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—— ¥ Introduction } — v Introduction of the § T EMPS magnet

» The Korea Basic Science Institute (KBSI) embarked a project whose goal is to develop a 9 T 155-mm winding bore (50-mm sample space) NbTi magnet

for an Electro-Magnetic Property measurement System (EMPS) in 2017. @ System structure of the EMPS @ Design constraints for the S T EMPS magnet
» Prior to completion of the 9 T EMPS magnet, , a 5 T 155-mm winding bore NbTi magnet will be fabricated as a proto-type magnet. Parameters nstraints
> As the sample space is twice larger than that of conventional Physical Property Measurement System (PPMS, 25-mm), it will be possible to measure the Center field >5T
electro-magnetic properties of several samples at a time, therefore measurement time and cost will be reduced. i . Field homogeneity <1% @ 50 mm DSV
easurement Superconducting . o et
» Optimal design and quench analysis were carried out to determine the specifications of the magnet. console magnet Operating current <70 % of critical current @ 4.2 K
Max. hoop stress <130 MPa
» Hybrid genetic algorithm was used to design the 5 T magnet,. First Linear Programming Method (LPM) restricted the magnet area. After that, adoptive Height <300 mm
Genetic Algorithm (GA) was carried out to determine the detail specifications of the magnet. .
Outer radius <150 mm

» Quench analysis on the designed magnet was also performed to verify the maximum temperature of the magnet.

4{»/ Design of the 5§ T EMPS magnet i i\/ Quench Analysis of the magnet

@ Design Process @ Step 1 - Linear Programming (LPM) » To verify the thermal stability during a quench, maximum temperature calculation of the designed 5 T magnet was carried out.
» The magnet composed of multi-coils (3 coils) are divided into small unit cells in three dimensional space. The governing equation of the unit cell is as follows.
I Set up the design specifications 0.15 *The LPM is employed to obtain a global T ) )
. optimal cument distribution in 2 feasible C(T) ==V [k:d (T) VT] + Ped (T) ]cdz (t) (;) Re ratel of c:antg'e of tlhernl:al e.l:ergli' density at each unit cell.
space of a magnet. The linear constraints ot 23; Jo:l';“:l:;‘:: el;il:o:n?t ::l: unit cell.
Linear Programming Method (LPM) E 075w Coil2 area os40m related with magnetic field restrict the M @ 3 .
§ Ol sooom | distribution of the magnet. . .
1) Center field > 5 T g ] @ The thermal conduction in coils @ The quench analysis process 4 Maximum temperature calculation
2) Field h ity <1.0 % @ 50 DSV =t e i . . . P -axi:
) Field homogenelty ¢ S0mm & E::";::,:‘:':.:'g‘:lf ;Tm, i * The grid with points means the optimized Cro ©
3 | magnet space and these points restrict the The ""‘}:"'n';';“;mmu nided o
Estimate the structure and region of the| * | i magnet regior. N 50
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5 T EMPS coils from the LPM results Dimckionsof e colt =+ —— = wmn |« The optimized magnet is composed of m...in.m...- < Y‘ i;e;ngz:a:&r:e?‘: hot spot [’ 0z
& are [lyimited to“Coil 1 area’] | | |Coillaren IR-axis three coils. The limit of the R-direction and R-axis N o=t ERT) g b=
Coil cente try _di i s 30 5
oiltenter 075 ;m—f,_mé;\d‘ 0ss symmery 0055 | Z-direction are about 94 mm and 90 mm, Calelte oue heat Q) ofthe ’UM"EI;T;:};":E:f:“T('“ o ‘ o} \ £
Set up the design variables (x) Sliteetionm] respectively resistive state cel i = g0 S
[ Global optimal current distributions from the LPM ] T 1 § \ 20 O
- N Update the temperature of 40
Caleulate thermal conduction (QK) - 10
Genetic Algorithm (GA) . . all cls a the NGTi malticolls / \E\\:\ﬂ*
(Bounds are based on the LPM results) L 4 Step 2 — Genetic Algorithm (GA) l 1 ng‘o 0.1 02 03 04 0. 5”
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2. Constraints : : @ ot i Coil 1 inner radius 794 mm
1) Center field > 5 T ! I ? ol 2 mer rodins Temm
2) Field homogeneity < 1.0 % @ 50 mm DSV sl x©) oil i | At 2 |zmt jus. Shum
3) Iop <1c*0.7 : Ixw | X0 Gap between  coilt an o2 Totallength 12 km
4) Max. hoop stress < 350 Mpa xai— R i Performance = |
5) Coil height < 300 mm ; |2 : T “h v ConCIu3|°n |
 Outer adius < 150 mn | — | o [ o
H i oo ot torns of a col i axat Magnetic hoop stress 7,94 MPa . . . . . .
$ | coilz H Min. critical current 793A@42K » In this presentation, optimal design and quench analysis of the 5 T EMPS magnet were provided.
Determine the optimized solution (x) | [ The design variables for the GA, calculated from the LPM ] [ The design results of the GA ] > The two step design methods calculate optimized magnet specifications for the 5 T EMPS,

» The proposed quench analysis method calculated the maximum temperature of the 5 T magnet : the maximum temperature of the magnet < 195 K
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