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The Status of the ISO Standard New Work Item
Proposal on Spacecraft Charging
Dale Ferguson

Abstract— In 2012, ISO TC20/SC14/WG4 resolved to
produce an International Standard on Spacecraft Charging.
Pursuant to that resolution, I, the Chair of the Committee to
develop the Standard, obtained commitments from an
international team, made committee assignments to produce
the standard, and sent a New Work Item Proposal to the Head
of WG4. In this paper, I will discuss the need for such a
Standard, progress on the Standard so far, its status in the ISO
process, and prospects for its production and adoption in the
future. An outline for the Standard will be described, and the
international team who have agreed to take part will be
delineated.

II.

The ISO working group under which an international
charging standard falls is ISO TC20/SC14/WG4. This is the
Technical Committee 20, Aircraft and Space Vehicles, SubCommittee 14, Space Systems and Operations, WG4, Space
Environment (Natural and Artificial). It meets twice a year,
in the spring and fall, in various countries. The working
group is made up of unpaid volunteers whose travel costs
are, in general, their own responsibility. Each member
country sends a delegation to each working group meeting.
Proposed ISO standards that achieve a consensus among the
member nations can become ISO standards, through a
tortuous voting process that shall not be explained here. At
any rate, the working group works through resolutions
which act as guides and directions for standards production.
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I.

ISO TC20/SC14/WG4 MEETINGS

INTRODUCTION

Spacecraft Charging has been recognized as an important
factor in spacecraft design and operations ever since the
spectacular and debilitating failures of several GEO
communications satellites in the 1960’s and 1970’s, the
launch of the ATS and SCATHA satellites to investigate
charging, and the first Spacecraft Charging Technology
Conference in 1978. Since those days, much has been
learned about spacecraft charging and the arcing it causes,
yet there remains no international standard on spacecraft
charging. In fact, the national standards and guidelines on
the topic are often contradictory, not all-inclusive, and
scattered throughout the literature. In these days of
globalization, where a spacecraft may get its solar arrays
from a company in Germany, its bus from a French
company, its electronics from the US, and its sensors from
Japan, spacecraft systems design, integration, testing and
operations become difficult without international standards.
Only recently, ISO 11221, through the Herculean efforts of
Mengu Cho and his colleagues, has brought some
international harmony about how to test space solar arrays
for arcing and sparking. Design and operations, however,
have lagged behind in the spacecraft charging arena. Thus,
an all-inclusive ISO standard on spacecraft charging, both
internal and external, and covering all spacecraft orbits, is
sorely needed. It is the purpose of this paper to highlight the
progress to date in writing such a standard.

The first serious discussion of a general ISO standard on
Spacecraft Charging took place at the instigation of Kent
Tobiska, Head of the US WG4 delegation, and the author at
the WG4 meeting in Chantilly, VA, in the fall of 2011.
There a resolution was passed:
Resolution 411
The experts of WG4 recognize that spacecraft charging is an
important consequence of many space plasma environments.
It is therefore necessary that a standard be enacted that
illuminates how spacecraft charging occurs in the different
space environments, so that the severity of charging of a
spacecraft can be anticipated and possibly mitigated by
design or operation. Important factors that contribute to
spacecraft charging will be identified, including the
magnetic and plasma environment in different regimes
(LEO, Polar, GEO, interplanetary, etc.) and spacecraft
properties (materials, geometries, solar array voltages, etc.).

Although neither Tobiska nor Ferguson was present at
the Spring, 2012 WG4 meeting in Brazil, J.F. Roussel of the
French delegation and V. Kalegaev (vice-chair of WG4)
spearheaded acceptance of another resolution on the topic:

Dale Ferguson is with the Space Vehicles Directorate, US Air
Force Research Laboratory, Kirtland Air Force Base, NM, USA, 87117

1

Spacecraft Charging Technologies Conference 2014 - 112 Paper

(Abstract No# 112)
Resolution 422

At the same meeting, the following recommendations
were passed:

The experts of WG4 recognize that spacecraft charging is an
important consequence of many space plasma environments
at the last meeting (Resolution 411). Dr. J.-F. Roussel and
Dr. V. Kalegaev (on behalf of Dr. L. Novikov ) proposed to
create a working group including Prof. K. Toyoda, Dr. J.-F.
Roussel, Dr. L. Novikov, Dr. D. Ferguson (the final list of
this group will be defined by convener of WG4 during June,
this year) and other possible volunteers to formulate the
basic principles of the future set of standards on this topic
and present this information during the next ( fall, 2012)
WG4 meeting.

Recommendations for a Charging Standard
•
•
•
•

At the Boulder, Colorado WG4 Workshop in the fall of
2012, thanks to Janet Green, Bill Denig and Kent Tobiska,
and with full cooperation of the author and many spacecraft
charging experts convened for this purpose, the following
resolution was passed:
Resolution 432
•

Pursuant to Resolutions 411 and 422, the experts of WG4,
having convened workshops on possible Spacecraft
Charging and Worst-Case Charging Environment standards
on October 10, 2012, recommend the following:
(1) That Dr. D. Ferguson appoint an international committee
to consider proposal of a standard on Spacecraft Charging,
to include surface and internal charging, to be based on the
outline in the existing ECSS-E-ST-20-06C (31July2008),
and to include material from the national standards NASASTD-4005, NASA-HDBK-4006, AIAA-S-115, JAXAJERG-2-211A, and NASA-HDBK-4002A, and to be
informed by the summary of the aforementioned workshop
on a Spacecraft Charging Standard.
(2) The members of the committee shall include Prof. K.
Toyoda, Dr. J.-F. Roussel, Dr. L. Novikov, and Dr. D.
Ferguson, as well as others from the volunteering
participants of the aforementioned workshops, including M.
Mandell, T. Goka, Y. Kitazawa, T. Guild, J. Likar, N.
Noushkam, J. Fennell, H. Garrett, E. Mikkelson, D. Knipp,
J. Green, A. Whittlesey, and J. Minow.
(3) The final list of the committee members and the name of
the proposer shall be presented at the spring 2013 meeting
of WG4.
(4) A NWI proposal on Spacecraft Charging should be
prepared by members of the committee by e-mail, before the
spring 2013 meeting of WG4 and presented at that meeting.

•
•
•
•
•

Create a committee to draft the charging standard
Dale will be the chair and create a committee via email tasked with creating a draft
Use ECSS table of contents as a template and add
and subtract from other standards
Standard must include
o Require evaluation of orbit for possibility
of charging
o If charging present, assess magnitude of
threat
o Require mitigation to reduce threat to
acceptable level
o Require verification methods with respect
to threat
o All of the above must be managed by
experienced ESD analyst
Standard may include
o Both surface and internal
o Environments- ambient and spacecraft
generated
o Test methods
o Mitigation methods- general and tuned for
specific hardware
o Informative material
o National Standards
o Code lists
o Expected ESD and mitigating
o Earth orbiting and non-earth orbiting
Include LEO/HEO/GEO/PEO/MEO in Earth
orbiting
Separate “shall statements” and explanatory
material in annex
Designed for the expert and general audience
Separate worst-case environment and materials
standard
No prohibitions

After this meeting, a list of volunteer participants for the
committee creating the standard was created by Dr.
Ferguson, and is presented here in TABLE I. Roles were
agreed to by email.
Also, a Table of Contents for the Standard was prepared,
based on the ECSS Standard, but including inputs from the
writers and from pre-existing national standards. Space
constraints do not permit us to include it in this paper. A
formal NWIP (new work item proposal) was prepared by
Dr. Ferguson, and is shown below as Fig. 1.
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- NWIs ― spacecraft charging – earth orbit and ―
spacecraft charging potential estimation in the worst case
environments.
The experts of WG4 recognize that
spacecraft charging is an important consequence of many
space plasma environments. Spacecraft charging working
group formulated the basic principles of the future set of
standards on this topic.
Paris mtg., Fall 2013 - no US representation.
Tokyo mtg., Spring 2014.
follows:

The first part of the agenda

ISO TC20/SC14 WG: WG4: Space
Environment (Natural and Artificial)
26-27 May, 2014. Tokyo, Japan
Chair: Mikhail Panasyuk (Russia)
AGENDA (Ver. 1 on April 29, 2014)
Monday, May 26, 2014 – 09:00
A. Discussions of the standards
1)

Fig. 1. The New Work Item Proposal.

2)

At the behest of Dr. Goka (Japan), Prof. Mengu Cho
(Japan) prepared a comparison between the European
(ECSS) and the Japanese (JERG) charging standards (dated
May 5, 2013).

No results of this meeting have been obtained by the author
by the time of this writing.

At the Moscow WG4 meeting in the spring of 2013,
where no US representation was available, Dr. Goka agreed
to present the NWIP. From the minutes of the meeting, we
learn that Dr. Mikhail Panasyuk (Russia, and the Head of
WG4) presented the WG4 report, and that the following
decisions were made about spacecraft charging standards:
WG4, Space
(attachment 8)

Environment

(natural

and

Morning session
NWI Spacecraft charging potential
estimation in the worst case
environments (Toyoda, Kazuhiro,
and Goka, Tateo)
NWI Spacecraft Charging StandardEarth orbit (Ferguson, Dale; Goka,
Tateo)

III.

SUMMARY

ISO TC20/SC14/WG4 has affirmed the need for an allinclusive spacecraft charging international standard. Dr.
Ferguson (US) has been appointed the Chair of the
Committee to develop this Standard. He has produced a
Table of Contents for the new Standard and has obtained
agreement from the committee members on their roles. The
Spacecraft Charging Standard – Earth Orbit has been
approved as a New Work Item (NWI). Work will begin soon
on writing this Standard.

artificial)

Decisions:
The following items were initiated for future work:
spacecraft charging — earth orbit and spacecraft charging
potential estimation in the worst case environments…
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Attachment 8
(Significant issues for Plenary)
WG4 have initiated new items for our future work. Among
them:
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TABLE I. Committee Members and Roles
Name
First

Last

William

Denig

U.S.A.

NOAA/NESDIS/NGDC

Joseph

Fennell

U.S.A.

Aerospace Corp

Yes

Fact Checker

Dale

Ferguson

U.S.A.

Air Force Research Laboratory

Yes

Tateo

Goka

Japan

JAXA

Yes

Ed. In Chief, Head writer, framework,
NASA 4005, 4006 inclusion
Writer, JERG-2-211A inclusion

Janet

Green

U.S.A.

NOAA/NGDC

Yes

Editor

Timothy B.

Guild

U.S.A.

The Aerospace Corp

Yes

Reviewer

Yukihito

Kitazawa

Japan

JAXA

Yes

Reviewer

Delores

Knipp

U.S.A.

Space Environment Technologies

Yes

Reviewer

Justin

Likar

USA

Lockheed Martin

Yes

Fact Checker

Myron

Mandell

U.S.A.

SAIC

Yes

Fact Checker

Lev
Simonovich

Novikov

Russia

Skobeltsyn Inst. Of Nuclear Physics,
Moscow State U.

Yes

Writer, Russian standards inclusion, reviewer

Kent

Tobiska

U.S.A.

Space Environment Technologies
Yes

Reviewer
Writer, JERG-2-211A inclusion, ISO 11221 inclusion

Citizenship

Representing

Accepts?

Editor

Kazuhiro

Toyoda

Japan

Kyushu Institute of Technology

Al

Whittlesey

U.S.A.

NASA Jet Propulsion Laboratory

Henry

Garrett

Eric

Mikkelson

Nikki
JeanFrancois

Noushkam

Joe
Mike

USA
USA

NASA Jet Propulsion Laboratory
Boeing
Orbital Sciences

Yes

Writer, NASA 4002a inclusion

Yes

Writer, NASA 4002a inclusion

Yes

Reviewer

Yes

Head Reviewer

Yes
Roussel
Minow
Bodeau

Mengu

Cho

David

Rodgers

Denis

Payan

Bao

USA

Assigned Role

Hoang

France
USA
USA

NASA
Northrop-Grumman

Japan

KIT

UK

ESA

France
USA

Reviewer

ONERA
Yes

Head Fact Checker

Yes

Fact Checker
Writer, JERG-2-211A inclusion, ISO 11221 inclusion

Yes

Writer, ECSS-ST-20-06c inclusion
Writer, ECSS-ST-20-06c inclusion

CNES
Yes

Space Systems/Loral
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Importance of a Standard
•

Spacecraft Charging has been recognized as an important factor in spacecraft design and
operations ever since the 1960’s and 1970’s

•

Since those days, much has been learned about spacecraft charging and the arcing it causes,
yet there remains no international standard on spacecraft charging

•

In fact, the national standards and guidelines on the topic are often contradictory, not allinclusive, and scattered throughout the literature

•

In these days of globalization, where a spacecraft may get its solar arrays from a company in
Germany, its bus from a French company, its electronics from the US, and its sensors from
Japan, spacecraft systems design, integration, testing and operations become difficult without
international standards

•

Only recently, ISO 11221, through the Herculean efforts of Mengu Cho and his colleagues, has
brought some international harmony about how to test space solar arrays for arcing and
sparking

•

Design and operations, however, have lagged behind in the spacecraft charging arena

•

Thus, an all-inclusive ISO standard on spacecraft charging, both internal and external, and
covering all spacecraft orbits, is sorely needed. It is the purpose of this paper to highlight the
progress to date in writing such a standard

Place Proper DISTRIBUTION STATEMENT Here
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ISO TC20/SC14/WG4

• The ISO working group under which an international charging standard
falls is ISO TC20/SC14/WG4
• This is the Technical Committee 20, Aircraft and Space Vehicles, SubCommittee 14, Space Systems and Operations, WG4, Space Environment
(Natural and Artificial)
• It meets twice a year, in the spring and fall, in various countries
• The working group is made up of unpaid volunteers whose travel costs
are, in general, their own responsibility
• Each member country sends a delegation to each working group meeting
• Proposed ISO standards that achieve a consensus among the member
nations can become ISO standards, through a tortuous voting process
that shall not be explained here
• At any rate, the working group works through resolutions which act as
guides and directions for standards production
Place Proper DISTRIBUTION STATEMENT Here
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WG4 Meetings – Fall, 2011
•

The first serious discussion of a general ISO standard on Spacecraft Charging
took place at the instigation of Kent Tobiska, Head of the US WG4 delegation, and
the author at the WG4 meeting in Chantilly, VA, in the fall of 2011. There a
resolution was passed:

Resolution 411

The experts of WG4 recognize that spacecraft charging is an important consequence
of many space plasma environments. It is therefore necessary that a standard be
enacted that illuminates how spacecraft charging occurs in the different space
environments, so that the severity of charging of a spacecraft can be anticipated and
possibly mitigated by design or operation. Important factors that contribute to
spacecraft charging will be identified, including the magnetic and plasma
environment in different regimes (LEO, Polar, GEO, interplanetary, etc.) and
spacecraft properties (materials, geometries, solar array voltages, etc.).

Place Proper DISTRIBUTION STATEMENT Here
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WG4 Meetings – Spring 2012
•

Although neither Tobiska nor Ferguson was present at the Spring, 2012 WG4
meeting in Brazil, J.F. Roussel of the French delegation and V. Kalegaev (vicechair of WG4) spearheaded acceptance of another resolution on the topic:

Resolution 422

The experts of WG4 recognize that spacecraft charging is an important consequence
of many space plasma environments at the last meeting (Resolution 411). Dr. J.-F.
Roussel and Dr. V. Kalegaev (on behalf of Dr. L. Novikov ) proposed to create a
working group including Prof. K. Toyoda, Dr. J.-F. Roussel, Dr. L. Novikov, Dr. D.
Ferguson (the final list of this group will be defined by convener of WG4 during June,
this year) and other possible volunteers to formulate the basic principles of the
future set of standards on this topic and present this information during the next
(fall, 2012) WG4 meeting.

Place Proper DISTRIBUTION STATEMENT Here
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WG4 Meetings – Fall 2012 (1)
•

At the Boulder, Colorado WG4 Workshop in the fall of 2012, thanks to Janet Green, Bill Denig and
Kent Tobiska, and with full cooperation of the author and many spacecraft charging experts
convened for this purpose, the following resolution was passed:

Resolution 432
Pursuant to Resolutions 411 and 422, the experts of WG4, having convened workshops on possible
Spacecraft Charging and Worst-Case Charging Environment standards on October 10, 2012, recommend
the following:
(1) That Dr. D. Ferguson appoint an international committee to consider proposal of a standard on
Spacecraft Charging, to include surface and internal charging, to be based on the outline in the existing
ECSS-E-ST-20-06C (31July2008), and to include material from the national standards NASA-STD-4005,
NASA-HDBK-4006, AIAA-S-115, JAXA-JERG-2-211A, and NASA-HDBK-4002A, and to be informed by the
summary of the aforementioned workshop on a Spacecraft Charging Standard.
(2) The members of the committee shall include Prof. K. Toyoda, Dr. J.-F. Roussel, Dr. L. Novikov, and Dr.
D. Ferguson, as well as others from the volunteering participants of the aforementioned workshops,
including M. Mandell, T. Goka, Y. Kitazawa, T. Guild, J. Likar, N. Noushkam, J. Fennell, H. Garrett, E.
Mikkelson, D. Knipp, J. Green, A. Whittlesey, and J. Minow.
(3) The final list of the committee members and the name of the proposer shall be presented at the
spring 2013 meeting of WG4.
(4) A NWI proposal on Spacecraft Charging should be prepared by members of the committee by e-mail,
before the spring 2013 meeting of WG4 and presented at that meeting.
Place Proper DISTRIBUTION STATEMENT Here
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WG4 Meetings – Fall 2012 (2)
•

At the same meeting, the following recommendations for a charging standard were passed:
•
•
•
•

•

•
•
•
•
•

Create a committee to draft the charging standard
Dale will be the chair and create a committee via e-mail tasked with creating a draft
Use ECSS table of contents as a template and add and subtract from other standards
Standard must include
o Require evaluation of orbit for possibility of charging
o If charging present, assess magnitude of threat
o Require mitigation to reduce threat to acceptable level
o Require verification methods with respect to threat
o All of the above must be managed by experienced ESD analyst
Standard may include
o Both surface and internal
o Environments- ambient and spacecraft generated
o Test methods
o Mitigation methods- general and tuned for specific hardware
o Informative material
o National Standards
o Code lists
o Expected ESD and mitigating
o Earth orbiting and non-earth orbiting
Include LEO/HEO/GEO/PEO/MEO in Earth orbiting
Separate “shall statements” and explanatory material in annex
Designed for the expert and general audience
Separate worst-case environment and materials standard
No prohibitions
Place Proper DISTRIBUTION STATEMENT Here
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WG4 Meetings – Post-Fall 2012 (1)
• After this meeting, a list of volunteer participants for the committee creating the standard was
created by Dr. Ferguson, and is presented here. Roles were agreed to by email.
Name
First

Last

William

Denig

U.S.A.

NOAA/NESDIS/NGDC

Joseph

Fennell

U.S.A.

Dale

Ferguson

U.S.A.

Citizenship

Representing

Accepts?

Assigned Role

Aerospace Corp

Yes

Fact Checker

Air Force Research Laboratory

Yes

Ed. In Chief, Head writer, framework,
NASA 4005, 4006 inclusion
Writer, JERG-2-211A inclusion

Editor

Tateo

Goka

Japan

JAXA

Yes

Janet

Green

U.S.A.

NOAA/NGDC

Yes

Editor

Timothy B.

Guild

U.S.A.

The Aerospace Corp

Yes

Reviewer

Yukihito

Kitazawa

Japan

JAXA

Yes

Reviewer

Delores

Knipp

U.S.A.

Space Environment Technologies

Yes

Reviewer

Justin

Likar

Lockheed Martin

Yes

Fact Checker

Myron

Mandell

U.S.A.

SAIC

Yes

Fact Checker

Lev
Simonovich

Novikov

Russia

Skobeltsyn Inst. Of Nuclear Physics,
Moscow State U.

Yes

Writer, Russian standards inclusion, reviewer

Kent

Tobiska

U.S.A.

Space Environment Technologies

Kazuhiro

Toyoda

Japan

Kyushu Institute of Technology

Yes

Reviewer
Writer, JERG-2-211A inclusion, ISO 11221 inclusion

Al

Whittlesey

U.S.A.

NASA Jet Propulsion Laboratory

Henry

Garrett

USA

NASA Jet Propulsion Laboratory

Eric

Mikkelson

USA

Boeing

Nikki
JeanFrancois

Noushkam

USA

Orbital Sciences

Roussel

USA

France

ONERA

Joe

Minow

USA

NASA

Mike

Bodeau

USA

Northrop-Grumman

Mengu

Cho

Japan

David

Rodgers

Denis

Payan

France

Bao

Hoang

USA

UK

KIT

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Writer, NASA 4002a inclusion
Writer, NASA 4002a inclusion
Reviewer
Head Reviewer
Reviewer
Head Fact Checker
Fact Checker
Writer, JERG-2-211A inclusion, ISO 11221 inclusion

ESA

Writer, ECSS-ST-20-06c inclusion

CNES

Writer, ECSS-ST-20-06c inclusion

Space Systems/Loral

Yes

Reviewer
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WG4 Meetings – Post-Fall 2012 (2)
• A Table of Contents for the Standard
was prepared, based on the ECSS
Standard, but including inputs from
the writers and from pre-existing
national standards
• Space constraints do not permit
us to include it here
• A formal NWIP (new work item
proposal) was prepared by Dr.
Ferguson, and is shown here
• At the behest of Dr. Goka (Japan),
Prof. Mengu Cho (Japan) prepared a
comparison between the European
(ECSS) and the Japanese (JERG)
charging standards (dated May 5,
2013)
Place Proper DISTRIBUTION STATEMENT Here
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WG4 Meetings – Spring 2013 (1)
At the Moscow WG4 meeting in the spring of 2013, where no US representation
was available, Dr. Goka agreed to present the NWIP. From the minutes of the
meeting, we learn that Dr. Mikhail Panasyuk (Russia, and the Head of WG4)
presented the WG4 report, and that the following decisions were made about
spacecraft charging standards:
WG4, Space Environment (natural and artificial) (attachment 8)
Decisions:
The following items were initiated for future work: spacecraft charging — earth
orbit and spacecraft charging potential estimation in the worst case
environments…

Place Proper DISTRIBUTION STATEMENT Here
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WG4 Meetings – Spring 2013 (2)

Attachment 8
(Significant issues for Plenary)
WG4 have initiated new items for our future work.
Among them: - NWIs ―spacecraft charging – earth
orbit and ―spacecraft charging potential estimation in
the worst case environments. The experts of WG4
recognize that spacecraft charging is an important
consequence of many space plasma environments.
Spacecraft charging working group formulated the basic
principles of the future set of standards on this topic.

Place Proper DISTRIBUTION STATEMENT Here
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WG4 Meetings – Fall 2013 & Spring 2014
Paris mtg., Fall 2013 - no US representation.
Tokyo mtg., Spring 2014. The first part of the agenda follows:
ISO TC20/SC14 WG: WG4: Space Environment (Natural and Artificial)
26-27 May, 2014. Tokyo, Japan
Chair: Mikhail Panasyuk (Russia)
AGENDA (Ver. 1 on April 29, 2014)
Monday, May 26, 2014 – 09:00
A.
Discussions of the standards
Morning session
1)
NWI Spacecraft charging potential estimation in the worst case
environments (Toyoda, Kazuhiro, and Goka, Tateo)
2)
NWI Spacecraft Charging Standard-Earth orbit (Ferguson, Dale; Goka,
Tateo)
No results of this meeting have been obtained by the author by the time of this
writing.
Place Proper DISTRIBUTION STATEMENT Here
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Summary

• ISO TC20/SC14/WG4 has affirmed the need for an all-inclusive
spacecraft charging international standard
• Dr. Ferguson (US) has been appointed the Chair of the
Committee to develop this Standard
• He has produced a Table of Contents for the new Standard
and has obtained agreement from the committee members on
their roles
• The Spacecraft Charging Standard – Earth Orbit has been
approved as a New Work Item (NWI)
• Work will begin soon on writing this Standard
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