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Vertical Position Control for Non—circular Plasma

Column by Shell Effect

1 . 2
Koju UEDA™} Hiromasa NINOMIYA. Kichiro SHINYA ™
3
Akihisa KAMEAR I Masayoshi SUGIHARA. Yukiharu
4
NAKAMURA, Seiji SAITO" " and Noboru FUJISAWA

{Received November 27, 1981)

The next tokamak fusion reactor ,» for EXarﬁple, INTOR, obtains a
high beta under a non—circular plasma whose MHD equilibrium requires an
external field configuration with negative decay index, It is well known
that such a plasma in its external field has a positional instability'in
the vertical direction.

How to control the instahility is in general composed of two kinds of
method. One is to use a passive position control, that is ., the shell effect
which will be effective up to the growth time of instability ( < a few
ten msec. ) nearly equal to the time constant of shell materials in case of
the device under our notices. The other is an active position control
method . that is. a feedback position control method in a loop including
measurements of the plasma column position and correction processes of
the position by an external horizontal field. The method is used in a region
of the growth time span {2 a few ten msec. ) above thét time constant,

In this report some concrete shell-structures under which the shell
effect will play its part in the next tokamak are proposed on taking
account of practical forms of the first wall and the vacuum chamber
in the device.

Analyses of the shell effect contain a dipole current model. in which
coupling of shell currents with a plasma column is replaced with

that of the current with dipele currents. and an eddy current evaluation

#1} On leave from Mitsubishi Electric Co., Tokyo
*2} Toshiba Electric Co.: Tokyo
*3) Mitsubishi Atomic Power Industries, Inc.Omiya
%4} On leave from Hitachi Ltd., Hi tachi
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model in which the current mode analysis based on the finite element
circuit method is used.

In conclusion, it seems that the structures which are composed of
toroidal rings on the top and bottom inside wall of the vacuum chamber
will give one of better solutions for the shell structures in the next
tokamak .

This construction will not sharply reduce the breeding efficiency but
may introduce some difficulties on the design of the shell structure. the

vacuum chamhber and the first wall.

Keywords :Shell Effect, INTOR. Vertical Instabilty. Vertical Position.
Control, Growth Rate . n—value . Finite Element Circuit Method
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Table 1 Comparison of numerical solution

with analytical solution (HS/AS:10)

Cases * ¥ 3
_ Analytical | Numerical
Parameters
Li  (alD 15,50 14,95
R, = 5m |Ry {m&¥) 3.45 3 .40
A = 0dm |V, (T/MA) 0.628 0.611
My, ML 19 74 ~18 96
L, (aH) 12,40 11,97
Rg= 4m [Rg  (m@) 3.45 3,41
Ag= 04m Ve (T/MA) 0_785 0_.765
L ]
Mg, OGP 19 74 -18 .98
Ly (aH) 9,30 8,97
R¢= 3m |Rg (m&k) 3.45 3.41
Ag=03m |V (T /MAD 1,047 1.020
MH
My, ()| ~—19,74 ~18 .98
* This analytical solution was obtained by taking account of

terms less than the first order of inverse aspect ratio of a
straitght cyvlinder,

*x This numerical solution was obtained from the current mode
with the maximum time constant of a toroidal cvyvlinder,

Table 2 Shell effect for various forms

L —aM __ 67 V n
5 ps s s
Type of Shell L) Catl/md | (T/MAD
Doughnut
without cuts 139 3.98 0.126 235
Plane ring : : :
. 264 4 87 0.187 225
without cuts
Doughnut
with bellows 220 234 0.105 0.7 3
Doughnut
with cuts 2172 261 0,120 0.75
Cylindrical ring
with cuts 234 238 0110 0.73
Rectangular
coils 6768 413 0160 0.6 4
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*
Table 3 Shell effeect for various forms
T‘ype L_s —BMDS/EZ Vg ng

CaH) (naH,/m) (T, MA)J
(a) 139 398 0.1286 235
(b 119 348 0.122 232
(¢} 16.8 3.956 0.128 1.96
(a 17.0 428 0141 232
(e 20.6 4.32 0.133 1.82
() 44.3 5.8 6 0.177 1.52
* R0:5.3m, Ip’—6.4MA, BVTU.SQ.T
Table 4 Shell effect in cases of (f) and (e)
. 3
L Ts t ng r
Case
{m) (msec) {m) (msec)
0.4 8 4 4 0.1 2 .11 4. 0
(f 0.6 4 4 0 0.082 1.2 6 100
0.96 40 0.056 1.5 2 200
Ly= 044 2 4 0.043 1.5 3 220
L2:0.64

{e)

Ly=0.73 21 0.031 1.33 6.0
L,= 0.64
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Fig. 1 Tg’— (-n/ny} diagram using time constant
as a parameter (g =1¥5/7Ts ,
Ts = T ¥ Ng )
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