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DESIGN PRACTICES FOR CONTROLLING SPACECRAFT CHARGING INTERACTIONS
by N. John Stevens

National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohio

SUMMARY

A design guidelines handbook is being prepared to provide criteria for
assessing and minimizing spacecraft charging interactions. An evaluation
philosophy of analyzing specific satellite designs in a substorm environment
specification with NASCAP is proposed. Criteria for possible discharges are
given and a technique for computing the discharge transients is outlined. The
charging of a three-axis stabilized satellite is examined to illustrate the
philosoply. Possible discharge locations are found and transients computed.
The effect of charging selected surface coatings is evaluated and found to
substantially reduce changing levels.

INTRODUCTION

In the early 1970's it was pointed out that the geomagnetic substorm
environment was charging geosyfcgronous satellites stron)ly negative relative
to the space plasma potential.'~> Subsequent investigations have shown a
correlation between this charging and Rreviously unexplainea anomalous elec-
tronic switching of satellite systems.® While mo,t of these anomalous
events could be classified as nuisances and were correctable, one was catas-
trophic resulting in the loss of the satellite. The onset of these electronic
anomalies seems to be correlated with the transition from latching relay logic
to computer-level logic in satellite systems.

These events indicated that there was an interaction between a supposedly
benign environment and satellite systems that could influence mission life.
The interaction involved a technology that was not understood. Therefore,
an interdegendent US Air Force - NASA spacecraft charging investigation was
undertaken® to provide guidelines and techniques for controlling the abso-
lute and differential charging of satellite surfaces. One of the principal
outputs of this investigation is o Design Guideline Handbook which will com-
pile available ground technology and fiight data into a form usable by
designers.

The Handbook was first formulated two years ago_on the basis of reviews
with spacecraft contractors and from available data.® The Handbook was cir-
culated for a 1imited review and comments incorporated.’ The prinicpal
factor delaying the formal publication of this Handbook was the lack of a
clear breakdown criterion - a guideline to tell designers when to expect
prob]emsI Recent experimental data seems to support viable discharge mech-
anisms which allow establishment of preliminary criteria for breakdowns
on satellite surfaces. Hence, it is possible now to issue a provisional
version of the Handbook which can be updated when additional information is
available. In this paper, the content of the Handbook is described and speci-
fic guidelines are discussed. As an illustrative example of the use of these
guidelines, the charging - discharging characteristics of a 3-axis stabilized
satellite are evaluated.



DESIGN GUIDELINE HANDBOOK

Description

The oujective of the Design Guideline Handbook is to provide cr-teria for
satellite de:igner's considerations in assessing and controlling environmental
charg{ g effects. It is intended to be analogous to thermal designer's hand-
books'* - to be informative, to provide a design philosophy and to illus~
trate techniques .o reduce environmental interactions. Since the Handbook is
intended for genera' considerations rather than specific designs, it does not
treat unique configuration dependent problems, e.g., discharge pulse coupling
into harnesses.

In its present form the Handbook is divided into three main parts:
guidelines to assess chargirg interactions, guidelines to minimize charging
effects, and illustrative examples. The guidelines to assess charging are
based on the use of analytical modeling techniques with a recommenced environ-
mental specification. Any mate-ial properties needed for t?s analysis can be
obtained from simple charging tests in available facilites. The second
part of the Handbook is subdivided into two sections: guidelines for overall
satellite designs and subsystem guidelines. The overall guidelines refer to
such topics as filtering, shielding, materials selection and active charge
control techniques. The subsystem guidelines are a series of detailed do's
and don't's for each of the major spacecraft subsystems. The third part of
the Handbook is devoted to examples illustrating design techniques for gen-
eralized operational satellites (e.g., 3 axis stabilized, spinner, and spinner
with despun antenna) and a specific scientific satellite (Galileo).

The basic design philosophy pingged in the Handbook is to use the NASA
Charging Analyzer Program (NASCAP)+°~40 to evaluate a given design. This is
to be done in a preliminary fashion tc isolate possible discharge sites by
computing charging benavior for a few time steps (about half-dozen 100 second
time steps should be sufficient). The illustrative example section has been
incorporated to point out areas where discharges could occur. Surface
charging can be minimizad by materials selection and re-evaluation. The final
choice of exterior materials must be an iterative process since both thermal
and electrostatic requirements must be considered. Qualification for elec-
trostatic surface cleanliness should be conducted by analysis for both sub-
storm conditions. Testing can be limited to the determination of any unknown
paroperties of materials selected. As part of the charging analysis, the
designer should evaluate the impact of possible surface discharges on systems
performafge. This can be done with one of the avilable coupling codes (e.g.,
SEMCAP).

This philosophy considers only surface charging and possible discharges.
There exists also the possibilit{ of discharges due to the high energy parti-
cle charging of interior cables. 8 The only protection from this type of
breakdown transient is heavier shielding or filtering.

Design Environment

To assess spacecraft charging interactions, it is necessary to have a
coecification for the geomagnetic substorm environment in terms that are com-
patible with available analytical tools. For this handbook_a specification
baseu on an ATS-5/6 statistical summary has been developed.7 This specifi-



cation (see Fig. 1) does not have the characteristics of a real substorm but
will produce a maximum stress within dielectrics.

The specification is given in terms of 2 single Maiwllian temperature
for severe and moderate substorms. This temperature description was chosen
because previous analysis of satellite surface charging showed that single
Maxwellian enfgronments, although not as realistic as the double Maxwellian
descriptions,*” produced more severe charging. The time curve runs out to
only 4000 hours since beyond that time particle temperatures drop below levels
that produce charging. The ion temperature (in kV) yas found to be numeri-
cally equal to 10 times the electron density (in cm™). To account for the
ion composition of the substorm environment, which gndicates a substantial
oxygen ion population in addition to hydrogen ions, 0 the ion density is set
to be one-third of the electron density.

From this specification an environment for evaluating satellite designs
can be obtained (see Table 1). It is recommended that both sunlight (at an
angle of incidence to maximize differential charging) and eclipse charging be
evaluated. Qualification of a design should be conducted for both moderate
and severe substorm environments. Initial assessment of a design can be acne
with a single environment to minimize computer time.

Assessment of Charging Interactions

Tha assessment of charging behavior oi any satellifg fgsign is to be con-
ducted with the NASA Charging Analyzer Program (NASCAP)!9-10 and the design
substorm environment specification. The NASCAP code has the capability of
treating both three—dimensignal effects, which are important in accurately
predicting surface voltages 1 and the transient efffgté required by the
environment specification. Circuit analysis models<<~ 3 used in some
studies cannot Ireat surface charging in sufficient detail to identify all
problem areas.?

In assessing the impact of environmental charging, the designer must con-
sider several factors. First, is the recognition of the impo-tance of types
of charging, absolute or differential. For absolute charging, the satellite
potential charges as a whole - the dielectric surface voltages are “"locked" to
the ground voitage. This type of charging occurs very rapidly (fractions gf
seconds) during eclipse charging events, but slowly in sunlight charging.2
Differential charging usually occurs slowly (minutes) and results in one part
of surface being charged to a potential different from other parts of the
satellite. This differential charging changes the absolute charging level of
the satellite.

Second is the effect of satellite configuration on charging behav-
ior. A spinning satellite usually has a low spacecraft ground potentials
(fe - hundred volts) in sunlight charging events with the charging controlled
primarily by the large areas of body mounted solar arrays. Any shaded dielec-
tric can have large differential voltages induced. A three-axis stabilized
satellite can have large negative spacecraft ground potentials (few thousand
volts) in sunlight charging environments. The dominant area controlling
charging in this case are the backs of the solar array wings. For both con-
figuratgfns differential charging is limited by the three-dimensional barrier
effect. In eclipse charging cases the voltage buildup is controlied by
the secondary yield of the dielectrics. This discussion is based on an
assumed isotropic environment. The effects of anisotropic fluxes are current-
ly being evaluated and these fluxes may influence charging concepts.



Third is the influence of the mission of the satellite on the extent to
which one must control charging interactions. For a scientific satellite
absolute charging is usually not cesired. Conductive coated dielectrics are
employed to minimize all surface charging and active charge control devices
must be incorporated to maintain the spacecraft close to the space plasma
potention. Nonscientific satellites, on the other hand, can function while
charged. Hence, differential charging effects should be controlled. The

extent to which charging contrcl techniques are employed depends upon project
trade-offs.

Environmentally-Induced Surface Breakdowns

Under geomagnetic substorm conditions satellites are charged to condi-
tions where breakdowns occur. Based on the current state of knowledge provi-
sional criteria for breakdown conditions can be postulated. These breakdowns
are assumed to occur when either:

(a) dielectric surfacg_Y81tages are +500 volts relative to an adjacent
exposed conductor .

(b) a dielectric-expoged conductg; interface has an electric field
greater than 1x10° volts/cm.

Gaps, seams, edges, and imperfections enhance the existence of these con-
ditions and thereby increase the probability of breakdowns.

For a complete evaluation of a design, discharge transient hazards to
spacecraft systems should be ascertained. This requires knowledge of a dis-
charge process. The following process is postulated to provide a calculable
indication of such transients. These transients would be the impulses into a
satellite from a surface breakdown and can be used for further coupling
computations.

The discharge process proposed is that charge is transferred from the
satellite to space; in essence satellite to space plasma ground is temporarily
shorted. (see Fig. 2(a)). It is assumed that a breakdown continues until the
satellite ground potential apggoaches space plasma potential {as indicated by
ground simulatior experiments¢®). Accompanying this voltage transient is a
local collapse of differential voltages &t the discharge site. 2harge is not
drained off of large areas of dielectrics as previously assumed, 9 but some
small fraction of the total stored charge is assumed to be lost to space in
this differential voltage collapse. The remaining charged dielectrics force
the ground potential to return rapidly towards its precharged value.

Discharge transiants can be computed as follows:

(1) The square wave approximation of the voltage transient is assumed to
be the satellite grand potential at the time of discharge over the
discharge period. This period is calculated below (see item <c).

(2) The square wave approximation for the current transient is derived
from the total charge lost over the same period. This charge lost
1S made up of two parts:



(a) The charge lost to space through the satellite to space capaci-
tor is computed from (see Fig. 2(b)):

8Q; = Cs|V°| (Coulombs)

where C is the satellite to space capacitor (typically
1010 farads) and |Vo| is the absolute value of the satel-
lite ground voltage at time of discharge.

(b) 1In order to compute the charge lost in the dielectric differen-
tial voltage collapse, one has to rely on laboratory results
obtained from grounded substrate tests. These tests produced
discharges which removed charge from large areas of the dielec-
tric surface, but it is believed that the initiation of the
transient is the same for floating substrate discharges. For
the present, then, charge redistribution and time duration
relationships from these tests will be used. Additional test-
ing should be undertaken to obtain data on discharge character-
istics with floating substrates.

It is assumed that only 1 percent of the total charge stored on
the dielectric surface is involved in this portion of the dis-
charge process. This is an arbitrary assumption made to stress
the fact that charge loss is limited to a small dielectric
area. Of this one percent, only 1/3 is lost to space; the
remaining 2/3 either atays on the dielectric or neutralizes the
polarization charge:3

8Q, = KCDIAVDI (Coulombs)
where
K is the fraction of total charge lost to space (0.003)
Cp is the dielectric capacitance (farads)
|AVD| is the absolute value of differential voltage across

dielectric (volts)

(c) Hence, the total charge lost is:

8Q, = 4Q; * aQ, (Coulombs)

and the current pulse is:

AQL
I = T (Amps)

The time duration of this pulse (at) is not known. The experimental data
for grounded substrate tests indicate that the maximum_guration is a function
of dielectric area from which charge has been removed. 3 Using this rela-
tionship, a time duration can be approximated as:



at ~ 0.02 (0.0 AD)0'5 (usec)

where Ap is the dielectric area in cwé. Again, it should be stressed
that this approximation must be verified or revised by conducting precise
tests.

A1l of the voltage values and capacitance to space (Cg) are available
from the NASCAP analysis. Dielectric capacitances can be computed from
parallel plate formulas using values of dielectric constant and dimensions
used in the NASCAP analysis.

As a consequence of this discharge process, one would expect that
sunlight charging events would produce less severe discharges than eclipse
charging events, since the ground voltages are less. For the same reason, one
would expect spin-stabilized satellites would have less sevee discharges than
three-axis-stabilized satellites in sunlight charging conditions. These
expectations must be evaluated by reviewing available data and conducting
additional studies.

What has been presented here nust be considered a preliminary attempt to
formulate a usable guide for analyzing satellite designs. It is based on the
idea that breakdowns occur early in the mission and does not consider any
effects of dielectric aging or ground break-up that may occur with time in
space.

Charging Control Techniques

There are various techniques that can be used to control spacecraft
charging interactions. In this section the choice of materials, grounding and
filtering are briefly discussed.

Choice of materials . - Exterior surfaces on satellites are usually
selected for desired thermo-optical properties to control component tempera-
tures. This has led to use of high resistivity dielectrics (e.g., quartz,
Kapton) which can be charged by substorm environments. This situation can be
alleviated by a few simple considerations early in the design phase. Charging
can be substantifgly reduced if the bulk conductivity of the d{glectric can be
increased to ~104¢ mho/m or surface resistivity reduced to ~104¢ ohms per
square. Furthermore, if the charging of only the dominant dielectric areas is
reduced, then overall charging levels can be lowered appreciably.

The use of conductive paint, grounded to the structure, is a good means
of controlling charging. This paint can be used on the back (shaded) side of
3-axis stabilized solar arrays or on exterior covers of thermal blankets to
substantially reduce absolute and differential charging levels.

The use of high secondary yield coatings on metals is an effective means
of raising ground surface voltages thereby controlling charg{ng. This higher
yield can be obtained by using surface coatings and alloys. Increasing
the secondary yields on dielectrics (e.g., by use of anti-reflective coatings
on solar arrays) may not be advisable since it could increase dif;srential
charging, Dielectric paints have voltage-dependent resistivities¢? and, if
used on metallic substrates, can not be charged to large negative potentials.
Thin, transparent conductive films such as indium-tin-oxide can be used to
obtain a uniform conductive surface. There may be a high energy particle
interaction that mgst be evaluated before recommending these transparent con-
ductive coatings.3




Changes to specific materials should not be made indescriminately.
Design changes should be checked analytically to verify that the change did
not introduce problems in other areas of the satellite.

Grounding. - The basic guideline here is that all surfaces should be
well grounded to the common electrical ground (usually the structure). An
ungrounded surface responds rapidly to the environmental transients and can
introduce larger differential voltages.

Dielectric booms should be avoided because they cannot be grounded. Such
booms, protruding from the satellite and charging relatively independently,
are highly probable discharge sites.

Filterina. - Satellite surfaces are charged by geomagnetic substorm en-
vironments and if charged, then there is a finite probability that there can
be discharges. This probability rises for extended 1ife missions. The usual
guideline suggested for filtering is to eliminate noise with less than a
specified duration. On the joint Canadian-American Communications Technology
Satellite in-line transmitters and receiggrs were used that effectively elimi-
nated noise pulses less than 5 useconds. Similar_filtering concept have
been proposed for circuits that require protection.3% Hence, filtering is
an effective means of preventing circuit disruption and is recommended for
critical circuits, whose anomalous switching would disrupt or endanger satel-
lite operations.

APPLICATION OF DESIGN GUIDELINES

In this section a generalized three-axis stabilized geosynchronous satel-
lite design is evaluated using the stated guidelines. The purpose of this
section is to use this example to illustrate and expand on the techniques pro-
posed. As a consequence the satellite has some features that may not exist on
real designs.

Satellite Model Description

The satellite modeled in the NASCAP code is shown in Fig. 3. It is a
representation of a three-axis stabilized, geosynchronous, communications
satellite consisting of two, large, sun-tracking solar array wings and a cen-
tral spacecraft body. The overall dimensions are 9 m across the wings by
2.4 m across the body. The model has 470 exposed surfaces and each square in
the model is 0.3 m by 0.3 m,
The solar array wings are each 3 m by 1.8 m. They are modeled as thin,
flat plates with 0.015 cm (6 mil) silica cover slides on the sun facing side
and 0.010 m (4 mil) Kapton substrates. This represents a flexible substrate
"solar array system capable of producing a total power output of about

1 kilowatt. This array is assumed to be nperating such that one wing is at
+25 volts with respect to the spacecraft body while the other is at -25 volts
when the array is sunlit. 1In eclipse conditions the array voltages are set to
zero. The interconnects between the solar cells are modeled as silver patches
(minimum resolution in NASCAP is one surface cell). These metallic patches
represent about 10 percent of the total array area which is a reasonable
approximation to the actual exposed metallic area.

The spacecraft body is modeled as an octagon 1.8 m by 1.5 m deep. On the
earth-facing side are two antennas modeled as octagons 0.9 m by 0.3 m high.
The sides of these antennas are covered by a grounded thermal blanket with



0.010 cm Kapton outer layer. The antenna cover is plain Kapton which can
float electrically. On the opposite end of the body is an apogee insertion
motor enclosure modeled as an octagon 1.2 m by 0.6 m deep. The end is assumed
covered by pure aluminum, The rest of the exposed surfaces of the spacecraft
body are covered by 0.010 cm Kapton, 0.015 cm Silica (OSR simulationg or pure
aluminum patches.

The struts holding the solar arrays to the body are modeled as a quasi-
dielectric material (high resistivity but low secondary yields). A probe has
alsc been added to the body. This probe has an unspecified purpose and is
modeled as having an aluminum tip with the quasi-dielectric body. Further-
more, this probe is assumed to be very weakly capacitively coupled to the body.

Preliminary Charging Study

As stated in the guidelines, the satellite design is to be subjected to a
preliminary evalution using the design environment specification. For this
example the moderate substorm environment was used. Twelve minutes of sun-
light charging with sunlight incident at 27 relative to the solar array
normal were simulated. For eclipse charging, an additional 12 minutes were
calculated. This process assumes a substorm encounter of local midnight and
does not correct for spacecraft body rotation with time. The charging history
of selected surfaces is shown in Fig. 4. At first glance, the charging
results do not appear to be too damaging; the antenna covers and probe seem to
stay locked at the ground potential in sunlight charging conditions but do
deviate from ground voltages in eclipse. This figure illustrates the differ-
ences between absolute and differential charging mentioned previousiv. In
sunlight the absolute charging of the satellite proceeds slowly witn the
differential charging of shaded insulators developing slightly faster. When
the satellite enters an eclipse charging condition, the absolute charging
changes rapidly and any differential voltages developed are maintained. After
the absolute charging level is reached, additional differential charging
starts.

A detailed review of the NASCAP graphics output indicates areas where
discharges may occur. The predicted voltage profiles around the satellite are
shown in Fig. 5 for sunlight charging after 12 minutes (720 sec). As shown in
the front view the potentials tend to decay from the shaded Kapton (-5400 V).
However, there are inflection points in the arrays and the center of each wing
‘s at a positive potential with respect to ground (a condition which promotes
discharges). The gradients from the array edges towards the center are also
severe ?as indicated by the number of lines grouped in a small area). These
solar array differential voltages can be more severe if it is assumed that the
cover slides have a higT yield mangnesium fluoride, anti-reflecting coating
instead of plain glass. 0 There are also inflection points between Kapton
surfaces and both sunlit and shaded OSR's on the spacecraft body.

The side view of this figure indicates a possible problem at the solar
array outer ends., Strong gradients exist and if there is an exposed metllic
area, then breakdowns could occur there. On the spacecraft body there are
strong gradients at the interface with the apogee motor. However, unless
there is a seam or exposed metal edge in the region, the differential voltages
are not sufficient to cause dielectric punch-through breakdowns. It should be
pointed out that computer graphics tends to average equipotentials over the
surface areas even when the surface 1s a grounded metallic area. This can



lead to overlooking possible problems. As shown in Fig. 6, the entire end of
the motor case is supposed to be at ground potential. Hence, all voltage
tines should terminate on the dielectric edge which produces a strong electric
field at this point. This concentration is not apparent in the computer
graphics (Fig. 5) and illustrates the need for care and diligence in inter-
preting computer outputs.

For eclipse charging conditions, the computed voltage profiles at about
800 seconds are shown in Fig, 7. The possible discharge areas are the solar
array wing tips, all Kapton-metal interfaces, probe tip - dielectric boom
interface and solar array cell - interconnect gaps. Breakdown characteristics
can be estimated for both sunlight and eclipse charging conditions by follow-
ing the procedure given in the discharge guideline. This procedure is applied
to a possible discharge involving a single NASCAP cell area on the solar array
(positive differential voltage breakdown criteria) and at a Kapton-metal
interface (strong negative electric field criteria). These would be the
“ransient characteristics at the discharge site and would serve as inputs to
another code to compute system response.

Solar Array GTB Breakdown: The satellite capacitance to space is com-
puted to be 2,1x10*V farads. The ground potentials are about -3 kV in sun-
light charging conditions and about -9 kV in eclipse charging conditions.

This results in charge losses of 0.63 uC and 1.9 uC respectively. The capaci-
tance _of the block of solar cells in the 0.3 by 0.3 m NASCAP square is about
2x10-8 farads and the differential voltage (maximum) is about 500 volts in
sunlight and about 1000 volts in eclipse. Under the criteria that 0.3 percent
of the charge stored on the dielectric is also lost, then an additional

0.03 :C should be added for sunlight charging and 0.06 uC added for eclipse
charging. The resulting total charge lost would be 0.66 uC for sun charging
and 1.96 uC for eclipse charging. The squére wave approximtions for the
voltage and current transients of this discharge source are shown in Fig. 8
(based on a computed pulse duration of 60 nsec for the assumed one surface
cell breakdown) in both sunlight and eclipse conditions.

Kapton-Metal Interface Breakdow:: The charge contribution from the
breakdown of the satellite to space capacitor is the same as above. The dif-
ferential voltage on the shaded Kaptcn is about 2.5 kV for both sunlit and
eclipse chargigg conditions. Since the Kapton capacitance per NASCAP square
is about 2x10-° farads, the total charge lost to space is 0.78 uC for sun-
Tight charging and 2.0 uC tor eclipse charging. The voltage and current
transients for this discharge are similar to those shown in Fig. 8.

Design Modifications

The surface charging of this satellite can be reduced substantially by
making the following changes:

(1) Coat the back side of the solar arrays with conductive paint and
ground paint to structure.

(2) Reduce the Kapton thermal blanket outer layer resistivity by at
least three orders of magnitude. This could be done by use of &
conductive paint. The antenna covers were not changed.



(3) Replace quasi-dielectric material used for solar array struts and
probe with metal surfaces ¢rounded to structure.

(4) Improve probe system coupling to structure.
(5) Paint aluminum insertion motor sheet with dielectric paint.

The modified design was analyzed again for sunlight charging in both
moderate and severe substorm conditions. The potential distibutions around
the satellite for the moderate substorm are shown in Fig. 9. As can be seen
the electrical stress have been significantly reduced. The satellite ground
is now oniy -250 volts and the solar array voltage gradients have been sub-
stantially reduced. There are still voltage concentrations at the shaded
OSR's but these are on the order of only 700 volts - well below the breakdown
criteria. The use of a dielectric paint on the aluminum (change no. 5)
appeared to cause only a 50-volt change. In the severe substorm environment,
the satellite ground is predicted to be -380 volts and the most severe stress
is about -1.5 kV across the OSR's -~ still less than breakdown potentials.

Hence, with considerations for surface charging and some additional
weight, environmental charging of satellites can be significantly reduced.
The trade-off is between added weight for surface-charging control techniques
or filters .o absorb noise and consequences of ignoring charging interac-
tions. The principal hazard associated with charging is transients on command
and telemetry lines. These transients can cause electronic switching anoma-
lies (which can cause serious problems if wrong systems are activated) and
scrambled data. The longer range hazards have not yet been catalogued but

could include increased contamination, component breakdowns or coating
degracation.

CONCLUDING REMARKS

A Design Guidelines Handbook to provide criteria for assessing and mini-
mizing spacecrafi charging effects in geosynchronous satellites is being
formulated as a design tool. Data used in this Handbook have been assembled
from interviews with spacecraft manufacturers, from results of ground tech-
nology programs and from available flight results. Since the technology
investigation is still underway, the handbook will be issued in a preliminary
version and updated at a later time.

The Handbook recommends a philosophy of assessing charging impact by
analyzing a given satellite design with the NASA Charging Analyzer Program
(NASCAP). A design environment specification based on actual substorm en-
vironments monitored over the past several years is provided for this analysis.

A preliminary criterion for surface voltage discharges is provided. This
criteria, based on ground tests, proposes that these discharges are triggered
at dielectric-exposed metal interfaces. The conditions under which discharges
can occur are positive differential volgage greater than +500 volts or nega-
tive electric fields greater than 1x10%° V/cem. These surface discharges
cause a small transient charge transfer to space which results in a voltage
transient in the satellite. A method of computing these transients is pre-
sented based on the charge lost through the capacitance to space and a
fraction of charoe stored in the dielectric at the discharge source. This
computation results in an estimate of the discharge transients at the dis-
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charge site and can be used as inputs for coupling code analysis of struc-
ture/system responses.

With the proper choice of materials, surface charging can be minimized.
As an alternate to this approach, systems can be protected by filtering out
the transient pulses.

An example of the charging of a three-axis stabilized geosynchronous
satellite is presented to illustrate the use of the design guidelines. The
analysis indicates that, under nominal choice of exterior surfaces, discharges
are possible. The use of conductive or quasi-conductive paints on the major
charging surfaces would result in a swbstantial reduction in potentials. The
resultin% voitages are less than breakoown criteria specification even thoi'gh
some dielectric surfaces were not changed.

The guidelines presented in the Handbook are recommendations for de-
signers' use. The implementation of any of these guidelines should be based
on a comparison of added weight required to minimize interactions against
potential consequences of ignoring environmental charging. ‘he hazards of
allowing charging interactions are electronic switching anumalies (which can
be serious), noise on data lines, reduction of scientific experimental results
(particle and field data) and possible longer term hazards of enhanced con-
tamination, component breakdown and coating degradation.
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TABLE 1 - DESIGN ENVIRONMENTS
[Single Maxwellian Description]

Environments) Electrons lons
condition
Temp, Densigy. Temp, Densi&y,
keV cmr keV o
Moderate 8.0 2.1 21.0 0.7
Severe 11 u 1.1 11.0 0.4
L.
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