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Mechanical Analysis of Cryostat Feed-Through for ITER TF Magnet

WANG Zhi-bin, SONG Yun-tao, LI Chang-chun, WANG Zhong-wei,
WANG Cheng-hao, JI Xiang
(Institute of Plasma Physics, Chinese Academy of Sciences, Hefei 230031, China)

Abstract: By means of numerical method, the magnetic field strength on cryostat feed-
through (CFT) busbars for TF magnet at different plasma scenarios was calculated, in
order to get the maximum electromagnetic loads. Finite element mechanical analysis was
performed to know the stress and deformation of CFT under different working condi-
tions. The results show that the proposed CFT structure with gimbals is properly
designed, which can withstand all the electromagnetic, thermal and mechanical loads
expected during operation.
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Fig.1 Structure of TF magnet CFT
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Table 1 Current variation with time in ITER magnet coils
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Fig. 2 Variation of peak magnetic field

with time on busbar (including self-field)
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Fig. 3 Electromagnetic force distributions on CFT busbar at 100 s
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Table 2 Tresca stress and displacement on CFT under different load cases

. I 71/ MPa fi % /mm
i ERIRINA BEHRE TAERE [EIRINA BHIRE TAERE
ks 66. 4 86.9 85.1 7.23 59. 6 60. 6
i 47,4 61.0 61.3 7.18 59.5 61.4
73 1) 18.1 29.7 41.5 4.79 33.1 34.6
AP 92.7 105 114 2. 60 50.0 51.8
T B 30. 9 93.5 283 4.47 62.8 61.3
LG 21.8 88.5 86. 3 4,46 50.9 49.1
4 i B 7 5 A B AR KA 1. 65 T N

i BUE T LR T A [ 20 9 15 4
FHRL ERIRE 0 A AE ¢ =100 s I RELL

R4 b G I8N 52.5 kN/m, EE FK
Sy R E T A R IR AR S P R S N Rk



BT RER A H4SE

Jo; H/MPa a J; H/MPa
Bl E.OE—3
By [Pk
58 [ Biks
[=Fk] 262
=515 1356
Em389 R
EHi61 524
538 608
621 E702
le9s 178%
=769 869
= 8 B953
927 .5
& 7

BV J7 17 35 (03 JE 5 2k 119 Tresca [ 77

=

I f1/MPa c

78

wivioanisSwoe |

LR AL

z

7153 A

Fig. 7 Tresca stress distributions on CFT with gimbals

a—AFHUIRES ; b— R EHRE

- 2E—3

L §
E T
&n |

8  TARARAHJT 45 ) Tresca B J) 43 #i
Fig. 8 Tresca stress distribution on gimbal

under working condition

T%%ﬁi,‘ KI5+ 32 F 3G 1A BR oo i w2 8 15 2 1
77 S350 0 1838 7 3 MR Ta 100 F 450 1
ﬁjﬁﬁj\%ﬁ&”ﬁﬂ‘;‘fﬁ/ﬂ FEAR A 53 A 45 F ] i v
PRERSE M AT R A Bl BE . DN 3 BT 5 SR T
A FH AN T ) 7 ER T A 32 A RS M LA
f Ik SR LR A M AE 3 RP TR A B K 1
114 MPa, &b FiF VSR Z N, BA R KN % 4
My BE IR B Gk 5 2R A A T RS B AT R Y

S0k
[1] BAUER P, SAHU A K, SATO N. The ITER

magnet feeder systems functional specification

and interface document[ R]. Cadarache: ITER
Organization, 2009.
(2] T, xR, s AR, 4. TTER 2 ¥ 15 £& % Bl

SRRSO RAR P RLT]. T RE R HOR
2009,43(8) :716-719.

WANG Jianging, LIU Libin, WU Songtao, et
al. Structural design and heat transfer calculation
of cryostat feed through auxiliary supports for
ITER [J]. Atomic Energy Science and Technolo-
gy, 2009, 43(8): 716-719(in Chinese).

[3] FEEE.Kuik ITER Ykl S ELRITS
HLRE 2 A7 LT ], IR 5 8 =, 2009, 43 (4 1))« 307-
311.

WANG Zhibin, SONG Yuntao. Design and elec-

[4]

[6]

7]

[8]

[9]

g o TR

tromagnetic analysis of ITER TF magnet busbar
[J7]. Cryogenics & Superconductivity, 2009, 43

(Suppl. ) : 307-311(in Chinese).
k=LA IM 2 iR . LR R R

£1,1999.:244-267.

F R AP AL A BR B TT vk kA A B Uy i

(M. 2 ). bt -3 4R 24 AL, 1997 :483-491.
*Z%JIJEL =L, HT-7TU R4t F 5w
BT LA A BOE A A LT ML R A 4R
2003,39(7) :68-73.
SONG Yuntao, YAO Damao, WU Songtao. Nu-
merical structural analysis for the vacuum vessel
of HT-7U superconducting Tokamak device[ J].
Chinese Journal of Mechanical
2003, 39(7): 68-73(in Chinese).
e WYL ) E L, BT, AR BE T OANSYS Y
ITER = Jj X2 R G J1 43 M) 1. J5 7 re Bt
FFE AR ,2009,43(3) :284-288.
LIANG Shangming, YAN Xijiang,

Engineering,

HUANG
Yufeng. et al. Thermal stress analysis of gravity
support system for ITER based on ANSYS []J].
Atomic Energy Science and Technology, 2009,
43(3); 284-288(in Chinese).

FITFHA B R S ¥, 5. ITER i 152k B 2 B
FRAABITE S M )] BRAE 5% 8T
R HL,2008,28(2) :146-149.

WANG Kaisong. ZHAO Han, SONG Yuntao,
Optimization design and buckling analysis
of the straight-line duct for ITER feeder [J].
Nuclear Fusion and Plasma Physics, 2008, 28
(2): 146-149(in Chinese).

B SO, S 4B ITER 42 0F 3 £k 8 9 45 1 43 A
(D). ¥ A2 5 % 8 7 {k ¥ 31, 2009, 29 (2):
150-155.

ZENG Wenbin, WU Weiyue.
of correction coils for ITER [J]. Nuclear Fusion
and Plasma Physics, 2009, 29(2). 150-155 (in
Chinese).

et al.

Structure analysis



