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Abstract

The design of a material limiter with built-in magnetic
(Mirnov) probes is described in this report. These probes
are used in Pulsator I for investigations of MHD modes and
the horizontal plasma position.

The use of the proper material for the coil and connec-
tion wire is very important because of the high tempera-
ture rise of the limiter during the operation of the ma-
chine. The maximum measured limiter temperature was 350° c.
The electrical circuit, mode signals m=2 and a soft dis-

ruptive instability are shown,
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A) Introduction

In tokamaks Mirnov probes are used to measure the poloidal
field strength and its rotation (modes, m, poloidal Fourier
components) /1/. To detect frequencies as high as possible,
the Mirnov coils should be placed inside the metal liner.
The difficulty in this case is that the energy deposition
on the probes during the plasma shots may be very high on
these places. Therefore,the lifetime of the probes may not
be guaranteed during the whole operation time of the device.
When the probes are not removable from the torus,a repair

is not possible without taking the machine completely apart.

It is not advisable to place the Mirnov probes in an opening
of a diagnostic port because this place is needed for other

diagnostics. Therefore,we used for Pulsator the limiter port
to mount the Mirnov probes directly on the removable limiter.

B) Design of the limiter with magnetic (Mirnov) probes

The basic principle is to use a limiter with molybdenum seg-
ments screwed on a stainless steel ring and to place the mag-
netic probes between the ring and the molybdenum segments (li-
miter radius 11 cm). This prevents the magnetic probes from

"seeing" the plasma. One sector of 2w /8 could not be filled

with a probe because of an RF antenna connection (Fig.l).

The problem with a limiter with built-in magnetic probes is

the heat deposition. During the pulse cleaning and normal plasma
shots in Pulsator the temperature of the external edge of the
limiter is expected to rise more than 300° c. Therefore, care
has to be taken to select the right materials for the probes.




Because of the good heat resistance and good machinability

+)

we used glass ceramic for the slotted insulating coil body
(Fig.l, Item 1). This material has a temperature coefficient

of X= 9.4){10_6 l/o C and a maximum operation temperature of
1000° ¢ with excellent vacuum properties. The wire which is
wound around the machinable glass ceramic should have approxi-
mately the same temperature coefficient as the ceramic. Other-
wise either the wire itself or the insulation for the wire will
break or the wire will touch the shielding. Platinum rhodium++)
wire (Pt/Rh 70/30 %) or titanium wire+++)

tinum rhodium wire would be better for vacuum application be-

could be used. Pla-

cause no oxydation takes place. For cost reasons, however, we
used titanium wire (0.254 mm diameter).

Figure 2 shows a drawing of the body of one magnetic probe.

In Section A (Fig.2) one sees two 2 mm holes where the titanium
wire is attached before it is wound in the slots around the ma-
chinable glass ceramic. Also shown on the front face of the
coil form is the crossing of the wires. 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
left side of Fig.2 - uses the 2 mm deep slots, and the re-
turn winding (from the right to the left in Fig.2) the 1 mm
slots. After these cross-sections are wound, the titanium

wire is fixed with solder glass++++)

(Fig.1l, Item 15) only on
the front face at the ceramic. The 2 mm thick stainless-steel
housing around the magnetic probe has a 1 mm slot so that

the poloidal magnetic field can penetrate into the magnetic
probe without delay. To reduce stray fields, the probe
connections (Fig.l, Item 1ll1) have to be twisted. In order

to get good insulation of the twisted connections even for

higher temperatures, glass ceramic elements with sloping drilled

. Machinable Glass Ceramic; 0.6 DM per cm3, Down Corning Glass
NY, USA; delivered by: DISC Corporation, Stanford,Conn.,USA.

k) Platinum rhodium wire 0,25 mm @; 25.--DM per meter; Degussa
Hanau

a4 Titanium wire 0,254 mm @; 20.--DM per meter; Materials
Research Miinchen

++++)

Solder glass:Pyroceram 007024 available from SOVIREL,
F-92306 LEVALLOIS PERRET, France; Down 5
Corning Code 7575; sealing temperature 450°°C

r——%




holes were used (Fig.l, Item 14). For further connection - when
there is almost no thermal contact with the limiter - titanium

+)

wire and Kapton insulated copper wire is welded together
(Fig.l; Item 12) with a graphite electrode. The Kapton wire
was twisted (6 twists per cm cable length) and connected to
the feed-through (Fig.l, Item 7). For even better vacuum con-
ditions twisted thermo-coax-cable with A1203 insulation can
be used++). Another solution would be a vacuum tube with a
twisted 2 pair Teflon cable inside the tube and a ceramic

feed—through+++).

A photograph of the complete limiter is shown in Fig.3. This
limiter was tested up to 100 V. The titanium wire of all
magnetic probes and the housing of the limiter withstood a
voltage of 100 V DC without breakdown.

C) Temperature rise of the limiter during pulse cleaning
and normal plasma shots

The temperature pattern of the described limiter in

Pulsator during pulse cleaning was found to be the following:
After venting the vacuum system, 500 shots of pulse cleaning

by a plasma current of J= 30 kA (duration time t=2 ms)brought a
limiter temperature rise of 200°c (base pressure p==2)<10_7torr).
When the vacuum chamber of Pulsator is clean again (basic
pressure p= 3}:10-8 torr) the limiter temperature rises by

500 shots of pulse cleaning up to 300° ¢ (repetition rate

4 seconds) .

During normal plasma shots J=60 kA (duration time t=120 ms,
repetition rate of 3 minutes) the temperature of the external
limiter edge rises to 350° ¢ if the discharge is well
centered. The temperature was measured with a thermocouple.
After a certain time the magnetic probes will have approxi-
mately the same temperature as the limiter. In addition to

+)

Polyimide (Habia Limburg)wire;outer diameter O0.51 mm;
AWG 26; 0.50 DM per meter

ti) Philips (outer diameter 2 mm);42.-DM per meter or LEICO Milano

+++) jonaer Glas Schott und GEN, Landshut, (feed-through
diameter 4 mm)
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this, the shadow regime behind the limiter is sometimes also
subject to plasma discharges. As we have seen, a stainless -
steel screw, still in the shadow of the limiter (10 mm), has
melted.

D) Electrical circuit and calculations

The electrical circuit for the magnetic probes with active
differential integrator is shown in Fig.4. The integrated
signals from the different probes are led with weights (co-
sine, sine and other characteristics) to an analog computer

for the detection of different movements and modes of the plas-
ma (instead of using mode selective coils /2/). To reduce the
induced voltage by coupling of stray fields, we used twisted

and shielded 120 1 cables. In the following,an example is

given for the expected voltages induced in the magnetic probes

using normal plasma parameters in Pulsator.

Cross-sectional area of magnetic probeA=9 x 14 rnm2 =126 x ).0_6m2
Windings N= 38

Plasma current J=60 000 A

Limiter radius aL==0.ll m

Distance between magnetic probe and plasma center g@=0.132 m
Poloidal magnetic field (toroidal effect neglected)
4.c107. 6.104

By =l = 0,0909 [T] 2 909 [G]
21 270132

Induced voltage for dt= 3[ms] (rise time of plasma current)

do _ , \ d4BY

e = — =

-6
_ 126.10°5.38.0,0909 _ 145 v]
4t at 3.1073

Induced voltage using an active integrator with a time con-
stant of =1 [ms]

-6
BY _ 12610°5.38.0.0909 _ o3¢ [v]

A-N
- 1.1073

U

outp ©

During the disruptive instability of the plasma it is poss-
ible that the current change is 6 kA per 10 us. This is
equivalent to an induced voltage of e=13.05 V. From this
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it can be concluded that the marginal induced voltage cannot

be dangerous for the insulation of the magnetic probes.

E) Experimental test results

Nevertheless, the limiter with magnetic probes has worked so far
without failure. An example is given in Fig.5. The oscillogram
in Fig. 5a shows a weak disruptive instability. The oscillations
which are shown are integrated signals from different magnetic
probes showing directly the poloidal field strength variations.
One can clearly see the movement of the plasma current center

to the inside (towards probe 2) during approximately 0.4 ms
(negative integrated signal means movement towards the appro-
priate probe). Superimposed on this movement is an m = 2
oscillation which has its maximum amplitude during the inward

shift. The phase relation of the m= 2 is given in Fig.5b.

The high-frequency performance of the magnetic probe system is
shown in Fig.6. Here a transient 1 MHz oscillation can clearly be
detected as an m= 0 (poloidal), n=0 (toroidal) oscillation.

This means an oscillation in the plasma current during the

leading edge of the negative voltage spike /3/.

The disruptive instability is still under investigation,for
which the magnetic (Mirnov) probes are very useful.
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Figure Captions

Fig.l: Overall view and details of the limiter with

magnetic probes

Fig.2: Magnetic probe body with detail

Fig.3: Photograph of the limiter with magnetic probes.

Fig.4: Electrical circuit for the magnetic probes.

Fig.5a: Oscillogram taken with probe limiter.

Fig.5b: Phase relation of the m = 2 mode.

Fig.6: High-frequency oscillogram ( 1 MHz )
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Fig. 4
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Fig. 5a

—— N2 of magnetic probes (poloidal)

shot N2 13994

amplitude of the magnetic
probe
signal versus time
(transient recorder output)

Fig. 5b

poloidal field rotation
concerning only the rotation
of the mode m=2

shown for the time t=t{g
(see Fig 5a)

Fig.6
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