Chapter 5
Control and Monitoring Techniques

5.1 Active Spacecraft Charge Control

Charge control devices are a means of controlling spacecraft potential. Various
active charged-particle emitters have been and are being developed and show
promise of controlling spacecraft potential in the space plasma environment. At
this time, only neutral plasma devices (both ion and electron emitters) have
demonstrated the ability to control spacecraft potential in geomagnetic
substorms. These devices are sometimes recommended for charge control
purposes [1,2]. Plasma contactors are currently the most widely used charge
control devices.

Emitted particles constitute an additional term in the current balance of a
spacecraft. Because the ambient current densities at geosynchronous altitude
are quite small, emitting small currents from a spacecraft can have a strong
effect on its potential, as has been demonstrated on ATS-5, ATS-6, SCATHA,
and other spacecraft. However, devices that emit particles of only one electric
charge ( e.g., electrons) are not suitable for active potential control applications
unless all spacecraft surfaces are conducting. Activation of such a device will
result in a rapid change of spacecraft potential. Differential charging of any
insulating surfaces will occur, however, and cause potential barrier formation
near the emitter. Emission of low-energy particles can then be suppressed.
Higher energy particles can escape, but their emission could result in the
buildup of large differential potentials. Conversely, devices that emit neutral
plasmas or neutralized beams, e.g., hollow cathode plasma sources or ion
engines, can maintain spacecraft potentials near plasma ground and suppress
differential charging. These are, therefore, a possible type of charge control
devices at the cost of reliability and complexity.
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5.2 Environmental and Event Monitors

The occurrence of environmentally induced discharge effects in spacecraft
systems is usually difficult to verify. Often the only thing known about an
anomaly is that it occurred at some spacecraft time. Since most spacecraft are
not well instrumented for environmental effects, the state of the environment at
the time of the anomaly typically has to be inferred from ground observatory
data. These environmental data are not necessarily representative of the
environment at the spacecraft location; in fact, the correlation is generally poor.

This problem could be addressed if spacecraft carried a set of environmental
monitors, e.g., a simple monitor set designed to measure the characteristic
energy and current flux as well as to determine transients on harness positions
within the spacecraft [3]. This would allow correlation between the onset of the
charging environment and possible transients induced on the electronic
systems. Representative packages weigh about 1 kg and use 2-3 W of power.
One commercially available system is the Amptek Compact Environmental
Anomaly SEnsor (CEASE) package that measures total radiation dose,
radiation dose rate, surface dielectric charging, deep dielectric charging, single
event effects (http://www.amptek.com/pdf/cease.pdf). Such environmental
sensors would be on outside surfaces and preferably in shade. Even more
sophisticated packages are available that make detailed scientific measurements
of the environment. For example, ion particle detectors in the range of 10 to 50
keV are used to sense the onset of geomagnetic substorms. Transient monitors
capable of measuring the pulse characteristics have also been used [4]. These
systems require larger weight and power budgets, but they do provide better
data.

Spacecraft charging effect monitors require data analysis support to produce the
desired results. If they were carried on a number of operational satellites, the
technology community would be able to obtain a statistical base relating
charging to induced transients. The operational people, on the other hand,
would be able to tell when charging is of concern, to establish operational
procedures to minimize detrimental effects, and to separate system
malfunctions from environmentally induced effects.

It is recommended that monitor packages be carried on all geosynchronous
spacecraft. These packages should consist, at a minimum, of a dosimeter,
energetic plasma environment detector, surface potential monitor, and transient
voltage pulse detector. Various types of IESD monitors are currently in
development and should be seriously considered also.


http://www.amptek.com/pdf/cease.pdf

Control and Monitoring Techniques 93

[1]

[2]

[3]

References

C. K. Purvis and R. O. Bartlett, “Active Control of Spacecraft Charging,”
Space Systems and Their Interactions with the Earth's Space
Environment, H. B. Garrett and C. P. Pike, Eds.: AIAA Press, New York,
New York, pp. 299-317, 1980.

R. C. Olsen and E. C. Whipple, Active Experiments in Modifying
Spacecraft Potential: Results from ATS-5 and ATS-6, May 1977—
February 1979, NASA CR-159993, National Aeronautics and Space
administration (produced by University of California, San Diego, La
Jolla, California), March 1979.

J. C. Sturman, Development and Design of Three Monitoring Instruments
for Spacecraft Charging, NASA-TP-1800, National Aeronautics and
Space Administration, September 1981.

H. C. Koons, “Aspect Dependence and Frequency Spectrum of Electrical
Discharges on the P78-2 (SCATHA) Satellite,” Spacecraft Charging
Technology-1980, NASA  CP-2182/AFGL-TR81-0270,  National
Aeronautics and Space Administration, pp. 478-492, 1981.



94

Chapter 5



	Introduction
	References

	Introduction to Physics of Charging and Discharging
	2.1 Physical Concepts
	2.1.1 Plasma
	2.1.2 Penetration
	2.1.3 Charge Deposition
	2.1.4 Conductivity and Grounding
	2.1.5 Breakdown Voltage
	2.1.6 Dielectric Constant
	2.1.7 Shielding Density
	2.1.8 Electron Fluxes (Fluences) at Breakdown

	2.2 Electron Environment
	2.2.1 Units
	2.2.2 Substorm Environment Specifications

	2.3 Modeling Spacecraft Charging
	2.3.1 The Physics of Surface Charging
	2.3.2 The Physics of Dielectric Charging

	2.4 Discharge Characteristics
	2.4.1 Dielectric Surface Breakdowns
	2.4.2 Buried (Internal) Charge Breakdowns
	2.4.3 Spacecraft-to-Space Breakdowns

	2.5 Coupling Models
	2.5.1 Lumped-Element Modeling (LEM)
	2.5.2 Electromagnetic Coupling Models

	References

	Spacecraft Design Guidelines
	3.1 Processes
	3.1.1 Introduction
	3.1.1.1 Source
	3.1.1.2 Coupling
	3.1.1.3 Victim

	3.1.2 Design
	3.1.3 Analysis
	3.1.4 Test and Measurement
	3.1.4.1 Material Testing
	3.1.4.2 Circuit/Component Testing
	3.1.4.3 Assembly Testing
	3.1.4.4 System Testing

	3.1.5 Inspection

	3.2 Design Guidelines
	3.2.1 General ESD Design Guidelines
	3.2.1.1 Orbit Avoidance
	3.2.1.2 Shielding
	3.2.1.3 Bonding
	3.2.1.4 Conductive Path
	3.2.1.5 Material Selection
	3.2.1.6 Radiation Spot Shields and Other Floating Metals
	3.2.1.7 Filter Circuits with Lumped Elements or Circuit Choices
	3.2.1.8 Isolate Transformer Primary-to-Secondary Windings
	3.2.1.9 Bleed Paths for Forgotten Floating Conductors
	3.2.1.10 Interior Paints and Conformal Coatings
	3.2.1.11 Cable Harness Layout
	3.2.1.12 External Wiring
	3.2.1.13 Slip Ring Grounding Paths
	3.2.1.14 Wire Separation
	3.2.1.15 ESD-Sensitive Parts
	3.2.1.16 Procedures

	3.2.2 Surface ESD Design Guidelines, Excluding Solar Arrays
	3.2.2.1 Qualitative Surface ESD Guidelines
	3.2.2.2 Quantitative Surface ESD Guidelines

	3.2.3 Internal ESD Design Guidelines
	3.2.3.1 Qualitative Internal ESD Guidelines
	3.2.3.2 Quantitative Internal ESD Guidelines

	3.2.4 Solar Array ESD Design Guidelines
	3.2.4.1 Solar Array Possible ESD Problem Areas
	3.2.4.2 Background
	3.2.4.3 Solar Array Design Guidelines to Protect Against Space Charging and ESDs
	3.2.4.4 Solar Array Testing Rules for Space Charging Characterization

	3.2.5 Special Situations ESD Design Guidelines
	3.2.5.1 Thermal Blankets
	3.2.5.2 Thermal Control Louvers
	3.2.5.3 Antenna Grounding
	3.2.5.4 Antenna Apertures
	3.2.5.5 Antenna Reflector Surfaces Visible to Space
	3.2.5.6 Transmitters and Receivers
	3.2.5.7 Attitude Control Packages
	3.2.5.8 Deployed Packages
	3.2.5.9 Ungrounded Materials
	3.2.5.10 Honeycomb Structures
	3.2.5.11 Deliberate or Known Surface Potentials
	3.2.5.12 Spacecraft-Generated Plasma Environment


	References

	Spacecraft Test Techniques
	4.1 Test Philosophy
	4.3 General Test Methods
	4.3.1 ESD-Generating Equipment
	4.3.1.1 MIL-STD-1541A Arc Source
	4.3.1.2 Flat-Plate Capacitor
	4.3.1.3 Lumped-Element Capacitors
	4.3.1.4 Other Source Equipment
	4.3.1.5 Switches

	4.3.2 Methods of ESD Applications
	4.3.2.1 Radiated Field Tests
	4.3.2.2 Single-Point Discharge Tests
	4.3.2.3 Structure Current Tests
	4.3.2.4 Unit Testing 
	4.3.2.5 Spacecraft Testing


	References

	Control and Monitoring Techniques
	5.1 Active Spacecraft Charge Control
	5.2 Environmental and Event Monitors
	References

	Material Notes and Tables
	6.1 Dielectric Material List
	6.2 Conductor Material List
	References

	Nomenclature
	A.1 Constants and Measurement Units
	A.2 Acronyms and Abbreviations
	A.3 Defined Terms
	A.4 Variables 
	A.5 Symbols

	The Space Environment
	B.1 Introduction to Space Environments
	B.1.1 Quantitative Representations of the Space Environment
	B.1.2 Data Sources
	B.1.2.1 ATS-5, ATS-6
	B.1.2.2 SCATHA
	B.1.2.3 GOES
	B.1.2.4 Los Alamos Detectors
	B.1.2.5 CRRES
	B.1.2.6 Solar, Anomalous, and Magnetospheric Particle Explorer (SAMPEX)
	B.1.2.7 Other Sources


	B.2 Geosynchronous Environment
	B.2.1 Geosynchronous Plasma Environments
	B.2.2 Geosynchronous High-Energy Environments
	B.2.2.1 Variation with Solar Cycle
	B.2.2.2 Variation with Longitude
	B.2.2.3 Variation with Averaging Interval
	B.2.2.4 Variation with Local Time
	B.2.2.5 Spectrum
	B.2.2.6 Amplitude Statistics


	B.3 Other Earth Environments
	B.3.1 MEO
	B.3.2 PEO
	B.3.3 Molniya Orbit

	B.4 Other Space Environments
	B.4.1 Solar Wind
	B.4.2 Earth, Jupiter, and Saturn Magnetospheres Compared


	References

	Environment, Electron Transport, and Spacecraft Charging Computer Codes
	C.1 Environment Codes
	C.1.1 AE8/AP8
	C.1.2 CRRES
	C.1.3 Flux Model for Internal Charging (FLUMIC)
	C.1.4 GIRE/SATRAD
	C.1.5 Handbook of Geophysics and the Space Environment
	C.1.6 L2 Charged Particle Environment (L2-CPE)
	C.1.7 MIL-STD-1809, Space Environment for USAF Space Vehicles
	C.1.8 Geosynchronous Plasma Model
	C.1.9 Others

	C.2 Transport Codes
	C.2.1 Cosmic Ray Effects on MicroElectronics 1996 (CREME96)
	C.2.2 EGS4
	C.2.3 Geant4
	C.2.4 Integrated TIGER Series (ITS)
	C.2.5 MCNP/MCNPE
	C.2.6 NOVICE
	C.2.7 NUMIT
	C.2.8 SHIELDOSE
	C.2.9 SPENVIS/DICTAT
	C.2.10 TRIM
	C.2.11 Summary

	C.3 Charging Codes
	C.3.1 Environment Work Bench (EWB)
	C.3.2 Multi-Utility Spacecraft Charging Analysis Tool (MUSCAT)
	C.3.3 Nascap-2k and NASCAP Family of Charging Codes
	C.3.4 SEE Interactive Spacecraft Charging Handbook
	C.3.5 Spacecraft Plasma Interaction System (SPIS)

	References

	Internal Charging Analyses
	D.1 The Physics of Dielectric Charging
	D.2 Simple Internal Charging Analysis
	D.3 Detailed Analysis
	D.4 Spacecraft Level Analysis
	D.4.1 Dose-to-Fluence Approximation

	References

	Test Methods
	E.1 Electron-Beam Tests
	E.2 Dielectric Strength/Breakdown Voltage
	E.3 Resistivity/Conductivity Determination
	E.4 Simple Volume Resistivity Measurement
	E.5 Electron Beam Resistivity Test Method
	E.6 Non-Contacting Voltmeter Resistivity Test Method
	E.7 Dielectric Constant, Time Constant
	E.8 Vzap Test (MIL-STD-883G, Method 3015.7 Human Body Model (HBM))
	E.9 Transient Susceptibility Tests
	E.10  Component/Assembly Testing
	E.11  Surface Charging ESD Test Environments
	E.12  System Internal ESD Testing
	References

	Voyager SEMCAP Analysis
	References

	Simple Approximations: Spacecraft Surface Charging Equations
	References

	Derivation of Rule Limiting Open Circuit Board Area
	References

	Expanded Worst-Case Geosynchronous Earth Environments Descriptions
	References

	Key Spacecraft Charging Documents
	J.1 United States Government Documents
	J.1.1 DoD
	J.1.2 NASA

	J.2 Non-US Government Documents
	J.2.1 American Society for Testing Materials (ASTM)
	J.2.2 European Cooperation for Space Standardization (ECSS)/European Handbooks
	J.2.3 European Space Research and Technology Centre
	J.2.4 Japan Aerospace Exploration Agency (JAXA)
	J.2.5 Other


	Listing of Figures and Tables
	Index



