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Outline

A Magnetization of YBCO and YBCO
cables othe need for simple, useful,
predictive expressions

A Development of analytic expressions,
comparsion to FEM

A Measurement of M-H for CORC and
Roebel tape using two different
magnetometers, and comparison to
expressions developed
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What does the
magnetization of HTS, Q=2NuoHojca
esp YBCO, look like? Ve () g ()

For flat strands with B tape

g [:—:-} [“H‘ln(cosh(—)) tanh(%)]
1. ForB perpendicular3 >> B,

a is half
width slabs :
2. ForB perpendicular << B, :
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3. For B perpendiculai3° B,

Figure 3. Field penetration into a thin slab (coated conductor).

The penetration field in this case is given by

Hy=L[in(F+1)] = ZHa[tn(F+1))]

where H;=0.4 J.t1s a charactenstic field. We note from Ref [16], that for Hy/H; = 3

S N~81-2 (Ho)Ln(Z)



What does the magnetization of HTS, esp
YBCO,look like?

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

M =ma’H,(1 — H?/3H?)

M+ = £J.a® |tanh Ho + 2tanh Ha ¥ HO}

H, 2H,

H, <<H,

M = Ja®[1 = 2exp(~2Ho /o) Ho> He

M_ sM/L=Jta°=]. a°

PHYSICAL REVIEW B

ais half width of tape

H, is applied field

H. = JJp, whereJ is sheet current A/m  p=m/Lta
J.s = Usuald *t

HO = Hmax

M. 4s moment per unit length
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But What about Cables?

A A lot more Difficult for CORC and Twist
stack!

(helical, super high aspect ratio, node -
hogging, multiple tape, tape -tape
Interaction, several loss components)

A Even Roebel has its complications!
A But, let us begin
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First question: What does flux distribution

even look like for a CORC wire/cable?

More like this? d mostly
flux exclusion?
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Or More like this? o

mostly flux penetration?
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Unravelling the CORC (and Twist Stack) Cable |

A Magnetization for coated conductor tapes is known
A A direct, analytic calculation for the loss of a CORC cable or
a twist stack had not been performed, exceptatat L,- =,

where U -0

A For all samples not in this limit (most samples), the
magnetization is lower, but not known.

A FEM approaches are computationally intensive, and give no
Insight

A Desired is a simple expression to give the magnetization of
CORC and twiststack cables

A Below we focus on the hysteretic component first -- other
contributions to be added later dand then give simple result

and compare to experiment
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Consider one tape of a CORC conductordoa
. helical wrap

This computation can be performed, but is
guite demanding in terms of computation time

whel  ltmm _______________________Tapewidth ____
w_hel/4 =0.25 mm Tape thickness
PR 45 mm Radius of helix axis
m (N_turns + 1)*w_hel + N turns*gap=35 mm helix height
gap w_hel=1 mm Gap between helix turns
m w_hel + gap =2 mm Helix twist pitch
N_turns 2 Number of turns in helix
N_turns*sqrt(pitch”2+(2*pi*r_hel)"2)=56.6899  Tape length in helix
e
w_hel*th_hel*] tape =14.17249058 mm? Tape volume i helix
101 A/m? Critical current density
.. . (T[Eit n)o Lap TIO
Yu LW PTI ,
C a
& UY 5000 kA/m
U —U0 — PR wpm—~ CY
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Magnetization of a helical Tape or
CORC cable in Saturation

. - p #
In general, in full o
penetration, _ a ! B Y,
> ’ | 4

(here w is the half
width) B I B I

We might then imagine that that loss could be calculatedby the simple expedientof
integratingthe averageof Eq (5) overa spatialfield cycle,suchthat

5 —— i"ﬁé‘%)’Qd —© ()¢ voo (5)F

This leads tM = (2/p)M,, Is this true? Yes ifL, >>w, but i n gener al

| Cart AC Loss and Macroscopic
Theory of SC, p 189,"2Ed




Let us consider the general case --
Magnetization of a helical Tape or CORC cable
In Saturation |l

[

T [ | : z, strand B
. ‘ . g ; / L ’,’: :‘
T 7 o

Y, Cable’\ . ! 1/

Point #11 the applied
field is spatially

iInhomogeneous as well as
time varying B

y.tape
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Magnetization of a helical Tape or CORC
2. In general, currents in the presence of  cable 1n Saturation Il

spatially inhomogeneous fields not a solved 3. The current flow is also spatially varying

problem | eads to fnend effect
Z,tape
B, tape 5 Sut spatially uniform field
ytape applied to a finite length sampl
Is a solved problem
o U
YO 0 0 cw L/2<Z
C P o0 "
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