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A certain period of time after the launching of the three satellites from the
automatic unified orbital station (AUOS) series (Cosmos-900, Intercosnios-17
and Infercosmos-18) the body is charged with large negative potential with
reference to the potential of the studied plasma (PP), when the solar batteri-
es are operating (illuminated object). This is a serious defect, particularly
for measurements of thermal and low-energy plasma (this does not refer to
optical and high-energy experiments), The large potentials observed, exceeding
— 15V on the Cosmos-900 and —I12V on the" Intercosmos series appear
6-7-days after the launch of Intercosmos-17 and two month after the launch
of Infercosmos-18. In certain cases this potential attains a_value of —25V.
It is assumed that this is related to an error of systematic or accidental
origin.

A precise analysis of the commands transmitted to the spacecraft, of the
operation of the complex scientific equipment (SE) and of the service-systems
is required. Two major sources of large negative body potential generation
are assumed at present for the AUQOS series [1]:

1. One of the possible causes is the wrong coupling of the negative
output terminal {of the board power supply) —28V with the spacecraft body
through a leakage resistance of the order of tens or hundreds of kQ. The pa-
nels of the illuminated batteries represent a system of voltage sources with
surfaces under different potentials. In order to evaluate the phenomenon, we
may consider this system as two electrodes with a voltage between them of
the order of 30V (i. e. double probe immersed into the studied plasma). Due
to the high electron mobility, from their thermal velocity vy end the ion

collection af the expense of electrode motion with the satellite velocity, only
it vy>vr, a nonlinear characteristic is obtained. The equalization of the elec-
tron and ion currents of the double probe is possible only when the positive
electrode is of 2+5V more positive than PP and the negative receives po-
tential around —25V.
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i the Sateliite is well insulated, from the feeding output terminal it re-
ceives a floating potential {—4++1)V with reference to the PP from secon-
dary -effects (rectified HF antenna voltage, photoemissions, charged particle
fluxes, etc.) regardless of the solar batteries. But at reduced insulation resist-
ance (Ry,.) with respect to — 98V in a supply output terminal, the magni-
tude of the fon currents is limited and the satellife conductive surface is
charged with negative potential Us=U_+ Ry . I, which at low values of R
and reduced N, may attain —25V with respect to the PP.

2. The possibility of leakage for the negative output terminal of the
supply is larger than for the positive, as far as the output termminal —28V is
used as common and is permanently passed to all the instruments. The com-
mands are transmitted fo the positive cutput terminal +28YV from where the
nonfunctioning instruments are switched off as well.

Series of conclusions may be drawn from the above-mentioned possible
sources as to the further design of large satellites both for theconstructors
of the spacecraft and for the design of the different scientific experiments,

Recommendations to spacecraff constructors in order to avoid the

effect of body charge: _ ; : .

a) To increase the effective spacecraft surface (2.5m? only for AUQOS);
conductor and sofar battery panel shielding; coating of nonconductive sur-
face (thermal proteetive coat) with metal set of Smm step; !

b) Not to switch on all the instruments to {he negative output terminal
—28V and to use it for all switchings and commands. To utilize as common
the positive output terminal + 28V

¢} At all test stages for ihe spacecraft (including complex ones with seli-
acting feeding by illuminated batteries) to control the insulation resistance of
the chemical and sofar batteries circuits with reference to the satetlite body
with additional instrument at voltage of 100V. _ _

B. As the Intercosmos-19 was rcady for launching, the constructors of
the instruments from the complex scientific equipment had to introduce some
changes in the electric cirquits:

2) A single command of switching on and off of a resistance 1 was in-
troduced in the satcllite-controlling block (SCB-4). Under such coupling of
the spacecraft body and the supply output terminal +28V, regardless of leak-
age from the negative output terminal —28YV, the body potential cannot
exceed --12V (excluding the case of short circuit at —28V at the satellite
body). Under resistance R:-=1%kQ and short circuit of --28V, an additional
consumption of 0.9 W appears. Besides; the possible error at the telemetry
input is 0.059/, which is probably much less than the grror generated by the
satellite variations;

b} To execute thorough controt over the insulation resistance at the
input of the secondary sources of feeding for each instrument from the com-
plex SE. At a voltage of 100V the resistance of output terminals +28 V and
—28V to the spacecraft body should be larger than 20 MQ at normal humi-
dity situation; _ _ o ' _

¢) This negative potential would result in significant losses of scientific
information” cbtained by the probe experiments, therefore constructors of such
instruments have to consider the possibility of expanding the operation range
of the input voltages and the sweep size {o the sensors (expansion of the
functional capacity).- T

~ C. To resclve the problem on the body potential for Intercosmos:19
(AUOS type) in the particular case of combined probe instrumeni experiment,
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The Intercosmos-19 satellite was launched on February 27, 1979 with the
following orbital parameters: apogee -— 996 km, perigee — 502 km, rotation pe-
riod —99.8 min, orbital inclination—74° For the first time two Bulgarian
space instruments (EMO-1 and P-4) were flown and operated on board such
a large spacecraft. But while the body potential did not affect the optic
electrophotometer EMO-1, the combined probe instrument P-4 (designed to
measure the parameters of the ion and electron plasma components) had to
be largely modified in comparison to the other P-series instruments flown on
small satellites (Intercosmos-8, 12 and 14) [2, 3].

a) Modification of the cyclogram of the spheric jon traps function PL-39/1
and PL-39/2 (sensors of the P-4 instrument) designed to measure the ion
plasma component (M, 7;, NV)) in order to reduce disturbances generated by
the body potential variations due to the sawtooth voltages with large ampli-
tude at their outer grids. This affects the precision of measurement of many
instruments from the ionospheric complex SE on board the spacecraft: the
experiment with the high-frequency probe KM3 (Czechoslovakia): the low-
[requency analyser ANCH-2ME (USSR) for measurements of the electric com-
ponent; the experiment with the Langmuir cylindric probe P-4 (Bulgaria) and
to a certain extent —the functioning of all antenna instruments (the thickness
of the bulk charge layer varies).

The situation of the sersors to the P-4 instrutient — ioh {raps PL-39/1,2
and the cylindric Langmuir probe CLP-5 on the body of the oriented satel-
lite Intercosmos-19 is given in Fig. 1. The initial. version -of the P-4 instru-
ment was designed for successive feeding of sawtooth voltages (points 2 and §
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of the time diagrams in Fig. 2) from the sweep generator, synchronized with
the board pulses with quartz stabilized frequency board-time 1 {point / from
Fig. 2).

Regardless of the relatively large AUOS satellite size, the net conductive
surface is small (2.5m?) and slightly differs from the surface of the small
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Fig, 2

satellites from the Intercosmos series. The system trap-satellife represents a
double probe which collects electrons from all directions when a positive po-
tential is fed fo the IT while the satellite collects electrons only from the
contrary flux. For slight potfential variations of the satellite it is necessary [4]

Ss mi _ C’Uo a3
S?>{I M;;:—Q’ where Cl—f[ﬁ"(—R—) ]
The minimum IT surface (without considering the bulk charge layer)
Sir> 113em? at Ry=3cm (Fig. 1).

The projection of the satellite conductive surface over a plane perpendi-
cular to the velocity vector is S,=25x104/4=6250cm? (under assumption
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Table | 5

Potential of 1 T, V G +5 +15
Coeffcient « 1.47 7.0 19.0
Required surface ratio 236 1122 3045

that the conductive surface is equally distributed). Hence ihe ratio between
surfaces S,/S);—56. But most simple calcutations with the given formulas for
field height H=500km (perigee) at M;—-14, T,=2500K and D—=0.6cm show
that this ratio is much smaller than the required even at zero potential of IT
(Table 1),

Thetefore, for H=500km we may neglect the applied to the IT vol-
tage effect over the satellite potential at ralio of the aciive surfaces more
than 3,000. As f{far as this requirement was hardly satisfied, two modes
of reducing this effect were suggested.

1. To use the Bulgarian traps supplied with a fourth outer shielding grid
(flown on two rocket experimentsalready — Vertical —7 and Centaur-ll}, But
constructors did not permit a change of sensor with larger size {Ry,—3.5cm)
and weight (85g) due to the fact that the satellite had passed all test stages
and was prepared for launching.

2. New cyclogram of the sensors IT operation (peints 5 and 6 irom Fig, 2)
in argeement with the board-time 2 (point 4). But the cyclogram thus suggest-
ed reduced two times the instrument resolution (measurements by 16s). Be-
sides, one of the IT would be in shadow and it will be difficult to determine
which information has to be processed. [n addition, this satellite was not pro-
vided with mass-spectrometer, thus the defermination of the ien composition
has to be performed with the IT measurements and this required greater fre-
quency.

In the final version of the cyclogram for the P-4 instrument operation,
a sweep veltage is supplied to the PL-39/1 sensor only at an angle of 45°
of V (Fig. 1). This results from the fact that the instrument is located on the
front plane of the spacccraft and the possibility to flow in an undisturbed
plasma is greater, referring to disturbances provided by the solar batteries,
antennas, sensor booms for the other experiments, etc. The sensor PL-39/2
is under floating potential in order to define the time interval for which a
sawtooth voltage is not fed to the PL-39/1 {this is replaced by a direct vol-
tage of —5V). This has to overlap with the bottom level of the meander
board-time 2 (point 7 from Fig. 2).

As the board meander board-time 1 is relatively accurate (£,)=2.002s,
t,=1.998 8} no problems occurred from the back front of board-time 1 in the
synchronization of the sweep generator to IT.

b) Introduction of additional block for the measurement of the floating
potential {/p on the insulated outer grid of IT. This is permanently controlled
on PL-39/2 and on PL-39/1 only in M-4 mode, when a sweep voltage is fed
there too. Then the Upp is measured in seguence on the two IT with a pe-
riod of 45 with respect to the satellite body (and with reverse polarity on
IT). It should be mentioned that we do not measurz the potential plasma-
spacecraft but sensor-spacecraft and the floating potential of an insulated
sensor is by 0.7=08V more negative compared with the plasma.

The emitting repeaters with high input resistance (CA with FET input)
measure the Upp within a range of (+15+—1)V and from the ouiputs the
voltage is then translated to the telemetry scale range (0 4-6)V and is sup-
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plied through’a single channel (328-PP). The graph dependence and the for-
mulaes for the Ugp determination are given in Fig. 3.

¢} Range variation of the sweep generator for CLP-5 in dependence
011 Uf:p.
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Fig. 4

The P-4 instrument measures the parameters of the electron plasma com-
ponent (7., N,) with the help of a cylindric Langmuir probe, mounted perpen-
dicular to V (Fig. 1). The block diagram of the additionally designed system
to this circuit is given in PFig. 4.

By the scheme of comparison which starts to operate at Up=+T7V
(measured by the MP block) the range of sawtooth voltage variations is switch-
ed on CLP-5 from {(—1++7)V to (+6++14)V. This is realized in the
high-frequency generator of the transformer (GT) of the block TLP, which is
controlled by the basic generator SWG to supply two equal linearly increas-
ing voltages (the acceptable difference between them being 01V) to the
electrodes of CLP-5, as one of them is insulated from the spacecraft (bet-
ween the collector of CLP-5 and the amplifier input DA).
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In conclusion, we may say that problems related to large satellites are
bigger than the problems attached to small spacecraft. The presence of insu-
lated surfaces increases the possibility of variations in the spacecraft poien-
tial of the order of teus of voits (see e. g. {5]), which even under norinal
conditions {normal potential difference “plasma-sateilite*} makes difficult the
operation of {he probe instruments mainly and also of all low-cnargy measur-
ers (electrostatic and electromagnetic scientific equipment).

The problem of the optimum potential for this type of measurements is
much more complicated and this paper should be considered as a first attempt
only to introduce recent Bulgarian contribution to this new and important
scientific field.
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[IpoGaembl, cBA3aHELIE C MOTCHUMANOM KOPIyca CIYTHHKOB
GOMBIINY PA3MEPOB, M UACTHYHOE WX PEUICHME IPU IIPOBEAEHHH
Goarapckoro 30HAOBOTO 3SKcuepumenta Ha ,HMK-19¢

C. K. Yanxwros, T. H, Haanosa, I, JI. [dasesut

Pezwwme)

B nanno#i pabore ofcymEaeTcs npodaeMa NOSBACHHS OTHOCHTENLHO GOABINOIO
OTPHUATEABHOTC NOTEHUHMAnRA Ha Kophayce cnyTHakoB cepud ,AYOC* Bo spems
UX HAXOXIEHUS HA OCBCILCHHHX 4acTAX opduthi. [Ipomeseno raybdokoe mccae-
JOBAHHC BO3MOMNHBIX [PUUHH €rc BOSHUKHOBEHHS ¥ OGCYKICHD METOMB YMEHbL-
menksi erc BaAvsdudA. [JoapodHo paccmorpes cayyai ,HMK-19¢ —(AYOC-3-HoHo-
3oHA), 4 TakKe usMeHeHHS, HeoOXOJUMEIE Jfs DNpPCOTBPALICHMS  BAHAHU
fioreHUgana Koprnyca cnytHuka. OnHchBaloTCA OCCOEHHOCTH GOJITAPCKOrG XKOM-
SuHUpOBANIIOre 3oHAOBore npibopa 114, BRIBejEHHOTO na OPBHTY CAYTHHKOM
+HMK-19%, B Byx acmexrax: C OJHO!H CTOPOHH, YMEHBIIEHHE B3AUMHOTO BAHUSIHHS
3KCIEPHMEHTOR € TOYKH 3DEHUSI Hapyluenus PaBHOBECHOrO MOTEHIHANa Kopnycd,
a,¢ APYrol — yeeauuenHe ero (JyHKLMOHAABHEIX BOSMONKHOCTEH M obecneyeHHe
erc paGoTel IPH BEICOKOM TIOTERUHMaNe KoOprlyca.

4 KocMmirecKH HaCcnenBalHa, KH. & 49





