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Abstract: Thales Electronic Systems GmbH develops and qualifies an electric
propulsion system based on the High Efficiency M ultistage Plasma Thruster (HEMPT). The
HEMPT Assembly is being developed under the HEM PTIS DLR contract. It shall be used in
the frame of the ESA (SGEO) program, the platform developed by OHB System AG for the
Hispasat AG1 mission. Four HTM Flight Models (FM) and one HTM Qualification M odel
(QM) were characterized for initial performance according to the acceptance/qualification
program by now. These testsincluded a HTM long-time operation at the nominal operation
point (>4 h @1000V, 1.38A), a characterization in the range of anode voltages 850..1050V
and anode currents 0.3..1.45A, three nominal operation pulses (with typical mission firing
duration of 40 min each) at different HTM interface temperatures, as well as the plasma
beam characterization. The HTM FMs and HTM QM comply with the requirements,
operated stable in the whole range of voltages and currents and have low performance
variation. In particular, the thrust was >44 mN and the total specific impulse >2400s. Beam
characterization confirmed the compliance to the requirements on the plasma beam
sputtering ability. The HTM s demonstrated a stable and reproducible ignition of neutralizer

and thruster.
Nomenclature

EP = Electric Propulsion
FCU = Flow-Control Unit
FM = Flight Model
HTA = HEMP Thruster Assembly
HTM = HEMP Thruster Module
HV = High Voltage
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la = anode current

Isp = specific impulse

IF = Interface

MMS = Mechanical Mounting Structure
NTR = Neutralizer

PSCU = Power Supply and Control Unit
QM = Qualification Model

RPA = Retarding Potential Analyzer
THR = Thruster

TRP = Temperature Reference Point
U, = anode voltage

. Introduction

ALES Electronic Systems GmbH (TES, former TED) depe and qualifies an electric propulsion (EP) syst

based on the High Efficiency Multistage Plasma $teu(HEMPT). The HEMPT Assembly (HTA) is being
developed under the HEMPTIS DLR contract in thenieaof the Small Geostationary Satellite (SGEO) oy
the platform developed by OHB System for the Hisp#¢G1 missiorf. TES will deliver to the customer one HTA
consisting of four flight (FM) HEMPT thruster moasl (HTM) and one power supply and control unit (BST-M
from Astrium). The acceptance test sequence, phdtivery, includes performance, mechanical, thewvaaluum
and end-to-end tests. Additionally, two HTM qualétion models (QM)
and one PSCU engineering-qualification model wilhdargo the NTR
gualification test sequence and then the lifetiest.tBy August 2013,
four HTM FMs and one HTM QM were performance chsedzed at
Thales vacuum test facility ULAN. First results aeported here.

II.  Test Set-Up

A. Test Article: HTM

The HTM consists of the HEMP thruster (THR), of thellow
cathode-neutralizer of HCN500 type (NTR), of thewfl control unit
(FCU), of the electrical connector bracket assemhlyd of the
mechanical mounting interface structure (MMS), orhick all
components are mounted (Fig.3.)The key element of the FCU is th
proportional valve, situated just before the THR gdet. It operates in \
the closed loop mode with the anode current ser{sensor is FCU MMS
implemented at the PSCU) in order to sustain ateohsnode current. Figure 1. View of HTM.
NTR operates with a keeper discharge during the Hmbminal
operation.

THR

B. Test facility and test configuration

All vacuum tests of HTMs are performed at ThaleEADI
test facility in Ulm, Germany. The facility has a vacuum
chamber of 4 m length and 2.4 m diameter. The ifad$
equipped with a cryopump system, and additionalith wwo
turbo pumps. The HTM is installed on top of theustrbalance.
The facility is equipped with the retarding potahtanalyzer
(RPA) for plasma beam diagnostics. The thrust kaais
installed onto a rotational table, thus allowingcanning of ion
beam with the unmovable RPA.

For testing purposes the HTMs are mounted ontoetteng
frame, which allows for thermal control of the HTiounting
interface (I/F). The FCU is covered with MLI foiudng the
testing. The THR and NTR are surrounded with antiar
shroud during all in-vacuum tests. The thermal stirprovides

Figure2. HTM FM 1 on thethrust balancein
the ULAN vacuum chamber.
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a definite radiation environment: shroud can bdembdown by liquid nitrogen, maintained at ambitmhperature
or heated up; it also protects the optical propertif the THR radiator (Fig. 2).

The HTMs are provided with several temperature @snguring all in-vacuum tests.

The HTMs are powered with laboratory power suppliee anode high-voltage (HV, 1000V) power supfig
NTR keeper power supply (0..50V dc) and the NTRérepower supply (0..15V ac). The HTM FCU is colied
by the FCU Driver, which simulates the FCU contrgl function of the PSCU. Xe gas is fed by the lfacgas
supply system at a constant pressure. Xe of pdifitys used. Schematically the test set-up is @xgtbin Fig. 3.

The HTMs are operated in the floating cathode guméition throughout the tests.

Vacuum chamber Thermal shroud.
ULAN THR +NTR \

RPA :
=

NTR heater
power supply

+ NTR keeper
h ° power supply

|)| + Anode HV
: ° power supply

Rotational
table

<___

Anode current

FCU
Driver Unit

Figure 3. Test set-up (ULAN vacuum chamber).

[1l. Test Results

A. Test Program

HTM-FMs and HTM-QMs are tested according to theeptance / qualification program, correspondinglye T
two test programs differ in temperature conditiaighe HTM I/F (during all in vacuum tests), in tperature
conditions of the thermal shroud and in number mfi®nmental cycles (during the thermal-vacuum)teist
imposed mechanical loads (at the mechanical teB&shperature conditions and mechanical loads ferHi M-
QMs are more severe. Moreover, the HTM FMs willfpan the end-to-end test, and the HTM QMs will pent
the lifetime test. By August 2013 an initial perfance characterization of the HTM-FM1 to FM4 andhaf HTM-
QM1 was carried out. It included:

- HTM operation over 4 hours at the nominal SGEO afi@nal pointU, = 1000 V,l, = 1.38 A, at ambient
shroud temperature and ambient I/F temperature°G22

- HTM operation in the extended range of parametéss: 850 .. 1050 VI, =0.3 .. 1.45 A, at ambient shroud
temperature and ambient I/F temperature;

- HTM beam characterization at the nominal operatipoant;

- HTM thrust pulses of 40 min THR firing duration,the nominal operational poikt, = 1000 V,I, = 1.38 A,
at ambient shroud temperature and ambient I/F testye; moreover, two HTM FMs and the HTM QM
were also pulsed at “cold” (< -10°C) and hot (> ¥BPI/F temperatures.

Thrust measurements were performed during the #Ghmist pulses.

B. HTM operation during 4 hours

HTM continuous firing over 4 hours at the nominglemtional point demonstrates the capabilities aafhe
HTM-FM and HTM-QM for long-duration thrust pulseshich are far outside the nominal thrust pulse tioina
HTMs attained a thermal equilibrium state at thd eh4 hours firing with the THR TRP change ratéohbe2 K/h.
All HTM temperatures were within their expecteditisn
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C. HTM operation in the extended range of parameters

Each HTM was operated under eight extended opegdtimodes, 5 min for each operational mode. Eadheof
extended modes was obtained by combining a valwmode voltage from the range 850 .. 1050 V andlaevof
anode current from the range 0.3 .. 1.45 A, witd thaximum anode power limited to 1.45 kW. The HTMs
performed stable without anomalies during all eigktended operational modes. Thus, all HTM FMsthedHTM-
QM1 have demonstrated the capability to operat¢imoously under non-nominal anode voltages and maminal
anode currents without degradation. It is worthntention here that the prolonged operation at thetreevere
extended mode with 1.45 kW anode power was verifitd the HTM engineering qualification model, awdl be
verified with each HTM at the upcoming thermal-vagutest.

D. HTM beam characterization

The ion beam of each HTM was characterized in teof®n current density and ion energy (potentatl)
approx. 1 m from the thruster exit at the nominpérational point. This characterization was perfnin the
horizontal plane of THR. lon current and energy everput data for an ion sputtering analysis wite 8GEO
satellite configuration. Each HTM was found to caynpith the SGEO sputtering requirements.

E. Thrust pulses

The HTMs performed a fully representative thruskspu
operational sequence as applied to the SGEO mijss
including a HTM start-up, operation and a shut-dowhis
sequence was carried-out with all HTMs under I/8 ahroud
ambient temperatures (+22°C). HTM-FM1, HTM-FM2 ar
HTM-QM1 have additionally performed two thrust padsat
“cold” (<-10°C) and “hot” (>+60°C) I/F temperatureis order
to verify the operation of the FCU at two temperatimits and
to obtain thermal data prior thermal-vacuum testing

The HTM FMs and HTM-QM1 performed the start-L
sequences at all I/F temperatures without anomaligRk and
THR ignited reliably. NTR and THR ignition times reein the
expected limits; they are highly reproducible with# s
between different thrust pulses and from one HTMrtother.  Figure4. HTM-QM 1 operation in the ULAN

THR operated stable &1, = 1000 V,I, = 1.38 A, with a vacuum chamber.
low cathode-to-ground voltage 15V | (Fig. 4).

Thrust was measured at the end of each pulse.

All HTM FMs and HTM QM have very close values ofukt>44 mN, providing more than 2400 s of total
specific impulse (with the requirement >2300 s).dtkW electrical power (THR+NTR), see Table 1.

Parameter HTM HTM HTM HTM HTM

FM1 FM2 FM3 FM4 QM1
HTM I/F temp.| amb. cold hot amb. cold hot amb amb. amb. cold hot
case
Thrust, mN 445 44.5 44.6 44.1 44.1 441 443 44.144.2 44.3 44.3
Power 1.4 14 14 14 14 14 14 1.4 14 14 14
(THR+NTR), kW
lse, S (HTM) 2420 2430 2400 2420 2460 2420 2460 24p0 4302 2450 2420

Tablel. HTM performance data.

V. Conclusion

Initial performance characterization of four HTM BMFML1 .. FM4, and of one HTM QM1 has demonstrated
the compliance to major SGEO mission requiremevigsy low performance deviation from one HTM to dmet
demonstrates also the high reproducibility of thEM#P technology. The upcoming test activities wilklude
mechanical and thermal vacuum tests, as well agendd test (with HTM FMs) and lifetime test (withTM

QMs).
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