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Abstract IES Design

Ion Engine System ( hereafter called IES ) for Engineering Concepts
Test Satellite VI (hereafter called ETS-VI) is under development
successfully. The performance of the Ion Thruster for ETS- VI is

After the evaluation of the engineering model test results ( shown in Table 1. Fig. 1 shows the location of Ion Thruster on
each component level tests, IES level tests and ETS-VI satellite orbit. Each Ion Thruster is canted about 30 degree from the pitch
system tests ) and some modification of the design, its axis,with Ion Thrusters located on east and west face of the
development status is now on the protoflight model ( hereafter spacecraft. Fig.2. shows the system block diagram consisting of
called PFM ) or prototype model ( hereafter called PM ) the following 6 components.
fabrication and test evaluation / verification phase.

Performance tests and environmental tests, such as thermal 1. Two Ion clusters (ITRS ;integrated 2 thrusters and 2 mass
vacuum, sinusoidal vibration, random vibration, and acoustic flow controllers on the CFRP bracket.) with ICNS ( Ion
tests, were performed for each component, using PFM and PM. Engine Contamination Shield)
Afterward, subsystem ( IES ) interface matching test and 2. Two Propellant Management Units (PPU)
performance test are to be carried out. 3. Four Power Processing Units ( PPU)

Results obtained during these tests are fairly satisfactory and 4. One Thruster Control Units (TCU)
the interface matchings of IES among each IES component and in 5. Two Ion Engine Valve Drive Electronics (IVDE)
the ETS-VI satellite system are to be confirmed. 6. Four Ion Thruster Contamination Shield ( ICNS )

Concurrently, using two development model ( DM )
thrusters and four engineering model ( EM ) thrusters, life tests Fig. 3 gives a full detail of the IES block diagram.
of ion thruster for ETS-VI has been conducting. These life-tests Major function of each components are as follows.
have started after the over 9,000 hours successive operation of
the bread-board model ( BBM) thruster. 1. ITRS has 2 Ion Thrusters including redundant Thruster.

As of July 1991, approximately, 5660 hours and 7160 Two Ion Thrusters which are located east / west panel
hours successive operations for 2 DM thrusters and 2630 hours, generate synthetic thrust by accelerating Xe ions.
2680 hours, 3070 hours and 1960 hours ON/OFF operations 2. PMU stores the pressurized Xe propellantregulate its
for 4 EM thrusters have completed. These life-test data show that pressure for the MFC-TRS and supplies it to them.
thruster operation and its performance are stable during these 3. PPU supplies electrical power to ITRS specified control
tests period, logic in TCU.

4. TCU including fully redundant electronics in one box
controls the operation of PPUs and PMU / IVDEs, and has
the interface of telemetry and command data with
spacecraft.

5. IVDE provides redundant open and close drivers for each
latching valves in the corresponding PMU's. IVDE is

Introdution actuated and controlled by TCU.

The development of IES for ETS-VI has been carrying on 6. ICNS is necessary to keep the surface of spacecraft such

by Mitsubishi Electric Corporation ( MELCO ) under the contract as MI (Multi-Layer Insulation ) away from degradation
of National Space Development Agency of Japan ( NASDA ). of optical properties by contamination.

ETS-VI is the three-axis controlled geosynchronous satellite of 2 ETS-VI provides two IES panels (east and west) for the
ton on orbit, and its mission life is 10 years, which is to be integration of Ion Propulsion Module ( ITRS and PMU ).
launched in 1993 by using H-II booster rocket IES of ETS-VI Figures 4 and 5 show the Ion Propulsion Module installed to
will be the leading bus equipment in the world for the practical ETS-VI satellite and the photograph of IES panel on which ITRS
use as an auxiliary north-south station keeping propulsion and PMU are installed. ETS-VI IES has the following features.
system.

After the evaluation of the EM test results and some design 1. Full redundancy system excluding propellant tanks.
modification, its development status is on the PFM or PM
fabrication and test evaluation / verification phase. 2. Ion Propulsion Module consisting of ITRS and PMU for

On the other hand, life tests using 2 DM thrusters and 4 EM easy integration of spacecraft.
thrusters are carrying on at Tsukuba Space Center in order to
verify / estimate the ion thruster life time.

This paper describes the design concepts of the PM / PFM Overaion
IES and its each component and the evaluations of its
components level test results. Moreover, life-time estimation of For north-south station keeping ( NSSK ) maneuver, two
ion thruster is referred on the basis of the obtained data during the TRSs of IES installed on the east and west IES panels of ETS-VI
life-tests, have to operate simultaneously and generate the synthetic thrust

in the -Y ( north ) direction during the required period at the
center of the node point.

The control in the IES is performed by the software logic
* M ager, M r AAA installed in TCU and the hardware logic installed in PPU. The

Manager, Member AAA major functions of PPU hardware logic are the high-speed
Engineer, Member AIAA control for the protection of the PPU circuits and TRS critical

Presently, Assistant Professor, Shonan Inst. of Tech. parts. ( e. g. High Voltage Break Down in TRS's beam
Dept. of Mechanical Engineering, Member AIAA extraction system ) The total control of IES is executed by the

t Head, ETS-VI Group sequential commands to each component from TCU software
tt Engineer, Propulsion Group logic. In order to operate and control IES, TCU software logic
tit Engineer, ETS-VI Group has the following two major algorithms.
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Fig. 1 The location of Ion Thruster

Tablel The Main Parameters of the Ion Engine System

Thrust Method Electric Propulsion with an
Electron-bonbardment Xenon Ion
Engin

Operation Configurations Two Thrusters are operated
Simultaneously to perform north-
South Station Keeping

Individual Thruster's Output 23.3mN

Combined Thruster's Output 40.3mN ( with two thrusters
canted in 30 degrees )

Specific Impulse Individual thruster:
more than 2906sec

Combined thruster:
more than 2516 sec

Power Comsumpsion 1570 W (average value with 2
thrusters' beam extraction)

Weight 95 kg

Propellant Weight 41 kg ( for 10-year mission of
2-ton satellite)

Total Operation Time 6500 Hours ( Design Value for
10-year mission )

Total Number of Firing 2920 cycles (Design Value for
10-year mission )
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Fig.4 The location of the ion propulsion module

outside

inside ~

Fig.5 IES panel assembly '--'"* --.
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1. PPU control aleorithm Component Heat Dissipation per Unit
(Electrical Power Feed Algorithm for ITRS )

According to the each PPU operating status signals, such as TRS :145 W

5 monitoring signals (Inkm, Ickm, Idm, HVBDm, VBUSm) PPU : 120 W
from PPU, ON / OFF control and output level control for
power supplies installed in each PPU are performed by the TCU 8W

control logic. PPU control logic has the following 5 PMU : 6 W*
operation modes. W*

i. Beam Mode : Thrust Generation Mode for NSSK IVDE 4W**
2. Discharge Mode : Main Hollow Cathode Keeper Discharge Note: * A PMU includes three pressure transducers per

and Main Discharge Mode unit operating continuously on orbit. Heat

3. Neutral Mode : Only Neutralizer Operation Mode dissipation of the latching valve does not exceed

4. Activation Mode : Activation Mode of Main and 10 Watts in the period of 150 msec.
Neutralizer Hollow Cathode **Heat dissipation of the PMU does not exceed 10

5. Idling Mode : Idling Mode of Main and Neutralizer Watts in the period of 150 msec for the latching
Hollow Cathode valve operation.

The operating temperature of each component is to be
controlled in the following range.

2. PMU / IVDE control aleorithm
(Xe Gas Feed Algorithm for ITRS ) Component Temperature (*C)

According to the latching valves' open / close status signals TRS :-50/+165
and sub-tank pressure monitoring signals from PMU
pressure transducers and valve driver status signals from PPU :-15/+55
IVDE, 8 latching valves open / close control for each PMU is TCU :-15 / +55
performed by the control logic. PMU / IVDE control is to be
performed automatically by using the control logic described PMU :+20/+55
above (Auto Mode ) or by the ground commands ( Manual IVDE :-15 / +55
Mode ).

For the practical NSSK maneuver by IES, PPU Beam Mode and MFC : +14 / + 55

PMU / IVDE Auto Mode are to be selected and IES is to be

operated automatically. IES operates when it receives " IES
START " command from ground, which opens the Xe gas feed
latching valves for selected two TRSs at first, and both PPU
control algorithm and PMU / IVDE control algorithm are to be
run. IES operation is to be terminated when it receives "SHUT Components
OFF " command after turning off every power supplies of
selected PPUs and closing every latching valves of selected ITS
PMUs. This " SHUT OFF " command is to be output by TCU
when " ALARM " status signal is generated in whether PPU A photograph of the ITRS is shown in Figure 7 . As

algorithm or PMU / IVDE algorithm , or by ground command. shown in this figure, ITRS consists of CFRP clusterbracket

Figure 6 shows the concepts of the command sequences from covered with thermal control materials, two TRSs and two MFCs

ground and control / operation of IES when PPU Beam Mode containing inside the clusterbracket. ITRS provides a thruster

and PMU / IVDE Auto Mode are employed- cant angle ( approximately 30* ) and controls the thermal
configuration for TRSs and MFCs. Figures 8 and 9 show the
photograph of the TRS and its cutaway drawing. A Kaufmann-
type electron-bombardment xenon ion thruster is adopted,
because of its design maturity. This thruster has auxiliary
magnets around the main hollow-cathode assembly in addition to

Power Consumption and Heat Dissipation the magnets surrounding outside of the discharge chamber,
which had been modified to optimize the magnetic field for the

As the ion propulsion is one of electric propulsion systems, confinement of the main discharge plasma. The summarized
high electrical power is needed to generate thrust, and the performance of the thruster unit is shown in Table 2. Nominal

resulting heat dissipation at PPU and ITRS is to be radiated using thrust level ( actual thrust) is 23.3 mN and this is controllable
heat pipes, optical solar reflector and other thermal control within the range from 18.6 mN to 27.9 mN when mass flow
equipments in order to control the operating temperature. rate, discharge current and beam voltage are changed by reference

Power consumption of IES is approximately 1482 W commands. The actual thrust, Tct is expressed as follows.

operating at Beam Mode ( Nominal Operating point: 23.3 mN ) Tct=axTidea
and its breakdown is as follows: =adx caxe Ibfv -

where a: Thrust Correction Factor (a=adx ax-e )

Tidea: Ideal Thrust calculated with thruster
Component Power Consumotion

TRS : 1250 W operating point ( Tideai= Ib
PPU 1470W ad: Thrust Correction Factor by beam

PPU : 1470 W divergence angle

PMU :6 W axe": Thrust Correction Factor by doubly
charged ions

IVDE : 4W b: beam current ( A)
TCU :8 W Vb: beam voltage (V)

TOTAL : 1482 W* m: Xe ion mass ( kg )
Note: Total power consumption is the sum of PPU, IVDE, e: electric charge ( Coulomb)

and TCU power consumptions.

Thrust Correction Factor, a is defined as 0.93 on the basis

Heat dissipations of each component at nominal operating of the measurements results on the beam divergence angle and the

point are as follows: fraction of doubly charged ions.

5
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a. Start up Sequence
P-^ List of Symbols

TCU ON TCU A ON PSI Beam PS
rom Ground CONFIRM " Al VATVES CLOSE PS 2 Accelerator PS

SELECT PU A PS 3 Main Discharge PS
PMU SELECT SELECT PS4 MHCHeaterPS

from Ground PS 5 MHC Keeper PS
PS 6 NHC Heater PS

PMU CONTROL SELECT" ALTO COTO PS 7 NHC Keeper PS
PS 8 MFCPS,fomGrouDd IL Idling Level

PPU / IVDE ON PPU IA. 2A ON NL Nominal Level
IVDE lA. 2A ON SL Stan Level

Sfrom Grnd SET" REFERENCE VATUS Mmhc Mass Flow Rate for MHC
REF INPUT Id REF. Ich (NL) REF Inh (NL) REF. Mmpf Mass Flow Rate for MPF

Sfrom Ground Mmbc (NL) REF. Mmpf (NL) REF. Manc Mass Flow Rate for NHC
IESMOD Mnhc (NL) REF. Mnhc (SL) REF Ich MHC Hearer CurrentIES MODE SELECT ' BAM Id Main Discharge Current

Sfrom Ground Inh NHC Heater Current
IES START RUN " SOFTWARE LOGIC INSTALLED IN TCV "

from Groud

PPU CONTROL FLOW PMU / IVDE CONTROL FLOW
(OPEN "V(l)A(2)-)

(SET 'IL of MmbcMmpl.Mnc) < NV()A(4

(SET NL of Mmb. Mnmpr USING SUBTANK PRESSURE IS TO BE
MONITORED IN ANY TIME BY TCU

SGAS CHARGE STARTS AT LOWER
(SET -SL of Mnhc" ) LIMIT AND TERMINATE AT UPPER

LIMIT AUTOMATICALLY

MTHC KFFPFR DISCHARGE ON n)

(MAIN DISCHARGE ON !

(PS 4 OFF)

*WAIT UNTIL TWO THRUSTERS STATUS
PROCEED TO " PS 4 OFF - AND
3 MIN. or 5 MIN. LATER FROM IES
START

(START OF THRUST GENERATION)

SET NL of Mnhc)
LTA nY <TA'T'n F TR 'T. ;FKTr^"

b. Shut-off sequence

IES SHU OFF PPU CONROL FLOW PMU IVDE CONTROL FTOW
SPS 1 7 OFF ) (CLOSE ALL VALVES

(PS S7 FF)
PPU / IVE OFF (

S
ET 'L of Mmhc.Mmof.Mnhc)

(PPU IA2A OFF)
(IDE IA.2A OFF)

Fig. 6 Concepts of IES Operation ( Command Sequence and Software Logic)
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Fig.8 TRS
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Fig.9 Cutaway drawing of TRS



91-145

In the thruster design details, insight for the long-life command data. Telemetry and command interface with RIU (
operation obtained by the ev.luation on the results of the series of Remote Interface Unit of TT&C ) is performed by TCU.
life tests are reflected, such as unti-sputtering coating for the Telemetry consists of 26 passive analog temperature data, 6
severe erosion region and fine mesh for the sputtered material active analog pressure data and 4 eight-bit words of serial digital
containment to prevent peeling or flaking, coded data. Command consists of 6 discrete ON / OFF and 16-

bit serial magnitude command.
Thrust fluctuations and its evaluations are very important for

the practical use in NSSK maneuver. Factors influencing on
thrust fluctuations are summarized as follows. PMU/IVDE

1. Short-range thrust variation caused by temperature change A block diagram of PMU and IVDE is shown in Fig. 12.
of thruster discharge chamber during transient time in one Two PMUs store the Xe propellant at gaseous state and supply it
operation: to the four thrusters as needed. For the operation of MFC, it is
According to the results of the thermal vacuum tests, which necessary that propellant pressure is regulated by PMU. As
simulate the temperature circumstances in space, the shown in Fig. , PMU consists of a main propellant reservoir
consideration on total impulse generated in one operation tank, a sub-tank module ( which contains two sub-tanks, eight
shows that thrust variation in a short -range is settled within latching valves, three pressure transducers, two orifices and

10 mN of required thrust. pipings including redundancy system ) and a fill-drain valve. In
PMU, the propellant pressure is reduced from primary pressure (

2. Long-range thrust variation caused by the thruster degradation 100 kg / cm 2-A ( 9.8 MPa ), which is the storage pressure of
for its life-time: main reservoir tank ) to 0.9 kg / cm 2-A- 2.6kg / cm2-A ( 88.2
According to the obtained data of the series of the life-test, KPa -254.8 KPa ). In stead of a conventional pressure
throttleability / controllability of thrust by using the magnitude regulator, the sub-tank pressure is controlled by OPEN / CLOSE
commands ( e. g. mass flow rates references, discharge of the latching valve at the main tank outlet When the sub-tank
current reference ) enables that thrust variation in a long-range pressure reaches the lower limit ( 88.2 KPa ), its upstream
is settled within ± 0.3 mN of required thrust, latching valve is opened, allowing the entry of the high-pressure

propellant from the main tank. Conversely, when the upper
Comparing with the conventional hydrazine thruster, electric pressure limit ( 254.8 KPa ) is detected by the sub-tank pressure

propulsion such as ion thruster, MPD arcjet, needs large amount transducer, the valve is closed. The orifice between the main
of electric power for its operation. Therefore, for the practical tank and sub-tank regulates the high-pressure flow from the main
application of electric propulsion on spacecrafts, thermal tank. The control signals from TCU operate the valves via
independence on the spacecraft is very important design factor, IVDE.
in order to avoid the additional weight increase for the thermal
control system ( heat-pipe, radiator,.. ) of spacecraft Moreover,
as described above, the operating temperature range of MFC is
not so wide for the precise mass flow control performance and
the heat dissipation of operating TRS amounts to over 600 Watts. ICNS

In ITRS clusterbracket design, for the realization of the
separate thermal control system from spacecraft ( small heat The contamination caused by the Ion Thruster is considered
soak-back to spacecraft: less than 8 Watts ), many thermal control to be induced by sputtered material of thruster itself. In case of
devices such as thermal separator, Optical Solar Reflector ( OSR the Ion Thruster for ETS- VI, the anti-sputtering materials of low
), heat-sink, heater, Multi-Layer Insulation ( MLI), temperature sputter yield (molybdenum etc.) are selected for critical portions
sensor are employed and the automatic temperature control within to obtain the lower erosion rate. However, without some kind
the required range is to be executed with the heater power of protection such as physical contamination shield near surface
supplied from Thermal Control System / Heater Control of the thermal control materials, the amount of contaminant
Equipment. In order to confirm the ITRS thermal design, caused by thruster operation is larger than 1000 A during 10
thermal analyses on the following temperature cases at BOL and / years mission life. It is considered that the area of contamination
or EOL are computed and are to be tested in a space chamber by thickness which is larger than 1000 A , the surface temperature
using solar simulator, would become much higher than 100 *C. So, contamination
1. On Trnsfr Orbi shield should be necessary to keep the surface of spacecraft such1. On Transfer Orbit as MLI ( Multi-Layer Insulation ) away from degradation of1. Cruising Mode optical properties by contamination.

2. Eclipse Mode ICNSs are constructed of aluminium alloy, and its surface is
2. On Geosynchronous Orbit: treated to control a / e property. The mass of contamination

1. Shade Mode shield is about 350 gr. per one ICNS. Overall view of the ICNS
2. Eclipse Mode is shown in Fig. 13.
3. Vernal / Autumnal Equinox Mode
4. Summer Solstice Mode
5. MFC Hot Mode

PEE Components and Subsystem Tests

Figure 10 shows a block diagram of PPU. A PPU contains Both component-level and subsystem level tests are
eight power supplies for TRS and MFC ( screen grid, accelerator conducted to directly confirm the design and fabrication to meet
grid, main discharge, main hollow cathode ( MHC ) heater, the requirement of ETS-VI. The environmental tests such as
MHC keeper, neutralizer hollow cathode (NHC) heater, NHC thermal vacuum, sinusoidal vibration, random vibration and
keeper, and MFC ). Signals from TCU to PPU control the acoustic tests were performed in the components tests.The
sequence of the each power supply switching and output level acoustic test was made in the configuration of ITRS/PMU/ICNS
required to operate TRS and MFC properly. installed on the IES panel. The EMC test was conducted with

PPU and TCU in proto flight model test

TCU
Tests Flow

In Fig. 11 , a block diagram of TCU is shown. TCU
controls, simultaneously, paired thrusters through the two According to the components and its model status whether
corresponding PPUs, and two IVDEs/PMUs. PFM or PM, applied test items and levels are different.
This TCU has a 1-chip CPU which provides control algorithms Main test flow of IES deveropment are as follows.
for the IES operation, and also processes the telemetry and

8
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Tests Verification Items Operating Condition
DM:Successive Operation

Component Test Vibration, Acoustic, T/V, at nominal point
ITRS,PMU,PPU, Allignment, Proof Pressure, EM:ON / OFF Cycle Operation
TCU,VDE,ICNS Leak, Mass Property, at nominal point

Dimension, EMC, ON time: Hours
Function / Performance etc. OFF time: Hours

The thruster performance trend data in the life test are shown
in Figure 15. The data presented herein has not been corrected
for the beam divergence angle or the presence of doubly charged

I/F Verification Test (I) TLM/CMD I/F ions. As for the performance of thruster unit, the general
PMU/TCU/IVDE Verification of Algorithm conclusion which can be drawn from the history of the life test is

Power consumption that, the thruster operation is stable and there are no signs of
performance degradation such as cathode, magnetic field strength
of discharge chamber and ion optics.

As described previously, simultaneous operation of the
I/F Verification Test (II) TLM/CMD I/F plural thrusters are achieved in this test facility, the problem on

TRS/PPU/TCU Verification of Algorithm the plural thrusters' interaction is to be discussed in another paper
TRS performance (IEPC-91-025).
Electrical characteristics
Power consumption

I/F Verification Test (III) TLM/CMD I/F Conclusions
TRS/PMU/PPU/ Verification of Algorithm
TCU/IVDE Electrical characteristics The concepts of IES design and tests results by the

Power consumption protoflight models and prototype models are described. In the
PFM and PM components tests,there are no serious obstacles to
proceed the last step for launching.

Concurrently, using 2 DM thrusters and 4 EM thrusters, life
test for ion thruster has been conducting. As of September
1991,approximatly 7000 hours successive operations for DM
thruster and 3000 hours on/off operations for EM thrusters have

Tests Results completed. These life test data show no problem for thruster
operation and its performance are stable during these test period.

The test data by components tests provided the sufficient
capabilities of each component (ITRS, PMU, TCU, PPU, IVDE,
ICNS) to ETS-VI. By the subsystem I/F verification test (I),
there was no critical problem in TCU/IVDE/PMU interface.Table eereces

3 shows the main parameters of IES verified in components tests Poeschel, R. L., " Ion Propulsion for Communications
and I/F verification test (I). The I/F verification test (I),(II) are at oeschel, I Cape 84- Js / Comm i
now on proceeding. Satellites , " IEPC Paper 84-43, JSASS / AIAA / DGLR 17th

International Propulsion Conference, May 1984, Tokyo,
JAPAN
2. Kitamura, S. et al., " Review of Engineering Test Satellites

TRS Life Test II Ion Engine Project, " IEPC Paper 84-17, JSASS / AIAA /
TRLie eT DGLR 17th International Propulsion Conference, May 1984,

The life tests using 2 DM thrusters and 4 EM thrusters are Tokyo, JAPAN
carrying on to certify the TRS lifetime. Required total operating Communicadio Satellites, " A IAA Paper 80617, June 1986
Stime) and ON / OFF cycles of TRS for Communications Satellites," AIAA Paper 86-0617, June 1986
time (beam extraction and ON / OFF cycles of TRS for 4. Takegahara, H. et al., "Ion Engine System for North-South
2,920ETS-VI's 10-years mission are, respectively, 6,500 hours and Station Keeping of Engineering Test Satellite VI ," AIAA Paper

Preliminary life test using BBM thruster were completed 87-1005, AIAA / DGLR / JSASS 19th International Electric
after over 9,000 hours successive operation at Kamakura Works Propulsion Conference, May 1987, Colorado Springs, USA
of MELCO. During this BBM thruster life test, examinations of 5. Shimada, S. et al., " 20 mN Class Xenon Ion Thruster for
the erosion and the material contaminants inside and outside of ETS-VI, " AIAA Paper 87-1029, AIAA / DGLR / JSASS 19th
the discharge chamber were performed. Those data provided International Electric Propulsion Conference, May 1987,
insight into thruster lifetime and some design modifications were Colorado Springs, USA
reflected to DM, EM and PM thruster design. 6. Fearn, D. G. et al., " Factors influencing the integration of

DM / EM life tests are carrying on in the new ion thruster test the UK-10 Ion Thruster System with a spacecraft, " AIAA Paper
space chamber at NASDA Tsukuba Space Center. Figure 14 87-1004, AIAA / DGLR / JSASS 19th International Electric
shows the schematic diagram of this ion test space chamber. In Propulsion Conference, May 1987, Colorado Springs, USA
this space chamber, life tests of 2 DM thrusters and 4 EM 7. Shimada, S. et al., " Ion Engine System Development of
thrusters are carrying on at the test conditions summarized as ETS-VI, " AIAA Paper 89-2267, AIAA / ASME / SAE / ASEE
belows. 25th Joint Propulsion Conference, July 1989, Monterey, USA

8. Takegahara, H. et al., " Ion Thruster Contamination
Life Test Conditions Evaluation, " AIAA Paper 89-2269, AIAA / ASME / SAE /

ASEE 25th Joint Propulsion Conference, July 1989, Monterey,
Main Chamber Dimensions 04000 x L4750, mm USA

Main Chamber Dimensions 40009. Kajiwara, K. and Katada, M., " Test Facilities for the ETS-
Subchamber Dimensions 0 550 x L500, mm VI Ion Engine System, " AIAA Paper 90-2656, AIAA / DGLR /

Pressure Condition less than 3 x 10-6 Torr JSASS 21st International Electric Propulsion Conference, July
Pressure Condition less than 3 x 1990, Orlando, USA

(4.0 x 10-4 Pa) 10. Day, M. L. et al., " Intelsat VII Ion Propulsion Subsystem
simultaneous operation of Implementation Study ," AIAA Paper 90-2267, AIAA / DGLR /
5 thrusters at nominal point JSASS 21st International Electric Propulsion Conference, July

Beam Target Temperature less than -50 0 C 1990, Orlando, USA

11
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Table 3 Typical Operating Point of IES

Operating Parameter Value

Beam Voltage/ Current 1000 V/483mA
Accelerator Voltage / Current -462 V/- 2.5 mA

Discharge Voltage / Current 37.5 V /33 A
Cathode Heater Voltage / Current OFF
Cathode Keeper Voltage / Current 4.7 V/0.5 A
Neutralizer Heater Voltage / Current OFF

Neutralizer Keeper Voltage / Current 15 V/0.5 A

Total Power per TRS 618 W
TRS Efficiency 77.6 %
Total Poper per MFC 1.5 W
Total Poper per PPU 720 W
PPU Efficiency 86 %

Total Efficiency (TRS + PPU) 67 %
Mass Flow Rate

Main Hollow Cathode ( MHC) 2.4 SCCM
Main Propellant Feed ( MPF) 5.5 SCCM
Neutralizer Hollow Cathode (NHC) 0.4 SCCM

Thrust ( Individual thruster) * 25 mN

Specific Impulse (Individual thruster) * 3140 sec

Ion Production Cost 263eV/ion

Propellant Utilization Efficiency 80 %
TCU Power 73 W
IVDE Power 1.0 W

PMU Power 1.4 W

* Excluding beam divergence and doubly charged ions thrust losses

12
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