JAERI-M
7343

ORNL —LCTO#5 & e 11D g

1978 F 2 H

SHO - B MRt BA

B = B F Hh B R
Japan Atomic Energy Research Institute



SO, HAN AR JAEREM LR b 2 LT ANERIZHSL T b
s s E T, AT, HA o BRAeH2z, AR S ITERFAIEREE CRmR
BEFETHL AT A0, BHL LA

PRI
P

JAERIL-M reports, issued irregularly, describe the results of research works carried out
in JAERIL Inquiries about the availability of reports and their repraduction sheuld be
addressed 1o Division of Technical Information, Japan Atomic Energy Rescarch Institute,

Tokai-mura, Naka-gun, Ibaraki-ken, Japan.



JAERI-M 7543

ORNL-LCT OBR &5 DOEW

B B J78F S5 T R A SO FT ARG B T
HE F-LERHR - B #

{1978FE 12785}

BEXREDOOAK RIDGE NATIONAL LABORATORY THEZ 1T 5 LARGE
COIL TASKTHATIEBEE In 4 - o4 vDBRARULNOBHI 20N LK
HeEdT b, CORBREHAEND-TIiEELBEEFEH ELT . Ao VERET LI
BMARVBERFEOADSHMITNEMHEAD L X, BBEAICL >TRET ZILHIC
DT BE THEBE WENT 2 E2ZRT L2 L THEARRATHS BHHECT

=770



JAERI-M 7543
Magnetic Field and Stress Analysis for ORNL-LCT
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Magnetic field and stress analysis results are
described. For a toroidal field ceoil in the Large
.Coil Task at ORNL, Nb~Ti alloy superconducting
conductor has number of problems in magnetic field
and current density for further study. The maximum
Von Mieses stress, however, is lower than the yield

stress.
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Table 21 Test Stand Requirements

Number of Tor oidal

Field Coil 6
Major Radius 227m
Bore {clear opening) 2.35mX3.35m
Maximum Toroidal Field 8T
Peak Pulse Field 0.2T
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Table 3.1 Comparison of LCT with BEBC

LCT (normal) BEBC

Current (KA) 100 57
Current Density (A/mm® ) 250 135
Max imum Field (T) 83 51
Coil Inner Diameter (m) 235X%X335 4.7 2
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Table 4.1 Magnetic Field and Stress under Extended Test Conditions

B 3 Strt?ss in Stress in Cu Ourren_t
Max PEAK Stainl ess Steel Density
(T3 iT] (kg /mm? ] [ kg mm? ]} [ A/mm? ]
Normal 80 8 3 103 7.0 2 5
ALT#1 7.1 8. 1 140 7.6 315
2 7.4 82 135 74 303
3 8.6 88 112 7.8 2 5
4 8.5 8.9 127 8.2 275
5 7.5 7.9 109 6. 6 2 5
6 7.6 81 115 7.2 2195
7 7.1 7.5 104 6.0 25
8 7.9 82 105 6. 8 25
9 54 6.3 8.7 4.8 25

Table 4 2 Comparison of LCT with JT—60

LOT( norma!) JT—60
Total In-plane Force (ton) 5800 4,700
Total Toroidal Hoop Force(ton) 15000 20400

—15-—




AXIAL MAGNETIC FIELD (TESLA)

S

—y

m o Hp 0 O N & W

|

JAERI-M 7543

ok X;TOTAL FIELD
«;SELF FIELD
o; CONTRIBUTION IBACKGROUND
— COILS
=
J
|43
d
}_
a
1
W
b
o
-
i
G
% 0, -1000 -500 0.0 500 1000
- {mm }
-l | CENTER .
-2
%
<

Fig. 4.1 Magnetic Field Distribution along the

Horizontal Center Line — Coil Number 1.
under Normal Test Condition

« ;TOTAL FIELD

o;SELF FIELD

X 3 CONTRIBUTION FROM
BACK GROUND COILS

»
y

x‘.)@-.

x\’"-x-..,(
— "56-.___‘ "

] A J ]

—X

0. 0.2 0.3 0.4
FRACTION OF COIL PERIMETER

Fig. 4.2 Magnetic Field Distribution along the Coil
Inner Perimeter — Coil Number 1. under
Normal Test Conditicn

0.5



AXIAL MAGNETIC FIELD (TESLA)

o

a4}

JAERIT-M 7543

10+
< 8 X i Coil Number 1.
]
@0 \ © ; Coil Number 2
=
R 6...
o)
!
w
T af
=
"
= 2r
2
= L | i | I | |
_ fq -1000 -500 00 500 100{) 3
< mm
= CENTER
< -2

-4 -

(a) Horizontal Center Line

-—o—.—l——"‘-.-‘-.‘\\

e

e Y X xsx;\

X
—X
I~ \x,_____x

| ] [ ]

* : Coil Number 1.
x ! Coil Number 2

0. 0.2 0.3 0.9
FRACTION OF COIL PERIMETER

(b} Coil Inner Perimeter

Fig. 43 Magnetic Field Comparison of

Coil Number 2 with Coil Number 1
under Normal Test Condition

0.5



AXIAL MAGNETIC FIELD (TESLA)

(TESLA)

AXIAL MAGNETIC FIELD

JAERI-M 7543

10 -
x : COMPLETE TORUS (SIX COWS)
= \\\ o: THREE COILS
6 x\\
al \\ / .
. o e
2
' |
o | I ] [ I
=k\\! 1000 -500 OO0 500 1000
) CENTER Lom )

(a) Horizontal Center Line

.» 3 COMPLETE TORUS (SIX COILS)
o ; THREE COILS

I | ] 1 J

0.1 02 0.3 0.4 0.5
FRACTION OF COIL DERIMETER

(b} Coil Inner Perimeter

Fig. 4.4 Magnetic Field Comparison of
Three Coil Array with Compact Torus
under Normal Test Conditicn



4000

MM )

Y

JAERI-M 7543

b

Fig. 4.5

i

Magnetic Field Distribution
at Mid-plane under Normal Test

Condition

4000



000

[ MM )

Y

~-000

JAERI-M 7543

£

2

- 1800

Fig. 4.6

;\
/

X (MM )

Magnetic Field Distrbution
at Test Coil Mid-plane under

Test Condition

-1100

Normal



JAERI-M 7543

Uol11puoy) 153] [ewiIoN Ispun auvpd-apig (100 18 UQLINQLi1st( plat,] s11audep Ly - 8ig

SHLNID
(ww) ¥
0,22~
_ |
4 0001
™
z
5
4 0002
4 000




JAERI-M 7543

40 -
'g ALT#1
AN * ALT#2
f:/ 309 * ALT#4
o Cluster Normal ALT#3 +~
- K b
[
Z 20L-
)
)
=
Z
8}
o 10 |
%
=
&)
1 ]
80 85 9.0

MAGNETIC FIELD(T)

Fig. 48 Maximum Magnetic Field and Current Density

_ B __j _ ]

1175

|
Fig. 4.9 Pulse Coil Geometry



JAERI-M 7543

UO111PUO)) 359 [BWION Japun

[1oD

1BPIOIOL UTI UO1INGIIISI(] $30J04 -

dHIANWNTdHJ
0] 0 £0 ¢0

10

T1¢ 314

00

234804

(w8 o 071

uoAINGIIISL( P[RT4 o11oufeN os(ngd 1% - Fuf
dALIWIN A d
. H.Di
m
=) 70 o) 20 T x
.
110
420
AFLANIAT S .
ool
™~y
410




JAERI-M 7543

5 It h B

Poas - 2ALDOEHERTELEEL AT, FRAMEOL DoBERERNTHL NS
W ERARETAIE Chdo MBHBAHIIME  TRLZBHCH LS ETCHEHNEE TR
LT TSI OALMEZET A LREFT LKL . X, bA- 7EEMESFITIE

CEMICSNLRETELOT, EHAHOEFHRELRETEETHRT T LEAFINLD. ®E

FEETNEFREELTERKRICET 2480855,

1) bPog4 g 24 EBICELBHEN

@ Fofsn - IANCLEL>TEFRAF A - aLMTIH2 BH

@ 8=

@ wBRUPILESOKFINE

&) #®IL
CHOOWBEEHOSLTHELEELRLOIFZUD AL - T4/ NAFKLIAERNTH
Bo FNEODWTORRIISLELBHOICHE LS BNON T Ee X, GBS i3 £ /2R HE
EDNEL ABTOBFTFELAHITILENSI2D , ABRETEIEGEELWH 2 EH
T o

KRBT CTHEE LB SR ARERE O ED — ¥ [TAFUSACT | A6
Lo Xy HABRIETNTT7 2> - I~ €2 Hoy THdo T OIENIEEMBOEIHC
BEHILEDTHE, oy TRRNTEDLIN S, U
oy =((o, —6,)® +(6, —0, P (o,0,0 ) 2

5 1 FEEFL

A ERER LA BRI AT E LTRERTEY FREREA T B, AFHE
T N3k / - FE 20000 =R u B EIT AT 58ENE2H o T b, BENEDOEZ D7
FRUOBEHEOSHE Fig 5 LR L, Fh O PEEHZ Table 5. 11Km LI, /- F
RO NSLHEOE HVEN DRELEZ 20, HBEATOHE I — FOB K/ — FESIRIK
EoT AN QL DHENBBFAMIRE THIo KRETEHEEN OSBRI LHO
4 0% & Lo

5 2 XHEAR

EA O E SR EREROHRICEL DA E CEhoTL bo XHHRI L -T2
NOBEH T EEbD Do LR THMU LY UL S HVAERICFIZET B,

(it ZFOUE

i FH OB EH



JAERI-M 7543

i) ZFFOH AE

it s DN TRFAESED TN D LD ICDNTIRNE & Fig 5 2 Km0 =
DERERIELATNE, @IIDHEIANOERLOLE THBO 2HTEHLTHE, OO
BEEEAESEECH LT L, b OB TERRAZ PO SFH LT 4.
CFEEHLF LI SEXHFL BER T TEZA T E B ED=208E kT 2L 5D
DR —RIGR VOB BT THEL LN IERITII . 5T . COBFALLEBSNLE
HALNABRFCRET B OMBEAETE L ENSHFRHL ol 0 - 04 L DEFHAR
THMBEEINBIBEICE 5o

5.3 AP IRIKEH

FHEHICIEISUS30ALOEEHRZAL , BHRBICETHOEH 2B O TEHHE LR ig
5. 3@ IRT o EHL Table 5. 2iTmds L L . BEHEIALGHENY 7L05EHF +
VANKRURBYSASE R AERORE DT . ARENTEOHEBEEEO EEHZ|T 504
M LTHANe LirioT » BEIFOY /R A2 1 /20 LirBEaa28® Lo Fig 5 4
) ChBo ¢ OBAEEDIE DL ¥ YV IEEL S 20 Liztoh i stERES 202 L1201 i1t

NP A AN
: BHADEGIIL . HELRC I THRBESBEL — @Y THEKLERBICESERLLO
} THD  2OMOT <D PE X OED bo L7 5T + & & T o R IR & ANT
? B0 e DBRICMPBE D N TOMERFICR BT 5 BEND 2o T OEHICIE
| Bk A BERETARANEEHOH B EH D  —FEOBEEREH O LIS
KB EOHIEE R LT W EDFEEE SM b0

6.4 EEG

HEDEHRLOSIFHFLOOHRA , BEOY Yy /Eiib O LR %E , SEOBTOAERAEL
FDOFERE Fig 54107 Te #smHARAIGH 103k g/mm® HEROEREDESFTERD 2
FECHLLS T0kgmm? 705, Table 5. 2I0RF SUS304LDWHEEL ZEICANT
HIZITEBTEETH S, MELNIE The/Mmn® EFEABREFAEHZI T L0 260D 173
L o T OTHEN . Fig 55 TRFIE e, y0, RUFAMIETD T 2R LTe

Bo B oA FABRICL > TEEIBELLESDOIEHICDNWTHEN, D 02T
DWRAZ oA 20 a4 M LIZES B HDEARETEREAEE . Fig 5.6 Tigf o
A SR AE I THMLABEDIR N THLE, cTHIRNE L TIHEL L,

W, 240z 3ETERE LEBEOIL BT #EE T4, ChilERFRTSHETRD7 7 X
A= FTRIMNEBUCHETLS6DTHE. BERIIIBO A L EZBRHABHRED 1 00 % Tk
Lid DT B L6 EO AN E L EDE R FT e LoT,BHDEABSLT AL
A NWEBRATER LT TALBEREGBESNLEEN ML, 3O/ VDI REUH DT
A DI FE Fig 5. 7077,

__.25.__



J ABRI-M 7543

5.5 {hEREEBRORK

Fig 2 61CRTHERROIGHBIERE Fig 5 81CR T HMAI Table 4 11T EHT
5 L te

ERENOEROERAEE L TALE » ALTTL RO ALTF2 (386 34 LDBEOER
W< DE A IR LB AR TICESFERA LTS, 2F0DHIAVDERTELS H
BHED X SO TR AES LT e ALTFL 4 TOBHTRBLH L 14 ke
“mm? OENERL TS

FICALTT3i3 . 6 MO A AT RCERBERTRESNTVEREETHEb, COBER
Pure Teusien BROMEHTE Hh TR AL OELE RSB SHT, ALTT 4 REER
Br & o T bl LOEAETH A0 B HELTIEL 27 kg/mm? & ok 5ICALTH
5B ALTT8 T CHHIANAEROMELRE >TED , THIXBELHET YO LT
Bl o T bk F IS ORAL B SN D ote BERICALTTY REARRICOTTHY
COBE VEDELTERE2BENEDL 576

5.6 [FhBEFoOMES

NAT IRBRBEFO A L0 A VICIIIERICRE R ABERT 5. CHITHL » 7
SXwMNT A —F —DEREDSETENGELE  HOLUDESHDO DL OEE » HE O
HEOELOEITNEENEN, FCT a4 - 24 VOER . T, #EFTOME
ADOFREHNT . Fuf g 34 VEFEBEIRTOLHRIENDEERRFRICEBZILTN
7 570 AHEETHSHICH ~HMEAZRICET S,

(1) FRERED DEEETOER TO %I,

2 EFEHDORNTEROER.

8 BEULE-IRFEEORITEUER TORT.

@) BEBEEHAEESTEOME T EE OEVE.

(B) BETOFEERMOHEERO®EE,



JAERI-M 7543

Element and Young’s Modulus

Table 51
for Stress Analysis
Element Young's Moduius [tonsim® ]
Su. +Cu 33,34 14. or 7.
SUS 11,12,13,14,15,16 20.
21, 26
31, 36
41,42 ,43,44,45,46
Insulator 32, 35 1.3
Gap 23,24 0.
Tahle 5.2 Properties of SUS304L and OFHC Cu

Yield Strength |Ultimate Strength Young’ s Modulus
(kg /mm? ] [ kg/mm® ) [ fon mm® ]
SUS304L (297K 301 6 7.4 194
r4kK1 4 1.1 1620 205
OFHC Cu [297K] 31 211 116
[4K) 4.9 428 141
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