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Motivation

0 Non-uniform current distributions in HTS tapes
affect the field qualities of magnets wound with
HTS tapes: shielding (screening) current issue.

0 Electromagnetic field analyses are the popular
approach to this issue.
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Motivation (continued)

Exact geometry Axisymmetric approximation

S

Pancake coil: plane spiral Pancake coil: nested one-turn loops
Solenoid coil: helix of coated conductors

Solenoid coil: stacked one-turn loops
of coated conductors

» Cross-sectional analyses
* Reduction of CPU time and memory
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Objective

Comparison between the model based on the
exact coil geometry and the model based on the

axisymmetric approximation

v Focus on shielding-current-induced field (SCIF)
v Detalled results on stacked-pancake coils
v Some results on a multilayered solenoid coil: the
difference from the pancake coills ]
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Outline

0 Stacked pancake colls

m Key Issues of the concern on the axisymmetric
approximation

m Models for analyses
m Results
0 Multilayered solenoid coll
m Model for analyses
m Results

0 Conclusion
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Pancake colls
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—RKEy TSSUES Of the COTCENT OIT
the axisymmetric
apprexmation
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Key Issues of concern on axisymmetric approximation

Model SP Shielding current

: I I I I Developed
@_;) - -
i 1 i | 1
1 r 1 1 1 : 1 :
(2) Different (~--- —
loops i —

Model AX ~__ )

i (3)
p——
£ Combined

Shielding cu{rent

1. Different current path: neglecting transverse J -> SCIF
2. Different inductance -> decay time constant of shielding current
3. Different tape geometry (even if assuming uniform current distribution)
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Models for analyses
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E-J and J_—B,, characteristics
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Stacked pancake colls for analyses

Conductor width
Conductor / SC layer thickness
Inner / outer radius
Number of turn per PC
Turn separation
Conductor length per PC
Number of PCs

Separation between PCs

Magnetic field at coil center
Maximum normal field component
Load ratio of coil @ 300 A

N. Amemiya, HTS MODELLING 2016

PC-S PC-L
5 mm
0.2mm/2 um
50 mm / 62.5 mm 250 mm / 262.5 mm
50 50
0.05 mm 0.05 mm
18 m 80.4 m
30 30
0.5 mm
2.83T @ 300 A 1.05T @ 300 A
1.8T @ 300 A 1.97 T @ 300 A
0.66 0.70
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Operating point on | — B plots and excitation pattern

I ™ S B

Magnetic field at coil center
Maximum normal field component
Load ratio of coil @ 300 A

1000

500

Current (A)

300

Magnetic flux density (T)
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2.83 T @ 300 A 1.05T @ 300 A
1.8 T @ 300 A 1.97 T @ 300 A
0.66 0.70

500 A
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Two models for analyses

O

Model SP Model AX
(Exact spiral geometry) (Nested axisymmetric one-turn loops)

- '+ Analyzing one PC || Pancake by
BN L pancake analysis

—

30 cols Other PCs are represented | Repeated for
Psm | py line currents in order to all PCs
apply the field to the
- analyzed PC
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Governing equation and constitutive equation

(Faraday’s law )

(Biot-Savart’s

........... '/'Jéi""Qj"g

(Definition of current

DXE'+a—B‘

T ot

oooooooooooooooooooooooooooooo

vector potentlal )

..........................

E :i;_].]U(J); Equivalent conductivity derived from

oooooooooooooooooooooooooooooo

E-J characteristic: Ex. E=E,(J/J.)

Thin strip approximation
High cross-sectional aspect ratio of
coated-conductor allows its use.

oT  aJy_
T, 1 H= ox o0z =0
,u_H_.l_'__ 7,1~_/y __________
z == oT
yi % 14 9y oz
X J.=0

N. Amemiya, ICSM 2016

_ Integrate along thickness
~ of coated-conductor

----------------------------------------------------------------------------------------------------------------------

(DxT)xr
dS=0:
41T atj r3

----------------------------------------------------------------------------------------------------------------------
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Results
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PC-S

Model SP: normal field component and
current profile with induced shielding current

1.5

20 mm

7/%

0 10 20

/ En|arged Longitudinal position (m)
A
f v t

Inner end Outer end

Current lines on the entire length of
coated conductor of the top pancake coil 60 A / line
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PC-S

Lateral current distributions (top pancake)
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PC-S

Electric field and change in current distribution
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PC-S

Magnetization distribution on coated conductor

-U,M: magnetization
B: Magnetic flux density z4,H: Field generated by other PCs

0.6

0o E
§O

-0.6 |3~

-1.2

—poM = B — poH

Longitudinal direction

t=0s, Model SP, top PC

Lateral direction
_>

Inner end

1
S

Stape tape

Longitudinal direction

t =0 s, Model AX, top PC

Lateral direction
_>

Inner end Outer end

1
_I-lojwtape= S—f —UoMdS = 346.3 mT
tape v S,

tape

% b K A
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PC-S

Temporal evolution of magnetic field at coil center

L
N

2785
B ’ 1 Model SP
| // II — — Model AX _
Model SP ] Model AX
2'38’0 2x105" 4x10°  6x10° 8x10° 1x10°
,/ I Time(s)
Y ! o
/ ! Model SP Shielding current
’ I AL S S &
|m——— -_ - _. _______________ I . ! - ; Developed
! Is this difference caused by ! e =
1 ) . 1 ifferent (----< ——
' edifferent current path: neglecting AT S B T i(a)
' transverse J? | — 0
I ] I 1 m
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PC-S

Compensation of influence of different geometry

Model AX 2. projecting the current AXy Model SP

distributions on the
spiral coated conductor

1. Calculating 2795 =] AX 2796 — 0
current I _ - - | I ]
distributions n 1 SP i ]
by using = i =L SP AXy 1
model AX = ] = | ]
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PC-S

Influence of SCIF

-40
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PC-S, PC-L

Comparison between PC-S and PC-L
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Influence of axisymmetric approximation (ppm)
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Solenoid coll
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Models for analyses
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Multilayered solenoid coll

n
=
X

Conductor width 5mm é
Conductor / SC layer thickness 0.2mm/2 um E
Inner / outer radius 50 mm /62.5 mm %
Number of turn per layer 30 %
Turn separation 0.5 mm E
Conductor length per layer 12 m =
Number of layers 50
Separation between layer 0.05 mm

b K 5
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Models for analyses

Model HX
(Exact spiral geometry)

v' The layer-by-layer analysis applied: not analyzed layers represented
by sets of line currents in order to apply the field to the analyzed layer
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Results

N. Amemiya, HTS MODELLING 2016
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Model HX: normal field component, load ratio

SL

and current profile with induced shielding current

N. Amemiya, HTS MODELLING 2016

(t=05s)
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SL

Magnetization distribution on coated conductor

-U,M: magnetization

“HoM =Bl g, Magnetic flux density z4H: Field generated by other PCs

Longitudinal direction

Lateral direction

T

Center of layer

t =0 s, Model HX, the 25th layer

1 T | T | T T T

g 300 A

05 /

Low load ratio T T e e T

Longitudinal position (m)

Lateral
direction

Lateral
direction

Lateral
direction

With magnetization Uniform With magnetization Uniform

Load ratio

High load ratio
) 5K 2
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Conclusion

0 The following scheme enables us to calculate the magnetic
field of a stacked pancake coils accurately and with less

CPU time and memory.

— |~

TR

/777~ ~N\\\
N YN

WAL
NN nding the —
NGl = Exte 9 Projecting the
calculated
) current current
quculatlng on_a distribution to distributions on
coil cross section the spiral coated
the nested
conductor
one-turn loops

0 The approximation of nested one-turn loops is also useful for

non-axisymmetric coils such as saddle-shape coills.
N. Amemiya, HTS MODELLING 2016 a1 J@y AT s 9

w
oot

=/ KYOTO UNIVERSITY

L




Back-up slides
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Consideration of three-dimensionally-curved
coated conductors

Source point on same strand

Field point

Wide face of coated conductor
Source point on other strand

x| LoxnT |m+2 ﬂotSjl(Dx”T)xrmdS%Bextm =0

o ot\ 4 rs

/\

This term representing B in Faraday’s law is calculated by Biot-Savart’s
law based on currents on arbitrary 3D-shaped conductor

N. Amemiya, UK-J WS PAS, 13 April 2015 33



Magnetization measurements to determine E-J

de

Lo

6m G dm
i E:_Ho

4wd dt

d: thickness of superconductor
G: geometrical factor 7.17 x 10*
m: magnetization of sample

1x10°

5x107

Magnetization (A/m)
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wH, =027 _
=05 T T=30K |
wH.=10T

X > H O

0 1 L1l 11l 1 L1l
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N. Amemiya, HTS MODELLING 2016

Time (s)

NIV, N a A
S
© &
2 '}'
x < , ‘
10 g
QWP
ED

KYOTO UNIVERSITY

34



Figures not used

Current density (A m'2)

N. Amemiya, HTS MODELLING 2016
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PC-S

Lateral current distributions

Current density (A m'2)
Current density (A m'2)

= &= o ————————————
e i e |
Current density (A m'2)

b K 5
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PC-S

Influence of different geometry (uniform current)

Magnetic field calculated with
uniform current distribution
Model SP (SP,) | Model AX (AX,)

2.83488 T 2.83686 T
Model SP Difference ~ 2 mT Model AX
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PC-S

Temporal evolution of magnetic field at coil center
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PC-S

SP, AX, AX, (linear, log, values)
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2.78201 T (t=0s)

BRAIECOM I RERSICNTEIHE
(AX,—SP) / SP, =9.2 ppm

NIV N oa A
QS
© & l .
2
x < , ‘
o g 1y
OB
ED

KYOTO UNIVERSITY

39



PC-S

3. BTER
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3/71W7%T
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PC-L
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PC-L
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