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Introduction

Coated conductors experience high AC loss
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Measurements of AC loss in striated and soldered tapes
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MEMEP - minimum electro-magnetic entropy production FEM - finite element method
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CONCLUSION

Geometry of simulations: - Model for linear materials agrees with
measurements at low amplitudes
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4x8mm tape with two striations
1um thickness
20 um width of linear material at striation

Frequency 50 Hz At low frequencies (few Hz) soldered tapes present low
20mT . )
1 30t A coupling losses: important for magnets

C

P, 2.4x10™"" QOm (20um linear material) ;
Ne seive 30 Dimensions in mm

MEMEP simulations agree with FEM

MEMEP requires further development for long samples
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Introduction

Current has 3D behavior ELU)
Computation volume restricted to superconductor volume

3D formulation |

Vector and scalar potential

Low frequencies: Neglect terms with second derivatives of E and B (no electromagnetic radiation)
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For given E(J) relation, solving equations (1) and (2) same as minimizing (3) and (4)

V- E = 2 A_due to AJ change in applied J=(J +AJ)
€0 \* vector potential J : J at the beginning of time step

1
d(r) =
( ) 47T€0 V! ‘I'_I',‘ G) LJ:!

Q(r) /
dV 1 AASJ | AA@ |
/V(gAJ- Ar AJ - Ar U(J)+V¢-AJ) dV

v v

. J
" 3 change 3 U(3) = / E(J)-dJ’
V x B = /_LO-] —+ S J 0
c \*
Ar) 1
\ o L, — / <—Aq AG—V- (Jo+ AJ)) %
| v \280, |
J(r’ 1 E(r’
Afr) = 22 )y / ) gy change in 0= (6,400
%y v [T — I'!‘ 47 c? V! ‘I' — I'" in 1 time step ¢ : ¢ at the beginning of time step

z=4.75 [mm z=4.75 [mm] z=4.75 [mm] z=4.75 [mm] z=4.75 [mm]

° ]
3D solution | o - s s o e
8 r1 8 11 8 1
S 105
— b — 6 > — b
10x10x10 mm - - E 5 E E
=3 = E 0 i ] £
Frequency 50 Hz = A = E =
4 4 = 4
Ba 161 mT -0. 0.5
i 10° A/m® 2 ] 2 § 2
N 30
0 1. -1, 0 1.5 0
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8
X [mm] X [mm] x [mm] X [mm]
Ba z=1.75 [mm] z=1.75 [mm] z=1.75 [mm] z=1.75 [mm]
10 — 1.5 — 15 10 1.5
‘ Z 8 -4 1 Ll 1 8 1
6 . " 6
[ S— = E D -\_--N Q -
—» = \ = 3 e = .
o
0. 0.5
2 2
- 1
Y 0 -1 -1.5 _ 0
/ X 0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10 0 5 4 6 8 0 2 4 6 8 10
x [mm] x [mm] mm x [mm]
] _ X [mm] x [mm]
2=0.25 [mm)] z=0.25 [mm] z=0.25 [mm] z=0.25 [mm] z=0.25 [mm]
10 — 15 15 10 — 1. 10 — 15
1 -= 1 g B 1
. 8
|sotropic power law .
g ° £ g g ° |
N E E =
JNT I = £ £ 5 £ N o 3
EJ)=F. 2] = : 4 57
& 0. 0. 0.5
J. J
2 ] 2 _ 2 1
0 -1. 0 -1. 0
0 2 4 5 8 10 0 0 2 4 6 8 10 0 2 4 6 8 10
X [mm] X [mm] X [mm] x [mm]

o o Detailed modelin Calculation time
2D solution for coils | L M ) .
N= 1 month

1

.

e
More than 10000 turns . _—  — y 1.(B.6) 10 continuous
CI'DSS SECtIDn Df COII _—m . from measurements : --=------- second power fit '

at4.2Kupto30T 107 F 7 o
EULEUER | I | 28 | s | . ay
I | ] 20 | < [DK Hilton et al SuST 2y
] | 1 = —_— = I ,
] i L E A —— 0 & 28(2015) 074002 g 10
] | L =’ =
—— i —— — __ o6 | = : 1 hour
— i I — S ) 10°
] | I | € = 0F
—— . EE—— 2 = 05 ,
[ | I 0 o on | 102 |
I — i . I | — © _— 1 minute
1 L radius=50 MM . (L © 20 | : :
— i — | O — ' ' ' -1 10103 10* 10° 10°
I | I | © E——— 100 102 104 106 108 .
O : — | —————————————————————————————— number of elements in SUpEI’CDﬂdUCtOF’
- | | I ————
[ | [ 40 - E—
[ | S _— —
[ i [ -
I — i ] — ————
I |2 N Cake 26 | I—— Y = CONCLUSION
_60 I

50 60 /70 80 90 100

Up to 40000 turns with continuous approximation .
radius [mm]

3D model has potential for fast calculations




	Slide 1
	Slide 2



