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Abstract

Assessment was made by calculations for the possible consequences of the effect of plasma plume injected by the solar electric
propulsion system (SEPS) on the structural components of “Phobos-Soil” spacecraft (SC). Propulsion system comprises three
SPT-140 thrusters, two of which should secure the required total thrust impulse during 8000hours of operation approximately.
Variation of the solar panel (SP) properties as a result of their surface contamination with the products of erosion of thruster
and SC structural components is the primary negative consequence of plasma plume effect on the SC. Calculation study for the
processes of erosion, particle flow distribution, and contaminating coating formation on the SP surface was made for different
SEPS arrangements. It is shown that power reduction for the landing module SP sections, which are subjected to the contaminating
coating deposition to the most extent, will not exceed 5% of the nominal level.
© 2009 Elsevier Ltd. All rights reserved.
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1. Introduction

Possibility to use solar electric propulsion system
(SEPS) based on three thrusters of SPT-140 type, de-
veloped by “Fakel” Experimental Design Bureau, at
the heliocentric trajectory leg is considered at the cur-
rent stage of the project aimed at the delivery of Pho-
bos soil samples to the Earth (“Phobos-Soil” project)
[1]. SEPS use for this project allows to secure inde-
pendence of SC mass delivered to the Mars observa-
tion orbit on the date of mission start. Minimum gain
in mass efficiency as a result of SEPS use will be in
2009. For this start epoch the SEPS use may not be
foreseen within the SC arrangement concept. A SC
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arrangement option with the SEPS use is studied for
increasing reliability of project realization in the case
of possible start slippage to a later period. The SC and
SEPS designs, ballistic parameters of the mission and
problems of SEPS application for a long-term interplan-
etary mission were discussed in [2]. Actuality for the
consideration of problem of plasma plume interaction
with the structural components of the “Phobos-Soil”
spacecraft (SC) is substantiated by the fact that dura-
tion of consecutive operation of two SPT-140 thrusters
should be over 8000hours, during which SPT plume can
interact with the SC structural components. In general
case, such interaction may cause the following effects:

(1) The influence of high-energy xenon ions on the so-
lar panel (SP) protective glasses may cause their
erosion, that in its turn may lead to their trans-
parency worsening and SP power reduction.

http://www.elsevier.com/locate/actaastro
mailto:riame@sokol.ru


980 A.B. Nadiradze et al. / Acta Astronautica 64 (2009) 979–987

(2) The influence of high-energy ions on other SC
surfaces may cause their erosion; at that, erosion
products may deposit on the SP surfaces causing
reduction in their transparency also.

(3) Erosion of the discharge chamber internal surfaces
takes place during the SPT operation and erosion
products may deposit on the SP surfaces also.

(4) Charge–exchange ions appear at the interaction of
high-energy ions with the neutral atoms of the non-
ionized propellant (xenon) or SC self-environment
components. These ions are “pushed out” of the
plume by its own electric field and may reach SC
surfaces. Depending on their energy, such particles
may cause both SP surface erosion and decontami-
nation. At that synergetic effects are not excluded,
which lead to the formation of micro-relief on the
SP protective coatings that can change optical prop-
erties of the surface substantially.

Information on the SPT plume influence upon the
SP characteristics is currently rather limited. In partic-
ular, this is associated with the fact that total duration
of SPT operation on board SCs is still relatively short
and it seems practically impossible to distinguish SP
power losses from the losses being a result of its nat-
ural aging. However, for example, it was revealed in
1978 during the SPT test on board the Russian SC of
“Meteor-Priroda” type [3] that when the ion flow with
density of 0.25A/m2 and energy of about 100eV influ-
enced SP, the electric power of exposed SP part reduced
by 35% after 300hours. It was revealed as a result of
laboratory simulation [4,5] that this effect was associ-
ated with the formation of micro-relief with character-
istic size of non-uniformities of 0.5–1�m on the glass
surface. At that, strong decay of luminous flux reaching
photovoltaic converter took place.

Thus, at the long-term operation the SPT plume may
cause considerable negative effect on the SC SP. The
well-developed methods of mathematical modeling al-
low to assess consequences for the SPT plume interac-
tion with SC at the design stage for optimizing SEPS
integration on board SC from the view point of mini-
mization of harmful effects of such interaction. Results
of such mathematical modeling as applied to “Phobos-
Soil” SC are presented herein after.

2. SC design model and plasma plume model

2.1. SC and SEPS arrangement

SEPS arrangement on board SC at the stage of helio-
centric flight from the Earth orbit to the orbit of Mars is

Fig. 1. Model of SC components used for the calculation of plume
effect.

clear from the design model presented in Fig. 1. Three
SPT-140 thrusters (1, 2, 3) are surrounded by a cylinder
skirt (4), intercepting peripheral flows of poorly focused
high-energy ions. The square area of two SPs (5, 6) is
about 60m2. The SC structural components, which are
exposed to the influence of different plasma plume par-
ticles, include supports (7, 8, 9) of the landing module
and the skirt (4).

Computational study for the interaction processes
was aimed at the optimization of arrangement and con-
figuration of supports and skirt length. It is obvious
that SP sections adjacent to the SC body are the most
vulnerable. These sections are the parts of the landing
module and will continue their operation after SEPS
separates from SC at the Mars approach trajectory. It
is important to assess potential in-flight worsening of
characteristics for these sections exactly.

2.2. SPT-140 plume parameters

Plume model is based on the test data for the distri-
bution of ion current density in angle � and energy �i.
SEPS power varies more than 2.5 times during flight,
so the plume model should be valid within the fol-
lowing range of SPT-140 parameters: discharge volt-
age Ud = 350V, discharge current Id = 6–15A, power
N= 2.5–5.25kW.

Current density as a function of angle � between the
selected direction and thruster axis has the following
form:

ji (�) = j0
r2

e−b� where � is in degrees. (1)

This formula is characterized by sufficient accuracy at
��10◦. Coefficients j0 and b for different power levels
and distance r= 1m are presented in Table 1.
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