BB A EE] 20013 EHSEUS=ER D pp. 395~330 KSME 015446
KSTAR 387 4 & AA7|E 5o o5 584

*% * * * * *%

A = = X X *
zao’. 4B, s, eyiat, AR, golzt. des”. Zan A

Stress analysis of the KSTAR vacuum vessel under thermal and
electromagnetic loads

S.Cho’, J.B. Kim™", N.I. Her , K.H. Im", JW. Sa', LK. Yu',
Y.C.Kim , C.J. Do , and M. Kwon

Key Words :  Electromagnetic loads (A A7} 8 8} %), vacuum vessel (% 2--8-7]), thermal loads (& 8}5°),
tokamak (7}, bakeout (¥ 0] 70), plasma disruption (Z 227} 5-3]), eddy current (-
% A7), halo current (3H4 % 57), leaf spring (% 2~ 3 &), thermal shield (& *F4)

Abstract

One of the principal components of the KSTAR (Korea Superconducting Tokamak Advanced Research)
tokamak structure is the vacuum vessel, which acts as the high vacuum boundary for the plasma and also
provides the structural support for internal components. Hyundai Heavy Industries Inc. has performed the
engineering design of the vacuum vessel. Here the overall configuration of the KSTAR vacuum vessel was
briefly described and then the design methodology and the analysis results were presented. The vacuum
vessel consists of double walls, several ports, leaf spring style supports. Double walls are scparated by
reinforcing ribs and filled with baking/shielding water. The overall external dimensions of the main body
are 3.39 m high, 1.11 m inner radius, 2.99 m outer radius, and made of SA240-316LN. The vacuum vessel
was designed to be capable of achieving the base pressure of 1x10° Torr, and also to be structurally capable of
sustaining the vacuum pressure, the electromagnetic and thermal loads during plasma disruption and bakeout,
respectively. The vacuum vessel will be baked out maximum 150 °C by hot pressurized water through the
channels formed between double walls and the reinforcing ribs. A 3-D temperature distribution and the
resulting thermal loads in the vessel were calculated during bakeout. It was found that the vacuum vessel
and its supports were structurally rigid based on the thermal stress analysis. The maximum electromagnetic
loads on the vacuum vessel induced by eddy and halo currents resulting from the engineering plasma radial
and vertical disruption scenarios have been estimated. The stress analyses have been performed based on
these electromagnetic loads and the resulting stresses at he critical locations of the vacuum vessel were within
the allowable stresses.
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Figure 2 Configuration of the vécuum vessel
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Figure 4 Stress intensity contour for electromagnetic
loads generated due to eddy current during
plasma disruption

Table 1 Maximum displacement and stress intensity
due to electromagnetic loads (Eddy-Vertial)

Maximum Stress
Parts Displacement Intensity
(mm) (MPa)
Inner Shell / Rib 2.059 186.453
Outer Shell 2.000 125.812
Top Vertical Port 1.353 54.474
Upper Slanted Port 1.301 26.344
NBI Port 1252 28.863
EH Port 1.267 36.825
Lower Slanted Port 0.877 12.413
Bottom Vertical Port 0.687 115.473
Leaf Spring/Base 0.398 32.395
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Figure 5 Heat transfer mechanism
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Figure 7 Stress intensity contour of vacuum vessel
for thermal loads during baking state
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Table 2 Maximum displacement and stress intensity

due to thermal loads

Maximum Stress

Parts Displacement Intensity
(mm) (MPa)

Inner Shell 10.857 103.766
Outer Shell 10.643 82.128
Top Vertical Port 12.621 33.554
Upper Slanted Port 13.098 52.269
NBI Port 11.454 22.735
RF Port 11.415 28.998
EH Port 11.382 36.137
Lower Slanted Port 9.206 53.823
Bottom Vertical Port 5.627 57.337
Leaf Spring 4.801 170.713
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