104 [IBIRDIES SIASRINS =BR(1094, 7, 21~ 23)

13 Teslad A S ulay B AY™

235, o|dg, AFy,

w37’

HES, 0B, UUE, oA, F4H
VTR ATL 2RETEATAYY
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Abstract

The design and construction of a 13 Tesla / 46 mn
bore superconducting magnet is presented., The system
consists of an 5§ Tesla outer NbTi coil with a bore I,D.
of 144mm, a winding 0.D, of 208mm and the length of
200mm which is connected in series with a 200mm long
insert coil constructed of multifilamentary NbiSn, The
insert coil was reacted after winding, Also, epoxy
impregnation is accomplished at NbsSn coil using a low
viscosity crack resistant epoxy which is forced into the
coil with a series of vacuum and over atmosphere
pressure cycle,
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Magnet
Inner diaseter : Za(em)| 50.4 70.2 143.7

Outer diameter : 2ag(mm)| 70.2 123 208
¥idth : 2b(em) | 200 200 200
No, of turns/Layer 142 162 159
No, of layers 7 25 24
Packing factor{ % ) 56.4 59.94 67.1

Superconduct ing Wire

Diameter(om) 1.2 1.0 1.0

Quartz  |Quartz Myler +
fiber fiber Varnish

Superconductor Material | NbaSn NozSn NbTi

Insulation

Nusber of filaments 14,641 | 14,641 21¢
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Current Density
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-Conductor(kA/ca’) | 22,1 3.8 2.1

Hoop Stress{kg/ca’}| 373.58 | 669,38 475.25

Coil Energy(kd} 100
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Current Density
-Average(ki/ca®) 13.5 20,6 16.1
-Conductor(kA/cu’) | 23.9 3.4 23.9
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Coil Energy(kJ} 117
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Coil Energy(kJ) 144

3 QA% ol2uyEL] Total Inductancel 3,2 Henryo}
o], Homogeneityy: 100mm DSVOJA 7, 7%R JGCAIS] 12 Tesla
23% ofadEe} §AE 23tE ZHAch

3, Xy=olad=el 4%

3-1. meigst

UM AAT 2AEMIYEY doletg 712 R
Z2AEnfayES Blg Asiolon yule) QAL Ji

-196 -



F SniSn e dMe] LxolMd FE3 44 £ de
Haddsad g Agsiolch Azt FoA8 A3 o}
UEEAA] LYdste daldof A 2EeLel T4 200A
83 AL e AU} F2E FFojo} sy HF 2
Adedabete] 44 28407} detA Aolal YEF £
Stojof tr}. B3} NosSn IUS AFEYMS W NTi 2Y
3o} AN AR F solderingsiops]y] whiel WUMF
2=l FHolA] YEFHsh= H4Y 2Pyyel Uaw
817 Ak

Ea
au

3-2. 3| M

(s

27Uy FAL fe F2Y 71439 shizE WA
Al Aol QI7bs]d= Tension®] T3t o] W ojubyr HA
o} 7hsdta, FHUUAE stojof 517 wiPo] Yurzlor 4}
23k AA72E 2Uusi 2 E IUJNE AT 54y
AM77t gastA "rcl

NbTi Zde] AHE ZAuol =12 Hol gloy 33
ol FRP Pre-plag& AHg8te] 27bddd g A 248 @
253t Epoxy$HE & SHAUILE nlauvEe ¢R34S B
A 4 A=E P4sielct

NbiSnE P& WA ZAE Aol 7siai= $dof 72
¢ 2B Ak st glste] Fgutzel & .
4% oY EL Fe WMF dXeste MPeg Azt
£ Zo] dntaoly] wliito] 700°Ce] Z&elA AY + &
24z A 9 2 AARE ARgslolaint. ole} ¢
2 22 dAz]Ese] AY 4 e AANEZAHE Quarte
Fibert dwidog aAlgsin glonl, JAAolE fibers
&4 s Q¢ Hlo] wHEA YEF MAUT Fs B8

535 VAol Az BREola Avlea Hulzie] A

oAl o8 MY o7t WesA Hol

(2) NbgSn 3o} dxje] o A3Ed

NbsSnR UL YoM E AF MY HAF dAesh=
Ao 2 AAEglon, dXed 2AxdY AE YAs)
71 f15te] ol2 2 Esl7IFelAl T00°CE 724 dXelstd
t}, 53] dXelE Quartz FiberZol Al WAE Y out gasing
& AHAH] ¢85 300°Col N 5A17 B ol2E NaE EE
AN st

dX e ¥ NosSn YL AH 28247} v 24do]
2817 wlZo] Mt FAE 7184 cifojopsim, njay
EEAA 7hAl = §¥o Aria nlavES] GHYEE ¥
2417171 913 EpoxyZF7i ¥R E shoich 2gsied €2
& resinZ} hardener7} & EYEEH aulslololsiny mut
W oofagEZE @ §ole] SuAle] wAEe 72 3y
o] VAol st FE AAS] ols) AN AT
A7IA "ol FET AFeF A3 up] 9@ gdete
S 5-6HA T WHEst PAUE F38 F, 7Hdoveno] A
curingA}Zlc},

FuA vyl 7127 EAEiAEE Aol A
a2 Ee] 84| crack WY UdolF ], cracke] WA
22 Uyt JYduiY-ole op EEoux| g wAo na
YIES] quench® @ASIAMct ujelA unlaugEe] )
71%71 EAQsiA] UEE FET DI W ofujdge) 1
f35tA"

(3) 4% NosSni Ao A3t 9 Je st
NbsSn Hle] WA, dMel U APt gAY E e

3171 ¢lsted &¥el AYE MsnTUE AHstel HeE B
Jtstadch. glolA dE A, gAd, AIAGRAANEE
AAZE 10 Testa®] Back FieldoA] 50040]4-& FHAZiL
u @YoM quenchzt A Alekaleh whetd £ olFof
FPRE NpSna el Bel PGl o4l ke e
el 813 13 TeslaF 8} NuSnZd& A 2staich

3-3. B8X Nzt

2ALAYE LA 33l 2AEANE EVAE A2
sttt Hdzje AREUM, RIA8, Thermal damper,
AN Fog AN 1y 5 nfIdE 9 F3= Y
ZyEdolct,

EaAA A YEEAY AL 91319 634 Thersal
damper@& MAsiglon AREYME IR 44 ¢l
el oo EZAA SAARYE EHALoEN 7 A
FeUdE 2EAGES WPol YELRIJE A
th

-

271719] ¥R xRN &g o] &3t
nlAE AA @ AeS oy, g,
, et B2l APoto] AXRA 23] ALust A
ch ® dAoiMe 2% §871g8 7ol §
22 g 714 HYg RESSH 13 TeslaFde] 2
movEe] AA 9 A 7jE& Aysta 9ok

B oAge 1A Rl NTi 2AEAE AHgste] 24z
}o] 8 Tesla, bore diameter7} 100magl ZUE mfIUEe]
Aol BEstden, o dFAAF uiYges ©A 13
Tesla®] 2AT nfIYEE HA L A zlo] BE=o] Hud
7430l glch

A wbdS 213 NbSnE YL A W AXEE ¥
Qlsly] fisle] 4¥o2 AAY sample coild] F5H7t 2
3t 50080138 BAY 4 o], NbSn AU Azo] Uay
At 71&Eo] ool drhe g HYstslen, 13 Tesla
F8 24% oo EY 4Bt 2 Yol U
2 o otk

1o

2w

Be Mo
olo

.42
2
H1

4
o

[ My g e A)
0

t1 bt
3%

2Ed

T.Kiyoshi, et al, "Development of 20T Large Bore
Superconducting  Magnet( 1), (11}, (Ill}", 23y,
Vol.28, No.5, 1993.
2. C.D.Hemning, J.R.Miller, T"Magnet Systems for the

-]

international thermonuclear experimental
reactor”, IEEE Tran, Mag, Vol.25, No.2, 1989

3. T.Shintomi, et al, “Design of a large
superconducting Spectrometer magnet”, 1EEE,

Tran.Mag., Vol.25, No.2, 1988,

4, W.Koska, et al, "Tests of Fermilab built 40mm
aperture fuli length SSC dipole wmagnets”, IEEE

Tran, Mag. Vol.28, No.1, 1992,

5. D.B.Montgomery, “Solenoid Magnet Design”, Robert
E. Kriger Publishing Company, Huntington, New

York, 1980

=197 -



b b -
As 70
B, MENY
/s A/ A
Pl- A ‘[ Weber
B, ¢ >Jdo
¢ 23, 2a, 1 8.16P473E-02
2 9.1733411E-01
l 3 0.330574E-01
4 D.48783RE-01
// // 6 0.802365E-91
¢ ?  ©.353629£-01
ad 8  9.111689
3 0.127416
% 1. Solenoid type coil®l B4 10 B.143142
11 0.158368
203
143.7
o
1e3 2% 4. 4AE vladEe] SEWE ME(H0Y).
e 70,2 -]
1+ 1 50,4
| l =
=it M
201 i T
L t
l L] Ler
A | =
b i b3$‘ | '_l - ‘r%"J
il @ ©) I S
i
i
e
) ¥
2% 2. 4AY slauEe) ARE, . | MR H
Tesia
m 0.4014196
® 1.204159
= 2.006299
' 2.809338
' 3.612372
m  4.415117
1] 5.217857
£3 6.020597
13
- 7.62 -Qrc
APt 3% 5 E¥4 % slave zyed.
10.83429
W 10.85703
W 11.63977
@ 12.24183

3% 3. AR upodEe] ASRE(ADR).

—198~



