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The load line of the basic 10 MJ coil. The /.-B and
Je-B curves are transcribed from the data of the typical 0.83
mm diameter MgB, wire of Hyper Tech Research, Inc..
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Fig. 2. The cross section of the basic 10 MJ coil with the
thermo-siphon cooling pipe.

TABLEl PARAMETERS OF BASIC SMES COILS

Power

Basic coil

Cable

Constant output power
Maximum operating current
Maximum operating voltage
Stored energy

Inductance

Central magnetic flux density
Coil inner diameter

Coil outer diameter

Coil height

Critical current

Operating temperature
Temperature margin

Coil structure

Number of double pancakes
Dimension

Number of MgB; strand
Configuration

1 MW

2.2 kA

1kV

10 MJ

4H

2T

1.45m

1.75 m

31m

37kA@ 3.4 T,20K
20K

~5K
Double-pan

100

11x 9.5 mm’

49 (=7%)
Embedded into A/
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Fig.1 The concept of ASPCS with a liquid hydrogen
cooled SMES, a liquid hydrogen storage at a vehicle
station, a fuel cell (FC), an electrolyzer (EL), and power

conditioners.
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Fig.2 MgB, four—pole coil and thermo—siphon cooling
system with buffer tank is composed.
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Fig.3 Flow diagram in the SMES cryostat with
thermo-siphon circulation.
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TABLE 1. Specifications of the REBCO test coils.

REBCO coil test #1 test #2 test #3 test #4
Coil parameters

Conductor SuperPower Inc. Fujikura Ltd. SuperPower Inc. SuperPower Inc.
Conductor Width x Thickness [mm)] 4.00 x 0.11 5.00 x 0.22 4.00 x 0.11 4.00 x 0.11
Insulated Conductor [mm] 4.10 x 0.21 5.10 x 0.32 4.10 x 0.21 4.10 x 0.21
HASTELLOY" substrate [ 1, m] 50 100 50 100
Copper stabilizer Thickness [ ;; m] x Side 20 x both 100 x one 20 x both 20 % both
Inner diameter [mm)] 79.10 79.00 78.90 79.10
Outer diameter [mm)] 82.50 85.30 83.50 82.40
Coil height [mm] 98.44 100.54 100.09 96.60
Total layers 8 10 8 8
Total turns 179 186 184 180
Impregnation wax wax wax wax
Results under electromagnetic force

Operating current [A] 353@10T 398.8@17.2T 293@17.2T 2092@17.2T
Maximum BJR [MPa] 340 262 469 331
Current density/conductor [A/mm?] 802.3 362.5 665.9 475.5
Current density/coil [A/mm’] 377.6 234.2 234.2 236.3

Notes

Ve 1 203A@17.2T  Up to 400A

(Ve : Coil voltage)
1q=353A@10T

(Iq : Quench current) current of the

Coil burn out

Joint in the 4th layer Vc 1 209A@17.2T
Ist Iqg=293A@17.2T 1st Iq=324A@10T
2nd Iq=135A@17.2T 2nd Iq=268A@10T
3rd Iq=135A@17.2T 3rd Iq=264A@10T
Coil degradation Coil degradation

(maximum
operating

test probe)
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AREE Fig. 2 1”7, AR, Qelmm],z[mm])=(41.38, 100p 2
FA416ITINT, 0.74 RN, BWEEICE-S T, ol “I,
O l" 1 1
TABLE I. Specifications of the GdBCO insert coil. 17.0 180 19.0 200
Magnetic Field [ T |
GdBCO insert coil Fig.2 Load factor of the GdBCO insert coil at 4.2 K in an
— external magnetic field 5, of 17.2 T. The load factor of the coil
Conductor Fujikura Ltd. was estimated for an operating current /,, of 321 A at Q. The
Conductor Width x Thickness [mm] 5.00 x 0.15 critical current /(B, 0) for GABCO conductor as a function of
Insulated Conductor [mm] 510 x 0.25 the strength and direction of the applied magnetic field. The
A maximum B/F was estimated at R.
HASTELLOY” substrate [ ;; m] 100
Inner diameter [mm] 50.27 AR RERE T HAAVNOMEILIR/eD, Fig.2 PIT, &8
Outer diameter [mm] 112.80 PRI DA AR AR T, MEBHE 321 A TO, =
Coil height [mm] 88.33 AN KROERET) BIR 1%, R(56.40, T44.16){Z350 T 408
Total layers 124 MPa & RAES AL,
Total turns 2010 )
Conductor length [m] 515.00 HtEE ¥ ) \
Tmpregnation wax AR, ) B} 22 B A IR B A% oD BT 78 Rl % B B = 2
Results under electromagnetic force PRI A/~ — v a AIHHEE T 07T L] (S—A /) DL
Operating current [A] 321@17.2T EIZE- DN,
M aximum BJR [MPa] 408 - ‘
Current density/conductor [A/mm?] 428.0 S 3k o
Current density /coil [A/mm?] 233.6 1. http://www.bruker—biospin.com/pr090601.html
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Operating test of an impregnated YBCO coil composed of a stack of 12 single pancakes

in background magnetic fields (1)
—Operating test of a conduction—cooled coil—-

W R, B ER, P ZRiE, [l BXE] JEE L W B S, R K, A9 i (LS
MIYAZAKI Hiroshi, IWAI Sadanori, TOSAKA Taizo, TASAKI Kenji, HANAI Satoshi,
URATA Masami, IOKA Shigeru, ISHII Yusuke (TOSHIBA)
E-mail: hiroshil7.miyazaki@toshiba.co.jp
1. [FL®HIZ FRP bobbin : external electrode
A RNID LR EE S oAV 0 SR L2 mT, %Eﬁi%ﬂ:
ZHIELEHIEED COD. G E <D EERTIIC
AV IT IR O N E T OV H H LB R A _75% 5
R REE 2D, 22T, :Vl’/l/éjiﬁf'ﬁjj%:ﬁﬁﬁ“
2EEHIT, AHLUEBEEEZH R T5ILT, BEMAIC
5 T LA LB A TH fm/}mm@z%g:m%gﬁ%
L7eDOTHET .

I

!

Il

I

I
! uuuuuuuuuu\

"I'
[\
f

Cu
Fig.1 Picture and drawing of a stack of 12 single pancake coils

2. 12 EEBaAILiEE
ﬁ%ﬁ:%/vbz@éﬁ%?ﬁﬁf:w:, O UM A A
TR BT EL B HERT AMERSH 5. W O EE

2T i'fﬁﬂjj DR AR DT, Bm ORI Table 1 Main features of impregnated pancake coils at 77 K

N 0 HUBMAE R T 200N — R TH5, HHLEMmE Coil No. #1 #2  #3  #4  #5
AN EEICEO T 72356120, BEIFOEUS I BIO Inner dia. (mm) 50 50 50 50 50
BRI L 12X, BTG NIRRT, B Outer dia. (mm) 91 92 92 91 91
B CL R a5, 2T, Fig. IR IO 12 f4 Hight (mm) 5 5 5 5 5
AL DI LA B 1 S L LTz, SBIC, Turns 108 110109108 108
|:| IIZHL/EE”]‘:&%{&@//& }I//\/b‘*‘i\:‘ﬂ/])/l/@f—éﬁﬁ“ ./:ET Tap.)e length (m) 25 25 25 25 25
CEOMRIR 1 S, SR~ OBEOEBE Cotte @ S S G
f&fﬂib‘f‘/ 5. n value 28 28 26 25 22
#6 #7 #8 #9  #10  #11  #12

3. B LVEERER 50 50 50 50 50 50 50
12 fEBaA NAE L= v IR —Xa L DT 92 92 92 88 88 88 88
BIOEAKEFR S COBHR-BEREN RL0EHL-a0 5 5 5 5 5 5 5
JL1c(108V/em iEEFR)BL P2 A /L nfE(108~107 V/cm E 7% 108 108 108 108 108 108 108
% Table 1 1753, BIELT=ATOY LT AR r—Fa( )L 25 25 25 25 25 25 25
AEIAL 0 EERLTEY, HILORNILERERLIE. S SR S SO SO

26 26 26 27 26 26 27

12 FEEaA oAV NE B L UM E CERRICHER S
THEY, 2 O TN —Fa LT EJEX 0.25 mm
@7»%&7&3&@# ¥, BT NRO e GM m RO 2 B
BHIAT =B L CaA VB R EIL-. o VIR 2 B

BHIAT — DO -t — 2 I LOBIIL, AR R .
//ﬁ/w\/*f FaAf Ol CREL. e, @EHO Dok e
ANV IR — VR FICEVBE L. 2 VIR EE & 40K « T e
10 K 225 60 K E TS/ S 0BT EMERROR O N Lt
K% Fig. 2 \ORT . ARG CIKE Rk E T RAFE > Lo ®
A AL CODI AR LTz, Fiz, A /VIRE 10 K 3 s 08
(T, 305 A SEBRFCTULEES 5.1 T 23R, i S el
B3 5.1 T AERHIS O THAA TR ET DS RE E v, ©
\EFA T T, L b ZO
4 FEo T

P LA 2 0 B 35 2L RO BRI 2 ) b 0 L .
7oAy NI L% 12 FEE AV EREL, [mEm AN CaER
BRAFEMELTZ. 10 K 255 60 K LI AV iLEESE I C AT 8 Corrent (4)
HERHEEZ AL CODIEEMERRL, 2A/VEE 10 K (280 Fig.2 E-1 characteristics of a stack of 12 single pancake coils
T, BB 5.1 T ZER LT from 10 K to 60 K
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Operating test of an impregnated YBCO coil composed of a stack of 12 single pancakes
in background magnetic fields (2)
—Operating test of an YBCO coil in a 4 tesla background-

W R, B ER, P ZRiE, [l BXE] JEE L W B S, R K, A9 i (LS
MIYAZAKI Hiroshi, IWAI Sadanori, TOSAKA Talzo, TASAKI Kenji, HANAI Satoshi,
URATA Masami, IOKA Shigeru, ISHII Yusuke (TOSHIBA)
E-mail: hiroshil7.miyazaki@toshiba.co.jp

1. [FL®HIZ

AR DR EE AL O E T, SRR
Z AFELIZBHRAMED TND. TN E <R D BT LD
A NVARST S I OEEMB L0 A B UBB AT TIN5
ISR RREE 22D, 22, A NERIT S S 2K
ZEEHIT, AHHUEMEEL W R LI 8 mEO 5 T =
ANEBFITRIIUTZ. ZDaA VO BRI w3 DR
JEERRRET D728, 4 T DI T v TG HICTRKRK 8 T O \
MU A S8 AR S, B TR AT RED N E D D REE L7 i R

Helium vessel

Hall sensor

-

L:Ob\fﬁﬁ‘ﬂ:‘:ﬁ—é FRP core
mﬂh..ww/mm}
| $300mim |
2. RERAE Fig.1 Schematic drawing of experimental apparatus for
{&ﬁg/\y '7Aq3“6/§777y7°@% qj%tgﬁ%%f@bfi %‘Q background magnetic field test
B TS OS2 Fig. 1 12~ 3. 12 FEJE A /L 23t o0 D il L 10° Y Y Y Y 9
PETIRNIINTT BTz aA LI FRP Bk
FALTWD. F72, 12 BEaAVEEET 2RIV LA :
BOHERTFH LT HIET, POMATHRNISICT S10r S&SEP@“ 1° 4
LHEEBIT, BEPIZTANBEHIRNIINCL TS, 12 i3 2 . El
DA LR RO T, TR = 60’} 17 §
7T T WS CREBO GRS 8 T LpE CIBELI. 3 o® . £
% 4107 b =" central magnetic field] 6 :—;
3. BEHBER S " 3
AT D377 7 RES R % FE M T RS, Wk~ A 1°
SERE B EN U BRI oAU B E S AT TR0 E S ) L ® coil voltage (#1~#12)
ZAANDIZON, Ny o Ty TR IR LR R Tl R R A 08o—o—po—oobon—ososoomms 4
EhLiz, FbBis 4 T 2z 2F ClEL-NEEEAT
RORPRENROZLEHRBLE. BIEFE, AvsT YT Cartent ()
WaH3(4.28 T)ETEUMLTZIRAET, 12 Big=A /L@ ELB Fig.2 Current dependence of electric field and central
ﬁ“b BRI N 8 T B A 1L A TR AT LI~ magnetic field in background magnetic field test at 10 K
**ﬁ%ﬁf*%%mgz R ﬁﬁjts T@ﬁut;z—%b@%e b1 107 ,
THI MBI DAY R 5L T 2 B ecround g fled o
7. &b, /*‘y?'}’yfﬁﬁ%tl]%iﬁ%ﬁ?&i:, AN OERNEE 5
P T 572018, FEREESR R CIBERBRA ML 7. A R g
V77 7 WS P EBR I 14 D BRI R A Fig. 3 1R, E .
P30T T B R e TR TR LT = ’
B, 2L T BEO n ICERIZRONT, 25 b g 10°
AN &%Eﬁwubf_. é 8
= o
4. FLH °
M H LA IS 2 S B2 Z &I KO R & 4 ) E&w B &
TGRS DA v NI BFRAA N D BRGNS D% o 10 00
a7, Ny 7Ty TR IS Tl E R T LT Current (A)

%kiﬂb@%ﬁ T %é&ﬁ#@:}sm*c%, 34}1/733‘%{[:—?64: Fig.3 E-I characteristics of a stack of 12 single pancake coils
LI BEIGEE TE, VSRR E 24 L CNDZE& at 77 K.
L.
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Development of a single—pancake coil wound with an YBCO wide tape

At HGE, EIRE S, R R, Wk BE]L B B W BSy, SR %, A9F i ORE)
IWAI Sadanori, MIYAZAKI Hiroshi, TOSAKA Taizo, TASAKI Kenji, HANAI Satoshi,

URATA Masami, [OKA Shigeru,

ISHII Yusuke (TOSHIBA)

E-mail: sadanori.iwai@toshiba.co.jp

1. [ZC&HIZ

AR LR (Y ) BEEDA VAR 5%, 1
=X af VEEETEE T OB EATEL QD Y SRR
PIHRAME AR ATRECHY, WEILAA 2T 254, &
HEFBTIIRELARDN, S —F A HD T LN TED. L
MUIR NSRS L2 D L, BT HMIHNDERINE
FFHNCH RN TR D280, ANV INFE AT DR A
M2 D, ZOREE, AV B-1Fta R B PllcEd,
F7z, EHCE OB THREE B OB SMELRNTTHE
WRHD. 22T, PORER TOWRRE R TEZ RS-
12mm BRI Z AL CEIRIANVERIEL, IRIRNERG
I Z T DAL BT IS DWW T EBRMELFH AL O b
B F A AT -7, £77, K@ OB AREHETT 20 K
~60 KIZBWTHERBREITV, FAERS 53 20 HE
TR DR~

2. RO —Fa/ILORES LCEELE

BIELTZ GRS =X oA VO RE St EaA NV GG 0%
Tablel (2”7, BMBLOER 7T BB RAERT-%IT MO
LR MR B L TN &2 TR 5720, 3 EL 7=
A VIS E R HTIC B WCIRIRZE Z T Ol B L 7.
ER% DAL Fig.l THhD. @ERRAE R4 Fig.2 IR,
EIRETE T BT RIS BT AL, 1X10° ~ 1X107
V/em EFITIBUNVT, IA/L [e~122 A, n fli~25 DH{LDR
W B R E M DT

SHIZE-THED BRI L, 48 R AE O g S B e
PO TRSNDFEMED kAT 72, Fig.2 ICEM TR
F AL B-1 FREO TR REL, FREE B<HERT5Z
L TETEY, B Z2AWT-5a1ch, a0 V-1 Fik
DE BN TN AN LT=.

3. EEAIEERER

A VIRIENS T VIR HEE L, Sebind GM (ko 2B 2
TN L C, A VB BN AL, 2 BERT—
VI T e e —2 OFIENZ I 2 A AR E & — B IS HERF
L,20 K 735 60 K @i Cil sl d EhaL 7o, FAEBEX
AL [ s CHIE L, 2V IR EE N T S AU T B
IBEFHCIVHIELE. EA— LB T 0as Lo dulg
LastiLrz.

Fig.3 |Z—filE L TaA /LR L 60 KIIZH125 E-T R, &
Do /VHLEGORE R AR . AFRIEEL 310 A ETO
BEHPHIZBVT, 20 K2 60 K £ TEEREITRONA
Mot Fi2, 310 ABERE, IA/LHULEX 0.57 T 281
U7-. BRI LFHREE O 2, REFEIR TR 2% TH
0, 2AV Ic WESUTON, 2T T 5k R EieoT. i@
TR CIERIEAR WL D EE ZBNDH, L0V VR R N
RENDIOREBRTIIBE I ALENDHD.

4. F&H

12mm WEIAY B A2 W CERY VI NV r—Fad
NPT BUWET AZ LTI LT, £z, R 2 HE IR
DAL BT R DD TIRIAHRA IZRTL T, B =R
FHIFTHETHL LNy oT=. Fiz, WHETROEEIZ>
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WCHRARZEZA, REHETT 60 KIZH W T O B L
FHEMEEDZETaAN Te TSI DN INSL IR D55 G
L. A%, BEEHEESCLEG A I W THGEE D C
A

Tablel Specifications of a single—pancake coil

Tape width 12 mm
Tape thickness 0.1 mm
Tape Length 25m
Tape I, 1 (77 K, s.1.) 319 A
Inner diameter 50 mm
Outer diameter 92 mm
Number of turns 110

Fig.1 Single—pancéké coil wound with an YBCO wide tape

1000 O before impregnated
O after impregnated
— Calcurated value
—_ -7
g 10
<
2
h<]
°
&
Q
S 10
107°
10 100 1000

Current [A]

Fig.2 E-I characteristics of a single—pancake coil at 77 K

®  Electric field of coil
— — Calcurated value of electric field

10711 O Magnetic field at the center of coil ' 0.7
Calcurated value of magnetic field |
| 108
8x107°f |
—_ l 0.5
LI E
> 6x107r [ o0a 2
ey | &
2 ©
e {03
S 4x10°f l e
9 ! =
w | 0.2
2x107°F
1 0.1
o ¢ 0

0 50 100 150 200 250 300 350
Current [A]

Fig3. Current dependence of electric field and central
magnetic field in a conduction—cooled test at 60 K
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Development of a ¢ 730 mm—class large scale pancake coil
wound with an YBCO tape (1)

—Operating test of a coil in a liquid nitrogen—

W TR, A HEE, PR ARG, Hik BE, B, E B, R R, A i ORE)
MIYAZAKI Hiroshi, IWAI Sadanori, TOSAKA Taizo, TASAKI Kenji, HANAI Satoshi,
URATA Masami, IOKA Shigeru, ISHII Yusuke (TOSHIBA)

E—mail: hiroshil7.miyazaki@toshiba.co.jp

1. [ZC®HIZ Table 1 Main features of impregnated pancake coils
AV NID LSRR E oAV O IR E 2 m, RS Coil No. #1 #2 #3 #4
=% A )V DRI EED TS, BBEE AL, BT Tape width 4 4 4 4
(21 mm FEDODLTRE M ThHoTHRMNAETTLEIE, Tape thickness 0L ol 0L 0.l
S LELTORMEMETLTLED. 20750, I LMK Inner dia. (mm) 3050100200
CABIEE IR R, 5 RS T D31 e e G v e
ERIETHIENWHITD. 418l SMES 7ol OFMEETAE Turns 67 111 131 957
LT ¢ 730 mm fEDA > N7 LR KIS —F oA )V % B 56 Tape length (m) 9 25 50 200
L, AR FZFTCOBERRIZEY, @AEE2FMLIZ0T Coil Ie (A) at 77 K 69 51 34 56
T2, n value at 77 K 28 21 2T 32

2. MEEEB LUV RE U r—Fa()LET
INWETHRELIEA VNI LR T N lr—Faf L

Table 2 Specification of ¢ 730 mm—class pancake coil

Coil No. #1
DRUWESEAED —E % Table 11RT. £, H3 TN 0 Number of YBCO tape 1
—F AL DOFERERZ T TOER-—EERTHEREIDEHL Number of SUS tape 3
72aAL 1e(10° V/em EFR)BLO=A/L n fHEA0~107 Inner dia. (mm) 600
V/em EFRBOFETORL TS, AP XZEH T4 TO Outer dia. (mm) 737
ANV TRIGBEE AT 5/ LV ERETETVS. Height (mm) 5
L], FTIRAELT 6 T30 mm RO KA Sl —F a1 Jurns o
DFIT% Table 212, AVSMEE Fig. LIRS, AvRD LA YBCO tape length (m) 200

SUS tape length (m) 200X 3

T 200 m &[FSED SUS #1200 m X 3)& V= 4 AN
VRAVEOREREL TS,

3. I HERHT

ETAVNIT LRI 2 FHWIZSE LS EREL Iz AL
(A N BB +SUS MR DB ENREDFE A I ) D3E A7
RG1=80, s RN T LT, A D LR E SUS ##
VL, ETEEAR B L OB =R B 12D T ITE VDRI H DD
DO, aAANVEHALD FEER L7 B HEIREQ293 K—T77 K)OR T
M, EBOE 14 MPa f2ELIZIFZE LW ER b7z,
Thebhb, ARIEWETS ¢ 730 mm FrDOaA N NL 7R Y
TECEIUR, T X TAY MY LR & VT KA A 1
HERRE CTHDESZZBND.

4. BARERDEABHER

BUWELT2A Y NI DR RS — oA L O VERFE
2728, BHHEERATH% CREERF CoOmBRREE
EL7=. R -EIRFFEOR R4 Fig. 2 1. BHIEE R AT
B CEMN BRI RER BT RSN o T, Fm,
FIR%DOIAN 1chd A, nfE 28 LEWEBEERMEAALTE
0, LAEDOIRNRKEL S = af )L OB RN LT

5. F&oH

AR LSRR A T2 ¢ 730 mm # oD KA r—2%
A NVERIEL, WA ER P ClERBRE LR, &
LD BT R B L TWAZ & MR LT, 5%, b
—MrA VR EFE L, A LD YIEEE AL T E
Thsb.

— 179 —

Fig.1 Photograph of ¢ 730 mm—class pancake coil

10°

©  before impregnated
o after impregnated

E3

Electric field (V/cm)
S

a
@ © 8 o0 o0i0on 50 g

1 10 100

Current (A)
Fig.2 E-I characteristics of ¢ 730 mm—class pancake coil at 77K
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Development of a @730 mm—class large scale pancake coil
wound with an YBCO tape (2)
—Operating test of a conduction—cooled coil—

Eft HAER, il A, YR AR, Ml R, B

L B, IR %, A i GRS

IWAI Sadanori, MIYAZAKI Hiroshi, TOSAKA Talzo, TASAKI Kenji, HANAI Satoshi,

URATA Masami, IOKA Shigeru,

ISHIT Yusuke (TOSHIBA)

E-mail: sadanori.iwai@toshiba.co.jp

1. [ZC®HIZ

A NID LRBEE AL O TR, RS
—FX A VOB EED TS, AN KEULL TLDEE
HWAENZTHEIT A AL, AV NERIZIREZANAT T
LE). 20720, BEVSRAE+ R THRERHY, 21
IV EIR S TORITNIERSZ2 0. it, B DN E O
FrCIERATI R RE AR AL, ZEIZEE TRV ATFEMEN
HD. £ T, REICKE A VDG E AR/ ARG HIFER
EEEZRIEL, BRaANOEREREARREITo72. 41,
SMES 72X O FREAFHEL TP 730 mm DA~ AR KA
N —Xaf)VEBRE L. BUELI-af W iTikiREHE T

THEERBRICIVEED 2 MR LI, BEmAIERE ICH
Fr, AAIVRIE 60K (2 ClERRE EfE L 7O THE T D,

2. BB LUIMILER

FVEL7= D730 mm FhD KIS —Fe o L DB RERL
BLOaA % Fig.1 1277 18 4 mm, JEX 0.1 mm OA
SR AR A TE L AR 200 m 2 AL THY, it E
o728, FSFED SUS #1200 m X 3 A)%E AV 4 AR
VRIVEORERELTZ. X — RN iEHR T — T B AL T
BY, mRFURBIECER L. AV EilEiZiE, mEmREL
TR 170 mm D7 VIR EXICEAE L, JE W 45° [H@IC
*ﬁ:r‘{mr—u+%ﬁabfﬂ/]’/1/7mr%n+/ﬁm¢fl.

3. AMIILEEBDER- %ﬁ!ﬁﬁ

Fig. 2@ ZK IR R I 5/ VB~ fﬁﬁ'%tffrt%w
7. :4’JV%+B0>%§$$F%HH~67L&) BARPNERIZ
VBT QN BIERE AN %m‘_ir@nﬁﬁzfn@i
2 20 AHBZ D BATOBEEAEEA T L QAT DR T
7. A 1 30 4 =0 DOFEEFRAEN D FBL Ic~50A n
fli~31 THotz. IWKREFIRE T, Fig.3OIIRT I,
Ic DOREIE A FERAEMED TN =0, RS ORERME S K Z V=
ANPUITCEEN LRI LR DTN ST,

4 (ZESENER

TV D i GM /Arﬁé?é@zﬁxz—r— VWZENR) L B
LG, aANVERERHILE. 2 BRAT—Y HXDH Flce—%
ORI LA VB EZ — EICHERF LR Tl B R &
FEi L7z, EOIRENDIEICHBRZ D TRY, *WJJ:LT::
AR 60 K ITIITHEAE 1 05 4 X — 2 OFAEBITE
Fig.3 IZ7RLTCWA. Ie~139 A, n fE~42 Th-7=. {E’;;/Aiﬂ
TIZHRWTH n @A 20 %ﬁiéﬁ&?kﬁ%ﬁ%ﬂf# PEDFFHAL
TEY, 10 7 V/em fHEECTLEICHETHIENTE. £
7=, BFRNCEBT A R EDZE] iszjtf,ﬁl KTHY, A&
FERCH 72 HIN TE QWAL E iR LT,

5. F&H
AV NI DRI N2 @730 mm ARD RIS —3
A NVEBIEL, (ERHRBRE EELTC. 2LRE 60K

— 180 —

\ZT10 T V/emFIEE TR EICRBETAZEN T, 514,
FJOIKIRFEEL 20 K~50 K TOBRERBREZHEDD.

CERNOX™ sensor

Al plate
FRP bobbin coil epoxy

|:HTS tape
I]:SUS tape

ﬂ:insulation

Fig.1 Schematics of a single—pancake coil and
winding structure

10°

0 1-4turn 12
0 5-12turn

A 13-20turn
© 21-28turn
t | ©29-36turn
0 37-44turn

-A-- 0027 --©- - 01T --B---0.2T

—
<

A 45-60turn
© 61-68turn
@ 69-76turn
| 77-84turn
F | A85-92turn
¢ 92-94turn

(a) " (b)

107 0 15 30 45 60 75 90
1 10 100

Current [A] 6 [deg]
Fig.2 (a) E-I characteristics of a single-pancake coil and
(b) Field angular dependence of I./I 7 at 77K

Electric field[V/cm]

H
3

PsBages et @m0 oo
Ic/1c(0T,77K)
o o o
S 2 &
g ¢
[n RS
i

10°°

107

10° b

Electric field [V/cm]

00 0 00 00cho

o

10 100 1000
Current [A]

Fig.3 E-I characteristics of an inner region of a
single—pancake coil in a conduction—cooled test at 60 K
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Development of superconducting quadrupole magnet for International Linear Collider

LRI, FHIA., DI—3%, HEEEME, RNBA, BRET, KARE, & HEG=0 B 7 (%

WY — B R) SRR (HL 7 7 2 b7 7 7 =) s I, mR—15, TH & AT (B SERUERT
TSUCHIYA Kiyosumi, TERASHIMA Akio, EGAWA Kazumi, MASUZAWA Mika, OHUCHI Norihito, IWASAKI Masako,
OKI Toshiyuki, ZONG Zhanguo (KEK); TANAKA Manabu (Mitsubishi Elec. System & Service); ENDO Tomonari (Hitachi
Plant Tech.); MATSUYAMA Ryohei, NAKAMURA Kazunobu, CHIDA Yutaka, SEMBA Tomoyuki (Hitachi, Ltd.)

E-mail: kiyosumi.tsuchiya@kek.jp

1. [ZC®HIZ

=RV — B O 43 BT, RHTRBUIE SR & LT,
HBARE 2 2 AT AR T @ 22 N4 International Linear
Collider(ILC) DFEFHRFIBHED LN TND, ZOMIELRT
IZ O DB 22 A AN T= 13m BRDITAAFEY 2—)b
2N 1680 BFRRENIELE Z SN TWDA, ZDOMMICEL DA
(RGN AT S LB ESND, SRUED, ZOMmEAT DR
FHIRIZWRBIN TR~ OFFRO IS D, AFETIL, 20
VU iBfss AT OO T A H RIEL L & DFHERBRZAT 72D
T, TORERANZHONTIET 5,

2. ETIILEIBHEA

WADEFENT A—FROVEELZFR1IBIOK 1 128
T AARIEOBIL, Fbxksn-r—7 1M
Wiz R VIR SR 2 A L ORMEER L OWEEE - B
RO RS Z L Thotz, TDRD, BIzER
MIETFRLOLOERMA L, £/, #ha— 76 HE
PEDHZTEITN TRV K IIIT It TV R, KA
DAL, 8ADRY A 2 itk NoTi/Cu #4777
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Table 1 Main parameters of ILC quadrupole model

Field gradient 56.5 T/m
Leffective 0.53 m
Pole aperture 95 mm
Current 400 A

Coil cross section 20 x 20.5 mm®
Coil current density ~266 A/mm®
Coil peak field 34T (2D)
Weight 191 kg

Fig.1. Photo of ILC quadrupole model.
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Fig. 2. Load line and quench points of model quadrupole.
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Fig. 3. Higher multipole components (b6 and b10)
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Development of the Superconducting Quadrupole Magnet for SuperKEKB Final Focusing System
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Table 1 Parameter of the R&D magnet

R&D magnet Superconducting wire

Inner radius of cold bore 35 mm Diameter 0.648 mm

Inner radius of the magnet  41.6 mm Number of filament 1338
Outer radius of the magnet  46.2 mm Filament diameter 10.6 pum
Magnet length 400 mm Cu/Sc 1.8
Design field gradient 28.26 T/m I (4.2K,37T) 545 A
Effective magnetic length  328.5 mm /( (4.2K,4T) 452 A
Operation current 368 A { (4.2K,57T) 375A
Current density in the wire 997 A/mm’
Peak field w/o iron yoke 1.19T

Peak field with iron yoke 1.59T

Fig. 1. Photo of the R&D Magnet
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Fig. 2. Transfer function of the R&D magnet.
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Fig. 3. Multipole coefficient by as a function of the
magnet current. Solid and open circles are the results
without and with the iron yoke, respectively.
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Fig.1 Schematic view of a Nb,Al racetrack coil

— 183 —

3. NbAIL—RFS5woaA )L

L2, A EBEL7Z2 A1 (K1) O %779, Nb3Al
IRRARE R &R BT D 728012, 800°C COD i R BVILEL A3 /4 B
THY, BULERZ I LA IEF (il e D, 22T, a4
IVOBUET, BEREITo72%., BRI EZ TS, Wb
% wind & react £ CRIWES -, 72, BULELZ DAL O
LB RMG IR W ET DD, DRI VR CEZ S
REATST,

3. 1. BER

=7 VX, B L mmDRR 28 RNTY T 4 — R ALK LS
U, Z O I, 800°COEVLBRIZN 25 Hiftizif & LT, B
0.125 DT NI FHEHET — T " N—T T T THEEXOITLN
T2b D& AL, SOV Z0 | BROBRITIR D R EE OR >
Ty ) BRI FIICER T DER 2 RREDRH o775, 10
BEDHE TN —F o LV ERWET A LN T,

3.2. BNLIE

AT AT UL AROIGETEES L, B4EFEOHFT
AL, T, HET 5 A=V SN %I 2215
M, 107%Pa LL R o 722 A TS L, A1, HiR
BHAED D 6 R . TREEAS 800°C C— TR~ T-Z L 2R L .
10 B RRS IV, RERRIEI e, BVLERITHE T LT,

3.3. EXER

IR DA L1, GFRPZE Offafadt 2 JHV TR
SECEN, TARF VR IC KD EZEE R M IO, IRE
NIRRT R, B28H T, 60°CIZfR7-4L 5 FEfLIaX
A, TANALEMNT, D%, 110°CT 5 R, 125°CT 18
FREE2NT T, BBz, BEZEEIRG MR T L,

3.2. EXHAR

EiRt% ., BB TOIL, IAL-ERE L, xf
DRz N BIEZR N2 EDRHEN O BT (2000M Q PL @ 1k
V), L, 24 1 J@ARD3I~52— D Tia—RLT
WAZEMRR LT,

4 FEHESHODRERE

Nb, Al ORI O FIREHE AR FE T BT DI AL %
AIELT, fEREL T, Bk x oA R 2 e T&, 52
BUCAT TR E S A TN TEI, BIE, 20 1
B HORBREAENL, 2 B HOaALEZRERTHY, I,
H) 1 ARIELZZIC, H, BERBREITO TETHD,

SE K

1. A. Kikuchi, et al.: IEEE Trans. Appl. Supercond., Vol. 18,
No. 2 (2008) p. 1026

2. K. Tsuchiya, et al.: IEEE Trans. Appl. Supercond., Vol. 18,
No. 2 (2008) p. 1034

H85M  20114F BERKFRIR T2 - BAEA R



3B-p04

L (3)

=RBEEYT ryrEAN BN FRARRA/NEIMERSFZDRFE

Development of compact accelerator with HTS magnet for heavy—ion therapy

EWN Wz, D WY, 517 & ki S ORE); e MZ, & REGEKR),; A BOLURT IS
OSANAI Akihiro, WATANABE Ikuo, YOSHIYUKI Takeshi, KURUSU Tsutomu (Toshiba);
AMEMIYA Naoyuki, MORI Yoshiharu(Kyoto Univ.); YOSHIMOTO Masahiro (JAEA)

E-mail: akihiro.osanai@toshiba.co.jp

1. [FC®HIZ

BN IR TN NNE S AT DFEBOT- | & AR B
~ 7 bR LIRS AT AOMH 217> CD, &
D1 LU CHERLT-HRIRH R INE &R ~ O 4 & 2 72k
TR CIEL AV NI LR RO & AW oA L SR
~ 7 3w N FH] A VBB SRR R 2] &1 T L C I
TE MGG TR IR A (FRAG) IE R O 2 48 L7/ M b %
FHE D TS, A Tl g M LR EHC oW T D
NETORFHERERIT T 5,

2. MMERITHAXDINEE

TIEEEE L TR —V 7 FFAG O ZEL T
%o HEMS CHL-OEIRBEEZEALL T V7O
HULA DO FREE r 123l T

B=BO : (ij
Ty

LD N E RO ZE R CH D, BUERFTZ AL
TWABLDIETFT 4T V&2 #R EDF triplet FFAG T, #ikf D
Bl i 2 ko T RRB A i &2 L4 a0 KRR TH D,
Fig. 1 DI R ER B~ 7 Ry N AIZ3 B ~_T2b 0%
1 BEl, 8 LDV 7 EfikE LT, FEMI{EAR%E Table.1
WORT, U ZEART 10m FR2EE LD ZHURRA Y 7 ORE
FIEERDH 3 DY A XET2 D,

k

3. MEBFATY Ty /NEEIRET

~ 7 Ry MIERT D k HEESTHIETE =208 AGH
OIS FE IR RICBENT 58 (/A —vay) Z/ha<
THIEWTED, ~7 Fv b/ NI AL EIR O
<7 2y NI S RIBIZHIR C& A8 TH AU bR K&
W, k EE 20 FBEICRETHE, B =L A —Tavid
35cm FREELZRD k S 4.2 DGED 1/3 LLTFETHIENT
=25(Fig.2),

—Ji k lEESTHEMBIROT 7T LU ADNSL 72
D7 N AT AL TERSNDE — A m A & TX
DINNTRL TN T X TN XD RRETEAT VRSO FHE % 138
WI2MERH D, Fig.3 IZhTyF o 7RO 1 FlZR7,

4. F&O

EIREEE~ 7 Ry e WIS AT LELT
FFAG IR E LT3 st O 2170, Uo7/ A Xe L
TEEAANR R DY TR E I TED RIAB B ESNT, Tl
Az mLIER G To~ 7 2y b/ M BIZ DN TH IR FT
D TEY, A ha kst Omb &= KM fERL
T,

Table.1 Specification of FFAG Accelerator

Accelerated particle Co+
Injection/Extraction energy 20MeV/u / 400MeV/u

Mean radius 3.75~5.09 m

Number of sector 8

Field index (k) 4.2

Open angle 8.59(F) 6.88(D) 8.59(F) deg
FD ratio (bending angle) 1.38
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Fabrication of saddle—shaped YBCO test coils for the accelerator magnet development
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Fig.1 Schematic view of the coil-dominated magnet[3] (left)

and saddle—shaped coil for trial fabrication (right).

Fig.2 Outer view of a saddle-shaped YBCO test coil.
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Fig.3 V-1 characteristics of 1-turn coils and short sample.
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Fig. 1 Multi-pole components after shutting down transport
current (Analysis result): (a) 2 pole, (b) 6 pole
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Fig. 2 Current distribution after 1st shutting down transport
current: (a) inner-most turn (Ist TURN) ,(b) center turn
(38th TURN)
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Fig. 3 Assumed current dlstrlbutlon (a) when -carrying
transport current , (b) after shutting down transport current
(Enlarged view)
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Fig. 4 Multi—pole components after shutting down transport
current (Experiment result): (a) 2 pole, (b) 6 pole
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