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Abstract:
maintainability, gun thermal isolation, and opérating

an eight-peilet pneurmatic injector, is being designed

and fabricated for the Tokamak Fusion Test Reacter flexibility.
(TFTR). It will accelerate eight pellets, 4 by 4 mm ) OANL-OWG 8.3377 ££D :
. maximum, to greater than 1502 mfs. It utilizes a MOTOR

unique pellet-forming mechanism, a cooled pellet
storage wheel, and improved propellart gas scavenging, . )
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will be used to inject solid deuterium pellets into

the TFTR [5]. The Repeating Pneumatic Injector (RPI) Fig. 1. Deuterium pellet inicctor.

is currvently in operation on the TFTR, and its use hes

resulted in record densities and confinement times on To operate the DPT (Fiz, 2), the gun body is
the device. The DPI is scheduled to replace the RPI cocled te 10 K to form a »nlug in the extruder line.

The extruder piston is retractced, and the extruder ie

in the =urrer of i9&6.
charged with deuterium. %hen full, the pellet wheel

Tneuratic pellet infectors accelerate a solid
lwdrrgen petlet by means of a pressure imbalance due
to a sudden application of pressure behind a pellet in ORNL-DWG 133878 BED
the injector barrel. Recent injectors use high-
pre<eure (1500-psig) hvdrogen gas as propellant. The ReTRATYED
cvingle-pe!let injector and four-pellet injectors form o = ELL WITH Dy
the pellet v f{reezine hyvdrogen gzns in the gun breech i e LHe
[A'. The RPI [7] freezes the deuterium in a separate )
charker and extrudes the solid into the gun breech LaUID O ~=GHe
wvhere a cutter forms the pellet. The pellet is FHEEZESE»—» :
accelerated when a fast scolenoid valve is opened to
the propellant gas reserveir. A series of chambers
and  pumps removes the propellart gas between the '
barrel murzle and the fusion device.
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design from the RPI and an eight-barrel gun similar to

thnt used iu the feur=-pellet injectors, The DPT will PISTON N

fire np to eight right-circular ecylindrical pellets .

(two 4.0-rpi=diam by 3.5 mm, three 3.5-mm-diam by 3.5

mm, and three 3.0-mm-diam by 3.5 mm) at velocities

appreaching 2000 m/s, The pellet velocities are -

variable and can be fired independently, The pro- e D2 EXTRUSION FORGCED
. . : THRU HOLE IN VANE

pellant temperature is ambient and its presrure is a

maximum of 1500 psig. The inrector has a S5-min duty .

cycle and a lifetime of 2000 cycles. -

The DPL is a Fybrid injector using the extruder EXTRUSION FORMATION /':.
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Unique features (Fig. 1) include the cembination
of pellet wheel and extruder, active rceoling of the E
pellet wvheel with liquid helium, and a precise pellet
; o { ) ; < ne
whee! drive. The design features improvements to the PELLET LGADING

*Recearch sponsered bv the Office of Fusion Frergy, , Fig. 2. Cun loadina.
U.%, Pepartment of Energy, under Contract ¥o.
DE=ACC5-B40R214C0 with Martin Marietta Energy Svstems, is rotatad so that cne pellet hole i z2ligned with the

Inc. extruder line. The extruder piston is advanced to
+Nmw emploved by Martin Marietta Denver Aerospace, fill the pellet whee! hole. The wheel is rotated to
P.0. Box 179, Denver, CO 80201 the next position, and the process repeated unril the

cesired peliets are forme'.' The wheel is next counter-
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rotated to align the pellets with -the barrels. The
evtruder is row reloaded if necessary.

To fire, the barrcl clamp solenoids (Fig. 3) arc
energized to seal arourd the pellet holes. The
propellant valves are pulsed, and the pellet {is
acceierated.
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The extruder utilizes a desinn developed by €, A,
Fouter {81, described by Conbs (7], and proven on the
rechanical and the repeateng pneumatic {njectors. It
cone ‘nts 0f a notor-driven screw press that actuates a

“pisten running in a brass sleeve. The sleeve is
brazed inte twn FBC copper blocks. These blocks are
farce-conled with liquid helium flowing in cooling

chaanels.

The gurn bodv (Fig., 4) consists »f two OFHC copper
and  3I0AL  stainless turnings (face plate and back
plate) which are of braczed and clectron-beam welded
cerstruction.  Seals are indium wire. The facr and

back plates have “separate liquid helium conling
passages.
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Gun bodv.

The gzun bod» has been designed to minimize the
propeilant gas blow-by frrm the pellet wheel and to
maximize the pumplng of the propellart gas from the

mounted

boedv  cavity. Barrel ciamp solenoids are
energized

concentrically with the barrels and are
beforc the propellant valves are cpened to provide
ccaling pressure on the polvetheretherketone (PEFK)
seal rings, The bedv cavity is pumped by a duct which
is connected to the injection line primary punping
svstem.

The propellant =alves are flanged cfi the back

in line with the barrels. These valves are
Vespel-sealed, actuate in 2 ms, and have [0-cm® in-
ternal volumes, These wvalves are solenoid actvated
and operate at 1500 psig.

plate

The pellet wheel (Fig, '5) furms and transports
the pellets within the gun body. The pellet wheel ir
sandwiched between the face and back plates, rotates
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Fig. 5.

about the gun body axis, and is sealed pv PEEK seal
rings with steel backing rings. The wheel has nine
vanes — eight for peliets and cne valve vane. The
vanes flex te seal against the clamped PEFK scal rings
and thermally iselate tre pellets. Tach pellet vane
has a through hole tor pellet formation, This hele is
smaller than the extrudate passace but larger than the
barrei ID. This causes compres«inn eof the extrudate
into the wheel and of the pellet inte the harrel for
uniform pellet consistency and for propellant gas
seal,

actively with liquid

The pelliet wheel is conled
copper hub and a

helium and consists of an OFErn
bervllium=-copper ring., The hub has integral cooling
passages fed from the drive shaft., It is driven from
the shaft by five pins and sealed with double indium
O-rings for the helium inlet and exhaust.

The active cnoling of the pellet wheel permits
the pellets to be stored hetween the lcad and fire
cveles and allows the valve vane to form a solid

detiterium plug for extruder filling.

The cold wheel drive (Fig, 6) is a D¢ servomotor-
absolute encoder coupled with a sriveshaft. This
rotates and accurataly  positions the pellet wheel
while continscusiv tranferring liquid helium to the
peliet wheel, It consists of the roter-encoder, the
Jrive shaft, a ferrofluAdlc rotary vacuum scal, and a
drive coupling.



Requirements of the drive are precire pellet Leaters for temperature ccntrol. The DPT recelves
wheel positioning and low thermal cenductivity to the liquid helium threugh a transfcr line entering the
gun body. The pellet wheel must be positioned *6 arc extruder flange. An ‘internal iumper tronsfers liquid
rmin at 5 ft—lb torque. The maximum’ torque is 19 to the back plate where an external transfer line
ft-ibs, limited by buckling in the pellet wheel vanes, conducts helium to the pellet wheel. Sclenoid cutoff
The drive shaft muct minimize axial thermal conduction valves are on each exhaust line.
between 273 K at the ferrofluidic seal and 10 K at the
gun bedy. Alil subsvstems are mounted nn cither the cryostat,

rear flange or on the extruder flange. A minimum of

ORRLDRG M-S o connections is made between these modules. This

... ~MOUNTING PLATE allews major subsvstems to be removed and repaired or

7 - :/ assembled on the workbench. large access ports are

MOTOR ENCODER | 1k, -~ DMVE HUB AND PiINS located in the injector crvostat sides. The dc
servomotor and driveshaft mar be removed with a

minimum of disassembly of the injector.
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’ S ™ RSN riques, improved propellant gos  sealing, raintain-
"”r"""""””"f,'- “SFENNOFLUIIC SEAL ability, and operating f{lemibilite, The DP1 will
T provide flexible ocperation while injecting high-

velocity deuterium pellets into TFTR, {
. Fig. A, Cold wheel d.ive,
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