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PRELIMINARY El 0 FEEDBACK FORCE EXPERIMENTS ON SCYLLA IV-3
3

W. R. Ellis, R. F. Gribble, and C. R. Harder

ABSTRACT

We report some initial experimental results with the 1 o feedback
system developed for Scyllac. An £ = 1 field component when added to
the normal Scylla IV-3 straight theta pinch induced an m = 1 plasma in-
stabillity whose motion could be either reversed or enhanced by an

appropriate choilce of polarity of the

2 = 0 feedback fields. The feed-

back field was generated by ten power-amplifizr modules., A positicn
detector was not used in these experiments, and the feedback loop was

not "closed".

v
W
‘/_..0‘

The £ = 0 MHD feedback stabilization system
(minus position detectors) developed for Scyllac to
control long-wavelength (k X 0), m = 1 plasma insta-
bility motion was installed on the three-meter lin-
ear theta pinch Scylla IV-31'2 for checkout and
preliminary evaluation. The feedback force3 was
produced by the addition of an 2 = 0 field from the
feedback coils to the £ = 1 field generated by
appropriately shaping“ the inside surface of the
main theta-pinch compression coil. This & = 1 field
also produced the initial m = 1} plasma instability,
whose direction could be preselected by displacing
the quartz discharge tube away from the £ = 1 mag-
netic 2xis in the chosen direction. The L = 1 mag-
netic axis (which was found to be slightly displaced
away from the geometric axis of the theta pinch, in
a direction opposite to the single feed-slot) was
located empirically by moving the discharge tube be-
tween shots until no instability motion could be de-
tected on the time scale of the experiment (v 5
usec), as determined by the onset of end effects.
When the feedback modules were switched on at suf-
ficiently early times (§ 0.5 usec after main bank
firing time), the feedback force developed was suf-
ficlently strong to stop and reverse the plasma
column motion to the wall. The turn-on time of the
feedback current was v 1.2 psec (to 90% peak value)

and the rise time of the (crowbarred) theta~pinch

field was 3.6 psec.
The Scyllac prototvpe feedback system,
shown schematically in Fig. 1, consisted of the
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following four basic components: (1) a plasma po-
sition detector (not shown), which images the plas-
wa ontn a solid-state, quad-cell sensor; (2) a sig-
nal processing unit, which differentiates and am~-
plifies sum and difference signals received from
ths position detector, determines the plasma equi~
librium position about which feedback control is
maintained, and selectively energizes the power
modules; (3) the power modules, one per wavelength
of £ = 1 field (A = 30 cm, therefore ten modules),
each consisting of three vacuum-tube and two tran-
sistor amplifier stages ending in push-pull opera-
tion of two Machlett ML-B618 power triodes which
together arae capable of driving 5.5 kA at 5.5 kV
through a pair of feedback coils; (4) the £ = 0
feedback co:Lls7 themselves (four per wavelength, for
a total of forty), each consisting of a single-turn,
epoxy-insulated metal strap, 6 cm wide, which en~
circles the discharge tube inside the compression
coil.

The feedback control is provided by adding a
small but controllable £ = 0 field8 to the fixed
2 =1 field to produce a unidirec”'onal sideways
force Fl,O on the plasma column which is independent

of z. According to sharp-boundary theory3 this
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Here 51-1 is che {transverse) & = 1 {icld, oad
BE-D ia the applied (humpy) Teedback field. tThe
other symbols, ff, h, and Bo. are the ratfo of plane
ma pressuce Lo magnettc fiold presvure, & ¢ 1.0
wavenumber (h = 2n/) = 0.2093 ca-l). and theta-
pinch mognetic fleld, respectively.

The m = 1 tastabllity growth race due to the

presence of an ¢ = 1 §field {5 given by shavp-
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feponsteation of f(vedback forew on Scylla (¥-3.

tomeard the feod slox.

back modules with polarities to ald and oppore the fngtability respectively.

Snot 935

Streak duration = 10.0 usec

Shot 949 is a contrel shot showing k ) O motion

Shats 936 and 935 show the cffocts of applying i = 0 ficlds from the feed-

Streak coazera orien-

tatlen: Caseras 1 oand 3 show stercoscople vicws of the plasma at locattons 90 c¢n from the east and

sent cads of the sachine, respectively.

plane with motion away from the foed slot appearing as on upvard motion fn the photograph.
ton pictuke of tho palr shows sotion I he vartical plane (downward for a down-going image).

The top picture of the pair shows motion in the horizontal

The bot=-
Cam=-

wra 2, located .39 ¢m from the cast ond of the sachine, shows horfzental cotion only.,

tn the Scylla V=1 exporinehls reparted hore
(carried out in Jan.-Feb., 1973}, tepical expericwn-
tal values were 8 - A0 WG, 8 - 1en, @ & 30 ¢z, .‘ll
- G.Q.ca. P ow lO-15 storr, & - 0.6, ﬁ“_lfﬁu w 0.0,
and "Z:n”‘o - 0,004, the esperimentally scasured .
BTovih rage ty {aizhout feedback) was L 0.% = 10
s‘u:-l. or 2.5 timas the valuo predicted by Eq. (6)
(0.6 x 10°% sec”hy.

The sbreak photographs fn Fig. 2 summarise the
tesults of our experiscnts. The shot labeled 949 in
Fig. 2 was a control shot with ao F!.ﬂ foree applicd:
iz axhibits dinstabilicy mozion in a presclected di-
receion (toward the feed slot, Lo the horizontal
Tuin bazic fastabiliey motlon was operative
i1 all shots showm here.  Shots 935 and 9315 show the
affect of applying foerdback in both polarinies.

With ono polarity {Shot 936), the £ = O phasing rela-

planeld,

tive to tho & » 1 ficld was such that the resulting

Fl e force was {n the same dircetion s the fnata-
L]
bility motfon and enhanced it, as indicated by the

eariicr wall-hit time. With the opposite polaricy

(Shat 935), the F1.o force opposed the insta-
oility mution (the normal method of operacion), and
successfully reversed it.

Ia both of thase shots, the & = 0 circult
was actuaily switched on by a cimer 0.1 usec
after the main bank fired, thereby constituting
a test of the Fl.“ Em‘cea but not of the
entive feedback sysiem, since the loop was not
“closed”. He positlon detector was used {(or neceded),
sinee the dircction of the plasma instabilicy motion
could be predicted prior tu the shor. For this same
reasen, the i = 0 coils were erergized for only one
force coordinate (i.e., alternate coils were dis-
conuected) .

fn a scparate series of oxperiments the cffect
of longer delay tices was investigated, It was es-
tablished that the maximum tolerable turn-on delay
in our system was v 0.5 usee. In the casce of Scyllac,
newly-designed ¢ e 0 cotlds {which double the present
feedback ficld, to 380 gauss] are plaunied.

with an anticipated slower m = 1 growth ratefx will

Together



be increased and B, reduced; see Eq. (6)] these
coils should permit an extension of the allowable
feedback delay.

ADDENDUM

A series of {nadvertant delays have kept this
manuscript, originally prepared in Dec. 1973, from
being published until the present time. The au-
thors regret the delays.
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