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Safety Analysis of Superconducting Poloidal Magnets for
a JAERI Experiméntal Fusion Reéactor

Fusion Reactor System Laboratory
Division of Thermonuclear Fusion Research
Tokai Research Establishment , JAERI
(Received Feburary 1,1979)

The design of superconducting poloidal magnets was restudied
concerning safety. The magnetmotive force of the superconducting air
core transformer was reduced from 60 MAT to 48 MAT by shortening the
operation period of reactor, so that the maximum repeated temsile’
stress of stractural material (30458) caused by electromagnetic force

was lowered to the level of 24 kg/mm® and stability margin of the

- superconductor was increased. The deterioration of. thermal insulation

in the vacuum jacket was studied, and safety valves ﬁére-désigned to
cope with it, '

For repair, dissasembling the poloidal magnet was also studied
in relation of the toroidal magnet. '

Analysis of general failure of the superconducting poloidal

magnet was made by event tree and fault tree techniques.

Keyword: JAERI Fusion Experimental Reactor, Superconducting
Poloidal Magnet, Stability Margin, Safety Analysis,

Vacuum Jacket, Disassembling

The design study performed by Tokyo Shibaura Electric Co., Ltd.
under contract with JAERI. '
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0
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.20
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2
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Table 1.2 EEBP = 1 » 5
1 »~ B & (f&) 12

529 ! (MAT) 8.0 +— 80

ArEBREBEVUERND

R (m) Z m I MAT
2.0 0.34 1
2.0 2.3 3 1
2.27 5.0 1
8.0 7 6.8 1 1
8.8 2 6.4 3 -2
1118 3.9 4 -2
2.0 ~0.34 1
2.0 -233 1
2.27 -50 1
8.0 7 -6.81 1
8.8 2 -6.43 -2
1118 ~3.94 —2

Rod4grerFy b v ELEXREELEZRE

ZLoERET AN BEERSBI AN~
L6 OMAT 8MA—~ B8MAT
240 8 0 80
48kV 16kV —18kV
250kV 100kV
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Table 1.4 &Ko 40 DEHEL
m R | FTAS|E B O B|IH R B|2F-CHR|EERK
NI - BB T | z o
(MAT) (A) (B) (o)) (AXxBx0C) (k A)

T 1 3 4 11 2 528 5.6 8

T 2 3 4 11 2 528 v

T 3 3 4 11 2 528 #
b T 4 3. 4 11 2 528 ”

T 5 3 4 11 2 528 n
& T 6 3 4 11 2 528 "
. T 7 3 4 11 2 528 #

T 8 3 4 11 2 528 "
1 T 9 1.5 4 2 2 6 26 4 "

T 10 3 4 11 2 528 "
M

T11 1.5 4 11 6 264 #

4 60 — — 240 S— —

vV 1 1 2 10 0 200 5
=

vV 2 1 2 10 0 200 5
fid
- vV 3 1 2 10 0 200 5
L vV 4 1 4 5 0 200 5
= vV 5 -2 4 5 0 400 -5
,1‘

vV 6 -2 4 5 0 400 -5
N : : . ,

& +8, —8 — —_ 8§80, 80 — —
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PN It 23
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000637 0.1097
EEBREBI AL
06,0729 1.090
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- = = -
0.267 0.251 1.00
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Table 1. 6

& B (EHEB AN
(BERB2A )
BOAA B BB
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L

m 5 B
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*ENECEBEEREAKEBMNE
2 b3 Ve (PRELRE)

b

5
ﬁ
-] L
2 & ®
#
®
&\

i3]
H

i

NbTiz«a 3 A+ #

4

CuNi fE

&

=

Cu tt {(Cu:NbTi+CuNi)

NbTITOBREBE

VA4 XMy F

®

BE M MEMLRE

(mn?) 11x25
(k) 8 3.1
(k) 6 8.3
(T) 812
(A). 5680 -
(A Ant) 207
Wen?) 0.359
() 2

{mn} 2x21
(%) 42

(A/mn2) - T 1.2

(nn) 1.1

NbTi—CuNi—Cu 3 & #&

(&) 2033
() - 10
(p) 2

| 2,04 :1
(Aen?) 0.4 23x10°
(nm) 30
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Table 1.1 0 ‘Specification of magnet cooling

Small diameter coils

Cooling metheod i ' :
Flow rate of liq. He :
Coolig channel in radaal direction
Total cross section H
. Total volume H
Average velocity .3
Coolant
Temperature ‘ : t
Pressure :

Large diameter coils

Cooling method

Supply rate

Coolant

Temperatufe

Fregsure :

Liquid helium forced cooling
800 %/min in coils ’

6.868 m?
4,808 md
0.194 cm/s

4.5 K
1.2 atm

Liquid helium dipped cooling
450 £/h

4.5 K
1.2 atm

Table ; 1.1 Specification of

cooling system

{1) Three tanks
" Number of tanks
Volume of one tank
Dimension of one tank
Material
Maximum inner pressure

Temperature

{2} Cooling system
' Flow rate of liq. He
Capacity of liquefier
Refrigerating capacity
Liquefying capacity
Input power

Ligq. N; consumption

: 3
7 md
: " D=l.6m, H=3.5m
:  FRP '
: 0.5 kg/em?G
t 4,5 K

: 1000 £/min.

4 kW x 2 (at 4.5K)
500 2/h x 2

2,500 kW x 2

: 4,000 &/h
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Table 3.1 F - YHMLRERE

= EfEesT f EE®EB A
B o BN 4 8MAT 8MAT, —8MAT
2 R 240 8 0 , 80
ERXRELERBRE 48kV iekv.416kv
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Table 3.3 A A REEHROEER
Phase I T I N Y Vi £
23 8 92 | 120! 10 20 20 | 180
B A ERET 0
62D BT R ET 1 g9 320 10 60 20 4290
. A 5T 1 12311400 | 1/14.3 0 1/25 —
B
B E EL 1 1/45] 17400 L7125 0 1/16.7 _—
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{MAT) - (A) (B) ()] (AxBxC) (kA)
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T2 2.4 4 10 12 480 5
E |

‘T 3 2.4 4 10 12 480 5
# | T 4 2.4 4 10 12 480 5

T s 2.4 4 10 12 480 5
Bl e 2.4 4 10 12 480 5
R O 2.4 4 10 12 480 5

T 8 2.4 4 10 12 480 5
141°7 9 1.2 2 20 6 240 5

T 1.0 2.4 4 10 12 480 5
rl9

T 11 1.2 4 10 6 240 5

L 48 —_ — 240 — —

V1 1 2 10 10 200 5
= |

V. 2 1 2 10 10 200 5
T.g. .
2% .;;;v_ :3 1 2 10 10 200 5
BV o4 1 4 5 10 200 5
Tl Vs | - o2 4 5 20 400 -5
4’ ‘u

'V 6 - 2 4 5 20 400 - 5
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Table 5 2 AN T AF AL L Ty— A FIECEELLNLRE
K 2 E fz # =B
1077 Torr " 1.25kw
10°% # 125 kw
107%  # 125 kw
107%  »# 1. 25Mw
1073~ 125 Mw
Table 5. 3. MREERBECEE~) 7 20KF
Q t
10™% Torr 3.5%X10°% watt 12 see
107t 3.5x10° 120
107° 35x10* 1200
107° 3.5x10° 12000
Table 54 B#HEFRHCgOfE
% - & SEORE (°K) 254 AEOEE (°K) Cg
CO., 158 ~402 77 1.0
N, 85 20 0.65 ~0.8
N, 77 20 0.4 ~0.7
N, 300 =25 10
A 300 4.2 0.6
A 83 4.2 =07
H, 100 35 37 0.98 ~0.99
H, 300 3.5 3.7 0.91~093
H,,D, 300 2.2~39 0.9
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Table 5 5 FhokEI LN 2ABRBICL HBRE

At W
0.0 1 em?( # 1 mm O ) 50watt
01 (3.5mm@7"\) 500
1.0 (# 1 em®DA) 5000

Table 5.6 ~ Y 7 aOip(E

E /) P | BafimE | pyx10% | p X107 Uy U,
AH E g /cm® . g/em® J/ g I/g
1 4.2 12.5 1.7 B g 24
.2 4. 4 121 2.05 9. 8 24
1. 4 4.6 11.6 2. 486 10.7 238
1.6 4,756 111 2.8 116 234
1.8 4.9 "10.6 35 127 228
2.0 505 9. 8 4 2 139 219
2.2 517 8 5 5 8 1589 168
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