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Focus of this study

< 2.4 uT/ sample space
< 0.24 uT/hour
v Main coil
ex) 50 ppm/sample space
3 ppm/sampling time

|

|y oy

e
(G

e B |

Sample | || v'Correction coil
space || v'Shim coil
u U\\ Room-temperature
| shim coll

Understanding of magnetic field distribution generated
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Why YBCQ? -High critical current density versus magnetic field-
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Why YBCO? —High tolerance to mechanical process-
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Advantage of YBCO NMR magnet

Low temperature
superconducting magnet
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Advantage of YBCO magnet

High
critical
Current
density

v'Ultra-high field magnet
v'Downsized high-field magnet
v Thermally stable magnet

High
High critical tolerant
temperature mechanical

stress



Differences of shapes between

Nb,Sn filament
Diameter: < a few um

Nb;Sn multi-filament wire
for 920 MHz NMR

T. Miyazaki, et.al., I[EEE Trans.Appl.
Supercond., 9 (1999) p. 2505

Thickness
~100 pum

and YBCO wires

.r

YBCO superconducting layer
(Thickness : 1 um)

Substrate *

Width: 1~12 mm
YBCO coated conductor (CC) ©



Challenges to construct YBCO superconducting coil
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W. D. Markiewicz et.al., Superond.
Sci. Techonol. 23 (2010)045017

Tolerance strain < 0.5 -0.9%

v"Method for winding YBCO CC
v'Screening current « Research topic

Screening current
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Screening current flowing in YBCO coated conductor

e CI +~ fl,
MR ] v 1l

AW ro (Aiie A
Ow IC \aue o
- Screening current density
A C. constants
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Influence on generation

magnetic field by screening current
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Understanding of current distribution in YBCO

coated conductor under field at low temperature
IS required.




Purpose of this study

Understanding how current flows in YBCO coated
conductor under a magnetic field at low temperature.

/ Current distribution in a straight single \
YBCO coated conductor

$

Magnetic-field distribution generated by
a YBCO pancake coil taking into account

\ screening current /
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Experimental setup

Superconducting YBCO CC
magnet Length: 20-26 mm
v Width: 4.1 mm

(SuperPower)

External magnetic field

Z
Lig. He t nductor
Hall densor y .. ~i t -

-

Coated
conductor

Hall{sensor

l;: Transport current

\ l;: Screening current
Superconducting magnet

Lﬁ
YBCO layer vy
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Measurement of /, —Transort erties of CC-

Current
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Determination of a method for estimating current
distribution flowing in a straight single
coated conductor.

Simple model of screening current

¥

Model of current distribution as one dimensional
Inverse problem

16



Experimental setup and symmetric current model

Lig. He . AfExternaI magnetic field

Hall sensor y

Coated
conductor

l;: Screening current

Superconducting magnet

17



Determination of dimension of screening current

- (x,z) =(0 mm, 2)

2 2
a+z

B (z)=

Iog

Superconducting
critical current

Magnetic field induced
by screening crurrent: SCF(mT)

e Calculation

I, is given by: B0
Ext | tic field: B (T
= 50.9(B_ /247)"“ (1—B, /247 )" viemal magnetic Held: B, (1

One-dimensional screening currents give SCFs.




Solution of one dimensional inverse problem
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J,(k): uniform sheet current density
The B, on z = h is described by Biot-Savart’s law:

B. (e 1) = Bu + (up/2) e 27, (6)log Lt (E-Dd)” + 4

1 (x+a-kd)* +h?
AB,: Magnetic fields generated by currents flowing in a CC.
AB = AJ

AB = [4B,(x4, h),..., 4B, (X, M), I = [J(T), ..., J(n)], A: A matrix m X n
Tikhonov regularization
J : obtainable by minimizing the function f: f = HAJ - B H2 + ,1||J ||2_‘

A: parameter to minimize f Experimental error
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Determination of a method for estimating current
distribution flowing in a straight single
coated conductor.

¥

Magnetic-field and current distributions
under self-field

v'Verification of current distribution

20



Experimental setup for measurement of self field distribution

External magnetic field

Coated
conducto

l;: Transport current

I.. Screening current
Superconaucting magnet
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Magnetic field and current distributions under self-field
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Verification of the current distribution
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Magnetic-field and current
distributions under a low
magnetic field

v'Comparison of magnetic field and current distributions
between experimental and calculation results

24




Bean model for thin superconducting films

Magnetization
o

<
Q
N

O

H,/H,
Magnetization curve of a thin superconducting film

based on the Bean model
E. H. Brandt et. al., Phys. Rev. B 48 (1993) 12893

J.: constant under any magnetic field
Amount of Magnetic flux: increasing




SCF at (x, z) = (0.2 mm, 0.4 mm)
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Experimental setup for measurement of total fields distribution

Z ¥ External magnetic field

l;: Transport current

l;: Screening current
Superconauctlng magnet
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SCF under a low external filed where magnetic flux is
going to the width
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Comparison of SCF under a low external field with the
Brandt’'s model
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Calculation and experimental results agree well under

low external field.




Magnetic field and current distributions under self-field
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When I, /1. 1s small, the Brandt’s model describes

the current distribution.




Magnetic-field and current
distributions under self field and a
high external magnetic field

v'Acquisition of current distributions flowing in a coated
conductor under self field and external magnetic field.
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Variations of hysteresis at symmetric positions

-~ 1 z=1mm
———————————————
x=0.6 mm
- 100
e A
o~ A
29 s0 :
— Q L
20 i
0 © I
3 *
o=
GC) _i -50 4
= %/ A Direction of varying
2 c - external magnetic fields
'g_looHH\‘H‘\HH\HH\HH\HH
0 1 2 3 4 5 6

External magnetic field (T)

Magnetic fields between

(mT)
3

z

with and without a CC 4B

X =-0.6 mm

o)
o

in P .
. A Direction of varying
- . ' external magnetic fields

Hysteresis shrinks in same ways and shifts in

opposite directions at symmetric positions.

1 2 3 4 5
External magnetic field (T)

6




Distributions of total current consisting of transport and

screening currentsat 1 T
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Distributions of total current consisting of transport and

screening currentat 5 T
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Normalization by J .
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Variations of J, / J as functions of /, /I
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Current distribution in a straight singie YBCO coated
conductor

Interaction between coated conductors?

How is the calculation carried out based
on the current distribution?

Calculation of magnetic-field distribution generated by a YBCO
pancake coll



Magnetic field distributions
generated by multiple YBCO
coated conductors

v'Calculation method of magnetic field distribution
generated by multiple coated conductors under
background magnetic filed.

v'Understanding how a screening current flows in each
coated conductor arranged and/or superimposed.




Magnetic field distribution generated by multiple coated
conductors

External magnetic field

z g Liq. He
Z=0.4 mm
H%II sensor/,y
1 | >
Coated

conductor

l;: Screening current
Superconducting magnet
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SCF at (x, z) = (0.2 mm, 0.4 mm) generated by multiple coated
conductors

EL%
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O I S S
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- 3 5
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—

3-parallel, 3-layers
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Distribution of SCF generated by multiple coated conductors
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Distribution of SCF generated by multiple coated conductors
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Current distribution in arranged and superimposed

coated conductors
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External magnetic field: B,,=1.0 T

The current distribution in each layer is almost same.




Current distribution in a straight singie YBCO coated
conductor

Interaction between coated conductors.

How is the calculation carried out based
on the current distribution?

Calculation of magnetic-field distribution generated by a YBCO
pancake coll



Magnetic-field distribution generated by a current flowing
in a YBCO pancake caoll

v'Calculation method of magnetic-field distribution generated
by pancake coils under background magnetic filed.

v Difference in magnetic-field distribution due to a difference

of a current distribution




A calculation model of magnetic field generated by actual current
distribution in a pancake coil
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A calculation of magnetic field distribution using Brandt’'s model

and homogeneous current in a single-turn coil under self field
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Magnetic field distribution generated by a multi-turn and

multi-layered pancake coll
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A reduction of influence of screening current on magnetic field

generated by a single-turn coil
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It Is Important how coils charge in order to reduce influence

of the screening current on the magnetic field.



Differences of current distributions between history of background

magnetic field tJ, region
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Control of current distribution enable reduction

of SCF.




Summary

The current distribution flowing in a coated conductor under
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low magnetic field foIIows Brandt's model (J, constant).

Variations of current distribution consisting of screening and
transport currents are determined by ratio of transport
current relative to critical current under high field.

Brief calculations of magnetic-field distributions generated by
YBCO pancake coils taking into account screening current
were carried out.

It is very important to control current distributions

- - NN - \/DD N

S In coated
conductors and r‘educe SCFs for YBCO NMR magn et

Future work
*Optimal design of YBCO NMR magnet including operating
conditions
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