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Design of a cosine-theta dipole magnet considering influence of

shielding-current-induced field on field quality Y. Sogabe and N. Amemtya (Kyoto Univ.)

1. Background and objective 2. Analysis model

Cosine-theta dipole magnet wound with coated conductor Equation to be solved in analysis model Specifications of analyzed magnet
| o | / \ , Number of turn (conductor length) 2744 (5.48 km)
High magnetic field by using cryocooler V x lv T 0 Uy J‘ (V xT )X rdV 5Bext — 0 _ength of straight section 700 mm
Deterioration of field quality by large shielding-current-induced o ) Ot 4m Y 7 Ot ' _ength of entire magnet 1082 mm
field (SCIF) nner radius of magnet 60 mm
Necessity of generatign of time-dependent magnetic field with Thin Strip, neSted‘lOOpS, and block apprOXimationS Separation of turns 0.1 mm
sufficient accuracy for everytime are used In this model Y. Sogabe, et al.: IEEE Trans. Appl. Supercond. Dipole component 2.64 Tm
vol. 25, no. 3 (2015) Art. No. 4900205. Higher multipole components < 104 Ui | % |
3D shape of the magnet Layer-by-layer model Relative permeability ofiroyoke 3000 "o 20 40 @ s0 100 120 10

3. Detalls of analysis conditions

3D electromagnetic field analysis

X (mm)

Parameters of coated conductor Cross-section
To design considering influence of SCIF on field quality, % Width 5 mm "
accurate evaluation of time-dependent SCIF is essential. | Thickness 02MM  power-law model g— .|
Analyzed layer (cahnged in turn) Superconductor layer thickness 2 um o 5
E, 104 V/m "
® Conducting 3D electromagnetic field analysis f o a oA Kimmodel  J=J 20
. . BCO .0 X or 1.0 X 1/(;T\T B() 4 ‘Bn‘
for a cosine-theta dipole magnet ——— -
250 N
. . Specifications of current profile ool 1T TN T T T
¢ StUdylng how to reduce the influence of SCIF The influence of iron yoke is FT 200 A, 300's ff; 138— U S1—»\\/\ S1—»\\ -
. . considered as the image currents S1 150 A, 10's = 50 |/ ~ RU s
on the field quallty in the iron yoke I <o 100 A 10 s S o) o S %%
. Ramp up/down rate 2 AJs 0 200 4O'|9ime (ESS)OO 800 1000

6. Design strategy to reduce SCIF influence

4. Influence of load ratio on SCIF

n—1 .
When J ;= 1.6 x 10" A/m?, magnet | =360 Aand I_. /| = 55% I /1. = 66% B, =2 cosng ineodd. e Dipole component can be compensated by
When J_ = 1.3 x 10" A/m? magnet /| =300 Aand I_. /| = 66% —— Straight section  —— Coil-end section = minute correction of operating current.
90 T T T T T T T | . - . .
ley /I, = 55% I /1,=66% ABL =BL (t)-BL . (t) £/ v» 1 : ; e ABL (n>3) are sufficiently small for magnet in beam-line
= >0 - - L - BL means the integrated B along s S A - _ Or rotatlng Qantry
: 1 the beam direction =N R R R — Can be ignored
= 0" ""Nf """ """ - BL : Analysis result of . e ABL relate with condcutors .
Q- - 2n-pole component of BL = arrangement in cross-sections g0
< o r - BL . :2n-pole component of BL = " normal to beam direction 100 o 20104
| with uniform current = ‘ﬁ_{_ T\ . |5 [ rox el
g 10 | | | | | | | | | distribution El -0 [ N € %:-?1(.)0x1100'4
E & KX N B oLt | i : : " E® L1
= . . n the cross-section in coil-end, 2010,
S 0 \f _____ X\i m'gsrr‘ne;”'gfgé?tp'o Ugr /1) resulted __ 05 I I P S A N J distributions in conductors “ : I-4ﬁox1o-4
™ E | " " 20 -
§ o | because of small non-uniformity E obo o\ ______ - i‘{gsﬂ'fs‘fﬁ{f@tnf{ﬁ r?trt:iofﬁ 'Sr;(f{}f;n
10—ttt of J distribution in conductors = : J ' o » o @ o 10 12 0 o & o 10 12 o » o @ o 10 1
< —+—— M~ | ] = N x (mm) X (mm) X (mim)
- - 400 600 800 1000 g X10°r - Contribution of each Contribution of each This distribution almost
) High Lateral Time (s) < £1010 E conductor to ABL, in FT conductor to ABL, in S2 follows cos 3¢
/ — load ratio recten Coil-end section ‘g —— ..
- : J S 0 -~ o E By transposition of some conductors to larger ¢,
} _ J - " raight sectoin — . .
050 00 200 600 800 1000 Low - P o0 —— Coirend section z large change of ABL, in operating cycle can be cancelled
Time (s) load ratio 0| direction Straight section © -1x10”2 — n . . .
___________ . 20 Lateral position (mm) ® We are looking for 3D design based on this strategy!

With magnetization  Uniform
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