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ABSTRACT

Development of a new vacuum facility to test xenon
ion thrusters is described. North-South station-
keeping of a 2 ton geostationary satellite for 10
yr requires its ion propulsion system to operate
for over 6000 hr in total. Long duration tests in
ground facilities producing a high and clean
vacuum are essential. Lower operating costs are
preferable. The facility has a vacuum chamber of
3 m in diameter and 5 m in length. It contains a
cryopanel to condense xenon gas, and shrouds and
thermal superinsulations to reduce thermal radia-
tion input to the cryopanel. The cryopanel and
the main shrouds are cooled by circulating helium
gas from Stirling cycle cryogenerators. The beam
target and the subchamber shroud are cooled by a
flon cryogenerator. The facility can be operated
without liquid nitrogen. Demonstration tests were
conducted using a thruster with 25 mN nominal
thrust. Results show that this facility is satis-
factory in the thermal design and the attained
vacuum. The cryopanel was cgoled below 50 K to
attain a vacuum of 4 to 5x1077 Pa by 40 hr after
starting the cooling. With the ion beam exhaus-
tion, out-gas from the target degraded the vacuum.
However, recovery was gradually made to attain a
vacuum of 4 to 5x10™% Pa in 20 min. Residual
gases were analyzed to give data on the quality of
the vacuum.

1.0 INTRODUCTION

Research and development of xenon ion thrusters
are now under way in Japan. Targets are to apply
them to North-South stationkeeping(NSSK) of geos-
tationary satellites to be launched in 1990's.’
It has been decided that an ion propulsion system
will be onboard Engineering Test Satellite-VI(ETS-
VI) to perform NSSK. Development of the system,
including Kaufman ty%e xenon ion thrusters, has
already started. National Aerospace
Laboratory(NAL) is conducting cooperative research
to the ETS-VI ion thruster development. NAL is
also investigating ring cusp ion thrusters, which
have potentialities to achieve higher performance,
in hopes of applicgtions to future satellites to
succeed the ETS-VI.

Ion thrusters have very low thrust ranges. Thus,
they must work for very long time in total to ac-
complish a certain mission or maneuver in a space
operation. To perform NSSK of a 2 ton satellite
for 10 yr, total operation time of 6000 to 8000 hr
with about 3000 cycles is required for its ion
propulsion system. Typical geostationary satel-
lites will have such masses and mission lives in
Japan in 1990's.

Long duration and cyclic tests of the thrusters
using ground test facilities are essential. No
alternatives have been established for thruster
qualification. To evaluate thruster performance
and life properly the test facilities should have
a high and clean vacuum. Lower operating costs
are also preferable.
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Several vacuum facilities are available for test-
ing mercury ion thrusters in the world. Large
scale facilities were built in the U.S.A. and the
F.R.G. They make full use of the properties of
mercury by mercury diffusion pumps, frozen mercury
beam targets, liquid nitrogen liners and so on.

As far as we know, however, no such test
facilities as meet the above requirements have
made in which xenon ion thrusters can be operated.
In spite of the current tendency to alter the
propellant from mercury to xenon, xenon ion
thrusters are still being tested using existing
vacuum facilities built for mercury ones. At
best they have been improved by adding commercial
cryopumps to outside the vacuum chamber. Thus,
there exists great need for vacuum facilities
suitable for testing xenon ion thrusters. They
should provide a high and clean vacuum for a long
time with reasonable operating costs. Development
of such a vacuum facility is one of the most im-
portant tasks in xenon ion thruster research.

The newly built vacuum facility uses thermal
perinsulations, and a built-in cryopanel
shrouds. The cryopanel and the shrouds are
cooled by circulating helium gas coolant from two
Stirling cycle cryogenerators. We have already
confirmed in a small vacuum chamber that thermal
superinsulations and a built-in cryopanel are ef-
fective to pumping xenon gas. These data have
been used to develop the new vacuum facility, but
also a lot of improvements and additional devices
are incorporated in it.

su-
and

This paper details the development of the newly
built vacuum facility for testing xenon ion
thrusters. Special emphases are on the design
policy, specifications, facility characteristics
and results of demonstration tests.

2.0 BACKGROUND

In planning to build a vacuum facility for testing
xenon ion thrusters it is profitable to notice the
features of a test facility for xenon ion
thrusters as a vacuum facility.

Take a space chamber for thermal and vacuum tests
as an example for comparison. It is a typical
vacuum facility being used in space research and
development. Gas to be pumped out usually comes
from the chamber walls and the test object. The
test object is placed in the middle of the cham-
ber. Surfaces of the walls are cooled to simulate
the thermal radiation environment of space.
Periods of continuous operation are rather short.

On the other hand, propellant is fed on purpose in
an ion thruster test chamber. The exhausted
propellant has to be pumped out from the chamber
in addition to the out gas. A thruster is placed
at one end of the chamber with a beam collector at
the other end. Test periods last very long, espe-
cially in duration tests. These features of a
thruster test chamber have led the following
design policies for the new vacuum facility.

1) The propellant gas is very large in quantity
and different in the properties compared with out-
gases. Thus, the main pumping system for
evacuating the propellant gas should be separated



from auxiliary ones for evacuating the out-gases.
This was done in the new facility by installing a
cryopanel of 50 K level as the main pumping sys-
tem. The cryopanel temperature is low enough to
condense xenon gas but not too much low.

2) Operations without using liquid nitrogen should
be possible. This was done by installing thermal
superinsulations and a helium cryogenerator of 100
K level. This helps a lot in realizing easy
operations of the facility and running cost
savings.

3) The radiation baffle covering the cryopanel
should not be so dense as to prevent the entry of
all direct thermal radiation.
at high or room temperatures are located far from
the middle of the chamber. Thus, the cryopanel
does not see the radiation sources directly even
if the radiation baffle is rough. Such a radia-
tion baffle permits the passage of much more gas
than a chevron assembly.

4) Surfaces inside the chamber should be made of
the same material as the ion beam collector. This
can keep changes in the emissivity of the inside
surfaces as small as possible. It is necessary
to maintain the thermal characteristics of the
chamber as was designed. Material sputtered from
the beam collector covers the other surfaces of
the inside walls of the chamber. This covering
could change the thermal properties if different
materials were used. Frozen xenon collectors are
not realistic because of high costs to keep them
as cold as needed.

3.0 SPECIFICATIONS AND DESIGNING

’
This new vacuum facility was built with three
major objectives. -

(1) to demonstrate some new ideas for a thruster
test chamber of installing thermal superinsula-
tions, radiation shields cooled by helium coolant
from a cryogenerator and so on.

(2) to use as a test facility for ring cusp
thruster research.

(3) to use as a test facility to support the
development of the ETS-VI ion engine system in the
areas containing research factors.

If life testing of flight model thrusters is an
only objective, strict specifications are required
for an attained vacuum and conservative designs
are adopted. Such designs would use commercial
liquid nitrogen as a shroud coolant and avoid su-
perinsulations, possible sources of out-gas.
However, these would require very high costs for
construction and running.

In the present case, development of a new test
facility itself was considered as an important
task in the thruster research. Cost minimum was
targeted by avoiding the way of only ordering it
with strict requirements. In fact, temperature of
the cryopanel was required to be as low as 50 K.
Thermal design was conducted to satisfy this
requirement. The required temperature of 50 K
has been demonstrated to be low enough for a
cryopanel to condense xenon gas.

Three cases of testing ion thrusters were con-
sidered. Each target for operating conditions
has been set for each of the cases.

(1) An ion thruster producing a thrust level of 25
oN can be operated continuously. The thruster
works with xenon flow rate of about 0.6 A equiv-
alent and produces an ion beam of about 0.5 A at
an energy of 1 kVL Vacuum in the chamber should
be as high as 10™* Pa order. The ion beam collec-
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. cryopanel is cooled.

tor has to absorb the beam energy of 500 W.

(2) Continuous and simultaneous operations of two
or three thrusters of the same class as described
above should be possible. Degradation in the
vacuum is allowed to some degree compared with
Case (1). The energy to the beam collector in-
creases by factor two or three.

(3) A larger thruster producing a thrust of 150 mN
can be operated. The thruster works with xenon
flow rate of about 3.2 A equivalent and produces
an ion beam of about 2.9 A at an energy of 1 kV.
Long and continuous operations are not required
and, naturally, degradation in the vacuum can be
much greater.

System

Figure 1 shows a schematic of the vacuum facility.
It consists of a main chamber, a subchamber, a
cryopanel, shrouds, cryogenerators and mechanical
vacuum pumps. The main chamber and the subchamber
are on the first floor level. The cryogenerators
and the vacuum pumps are on the subfloor level in
the pit. The chamber contains a cryopanel to con-
dense xenon gas to evacuate the chamber effec-
tively. It also contains shrouds and superin-
sulations to reduce thermal radiation input to the
cryopanel. The cryopanel and the shrouds are
cooled by circulating helium gas coolant from the
two cryogenerators. The target and the subchamber
shroud are cooled by the flon cryogenerator.
This is to reduce the thermal radiation to be
emitted, and also to absorb the energy of the ion
beam on the target. The mechanical vacuum pump
system consists of a rotary pump, a mechanical
booster pump and a turbomolecular pump. It
operates to evacuate the chamber before the
It also works to evacuate
the gases which are not condensable while the
cryopanel is working.

Vacuun Chamber

The main chamber is a stainless steel horizontal
cylinder with an inner diameter of 3 m and a
straight portion of 3 m. The subchamber attached
to the main one has an inner diameter of 1.5 m and
is 0.8 m long. They constitute a vacugm vessel of
about 5 m in léngth and about 30 m” in volume
together. Effective inner dimensions of the
chamber are reduced by the cryopanel, shrouds,

SUPERINSULATION

MAIN CHAMBER g pcuaMBER

: ol

¥ ION BEAM |
‘| TARGET ION THRUSTER [] I
H
bk 131k SHROUD
777777 7
l 3 ; \\
t 74 CRYOPANEL
v
100K 50K L
220K A
ROTAR HELIUM| [HELIUM| [/
pune || "B || ERON 14 I ca 4
Y i

TMP: TURBO-MOLECULAR PUMP
MB :MECHANICAL BOOSTER PUMP
CG :CRYOGENERATOR

Fig. 1: Schematic of Vacuum Facility.



radiation baffle and beam target installed inside
the chamber. Figure 2 is a photograph of the main
chamber taken from the target side.

The subchamber has three gate valves of 55 cm in
diameter. One is on its end plate and the others
on its both sides. Three thruster lock chambers
can be attached to these gate valves. When each
of the lock chambers on the side positions is
used, the thruster is pushed out from the lock
chamber into the subchamber. An extensible sup-
port is used for this movement. When the lock
chamber on the end plate is used, such an exten-
sible support is not necessarily needed. However,
it is useful to test the thruster in a higher
vacuum in"the subchamber. Figure 3 shows the ex-
tensible support with the 150 mN thruster mounted
on.

The turbomolecular pump is attached to the main
chamber through a gate valve and a right angle el-
bow of 55 cm diameters. It has a nominal
volumetric pumping speed of 5000 1/s for Np. A
mechanical booster pump and an oil rotary pump are
used for ?ack pumping. They have pumping speeds
of 1400 m”/hr and 3000 1/min, respectively.

Cryopumping System

The cryopanel is made of an aluminum horizontal
cylinder, 1 m long and 2.7 m in diameter. An
aluminum tubing for coolant passage is welled on
the outer surface of the cylinder in a spiral with
a pitch of 22 cm. Fluorocarbon spacers support
the cryopanel on one part of the shrouds near the
subchamber in the main chamber. The Stirling
cycle cryogenerator cools helium gas and a blower
circulates it. The combined nominal cooling
capability is 60 W at 50 K. With this
cryogenerator capability, the cryopanel was
designed to be kept below 50 K.

Thermal Shielding

Keeping the cryopanel cold enough to condense
xenon gas requires thermal shielding of the
cryopanel. This was achieved by the thermal su-
perinsulations, and the shrouds, radiation baffle
and beam target which are cooled. Figure 4 is a
photograph of the inside of the chamber. It
shows the shroud, the radiation baffle and the
beam target.

The shrouds consist of the subchamber shroud and
the main chamber shroud. The subchamber shroud is
an aluminum cylinder with coolant tubing. It
is cooled by circulating and evaporating flon 22
from a flon cryogenerator. Its cooling capability
is 5.3 kW at the evaporating temperature of 220 K.
The cryogenerator is also used to cool the ion
beam target.

The main chamber shroud is made of two aluminum
cylinders. It covers all of the inner surfaces
of the main chamber except for the beam target and
the duct toward the subchamber. The first part
of the shroud is 1.7 m long and 2.9 m in diameter,
with an extension in truncated cone to the sub-
chamber shroud. It is located under the
cryopanel in the main chamber. The second one is
1.3 m long and 2.9 m in diameter. It is located
between the first one and the beam target. They
have each coolant tubing in spirals of pitches of
40 cm and 32 cm, respectively, welded on the outer
surfaces.

The radiation baffle is an assembly of 12 aluminum
discs in the same doughnut shape, as shown in Fig.
be They have the same inner and outer diameters
of 2.2 m and 2.8 m, respectively. The discs are
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connected in alignment with each other by 6 stay
bolts with various spaces ranging from 7 cm to 14
cm. The number of the discs and the spaces be-
tween them were determined considering both pas-
sage of xenon flow and radiation shielding. The

passage of xenon flow to the cryopanel is maxi-
mized in the condition that the baffle can shield
it from all the direct radiation emitted at the
The coolant tubing

It passes through each
in parallel with the axis
The tubing

subchamber or the beam target.
is arranged as follows.
of the discs 6 times,
and in perpendicular to the discs.
bents are outside the both end discs.

Fig. 2: Main Chamber Seen from Target Side.

Fig. 3: Extensible Thruster Support with
Thruster Mounted on.

Fig. 4: Inside of Main Chanmber.



The main‘chamber shroud and the radiation baffle
are cooled by circulating helium gas from the
Stirling cycle cryogenerator. The cryogenerator
has two blowers and provides two coolant circuits.
Each has the nominal cooling capability of 250 W
at 100 K. One of the circuits covers the radia-
tion baffle and the first part of the main chamber
shroud. The other covers the second part of the
main chamber. The latter cooling circuit bears
the smaller share of the whole areas to be cooled.
This is because an outer edge of the ion beam may
impinge on that part near the target due to large
beam dispersion.

Figure 5 shows the two Stirling cycle
cryogenerators for the cryopanel(left) and for the
shrouds(right). They are installed on the sub-
floor under the main chamber.

The capability of the cryogenerator to cool the
main chamber shroud is limited. Thus, thermal
superinsulations are used to reduce the radiation
from the inner surface of the main chamber to the
main chamber shroud. The superinsulations are
multi-layered polyester films coated with
aluminum. They are rolled on the outer surface
of the main chamber shroud. When applied with 40
layers between room and shroud temperatures, they
are capable o£ reducing the thermal radiation flux
to 1 to 2 W/m“ or below .

Ion Beam Target

The ion beam target, or collector, is an aluminum
disc of 2.4 m in diameter. It has a structure of
parallel crosses on the surface facing the sub-
chamber, as shown in Fig. 4. Coolant tubing is
welded on the other surface. The structure of
parallel crosses is of 0.1 m by 0.1 m and 0.3 m
high. It is expected to trap the material sput-
tered from the disc surface by the ion beam bom-
bardment. The flon cryogenerator for the subcham-
ber shroud also cools the target, and absorbs the
energy of ion beam. Fluorocarbon spacers between
the coolant flanges and fluorocarbon supports iso-
late the target electrically from the other parts
of the chamber. This can bring- the beam poten-
tial to be as in space.

Thermal Design

Thermal design of the vacuum facility was con-
ducted. The cooling capability of each of the
cryogenerators should cover the thermal load to
the parts under its charge. In calculating the
thermal loads a simplified model of the vacuum
chamber was used. In that model the shrouds, the
target, the cryopanel and so on are assumed to be
cylindrical, or circular with or without holes,
and to have certain temperatures and emissivities.
The thermal loads to these parts were found by ap-
plying the well-known calculations for radiative
heat transfer using configuration factors, and ad-
ding the heats transferred through the superin-
sulations and the supports.

Table 1 summarizes results of the calculations for
two different thrusters and for two values of the
cryopanel emissivities, £.. Each of the thermal
loads is smaller than thg cooling capability of
the corresponding cryogenerator.

Tubing for the coolant passage was designed con-
sidering the following. The tubing should be
compatible with the blower capability of each of
the cryogenerators. It should occupy small
volumes in the vacuum chamber to have large ef-
fective inner dimensions of the chamber.
Pitches of the tubing should be small enough for
the cooled part to have uniformity in tempera-

tures.

4.0 DEMONSTRATION TESTS AND RESULTS

Initial Pumping

Before starting the cryogenerators, the vacuum
chamber should be evacuated so the superinsula-
tions work effectively. The superinsulations
start to work _effectively at 1077 Pa order,
preferably 1x10™“ Pa, or higher vacuum.

Figure 6 shows how the vacuum in the chamber be-
comes higher by pumping. The chamber was open to
the atmosphere initially. In the figure such
events are shown as starts and stops of the tur-
bomolecular pump (TMP) and the cryogenerators
(CG). The flon cryogenerator was operated inter-
mittently on purpose. If the cryogenerator was on
continuously, automatic on and off cycles would be
repeated to avoid "liquid back" due to over-
cooling. Because too frequent on and off opera-
tions are not recommended, it is usually operated
intermittently if we have enough time for cooling.

It took about 20 hr from_ the pumping start to at-
tain the vacuum of 1x1077 Pa in the present case.
This initial pumping time is acceptable as a
thruster test facility, in comparison with time
for long-lasting thruster tests. Usually the
chamber is not open to the atmosphere. The
thruster can be accessed through the lock chamber
with the main chamber and the subchamber being

Fig. 5: Stirling Cycle Cryogenerators
Installed on Subfloor.

Table 1: Results of Thermal Load Calculations.

THRUSTER
CRYOGENERATOR|25mNx1 25mNX1 150mNXx1
€,=0.1 €,=0.2 &,=0.1
SOK 23w 39W 24W
100K (1) 229 216 238
100K (I 199 198 200
FLON 885 884 3407




kept at vacuum. In 'such cases initial pumping
time of the chamber would be shorter.

Thermal Characteristics

To confirm the thermal design, temperatures in
various parts of the cryopanel, the shrouds, the
radiation baffle and the target were measured.
Gold(Iron 0.07 %)-Chromel thermocouples were used
to measure temperatures of the cryopanel and its
vicinities. Chromel-Constantan thermocouples
were used for the other parts. Numbers of tem-
perature measurement points are 9 for the
cryopanel, 8 and 6 for the first and the second
part of the main chamber shroud, respectively, 5
for radiation baffle, 7 for the target, 4 for the
subchamber shroud, and 9 for the coolant inlets
and outlets.

Figure 7 shows temperature variations from starts
of the cryogenerators to steady states. Here the
curves indicated by CRYOPANEL present the highest
and the lowest temperature parts of the cryopanel.
The other curves present representative tempera-
tures of the parts indicated. The three
cryogenerators were started at the same time.
The chamber pressure was then 1 to 2x10™* Pa and
low enough for the superinsulations to function
well. In 35 hr from starting the cryogenerators,
the cryopanel became as low as 50 K. In 38 hr it
reached almost to the steady states, and tempera-
tures in various parts of the cryopanel ranged
from 29 K to 36 K. This temperature range is
near or lower than the designed values.
Saturated vapor pressures of xgnon at these tem-
peratures are lower than 10™° Pa. The other
parts of the system also had temperatures near the
designed values. The radiation baffle and the
first part of the main chamber shroud did not
reach the steady states but were getting colder in
Fig. 7.

Figure 8 shows temperature data with an ion
thruster being operated. The thruster is fed
with 0.6 A equivalent xenon, and produces a
thrust of 25 mN. The flon cryogenerator started
operating in 10 hr after the thruster started
working. Variations in the target temperature
after starting the flon cryogenerator is due to
repeating its on and off cycles to avoid over-
cooling of the cryogenerator. The cooling
capability sufficient to operate a 150 mN thruster
with an ion beam energy of 3 kW is too large in
this case. With this thruster operation, the
cryopanel temperatures remained below 50 K and the
rest remained almost at the designed temperatures.
This has demonstrated that continuous operations
of the thruster is possible in this vacuum
facility.

In Fig. 8 the second part of the main chamber
shroud has temperature variations in a period of
about 24 hr. This is due to variations in the
room temperature. The cryopanel also has tempera-
ture variations in the same period, which are too
small to be seen in the figure.

Evacuating Characteristics

To obtain evacuating characteristics of the
cryopanel, pressures in the subchamber were
measured while xenon flow rates into the chamber
were changed. Figure 9 shows the results, where
the pressure reading is reduced for xenon. The
data points coincide well with the line of slope
unity in the log plot. This means that the
volumetric pumping speed of this system is nearly
constant for the xenon flow rates ranging for al-
most order two.

With a 25 oN thruster, two 25 mN ones and a 150 mN

thruster operated,

pressures in the chamber will

become 1.8x10™* Pa, 3.6x10™% Pa &nd 9x10~% Pa,
respectively.
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Fig. 8: Thermal Characteristics with Ion

Thruster (IT) Operation.



The pumping speed was fo from these data to
range from 80 m”’/s to 90 m”’/s. Assuming the xenon
gas temperature to be 100 K, the ideal pumping
speed, given by B e cryopanel area and the thermal
speed, is 266 m’/s . Comparison of this value
with the measured ones gives effective conductance
of the radiation baffle. The effective conduc-
tance, including the condensation factor of the
cryopanel, is found to be 0.30 to 0.34.

Figure 10 shows the pressures measured in the sub-
chamber while a 25 mN thruster was operating. The
pressure reading is for N, ionization factor but
not reduced for appropriate gas factors. As soon
as the beam acceleration was started, the pressure
went up suddenly. This was due to the out-gas
from the target by the ion beam bombardment.
However, the pressure went down gradually and
reached to 5x10™% Pa in 20 min and to 4x107% Pa
in 2 hr.

Residual Gas Analyses

Residual gas analyses can reveal how the chamber
is being evacuated, and can determine the quality
of the vacuum. The residual gases in the chamber
were analyzed using a quadrupole mass
spectrometer. The measurements were conducted
for two cases. One was in the initial pumping.
The other was in the ion thruster operation.

Figure 11 shows variations in the partial pres-
sures in the initial pumping. The measurement was
started 20 hr after starting the initial pumping,
when the spectrometer was released from over-
pressure. Figure 11 also shows status of each of
the cryogenerators. The flon cryogenerator was
already on when the measurement was started. The
total and the pump oil pressures are not reduced
with ionization factors, but are shown as N2
equivalent reading. The other partial pressures
are shown as the values reduced with ionization
factors.

In Fig. 11 the dominant residual gas was water at
first. After the helium cryogenerators were
started, the water vapor decreased gradually.
Nitrogen and pump oil vapor became main residual
gases just before the flon cryogenerator was re-
started. With the restart of the flon
cryogenerator, partial pressures of all the
residual gases decreased rapidly.

Unexpectedly the pump oil was one of the main
residual gases. It presented mass peaks at 31,
47, 50, 51, 52, 66 and 69 AMU. This resembles
the xgass spectrum pattern of pump oil "Fomblin Y-
7% it Two reasons are possible for this back
stream of the pump oil. One is too long roughing
by the rotary pump and the mechanical booster
pump. The other is the unexpected failure of
power supply, which occurred before and stopped
the back pumping abruptly. The gate valve
upstream the turbomolecular pump was intended to
close at the same time. However, there might be
a short delay because of the slow response of the
pneumatic valve.

Figures 12 and 13 show variations in the partial
pressures of the residual gases just before and in
the thruster operation. Reduction in the pres-
sure readings in Figs. 12 and 13 is the same as in

Fig. 11. Naturally the main residual gas is
xenon. As soon as the beam acceleration was
started, hydrogen partial pressure dominated due

to sputtering from the target. There are two
possible sources of the hydrogen; the water ad-
sorbed on the target and the hydrogen absorbed in
it. The latter source is suggested because the

347

O
2
&10°
&
2
=)
%)
w10 LINE OF |
= SLOPE UNITYE
= ]
o, ]
10_5 N N | L IS
BT 1 10
FLOW RATE (Aeq)

Fig. 9: Xenon Pumping Characteristics without
Thruster Operation.

14} TBEAM ACCEL START

O

Q 12,

18 | XENON FLOW RATE .57 Aeq

>

< 8r BEAM CURRENT 8.51 A

wl 6 K

o

3

|

o 2h

Q
ke 1 7] S

TIME AFTER ACCEL START (HR)
Fig. 10: Vacuum Characteristics with Thruster
Operation.
"; 1 0-2' . ' ’ *
& E : HELIUM CG’ S STAB.TS

FLON CG STOP:
FLON CG RESTARTf

PARTIAL PRESSURE

L paa WD [

Lol

L

12

8
TIME (HR)

Fig. 11: Variations in Partial Pressures in
Initial Pumping.




oxygen partial pressure is not increased at the
beam acceleration start.

Hydrogen partial pressure increases with the tar-
get electrically floated in Fig. 12. This is due
to an increase in the ion beam divergence, result-
ing in an increase in the area bombarded by the
beam. Beam profile measurements actually show
larger beam divergence for the target floated than
grounded.

5.0 SUMMARY AND CURRENT STATUS

A new vacuum facility to test xenon ion thrusters
was developed. The new facility has a vacuum
chamber of 3 m in diameter and 5 m in length. It
contains a cryopanel for condensing xenon gas,
and shrouds and thermal superinsulations for
reducing thermal radiation input to the cryopanel.
The cryopanel and the main shrouds are cooled by
circulating helium gas from Stirling cryo-
generators. The beam target and the subchamber
shroud are cooled by a flon cryogenerator.
Results of the demonstration tests show that this
facility is satisfactory in the thermal design and
the attained vacuum. The cryopanel was _cooled
below 50 K to attain a vacuum of 4 to 5x10’5 Pa by
40 hr after starting the cooling. With the ion
beam exhaustion, out-gas from the target degraded
the vacuum. However, recovery vzss gradually made
to attain a vacuum of 5x10™* Pa in 20 min.
Residual gases were analyzed to give data on the
quality of the vacuum.

This facility has been successfully used for per-
formance tests of 25 mN ring cusp thrusters and
preliminary operation tests of a 150 mN thruster.
With this facility, long duration tests of the 25
mN thrusters are planned.
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Fig. 12: Variations in Xe and H, Partial Pressures
with Thruster Operation.
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Fig. 13: Variations in Partial Pressures of Minor

Residual Gases with Thruster Operation.





