!dth @ (Al
4 [mm] width @77K, 242 [A]

(a) = 6 mm X 4 strands
(b) =4 mm X 6 strands

90 mm pitch [
69.23 mm pitch [ - :

60 mm pitch [ -~

Pick-up Coil
- "
Measurement Length (90 mm)

Fig. 2. CORC® Sample and LPC Coil for Magnetization
Loss Measurement.
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Fig. 3. Linked Pick-up Coil System Schematic.

TABLEII
SPECIFICATION OF THE CORC® SAMPLES.

One Pitch Pitch ratio in Sample classification
length the measured (Pitch ratio / Tape width /
[mm] length Number of tapes)
0.5 pitch/6 mm/4
180 05 0.5 pitch/4mm/6
0.7 pitch/6 mm /4
12857 0.7 0.7 pitth/4mm/6
90 1 1pitch/6 mm/4
1 pitch/4mm/6
1.3 pitch/6 mm/ 4
69.23 13 1.3 pitch/4mm/6
1.5 pitch/6 mm/ 4
60 15 1.5 pitch/4mm/ 6
ANGE At 4L WPeigch. NYRLL R
ANGE A7VE A WS BB £ MEYLT,
AERL 9 Arlgor <ld IIRYel Wishes
FEAGS AHAPeR WS APTE 2AT 5

Azt ALTAelA ZAYG AL, AR A71%o
ZA7re
1O =

Koo
Q, =VLS jo v(t)-i(t)dt @

o714, V. ¢t T+ LPC o] 2H=H 9] A2t o717}
WFATEE F71E ved k = 271 7R o
afule] 22 A1 0.978 [mT/A]9) 3 Zhom, Coue
HiF o] By Aok,



48 Estimation of the critical current of CORC® conductor using the measured magnetization losses

A e AT AAoA  Egst=
BE Brandt)7} F89 #4& Fot
HIES 42 23H: 4 £y
A7 dARF 2=, & HE AF 59
Hheg = o] Sleh. AekEA ALt
F4ok= Aol Jhestth. dAARE FASH
Frot7] YalidEe HA QR 17t ATl 7)o nE
2T AAe] & JE A1) 2718 Lotor ftH olE
9ol Aok At #Ae AGatek A7l 2ol Hasi.
Zgatehe ARk ALt A2 A ()9 Z

A

2
=2
>

Nomalized loss =

2p
_27OTa)21( h B) — tanh )
—dﬁ[ncosﬁ anh f]

A A Q)eIA Qe FHAATY Futr Ask E4 g,
B 91RQ17L 2 A o] AT, o WF] A4S,
4t 2A% 29 $, ok 24550 L et g
By ¥t A T AAe] vl yErdd. old, gE
S402 Uehiel 4] 37t Zol BAE 4 it

B, m©B, 3)

ﬁ: B_d:ﬂojcd

91 4] (3)14 By 4 HE A7), Jk AAAF BE
CReREE, 4] (3)elA] & 4 il AT AL o
Ymeh AngL A o, CORC® AZelA
Aot e Bistotol el e me] Hughe 9
AT Quge A gistd &4 ddn
NS 7P W) 917k A1 gk p are & 4 et
9 SAES Bl AANTE FHT 5 Uk A%
&4 admeld Hde g ML g el @e o
SelAE A QF nlEste] 0 o HE AHE Hot 7T
QIEk. BlE gho] 0 o] S|t pgre AXISHA p=2.46429] Zh
Rk A 3y YART B it +402 Felstd A
(st 2ol veha 5 gt

o il N X o

L2 o ooxl
L = R R L 1 1

1 7By
24642 pod “)

642
1 A @A By Brete &4 JmoA 2o &4
FE 7HE wol A Q7 AR s UEdch
CORC®¢] A% UAg £2E 7121 §17] wiZol 2]Fof
AT 271 QI7FE S o ZF Ao 9] of whet A7t
ZARAchs 2 WY Aol w2 gt ok ahebA,
CORC®ell A= 1 =2 ZHolof thslf =2k 24717 489

BAAE FAste] 4]0 A8

Je=

Aeled T AoflA  HUighe
T U5HA YepoF g2 ofu| gt
19 4, 5= 6 mm =, 4 mm & AR E AZ5 CORC®9J
gatst | AskeA Jejmet Jejmo] Ao ghe 7HE wo
o17} A71e] ghe HAR 1dmolrt T moA & 4
U=ol, stte] AA Zo 2 Al&g CORCY] 4 T8 x=
D& SAe A7)l A kS /M #1e £ St &,
6 mmet 4 mm Z9°] AWE Aot A& F AL nF
0.068 TollA 2t 742 7H& gRlstqdrt. ol Be S
oA FLT AART 72 7HE ou|gttt. o] A et
Al (4ol tielete] Attt dAMF 2 1053 A 2
Asbect, shARE o] 3L T<es] AR g 7h=e] AAHAFE
7he oot w9k ghET 22~27(%] A= 9 22 3He HERf L
AUtk ol AsEA 4 A A7) 54 1HF o] YR AA
e 7= AHS AebA 2] 29 AR oS5t
Atk 271 o AlgstA S48 4%, CORC® 49| ¢

et AT e FYE 5 e Aol

e Aol B

|

o Ml

1E+04

—B—0.5 Pitch 6 mm x 4
—®&—0.7 Pitch 6 mm x 4
—A—1Pitch 6 mmx 4

—w¥— 1.3 Pitch 6 mm x 4
—— 1.5 Pitch 6 mm x 4

E
€
=
*
§1E+03- :%/:/:/ =
T /:/I/
% ‘/I/
g ®
z
R 4
0.01 ~—"1

Magnetic Flux Density [T]

Fig. 4. Normalized magnetization loss measurement result
of CORC? samples made of 6 mm width tape.
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Fig. 5. Normalized magnetization loss measurement result
of CORC?® samples made of 4 mm width tape.
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260 mm

' Voltage Tap

6 mm width / 180 mm pitch
4 strands CORC*®

360 mm

*

4 mm width / 180 mm pitch
6 strands CORC*

Copper block

Fig. 6. CORC® Sample for Critical Current Measurement.

4, A

dn
A

= =eolA ARl 4 2RE
Al A AAe E 7 5
AAAF FH2 7HE AL 2 AutEls 218 gl
SEARE, 91 o= 3R o) Aeb el Higt geE s A
CORC® =A| 9] YAMFE] 57 Aol vluwshor & Za
At wEkA, 2 A2 CORCP =A19] dAERF
7457l 9t AEe Al Sl ot Id 62 dAA
=742 913t CORC® AlE& yehdoh &2 7] Huld
CORC®E Hesto] ARE THAZ 4= A== Ao,
CORC?® A& 47l ¥E 749 AAE e JH=
A e Aol RE AR ABAA AFsHAH. 7
Aatt 2AekEA S0 AHg" CORCP9 ¢, AA T4 &
oFstAl MeAZIH AlRSt AR, AR AR 7 BE
Yo7l wEel 2T 22 dAdF @2 7P Ak
CORC®9] AT 49 AHdE o7l SAsiME d
theket AAMFE 7HAE CORC® AZo] "asitt, E3h
717l 574 Al ° AlEsHAl &4de S5tk At |
2717 0] RS 7HAE 2 271789 ke Zotof jitt
mebA 5 o ogdt A4 8 7 CORCY AlEs
Azstel &4 S H, 2ok T4 CORCY HEe
£ St A5 AT wht LA

CORC® EA|9 JAAR 24¢ s 5 842 o
shul, 242 98] AAE 2442 A8e] 9

Q7L CORCTY A}

Ken
Alksklct. BAG A4 Ft 7fek 58 A ket B

mz]e]  CORC*&
AR FE FAHsHAH. ol & T3l FLe
7t MEO A, BE FUT AdAA
A= At &5 A +E o thdshAl
CORC® AZg AFsta, 4

=
PARFE SAHAL AdAolth ol E8std & =&

AR, AskEAE

ACKNOWLEDGMENT

“ This research was supported by National R&D
Program through the National Research Foundation of
Korea(NRF) funded by Ministry of Science and ICT
(2022M319A1076800)”, “This research was supported by
Basic Science Research Program through the National
Research Foundation of Korea(NRF) funded by the
Ministry of Science and ICT (2021R1F1A1063208)”

REFERENCES

[1] M. Takayasu, et al., “Cabling Method for High Current Conductors
Made of HTS Tapes,” I|EEE Transactions on Applied
Superconductivity, vol. 21, 2011.

[2] Walter H. Fietz, Michael J. Wolf, Alan Preuss, Reinhard Heller, and
Klaus-Peter Weiss, “High-Current HTS Cables: Status and Actual
Development,” IEEE Transactions on Applied Superconductivity,
vol. 26, 2016.

[3] Makoto Takayasu, et al., “Investigation of HTS Twisted Stacked-
Tape Cable (TSTC) Conductor for High-Field, High-Current Fusion
Magnets,” IEEE Transactions on Applied Superconductivity, vol. 27,
Issue. 4, 2017

[4] Jeremy D Weiss, et al., “Introduction of CORC® wires: highly
flexible, round high-temperature superconducting wires for magnet
and power transmission applications,” Supercond Sci. Technol., vol.
30, no. 1, pp. 014002, 2017.

[5] D CVan Der Laan, etal., “A CORC® cable insert solenoid: the first
high-temperature superconducting insert magnet tested at currents
exceeding 4 kA in 14 T background magnetic field,” Supercond. Sci.
Technol., vol. 33, no. 5, pp. 05LT03, 2020.

[6] Xiaorong Wang, et al., “Development and performance of a 2.9
Tesla dipole magnet using high-temperature superconducting
CORC? wires,” Supercond. Sci. Technol., vol. 34, no. 1, pp. 015012,
2021.

[7] J. -K. Lee, Y. Kim, S. Lee, W. -S. Kim, C. Park and K. Choi,
“Estimation of the Critical Current Density From the Measured
Values of Perpendicular Magnetization Losses in HTS Coated
Conductors,” IEEE Transactions on Applied Superconductivity, vol.
21, no. 3, pp. 2345-2348, 2011.

[8] Z.Jiang and N. Amemiya, “An experimental method for total AC
loss measurement of high Tc superconductors,” Supercond Sci.
Technol., vol. 17, no. 3, pp. 371-379, 2004.

[91 E. H. Brandt, “Type-ll-superconductor strip with current in a
perpendicular magnetic field,” Physical review B, vol.48, Issue 17,
1993.



