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The new arrangement of the stabilization coil and of the vertical
feedback coils (horizontal field coils) leads to a very similar
response of the plasma as presented in our internal reports INT 101/80
and 101/80bis. We are referring to these two reports but for the

sake of clarity, we repeat the essential points.

The situation is now the following :
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The coefficient of elasticity in vertical direction is
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Field index n = -1.1 6 -2
Kh = =23 <10 AVsec m

4.2

Shafranov factor T

The dynamic inductivity is given by

6
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In order to create the analog feedback circuit we need the inductivity
and the resistivity of the stabilizing loops. These loops form a one-
turn coil with respect to the m = 1 mode. The inductivity L and the
resistivity RS are estimated to be 24 x 4 pyH and 24 x 7 ° 10799

-6 -3

L = 96 ° 10 R = 1.7 - 10
s s

(see: 6th Meeting of the INTOR Workshop, March 1981)

The two horizontal field coils are supposed to have the same radius Rb’
the upper coil 1is RO/Z above the mid-plane and the lower coil 1is Ro/2
below the mid-plane. This is the most favourable case. Each coil has N
turns. In the actual INTOR design, coils 1 + 2 and coils 10 + 11 are
very close to the optimum position; they have a mean radius of Ro = 11.5.
But the number of turns is different. In any case, an impedance match-
ing depending on the number of turns has to be foreseen for the coupling

to the feedback amplifier.

The transformer ratio N between the horizontal field coils and the
stabilization coil is given by equating the field produced on the
axis. of the plasma if they were driven by the same current. The field

of the stabilization coil is

uoIb 31n0b

Wb



Vertical stabilization of INTOR

The field of the horizontal field coils is
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The inductivity will again be about 5 ° 10-'3

v -3
Ld = 5 10 ~.

It scales like Ro“ because N scales like Roz. Here, the magnetic
energy of LS is no more negligible. 1In order to take this energy

into account, we have to multiply LS by N? and to add it to Ld :

* . ~ -3
= 2 = .
Ld = Ld + N Ls = 11 10

We are now ready to introduce the new data in the expressions of

the previous reports. The growthrate of the unstable plasma, when

the feedback amplifier is disconnected, is

s. = sl 24,3 sec -
, = T = 24,3 sec .

A logical assumption is to choose the FB gain in such a way as to

create a rate of decay --S1 equal to Sz. Thus we put
aR R
S = __S
2L L

The position and the velocity FB gain become

Rska” -1 Y
g =Gz = 3816 sec - h+1 = 3 4T = 471 .
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If%) = 0.05m stands for the initial vertical displacement, the

horizontal field current in each eight~turn coil behaves like

byE bxg
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The voltage of both coils in series is

-X
U, = 4gx€o(1 - x)e (Uh)max = 4gx£°

Finally, the switching power amounts to

* '
= 3,-4g2 n 3pbp W
P 5.9 RsLd Kh X Eo Rsn b R0 .

Conclusions

1. With the above data the power amounts to

P = 1280 Mw.

2. The field index which we assumed to be n = -1.1 is more likely

-0.5 (see: 6th Workshop INTOR III/2).

Thus the power becomes

P = 120 MW.

The FB gain scales like n2, which gives g = 788, This is still a
fairly high power and a high gain.
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3. The stabilizing loops have an unnecessarily high resistivity.
By providing space for more loops, or by increasing the cross-
section of the conductors, it may be possible to decrease the

resistivity by a factor of 5. On the other hand, the inductivity

will also be reduced, which leads to an Ld* of about 8 - 10_3 in-
stead of 11 ° 10-3. In this case, the power will be only
P = 18 MW.

The FB gain is now g = 115, which is more confortable with respect

to the backoff problem of the probes.



