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7.0 PROGRAM SUMMARY

This report represents the results of a one year program to experi-
mentally adapt two types of high frequency plasma generators for Tow thrust
electrostatic argon ion thrusters. The initial scope of this "High Fre-
quency Plasma Generator" progiam placed no direct constraints on the
method of coupling power to the plasma or on the choice of magnetic field
configuration used to enhance the plasma production efficiency. Aside from
providing a back-up concept to the more mature, conventional hollow-
cathode~based plasma sources, a goal in the present program was to develop
a plasma generator which has a high electrical efficiency, a parameter
which is of importance for low specific impulse engines.

The two methods selected for coupling electrical power to the
plasma generator were (1) Radio Frequency Induction (RFI) wiiich operates in
the frequency range of several hundred kilohertz to several megahertz and
(2) by Electron Cyclotron Heating (ECH) which operates in the range of sev-
eral gigahertz. The RFI generator, like the hollow-cathode plasma source,
does not fundamentally require the presence of magnetic fields for its
operation but the ECH generator by its principle of operation does require
that rather'strong magnet fields be present inside the engine housing.

The class of magnetic field geometry which was used for both types of
high frequency generators is variously know as a "multicusp", "multipole",
or "multidipole" configuration and is particularly well suited to thruster
applications since permanent magnets are used. Permanent magnets, while
adding mass to the thruster, use no electrical power to provide strong
particle confinement fields and can be arranged into geometrics which
produce very low magnetic field strengths both in the central volume of
the plasma generator and at the ijon extraction plane. Low fields at these
locations are thought to be an aid in the production of a more uniform beam
profile and are aiso required for the ion extraction system (which is a
field-free ion optics design) and the beam neutralization process.

Much of the work presented in this report on the RFI source consisted
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of experimentation and modeling of the RF power to plasma production coup-
1ing physics. Some experimentation was carried out to measure the electron
and jon confinement which has a direct impact on the beam produstion effi-
ciency, One magnetic confinement geometry, namely an axial line cusp, was
studied. The results indicate that considerable cross field argon ijon
transport to the walls occurs and that reduction of this transport is the
major mechanism by which the eV/ion value can be improved., A fact worth
mentioning here is that doubling the permanent magnet pole face field
strength by replacing ceramic magnets (1.5KGauss) with samarium cobalt
magnets (3.0KGauss) in the same configuration produced negligible (<5.%)
change in the eV/ion, Ceramic magnets which can operate at'higher temp-~
eratures may therefore be preferred over the more costly rare-earth mag-
nets. With continuous beam testing at NASA-Lewis Research Center the RFI
source has produced a 1.KeV, 3.0 awix-y< beam with minimum discharge losses
of 220+ 17eV/ion at a propellawi uti{lization of 45.%.

The discharge characteristics and engine efficiency of the ECH plasma
generator were experimentally examined in several different cusp magnetic
confinement geometrics. Beam extraction was simulated by replacing the
two grid acceleration optics with a biased termination plate. The best
engine efficiency obtained with this source, which operated with micro-
wave power at 5GHz, was about 185eV/ion assuming a 70% ion transparency
extraction system is used. The experiments indicated that the maximum
"beam" current that could be extracted from this generator was limited
not by the available power, but by the plasma cutoff density condition:

=w , wherew _ is the plasma frequency and mﬁ the radian frequency
of the applied microwWave power.

In addition to the above two experimental programs, a third thruster
geometry called the Solenoidal B-Field Concept was analytically evaluated.
This evaluation consisted primarily of examining past experimental electro-
static thruster geometries in an attempt to define a new geometry for a
high frequency thruster that may show improved performance.

1-2
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1.1 INTRODUCTION

Mercury has until recently been the propellant used in the develop-
ment of thrusters for primary electric propulsion. Indeed, the 30.cm mer-
cury thruster is the only technology-ready thruster available. However,
due to low spacecraft contamination and environmental advantages over
mercury, primary propulsion thrusters using inert gases as propellant
have been receiving great interest. Of the inert gases the most cost
effective propellant is argon and consequently it is receiving the most
attention in current resezrch and development, _

Studies have shown that the attainment of increased efficiencies for
jon thrusters at Tow (1000 - 2000 second) specific impulse would greatly
decrease the overall cost of many proposed geocentric missions which
would utilize electric propulsion. The requirement of low specific
impulse places more of the emphasis on the electrical efficiency of the
plasma generator and its associated power conditioners for attaining high
system electrical efficiency. The specific impulse is

po= L (2av VY
sp 9% m

where 95 is the acceleration due to gravity at the earth's surface, ¥ is
the net accelerating potential, and q/m is the ion charge to mass ratio.
To maintain a high thrust at low I, requires Towering V and increasing the
beam current. For argon with a high g/m (compared te mercury), V must be
lowered further. On the other hand, the thruster system power is equal to
the product of V and the beam current plus losses that to first order go
as the beam current. Hence, the losses that are roughly proportional to
beam current must be lowered to take maximum advantage of a lower specific
impulse.

The importance of increasing the plasma generator efficiency in order

1-3


















































































































































































































































































































































































ORIGINAL PAGE 19
OF POOR QUALITY

- 2kT
-0 e o -ed/kT, (A6)
o/ vV M

Dividing equation (A4) by (A6) gives the desired result

€ = 2kTe+e¢ (K7)

The plasma potential ¢ is determined from the condition that electron
and ion currents exiting the plasma must be of equal magnitude in order to
preserve charge neutrality. For a free streaming plasma with no "primary"
electron injection the electron current to the walls is given by

kT

= e -e¢/kT
Ie =ng e 2?5; e e Ae1 (A8)

where Ael is the area over which electrons are l1ost to the walls, The ion
currrent is taken to be

I, = .5n,e e Ay | (A9)
where Ai] is the area over which jons are lost to the walls. From equations

(A8) and (A9) we obtain a plasma potential which is positive with respect to
the wall and given by

kT A 2m,
¢=_eg1n(_91 __1) (10)
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Attachment A

This is an Interim Report as designated in Exhibit A-2, Paragraph F,
of contract NAS3-22473, Amendment 5. The title page, 1, block 13
should specify Type of Report as "Interim",

Specific

Page Number

2-2

2-3

2-7
3-7

3-7

5-1
5-2

Rewrite equation (2-2)

3. -ef
m(v-iWS
L ow

Equation (2.9) should have an equal sign, Py=etc. and
PE in the previous line should be Pd

Page 2-7 is missing

There is a shift of verb tense. Apparatus used should be
in past tense

The last two sentences in this paragraph will be more clear
if recast as follows: "For such a case the gas was supplied
continuously or was pulsed from the ballast. The flowrate
through the orifice was thus proportional to the pressure

in the ballast which was large enough to maintain a nearly
constant flow for several --- etc."

Note: Other minor corrections as indicated on pages 3-10,
3-12, 4-7, 4-16, 4-18a, 4-22, 5-1, 5-7, 5-12, 5-14,
5-16, 5-17

Rephrase sentences as indicated for conciseness

The following pages are largely analytical and many
equations used. Please make sure all symbols are defined,
and preferably include a symbol 1ist applicable to this
section only.
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