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Summary

The injector system for the Tendem Mirror Experi-
ment (TMY) contains the components required to create
and maintein a high-temperature, high-density plasma.
These components include a streeaming-plasma gun in each
of the plug tanks to form thie target-plasma, 24 neutral-
beam source modules for injecting neurrel deuterium
atoms to heet and replace losses from the plesma, &nd a
ges box system that applies e streaming cold pes to the
plasma to stabilize it. This puier discusses the
mechanical design problems ard sclutions ror this injac-
tor syster.

General Description

‘ne arrangemert and location of the tasic injector
systen componerts for each THX plug tank can be seern in
Filg. 1. The plugs are identical end arec arrsagez as
mirror images. A base-case nrrangement of neuirral-beam
sources will coutmin sixteen 20-keV and eight %0-keV
irJectors, which deliver to the tareget pleume 800 A and
320 A of neutrals, respectively. These are the total
rated currents end include the half- and third-energy
ccmponerts as well as the rull-energy icns.

At each plug tenk, the rtreeming-plasma gererator
is locatcd radially to the wachine axis and is designed
to pcsition the gas discharge ror:le parsllel to the
lccel field lines thet exit the plug magneis ot & 2-ku
field lccatlon., The nozzles alsc traverse the radial
distence betweer the T-cm, 500-G and the 1S-cm, .2600-G
cenzral field megnetic Ilux line, as shown in rig. 2.
These plasma guns, which are of t' . lcaded titanium-
wesher type, can provide a 3-ms discharge pulse and ere
provided with mounting herdwere suited for THMX
application. Each gun is required to operate indepen-
dently end has its own timing and triggering controls.
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Figure 2. TMX Isjector lystew.

NEUTRAL BEAM INJECTOR

The mounting system for the reutral-beam injector
modules permits several configurations, For the base
case, Fig. 1 shows two inJector groups of six sources
at each plug tenk positioned about the horizontal plene
and fezing each other, This pattern of a single unit
with an errey of five modules in a vertical column can
be exterded to include a total of 10 sources per mounting
leccatic~ for a total of 20 per plug tank. Figure 3
shows arrangement for the basic cese esnd the large-
diemeter plesma experiments. In both conditions, the
LO-keV sources occupy the outer positions with the 20-keV
modules in betveen. All the beams are located at a
radial cistence of 3.2 m from the machire cernterline end
aim at tre machins -erterline. Centerline end off-axis
aiming locations - governed by the type of experiment.
“.gure ! uisc ind: tes pesitions in thke central cell
where moduler can mounted &nd used for injection into
the ceniral-cell plesma for additionel ion heeting.

Twelve of the teen P0-kel sources required for
MY will te transferr -3 from the 2XII3 machine. The
eig] L0-keV injector needed will be of a new design
and construction, and the arc chambers arc presently
under fabricaticn. Snecifications for these sources are
ligted in Trble ., and a source schematic is shown in
Fig. .

Aperture plates rfor the source beams will attach
t¢ structure windows in -he liquia ritrogen {LN) liners
and car. b2 removed for =« ications or replacement,

The beem prefiles will v with the different configu-
rations, but a double ve gl array of five sources
produces a shepe as shown : Fig, 5. The inner and
cuter arerture pletes are ated at .38 and 1,96 m
respectively from the cent: iine of the machine. These
are weter-ccoled apertuve r.ates and are shaped and
positioned to preclude the plasma from shining on any
LN surface thet would produce reflux of gas to the
plasma. The apertures accommodate source beam diver-
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STREAMING PLASMA Table 1, Ieutral Injector Module Specifications.
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Hax. neucral beam energy 20 kev 4g bV
Tcm. 16 cm,
a Avg. neutral beam cnergy “15 heV 29
200086, ENTRAL
600Q. GENTRAL FIELD o CENT FIELD Pover supply drain LY €34

Extractar current density 0.5 Al 0.4 alerd

2em s Hrem foem - 4h qin

txtractor d imensivns

Overall divensions 24 cw - 58 en 2 en v L em
Pulse length 25 n. 25 ms
Ilz gas [nlet 30 iorrrifs 30 Torrsi/s
Bean divergence RARUE R AR T2k 00,5% K
Bean at plasma 50-A neutrals in L0~A neutrals in
{rated value) 10 c2 high » 10 cm high x
33 um wide. 33 cm wide.
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Figure 2. Streaming Plasma Generator System.
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Figure 4. Simplified Diagram of a {eutral-
beam Injector Module,
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LARGE DIA. PLASMA ARRANGEMENT

Figure 5. Simplified Beam Apertures ana

Figure 3. Neutral Beam Module Arrangements. Locations.
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gences of *0.5° in the direction of the source grid
wires and *2° trensverse to the source grid wires.

Figure € shows a typlcal arrangement of source,
bellows mounting, spool support, shielding, and isola-
tion valve. In this arrangement, the magnetic shield
is fixed and the source moves with two rotational
degrees of freedom provided by en adjustable plate plat-
form that incorgporates s rectangular metal bellows,
With this provision, e laser is mounted on the source
and the source is visually aligned to a reference
location., The final fine adjustment 1s made using a
segmented calorimeter.

Magnetic Shielding

The magnetic shielding shown in Fig. 6 has been
designed to accommodate both the 20- end LO-keV sources.
Spacing of the modules in the vertical direction has
provided adeguate clearance within the magnetic shields
to prevent electric breakdown from the L0-kV extraction
structure at maximum offset. The use of & corona shield
will provide further assurance against voltage arcing.
These mugnetic shields are also compatible with the use
of a gas dielectric (SPB)' The outer shell is ASTM A-36

steel with 0.17% carbon, 0.95~cm thick irside of which
two high-permeebility shells 0.13-cm thick are inserted
to maintain the magnetic field intensity perpendicular
to the centerline of the neutralizer st a level of

0.5 mT. Tons passing beyond the shielded space will
therefore experience a displacement no greater than

2 cm at the plasma. This shielding isclates a space
beginning approximately 0.k m radially beyond the first
scurce grid and extends towards the machine for a length
of about 0.63 m from this same grid. The material

combinations and thicknesses needed to reduce the mag-
1
netiz field iIntensity were computed using the LLL JASON

computer code, which was developed to solve complex
electrostatic problems using finite element methods.

MAGNETIC SHIELDING
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Source,
Support,
Isolation

Typical Arrengement of
Bellow Mounting, Spool
Magnetic Shielding end
Valve.

Figure 6.
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Close-packing of the source modules in both the
vertical and horizontal directions coupled with their
proximity to the facility neutron shielding walls
reguired that hendling for installetion and maintenance
be performed from the sides. A swing-out system shown
in Fig. 7 permits a vertical 1ift of any source without
interference to the other mounted sources. Because each
module approaches 10C0 pounds, methods of mechanical
advantage for hendling are required, and an emphasis
has been placed on safe handling practices. The modules
are landed on tray supports that pivot on the outer
columns. Once the the modules have been swung into
alignment postion, the tray is locked to the center
column and a screw arrangement moves the modules forward
to the isolation valve over captive rollers in the tray.
The vacuum tle can now be made, and the unit is secure.

Isolation Valve

The isolation valve is attached to the source
mount housing end is removed only for maintenance or
repair. Individusl source modules can therefore be
removed for maintenance while mechine vecuum conditions
are maintained., Thus, the LN liners can be kept cold
during these operations. These valves, es shown in
Fig. 6, have a clear opening of 0.13 m x 0.38 m wide
and are designed to provide en O-ring seal against a

8

l-atm pressure loading and to be leak tight to 1077 std.

atm. cm3/s. The body can resist a moment normal *o the
faces of 28,000 in-1lbs with no degredation of perform-
ance. A pumpout in the valve body permits evacuation
of the scurce volume before the valve is opened to
vessel vacuum. Inadvertent operation is prevented by
interlocking. Twenty-four of these valves are mounted
on the machine, end an additional unit has been pur-
chased for testing and to serve as a spare.

Gas Stabilization System

The plug tank gas boxes are located in the transi-
tion area between the inside plug C-coil and the outside
transition C-coil. As shown in Fig. 8, the gas box
extends part way into the transition coil; its thickness
has therefore been determined by the inner dimensions
of the coil, and the length must include *the 15-em
fieldline at this location. The gas box is suppcrted
at its edges by an angle freme welded to the inside
surface of the transition C-coll and is removeble. Four
fast-pulse valves provide about 150 A of deuterium gas
into the box; epproximately half is ionized in the plug
plasmg end the remainder leeks past the face plates of
the box. Each bo: face normal to the machine axis is
an assembly of two overlapping plates in which an
elliptical-shaped cutout has been mechined to match the
contour of the plasma fan. These contoured plates are
remotely controlled and form an iris that provides a
variable cross section for different plasma conditions.

The pulsed gas guns shown in Fig. 8 are of the
2XIIB type. Because the long valve rod is solenoid-
actuated from the back of the unit, the gas guns require
straight-line mounting from the tank wall to the gas
box. A study is underway to determine the possibility
of using piezoelectric-actuated valves whose mounting
becomes independent of orientation and that would permit
faster actuation times. Also, the valves could easily
remain open beyond 25 ms.

Conclusion

With most of the injector components either
designed or being fabricated, a period of testing and
assembly will precede the mounting of the first neutrel
beam sources in May 1978, which in turn will be followed
by the mountirg of the gas box and the streaming-plasma
generator systems.
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Figure 7. Source Module Hardling System.

PLAN VIEW ELEVATION

Figure 8. Gas-stabilization System.

References

Acknowledgnents
The authors wish to acknowledge the efforts of the 1. S. J. Sackett, JASON - A Program for the Solution
many who participated in this work, with special thanks of Nonlinear Elliptical P.D.E.'s in Two Independ-
to A. Chargin, D. Atklnson, and R, Negel for their ent Veriables, Part 2: User's Manual, Lawrence
numerous zontributions, This work wes performed under Livermore Laboratory repor® Tin preparation, 1977).
the suspices of the U.S. Energy Research and Development
Administration under contract No. W-TU05-Eng-U8.

=h=



