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Outline

ÅMagnetization of YBCO and YBCO 

cables ðthe need for simple, useful, 

predictive expressions

ÅDevelopment of analytic expressions, 

comparsion to FEM

ÅMeasurement of M-H for CORC and 

Roebel tape using two different 

magnetometers, and comparison to 

expressions developed



Department of Materials 

Science and Engineering

What does the 

magnetization of HTS, 

esp YBCO, look like?
For flat strands with B ̂ tape

1. For B perpendicular, B >> Bp

ɝὓ ὥὐ

slabs

2. For B perpendicular, B << Bp

ὓ Њ

3. For B perpendicular, BºBp

a is half 

width

As the width 

becomes infinite

Summary of Loss expressions will appear 

in next edition handbook
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What does the magnetization of HTS, esp

YBCO, look like?

4. For B perpendicular, if we want M=f(H)

a is half width of tape

Ha is applied field

Hc = Jc/p, where J is sheet current A/m

Jcs = usual Jc*t

H0 = Hmax

M¬®is moment per unit length

M=m/Lta

M¬®=M/L=Jcta
2=Jcsa

2

Ha << Hc



Department of Materials 

Science and Engineering

But What about Cables?

ÅA lot more Difficult for CORC and Twist 

stack!

(helical, super high aspect ratio, node -

hogging, multiple tape, tape -tape 

interaction, several loss components)

ÅEven Roebel has its complications!

ÅBut, let us begin
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First question: What does flux distribution 

even look like for a CORC wire/cable? 

More like this? ðmostly 

flux exclusion?

Or More like this? ð

mostly flux penetration?

That is: Does the CORC cable act like a solid rod, or like a slotted stack of 

tapes?
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Unravelling the CORC (and Twist Stack) Cable I
ÅMagnetization for coated conductor tapes is known

ÅA direct, analytic calculation for the loss of a CORC cable or 

a twist stack had not been performed, except at at Lp­¤, 

where ὓ ὓ

ÅFor all samples not in this limit (most samples), the 

magnetization is lower, but not known. 

ÅFEM approaches are computationally intensive, and give no 

insight

ÅDesired is a simple expression to give the magnetization of 

CORC and twist stack cables

ÅBelow we focus on the hysteretic component first -- other 

contributions to be added later ðand then give simple result 

and compare to experiment
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Consider one tape of a CORC conductor ða 

helical wrap
This computation can be performed, but is 

quite demanding in terms of computation time

Ўὓ ὐὥ ρπ
πȢππρ

ς

υὼρπὃ

ά

φȢςυὝ

ὓ
ς

“
ὓ
ρ

ς
ρȢυωὼρπ

ὃ

ά
ςὝ

5000 kA/m



Department of Materials 

Science and Engineering

Magnetization of a helical Tape or 

CORC cable in Saturation

BB

We might then imagine that that loss could be calculatedby the simple expedientof

integratingtheaverageof Eq (5) overaspatialfield cycle,suchthat

ὗ ᷿ίὭὲ Ὠᾀ ς ς‘ὐύὌ
Ⱬ
╠

ὗπ=ς‘Ὄὐύ

In general, in full 

penetration, 

(here w is the half 

width)

Carr, AC Loss and Macroscopic 

Theory of SC, p 189, 2nd Ed

This leads to M = (2/p)M0. Is this true?  Yes if Lp >> w, but in general, notéé
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Let us consider the general case --

Magnetization of a helical Tape or CORC cable 

in Saturation II

y, cable

z, strand

By,tape

z,tape
Point #1 ïthe applied 

field is spatially 

inhomogeneous as well as 

time varying
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Magnetization of a helical Tape or CORC 

cable in Saturation III

By,tape

z,tape

2. In general, currents in the presence of 

spatially inhomogeneous fields not a solved 

problem

By,tape

z,tape

But spatially uniform field 

applied to a finite length sample 

is a solved problem
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L/2 > Zm

L/2 < Zm

3. The current flow is also spatially varying, 

leads to ñend effects!ò


