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Abstract

Spacecraft charging effects have been studied since the beginning of the first
satellite-borne experiments in space. Here, both skin and internal dielectric charging
effects are meant. The first high-altitude flights showed that these effects could become of
great importance for the proper operation of onboard elecironic equipment. In some cases,
satellite skin potential could reach relatively high levels, for example at geostationary
orbits. Completely new type of problems could appear when large bodies like manned
spacecrafis, space stations at docking procedures etc. have to operate for a long period on
orbit with high reliability of the onboard equipment for reason of crew safety. Here, we
propase very simple equipment for wide range measurements of the satellite skin potential
using Langmuire probe in a special operation mode.

INTRODUCTION

The skin potential of the charged body in space depends on the
balance of the inflow and outflow currents to its surfacc. The physical
characteristics of the surrounding plasma and the different materials of the
surface have considerable input to this balance. Large bodics in space like
manncd spacecrafts, space stations or large geostationary satellites can form
significant potential drops between different parts of their constructions.
Very often this could be a problem for onboard electronics and/or other
charge-sensitive devices. A simple solution could be a distributed system for
skin potential measurement and control sensors spread on the surface of the
spacecraft unit. Here, the proposed Langmuir probe for spacecraft skin
potential measurements is working close to a zerc detection system mode,
which simplifies the measuring techniques and onboard electronics.
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INSTRUMENTATION

The cylindrical Langmuir probe (CLP) is a very extensively used
mstrument for ¢clectron density N,, clectron temperature T, and satellite skin
potential Ug, measurcments because of its simplicity and relatively high
accuracy [1,2,3]. Here, we will discuss the basic aspects of the CLP
application for ionospheric plasma diagnostics. [.Langmuir and HMott-
Smith were the first to postulate plasma probe measuring technique in
laboratory plasma in 1924 [4]. Briefly described, plasma probe diagnostics
is based on electromeler measurements of the current from the conductive
electrode in plasma as a function of the sweep voltage applied te it, which is
often called volt-ampere curve. In Fig.1, a sketch of a typical V/A curve (Ju,
vs Ug) from a cylindrical Langmuir probe operating onboard the satcllite is
shown. Four important regions could be identified on the volt-ampere curve,
denoted by A,B,C,D, accordingly. Region A represents the ion saturation
current from CLP at enough negative U, at which ali attracted ions reach the
collector surface while the electrons are repelled from it. The relative
changes in total ion current with Uy represent the changes in the effective
ion collection surface of the probe. In the retardation zone B, the clectrons
with sufficient cnergy reach the probe surface. The probe potential at which
Jeip becomes zero as a superposition of equal electron and ion currents to the
probe surface is called floating potential Up. Near Uy the rapid change in the
probe current is a function of the effective retardation U, for electrons where
the Te determines the power of exponent in the theoretical expression of the
VIA curve. A large Te value corresponds to a large retardation zone. In a
close area of point C, the probe potential becomes positive in respect to the
plasma and as a result, the probe current is almost caused by electrons
atlracted to the probe. This valuc of the U, sweep, at which the probe
potential becomes zero compared to the undisturbed plasma far from the
probe is called satellite skin potential Ug,. A large positive potential U, in
the saturation region D causes the probe current to be ........ only by the
attracted electrons on the CLP surface. To obtain T., N, and Uy, values from
the experimental C/V curve, a least square technique could be used to {it the
theoretical expression for Jeip- It is important to note that large T, values
correspond to a large retardation zone and as a consequence on large Ug-Uy
difference. In the Earth’s ionosphere |Usa-Uanl does not exceed 0.5:0.6v. In
the casc of wide range measurements of the satellite potential Uy, for
cxample, from ~200v to +200v, the |U.-Usg| difference becomes less than
0.5% of the desired range. Therefore, if we measure accurately Up, this in
fact corresponds to a U, valuc with less than 0.5% accuracy in the whole
targeted (-200v+200v) dynamic region.
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The basic assumption of the measuring technique proposcd here is to
measure Up as a zero Jg, current level detector with fixed sensitivity
current-to-voltage converter. In the beginning of the operation cycle we use
a CLP only as a rough zero current detector. In Fig.2, we show the
schematic solution of the proposed instrument. CLP output is connected to
the input of a current-to-voltage converter (CVC) with appropriate
sensitivity. The output voltage of the CVC through a zero crossing voltage
comparer (COMP) provides an opto-isolated logical cutput signal. This
logical signal is used as an up/down switch of the counter (COUNT) whose
output through a digital-te-analogue converter forms the U, voltage sweep.
The wide dynamic range of U, is a function of the gain of the voltage
amplifier (AMP). The high output voltage of the AMP stage is connected to
the floating ground of the CVC to provide voltage offset in respect to the
plasma. The DC/DC converter and the opto-isolated telemetry buffer output
are used to protect onboard electronics. The operation principle of this
instrument is quite simple. If the input CLP current passes through zero
level at some Uy,=Up the output logical signal from the comparer reverses
the counting direction of the counter, gain of the output amplifier stage and
starts analog to digital conversion of the ADC block. Every passing through
zero level current repeats this process in the downward direction and in fact
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a current-to-voitage characteristic with a fine voltage sweep from the CLP
in a digital form to the TM output. This part of the C/V curve could be
successfuily processed for N;, N,, T, and U,y [5]. When the bottom level of
the counter is reached, logic control changes the gain and output voltage
step to search for next U,=Ug level. To minimize the error caused by the
difference between Usat and Ul some a shift in the zero level adjustment of
the comparer can be applied. Time resolution of the method is Hmited from
the clock (CLK) frequency and frequency band of the CVC. The input stage
of the current-to-voltage converter has to be overload protected. A
differential pair of high voltage transistors could be used. The dynamic
range of this instrument could be extended by the special HV protected
construction of the clectronic block. The main objectives of this schematic
solution could be realized in some part by a micro-controller unit {counter,
DAC, TM output). This will not reduce significantly the used measuring
algorithm. In some cases, low integration chips are betier protected from the
influence of high voltage static discharge, high level radiation etc. Either
way, the electronics and CLP could be small cnough to be spread at
different locations on the surface of large body spacecrafts, space stations
cic.

CONCLUSION

In the present paper a simple method of CLP application within a
wide range of satellite skin potential values is proposed. This measuring
technique could be an effective tool as a part of onboard control and safety
systems.
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OPOCT ATAIITHUBEH METO/I 3A U3II0QJI3BAHE HA
ITATMHAPHYHA COHJIA HA JEHTMIOP B IIUPOK
AUAITA3OH HA U3BMEHEHHE HA ITOTEHITUAJIA
HA CII'bTHHKA

J. Bauros u A.Bacunesa

Pesrome

Edexture OT 3apexaane Ha KOCMHUMECKUTE anaparn ca OWIM M3Y4aBaiH OWIE ¢
UDPBUTC COBTHHKOBH CKCTICPHMEHTH B Kocmoca, Toan npobnem ce paspens nia
BLHUICH ¥ BHTPEUICH (JlUeNexTpuden) eEKTH Ha 3apesknaHe. [IBpBHTC BHCOKO
4NOreiHY MOJNETH MOKA3BAT, 4Ye Te3d edeKTW Ouxa MOMMM fa Gblar oOT
MSKMIOYHTCNNIA  BOMCHOCT 32 NIPABMNHOTO (DYHKIEOHMpaite Ha GopuoBaTa
CHCKTPOHMKA HA CHBTHHKA. B Hikom cnyyau, moreuuiansT 1a IOBLPXHOCTTA Ha
CHPTHHKA MOXE Ja [OCITUTHE OTHOCUTCHNO BHCOKA HHBA, HanpuMep 3a
TeocTaiuonapud opbuti. Hambino OB TUD TIpOOICMN MOTAT A CE 1IOSBAT,
KOTaTo TOlNeMHM Tefd KaTo [HICTUPYEMH KOCMHYCCKH XopabH, KOCMMYECKH
CTaHIL#H IO BPCME Ha UPONG/IYPH 3a CKaysase U T.H. 1pabsa fia pyuknuonupar 3a
ABIBT IEPHO/ Ha 0pbuTa ¢ BUCOKZ NAfSKAEOCT Ha 0BOPYABAHCTO, TAPAHTHPAILD
OezonacHocTTa Ha eKMnaxa. B Tasu pabora Hue npcjiaraMe MHOIC npocT mpubop
33 H3MEPBAHC Ha NOTEHIHANA HA OBLPXHOCTTA HA CIBLTHUKA B LUHPOK AHAIA30H,
KaTo ce H3N0A382 COHAa Ha JIEHTMIOP, KATO ¢ H3ON3YRA CHCHUPHYCH PCKUM Ha
pabora.
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