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Abstract

The paper presents an analysis of some problems due to the influence of the
spacecraft floating potential as well as the analyzing voltage at the ionosphere plasma
structural parameters investigation by cylindrical Langmuir probe. A computer simularion
using & new high-precision method for periodical measurement of the Langmuir cylindrical
probe floating potential when measuring the probe collector current is presented. The
advantages of the presented method, which is suitable Jor measurement of ail parts of the
V-A probe curve, are discussed.

1. Introduction

The spacecraft as a bedy submersed in plasma is electrostatically charged
under the influences of various kinds of currents. In the static state, the
spacecraft is charged toc some balanced polential ¢e where the summary
current of the body is 2 T = 0 [1]. ¢, can vary within a wide range taking
positive or negative values because the body's surface is under the direct
impact of the charged particles streams and electromagnetic radiation, The
changes of ¢, are a considerable source of errors as they distort the
measurements and sometimes make them impossible because the analyzing
control voltage U to the Langmuir cylindrical probe (CLP) clectrodes is
passed in respect to @, For this reason, three cases are possible:
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1 — the measured current is positive: this means that @e is strongly
negative and U continues to be all the time negative compared to the
plasma.

2 — the measured current is negative: this means that ¢ is strongly
positive and U continues to be all the time positive compared to the plasma.

In both cases there is no other possibility but to measure the
fluctuations of ion and electron density, In such cases we do not use linear
voltages but fixed ones to measure current fluctuations. This makes it possible
lo measure quick density fluctuations having no information about electron
temperature.

3 - the measured current changes its sign: in this case, full analysis
of the plasma characteristics is possible.

2. Space experiments results: some CLP measurement
problems

The satellite experiments continue to the end of the satellite's life and
the measurements are integral. This makes it possible, on the one hand, to
carry out scientific research and, on the other hand, to perform statistical
analysis. An ideal V-A curve is shown in Fig. 1. It consists of three typical
parts [2]. @ - ion saturation, & - elcctron retarding and & - electron
saturation.

The V-A curves from many experiments are shown in Figs. 2, 3’
and 4. :

Here, two problems can be formulated:
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— strong influence of the @ on the measurements;

— U with constant amplitude and continuance.

In paper [3], the authors present 2 methed for periodical measurement

and controi of @y,

The mcthod is practically based on two principles:

— From time to time, 16-bit precision measurement and control of
@eyp tor a zero probe cuorrent (testing cycle).

— CLP eclectrodes control by (U — @up) at the time of the next
measuring cycle.

3. CPL collector current measurement: algorithm and
computer simulafion.

The structural graph of the CPL cotlector current measurement
algorithm is shown in Fig.5. It includes a testing and a measurement cycle.

In the figure: To — the current for the analyzing voltage U=Qq, — 4 V;
I, and I, — currents from the clectron retarding part of the V-A curve; U, and
U, — corresponding voltages; ¢; , ¢, 3, ¢4 — constants (determined by digital
experiments); Ugar » Uena, Usiope — Start, end and limits of U variations.

The next figures 6 (a-f) show a computer simulation of the algorithm
operation.

Let plasma density at the start of operation be Ni=N.=10° m>,
plasma temperature Te=1000 K and ion mass M; =16 a.m.u. (O*) where the
satellite’s potential is ¢ = 0 V. In the beginning, we change U from —8 V to
+8 V to determine ¢, (Fig.6a). @y, is determined on 0,25 V, so we change
U from (@, — 4V) to (@, + 4V), ie. from —4,25 V1o +3,75 V (Fig.6b).
The ion current amplitude is used to determine the two levels of I u Ip
whose corresponding voltages U; and Uz will be measured. Now Ugun= —
425 V and Ugg= +1,28 V (Fig.6b, 6c). The parameters of the next U
(Usian= —1V, Ucaa = +1.28V) already ensurc an optimal result (Fig.6b, 6d)
and will be repeated unless plasma parameters are not changed critically.

Let the satellite now enter into a region where plasma parameters
change suddenly: N; =N, =10° m™, Te=10000 K, M; =1 (H") and as a result Peip
=3V. Naturally, U course will be determined as with the previous curves, Le.
Usian = ~1,0V, Ueug = +1,28V (Fig. 6¢). The algorithm again operates in the
same way: ion current is measured at Uy, the two levels of currents [, and [
are determined and the corresponding levels of U, and U, are mecasured.
The parameters of the next U are computed: Uy = 5,82V, Uegng = +4,11V.
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Only one step is cnough to computc U, covering all three parts ¢f the curves
{Fig.6f).

4. Results and discussion

An algorithm and computer simulation are developed for:

— anew high-precision method for ¢, periodical measurement and

control;

— adaptive control of the CLP collecter current measurement.

From future space experiments with CLP we expect:

— periodic measurement of the highly-informative parameter Peip

— ultra sensitivity of the mcasurement tract:

— no switching scales transition processes;

- real V-A curves.

The use of active methods eliminates the necessity of physical
phenomena monitoring. So we consider that the presented solutions, which
pertain to the passive methods, will be further developed and approved in
future. The CLP is included as an important component of the SPACE
WEATHER program [4] at the International Space Station, where ge floats
within a wide range £ 300 V.

References

1. Riedler W., K. Torkar M., Pecdersen A. ct al. Spacecrafi potential
experiment RON/RSA - TKI- CNES. interball mission and Payload, 1995,

2. Gousheva M.N., P.S. Angelov, P.L. Hristev, B.B. Kirov, K.Y,
Georgieva. Some problems in systems using cylindrical electrostatic probe
for electron density and temperature measurement on spacecraft board. The
Bleventh  Intermational Scientific  and  Applicd  Science  Conference
ELECTRONICS E172002, 25-27 September 2002, Sozopal, Book of Abstracts, p.
48.

3. Gousheva M.N., P.5. Angelov, P.L. Hristov, B.B. Kiroy, K.Y.
Georgieva. A method for measurement and control of the cylindric probe
ftoating potential. An algorithm for conirol and measurement of the V-A curve.
The Fleventh International Scientific and Applicd Science Conference
ELECTRONICS ET2002, 25-27 September 2002, Sozopol, Book of Abstracts, p.
47,

4 Kilimov V.A_ et al. The use international space station infrastractures for space weather
rescarch. Prescnted al the COSPAR Collognium "Plasma processes in the near-
carth spacc: INTERBALL and beyond", 5-10 February, 2002, Sofia, Bulgaria,
Abstracts, pp.76.

68



EJMMUHHUPAHE BJAWSIHUETO HA [UTABAUIHS OTEHIAAJT
HA KOCMUYECKUS ATAPAT IIPY U3CJIEIBAHE HA
CTPYKTYPHHUTE [TAPAMETPU HA HOHOC®EPHATA IJA3ZMA
C HWINHAPUYHA COHAA HA JIEHIMIOUP

i ! I
Mapusna lywesa’, Hnamen Auzenos’, Hnamen Xpucmos
2
Bosu Kupos®, Kamsa eopeuesa’

1
MuCTUTY T 32 KOCMUYECKH H3CNEIBAHUE

P o
HesTpaniia naGopaTopus 3a CUBHYEBO-3CMEHN BB3NCHCTBHUS

Pesrome

B nacrosimara pabota ca ananu3upaHy HpobIeMUTe OT BIKSIVETO
Ha RlaBauiys fOTCHIMAN HA KOCMHYECKMA anapar ¥ aHANN3UPAIIOTO
HAIPCKCHME IIpH  M3CleABalic Ha  CTPYKTYPHUTE MapaMerpy Ha
HOHOC(epHaTa IasMa ¢ UMIHIIPIYHS COIa Ha Jenrmionp. TlokazaHa ¢
KOMIHOTBPHE CHUMYJALMs, H3MON3Balla HOB BHCOKOTOUEH MCTON 34
NEPHONAYHO U3MEPBAHE HA MNARAlKs [OTCHIMA)! HA LMIKHAPHYHA COHJA
Ha JIeArMIOWp npu H3MEpBaHe HA TOKA OT KONCKTOPA HA COHOATA.
HuckyTrpani ca npeuMyliecTBaTa Ha NIPEANONEHHS METOT 32 H3MEpBAHE
1ia BCUYKM yYacTbUM OT BONT-aMIIepyaTa XapakTepHCTHKA Ha COY/IATa.
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