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Overall critical current of CC tapes and devices when
local critical currents fluctuate along the tape length
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fluctuation of critical current along the tape length is a common feature of CC tapes

b,

{

{

{

Tape T: Pre-commercial tape 12 mm wid

¥

M

_#P

!

! Ic_mean= 651A) |

nl

I

)

|

L] ' )

!

X [m]

what is the value of , critical current” that should be used in the design of a device?
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Problems discussed

1) Is there a long-length equivalent of the short sample’s critical current ?
2) Could this long-length critical current be predicted from the parameters of statistical distribution of local /. ‘s ?
3) Knowing the /_fluctuation property of a single tape, what are the consequences to operation of cables and coils ?

4) Conclusions (answers)
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Overall critical current

the value of current at which the same electrical field is registered on the whole length as in the short sample testing
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Statistical description of / (x) data

mean value variance coefficient of variation
2
N N —_ 7T .
I Zi:l Ic,i var.. = i=1(lc,mean IC,l) c _ \/varlc
c,mean — Ic — var — T
N N Ic,mean

overall critical current is always lower than the mean

. . . . Ic,mean _ Ic,ovrl
deterioration because of /_ fluctuations Oftuct = ]
c,mean
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Statistical description of / (x) data
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Ic,mean - Ic,ovrl

Relation between the overall critical current and the mean value Oftuct = ;
cmean
computational exercise — many sets of artificially generated data with Gaussian distribution
0.07 .
o / points — exact formula
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all the results can be fitted by general formula:  Sfyucec = 1.03ncsg:
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Relation between the overall critical current and the mean value

I. (x) data of tapes T and S

o TapeS,n=25
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Ic,mean - Ic,ovrl
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points — exact formula
1
N n
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c,ovrl N ( 1 )n
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Ic,i

fit Gaussian:
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reduction of overall critical current slightly underestimated
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Estimation of the overall critical current for cables

ICZ].’ IC22’ I,C23’ cee tee ces cen cee nes

Ich, ,ICMZ’: ICMS’ seeeeeee ey ICMI’

ees e ]Clll\l

Assumptions:
* zero resistance at the terminations

* magnetic field produced by transported current is equivalent for all the tapes

[@] MT26 in Vancouver, Canada, 2019

ELU

talk Mon-Mo-0r3-02

6]‘ luct —

I c,mean I c,ovrl

I c,mean




: . - I, — I¢ ovri
Estimation of the overall critical current for cables Sftuce = ———
c,mean
lopts Teton letss oe v oo oo g Ly
logn Ieoz g, ovors e
O PP
M
a) no electrical contact between tapes cable current is the Ieovrins = z Ie,ovrt,j
sum of tape currents: =t
1
N n
for each of the tapes: I, 5 ; = —
N L)
=1 (Icij overall critical current of the cable is reduced the
same way as the tape’:
Ic,ovrl,ns =M (1 - 5fluct)lc,mean
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I c,mean I c,ovrl

Estimation of the overall critical current for cables Oftuct =

I c,mean

ICZ].’ ICZZ’ !023’ cee tee ces cen cee nes

ICM].’ ,ICMZ’: ICM3’ seeeeeee ey ICMI’

a) no electrical contact between tapes y / factor reflecting the /. suppression due to self-field
considering a non-equivalent self-field: I cable = Z il ape
j=1
M M
Ic,ovrl,ns = Z aj(l - 5fluct)lc,mean = (1 - 6fluct) Z ajlc,mean = (1 - Sfluct)lc,cable
j=1 j=1
self-field has no influence on the degradation due to /. fluctuations
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I c,mean I c,ovrl

Estimation of the overall critical current for cables Oftuct =

I c,mean

Xi =(1-1)AX  x;=14x

I | T I

E(X) U

Icable

—

b) perfect electrical contact between tapes

; n _ M for M >> 1: overall critical current of the cable is not reduced
E(iAx) = Ec< c_able) I.; = z I ~ because of /_fluctuations Iowrisn = ML, oo
Ic,i j=1 Ic,i ~ MIc,mean ‘ ’ ’
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I c,mean I c,ovrl

Estimation of the overall critical current for cables Oftuct =~
c,mean
Xi =(1-1)AX  x;=14x
Icable
E(x). U
b) perfect electrical contact between tapes
considering a non-equivalent self-field:
M M current sharing prevents the reduction of
A~ a:l I — ] _ overall critical current that would be caused
ileijself ;l Jfc,mean c,ovrl,sh c,mean a; .
= = — by /_fluctuations
Jj=1 ¢
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Ic,mean - Ic,ovrl

Estimation of the overall critical current for coils Oftuct =

I c,mean

single insulated tape (pancake coil)
Step 1: computation neglecting /I (x)

Turn 1,2,............ M=10 ;‘gg
_ 360 M ;
=< 340 ;
= coil
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ E Ucour = Ecz antur"’j I
g 300 - c,turn,j
T 280 J=1
£ 260
Surface: Magnetic flux density, norm [T] Arrow: Magnetic field Max: 0.140 © 240
0.14
220
0.12 200
0.1 Turn number
0.08
s Step 2: modification by Oryct
0.04 M
n
U.iur=E. Y 2nR Leoi = (1 = 8rppyee)U
coil,f — L TR tyrn,j 1-5 I - ( - fluct) coil
: | ‘ —1 ( - fluct) c,turn,j
50.012 0.016 0.02 0.024 0.028 0.032 0.036 0.04 0.044Min: 9.032e-8 .] -

overall critical current of the coil is reduced the same way as for the tape
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Ic,mean - Ic,ovrl

Estimation of the overall critical current for coils Oftuct =

Ic,mean

cabled conductor from parallel tapes

M
a) insulated tapes: Ic,ovrl,ns = Z(l - Sfluct)ajlc,mean = (1 - 5fluct)lc,coil
j=1

overall critical current is reduced the same way as for the single tape

a) non-insulated tapes, current sharing possible:

M
Ic,ovrl,sh = z ajlc,mean = Ic,coil
j=1

no reduction caused by /. fluctuation expected
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Conclusions

i
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Fluctuation of critical current in CC tapes causes that the “overall critical current”, /_,,,, measured on
long tape, is lower than the mean value, /_ ..., of the I (x) data

Basic statistical characterization (mean, standard deviation) of /_(x) data allows to estimate the
minimal expected reduction of /_,, in regard to /_ ...,

Cables and pancake coils from insulated tapes would suffer from /_(x) fluctuation in the same way as
the single tape

Sharing of current between parallel non-insulated tapes could result in the overall critical current
equal to /

¢,mean
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Statistical description of / (x) data

practical method: check of the cumulative probability

1
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Is such deviation from ideal statistical models significant?
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Statistical description of / (x) data

mean value variance coefficient of variation
2
N N 7
I Zi:l Ic,i var.. = i=1(lc,mean Ic,z) c _ \/varlc
c,mean — Ic — var — T
N N Ic,mean

TapeS 50 5 187.16 12.18 1.87

12 10 1 650.97 552.72 3.61
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