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Abstract Ion thruster

The design and initial test results The design characteristics of the
of a 30 cm diameter xenon cusp type ion thruster are shown in Table 1, and the
thruster are described. The designed thruster configuration is shown in Fig.1.
thrust and specific impulse of the labo- The target performance of the thruster is
ratory model are 150 mN and 3500 sec, that the thrust is 150 mN, the propellant
respectively, at the exhaust beam energy utilization efficiency is 90 %, and the
of 1.0 keV. As the performance of the ion production cost is less than 150
laboratory model, the propellant utiliza- eV/ion at 3500 sec of specific impulse.
tion efficiency of 86 %, the ion produc- Based on the experimental results of
tion cost of 176 eV/ion was obtained at the previous 13 cm xenon cusp ion
the extracted beam energy of 1.0 keV. thruster, 5 )the ring cusp type was adopted
Moreover, the critical problems with the because of its high performance. The
discharge and the acceleration of the diameter of the discharge chamber is 327
large ion thruster were clarified. ma and its length is 150 mm. The outer

side of the discharge chamber wall is
coated by alumina to increase the thermal

Nomenclature emissivity for the purpose of avoiding the
demagnetization of the magnets caused by

Ci: Ion production cost high temperature of the discharge chamber.
F : Thrust The ring cusp magnetic fields are formed
Ia: Accelerator drain current by five ring shaped Sm-Co magnets
Ib: Ion beam current installed in upstream and side walls of
Id: Discharge current the discharge chamber. These ring shaped
Ik: Keeper current magnets are composed of several bar
Isp: Specific impulse magnets.
J: Current density of beamlet The ion extraction system consists of
lac: Gap between grids two grids. The screen and acceleration
ac: Propellant flow rate through main grids are made of 0.3 mm thick stainless

hollow cathode steel and have 13589 holes of 2.2 m and
im: Propellant flow rate through main 1.3 mm diameters respectively. The stain-

distributor less steel grid is the temporary one. We
Va: Accelerator voltage intend to make the grid of molybdenum in
Vb: Beam voltage future to decrease the thermal extention.
Vd: Discharge voltage The screen grid has a transparency of
Vk: Keeper voltage 0.73. They are dished grids and the radius
lu: Propellant utilization efficiency of curvature is 1000 mm. The gap between

/e : Beam divergence angle grids is 0.8 am. Figure 2 shows the

Introduction Table 1 Thruster performance
characteristics

The ion thruster is the most develop-
ed electric propulsion and almost has
reached the practical use stage at Thust 150 I
present.l) 2) Specific Impulse 3500 sec

In Japan, the recognition for the Propellant Gas Xenon
usefulness of the ion thruster has been Accelerator 2 Electrodes
increasing, and the development of a 12 cm
diameter ion thruster ( whose thrust is 20 Bean Vltage 1.0 kV

mN ) for auxiliary propulsion of Beam Current 2.9 A
satellites has been progressing at Beam Diameter 300 m
present. 3 ) onsidering the application of Ionier Cylindrical Shaoe
the ion thruster to the auxiliary
propulsion of the large space platform and (*327 X 150 a)

the primary propulsion of the orbital Cathode Hollow Cathode (Ba)
transfer vehicle, the development of a Magnetic Field Ring Cuso
higher thrust level ( a few handred Discharge Voltage ~30V
milli-newton ) ion thruster is necessary. 4 )

To study the large size ion thruster, Discharge Current ~15A
the 30 cm diameter xenon cusp type ion Propellant Efficiency 90%
thruster was designed and fabricated. Its Ion Seam Production Cost <150 ev/ion
performance test was carried out.
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Fig.1 Photograph and cutaway drawing of the laboratory model

calculated results of the divergence angle 18 ,
for the beamlet in this ion extraction
system by the analysis of ion beam
trajectory. The beam divergence angle is 16 - alac-0.8m.m
about 6* for the ion beam current density Olac= 1.0mm
of 5.6 mA/cm2 in the case of the thrust of

150 mN. 14 -
The main hollow cathode assembly

consists of a cathode tube with a 0.8 mm -

diameter orifice and a keeper. The cathode £ 12
tube is made of a porous tungsten
impregnated with the mixture of BaO, CaO I0 - \
and Al 03 . The keeper is open type to
avoid the overheating of the cathode. It d
was certified before the thrustere test 8
that this cathode could operate stable and
the cathode temperature was less than 1200
'C in the range of the discharge currents 6
of 5 20 A. The neutralizer hollow
cathode s the same design as main hollow
cathode of 13 cm diameter ion thruster, 4
because their current level is same.
Figure 3 is the photographs of the main
and neutralizer hollow cathodes. 2

The propellant is Xe gas and is
distributed through the main hollow i I
cathode and the annular distributor around 0
the cathode. Each of propellant feed lines

has an isolator which isolates between the ION CURRENT DENSITY OF BEAMLET
feed system and the discharge chamber. J (ImVc 2 )

Fig.2 Beam optics of the ion extraction

system

(a) Main hollow cathode (b) Neutralizer hollow cathode

Fig.3 Photographs of the main and neutralizer hollow cathodes
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SOPIRINSULATION
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TMP: TURBO-MOLECULAR PUMP

The thrster as" operated -n he

Fig.4 Construction of the experimental apparatus

SConfiguration ofI experimental apparatus '

Figure 4 shows the configuration of

The xenon gas flow rates to the main

distributor, the main ad neutralizer
hollow cathodes are regulated by the mass

flow controllers. Each flow rate, voltage

and current are monitored by the linear
plotter.

MB :MECHANICAL BOOSTER POMP
CG :CRYOGRirRATOR

g.The Construction of the experental apparatus

accelerator voltage of experiental are standard

values in this experiment.

The thrusInitial test results

(1)Discharge ignition
The main hollow cathode keeper Fig5 Ph of te t r

discharge ignites In 10 e 13 mn. heating,
and the neutralizer hollow cathode keeper
discharge ignites in 7 h 8 mn. heating at
the ignition keeper voltage of 300 V. The
main hollow cathode keeper discharge is

smoothly transformed into the main dis- 2.5charge. Once the main discharge is A
ignited, the discharge is stable in broad Ib Vs:100 V
range of the discharge current, 3 -v 17 A. (A) V:-800 VT
The stability of the discharge is sensi- Ik: 1.0 A
tive to the main cathode flow rate. The 2.0 -

main cathode flow rate of more than 0.5 AAeq. was necessary to maintain stable 
discharge in this experiment. b

Figure 5 shows the photograph of the 1.5 -
thruster discharge. The spot at left hand: 1
is the neutralizer. It can be seen that
the discharge is uniform in the circu-

ferential direction of the thruster, and a

spreads all over the discharge chamber .0 -
exept near the chamber wall covered with
the strong magnetic field. ia(Aeq.) ic(Aeq.)S0: 2.33 0.67
(2) Ion beam acceleration 0.5- 0: 1.33 0.67

a) Extracted ion beam current A' 2.33 0.50
Figure 6 shows the extracted ion beam

current as a function of the discharge
current with the main hollow cathode and I I
the main distributor flow rates as 0 5 10 15 20
parameters. DISCHARGE CURRENT Id(A)

The beam current is insensitive to
the variation of the main distributor flow Fig.6 Extracted ion beam characteristics
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30 - discharge current for varied cathode and

DISCHARGE VOLTAGE distributor flow rates as parameter. These

Vk Vd \ results are in the case of the thruster
(v) (V) O without a baffle.

The cathode keeper voltage is
25 A A A insensitive to the change of flow rate and

U U is about 10 V.
M O 0 0The main discharge voltage increases

S0O0 with decreasing the flow rates in the
M 1 20 - range of lower discharge current. It is
< o sensitiveespecially to the cathode flow

S ma(Aeq.) ic(Aeq.) rate.
o M O e) 2.33 0.67 The large decrease of the discharge

, 0( 1.33 0.67 voltage occures at the discharge current
, 15 -(A) 2.33 0.50
M 5 of about 8 A in the case of mc 0.668 Aeq.
o and mm 2.33 Aeq., This is the discharge

Smode changing point. In the range of high
discharge current, i.e., in the range of

10 /U spot mode, the discharge voltage is about
S/25 V and almost constant with discharge

KEEPER VOLTAGE current, and then increases with the
Vs:1000 V extracted ion beam current approach to the
Va:-S00 V value of propellant flow rate. In the case
Ik: 1.0 A of the thruster with a baffle, the main

discharge voltage was about 10 V higher
than in the case of the thruster without a

I I I baffle.

5 10 15 20
c) Thruster performance

DISCHARGE CURRENT Id(A) Figure 8 shows the relation between
the propellant utilization efficiency rlu

Fig.7 Discharge and keeper voltage and the ion production cost Ci. The keeper
characteristics power is not included in the caluculation

of Ci.
250 - The best performance obtained in this

experiment is the ion production cost of
ci 176 eV/ion at the propellant utilization

(ev/ion) 0 efficiency of 86 %. In this case, the
14 thrust is 127 mN.
0 200 - 0
0u 0 O Guide line of the improvement

2O 0 D AD The thruster performance obtained in
S150 - this experiment does not satisfy the

D target performance because of the problem
S(Aeq.) Aeq.) such as short between the grids caused by

a  O, 2.33 0.67 the thermal extention.
S0: 1.33 0.67 This problem can be overcome by

a : 2.33 0.50 changing the radius of curvature of the
grids. Figure 9 shows the relation between

Vs:1000 v the difference of the temperature of the
Va:-800 V grids and the gap of the grids. Judging

50 - Ik: 1.0 A from the experimental results and the

RADIUS OF CURVATURE
3.0 - O SCREMI GRID (ma)

I I I I ac \ 00
0 0.5 1.0 (ma) \ TEMPERATURE OF

ACCEL. GRID :230 *C
PROPELLANT UTILIZATION EFFICIENCY u 750 ACCEL. GRID 230 C

o RADIUS OF CUEVATURE
1500 \ \ OF ACCIL. RID:1000 me

Fig.8 Thruster performance 2.0 - 500 OF ACC
o GRID GAP AT PERIPHERY

SOF GRIDS :0 -a

rate, but increases with decreasing the . \2so
main cathode flow rate at the same g
discharge current. This is caused by the 1.0 EXTENT OF ESTIMATED
increase of ion production with the oDrrITERNC OF TEMPERATURE
increase of discharge voltage, i.e.,
discharge power when the main cathode flow
rate decreases.

The extracted ion beam current
gradually saturates with approaching to 05 so oo \Iso \ \200
the total flow rate value. \OIFERENCE oF TZMPERATURE BETWXE GRIDS 4T (CC)

A at the total flow rate of 2.85 Aeq. in 00oo
this experiment.

b) Discharge characteristic with -1.0

acceleration
Figure 7 shows the discharge and the Fig.9 Relation between grid temperature

keeper voltages as a function of the and grid gap
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thermal analysis of the thruster, it is
considered that the appropriate redius of
curvature of the screen grid is about 1500
mm for the acceleration grid which radius
of curvature is 1000 mm. Another way of
overcoming the problem of the touch of
grids is the employment of the spring
construction grid which compensates the
thermal expansion.

The experiment employing these grids
has been prepared at present. We expect to
obtain the high performance satisfying the
target values by these improvements.

Conclusion

The first laboratory model of 30 cm
diameter xenon cusp ion thruster was
designed and the primary test of the
thruster was performed.

The ion production cost of 176 eV/ion
was obtained at the propellant utilization
efficiency of 86 %, and the thrust was 127
mN in this case.

The critical problems with the
discharge and acceleration of the large
ion thruster were clarified.
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