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Evaluation of Pulsed Losses

of 20M J Superconducting Coils

Ryukichi TAKAHASHI* and Susumu SHIMAMOTO
Department of Thermonuclear Fusion Research . Naka

Fusion Research Establishment , JAERI

{ Received April 12, 1985)

Recently JAERI has developed two pool— cooled 50k A pulsed superconductors
and a 30kA cable—in—conduit type pulsed superconductor .

In this paper . the pulsed Josses of three 20M J coils designed basically using
these three types of superconductors are calculated for the bipolar pulsed operation
from+ 7 Tto —7 Tin Z seconds .

The results show that the pulsed losses are less than 40k J for three coils .

which are small despite of employing large—sized high—current conductors.

Keywords @ Pulsed Losses . Superconducting Poloidal Coil . Fusion
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Table 2.1 Major parameters of JA-50 superconductor

JA-50 CONDUCTOR
FINAL CONDUCTOR

DIMENSION 144 5mmX 17.5mm
NO.OF CABLE 35
TWIST PITCH 1000 mm
S.S. REINFORCEMENT
DIMENSION 130 0mm X 2.5mm
INSULATION CURED EPOXY FIBER GLASS TAPE
0.1 mmt
CABLE
OUTER DIA, 7.86 mm
NO.OF SC STRANDS 6
5.5, STRAND
OUTER DIA. 2.62mm
INSULATION FORMVAR
30 #mt
STRAND
QUTER DIA. 2.62mm
B1A. OF NbTi FILAMENT 9.7 #m
NO.OF FILAMENTS 6156
TWIST PITCH 40mm
NbTi:Cu:CuNi 1:9.68:1.04
INSULATION FORMVAR
10 #mt

Table 2.2 Major parameters of JB-50 superconductor

JB-50 CONDUCTOR

FIN DUCTOR

DIMENSTION 117.0mm X 20.5mm
NO. OF CABLES 25

TWIST PITCH 760 mm
5.5. PLATE 95mm X I1mm
$.5. ARMOR *SEE FIG. 2 2

FOR DETAIL

CABLE

OUTER DIA, 8 0mm

NO. OF STRANDS 21

STRAND PITCH 100 mm
STRAND

OUTER DIA. 1. 5mm

DIA. OF NbTi FILAMENT 20 um

NO. OF FILAMENTS 540

TWIST PITCH 15mm
NbTi:Cu:CuRNi 1:9.0:042
INSULATION COPPER OXIDE



Table 2.3

F-3 TOR
FINAL CONDUCTOR

NO.OF SUBCABLES

STRAND PITCH
VOID FRACTION
S.S. CONDUIY
DIMENSION
THICKNESS

SUBCABLE

QUTER DIA,
NO.OF STRANDS

STRAND TWIST PITCH

STRAND
QUTER DIA.
DIA,COF NbTH

TWIST PITCH
NbTi:Cu:CuNi
INSULATION

Table 2.4

STRAND DIA. (mm
TWIST PITCH( mm
MEASURED 1
RESISTIVITY @
AVERAGED M (ms)
FOR WHOLE COND
@ 1 T

)
)
T{ms)

17 {nQm
UCTOR

)

FILAMENT
NO., OF FILAMENTS

JA-50

2.6

40
14%2

3.6
6.1¥0.8

JAERI-M 85-057

Msa jor parameters of JF-30 superconductor

7
360mm
34.2 %

345mmX 34.5mm

1.8 umt

20.2mm
81

23 mm
47 mm
G0mm

180mm

(1st)
(2nd )
{3rd)
(4th)

1.19mm
12.8 um
1344
14mm

1:3.68: 1.55
FORMVAR

10 #mt

Measured loss time constants

JB-50 JF-30
1.5 1.18
] 14
7.5%1 2.6%0.3
0.96 2.4
2.910.5 1.4%0,2
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Fig. 2.1 Cross sectional view of JA-50 superconductor
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Fig. 2.2 Cross sectional view of JB-50 superconductor
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Table 3.1 Ma jor parameters of three types of 20 MJ coil

JA-COIL JB-COIL JF-COIL
CONDUCTOR *JA-50M JB-50 JF-30
COOLING METHOD POOL COOLING POOL COOLING FORCED COOLING
OPERATING CURRENT(KA) 50 50 30.6
NO.OF TURNS 150 144 231

(25 x 6) (24 x 6) (11 x 21)
INNER DIAMETER(mm) 700 700 700
OUTER DIAMETER(mm) 1690 1780 1679
LENGTH {(mm) 927 750 732.9
INDUCTANCE  {mH) 15.9 17.1 42.8
AVERAGED CURRENT DENSITY

(A/mm?) 16.4 - 17.8 19.7

STORED ENERGY{MJ) 20.0 21.4 20.0
MAX. OF MAGNETIC FIELD(T) 7.0 7.25 7.4

* Modified JA-50 Conductor with reduced{30 mm) twist pitch



JAERI-M 85-057

TI0D-9f Fo 3ded 3uipuls Jo mara ydnoy

( SNUN1 +2)
ov§

2¢ Big

(SH3AVT 9)
064

AINIWIDHOANTIY
55~

NOLLVINSNI

NOLLYINSNI

TI10D-Vr 30 3ded Suipuim jo mapa ysnoy

(SNuNL G2)
Gétb

{SHIAVT 9)
226

ANIAFDUOINIZY 1

‘§'S

4

1
NOIL1VINSNI J*O.

NOLIVNSNI

e 814




JAERI-M 85-037

TIOD-dr 30 3led 3uipuim jo moa1a ydnoy ¢¢ 814

{SNYNL |1}
~—— § '68¥%

0Ged

(SH3AAVT 12)
6'¢gl

o

NO1ivINSNI

NOLLYINSKI
AN3W3DHOIN]

&g
NOI LY HISNI

11naNOD
8's




(MM)

4

JAERI-M 85-057

»x MAGNETIC FIELD DISTRIBUTION =
JA-50 20MJ COIL

BMAX= 6.820 (T}, X =-350.0MM), Z = -0.
BMIN= 0.364 (T}, X = 745.0{MM), £ =

o] 7J///V\?\\*\

S

e

g o /

g 30

S'- /—\

i

g'...

.g‘l.l 7 T T T Y T T T T ||/|/1/1/;

'_gno.00 -720.00 -540.00 -360.00 -180.00 0.00 180.00  350.00  §40.00  720.00
X (HM)

Fig. 3.4 Contour lines of the magnetic field of JA-COIL

»x MAGNETIC FIELD DISTRIBUTION mx
JB-50 20MJ COIL

EMARX= 7.252 IT). X =-3650.0MM). Z=0.0 (MM]
GMIN= 0.259 (T), X =782.0G(MMI. 2=0.0 (MM]

gL

] T T T T T T ¥ T T T T T T T T 1 T T T
-300.00 -720.00 -640.00 -350.00 ~-160.00 0.00 180.00 360.00 640.00 T20.00

Fig. 35

X (HH)

Contour lines of the magnetic field of JB-COIL
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wx MAGNETIC FIELD DISTRIBUTION xx
JF-30 20MJ COIL

BMAX= 7.398 (TJ, X = -350.0MM), Z=-0-.
BMIN= 0.241 (T), X =741.8(MM). Z = -0.

pe—— =SS\
NI
; |

T 1 | T
800.00 -720.00 -640.00' -360.00 -160.00 0.00 180.00 ' 360.00 = 640.00  720.00
X (MM}

Fig. 36 Contour lines of the magnetic field of JF-COIL
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JB50 SUS PLATE EDDY CURRENT

Fig 4.6

Fig, 4.7
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g [FIELDDMI1 1 SR=a27)

WRAROEH N E7 o0/ 546 [FIELDDML | EBED [ JAFUSAC |'F V2R
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KEEFEOBROBERDERE,
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DMI1) 2fffil ke 270 v e —D7o %A 1K, J)2bEERALIRRRLIL, 77
P2 20T 4014 EKEROT, CRTECHA#REEEBALVESE, v ¥a DL 0
GONBIZHAFSITIZE (1024) LLTHBLENDSL, —H. “yFBOKEED ] CL
Ol EFRA2IERL A,

A9 s

PIFiw, TFIELDDMI1 | #H0T, ~ad—Caf4rt]B—50, 376863404
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Table A. 1 List of TSS command procedure of [FIELDDMI1 |

OUON0oG10
00000020
QOOODO30
O0UCO04E)
QOOODOSA
00C00DED
00020070
D0OG00S0
00000090
00ONa1o0
QOOan110
O00OO01ED
DOC0013E0
0000O0140
OOuOG1LSO
00000160
QOO00LTO
QOOGOLE0
DO0B0190
00CO0Z00
00000210
Q0000220
Q0000230
QOO00240
00O02s0
00000260
QOOo027O
Q0000280
000H02Z90
00o00N30o
00o00310
03000320
ONDON330
00000340
000003=0
0000N360
00000370
Q0OON3E0
00000390
00000400
Q0000410
Q0000420
0DOON4&30
0000440
D0O0DASD
00000460
20000470
OOG004ASD
00000490
QOQONS00
BoOnas10
00003520
Q0000530
0D00NS4)
gn0noess
0000NS60
QUn0STo
HIDOOSSD
Q0300590
DO00OG00
00000610

00000620

FROC O
GQLOBAL A B CDEFGH
WRITE
WRETE
WRITE tsrrierney FIELDOML TSS COMMAND PROCEDURE START  libertrpropig
LR T TE e v st sbe it b e vl e s she s ok sk 0 ok o o o e sieobe o s ol ok i sl e sl le o e 0 b o b o b ol ol ol ot b s e W Mo ool e e e e e sk
WRITE FFFFF Il EEEEEEE LL DDDDD ooooD i mi 111
WRITE FF IT EE LE oo oo DD DD MM MM 111
WRITE FFFFF 11 ECEEE LL oo DD DD DDM M M 11
WRITE FF IT EE LL DD po DD DD M M 11
WRITE FF IT EEEEEEE [LLLELL ©DDDDD DDODD M M 111111
LIRS T T ot ok o sde st ke ot ok o ke ol o sk e ok e sl e o0 e 34 0 o e ol o o ol o e b ke o0 o0 Sl o 0 0 oo obe b o e 0 o o sk sl o ol e e
WRITE
URITE
WRITE
WRITE
WRITE
WRITE
DDIWRITE
WRITENR WHICH ARE YOU USING FACOM FULL SCREENM OR TEKTRONIX NOWCF/T> ?==
READ &FT
IF &FT =F THEN GOTCG ER
IF & 7T =T THEN GOTD GG
s0TO DD
WRITE
WRITE
GG:TEKTRO T401l4 SCCE.MILSID
WRITE
WRITE
WRITE
WRITE
WRITENR 2777777777777 TS3 OR BATCH (T/B) 7777?7777 =======
READ &F8
IF  &FB=T THEN GOTO NP
IF &B=B THEN 507G BB
ag%TE PELLL it CAUTION trrtrrrrprtr it
WRITE ! PLEASE INPUT T DR B CORRECTLY 1t
WRITE !!!!!E!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
GOTO GG
NFITEKTRO T4014 SCCE.MILSID
WRITE
WRITE
WRITE
WRITENR DID YOU LOGOM TS3 SIZEC(1024) 7(Y/N)===
RERD &YM
IF RYN=N THEN GOTQ NN
IF &YN=Y THEN GOTO YY
GATO NF
MNITEKTRO T401l4& SCCE.MILSID
WRITE
WRITE
WRITE 1tivitennttr CAUTION trdprerepainniiniilt
WRITE 1! WORK AREA 15 TOO SMALL '
WRITE !! FLEASE RE~LOGON TSS SIZE(1024) i
WRITE !! ===} LOGON T53 J3&09/CHUN S(1024) !!
WRITE !! AND- TRY AGAIN 1!
WRITE '2000E0T i it b e i i i iy
WRITE
GOTO XXX
YYIWRITE
WRITE



oo0u0se30
QOO00640
0A00A6S0
QANUN&60
000d067T0
ONROO&S0
[hid[aininl=3*18]
QOOROTO0
0ONoOT10
00000720
Q0000730
N0O00T40
QQoN0nTS0
Q000760
QOAGOTTO
00030750
QOBO0TI0
00000800
00000310
Q0OC0s20
oO0O0S530
DO000540
OO00NAESO
00U0aseQ
QOOO0STR
00000530
NOGOGS20
plalelniualule)
HOoDNY10
000ON920
QD030
00000940
Q00000
000009ED
Q0000970
000009850
on000eIn
QG001000
00001010
00001020
0001030
Q001040
00001050
0oU01060
Q0001070
0001080
O001090
guon11o0
00001110
00001120
00001130
00001140
00001150
Q0001160
QOoallvo
0001150
0001190
Q0001209
00001210
BQ001220
00001230
0N00L240
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Table A 1 (Cont. )

TEKTRO T4014 SCLEWMILSID

WRITE
URITE
WRITE
WRITE

PLEASE INFUT DATA FILE NAME (EXAMPLE J3609.FRAMEL.DATAR(STERPZY)

WRITENR S=mEoooo=TTTISEoE)
READ DF

WRITE
URITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
ALLaOc

OK! OK! I WILL ALLACATE
&DF
TO FTOSFOOL

DAC'EZDF ') DDCFTOSFOO1> REU

TERMINAL LINESIZEC137)
TERMINAL LINES(612
TEKTRO T4014 SCCE,3M.5{2

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
PTSI0

S e M i s HE I o o e R SR e M e MR i ke ok s ode e o ot S R M s sl o ol ol sl R e ol ol sl e e i oM 0N e e o o

» MAGNETIC FIELD CALCULATION RESULT (FIELDDM1 T35 MODE RESULTY =

*h#***ﬁﬂ****ﬂ*H'*t****ﬁi*ﬁﬂitiw******ﬂ*#ﬂ*“‘#‘****#*i***#ﬂ*fﬂﬂ#

* w

«YOUR USING DATA FILE NAME = -
&DF

IF YOUR FIGURE OPTION
IFIG=1
THEN CONTOUR LINES WILL BE DRAWN  AUTOMATICALLY
AFTER LISTING OUTPUT DATA

DATE=&SYSDATE TIME=&3YSTIME

# * 2 # 5 ¥

® % 5 % 5 ¥

* -

A ate o ok ol o ple ke e ok s ol o ok o ol ok S o ol ok S e i e A e N i o o ol ol ale S I e e e e e o ok ol e

CALL RYUCFIELDDML)D
GO0TO EX
BBIWRITE

WRITE
WRITE
WRITE
WRITE

whmmmmmncnmnnnwkk JK! BATCH PROCESSING sk e o s s s s e kot i sk o s ik o srlon 5

IF ®&FT=F THEN GOTO FF
ELSE GOTO LL

FRIURITE

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

*‘*D*i*t##*****ﬂi**t*i*****#***i‘****ﬁi**‘“‘l'*‘*ﬁﬁ*ﬁ‘.‘t**#****‘

»PLEASE MAKE SURE OR CORRECT TIME ETC. AND DATA FILE NAME
IF YGU NEED !!=-=) UNDER FULL SCREEN MODE

1
i
v

IF JCL OK THEN PLEASE SUBMIT (COMMAND---> SUB)

% 4 * 5 F 3 B g B
* & R ot oy

PLEASE ENTER EOM S:iEND OR EOM NIEND



0ou01250
00U01ZE0
00001270
OO001280
BO001290
00AOL300
BOO01310
OOR0L3Z0
00001330
OOORLI340
Q0001350
ONO0N1L360
COO0L370
QOOOLIE0
QoOD13%0
QDO01400
Q0001410
00001420
MINQ1430
ooo0N1440
00001450
00001460
Q0001470
0O0N1450
00001490
o0nO1500
00001510
aoonl1szo
Q01530
00001540
BONG1550
QOo015S60
00001570
GOOD1SS0
QUOO1S50
00001600
ORoN1610
ooR01620
Q0001630
Q0001640
Q0001450
Q0001660
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Table A, 1 {Cont. )

WRITE = OR  EOMSEND -
WRITE =+ "
WRITE = WHEN YOU WANT TCO CLOSE UFDATE MODE *
EJR T T ot o ot ot ke o st s oh o o e i o e o e o oS00 0o o ol ok e o ol s ol o b sl 60 e o o o ol e ok oo ok

WRITE

GEMZ RYU.CNTL

Y FIELDDML

F3

G0TO XXX

LL:WRITE

TEKTRD T4014 SC(E.3M.51}
WRITE

TR T TE e i s s oh ok s o i ok o s i s e ke s s b i s e e e o 0 6 oK sl G o o o ok o bl o ok i e 0 o ook ol e e s o ook

WRITE *FLEASE MAKE SURE OR CORRECT TIME ETC. AND DATA FILE NAME *
WRITE = IF YOU NEED !!-=> UNDER TEKTRO MODE -
WRITE = I -
WRITE = I -
WRITE » v :
WRITE = .
WRITE = IF JCL OK THEN PLEASE SUEMIT (COMMAND~--=-} SUBY ®
WRITE = L]
WRITE = PLEASE ENTER EOM S3END OR EOM NIEND A
WRITE = OR E0M; END »*
WRITE = *
WRITE = WHEN YOU WANT TO CLOSE UFPDATE MODE -
WRITE PR g grap apaappnp pepegngrgegeppgrt g L EE T IR P LR L S AL L L L R LA L L LRl
WRITE

GEMZ RYU.CNTL
U FIELDDML

L

GOTO XXX

EX:WRITE

WRITE {11010 FIELDOML T35 COMMAND PROCEDURE END #11E10IITIOCELITEEENL]
TFE T TS oh s sk s ot b s o e i s okl o a0 o o ol i o0 e e o o o b o0 A0 O o 00 o o
WRITE = EEEEE NN NN DDDDD

WRITE = EE NN N NN DD D

WRITE = EEEE NN N NN DD D

WRITE = EE - NN NNN - DD )]

WRITE = EEEEE NN NN DDDDD

HRITE S S0 W o s ol ol e SR o ol o sl S S e e o e o e s e ol ol ol R el o e e o e
XIWRITE

KXKCEXIT

__35._
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Table A, 2 JCL for [FIELDDM1 |

GEM=-F30 CVO1/L06) === J3609.RYU.CNTL(FIELDDMLY LEVEL=66
"ROY SCROLL == PAGE COLUMN SCROLL ==> 40 NONULLS S0

——km———] . 2 Hmmm W fyrn e mn i Tt e b e m e (e W e e ] e
glo0 //JCLG JOB
0200 //JCLGE EXEC JCLG
0300 //7SYSIN DD DATA,DLM="++"*
D14 EHD /2% ot sk e e o i ol e e ol 3 3o e o sk o SR 3K 3 i ol b e e i o i ol s o o o o o ol sk e e ol e kol ol ol
OS00 /wmww FIELDDML .FORT JCL ok e
[ A R R T T L
oro0 // JU;ER 95TE3609.HI . NAKAJIMA,0035.100
0300 T.,2 C.3 W.Z 1.3 SRP GRP
GR00 DPTP PQSENURD'FHUN
1000 //FORT7Y EXEC FORTTY
1106 // 30="J3136.FIELDDM1",
1110 // A='ELM(») s NOSOURCELCCOY "y
1200 /7 Q="' .FORT',
1300 /7 B="LANGLVL(66) "
1400 //LKEDTT EXEC LKEDTY.,
1500 // GRLIB=PNL
1600 //RUN EXEC GO
1700 /7 EXPAND GRNLP,3YS0UT=E
1800 // EXPAND DISKTO.
1900 // DDN=IY3IN,

GEM-FSD (VO1/L06> - J3609.RYU.CNTL(FIELDDMI) LEVEL=66
ROW SCROLL == FRAGE COLUMN SCROLL ==) 40 NONULLS 50
e SIS Vb s, A | LT SRR S Tmmmm

2000 7/ DSN=*J3409.FRAMEL®,
2100 /7 @=' .DATAEXSAM)®
2200 ++

2300 //

suw END OF DATA SET wew

Table A, 3 Example of input data for [ FIELDDMI |

_§EM—FSG (UDL/LDE) === J3&09.FRAMEL.DATACEXSAM) LEVELZ=3
ROW SCROLL == FAGE COLUMN SCROLL == 40 NONULLS S0
et =] —— * R 4 5 » Gumm T
0100 P=-COIL 1 320. Q. 140. 142. 1.7
nzon F-COIL 2 325. 315. i30. 276, <.
N300 FIN
0600 1
0500  JE=S0 3/S+PULSER-C
0600 XZ
0700 4

0500 0 250 390 400 450
0900 S5 7 2 %

1000 3

1100 =85 =76 76 177 453 470
1200 2 5 5 10 3
12001 91

1400 0.5
1800 2
1600 5
1700 250 =76 250 76 390 76 390 ~76 250 ~76
1800 5

1900 250 177 250 453 400 453 400 177 250 177
**« END (OF DATA SET »»=
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Fig. A 3 Auto mesh for the input data generation
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Fig. A 4 Node data for drawing of the coil figures
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Fig A 5 Contour lines of magnetic field



