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Estimation of critical current density of a YBCO coated conductor from
a measurement of magnetization loss
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Abstract: For large scale power applications of
HTS conductor, it is getting more important to have
a stacked HTS coated conductor with low loss and
large current capacity. But it was not easy to
measure some electric properties. Stabilizer free
YBCO CC for striated/ stacked conductors is easily
burned out during the measurement of the critical
current density because it has no stabilizer and it is
difficult to set—up the current lead and voltage taps
because it has many pieces of YBCO CC in a
conductor. Instead of direct measuring the critical
current of a stacked HTS coated conductor, indirect
estimation from measuring a magnetization loss of
HTS coated conductor could be useful for practical
estimation of the critical current. The magnetization
loss of a superconductor is supposed to be affected
by a full penetrating magnetic field, and it tends to
show an inflection point at the full penetrating
magnetic field when we generate the graph of
magnetization loss vs. external magnetic field. The
full penetrating magnetic field depends on the shape
of the conductor and its critical current density, so
we can estimate the effective critical current density
from measuring the magnetization loss. In this
paper, to prove the effectiveness of this indirect
estimation of the critical current, we prepared
several different kinds of YBCO CC(coated
conductor) including a stacked conductor short
samples and measured the magnetization losses and
the critical currents of each sample by using linked
pick up coils and direct voltage measurement with
transport current respectively.

Key Words: magnetization loss, indirect estimation,
critical current density.
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Fig. 1. Experimental circuit for magnetization loss
measurement.
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Table 1. Specification of HTS Conductor.

Sample 1 Sample 2 | Sample 3 | Sample 4
Type SF12050 | SCS12050 | SCS4050 344C
Width (mm) 12 12 4 4.3
Thickness (mm) 0.05 0.095 0.095 0.2
Stabilizer 4OC:m 40(;‘le log;'m
Substrate Hastelloy Hastelloy Hastelloy Nib%W
Sample 5 | Sample 6 | Sample 7 | Sample 8
Type FLNL45 FLNL5.3 F2N1 53 FLN2 5.3
Width (mm) 4.5 5.3 5.3 10.6
Thickness (mm) 0.05 0.05 0.05 0.05
Stabilizer - - - -
Substrate Hastelloy Hastelloy Hastelloy Hastelloy

Sample 1
{Stabilizer free)

Sample 2
{ Cu stabilizen)

Sample 3
{ Cu stabilizer}

Sample 4
(Cu stabilizer)

Sample 5
{Stabilizer free)

Sample 6
{Stabilizer free)

Sample 7
(Stabilizer free)

Sample 8
(Stabilizer free)

Fig. 2. Configuration of HTS Samples.
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Fig. 3. Experimental result of magnetization loss
measurement . sample 1, 2, 3, 4.
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Fig. 4. Experimental result of magnetization loss
measurement : sample 5, 6, 7, 8.
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Fig. 6. Experimental result of normalized magnetization
loss measurement - sample 1, 2, 3, 4.
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Fig. 7. Experimental result of normalized magnetization
loss measurement : sample 5, 6, 7, 8.
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Fig. 8. Experimental result of critical current
measurement : sample 1, 2, 3, 4.
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Fig. 9. Experimental result of critical current
measurement : sample 5, 6, 7, 8.

Table 2. Comparison of result of measurement and
estimation.

Estimation of | Measurement of
critical current | critical current error
density density

Sample 1 277 Af/m? 286 A/m? 32 %

Sample 2 213 A/m’ 268 A/m? 19 %

Sample 3 277 A/m? 279 A/m? 0.7 %

Sample 4 298 Af/m? 205 A/m? 45 %

Sample 5 215 Afm? 220 A/m? 2.3 %

Sample 6 263 A/m? 248 A/m? 6 %

Sample 7 338 A/m? 340 A/m? 06 %

Sample 8 273 A/m? 257 A/m? 58 %
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