
IEEE CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), December 2021. 
Invited presentation HF-5 was given at the virtual CCA 2021, October 11-15, 2021.

IEEE CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), December 2021. 
Invited presentation HF-5 was given at the virtual CCA 2021, October 11-15, 2021.

Development of High-strength and HighStrain Tolerant  
CORC®Conductors for High-Field Magnets
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CORC® magnet cables and wires
CORC®wires(2.5 – 4.5 mm diameter)
• !"#$% &'"( ) * +((,-%. /01.2,-/3 )4 0$% +5µ(6
2#72/'0/.

• 891-:0;;9 $"("'. /30$ 07"#/ +5 /01.2
• <;.=-7;.,-/3 7.$%-$>%",$ /" ?45((%-0(./.'

CORC®cable (5 – 8 mm diameter)
• !"#$% &'"( + * @((,-%. /01.2,-/3 +5 * 45 µ(6
2#72/'0/.

• 891-:0;;9 $"("'. /30$ 07"#/ 45 /01.2
• <;.=-7;.,-/3 7.$%-$>%",$ /" AB55((%-0(./.'

CORC®-Cable In Conduit Conductor (CICC)
• C.'&"'(0$:. 023->3 02B55D5556E F@G) HD)5 8I
• J"(7-$0/-"$ "& (#;/-1;.JKLJM:07;.2"' ,-'.2
• N.$%-$>%-0(./.' 07"#/ B(./.'
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High-field insert solenoid wound from CORC® cables
Addressesmain challenges of low-inductance HTSmagnets
• K1.'0/. JKLJM-$2.'/ 2";.$"-% -$ 14 Tbackground field
• JKLJM-$2.'/ 23"#;% 30O.(.0$-$>&#; 7"'.P B55((%-0(./.'
• Q->3 "1.'0/-$>:#''.$/P 4,000 – 5,000A
• Je >200A/mm2

• K1.'0/. 0/ JBr source stress>250 MPa
CORC®cable layout
• )R6LSNJK/01.2 "& +((,-%/3 :"$/0-$-$> +5µ(2#72/'0/.2
• @G4T((JKLJM:07;. "#/.' %-0(./.'

CORC®insert layout
• B55(( -$$.' %-0(./.'D B@+((KU
• @ ;09.'2D @4 /#'$2
• BRG4( "& JKLJM:07;.
• !./V,"#$%,-/3 W/9:02/ )R45
• W/0-$;.222/..; "O.'70$%-$>7./,..$ ;09.'2

B@ 8X8W
FBTB((7"'.I
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CORC® magnet winding

!"#$%&'($% )#'*"&$)))#$$&++
,-$%.'"/*"0



IEEE CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), December 2021. 
Invited presentation HF-5 was given at the virtual CCA 2021, October 11-15, 2021.

IEEE CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), December 2021. 
Invited presentation HF-5 was given at the virtual CCA 2021, October 11-15, 2021.

CORC® magnet test: 14 T background field
Results14 Tbackground field
• Y0=-(#( :#''.$/ @D)55E /" 0O"-% Z#.$:3 /'->>.'
• I![@D@5@\5GB µ]^:(
• J"$/0:/ '.2-2/0$:. BBGB $_
• B4GRT 8:.$/'0; &-.;%
• BTG`` 8"$ :"$%#:/"'
• aN' 2"#':. 2/'.22)`4YC0
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CORC® insert solenoid test: summary

Applied
field  
[T]

Central field
at
Ic [T]

Peak
field  at
Ic [T]

Ic (0.1 µV/cm) 
[A]

n-
valu
e  [-]

Jw
[A/mm2]

Je
[A/mm2]

!" !#$#% !&$&% %'&!% ($) #"&$) &*"$&
!# !*$"+ !%$") *')"+ )$! !++$& &!*$#
!* !%$+, !,$(( *'*"* !"$% !,+$) #+!$)

CORC®insert impact
• First HTSinsert magnet tested at high current (>1 kA) in a background field
• W/07;.6"1.'0/-"$ ;-b.;9 %#. /" :#''.$/ 230'-$> 7./,..$ /01.2 -$ /3. JKLJM:07;.
• J"(7-$0/-"$ "& 3->3 ID J"0$% aN'%.("$2/'0/.% 0/ BTGR 81.0b &-.;%

12 32 -'" /$% 4''"5 $# '&25++
678$%9,"/2 69*2 :$9;",&2 <=>=>?
;##8)@AA/,*2,%0AB>2B>CCABDEBFEEECA'.GH.$

Conductor challenges when goingto higher field and larger coil diameters
• EJ.$/'0; W";.$"-% -$ 0 &#/#'. :"(10:/ &#2-"$ '.0:/"' (09 30O. 0aN'"& )556E^((# =6
)5 8=5G)( [R55YC0 F2"#':. 2/'.22I

• Q", /" &#'/3.' "1/-(-c. /3. JKLJM:"$%#:/"' /" 0;;", 3->3.' 3""1 2/'.22D67#/ 0;2" 0
3->3.' -''.O.'2-7;. 2/'0-$ ;-(-/d



Why is Nb-Ti the workhorse of superconducting magnets?
Nb-Ti isa superconducting magnet workhorse because
• e/f20 '"#$%
• e/f2 &#;;9 -2"/'"1-: F(.:30$-:0;;9 0$% .;.:/'"V(0>$./-:0;;9I
• U".2$f/ '.Z#-'. '.0:/-"$ 0&/.' (0>$./ ,-$%-$>
• e/f20 /'0$21"2.%D (#;/-&-;0(.$/ ,-'.
• e/f23->3;9 &;.=-7;.D 0;;",-$>O.'9 /->3/ 7.$%2

How about CORC®wires?
✔
✔
✔
✔
✔
FE/ ;.02/ 10'/;9I
Fg"/ /"" /->3/ 1;.02.hI

We know this, sowhat’s new? Tofind out, let’s consider this 44 year old plot:

e''.O.'2-7;. 2/'0-$ ;-(-/ #$%.' 0=-0; /.$2-"$ Fe$%%I .=:..%2)iD6
%'-O.$ 79 '.%#:/-"$ -$ g7V8-6:'"22V2.:/-"$,-/3 2/'0-$

e$%%%.&-$.% 0/
I!FeI^I!F5I ?j V̀jRi

J.W. Ekin, IEEE Transactions on Magnetics, Vol. MAG-13, No. 1, January 1977
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Irreversible strain limit of practical superconductors
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Irreversiblestrain limit (applied strain)
• Nb3Sn: 5GT4i kBl 1.2

• Bi-2212 wires: 5G+i k)l
• Bi-2223 tapes: 5G@i k+l
• REBCOCC: 5GTi k@l
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Applied strain [%]
TAU K*V#1 ;"/99'.(@ !"/'0'(/%;D4-*.77/(@ R#HH#*6 4-*(G"@ W/-/( XDO//@ X'H/+/5D4,H/--@ O'(/+%NDY''0(#G" I E(.,
ZDY"'$"@ScientificReports 8@ A[<?\ ]B<A\^
BK;"/99'.(@ _NO.@ !YL'H/$#+9/(@%!;4-*.77/(@ XX#*+9*+0 ONY''0(#G"@Superconduct. Sci. TechnolD 25@%
<A><<A ]B<AB^
[5D;DF*+ 0/( O**+@ XDND5'.9H*$@ ;D;D;H#G)+/(@%!D;D4-*.77/(@ ODNDY''0(#G"@ *+0%LDXDKD F*+8G)@4.,/(G'+0D 4G#D%
!/G"+'HD 24@ <[B<<A%]B<AA^
? F*+%0/( O**+5;*+08)#+ XR@Appl. Phys.LettD 90@ <>B>< %̀]B<<C^

Howabout CORC®wires?
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The effect of axial tensile strain on Ic of CORC® wires

Simplified description of CORC®wire structure
• LSNJK/01.2,"#$% -$ 03.;-:0; &023-"$ "$ 2";-% :"'.
• 801.27.30O.0221'-$>2m .=/.$%-$>0=-0;;9 0$%66
:"$/'0:/-$> '0%-0;;9 #$%.' /.$2-;. ;"0%

• 83. :"'. 0:/2 0:.$/'0; 2#11"'/D 7#/ 0;2" :"$&-$.2/3.66
'0%-0; :"$/'0:/-"$ "& /3. 21'-$>2

Testing CORC®wires under axial tension
• 8.2/ 1.'&"'(.% -$ Xg# 0/ ``H
• Y0=-(#( ;"0% "& B+ bg011;-.% /" /.'(-$0/-"$2
• W0(1;. 2/'0-$(.02#'.% ,-/3 10-' "& :;0(1V"$66
.=/.$2"(./.'2
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Performance of a standard 30-tape CORC® wire

BG) * BG+i

`TH

• Critical strain isalready twice that of a straight REBCOtape
• Critical stressof 150 MPa iscompetitive with magnet conductors suchasNb3Sn

Standard CORC®wire
• +5LSNJK/01.2"& )((,-%/3
• E$$.0;.% :"11.' &"'(.' F)G44((%-0(./.'I
• !-'. %-0(./.' +GT((
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Effect of tape winding angle on eirr

Tape winding angle drives the irreversible strain limit in CORC®wires

Q->3 0$>;.P α [@5V@4n X", 0$>;.P α [+5V+Tn

BG) * BG+i + * +G@ i
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Verification of tape Ic retention after strain
Procedure
• W/'0-$ JKLJM,-'. /" 5GR4 = e$%%
• S=/'0:/ /01.2&'"(JKLJM,-'.
• Y.02#'. I! &'"( .=/'0:/.% /01.2

Results
• JKLJM,-'. './.$/-"$ jRi
• S=/'0:/.% /01. I! './.$/-"$ jRi

High eirr of 3.3%isreal!

ε&'([)GRi

ε&'([)GRi
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Analytical verification of strain results
Analytical approach
• J0;:#;0/. /3. /01. 0=-0; 2/'0-$ &'"( :30$>. -$ >."(./'9
• e>$"'. /3. /"'2-"$ :"(1"$.$/

CORC®with high  
windinganglesCORC® with

low winding
angles
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FEM verification of results
FEM approach
• J0;:#;0/. LSNJKO0;#. .=:..%-$>e$%%
• E22#(.26I! :"''.;0/.2 /" '.(0-$-$>66
2#1.':"$%#:/-$>O";#(.

FEM-
Calculated  
values

!"#
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Extending eirr of high tape count CORC® wires
Optimized 28-tape CORC®wire layout
• )R /01.2"& )((,-%/3 F+5 µ(2#72/'0/.I
• B@ ;09.'2,"#$% "$ )G44(( :"11.' &"'(.'
• /01.,-$%-$>0$>;. )4 * +4oD %.1.$%-$>"$ ;09.'

Optimized 28-tape CORC®wire : eirr= 6 – 7 %!!
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Verification of tape Ic retention after high strain
Optimized 28-tape CORC®wire
• JKLJM,-'. I! './.$/-"$ jRi0/ `i2/'0-$
• S=/'0:/.% /01. I! './.$/-"$ jji
• K$;9 /01.2 -$ /3. -$$.' ;09.' 0'. %0(0>.%

`TH `TH

Irreversible strain limit in CORC®wires canbe increased significantly by 
minimizingthe tape windingangle
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Axial strain practical superconductors Master Plot

!"#$$%$ &'(') *+ ,-.//0123 .( '4+ 5657253 8%988% :$8%$;
*<=5>&'(') *+?,-.//012 .( '4+Scientific Reports 83 %=8@A?:$8%A;
*<7" &'(') BCD"> .( '4+ IEEETrans. on Mag.E04+ FGH#%=:%;3 *0+ % :%IJJ;??
K.!,L&'(') M+ N'> &.2 O''>.( '4+Appl. Phys. Lett+ 903 89$98P :$88J;
N. Cheggour et al. SUST253 8%988% :$8%$;

CORC®wirescan now be engineered to have eirr:
• twiceashighasNb-Ti
• 10 timesashigh asREBCOcoated conductors
• 20 timesashigh asNb3Sn,Bi-2212 and Bi-2223

I99$8#$/+H,%+87.&*9'#*,"@+-'"+/$%+4''"+et al. JK*0;+F#$L8$%'#7%$+)78$%9,"/79#*"0+3MN3OP*%$)+
P*#; %$9,%/F.%$'Q*"0 'R*'& #$")*&$ )#%'*" #,&$%'"9$ 8%$)$"# '.%$'Q#;%,70; H,% ;*0;FH*$&/ L'0"$#)S+
1M!;##8)@AA/,*2,%0AB>2B>CCABDEBFEEECA'9B''$
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CORC® wires with improved mechanical tensile strength

GET

Irreversible tensile stress limit of CORC®wires canbe engineered to exceed 600 MPa at 77 K

Critical stress limit under tension (12-tape CORC®wire)
• J'-/-:0; 2/'.22 ;-(-/ ,-/3 soft annealed copper &"'(.'P 134 MPa
• J'-/-:0; 2/'.22 ;-(-/ ,-/3 half hard copper &"'(.'P 280 MPa
• J'-/-:0; 2/'.22 ;-(-/ ,-/3 CuBe &"'(.'P 613 MPa

1,036 lbs!
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Summary
First high-current CORC®insert solenoid successfully tested
• K1.'0/-"$ 0/ "O.' @G@ bE -$ B@ 870:b>'"#$% &-.;%D >.$.'0/-$> 01.0b &-.;% "& BTG̀ ` 8
• K1.'0/.% 0/ )R)E^((# 0$% )`46YC0aN'2"#':.62/'.2260/ B@6870:b>'"#$% &-.;%
The helical winding of REBCOtapes isCORC®wires allows
• 8"(.:30$-:0;;9 %.:"#1;. /3. :.'0(-:LSNJK&-;( &'"( /3.JKLJM,-'.2
• L.%#:. /3. 2/'0-$ /'0$2&.' &'"( /3. JKLJM,-'. /" /3. LSNJK&-;(
• E;;", /3. -''.O.'2-7;. 2/'0-$ ;-(-/ #$%.' 0=-0; /.$2-"$ -$ JKLJM,-'.2 /" &0' .=:..%6
/30/ "& /3. LSNJK/01.

• 83-2 0;;",2 .=/'.(.;9 3->3 -''.O.'2-7;. 2/'0-$ ;-(-/2 -$ JKLJM,-'.2 "& 6̀i
Optimized CORC®wires have an irreversible strain limit under tension
• Y"'. /30$ B5= /30/ "& LSNJK/01.2
• Y"'. /30$ )5= /30/ "& "/3.' Q8W0$%g7)W$
• U"#7;. /30/ "& g78-
Mechanically decoupling of the REBCOlayer allows
• 83.JKLJM,-'. 2/'.$>/3 #$%.' 0=-0; /.$2-"$ /" 7. %./.'(-$.% 0;("2/ .$/-'.;9 "$6
/30/ "& /3. &"'(.'

• JKLJM,-'.2 ,-/3 O.'9 3->3 :'-/-:0; 2/'.22 .=:..%-$>6T55YC00/ ``H30O. 7..$
%.("$2/'0/.%


