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Abstract

The design of magnetic probes (Mirnov coils) is described

in this report. These probes are used in ASDEX to investigate
MHD modes and measure the plasma displacement together with
magnetic flux loops. Concerning the high temperature rise
during a plasma shot proper material for the coil form of

the magnetic probes and the suitable wire and cable in the
high vacuum chamber in conjunction with special geometrical
construction have been selected.

The electrical circuit updated to operate in a high noise
environment is shown and first MHD mode signals demonstrate
the effeciency of the system.
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A) Introduction

In tokamaks magnetic probes are used to measure the poloidal

field strength and its variation (e.g. amplitude, mode number,

(m,n) and phase angle of MHD oscillations) /1/.

To detect high frequencies (~1o0o kHz) e.g. in disruptive
processes, the magnetic probes should be placed inside the
vacuum vessel. The difficulty in this case is that the energy
deposition on the probe case during the plasma shots may be

very high. The second difficulty is presented by the wiring

of the magnetic probe inside the stainless-steel vessel, which
should not disturb the high vacuum (10_8 mbar) by outgassing

of the wire insulation. On the other hand, electric and magnetic
fields from sources other than the MHD modes should not in-

fluence the measurements.

The ampere windings of the magnetic probes in ASDEX /2/ should
have such a value that the rotation of an interesting mode
number induces a voltage not less than about 0,5 volts. This
value is known by experience with Pulsator Tokamak /3,4/.




B) Design of the magnetic probes

The design principle to support the magnetic probes is to use
two poloidal stainless-steel rings (6 and 8 mm thick) and place
the magnetic probes between the two rings. The magnetic probes
are covered with 2 mm thick Alumina plates (A1203) within sight
of the plasma. Plasma particles are thereby prevented from
hitting the magnetic probes. Eddy currents, which would reduce
the time constant and shift the phase of the probes, cannot

occur. The coil arrangement is shown in Fig. 1.

One problem of the magnetic probes in a tokamak is the heat
deposition because the probes should be as close as possible

to the plasma. During pulse cleaning and normal plasma shots in
ASDEX the temperature of the external edge of the magnetic
probe case may rise to about 2500 C. Therefore, care has to be
taken to select the right materials for the probes. The coil

arrangement is shown in Fig. 1.

Because of its good heat resistance and good machinability

+)

we used glass ceramic ‘I) for the slotted insulating coil

body. This material has a temperature coefficient of a=9.4x 10
per degree C and a maximum operation temperature of 1000° C
with excellent vacuum properties. The wire, which is wound
around the machinable glass ceramic, should have approximately
the same temperature coefficient as the ceramic. Otherwise
either the wire itself or the insulation will break or the

wire will touch the metallic shielding. Platinum (70 %)

rhodium (30 %)++) wire or titanum wire could be used. Platinum-
-rhodium wire would be better for vacuum application because

no oxidation takes place.

+) Machinable Glass Ceramic, approx. o.6o0 DM per cm3,
Down Corning Glass, NY, USA; delivered by DISC Corpora-
tion, Stanford, Conn., USA

++)

Platinum-rhodium wire o0.25 mm in diam.,approx. 25.-- DM
per metre; Degussa,Hanau ,Germany
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Figure 2 shows a drawing of the body of one magnetic probe.
In this figure one can see four 2 mm holes where the platinum-
-rhodium wire is attached before it is wound,inside the slots,
around the machinable glass ceramic (see Fig. 2, detail X).
Also shown in this drawing is the crossing of the wire. One

of these crossing slots is 1 mm and the other slot 2 mm deep.

It should be noted that the winding, which starts on the
lower part of the coil form of Fig. 2, uses the 2 mm deep
slots and the return winding, which goes from the upper part
to the lower part of the coil form in Fig.2, uses the 1 mm
slots. The magnetic probes are mounted between a 6 mm and an
8 mm thick stainless-steel ring (see Fig.3), each of them
with a slot. A spring made of beryllium copper is used to

fix the magnetic probes. Between the coils and the plasma is
a 2 mm Alumina plate to shield the coil from plasma par-
ticles. The poloidal magnetic field can penetrate into the
magnetic probe without delay because no eddy currents can flow
in the Alumina plates. To protect the Alumina during glow
discharges, sections of 50 mm long and 1 mm thick overlapping
stainless-steel plates are used to cover the Alumina (see
PFlg.3, part:12).

To reduce pick-up signals, the two wires of the magnetic

probe has to be twisted. A 2-pair Teflon copper wire (AWG 26;
0.4 mm in diam.) with one strand each and two twists per

1 cm cable length is used (made in our workshop by electric
drill). With that kind of cable we measured a noise level <1 mV
in the ASDEX environment during the rise time of the plasma

current,

For vacuum conditions this wire is located inside a stainless-
-steel tube (4 mm inside and 6 mm outside diameter). A vacuum

feed—through+) is used to connect the magnetic probe with the

+)Feed—t}:11:'01.1§.;h,, glass and Inconel X-750; approx. DM 4o.-- per

item. FCT Electronic, Eisvogelweg 32a, 8ococo Miinchen 82,Germany




wire inside the stainless-steel tubes (see Fig.4). All soldered
parts have to be gold-plated so that a special kind of resin
(Kolophonium) can be used as flux. (By using the resin for
stainless-steel an electrical element is formed. In this case
the DC voltage of the element can reach values up to 0,2 volts).
© ¢ (castolin 157). For even
better performance a welded type of feed-through should be used.

The solder temperature is 230

A photograph of the magnetic probes is shown in Figs.5 and 6.
To reduce stray light (e.g. Thomson scattering), the magnetic
probe case is plated with black nickel. Each magnetic probe was
tested between one wire and the stainless-steel case with a
voltage of 500 V DC. The insulation resistance has been greater
than 50 MQ.

The poloidal and toroidal magnetic probe arrangement inside

the ASDEX vacuum vessel is shown in Table 1.

Table 1
toroidal angle number(ozemggneﬁic probes
(north £ 0°) = L
inside outside

57° 30°' 1
782 1 +)
106° 9 15 +)
143° 30"
162° 9 +)
168° 15 +)
192° 15
198° 9
2312 30" 1
258° 1
286° 9 15
323° 35" 1
342° 9
348° 15

+)

not yet mounted inside the ASDEX vacuum vessel




C) Electrical circuit and calculations

The electrical circuit for the magnetic probes with active
differential integrator (triggered after plasma current rise)
is shown in Fig. 7. The integrated signals from the different
magnetic probes are conveyed with weights (cosine, sine and
other characteristics) to an analog computer to detect dif-
ferent movements and modes of the plasma (instead of using
mode-selective coils /5/). To reduce the induced voltage by
coupling of stray fields, we used twisted and shielded cable

(2 twists per 1 cm cable length).

An example of the expected voltage induced in the magnetic
probes using normal plasma parameters in ASDEX is mentioned
below.

1. Cross-sectional area of magnetic probes

A =10 x 46 mm°> = 460 x 10 ° m?

2. Windings N=42
3. Plasma current J = 500,000 A
4, Limiter radius aL==O.4o m

5. Distance between magnetic probes

and plasma centre § =0.507 m

Poloidal magnetic field (toroidal effect neglected)

Hyt) =7 5
-_0O _ 4+9-10 "+5-10" _ 3
Biy"ZﬂS - 27-0.507 = 0.2 T = 2000 G




Induced voltage for dt=50 ms (rise time of plasma current)

A-N-dBYy c10=6. 20.
e=38 = —— =280110 420,297 3y

50 * 10
The measured voltage oscillation of the m=2 MHD mode is about
400 mV (peak-to-peak voltage) without integration.

During the disruptive instability of the plasma we measured a
current change of 360 kA per 4 ms. This is equivalent to an
induced voltage of e=2.74 V (shot No.658). From this it can
be concluded that the marginal induced voltage cannot be
dangerous for the insulation of the magnetic probes.

The common mode voltage is reduced by using differential
amplifiers after the active integration of the magnetic probe
signal and grounding of the cable shield on the stainless-

-steel vessel.

In the start-u» rhase of ASDEX we were not able to use active
integrators to measure the magnetic probe signal because the

active integrators were not available in time.

For that reason we used very precise symmetrically passive
integrators to attain in connection with the Preston diffe-
rential amplifier (1 kV CMV; 65 dB at 10 kHz) a high common
mode rejection (to reduce the induced voltage in the cir-
cuitry made by thyristor spikes of the main field, ohmic

heating, vertical field and divertor coils), see Fig.8.

The time constant of the passive integrator is 4 ms. The
tolerance of the 1o k resistors is T o.1 %,and of the
0.4 pF capacitors T 0.5 %. Even these tolerances are still
too high. We therefore adjust the circuit with two 100 Q
potentiometers. The electrical adjustment of the circuit
was done according to Figs. 8 and 9.



With the passive integrator it is possible to integrate the

magnetic probe signals with frequencies higher than fg=31 Hz
(see Fig. 10). We measured frequencies between 200 Hz and

3 kHz.




D) Experimental test results

The MHD oscillations have been found to be much weaker on the
inside than on the outside (R outside/g inside 24). During the
disruption of the plasma the MHD activities are more pronounced
on the outside of the magnetic probe arrangement. The mode
velocity on the "top" or "bottom" can be very different - faster
or slower - from the velocity at the inside or outside (nonlinear
deformation of the mode) shortly before a disruption. Because of
the separatrix it is not possible to mount magnetic probes in

the upper or lower region of the plasma boundary (see Fig. 1).
For this reason and because of the nonlinearity of the mode it is
sometimes difficult to distinguish e.g. between a m=3 or m=4 or
any higher MHD mode. We found that most of the MHD activities

during the shot are linear (sinusoidal).

The MHD activity is correlated with the soft X-ray and the micro-
wave interferometer signals. The MHD mode frequency obtained so
far is between 0.2 kHz and 3 kHz.

During the first plasma shots with divertor we found that the
MHD oscillations with magnetic limiter are much weaker than with
stainless-steel limiter.

The MHD activity at the beginning of the plasma current is
shown in Fig. 11.

Figurel12 shows the MHD phase angle (maximum voltage signal) of
a certain magnetic probe) versus the poloidal angle and calculates
the number of m modes.

During tests we found it to be very important that the magnetic
probes are completely covered by stainless-steel or Alumina,
even on the side not facing the plasma. Otherwise the plasma

in the limiter shadow or on the outside of the separatrix can

be the source for spurios current pick ups.
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Experimental test results.
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FIG.3: MAGNETIC PROBE MOUNTED BETWEEN TWO STAINLESS-STEEL RINGS.
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FIG.5: PHOTOGRAPH OF THE MAGNETIC PROBE SUPPORT.




PHOTOGRAPH OF THE MOUNTED MAGNETIC PROBE

FIG.6:
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MAGNETIC PROBE
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