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ACCELERATING STRUCTURE FOR A CHARGED
PARTICLE ACCELERATING SYSTEM
Haywood Shelton, Weoodland Hills, and John M. Sellen,
Jr.,, Encino, Calif.,, assignors to Thompsorn Ramo
Wooldridge Iuc., Canoga Park, Calif,, a corporation of

Ohio
Filed Oct. 12, 1960, Ser. No. 62,272
10 Claims. (Cl. 313—63)

This invention relates to propulsion engines such as
may be suitable for space vehicle propulsion and more
particularly to such engines utilizing a beam of electro-
statically accelerated ions to generate propulsive thrust.

In the search for suitable mechanisms which may be
employed to propel space vehicles, various types of pro-
pulsion systems have been and are being investigated.
One such system operates by virtue of the force developed
by accelerating charged particles in an electrostatic field
to provide the requisite thrust to propel the vehicle. Sys-
tems of this type include propulsion devices which utilize
electrically charged atomic or molecular particles, such
as ions, as the drive medium, This invention involves an
improved arrangement for an jonic propulsion system.

The efficient and copious production of ions is a pre-
requisite for any ionic propulsion system. The favorable
properties of alkali ions in these respects suggests the se-
lection of a material in this class for the ion source. In
particular, it has been found that the element cesium
provides a desirable combination of the properties re-
quired for efficient operation of an ion source. A suijtable
cesium ion emitier has been developed by utilizing a
porous tungsten surface behind which cesium gas is pro-
vided at a pressure sufficient to force cesium through the
porous tungsten to the emitting surface. The structure is
advantageously maintained at an elevated temperature to
enhance the generation of cesium icns.

The thrust which is developed by an ion acceleration
system is relatively slight compared, for example, with
that available from the rocket propulsion systems con-
ventionally employed to lift space vehicles out of the
gravitational system immediately associated with a plane-
tary body such as the earth, However, once a space ve-
hicle is free of the effects of gravity, an ionic propulsion
system may be employed which is capable of generating
vehicle velocities of interest for continuous operation over
extended periods encompassing weeks, months, or in some
cases even years.

One problem which has heretofore interfered with the
development of a successful ionic propulsion system has
resulted from the fact that the electrodes for accelerating
the ions are bombarded by at least a portion of the ion
beam and eventually become pitted and eroded away.
This process, which is commonly referred to as “sputter-
ing,” deleteriously affects the performance of an ionic
propulsion system, not only by changing the shape of and
eventually disintegrating the accelerating structure, thus
interfering with the ion optics thereof, but by producing
vapor deposits of the sputtered accelerating electrodes
which may interfere with the function of nearby elec-
trodes. For example, sputtered products deposited on the
emitter may tend to alter the work function of the tung-
sten or to adversely affect its porosity. In addition, cesi-
um ions have a tendency to be adsorbed by the accelerat-
ing structure, thus presenting a problem of electron emis-
sion which may interfere with the proper operation of
the ionic propulsion system.

In other applications of electrostatic particle the ac-
celerating systems the same problem of erosion of por-
tions of the accelerating structure may arise. It should
be understood that the instant invention is adaptable to
alleviating this problem, however, it may arise.
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It is therefore an object of the invention to provide an
improved accelerating structure for an electrostatic accel-
erating system for charged particles.

More particularly, it is an object of this invention to
provide an improved propulsion system suitable for in-
clusion in a space vehicle.

Specifically, it is an object of this invention to provide
an improved arrangement for an ionic propulsion engine.

It is a further object of this invention to extend the
operating life of an jonic propulsion device.

Another object of this invention is to improve the effi-
ciency of an ionic propulsion device.

Briefly, the invention provides an arrangement incor-
porating a plurality of replaceable accelerating electrodes
operated in conjunction with a specially shaped porous
tungsten surface utilized as a cesium emitter. Incorpo-
rated in this structure are a plurality of beam forming
electrodes for improving the jon optics of the structure
and thus reducing the accelerating electrode sputtering to
a considerable degree. In accordance with one aspect of
the invention, the accelerating electrodes comprise a num-

‘ber of ribbons which are stored upon supply reels and

are pulled across the accelerating structure by a motor
driven arrangement of takeup reels as the material of the
accelerating electrodes becomes sputtered away. In ac-
cordance with another aspect of the invention, an appro-
priate arrangement is incorporated for detecting the de-
gree of sputtering so that the eroded portions of the elec-
trodes may be replaced by fresh material without interfer-
ing with the continuous operation of the ion accelerating
structure. The material employed for the accelerating
electrodes is carefully chosen so that its disintegration will
not impair the operation of the remainder of the structure,
in particular that of the porous tungsten emitter. Copper
has been found to be suitable as an accelerating electrode
material, since any deposits of copper tend to re-evaporate
from the porous tungsten, thus leaving the emission prop-
erties of the tungsten emitter relatively unimpaired. It
should be understood, however, that other suitable mate-
rials may be employed in the electrode structure. In ad-
dition, provision is made for elevating the femperature
of the accelerating structure to eliminate adsorbed cesium,
thus prectuding the emission of electrons from these elec-
trodes from becoming a problem.

A better understanding of the invention may be had
from a reading of the following detailed description con-
sidered in connection with the drawing, in which:

FIGURE 1 is a perspective view of a portion of the
structure of the invention;

FIG. 2 is a view from the right-hand side of the struc-
ture of FIG. 1 and depicts details of the supply reels
omitted from FIG. 1;

FIG. 3 is a top view, partially broken away, of the
structure of FIG. 1; and

FIG. 4 is a diagrammatic representation of the inven-
tion.

Turning now to FIG. 1, a portion of the structure of
the invention is illustrated in which an emitter assembly
1 is shown comprising a strip 2 of porous tungsten behind
which is located a chamber 3 into which cesium is pump-
ed at a pressure sufficient to force it through the porous
tungsten strip 2. As shown, the strip 2 is formed with a
precisely shaped emitting surface comprising a number
of grooves 4. These grooves advantageously form a part
of the over-all ion optical system in accordance with
recognized principles set forth, for example, in “Theory
and Design of Electron Beams,” chapter 10, J. R. Pierce,
published by the Van Nostrand Company, New York,
New York (1949). The cesium ion beams undergo a
degree of beam focusing as they leave the individual
grooves 4 due to the shape of the emitting surface. This
action is enhanced by the presence of the beam forming
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electrodes 5 which are maintained at a positive poten?ial
with respect to the tungsten strip 2. An »accelerat%ng
force is imparted to the cesium ions by the acceleratlpg
electrodes 6 which are maintained at a negative potential
with respect to the tungsten strip 2. The emitter assem-
bly 1 also includes a resistive heating element 7 having
a pair of terminals 8 to which a source of heating cur-
rent may be connected for maintaining the temperature of
the entire emitter assembly 1 at a suitable operating peint
for the efficient emission of cesium ions.

‘While some sputtering of the accelerating electrodes ¢
is inevitable, the operation of the structure in this regard
is enhanced by the presence of the beam forming elec-
trodes 5. Because of the positive potential maintained on
the electrodes 5, the cesium; ions do not impinge thereon
and hence the electrodes 5 are not subject to the sputter-
ing problem which is applicable in the case of the ac-
celerating electrodes 6. In accordance with the. inven-
tion, sputtering of the accelerating electrodes 6 is ob-
viated by providing an arrangement including a drive mo-
tor 9 and a number of takeup reels 10 to draw the elec-
trodes 6 across the beam structure as they become eroded
away. .

The electrodes 5 and 6 are held in place by a support
and spacer 11 of a material exhibiting suitable insulating
properties, such as sapphire. The spacer 11 contains pre-
cisely ground slots to guide the electrodes 6 as they are
drawn across the accelerating region. The spacer 11 also
serves to separate adjacent emitter assemblies 1. Ad-
ditional assemblies may be aligned side by side as de-
sired by including additional spacers 11, thus permitting
thrust multiplication for the propulsion system by the op-
eration of a number of individual assemblies in paraliel.

FIG. 2 is a view from the right-hand side of the struc-
ture of the invention as viewed in FIG. 1 and illustrates
the emitter assembly 1 together with an associated beam
forming wire 5 and an accelerating electrode §. The elec-
trode 6 is-shown as a ribbon which is originally wound
upon a supply reel 13. The rod 24 is mounted to give
the ribbon a half twist as it is drawn off the supply reel
13 across the ion accelerating structure. Springs such
as the spring 12 are provided to hold the wires 5 in ten-
sion,

A top view (partially broken away) of the structure of
the invention of FIG. 1 is shown in FIG. 3, which depicts
how the ribbons comprising the accelerating electrodes 6
are suspended with a predetermined tension between the
supply reels 13 and the takeup reels 10, the latter being
driven by the motor 9 under the control of a separate
circuit (not shown). Connected between the supply reels
13 and the takeup reels 16 is a circuit including a poten-
tial source 14 and a resistor ¥5. This circuit is rep-
resentative of one particular arrangement which may be
employed to serve a dual purpose in accordance with the
invention. The circuit provides a current through the
individual accelerating electrode ribbons 6 which serves
to heat the ribbons to a predetermined temperature, thus
eliminating adsorbed cesium therefrom which might other-
wise cause unwanted emission of electrons from the ac-
celerating electrode structure. In addition, in the circuit
shown, the potential of the takeup reels 1¢ varies in ac-
cordance with the resistance of the accelerating elec-
trode ribbons 6. As the sputtering damage to the ribbons
increases with use, the point 16 becomes more positive.
The potential of the point 16 is monitored by a detector
circuit (FIG. 4) which responds when a particular thresh-
old is reached and causes the motor 9 to operate, thus
winding the damaged portions of the ribbons 6 on the
takeup reels 10 and drawing a supply of fresh ribbon
from the supply reels 13 across the ion accelerating struc-
ture. The detector circuit 17 of FIG. 4 may be any of a
number of devices known in the art, such as, for example,
a vacuum tube circuit sensitive to a change of potential
on jts control grid. Also shown in FIG. 4 is a cesium
pump 18 for maintaining a suitable pressure of cesium
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within the chamber 3. Operating potentials for the ar-
rangement represented in FIG. 4 are supplied from volt-
age source terminals 20 connected across a tapped resis-
tor 19. A number of individual propulsion structures,
such as that.of FIG. 4, may be operated in parallel to
provide additional thrust for the vehicle as desired.

While a cesium ion source has been included in con-
junction with the above described arrangement of the
invention and therefore the ions encountered in the struc-
ture carry a positive charge, it is to be understood that a
similar structure for replacing damaged accelerating elec-
trodes during operation of an ionic prepulsion device may
be employed with a source of negative ions. In such a
case, of course, the potentials applied to the respective
electrodes will be of opposite polarity to those shown
herein. Furthermore, as has been mentioned hereinabove,
the arrangement of the invention may be employed in
other electrostatic accelerating structures not involved in
propulsion systems.

It is desirable to muaintain electrical neutrality of the
space vehicle where propulsive thrust is provided by a
stream of electrically charged particles, as shown. While
specific arrangements for nentralizing the ion beam have
been omitted for the sake of brevity and simplicity, it will
be understood that a number of known neutralizing ar-
rangements may be employed as desired. One arrange-
ment for attaining the desired neutralization, for example,
is to employ duplicate arrangements of ionic propulsive
structures operating with particles of opposite charge.
Adjustment of the separate particle beams to carry the
same currents therein automatically affords the desired
charge neutralization. At the same time desirable thrust
is obtained from each of the separate beams,

Although one specific arrangement of the invention has
been described above, it will be appreciated that the in-
vention is not limited to this arrangement. Accordingly,
any and all modifications, variations, or equivalent ar-
rangements falling within the scope of the annexed claims
should be considered to be a part of the invention.

What is claimed is:

1. A charged particle accelerating structure comprising
a source of ions, a plurality of beam forming electrodes,
replaceable accelerating electrodes, means for automati-
cally replacing the accelerating electrodes during the con-
tinuous operation of the structure as the accelerating elec-
trodes becomes sputtered away by impact with the charged
particles, and a voltage source for supplying operating
potentials to the structure.

2. An electrostatic particle accelerator comprising a
source of charged particles, a plurality of beam forming
electrodes, a plurality of replaceable accelerating elec-
trodes, a voltage source for supplying operating poten-
tials to the accelerator, and means for replacing the ac-
celerating electrodes as they become damaged without in-
terrupting the operation of the accelerator comprising a
motor for moving the accelerating electrodes so that the
damaged portion is removed from the charged particle
beam while a section of new material is inserted therein.

3. A charged particle accelerating apparatus’ compris-
ing a source of charged particles, a voltage source for
supplying operating potentials to the apparatus, a plu-
rality of accelerating electrodes comprising ribbons ar-
ranged side by side between opposed pluralities of stoi-
age reels, and means including a motor for driving ons
plurality of reels in order to replace damaged portions of
the accelerating electrodes without interrupting the oper-
ation of the apparatus.

4. A charged particle accelerating apparatus comprising
a source of charged particles, a plurality of accelerating
electrodes subject to sputtering damage by certain of the
charged particles, and means for detecting the degree of
such sputtering damage as it occurs during the operation
of the apparatus and for indicating when the damaged
electrodes require replacement.

5. A charged particle accelerating apparatus’ compris-
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ing a source of charged particles, a plurality of electro-
static particle accelerating electrodes subject to sputter-
ing damage by impact with a portion of the charged par-
ticles, means for detecting the condition of the acceler-
ating electrodes, and means responsive to the detecting
means for moving the accelerating electrodes relative to
the path of the charged particles during the operation of
the apparatus.

6. Electrostatic ion accelerating apparatus comprising
an ion source, a plurality of accelerating electrodes for
accelerating the ions in a beam, each comprising a cop-
per ribbon extending between respective supply and take-
up reels, a motor for driving the reels in order to move
the ribbons relative to the ion beam, and control means
for energizing the motor when the portion of the ribbon
in contact with the beam needs replacing.

7. Ton accelerating apparatus comprising an ion source,
a plurality of ion accelerating electrodes each compris-
ing a copper ribbon suspended between respective stor-
age reels at opposite sides of the ion beam, means for
operating the accelerating electrodes at an elevated tem-
perature in order to prevent the adsorption of ions there-
on, detecting means in conjunction with said last men-
tioned means for monitoring the condition of the ac-
celerating electrode ribbons, and a motor responsive to
the detecting means for driving the respective storage
reels in order to change the ribbon position within the
path of the ions.

8. An ion accelerating apparatus comprising a source
of positive ions, a plurality of accelerating electrodes for
accelerating the ions emitted by the source, said acceler-
ating electrodes comprising individual copper ribbons,
means comprising a plurality of beam forming electrodes
for improving the ion optics of the apparatus in order
to reduce sputtering damage to the accelerating electrodes,
detecting means for measuring the degree of sputtering
damage of the accelerating electrode ribbons, a motor
responsive to the detecting means and a plurality of stor-
age reels driven thereby for changing the portion of the
ribbon within the extent of the ion beam, and a voltage
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source for applying operating potentials to the accelerating
apparatus.

9. An ion accelerating apparatus comprising a porous
tungsten emitter, means for forcing cesium through the
porous tungsten emitter, means for heating the emitter
to produce the emission of cesium ions, an accelerating
electrode comprising a copper ribbon having a portion
thereof within the path of the cesium ions, a beam form-
ing electrode for reducing the portion of cesium ions which
impinge upon the accelerating electrode, an insulated
spacer for maintaining the relative positions of the beam
forming electrode and the accelerating electrode within
the apparatus, electrical circuit means for maintaining
the accelerating electrode at a temperature to prevent
the adsorption of cesium thereon, detecting means con-
nected to the circuit means for detecting the increase of
resistance of the accelerating electrode attendant upon
a reduction in cross-sectional area thereof, a motor re-
sponsive to the detecting means and a plurality of reels
driven by the motor for changing the portions of the
ribbon within the area of the ion beam, and a voltage
source for supplying operating potentials to the appara-
tus.

10. A charged particle accelerating apparatus com-
prising a source of electrically charged particles, a plu-
rality of accelerating electrodes subject to sputtering dam-
age by certain of the charged particles, means for re-
placing the damaged accelerating electrodes during the
continuous operation of the apparatus, and means for
monitoring the degree of sputtering damage and for auto-
matically energizing the electrode replacing means when
the sputtering damage exceeds a predetermined level.

References Cited in the file of this patent
UNITED STATES PATENTS
Langmuir et al. . ______ Mar. 31, 1959

OTHER REFERENCES

“Nuclear Ton Rocket,” by V. P. Kovacik, SAE Journal,
vol. 67, page 40, July 1959, 60/Atomic.

2,880,337



