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ECSS CHARGING STANDARDS
David Rodgers, Alain Hilgers and Eamonn Daly

Sustainability. Within each of these branches, there are
various disciplines covering the whole range of commercial
space activities. An overview of the ECSS structure is shown
in Fig.1.

Abstract— The European Cooperation for Space
Standardization (ECSS) [1] system of standards is a coherent set
of standards covering a wide range of space engineering, quality
assurance, management and sustainability issues. Spacecraftplasma interaction effects are specifically covered in the ECSS-EST-20-06C ‘Spacecraft Charging’ standard and worst-case and
typical spacecraft charging environments are included in the
ECSS-E-ST-10-04C ‘Space Environment’ standard. In addition,
a number of other standards, e.g. those concerned with solar
arrays, EMC, and electric propulsion, include consideration of
effects related to spacecraft charging.

Within the Space Engineering branch there are disciplines E10 covering System engineering and E-20 covering Electrical
and Optical Engineering. These are broken down into more
detail in Fig.2
Of particular interest for spacecraft charging are :
 ECSS-E-ST-10-04 Space Environment. This defines
the natural environment for all space regimes.
Aspects include: Gravity, Geomagnetic fields, natural
electromagnetic radiation and indices, neutral
atmospheres, plasmas, energetic particle radiation,
space debris and meteoroids, contamination
 ECSS-E-ST-20-06 Spacecraft Charging. This relates
to measures to assess and minimize hazardous effects
arising from spacecraft charging and other
environmental effects on a spacecraft’s electrical
behaviour.
These two standards are discussed further in this paper.

The contents of the current spacecraft charging-related
standards are discussed along with the justification for the
approaches taken. The processes of producing and updating
ECSS standards are discussed. Finally, some of the areas in
which the standards are thought to need updating are identified
and the current plans for carrying out updates are discussed.
Keywords— spacecraft charging, standards

I.

INTRODUCTION

According to Policy standard ECSS-P-00C [2] ‘The
European Cooperation for Space Standardization ECSS) was
initiated to harmonize the requirements from existing
Standards for space projects, and to provide a single, coherent
set of standards for use in all European space systems
development and operation.’

In addition, there are standards which are closely related to
charging such as:
 ECSS-E-ST-20-07C Electromagnetic compatibility
 ECSS-E-ST-20-08C Photovoltaic assemblies and
components
 ECSS-E-ST-32-08C Materials
These will not be covered further in this paper except to point
out that they are written to be consistent with each other and it
will be important to maintain this consistency in any future
updates.

Standards are structured so that they:
 are directly applicable in contracts;
 define requirements in terms of the need to be
fulfilled rather than on the means to be used to fulfil
that need
 avoid duplication with other standards by
incorporating into the ECSS system where
appropriate, available documents from other sources;
In addition, ECSS standards can be supported/complemented
by Handbooks and Technical Memoranda in order to keep
standard information, technical data and practical advice
separate from one another.

CHARGING ASPECTS OF ECSS-E-ST-10-04 ‘SPACE
ENVIRONMENT’

II.

The ‘Space Environment’ standard is generally included in
spacecraft/equipment requirements definitions at the start of a
satellite project. It gives worst cases and typical environments,
with the information given dependent on the effects of
concern and the knowledge available.

The ECSS system of standards is widely used throughout
European industry. Although aimed at European entities, the
system is very open and most documents can be easily
downloaded from the organisation’s web site [1]. ECSS
standards are broadly sub-divided into branches of Project
Management, Product Assurance, Engineering and

For plasma, the following environments are considered:
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Fig.1 ECSS architecture [1]

Fig.2 Extract of the Space Engineering branch [1]
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thermal ion density of 125 cm-3 and temperature 0.2 eV are
defined as part of the worst-case auroral environment. This
comes from a severe charging case seen on the DMSP by
Gussenhoven et al., 1985 [6].
For internal charging (or deep-dielectric charging) a worstcase environment is defined using the highest mission fluxes
reported by the FLUMIC V3 model [7] or, for geostationary
orbits, the NASA worst case model [8]

In terms of radiation, a wide range of environments are
considered, including , the standard includes:
 Long-term radiation-belt fluxes


Solar particle events



Worst-case Internal charging environments

B. What is wrong/missing?


A. Highlights
The worst case GEO charging environment is one of the
most important aspects. Although it is strictly not possible to
define an environment that is worst case for all combinations
of materials and geometries, it is still useful to specify a
practical environment to be used in charging analyses. The
ECSS worst case is presented as a double Maxwellian
(Table.1) fit to an extremely severe event observed by the
SCATHA spacecraft on 24 April 1979 when the spacecraft
charged to -8 kV in sunlight as reported by Gussenhoven and
Mullen 1988 [3].








Table 1 ECSS_E-10-04C GEO worst case charging environment



It should be noted that ion and electron densities listed in
Table.1 are not equal, although in reality the plasma must be
neutral.


The worst-case auroral charging environment is described as
the following distribution function (f(v)):
For E ≤17,44 keV:

f(v) = 3,9 × 10

‐18
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‐6
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III.
For E > 17,44:

The current GEO worst case is SCATHA-based and
since that mission newer data from improved
instruments have been collected. These data sources
should be investigated.
This GEO worst-case does not include the higher
energy radiation populations that mitigate charging
by enhancing radiation-induced conductivity and so
may be too severe.
For charging analysis codes that calculate space
charge from the ambient plasma, the lack of
neutrality in the current GEO worst case is a
problem. Since the real environment must be neutral
it would be preferable to provide matching ion and
electron densities.
Worst cases for other locations in outer
magnetosphere are missing, such as the Galileo/GPS
orbits. At the moment the GEO environment is used
throughout the magnetosphere beyond the
plasmasphere but this may be simplistic.
Worst/typical cases for planets like Jupiter are
needed.
The auroral worst case environment also should be
revisited – both presence of high energy electrons
and absence of low energy ions are crucial and the
current standard joins these two aspects together in a
way that may not be optimal.
The FLUMIC internal charging environment model
is being updated on the basis of new data from
satellites including as Giove-A and -B. Also the
seasonal and solar cycle dependence make the
current model complicated to use and the standard
either needs to specify only the worst times or
provide further guidance on how to calculate this.
ECSS-E-ST-20-06C ‘SPACECRAFT CHARGING’

This is a complicated document covering all aspects of
charging mitigation and analysis. A part of its complexity
arises from the need to specify for virtually every material,
structure and environment and to reflect best practices from
industry. The current standard was finalised in a workshop
with experts from academia and industry. The standard is
usually referenced in spacecraft EMC requirements documents

[ N (m ) 3 / 2 exp ( E  E0 ) / kT0 ]
f (v )  0 e
(2kT0 ) 3 / 2
‐3

N0= 1.13E6 m
kT0= 3.96 keV
E0= 17.44 keV

The main contents are reflected by the chapter headings:
 Protection programme
 Surface material requirements
 Secondary arc requirements

This comes from [4] based on work described in Yeh and
Gussenhoven 1987 [5] in which high-level charging in LEO
was systematically studied. In addition, a reduced ionospheric
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Here σmin is assumed to be
o 10-16 Ω-1 m-1 when T> 25ºC,
o 2 × 10-17 Ω-1 m-1 for other temperatures

High voltage system requirements
Internal parts and materials requirements
Tether requirements
Electric propulsion requirements

B. What is wrong/missing?

The level of detail varies between the chapters. For example,
since tethers are still experimental technologies, the
requirements here address what aspects must be considered
but are not quantitative. The intention of the document is that
the requirements can be tailored according to the details of the
mission.







A. Highlights
In the chapter on surface material requirements, the standard
proposes maximum permitted voltages and electric fields
which can be tailored (VMAX= -1kV or +100V, EMAX=
10MV/m). A maximum surface charging current is also
proposed (J=10nA/cm2) and other requirements are derived
from these maximum values.
Bulk resistance

r

EMAX
J

IV.

PLANS FOR THE FUTURE

Under the ECSS system, both users and authors may submit
change requests relating to specific errors. It is normal that
standards are refreshed after around 5 years. ECSS-E-ST-1004C and -20-06C were issued in 2008 and cumulative
improvements in understanding have taken place since then.
Work to update standards are authorised by the ECSS
technical authority who then also need to approve the new
version. Part of the review process involves public review of
the updated standard. A request to update ECSS-E10-04c was
submitted in 2013 because there has been an evolution in
many environment models also new environment data have
been collected.

Surface resistance

r

Structure of the standard, especially relating to
surface charging, is complicated and difficult to
interpret in parts
‘Maximum permitted voltages’ may be conservative
Maximum current density may be too simplistic
Testing requirements are not detailed
Surface charging analysis requirements need to be
expanded
o The capabilities of codes should be specified
o Guidance on how to perform simulations
should be included

V
2
t VMAX or
  MAX 2
2
J d
d
J

for r=resistivity, t=thickness, d=distance to ground and ρ=
surface resistance in Ω/□.
Exceptions exist for
 Small floating metals (<1cm2 or 10pF)
 Small dielectric areas (<2mm wide of <10pF
[<100pF in LEO])
This standard states that “Computational modelling and
laboratory testing shall model the effects of the phenomenon
related to surface particle emission (secondary emission and
photo-emission), conduction and collection processes”. Some
charging codes that can form part of this analysis are briefly
described in an annex (including SPIS, NASCAP-GEO and
NASCAP-2K). However, no surface charging codes are
specifically approved or recommended, as is the norm with
ECSS standards.
Solar arrays are a special case of surface charging materials.
In this case, the concern is for the occurrence of secondary
arcs and the solar array chapter is all about testing for this
effect.

It is important that ECSS standards are up to date and reflect
best knowledge and practices. Also it is important to maintain
consistency between different international standards
wherever possible. Hence activities currently started under the
ISO framework should be a stimulus to us to review and
improve the related aspects of the ECSS standards.
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Introduction
1. ‘ The European Cooperation for Space Standardization ECSS) was
initiated ……. to provide a single, coherent set of standards for use in all
European space systems development and operation.’ [ECSS-P-00C]
2. Standards are structured so that they:
•

are directly applicable in contracts;

•

define requirements in terms of the need to be fulfilled rather
than on the means to be used to fulfil that need

•

avoid duplication with other standards by incorporating into
the ECSS system where appropriate, available documents from
other sources;

3. ECSS standards can be supported/complemented by Handbooks and
Technical Memoranda.
ECSS standards can be found/downloaded at: http://www.ecss.nl
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ECSS architecture
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Charging-related standards
1. ECSS-E-ST-10-04C Space Environment
•

defines the natural environment for all space regimes

•

aspects include: Gravity, Geomagnetic fields, natural
electromagnetic radiation and indices, neutral atmospheres,
plasmas, energetic particle radiation, space debris and
meteoroids, contamination

2. ECSS-E-ST-20-06C Spacecraft Charging
•

relates to measures to assess and minimize hazardous effects
arising from spacecraft charging and other environmental
effects on a spacecraft’s electrical behaviour.

3. ECSS-E-ST-20-07C Electromagnetic compatibility
4. ECSS-E-ST-20-08C Photovoltaic assemblies and components
5. ECSS-E-ST-32-08C Materials
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Charging aspects of ECSS-E-ST-10-04C
Space Environment
1. Standard is generally included in spacecraft/equipment requirements
definition
2. It gives worst cases and typical environments depending on effects and
knowledge
3. Plasma environments
•

Ionosphere/auroral

•

Plasmasphere

•

Outer magnetosphere / GEO

•

Solar wind/interplanetary

•

Magnetosheath

•

Magnetotail

•

Planetary environments

•

Induced
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Charging aspects of ECSS-E-ST-10-04C
Space Environment
4. Radiation environments
•

Long-term radiation-belt models

•

Solar particle events

•

W/C Internal charging environment
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Some details of ECSS-E-ST-10-04C
Space Environment
1. Worst case GEO charging environment
Electron
Electron
Ion density
-3
density (cm ) temperature
(cm-3 )
(keV)

Ion
temperature
(keV)

Population 1

0,2

0,4

0,6

0,2

Population 2

1,2

27,5

1,3

28,0

This is a double Maxwellian fit to an extremely severe event observed by the
SCATHA spacecraft on 24 April 1979 when the spacecraft charged to -8 kV in
sunlight as reported by:
•

Gussenhoven, M.S. and E.G. Mullen, “Geosynchronous environment for
severe spacecraft charging”, J. Spacecraft and Rockets 20, p. 26, 1988

Note: the listed ion and electron densities are not equal
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Some details of ECSS-E-ST-10-04
Space Environment
2. Worst-case Auroral charging environment
•

For E ≤17,44 keV:
f(v) = 3,9 × 10-18

•

s3m-6

For E > 17,44:
[ N 0 (me )3 / 2 exp{− ( E − E0 ) / kT0 }]
f (v ) =
(2πkT0 )3 / 2
N0= 1.13E6
kT0= 3.96
E0 = 17.44

m -3
keV
keV

This comes from
“Space Environment for USAF Space Vehicles”, MIL-STD-1809 (USAF), 15 Feb 1991.
based on
Yeh H.C. and M.S. Gussenhoven, “The statistical Electron Environment for Defense
Meteorological Satellite Program Eclipse Charging”, J. Geophys. Res., pp.7705-7715, 1987.
+ thermal ion density of 125 cm-3 and temperature 0.2 eV
This comes from a severe charging case seen on the DMSP by
Gussenhoven M.S, D.A. Hardy, F. Rich, W.J. Burke and H.C. Yeh, “High Level Spacecraft
Charging in the Low Altitude Polar Auroral Environment”, J. Geophys. Res., pp.1100911023, 1985.
8
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Some details of ECSS-E-ST-10-04
Space Environment
3. Worst-case Internal charging environment

Highest mission fluxes reported by the FLUMIC V3 model:
Rodgers D.J, Hunter K.A and Wrenn G.L, The Flumic Electron Environment Model, Proc.
8th SCTC, Huntsville Alabama, 2003
or, for geostationary orbits, the NASA worst case model:
NASA-HDBK-4002
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ECSS-E-ST-10-04 Space Environment
1. What is wrong/missing?
•

GEO worst case is SCATHA-based and newer data should be
investigated.

•

Current w/c does not include the higher energy radiation populations
that mitigate charging by enhancing radiation-induced conductivity.

•

A neutral environment is needed for some tools.

•

Worst cases for other locations in outer magnetosphere are missing,
such as the Galileo/GPS orbits

•

Worst/typical cases for planets like Jupiter are needed.

•

Auroral w/c environment also should be revisited – both presence of
high energy electrons and absence of low energy ions are crucial.

•

FLUMIC internal charging environment model is being updated. The
seasonal and solar cycle dependence make the current model
complicated to use.
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ECSS-E-ST-20-06C Spacecraft
Charging

1. Appears usually in spacecraft EMC requirements document
2. A complicated document – finalised in a workshop with experts from
academia and industry
3. Chapter headings
•

Protection programme

•

Surface material requirements

•

Secondary arc requirements

•

High voltage system requirements

•

Internal parts and materials requirements

•

Tether requirements

•

Electric propulsion requirements

3. Level of detail varies between the chapters
4. Requirements can be tailored
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Some surface charging aspects
details of ECSS-E-ST-20-06C

1. Surface material requirements
•

Proposes maximum permitted voltages and electric fields
which can be tailored (-1kV, +100V, 10MV/m)

•

Maximum charging current is proposed (10nA/cm2)

•

Other requirements are derived from these maximum values.

Bulk resistance

r≤

Surface resistance

E MAX
J
•

r≤

t VMAX
d2 J

or

ρ≤

VMAX 2
J d2

Exceptions exist for
•

Small floating metals (<1cm2 or 10pF)

•

Small dielectric areas (<2mm wide of <10pF (<100pF in
LEO))
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Some surface charging aspects
details of ECSS-E-ST-20-06C

2. “ Computational modelling and laboratory testing shall model the
effects of the phenomenon related to surface particle emission
(secondary emission and photo-emission), conduction and collection
processes”
•

Some charging codes that can form part of this analysis are
briefly described in an annex (including SPIS, NASCAP-GEO
and NASCAP-2K)

•

No surface charging codes are specifically approved or
recommended

3. Solar array chapter is all about testing
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Some internal charging aspects
details of ECSS-E-ST-20-06C

1. Based on maximum electric field (10MV/m as default)
Exceptions are given for when

•

•

•

The charging current is very low, i.e. j < Emax/σmin.

•

The part is very well shielded

•

The material conductivity is very high
•

For GEO, >2.5 × 10-15 Ω-1 m-1

•

In any other case, >2,5 × 10-14 Ω-1 m-1

σmin is assumed
•

10-16 Ω -1 m-1 when T> 25ºC,

•

2 × 10-17 Ω -1 m-1 for other temperatures

Otherwise analysis or testing is required
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ECSS-E-ST-20-06C Spacecraft
Charging
What’s wrong/missing?
•

Structure is complicated and difficult to interpret in parts

•

‘Maximum permitted voltages’ may be conservative

•

Maximum current density may be too simplistic

•

Testing requirements are not detailed

•

Surface charging analysis requirements need to be expanded

•

•

The capabilities of codes should be specified

•

Guidance on how to perform simulations should be included

Internal charging analysis requirements are also not specific
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Plans for the Future
Updates to the standards
•

Users and authors may submit change requests relating to
specific errors

•

10-04C and 20-06C are from 2008 and cumulative
improvements in understanding have taken place since then

•

Work to update standards are authorised by ECSS technical
authority who then also need to approve the new version

•

Request to update ECSS-E10-04c was submitted in 2013
•

because there has been an evolution in many
environment models

•

Because new environment data have been collected

•

Because of weaknesses identified

•

ECSS-E-20-06C should also be updated

•

Activity under the ISO framework should be a stimulus to keep
the ECSS standards up to date and maintain consistency
between the standards where possible
16
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Abstract
The European Cooperation for Space Standardization (ECSS) [1] system of
standards is a coherent set of standards covering a wide range of space
engineering, quality assurance, management and sustainability issues.
Spacecraft-plasma interaction effects are specifically covered in the ECSS-EST-20-06C ‘Spacecraft Charging’ standard and worst-case and typical
spacecraft charging environments are included in the ECSS-E-ST-10-04C
‘Space Environment’ standard. In addition, a number of other standards,
e.g. those concerned with solar arrays, EMC, and electric propulsion, include
consideration of effects related to spacecraft charging.
The contents of the current spacecraft charging-related standards are discussed
along with the justification for the approaches taken. The processes of
producing and updating ECSS standards are discussed. Finally, some of the
areas in which the standards are thought to need updating are identified
and the current plans for carrying out updates are discussed.
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ECSS architecture
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