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RECENT FRENCH RESULTS OF SMALL HALL EFFECT THRUSTERS
INVESTIGATIONS IN COLLABORATION
WITH THE NATIONAL AEROSPACE UNIVERSITY IN KHARKOV

The significance of using and investigation of Hall effect thrusters is described in this paper. The progress in
development of HET all over the world and activities of Ukraine and France on this field are given. The small
HET SPT-20M was manufactured at the National Aerospace University “KhAI”. An optical method was
proposed to analyze the plasma plume of the SPT-20M. In two ground tests facilities, (Kharkov and Orléans),
the SPT-20M has been tested. A new small Hall Effect Thruster PPI using permanent magnets instead of
magnetic coils has been recently manufactured in France. The recent tests of PPI was performed in vacuum
chambers at the laboratories GREMI and ICARE in Orléans on three succesive prototypes.
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Introduction

Electric propulsion for satellites set in
geostationary orbit and probes for planetary exploration
is now well recognized as the most attractive device
because of its performances in specific impulse, level of
thrust, low-propellant consumption, time of life
(qualification tests are up to 10,000 hours), possibility
of several thousand successive ignitions with an absence
of degradation of the intensity of the thrust, in low
divergence of the jet propulsion and storage capability
of xenon (propellant chosen because of its low first
ionization potential level and lack of toxicity).

For many years Ukraine and France have initiated
programs of research and development with the
objectives of research on physical phenomena of Hall
effect thrusters, development and operation onboard
spacecrafts.

In Ukraine, this activity has resulted in the
development of Hall effect thrusters used in space and
recently in the study, manufacturing, testing and
improving the series of SPT-20M.

In Europe, this activity led to the launching of
satellites Stentor (CNES / DGA) lost due to launcher
failure ArianeV (Dec.11, 2002), the ESA probe Smart-1
inserted with success in a lunar orbit on Sept.15, 2003, the
development of a series of Hall thruster by the Snecma

company: ATON, PPS100, PPSX000, PPS5000 and the
creation of a research group to coordinate the theoretical,
numerical and experimental studies conducted in 15
French laboratories (CNRS and Universities).

Research conducted around the world cover a wide
power range from a few tens of W (a miniaturized HET
was developed by MIT — 50 W, 1600, 3 minutes) to a
few tens of kilowatts (NASA-457M thruster, a high
power 50 kW was developed by the Gleen Research
Center — GRC ). Today, there is a renewed interest of
space agencies and companies for small engines - the
first flight of HET thruster was tested by the USSR by
the launch of Meteor meteorologic satellite in 1971 and
the first EDB HET thrusters "Fakel” was of the types
SPT-60 (1971,1974,1976) and SPT-50 (1977,1978).

Research results
1. Ukrainian Hall effect thruster SPT-20M

The National Aerospace University “KhAI” in
Kharkov has defined, manufactured tested and
improved a set of successive SPT-20M Hall effect
thrusters (see: [1 — 3]. SPT-20M is a low power thruster
requiring an electric input power lower than 100 W (in
the range 30 — 100 W), using xenon with a mass flow of
0.1 - 0.35 mg/s and with a plasma discharge voltage
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between 220V and 310V. The annular chamber
consists of two chambers with successive diameters
(diameter of the outer ceramics: 23 mm, diameter of the
inner ceramics: 15 mm). The model M6 delivers a thrust
from 2 mN to 4 mN with an global efficiency between
25% and 40%.

In parallel of campaigns carried out in the vacuum
chamber of KhAI, other tests were performed in a
vacuum chamber at the GREMI laboratory (University
of Orléans, France) by Optical emission spectroscopy
(O.E.S.) and by Retarded Probe Analyser (R.P.A). A
mini-spectrometer HR2000 (380 — 830 nm, resolution:
2nm) and a spectrometer ACTON 750 i (ROPERS
Scientifics) (750 focal length, CCD camera, resolution
lower than 0.10 nm) image the plasma plume. The study
is focussed on the spectral lines of Al I (396.152 nm),
Xel (828.01 nm) and Xell (484.433 nm).
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Fig. 3. Spectra emitted for a mass flow of 0.25mg/s, a

coil current of 1.7A and a discharge voltage of 280V
(HR2000 and ACTON 750i spectrometers)

The different spectra are used to analyse the

Fig. 1. SPT-20M: plasma plume of model M6
(in the KhAI vacuum chamber)
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consumption for the SPT-20M series

Small French Innovative Propulseur (PPI)

A new small Hall Effect Thruster (HET) using
permanent magnets instead of magnetic coils has been
recently manufactured [10]. The new configuration
does not need magnetic screens as in classical HET; it
includes annular magnets, which lead to a very high
azimutal homogeneity of the radial magnetic field
(AB/B <0.1%). Xenon propellant (0.55 mg/s) is
dispersed into the channel through a porous ceramic
set in the bottom of an annular chamber (internal
radius 11.7 mm, external radius 16.7 mm). The
magnetic field is obtained by parallel cylindrical
SmCo magnets set in external and internal annular
rings. The recent tests performed in vacuum chambers
at the laboratories GREMI and ICARE in Orléans on
three succesive prototypes (B = 500,250,200 G) show —
after improvements of the thermal circuit — a stable,
reproducible and broad working range (50 — 200 W).

behaviour of the plasma plume as a function of the
operating conditions and to estimate the erosion rate by
the use of the actinometry method.

The efficiency of the PPI thruster is 20% for a
discharge voltage of 250 V and a xenon mass flow
rate of 0.8 mg/s (electric power: 160W).
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Fig. 5. Discharge current versus discharge voltage, and specific impulse versus thrust for two magnetic fields

Conclusion

At the National Aerospace University “KhAI was
defined, manufactured tested and improved a set of
successive SPT-20M HETSs requiring an electric input
power lower than 100W. The model SPT-20M6 delivers a
thrust from up to 4mN with an global efficiency up to
38%. In parallel of campaigns carried out in the vacuum
chamber of KhAI, other tests were performed in a vacuum
chamber at the GREMI laboratory by O.E.S. and R.P.A.
An optical diagnostic was proposed for an experiment
during the flight to follow the erosion rate and to analyse
the emission spectrum in a large visible optical range.

A new small HET using permanent magnets instead
of magnetic coils has been recently manufactured in
France. Experimental researches at the laboratories
GREMI and ICARE show that the efficiency of the PPI
thruster is 20% (electric power: 160W).

This work has been performed in the framework of
the French Research group CNRS/CNES/SNECMA/
Universités n°3161 “Propulsion par plasma dans
I’espace” and in the frame of the research agreement
between the Universities of Paris 6, Orléans, Versailles-St
Quentin and “KhATI” at Kharkov.
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HOBI ®PAHIIY3bKI PE3YJIbTATHU JOCJIIJKEHBb MAJIOI'O XOJIOBCBKOI'O JIBUT'YHA
Y CIIIBPOBITHHUIITBI 3 HAIOHAJIbBHUM AEPOKOCMIYHHUM YHIBEPCUTETOM B XAPKOBI

A.B. Jloan, M.M. Kowenes, T.0. Maxcumenxo, T. Kubepm, C. Ilenepin,
A. JIegppya, A. Bywyns, /1. Ilanvon, M. I'yiiom, I1. Penaoun, M. /Iyoex

B nmaniii cTaTTi MOKa3aHO 3HAYYIIICTh BUKOPUCTAHHS Ta JOCIIKCHHS XONOBChKUX ABHUTyHIB (X]1). HaBeneno
JOCSITHEHHSI B po3podui X /1 B 1iioMy CBITI Ta HisuibHICTh YKpainu Ta ®@panuii B nbomy Hanpsamky. X/ CIIA-20M
Oyno pospobiaeno B HamionanmpHOMYy aepokocmiuHOMy yHiBepcureTi «XAl». Onrtuunuit merox Oyno
3alpoNOHOBaHO st  aHami3y crpymento 1mrazmu  CIIJ[-20M. CII[-20M Oyno BumpoOyBaHO Ha JBOX
BUNpoOyBanbHUX cTeHaax (B XapkoBi Ta B Opreani). Y ®pannii Oymo pospobmeno noBuit X PPI 3
BUKOPHCTaHHSIM TIOCTIHHMX MAarHiTiB 3aMiCTh KOTYIIOK HaMarHidyBaHHs. Byio mpoBeneHO HOBI BHUIPOOYBaHHS
TpbOX ycminHux npototuriB PPl y BakyymHux kamepax B nadoparopisx GREMI ta ICARE B Opeasi.

Karou4ogi ciioBa: enexkTpopeakTHBHI JIBUTYHH, XOJIOBCHKUI BUT'YH, ONTHYHA eMiCiiiHa CIIEKTPOCKOITIS.

HOBBIE ®PAHIIY3CKHE PE3YJIbTATBI UCCJEJOBAHUI MAJIOI'O XOJJIOBCKOI'O
JABUT'ATEJISA B COTPYJHUYECTBE C HAIIUOHAJIBHBIM APOKOCMMWYECKUM
YHUBEPCUTETOM B XAPHBKOBE

A.B. Jloan, H.H. Kowmenes, T.A. Maxcumenxo, T. Kubepm, C. Ilenepun,
A. JIegppya, A. Bywyns, /1. Ilanvon, M. I'yiiom, I1. Penaoun, M. /Iyoex

B nmanHOl cTaThe mMOKa3zaHa 3HAYMMOCTH HCIIOJNB30BAHUS M MCCIIEAOBAHUS XOJUIOBCKMX aBuratened (X/I).
[TpuBenensr noctmwxenus B pa3padorke X/ B Mupe U JeATelbHOCTh YKpauHbl U DpaHIMK B 3TOM HaIlpaBJICHHUH.
X CIIA-20M ObL1 pazpaboran B HarpioHanbHOM a’spokocMuueckoMm yHuBepcurere « XAWy. Onruueckuil MeTox
ObUT TIpeAIOKeH uIa aHanmu3a crpyd miasmbel CITJ[-20M. CIIJI-20M Obul UCHBITAaH Ha ABYX HCHBITATEIBHBIX
creHnax (B XaprekoBe u B Opieane). Bo ®pannuu Obi1 pa3padboran HoBbI X/I PPI ¢ ucmons3oBaHreM MOCTOSHHBIX
MarHuTOB BMECTO KaTyIIeK HAMAarHWYWBaHUS. BbUIM MpOBeEHbI HOBBIE UCIBITAHUS TPEX YCIHEIIHBIX MPOTOTHUIIOB
PPI B BakyymHbIX Kamepax B jgadbopatopusix GREMI ta ICARE B Oprneane.

KnaroueBble ciioBa: 3J€KTpOpEaKTUBHBIE JBHUIATENM, XOJIJIOBCKHH JBUTaTelb, ONTHYECKas SMHUCCHOHHAs
CHEKTPOCKOIUSL.
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