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Abstract 

Magnetic d r i f t pumping on TMX-U Involves d r i v ing four 
antennae through high Q-resonant c i r c u i t s . One of the 
key elements In the resonant c i r c u i t i s a var iab le 
Inductor able to carry the 3500 amperes through the 
c i r cu i t and maintain i t s shape and Inductance. The 
e ight resonant c i r c u i t s can be combined to feed the 
four antennae wi th one or two frequencies on each 
an tenna , or f requency s h i f t k e y i n g between two 
frequencies. Each resonant c i r c u i t Is fed by two 10 
to 30 kHz exciters capable of de l iver ing 80 kW each to 
the c i r c u i t . Each exciter receives l t 3 power from i t s 
own adjustable 0 to U00 vol t power supply. The entire 
system is control led by a CAMAC cont ro l system over a 
f iber -op t ic l i nk . The control system checks interlock 
status, controls "On" and "Off" s ta tus, calculates and 
a d j u s t s phas ing of the e x c i t e r s for add i t ion or 
delet ion of the proper beat frequencies, and monitors 
operat ion. 

"Work pe r fo rm? ! under the ausp i ces o f the U.S. 
Department of Energy by the Lawrence Livermore 
N a t i o n a l L a b o r a t o r y u n d e r c o n t r a c t 
number W7105-ENG-U8." 

Introduction 

The TMX-Upgrade Incorporated several new features in to 
the Lawrence Livermore Nat iona l Laboratory (LLNL) 
Tandem Mi r ror Program not present in the o r i g i n a l 
exper iment . One of these changes wa3 the thermal 
bar r ie r In the end p lugs . This ba r r i e r , formed by 
high-power microwaves, helps to separate the end plugs 
rrom the central c e l l . This i s o l a t i o n in tu rn helps 
to reduce the end losses out of the vessel. 

One of the problems associated wi th t h i s t he rma l 
b a r r i e r i s the ions trapped in this region begin to 
deplete the barr ier . These Ions are presently removed 
by n e u t r a l beam i n j e c t i o n to help to charge/exchange 
many of the ions out of th is region. The Intent is to 
soon I n s t a l l a new c o l l at each end of the machine 
which w i l l create a six Tesla f U l d pinch at each end 
of the cen t ra l c e l l . This' c o i l Interferes with the 
neutra l beam axis and therefore precludes the use of 
the neu t ra l beam approach to removing the unwanted 
ions. 
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The method, we are present ly planning to use to remove 
t h e s e Ions , i s a c o n c e p t c a l l e d m a g n e t i c d r i f t 
pumping . The I d e a la based on the p r i n c i p l e of 
ax ia l ly per turbing the magnetic f i e ld by in t roduc ing a 
300 0aus3/meter f i e ld va r ia t ion at f requencies from 10 
t o 30 kHz. T h i s p e r t u r b a t i o n I n c r e a s e s t h e 
s t o c h a s t l c i t y in ion motion a t tha t region and wi l l 
cause I t to be l o s t t o magnetic f i e l d conf inemen t by 
i n c r e a s i n g c o l l i s i o n s and r a d i a l d r i f t on the ions. 
The equipment n e c e s s a r y t o perform magne t i c d r i f t 
pumping i s the sub jec t of th i s paper. 

Overview 

The d r i f t pump system cons i s t s of two antennae located 
at each end of t h e v e s s e l In the t h e r m a l b a r r i e r 
r e g i o n . These four an tennae wi l l provide the f ie ld 
p e r t u r b a t i o n a t each end of t h e m a c h i n e . These 
an tennae a r e a d d i t i o n a l l y part of and are dr iven by a 
high Q-resonant c i r c u i t "r inging" a t the des i r ed d r i r t 
frequency. Each resonant c i r c u i t i s in t u r n driven by 
two e x c i t e r s . Each of these e x c i t e r s can cause 3500 
Amps to flow in the resonant c i r c u i t . Each e x c i t e r i s 
in t u r n fed by a 100 Volt DC supply t o supp ly t h e 
neces sa ry power t o the sys tem. A s c h e m a t i c of tne 
system can be seen in Fig. 1. (see page 1) 

Antenna 

Resonant C i r c u i t 

In order to supply as much c u r r e n t t o the antenna as 
p o s s i b l e wi th as l i t t l e i n p u t power as poss ib le , a 
resonant c i r c u i t approach was taken . This allows a 10 
t o 30 kHz s i g n a l of a p p r o x i m a t e l y 2000 amps t o be 
amplif ied t o the 3500 amps n e c e s s a r y for the proper 
f i e l d p e r t u r b a t i o n s a t t h e a n t e n n a . The c i r c u i t i s 
s e r i e s r e s o n a n t and i s c o m p o s e - of t h e a n t e n n a , 
c a p a c i t o r s , and v a r i a b l e I n d u c t o r The capaci tors 
have a Q of 510 a t 10 kHz and 260 i t 30 kHz which 
a l l o w s t h e r e s o n a n t c i r c u i t t o " r i n g " longer and 
min imizes bo th the i n p u t power s u p p l i e d and t h e 
capac i to r temperature . 

The v a r i a b l e Inductor is of a s p e c i a l homemade design 
t o be v a r i a b l e over a s m a l l r a n g e but ye t take the 
cur ren t and forces without a change in Inductance and 
s t i l l m a i n t a i n a very low l o s s . The losses were kept 
to a minimum by making the induc to r ou t of L i t z wire 
[ 2 ] , T h i s w i r e c o n s i s t s of a p p r o x i m a t e l y 7680 
Ind iv idua l ly insula ted wires , wound in a configuration 
d e s i g n e d t o e l i m i n a t e the s k i n e f r e c t and allow the 
c u r r e n t t o flow evenly t h r o u g h o u t the wire with a 
minimum of l o s s . The wire was wound around a 12 Inch 
diameter p l e x i g l a s s cyl inder with a 1.5 Inch f i r e hose 
between each wrap (See Fig. 3 ) . 

The d r i f t pump a n t e n n a e and m a g n e t i c f i e l d 
p e r t u r b a t i o n i n f o r m a t i o n a re covered in d e t a i l in a 
separate paper [ 1 ] . The antennae a r e men t ioned he re 
f o r c o m p l e t e n e s s and t o h e l p t h e r e a d e r in 
understanding the ba3ic conf igura t ion of t h e sys t em. 
The an tennae a r e a l l a l i k e e l e c t r i c a l l y but come In 
two d i f fe ren t shapes because of t h e i r p o s i t i o n i n g in 
t h e v e s s e l . S i n c e each an tenna wants t o c l o s e l y 
follow the plasma shape to maximize c o u p l i n g and the 
plasma 13 fann ing out toward each end of the vesse l , 
the antennae as they are pos i t ioned f a r t h e r from the 
center must a lso fan out (See r i g . 2 ) . 

HP 

Figure 2 . Drift Pump Antenna 

I d e a l l y each an tenna should have as many t u r n s as 
possible to get the g r e a t e s t f i e l d p e r t u r b a t i o n per 
amp of c u r r e n t . The magnet system for the six Tesla 
f ie ld pinch, however, is already cons t ruc ted and with 
the o the r magnets and suppor t ing s t r u c t u r e s we were 
not given the luxury of adding a g r e a t number of 
t u r n s . I t was decided that for the vo l tages present 
and the o u r r e n t va lues a s s o c i a t e d wi th t h e v a r i o u s 
numbers of t u r n s t h a t I t was p o s s i b l e t o ge t four 
turns on each antenna. 

Figure 3. Variable Inductor 

The hose can be p r e s s u r i z e d w i t h i00 pal once the 
Inductor has been adjusted, via a x i a l compression, t o 
I t s d e s i r e d induc tance to hold the rails from moving 
during the tremendous forces from t h e 3500 amps. In 
a d d i t i o n , t h e i n d u c t o r i s a l s o used as a coup l ing 
t ransformer t o connec t the e x c i t e r t o the r e sonan t 
c i r c u i t . This J.j accomplished by removing one of the 
sub-bundles from the Litz wire and feeding the exc i te r 
In a t t h a t p o i n t . Add i t i ona l l y , on th i s sub bundle, 
the re a re var ious taps for use In f e e d i n g the s i g n a l 
I n t o t h e t a n k c i r c u i t t o a i d In o p t i m i z i n g the 
coupling r e s i s t a n c e . 

The frequency at which the resonant c i r c u i t o s c i l l a t e s 
i s d e t e r m i n e d by t h e c a p a c i t o r a n d i n d u c t o r 
c o m b i n a t i o n s . The c a p a c i t o r s a r e s i z e d in one 
microfarad s t e p s and the i n d u c t o r has two s e c t i o n s 
which a r e adjus table from 3.5 to 5 microhenries. The 
app rop r i a t e f requency i s , t h e r e f o r e , a d j u s t a b l e by 
s e r i e s - p a r a l l e l combinations of the capaci tors and the 
adjustment of the two sec t ions of the inductor. Since 
the d r i f t f r e q u e n c i e s are a spectrum around a center 
frequency, we only have to get the resonant frequency 
a d j u s t e d t o w i t h i n p l u s / m i n u s 100 h e r t z of the 
requested frequency to meet the physics r equ i r emen t s . 
For t h i s reason, t h i s "crude" adjustment method works 
qu i te n i c e l y . 
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Exciters 

The resonant c i r c u i t i s dr iven through the coup l ing 
t r a n s f o r m e r arrangement of the var iab le inductor by a 
dev ice c a l l e d an e x c i t e r . T h i s d e v i c e l i k e t h e 
an tenna i s d e s c r i b e d In a s e p a r a t e paper [3] LJt la 
described here for completeness. The e x c i t e r t akes a 
DC s i g n a l and v ia SCR switching genera tes a t r a in of 
a l t e r n a t i n g p o l a r i t y , half-sine-wave p u l s e s . Because 
the exc i t e r uses SCR switching, I t can only operate up 
to 6000 pulses per second and s t i l l be a b l e to t u r n 
off. The pu l se s , therefore , only run at the th i rd and 
f i f th harmonic component of tne -ank c i r c u i t . With 
such a h igh Q c o n f i g u r a t i o n , t h i s harmonic drive i s 
enough ene rgy t o s u s t a i n t h e o s c i l l a t i o n s . In 
essence, the tuned resonator ac ts l i ke a f i l t e r on the 
s t r eam of SCR c u r r e n t p u l s e s , e x t r a c t i n g only t h e 
harmonic nea res t the natural frequency of the tank. 

sys tem i n t e r l o c k s and In te r faces the computer to the 
s e r i a l highway. One of the remote c r a t e s Is l o c a t e d 
in t h e a r ea with the power supp l i e s and exc i te r s and 
the o ther two are at each end of the TMX-U vessel near 
the resona to r enclosure (see Fig. M . 

The c r a t e n e a r t h e power s u p p l i e s and e x c i t e r s 
m o n i t o r s the power-supply vo l tage , local i n t e r locks , 
e x c i t e r s t a t u s , and sends the run and FSK s i g n a l s t o 
t h e e x c i t e r s . The c r a t e s nea r t h e v e s s e l moni tor 
l o c a l i n t e r l o c k s , r e s o n a t o r c u r r e n t , and s y s t e m 
d i a g n o s t i c s . 

The c o m p u t e r has v a r i o u s c o l o r d i s p l a y s f o r 
i n t e r f a c i n g with the opera tor . A typ i ca l operat ional 
d i sp lay Is shown in Fig. 5. 

The exc i t e r i s adjustable to within 10 h e r t z between 
the 10 to 30 kHz operat ional l i m i t s . This allows the 
operator to obta in quite a good match t o the n a t u r a l 
frequency of the tank c i r c u i t . 

Power Supplies 

The power to each exc i te r is a 0 to 400 Volt DC power 
suop ly . Each power supply i s fed w i t h ^80 Vol t 
t h r e e - p h a s e AC and c o n v e r t e d t o DC by way of a 
s i x - p u l s e AC/DC c o n v e n o r . The DC v o l t a g e i s 
a d d i t i o n a l l y m a i n t a i n e d by a c a p a c i t o r bank. This 
bank is s ized such tha t i t w i l l hold up the v o l t a g e 
long enough for the voltage regula tor to pick up the 
voltage without allowing the e x c i t e r to t r i p o f f l i n e 
from an u n d e r - v o l t a g e condit ion. The ac tua l s ize of 
the c a p a c i t o r bank ended up being i / i 6 t h Farad in 
order to a ccompl i sh t h i s f e a t . Addi t iona l ly , every 
effor t was made to insure that- the AC sys tem feed ing 
the supply was as s t i f f as poss ible to e l iminate any 
addi t iona l cause of a low-voitage condi t ion . 

Control System 

The system can be c o n t r o l l e d i o c a i l y but because of 
t h e s i x t e e n power s u p p l i e s , s i x t e e n e x c i t e r s , and 
precise timing necessary; t h i s method is only used for 
t un ing p u r p o s e s and maintenance . The more typical 
method of con t ro l is with a computer c o n t r o l l i n g the 
s y s t e m . The a c t u a l c o n t r o l system c o n s i s t s of a 
HP9636* computer control l ing one local CAMAC cra te and 
t h r e e remote CAMAC c r a t e s . The local c ra te handles 

Figure 5 East System In te r lock and 
Operational Display 

This d i s p l a y is the system in t e r lock and operat ional 
s t a t u s of the va r ious e l emen t s of the system t h a t 
o p e r a t e the ea s t end of the TMX-U vesse l . With t h i s 
d i s p l a y , the operator can conf igure the system as i'. 
I s t o be run i n c l u d i n g such f e a t u r e s as phas ing 
between s t a r t i n -imes of s u c c e s s i v e e x c i t e r s , power 
supply vol tage (effect ive power), and the FSK option. 
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Figure '•*. Drift Pump Layout 

The c o m p u t e r a d d i t i o n a l l y i s u s e d as a p o s t -
o p e r a t i o n a l tool to analyze the s igna l s concerning the 
d r i f t pump system. The only one of t h e s e d i a g n o s t i c 
f e a t u r e s p r e s e n t l y a v a i l a b l e i s performing a f a s t 
Four ie r transform on se lec ted s i g n a l s to ana lyze the 
f r equency content to assure the appropriate frequency 
i s being coupled into the plasma. In the near f u t u r e 
d i a g n o s t i c s to measure f i e l d p e r t u r b a t i o n are also 
planned. 
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