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Magneto-Plasma-Dynamic (MPD) thrusters constitute a high p@estric propulsion

option for primary space mission, ranging from orbit raising terpiéanetary missions of

large spacecrafts [1]. The acceleration of the plasma pariiproduced by the interaction

(Lorentz force) between a current, driven by the application pbtantial difference

between an anode and a cathode, and a magnetic field, which can belbimgluced (i.e.

produced by the plasma current itself) or have an externallyedppimponent as well.

Presently, one of the major problems facing MPD thruster operation is thieobas®itical

state, which is found as the power is increased beyond the fuliimmissondition. In this

regime, large fluctuations in the arc voltage signals and dzsrtaghe anode are observed

along with performance degradation. Recently, an experimental tigatesn of

electrostatic and magnetic properties of plasma fluctuationsvidesnced a strong relation

between this so-called “onset” phenomenon and the growth of largesseajaeto-

hydrodynamic (MHD) instabilities, with the features of halikink modes, due to a

violation of the Kruskal-Shafranov stability criterion [2].
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In this paper we present the first attempt of
controlling and suppressing these instabilities,
and the effects of the reduction of plasma
fluctuations on the power balance of the system.
The anode of the MPD thruster under
investigation consists of a copper ring, 200 mm
in diameter, placed at the thruster outlet, while a
copper hollow cathode, 20 mm in diameter, is
located in the inner region of an insulating
conically shaped support (see Fig.1). The

electric power is supplied to the thruster by a

Pulse Forming Network (PFN), configured to give quasi-steadsent pulses k) lasting
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2.5 ms, ranging from 2 to 10 kA. The propellant feeding system edbas fast acting
solenoid valves; the discharge takes place when a steadyrstsseflow rate is reached.
The main propellant used for these experiments is argon at loasgtes ranging from
100 to 600 mg/s. The thruster can operate in both self-field and appleedVIPD
configuration as an external coil can produce an axial quasiysteagnetic (Bs) up to
100 mT on the thruster axis. The diagnostic setting up consisto@zimuthal arrays of
probes located in the inter-electrode region. The first consistseglially spaced bi-axial
magnetic coils, measuringgBind B fluctuations; the second is made of 8 equally spaced
electrostatic probes, measuring the floating potential. Adiagay of 21 magnetic coils,
alternatively measuringgBand B, is placed at the thruster outlet, covering the full anode
radius. Different geometrical modifications of the insulator suppgstesn have been
studied and tested in order to obtain effects on plasma instabiltighout sensibly

changing the magnetic topology of the discharge.
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By computing the spatial Fourier transform of the signals ftleenazimuthal arrays, and
averaging the resulting mode amplitudes over 1 ms during the dischae study the
dependence on the discharge parameters of modes with azimuibdicgagrm=1 (kink
modes), which are known to dominate in this kind of plasmas [2]. dn2Fthe mode
amplitude is plotted as a function qfsl both with developed kink mode and in case of
successful instability suppression. In standard operating conditiomdlgde amplitude
strongly increases withyd, but when the large-scale kink mode is successfully suppressed
negligible magnetic fluctuation energy is observed. Similar t®saie obtained by
analysing the electrostatic component of plasma fluctuations.ifipiges that an almost

qguiescent plasma has been produced. The effect of plasma instdhiliying on the
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discharge properties can be clearly deduced by the etdatharacteristics of the discharge
in the two conditions, as reported in Fig. 3. At low current levelod kA), when the
amplitude of the mode is small also in standard condition, theAwbys curves almost
coincide. At higher current levels, well above the onset critoaldition (which appears
between 3 and 4 kA), a large reduction of the applied voltage, aboubf30# maximum
value, can be seen when good control of the kink mode is obtained @owe). It is
important to say that kink suppression does not affect thrust measusemmonfirming that
at high power levels the acceleration produced by MPD thrudegrsnds mainly on the
total plasma current [1]. This means that when kink mode dampirfeive the same
thrust is obtained at given plasma current, but with lower appliedgeolta. lower total
electric power. This result, while confirming that plasma initees are indeed responsible
for power losses in this kind of devices, implies that the chamdbkei discharge power
balance, related to reduction of plasma fluctuations, actuallyitsesh a significant

2

improvement of the thruster efficiengy (Nt= Pn/Pot, Where R:% is the thrust power
m

and Ry = AV-lgis is the total electric power).
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To better understand the effect of the kink suppression on the dis@wrgjerium, the
modification of the radial profiles of Band B components of the magnetic field has been
studied. As we previously proposed [3] the plasma produced by the applotdiPD
thrusters is expected to relax to minimum energy statedofTstates). These are called
force free states with magnetic field profiles correspondintpecsolution of the equation
[OxB = pB, where p is a constant given by u & p B/B% A cylindrically symmetric
solution of this equation is¢B) = BoJi(ur), B, = BoJ(ur) and B(r) = 0, where B is the
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magnetic field on the axis (r=0) angl J are the Bessel functions of zero and first order,
respectively (Bessel Function Model, BFM), and u describesadittial rdependence [4].
Good qualitative agreement is generally found in all experimenptadittons, as can be
seen in Fig. 4, where differeptcoefficients deduced by the BFM fitgry) are compared
with those estimated &y, = Holai (T Bey) Where a is the average plasma column radius
in the inter-electrode regioft must be noticed that the spontaneous plasma paramagnetic
action is taken into account for the estimationgdv, while this is neglected fQIex,. The
non-perfect quantitative agreement found between the two sets of walulesalso be
imputed to the different z positions at which they are estimaseal| physical quantities in
MPD thrusters, due to the conical geometry, are intrinsicallg+modependent. In Fig. 5 an
example of fit of the experimental profiles, measured at thestiéw outlet, with those
predicted by the BFM is shown.,Bs evaluated as the sum of the one experimentally
measured by the magnetic coils, which is paramagnetically produced bashsphlnd the
stationary one, induced by the external solenoid. The effect of kipprassion is mostly
visible on the z component of the magnetic field profiles; in padaicldwer B values are
measured by our magnetic coils, and the resultaniprfile closely resembles the
unperturbed externally induced.8 This means that the paramagnetic effect, normally
related to the distortion of the plasma column induced by the kink nsodegely reduced.
No strong modification of Bprofile can be observed, which means that thaisiribution
seems mostly unaffected, in agreement with what previously dddiny thrust
measurements.
In conclusion, we reported experimental observations relating the lodk emplitude to
the main discharge parameters. In particular, it has been showa tiedtrease in the
applied voltage sustaining the discharge is observed when thed®litiss are suppressed,
resulting in a significant increase of the thrusters efficiency.
References
[1] Jahn R. G.Physics of Electric Propulsion, McGraw-Hill Series in Missile and Space
Technology (McGraw-Hill Book Company, New York) 1968, p. 239.
[2] Zuin M. et al., Phys. Rev. Lett., 95 (2004) 225003.
[3] Zuin M. et al., Nuovo Cim., 27 C, 449 (2005)
[4] Ortolani S. and Schnack D. DMagnetohydrodynamics of Plasma Relaxation (World
Scientific, Singapore) 1993.



