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Abstract. Our research program on spacecraft charging
based on using of serial satellites as platforms for the
experiments. Additional equipment for spacecraft charging
experiments was mounted on the serial communication and
navigation satellites GORIZONT, GLONASS, GALS and
EXPRESS designed by Scientific Production Association
of Applied Mechanics (NPO PM). Electrostatic field
strength outside the spacecraft body is the major parameter
that we measured in those experiments. Value of electric
field strength between 20-30 kV/m was indicated during
magnetosphere substorm and Earth eclipse. Disturbances
of spacecraft charging caused by plasma thruster has been
detected for GALS-12, EXPRESS-11 and GORIZONT-30
spacecraft. The value of electric field strength in flight
experiments is correlated with magnetosphere activity
based on Ap, Cp- indexes. In this paper we present a short
review of the results of Russian high altitude spacecraft
charging investigation.

1. Introduction

Our spacecraft electric charging explorations are based
on the direct electric fields strength measurements on serial
communication and navigation spacecraft. This is our
major difference from traditional instruments such as
particle spectrum analysis [1] and electric potential probe
[2] used by other researchers. Traditional methods have
problems caused by self-consistent: charged particle fluxes
determine shape of spacecraft electric potential, but on the
other hand spacecraft electric potential disturbs original
charged particle fluxes. Direct electric fields measurements
significantly amplify traditional spacecraft electric
charging investigations and instrument verification.

Fig. 1: Vibration type electric field strength probe.

Our general instrument is vibration-type DEP-probe
(Fig. 1). The probe has a cylinder of 26 mm in diameter
and 70 mm long, the weight of one probe is 60 to 70 g. Its
measured field range is 0-200 kV/m.

In flight active experiment using I-60 Xenon Plasma
Source (XPS) (Ip=1.5 A, Up=150 V, m=1.8 mg/s) was
performed at geostationary spacecraft GORIZONT-30
positioned at 90° E. Nine electric field probes were
mounted at various points of a spacecraft. The
investigation of spacecraft charging reaction caused by
plasma source was made on July 23-25, 1990.

Three DEP-probes and two DNT-probes as Faradey
cylinder were used on GLONASS-56 (launch 1992) and
GLONASS-60 (launch 1993) satellites with circular
(20000 km) orbit. The variations of electric field strength
during 12-hour and 6-hour periods and amplitude in range
from about 1.5 to 4 kV/m were observed.

The next step of Russian spacecraft charging program
was a project "Patrol system" based on instrument DIERA.
The project was started on spacecraft EXPRESS-11
(launch 1994, 14° W) and GALS-12 (launch 1995, 36° E).
EXPRESS-11 and GALS-12 spacecraft implied Xenon
plasma thrusters. The DIERA instrument controlled three
electric field probes and several electromagnetic noise
detectors.

Diurnal variation of electric field strength on spacecraft
surfaces has been observed. Total negative charging of the
spacecraft during the Earth eclipse was indicated
Disturbances caused by plasma thrusters similar to that of
GORIZONT-30 have been detected.

2. Experiments

2.1. Active experiment

In flight experiment using ADIPE-662 research system
was aimed at seeking for efficient means for neutralization
of the electrostatic charge accumulated on S/C surface and
body. BN-1 unit of ADIPE-662 by Novosibirsk State
University gathers, stores, processes, and transmits data
associated with the charging conditions on S/C surfaces.
Nine compact electric field probes of a vibration type were
installed on the S/C surfaces. BN-1 unit is controlled by
module of a central processor which function is to sort out
commands from the permanent memory, to carry out data
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exchange with outer devices and to read data from
detectors. It stores 32 hours of field data into the memory
of BN-1 unit. BN-2 unit of ADIPE-662 system by Moscow
Aviation Institute is a Xenon Plasma Source (XPS) and its
aim task is to generate plasma that in its turn decreases the
differential S/C charge. XPS working fluid is Xenon of
high purity. The operational principle of the PS is based on
the radial acceleration of electrons analog a closed loop.
The working fluid supply is 0,2 kg, operation consumption
is 1,8 mg/sec, and value of acceleration potential 150 volt,

Fig. 2: A general plan of GORIZONT spacecraft, BN-1,
BN-2 and several DEP-probe disposition.

with discharge current 1 A, mass of XPS is 9 kg, power
consumption is greater than 290 watt. The active
experiment was carried out on June 1990. On the 24 and
25 of a June 1990, the XPS was turn on and it was
functioning continuously during about 20 minutes.
Locations of BN-1, BN-2 and several DEP-probe on
GORIZONT S/C are shown on Figure 2. The satellites are
stabilised such way that X-axis is always directed outward
the centre of Earth, Y-axis directed toward spacecraft
velocity (W-E) and Z-axis directed toward North.

2.2 Technological experiment

Russian orbital group GLONASS is a 3-orbit
navigation system with 8 S/C on every orbit. Its circular
(20000 km) orbit had a 65° inclination and 12-hour period
of rotation. DIERA-2 system was installed on two satellites
GLONASS (launch 1992) and GLONASS-60 (launch

1993). Three vibration type DEP-probes, two Faradey
cylinder type DNT-probes and sensor of differential
potential between S/C body and solar array DRP-probe
were used for the spacecraft charging investigation on both
satellites.

Fig. 3: GLONASS satellite

2.3. Patrol System

Communication satellites EXPRESS-11 and GALS-12
built by NPO PM corporation were launched in October
1994 (positioned at 14° W) and November 1995
(positioned at 36° E) accordingly. We currently use
DIERA instrument that consists of two packages: KDM
DIERA for investigation of radiation fluxes by Institute of
Nuclear Physics of Moscow State University (INP MSU)
and MIPE DIERA for investigation of spacecraft charging
by Novosibirsk State University (NSU). Both of the
satellites EXPRESS-1 and GALS-12 were produced using
similar platform. Only payload and antenna systems
differed. EXPRESS and GALS satellites are stabilised as
GORIZONT. A plan of EXPRESS satellite and DEP-
probes disposition is shown on Figure 5. DEP 1 probe
disposed on satellite quartz radiator on +Y-axis side. DEP
2 probe disposed on satellite quartz radiator on -Y-axis
side. DEP 3 probe disposed on satellite antennas unit on Z-
axis side. MIPE DIERA unit for investigation of spacecraft
charging by NSU is shown on Figure 4.

Fig. 4: MIPE DIERA Patrol System Prototype
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Fig. 5: A general plan of EXPRESS satellite and DEP-
probes disposition

3. In Flight Results and Data Analysis

3.1. GORIZONT-30

For this experiment we selected days with quiet
geomagnetic condition. Contents of action with ADIPE-
662 system are shown in Table 1.

Table 1
Period Action Remarks

June 21, 1990 Gorizont-30
launch

Stay point is 90°
East

June 23, 1990 Installation of the
ADIPE-662

ADIPE-662
system “ON’

June 24, 1990
10.24-10:44 LT

Installation of the
Plasma Source

Functions time
is 20 minutes

June 25, 1990
10:15-10:35. LT

Installation of the
Plasma Source

Functions time
is 20 minutes

Figure 9 presents the electric field data from four DEP-
probes mounted on GORIZONT-30 satellite. The data
were obtained during the period of actions from Table 1.
We selected probes in typical points of S/C body (see
Fig.2). DEP-4 probe disposed on antenna system on –X-
axis. DEP-7 probe disposed on BN-1 unit on –Y-axis.
DEP-6 and DEP-8 probes disposed on satellite quartz
radiator on -Z-axis and +Z-axis side accordingly. DEP-6
probe located side by side BN-2 unit. In Figure 9 Y-axis
marked as value of measuring electric field strength and X-
axis is a Local Time for 3 days.

The first result for this experiment is presence of
diurnal variation of the electric field strength. Data analysis
for DEP and DEP-4-probes shows that data charts obtained
on June 23-24 and June 24-25 are practically identical at
the same local time. Even thin structure of the data
waveform is the same. At sunlight position between 12:00
and 00:00 LT for the DEP-probe the field strength is
negative, at dark position between 00:00 and 12:00 LT the
field is positive. We can see the same picture for DEP-4
probe but in this case sunlight position located between
18:00 and 06:00 LT and dark position located between
06:00 and 18:00 LT.

Most observed phenomena could be explained by using
of very simple electrostatic model. Dark side surface, as
usual covered by dielectric, accept negative charge. It
causes charge separation on metal spacecraft body.
Positive charge will be inducted on the dark side of the
body, negative charge on the sunlight side. In this case
electrically connected with body DEP-probes will show
negative fields values on sunlight side, and positive on
dark side. We will use the approach that potential ϕ1 of
sunlight side of dielectric surface is approximate zero
value. This approach looks reasonable for us for at least
observed electric fields with typical value of several kV/m.
We will use ϕ2 as a definition of dark side dielectric
potential, and ϕ0 for conductive metal body potential. Let
us DEP-probes measure the electric field E1 on the sunlight
side dielectric surface and E2 on the dark side of S/C. In
this case the electric field probes measure difference of
potential between dielectric surface and spacecraft body
because probes are electrically connected with spacecraft
body. Negative dielectric surface charge will generate
positive electric field E2. This value would be directly
proportional to dielectric surface charge and inversely
proportional to distance between probe and dielectric with
it's own reduction coefficient k. According to this,
E2 = k⋅(ϕ2-ϕ0)/h, where h is effective distance between
probes and dielectric. Calculation result is:

21 EE ≅ , hE22 2−≅ϕ , hE 20 −≅ϕ .

In this case we can estimate ϕ2, ϕ0 values based on
measured probe values: 5,221 ≅≅ EE kV/m, h =10 cm.

From above we can get 5002 −=ϕ <� 2500 −=ϕ <�

Second general result is a typical disturbance on daily
waveform of electric field strength during plasma source
was “ON”. On Figure 6 we can see two splashes located
between 10-11 LT for June 24, 1990 and June 25, 1990.
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Fig. 6: The Electric field data from four DEP-probes
mounted on GORIZONT-30 satellite obtained during the
active experiment on 24-25 June 1990

DEP-4, DEP, DEP-8 probes show positive electric field
splashes with values about 3-5 kV/m that corresponded for
S/C potential changes of 300-500 V. It may be result of
induced charge influence. Positive particles from Xenon
plasma precipitated at dielectric surface beside BN-2 unit
Negative charge was induced on S/C metal body for this
side and positive charge was induced on other parts of S/C.
Positive reaction of the all probes with the exception DEP-
6 confirms this theory. Negative reaction DEP-6 probe is
the result of positive charge on dielectric beside its
position. We do not say that neutralization of S/C charge
from Xenon plasma had been founded. The influence of
plasma to S/C charge has been indicated only.

3.2. GLONASS-56 and GLONASS-60

Both plus and minus power line are isolated from S/C
body on a part of Russian spacecrafts. In this experiment
we connected one of the power lines with spacecraft body
and observed differential potential change. Commutation
experiments on GLONASS-56 and GLONASS-60 S/C
were made on 30 March 1993 and 29 September 1994
accordingly. Figures 7 and 8 present the data for DRP and
DEP-probes from GLONASS-56 and GLONASS-60
satellites. Y-axis is the satellite differential potential or the
electric field strength. Measured parameters are volts for
the DRP-probe and kV/m for DEP-probes. X-axis is a
Moscow Time for 2 days. The last point of X-axis
corresponds to time when data were downlinked from

spacecraft (presented in right-down corner of Figures). The
first point of X-axis corresponds to 2 days before.
Spacecraft charging change were observed for both
satellites during experiments.

Fig.7: The differential potential data from DRP-probe on
GLONASS-56 satellite during the commutation
experiment on 29-31 March 1993

We can use the isolation parts of S/C as double
Langmuir probe. In this case differential potential
corresponds to the plasma parameters and physical
properties of spacecraft dielectric surfaces.

A typical value of differential potential between solar
array and S/C body before commutation is 40V for
GLONASS-56 and 180V for GLONASS-60. Polarity of
differential potential is positive in both cases. Different
leakage resistors between solar array and S/C body for
these satellites may explain this difference. Commutation
was made with a resistor of 200 kΩ. Results of the
measurements show that a value of the leakage resistor is
more than this value. If we assume for leakage resistor a
value of 1000 kΩ then 30-150 volt change during the
commutation corresponds to a current I=0,03-0,15 mA
through the leakage resistor. It corresponds to a current
density j=1-5 nA/sm2 for a total dielectric surface of 3 m2.

Fig.8: The differential potential and electric field data from
DRP and DEP-probes on GLONASS-60 satellite during
the commutation experiment on 28-30 September 1994

���

�

��

��

��

��

��

026&2:7,0(

�� � �� � ��

9 '53

���

�

��

���

���

���

���

����

����

����

���

���

���

N9�P

����

���

���

���

���

���

026&2:7,0(

�� � �� � ��

'53

'(3��

'(3��N9�P

9ROW

����

����

���

���

���

���

����

����

���

���

���

����

����

���

���

���

� � �� �� � � /7

����

����

���

���

���

'(3��

'(3

'(3��

'(3��N9�P

N9�P

N9�P

N9�P

6th Spacecraft Charging Technology Conference, AFRL-VS-TR-20001578, 1 September 2000

24



The variations of the electric field strength with 12-
hour and 6-hour periods and amplitude in a range from
about 0.5 to 5 kV/m were observed for both satellites. It
may be corresponded to 50-500 V of differential potential
change of dielectric surfaces along orbit. The fact is that
after commutation the electric field strength by DEP-1,
DEP-2 probes (Fig.8) changed to plus 0,5 kV/m for DEP-1
probe and 3 kV/m for DEP-2 probe. It is corresponded to
situation that differential potential of solar array changed
from +180V to +20V because we stay that electric field
had value "+" if charge on S/C body positive. In this case
positive trend of electric field strength during commutation
corresponded to negative change of solar array potential.

3.3. EXPRESS-11 and GALS-12

We considerate here some results of spacecraft
charging in flight experiments with DIERA Patrol System
at EXPRESS-1 (1994-067A) and GALS-12 (1995-63A)
satellites. Figures 9-11 present the typical data for DEP-
probes. Y-axis marked as value of measuring parameters.
X-axis is a local time. Figure 9 presents the electric field
data from three DEP-probes on EXPRESS-11 satellite
during the geomagnetic substorm on 26-29 January 1997,
when Ap-index was 18-24. Results for a quite days 3-6
February 1997 with Ap=6-7 are shown on Figure 10.
Disturbances caused by plasma trusters have been detected
during 9-11h LT for both periods. Disturbances during 0-
6h LT have been observed for geomagnetic active days.

Fig. 9: The electric field data from three DEP-probes on
EXPRESS-11 satellite during the geomagnetic substorm
on 26-28 January 1997

Fig. 10: The electric field data from three DEP-probes on
EXPRESS-11 satellite during the quite period on 3-5
February 26-28

Fig. 11: The electric field data from three DEP-probes on
EXPRESS-11 satellite during the Earth eclipse on 13-15
March 1997
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Total negative charging of the spacecraft during the
Earth eclipse has been detected nearly 0h LT due to
environmental plasma electrons in the absence of
photoemission from the surface on EXPRESS-11 satellite
(Fig. 11). The value of electric field strength indicated 20-
25 kV/m that may be treated as Spacecraft charging up to
potential of 8-15 kV.

We introduce an effective index ED (Electrisation
Disturbances) for describing spacecraft charging. The
index ED was calculated for flight data from both satellites
on the base of the electric field strength value, frequency of
polarity change, high level period. We determined this
parameter as a value in range from 1 to 10.

Mutual correlation for ED-index and Cp-index, ED-
index and Ap-index were calculated. We have got Cp-
index and Ap-index from Internet site:
http://www.gfz-potsdam.de/pb2/pg3/niemegk/kp_index.
Correlation interval was ranged from -5 to +5 days. Days
when data are absent did not take into consideration. The
correlation coefficient reaches maximum at the interval
equal zero. The noticeable maximum reflects the presence
of correlation between DE and Ap indexes. Correlation
between DE and Cp indexes shows even bigger value (by
0.1-0.2 points). Correlation results presented on the two
next diagrams (Fig. 12), where Y-axis is value
corresponded to correlation coefficient for EXPRESS-11
on up panel and for GALS-12 on down panel. X-axis is a
time period from -5 to +5 around base date of correlation.

Similar results were shown for Russian GORIZONT
spacecrafts [3] where correlation between Kp-index and
value of electric field change was indicated.
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Fig.12: Correlation results of Ap and ED indexes for
EXPRESS-11 on up panel and for GALS-12 on down
panel

4. Summary

In this paper we presented a part of the results of
Russian high altitude spacecraft charging investigations.

Direct electric fields measurements with a compact
vibration-type DEP-probes significantly complete
traditional spacecraft electric charging investigations.

High potential charging during geomagnetic substorms
and Earth eclipse was observed.

Correlation between ED-index introduced for
describing spacecraft charging and Ap-geomagnetic index
has been founded.

Spacecraft charging disturbances caused by plasma
thruster and plasma source have been detected.

The data from MIPE DIERA Patrol System for the
Russian Space Environment Monitoring Program (SEMP)
covered more than 60% of current time. Instruments
worked well and showed that the MIPE DIERA is suitable
system for space monitoring.

5. Intention

NPO PM corporation plans to launch EXPRESS-A N1
in 1999. New version of DIERA instrument would be
installed on this satellite. The instrument includes unit
MIPE DIERA and new device DIERA-M which control
two inversion-magnetron probes for measuring of
spacecraft's atmosphere pressure. Discharge Detector
Experiment (DDE) by ESA will start at EXPRESS-A N2
satellite with launch 1999. MIPE DIERA and DIERA-M
experiments will be also used on this satellite.

References

1. Buehler, P., A. Zehnder, L. Desorgher, E. Daly and L.
Adams, Simple instruments for continuous measurement of
trapped particles, in Proceedings from Symposium on
Environment Modelling for Space-Based Applications, ESA
SP-392, 1996.

2. Gentile, L. C., W. J. Burke, C. Y. Huang, J. S. Machuzak, D.
A. Hardy, D. G. Olson, B. E. Gilchrist, J. P. Lebreton and C.
Bonifazi, Negative shuttle charging during TSS 1R, Geophys.
Res. Lett., 25, 433-436, 1998.

3. Vakulin, Yu. I., O. S. Grafodatsky, V. I. Guseljnikov et al.,
The main geophysical objective laws of electrisation of
geostionary communication satellites “Gorizont” (in
Russian), Kosm. Issled., 27, 102-127, 1989.

6th Spacecraft Charging Technology Conference, AFRL-VS-TR-20001578, 1 September 2000

26


	Navigation
	Table of Contents
	Preface
	Acknowledgements
	Previous Conferences
	List of Attendees
	Plasma Effects on Spacecraft Then and Now
	The Impacts of the Space Environment on Space Systems
	Ultraviolet-imagery and Spectra of the Fluxus - 1 and 2 Artificial Plasma Jets
	The Fluxus-1 and -2 Active Experiments
	In Flight Results of Spacecraft Charging Investigation for Russian High Altitude Satellites
	Spacecraft Potential Control Using Indium Ion Sources
	Simulation of an Auroral Charging Anomaly on the DMSP Satellite
	ESD Triggered Solar Array Failure Mechanism
	In-flight and Laboratory Evidences of ESD Triggered Anomalies and Secondary Arcs
	A Critical Overview on Spacecraft Charging Control Methods
	Surface Charging in the Auroral Zone on the DMSP Spacecraft in LEO
	Ion Sheath Structure and Material Degradation due to Ion Bombardment
	Evolution of Secondary Electron Emission Characteristics of Spacecraft Surfaces
	Meteostat Anomalies and Time Varying Plasma Conditions
	Utah State University Ground-based Test Facility for the Study of Electronic Properties of Spacecraft Materials
	Secondary and Backscatter Electron Emission Measurement
	Vehicle Charging Results from the EXCEDE III Experiment
	A Correction to Whipple's Law for Ion-Trap Current
	Lavochkin Association
	TDRS MA Antenna ESD Qualification Program
	Research of Electrostatic Discharge (ESD) Pulse Injection System
	Computer Experiments on Radio Blackout of a Reentry Vehicle
	Anodized Aluminum as Used for Exterior Spacecraft Dielectrics
	Forty Years of Deep Dielectric Charging
	Scattering of Electrons in Grazing Incidence Mirror Telescopes
	An Engineering Tool for the Prediction of Internal Dielectric Charging
	NASA's Technical Handbook for Avoiding On-Orbit ESD Anomalies Due to Internal Charging Effects
	Analysis of Conduction Current in E-beam Irradiated PMMA Based on Simultaneous Measurement
	Analysis of Active Space Experiments Using Artifical Relavistic Electron Beams
	Research of a Large Dielectric Plate Antenna Charging in Low-Altitude Polar Orbit Environment
	Electrodynamic Tethers as Propulsion Systems
	Current Collection by Rapidly Moving Chargied Bodies in the Ionosphere
	New Results on Bare-Tether Current
	Probe Current in a Magnetized Collisional Plasma Revisited
	High-Voltage Satellite Tethers for Active Experiments in Space
	Effect of the Magnetic Field on Current Balance between two Conductors in Space
	Electromagnetic Wave Scattering Experiments in Hall Thruster Plasma Plumes
	RF Charging on Topside Sounder Spacecraft
	Pulse Propagation along Electrodynamic Tethers in the Ionosphere
	Charge Production due to Leonid Meteor Shower Impact on Spacecraft
	Computation of Current to a Moving Bare Tether
	Theoretical Studying and Numerical Simulation of an Electrical Discharge in a Vaccum
	Materials of Low Secondary Electron Emission to Prevent Multipactor Effect in High-Power RF Devices in Space
	Spacecraft Charging Interactive Handbook
	3D Computer Simulation of Spacecraft Charging Effects 
	Comparison of Spacecraft Charging Environments at the Earth Jupiter and Saturn
	Environmental On-Orbit Anomaly Correlation Efforts at Hughes
	The Use of Environmental Data to Predict and Analyse Spacecraft Anomalies
	SCATHA Retrospective Satellite Frame Charging and Discharging in the Near-Geosynchronous Environment
	A Summary of the Engineering Results from the Aerospace Corporation Experiments on the SCATHA Spacecraft
	Toward a More Robust Spacecraft Charging Alogrithm
	Numerical Simulation of High Voltage Spacecraft Charging at High Altitudes
	Debye Shielding in a Spatially Non-Uniform Plasma
	Application of Secondary Electron Energy- and Angular-Distributions to Spacecraft Charging
	The Effects of Spacecraft - Plasma Interaction on Plasma and Electrostatic Probe Measurements
	Measuring Spacecraft Potential with and Electron Spectrometer
	Monitoring of the Spacecraft Potential in the Magnetosphere with a Double Probe Instrument
	New Spacecraft Charging Solar Array Failure Mechanism
	Spacecraft Charging Analysis of the Hughes 702 Satellite
	A Test Program to Evaluate the Immunity of HS702 Solar Array to Sustained Discharges
	Charging Mitigation Experiments on Sounding Rockets
	Effect of Conductive Surface Coating on GEO Spacecraft Charging
	High Voltage Frame and Differential Charging Observed on a Geosynchronous Spacecraft
	Computation of an ESD induced E field Environment 
	The Effects of Neutral Gas Release on Vehicle Charging
	Space Applications of Spindt Cathode Field Emission Arrays



