°
BE SLOVENSKI STANDARD

SIST EN 16603-10-04:2015
01-april-2015

Nadomesca:
SIST EN 14092:2004

Vesoljska tehnika - Okolje v vesolju

Space engineering - Space environment
Raumfahrttechnik - Raumfahrtumweltbedingungen
Ingénierie spatiale - Environnement spatial

Ta slovenski standard je istoveten:z: EN116603-10-04:2015

ICS:

49.140 Vesoljski sistemi in operacije Space systems and
operations

SIST EN 16603-10-04:2015 en

2003-01.Slovenski institut za standardizacijo. RazmnoZevanje celote ali delov tega standarda ni dovoljeno.



SIST EN 16603-10-04:2015

iTeh STANDARD PREVIEW
(standards.iteh.ai)

SIST EN 16603-10-04:2015
https://standards.iteh.ai/catalog/standards/sist/b88 1aa0a-1831-4055-8166-
3db86054b50/sist-en-16603-10-04-2015



EUROPEAN STANDARD EN 16603-10-04
NORME EUROPEENNE
EUROPAISCHE NORM January 2015

ICS 49.140 Supersedes EN 14092:2002

English version

Space engineering - Space environment

Ing?ierie spatiale - Environnement spatial Raumfahrttechnik - Raumfahrtumweltbedingungen

This European Standard was approved by CEN on 28 December 2013.

CEN and CENELEC members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving
this European Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references concerning
such national standards may be obtained on application to the CEN-CENELEC Management Centre or to any CEN and CENELEC
member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation
under the responsibility of a CEN and CENELEC member into its own language and notified to the CEN-CENELEC Management Centre
has the same status as the official versions.

CEN and CENELEC members’are the national'standards bodies andnational electrotechnical committees of Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republi¢, Denmark, Estonia; Finland, Former’YugoslavRepublic ofMacedonia, France, Germany, Greece,
Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia,
Slovenia, Spain, Sweden, Switzerland, Turkey and United Kingdom.

CENELEC

CEN-CENELEC Management Centre:
Avenue Marnix 17, B-1000 Brussels

© 2015 CEN/CENELEC All rights of exploitation in any form and by any means reserved Ref. No. EN 16603-10-04:2015 E
worldwide for CEN national Members and for CENELEC
Members.



EN 16603-10-04:2015 (E)

Table of contents

[0 =NV o 12
INErodUCHION....... s 13
LIRS T o o o - PP 14
2 Normative referencCes.......ooee i 15
3 Terms, definitions and abbreviated terms.........ccccoiviiiiiircirc e, 17
3.1 Terms defined in other standards ................cc 17
3.2 Terms specific to the present standard .................ccoooiiii 17
3.3 Abbreviated termS. ... ..o 26

4 Gravity ... i A e L 29
4.1 Introduction and description. 1 £ L i S L 1 e 29
411 INrOdUCHION ... 29

4.1.2  Gravity. model formulation . ...... werssobains R} 2 ThOIR G R e e e e eeesnnnanssnnnesnnnnes 29

4.1.3  Third body gravitation:. Lo 00 2 31

414  Tidal €ffeCtS. ... 31

4.2 Requirements for model selection and application...........ccccccceeiiiiiiiiiiiiii e, 31
4.2.1  General requirements for gravity models.............cc.ooooiiiiiiiiiiii i 31

4.2.2  Selection and application of gravity models...........ccccccvviiiiiiiiiiiiiiiiiiiinnnnn. 32

5 GeomagnetiC fields ... 33
5.1 Introduction and desSCriptioN ....... oo 33
5.1.1  The geomagnetic field and itS SOUICES ..........ccooiiiiiiiiiiiiiiiiiiieeeeeen 33

51.2 Theinternal field ... 33

5.1.3  External field: ionospheric components............ccccoovviiiiiiiiiiiiiicceee e, 34

5.1.4  External magnetic field: magnetospheric components............cccccceeeneeee. 34

5.1.5 Models of the internal and external geomagnetic fields ...........cccccueee. 34

5.2 Requirements for model selection and application..............cccoveeiiiieiiiiiieeeeee, 36
521  Theinternal field .......ccoo oo 36

522 Theexternal field ... e 36

5.3 Tailoring QUIdEIINES.........cooiiiiii e 37




EN 16603-10-04:2015 (E)

6 Natural electromagnetic radiation and indices.......cc.ccoommmmciiiirecciiiineccer e, 38
6.1 Introduction and desSCription............oooiiiiiiii i 38
6.1.1 o] 1o To [H o7 1o o NSRS 38

6.1.2  Electromagnetic radiation and indiCes..............ccceveiiiiiiii 38

6.2 REQUIFEMENES ...ooiiiiii it e e e e e et e e e e e e e e e et a e e e e e e aearaaa 41
6.2.1  Electromagnetic radiation..............cooooiiiiii 41

6.2.2 Reference iNndeX ValUS..........ccooii i 42

6.2.3 Tailoring guUIdelineS .........oooviuiiiii i 42

&0 N 1= o] = 43
7 Neutral atmOSPREreS........ it r e e r e e e e e s 45
7.1 Introduction and desCriplioN .........ccciiiiiiiiiice e 45
7.1.1 o] 1o To 18 o7 1o o NSRRI 45

7.1.2  Structure of the Earth’s atmosphere................ccc 45

7.1.3  Models of the Earth’s atmosphere.........cccccceeiiiiiiiiiiiii e, 45

7.1.4  Wind model of the Earth’s homosphere and heterosphere......................... 46

7.2 Requirements for atmosphere and wind model selection..................ccccccoiiiii 47
7.2.1 Earth atmosphere ... o o L L Y 47

7.2.2  Earth wind model a1 i S L 48

7.2.3  Models of the atmospheres of the planets and their satellites ................... 48

8 Plasmas.......... L. i Jlich aycatalog/standards/sisybg8 1aa0a- 183 1-4053-81007 _....cvveeerienernns 49
8.1 Introduction and desCription............oooiiiiiiii e 49
8.1.1 o] (oo 18 o7 1o o NSRS 49

8.1.2  IONOSPRNEIE ... ettt eaeaanees 49

8.1.3  Plasmasphere ... 50

8.1.4  Outer MagnetoSPNEre ...........uuiiiiiiiiiie e 50

8.1.5  S0lar WINd ... 51

8.1.6  Magnetosheath ............oooo i 51

8.1.7  Magnetotail ........coourmiiiiii e 51

8.1.8  Planetary environments ... 52

8.1.9 Induced enviroNMEeNtS........ccooeiiiiiiii i 52

8.2 Requirements for model selection and application.............cccccceeeeiiiiiiiiieei e, 52
8.2.1 L= 1= = | 52

o I (o] oo 1= o 1= - U RPPPRRRP 53

8.2.3  Auroral charging environment ..............oouiiiiii i 53

8.2.4  Plasmaspere ... i 54

8.2.5  Outer magnetosphere ... 54

8.2.6  The solar wind (interplanetary environment)............ccccccceeiiiiiiiiiiiiceen e, 55




EN 16603-10-04:2015 (E)

8.2.7  Other plasma environments ..., 55

8.2.8  TableS oo 56

9 Energetic particle radiation ...........ccccooririnniniinnn—————— 57
9.1 Introduction and deSCriptioN..........cooeiiiiiiii e 57
911 INtrOdUCHION .. 57

9.1.2  Overview of energetic particle radiation environment and effects............... 57

9.2 Requirements for energetic particle radiation environments............cccccovvvvvviviennnne. 60
9.2.1  Trapped radiation belt fluXeS ..........coeeiiiiiiiiiiii e, 60

9.2.2  Solar particle event models.............ooooiiiiiiiiiiii i 62

9.2.3  COSMIC ray MOUEIS......ccooeieeeeeee e 63

9.24  Geomagnetic shielding..........cccooiiiiiiiiiiiii e, 63

9.25  NEULIONS .o 63

9.2.6  Planetary radiation environments.............cccciiiiiiii 64

9.3 Preparation of a radiation environment specification.............ccccccceeiiiiiiiiicen . 64
S 1= o] = PP 65
10 Space debris and Meteoroids..........coururmrarensnsresisesnresesnsesssasesserrmmmnnnssssssssserrenne 66
10.1 Introduction and descCriplion..............e oo 66
10.1.1 The particulate'environment'in-near-Earth space ..............ccccceeeeeiiinnennnnn, 66

10.1.2  SPACE UEDIIS ... ciiiresiniet renfyaees iy eims o36rs Coennnnnnsnnnnsnnnnsnsnsnnnssssnsnsssnnnnnnnnnnnnnnns 66

10.1.3  Meteoroids .. /Ll Ll os nuneaien ool 831:4030: 8100 .. 67

10.2 Requirements for impact risk assessment and model selection .............................. 67
10.2.1 General requirements for meteoroids and space debris............................ 67

10.2.2 Model selection and application ... 68

10.2.3 The MASTER space debris and meteoroid model.............ccccccceeeeiiinnnnnnn. 69

10.2.4 The meteoroid MOdel ...........oooviiiiiiiiiiiiiiiieeeee e 69

10.2.5 Impact risk @SSeSSMENT........uiii i 70

10.2.6 Margins and worst case fluXeS ...........cooevviiiiiiiiiiiiiiiiiiie 71

11 ContaminN@tion ... e 72
11.1 Introduction and descCription ..............e i 72

1 Pt Pt O 1o Yo 113 1T IS 72

11.1.2 Description of molecular contamination............cc.ccccoooeiiiiiiii e, 72

11.1.3  Transport MEeChaANISMS...... .. i 73

11.1.4 Description of particulate contamination....................oiiii e, 73

11.1.5 Transport MEChaANISMS..........ciiiiiiiiiice e 74

11.2 Requirements for contamination assessment ... 74
Annex A (normative) Natural electromagnetic radiation and indices................. 75




EN 16603-10-04:2015 (E)

A.1  Solar activity values for complete solar Cycle ..o 75
A2 TADIES. ..t 76
Annex B (normative) Energetic particle radiation ............cccooiiiiiiiiinininiiniiiiniin, 80
B.1 Historical dates of solar maximum and minimum .................cccoo 80
B.2 GEO model (IGE-2006) .......ccoeeieeeeeeeeee e 80
B.3 ONERA MEOV2 MOAEl ....ccceeieeieeieeeeeeeeeeeeeeee e 80
B4 FLUMIC MOEl ... 81
B4 OVEIVIBW .. e e e e e e e e e e e e e e e e e e e e e e e e e e e e eaeeas 81

B.4.2 Outer belt (L>2,5 RE) .uuuuiiiieiiiieeeee e 81

B.4.3  INNErbelt (L<2,5 RE) ...uuiiiiiiiii s 82

B.5 NASA worst case GEO SPECIIUM ........c.ooiiiiiiiii e 83
B.6 ESP solar proton model specification.............cccoooooiiiiiiii i, 83

= S To] =Tl (o F=3 4T To 1= S 84
B.8 Geomagnetic shielding (Starmer theory) ... 84
R 1= 1 ][ 85
Annex C (normative) Space debris and meteoroids..........csqmerrrrnrnnnnnnnnnnnnnnn. 97
C.T FIUXMOGELS ...ttt ettt ettt ettt et eeeeeeeeeeeeessnesnssnssnnnnnnes 97
C.1.1  Meteoroid velocitydistribution . .. s 97

C.1.2 Flux enhancement and altitude dependent velocity distribution................. 97

C.1.3  Earth shielding-and flux‘enhancement from spacecraft'motion.................. 99

C.1.4  Meteoroid Streams ......coooeeeeeieii e 100

C.2  TaADIES. ..ottt nnnnnane 102
Annex D (informative) Gravitation ..., 105
D.1  Gravity models: background .............ccoooiiiiiiiii i 105
D.2 GUIAEIINES fOr USE....ciiiiieiee e 106
D.3  Availability Of MOGEIS .......cooiiiiiie e 108
D4 T abDIES e 108
IR ST o [ | =P 109
Annex E (informative) Geomagnetic fields.........cccccnceiiiiiiiiiiiecccccee e, 110
E.1  Overview of the effects of the geomagnetic field..............cccooooiiiiiii e, 110
E.2 Models of the internal geomagnetic field ... 110
E.3 Models of the external geomagnetic field.............ccoooiiiiii s 111
E.4 Magnetopause bouNdary ... 112
E.5 Geomagnetic coordinate system —Band L ...........ccoovviiiiiiiiiiiieeieee e, 112
G T = o] [ 115
A (o [ = PP 117




EN 16603-10-04:2015 (E)

Annex F (informative) Natural electromagnetic radiation and indices ............. 119
F.1  S0lar SPECITUM ... e e e 119
F.2 Solar and geomagnetic indices — additional information ................ccccccciiiiiins 119

Nt T e O 119
FL2.2 B 0.7 s 119
e o 0 120
e |V o O 120
F.3 Additional information on short-term variation......................c.cccc 120
F.4 Useful internet references for indices.............cccc 121
F.5 Earth electromagnetic radiation ..............ccco 121
F.5.1  Earth @lDedo.........ooeeiiiiee e 121
F.5.2  Earthinfrared ... 122
F.6 Electromagnetic radiation from other planets...............ccco 123
F.6.1  Planetary albedo ...........oeiiiiiiiiiiiiiiiiiiiii e 123
F.6.2 Planetary infrared...........cccooii i 123
F.7  Activity indices information.............ccooooiiiiiiii e 123
F.8 Tables......a Kol QLA NIDA LRI IRV IS e, 123
R o [ =T S P 124

Annex G (informative) Neutral atmospheres..........cccooiiiiiirininiiiinn, 127
G.1 Structure of the Earth’s atmosphere ......c.iiiisiimerienss 2} K Qe e s mnnnsnneesenresnnnnns 127
G.2 Development of models'of the Earth’s atmosphere.. .. ..o, 127
G.3 NRLMSISE-00 and JB-2006 - additional information .............cccccooeiiiii, 128
G.4 The GRAM series of atmosphere models. ............cccoooiiiiiiiie 129
G.5 Atmosphere model uncertainties and limitations ...............ccccieei e, 129
G.6 HWMO93 additional information ... 129
G.7 Planetary atmospheres Mmodels. ... 130

L€ T N [V o | = PSPPI 130

LG A VY T L 130
TG T 1Y/ - 1 PP 131
G.7.4  SatUrn .o 131
G785  THAN e 131
G.7.6  NEPIUNE ...ee e 131
GL7.7  IMBICUNY .. e e e e e e e e e e e e e e e e e e e e e e aaeeas 131

G.8 Reference data..........oooooiiiiiiiiiiii e 132
LR T I o) = 133
G0 FIQUIES <.ttt ettt et eea b e nnnnnnnnne 138
Annex H (informative) Plasmas.........ccccooiiniiiiniinnn 142




EN 16603-10-04:2015 (E)

H.1 Identification of plasma regions...........cooiiiiiiiiiiiie e 142
H.2 Plasma effects on spacecraft..........ccoooooiiiiiiiiiii e 142
H.3 Reference data.........coooiiii 143
H.3.1  INtrodUCHION ... e e 143
H.3.2  IONOSPNEIE......eeii e e 143
H.3.3  Plasmasphere........ccooooiiiiiiiii i 143
H.3.4  Outer magnetoSPNEre ...........ooiiiiiiiiiiiiiiiiieeee e 144
H.3.5 Magnetosheath ............oooiiiiiiiiiiiiiiiii e 144
H.3.6  Magnetotail and distant magnetosheath..............cccoooi i 144
H.3.7  Planetary environments .........ccooooeiiiiiiiiiii i 145
H.3.8 Induced envirOnmMEeNtS........ccooiiiiiiiiiiiiiie e 145

Hid T ableS e 146
1SS o [ = T 149
Annex | (informative) Energetic particle radiation............cccooeiiiiiiiiiiiiniiiiiiicnne. 150
.1 Trapped radiation DEILS ............u e 150
1.1.1 BaSiC Aata ... 150

1.1.2 Tailaring-guidelines: ‘orbital-and missioniregimes .. .V ..., 150

1.1.3 Existing trapped radiation models 6. . 3 151

1.1.4 The South Atlantic ANOMAIY ........ooovviiiiiiiiiiiiiiiiieee 153

1.1.5 Dynamics, of the outer radiation belt ............ %« PR KRG e eeeeerneeenaanns 154

1.1.6  Internal charging 0\ 02 e 000 L 0 154

[.2  Solar particle event Models..............oiiiiiiiiiii s 154
1.2.1 L0 A=Y 154

1.2.2 ESP MOGEI ... s 155

1.2.3 JPL MOEIS ... 155

1.2.4 Spectrum of individual events ...........cccoooiiiiiiiii e, 156

1.2.5 Event probabilitieS ... 157

1.2.6 Other SEP MOdEIS ... oo 157

.3  Cosmic ray environment and effects models............cccccoeieiiiiiiiiiiie e, 158
.4  Geomagnetic Shielding ...........ueiiiiiiiiii e 158
.6 Atmospheric albedo neutron model ... 158
.6 Planetary enVirONmMENtS .........cooiiiiiiiiii e e 159
1.6.1 OVEBIVIEW ...ttt e e e e e e e et a e e e e e e e eaennna e es 159

1.6.2 EXIStING MOAEIS ... 159

[.7  Interplanetary enviroNMENLES ..........ouuiiiiiiiiiiiii e 160
1 T 7= 1 o[ 160
1R T T U = PP 162




EN 16603-10-04:2015 (E)

Annex J (informative) Space debris and meteoroids.........cccceeeeeccciiiiiiinieeeennnne. 168
J.1 ReferenCe data.........ooooiiiiiiiiiiiii e 168
J. 1.1 Trackable space debris ... 168
J.1.2  Reference flux data for space debris and meteoroids.............................. 168
J.2 Additional information on flux Models................oooiiiiiiiiiiiiiiiiiiie 169
J.21 MELEOIOIAS ... e eeanae 169
J.2.2  Space debris flux models ... 170
J.2.3  Model uncertaintieS ... 172
J.3  Impact risk @sSESSMENT .........iiiiii e 172
J.3.1 Impact risk analysis proCedure.............ooouuuiiiieieieeeee e 172
J.3.2  Analysis COMPIEXItY.......couvvuiiiiiiiieee e 173
J.3.3 Damage assessSmMeNnt ........cooooiiiii i 173
Ji4  ANAIYSIS TOOIS. ...t 174
J.4.1 7= 1= = | 174
J.4.2  Deterministic @analysis .......cccoveveiiiiiiii e 174
J.4.3  Statistical analysis.........coooeimiiiiiiii e 174
J.5 Tables.......3 W ol QA NIDA LRI DIREIN TN e, 175
S G T T U] = 179
Annex K (informative) Contamination modelling and tools................ccceeuu..... 182
Kot MOGAEIS ... iirsevsmrysomaden seslnens o sm b seferog by reins et i e meien o Q2:h M5 SR s rrreeeneensesennnnns 182
K11 Overview..... 00 o o O e, 182
O I T 11 o= RS 182
K.1.3  Transport of molecular contaminants ..............ccoooooiiiiiiin e 184
K.2 Contamination tOOIS .........coooeiiiiiiee 186
2 I O 1= Vo RS 186
K.2.2 COMOVA: COntamination MOdelling and Vent Analysis ..........ccccccce.... 186

K.2.3 ESABASE: OUTGASSING, PLUME-PLUMFLOW and CONTAMINE
a0 11 ][R 186
K24 TRICONTAM. ....ooiiiii et e e e e e e e eaaaees 187

Figures

Figure D-1 : Graphical representation of the EIGEN-GLO4C geoid (note: geoid heights

are exaggerated by a factor 10 000)...........uueiiiiiiiiiiiicic e, 109

Figure E-1 : The IGRF-10 field strength (nT, contour level = 4 000nT, at 2005) and

secular variation (nT yr”", contour level = 20 nT yr”, valid for 2005), at
geodetic altitude 400 km with respect to the WGS-84 reference ellipsoid)........ 117

Figure E-2 : The general morphology of model magnetospheric field lines, according to

the Tsyganenko 1989 model, showing the seasonal variation, dependent
on rotation axis tilt ...........oooir e 118




EN 16603-10-04:2015 (E)

Figure F-1 : Solar spectral irradiance (in red, AMO (Air Mass 0) is the radiation level

Figure F-2 :
Figure F-3:

Figure G-1
Figure G-2

Figure G-3

Figure G-4

Figure H-1

Figure I-1 :
Figure 1-2 :

Figure I-3 :

Figure 1-4 :
Figure I-5 :
Figure I-6 :
Figure I-7 :

Figure 1-8 :
Figure J-1

Figure J-2
Figure J-3 :

Figure J-4

outside of the Earth's atmosphere (extraterrestrial), in blue, AM1,5 is the
radiation level after passing through the atmosphere 1,5 times, which is
about the level at solar zenith angle 48,19°s, an average level at the Earth's

surface (terrestrial)). ......cooee i 124
Daily solar and geomagnetic activity indices over the last two solar cycles .....125
Monthly mean solar and geomagnetic activity indices over the last two

SOIAI CYCIES ... 126

: Temperature profile of the Earth’s atmosphere.............cccciiiiiiieen, 138

: Variation of the JB-2006 mean air density with altitude for low, moderate,

high long and high short term solar and geomagnetic activities........................ 139

: Variation of the NRLMSISE-00 mean atomic oxygen with altitude for low,

moderate and high long solar and geomagnetic activities ..............ccccceeeeeee 140

: Variation of the NRLMSISE-00 mean concentration profile of the

atmosphere constituents N,, O, O,, He, Ar, H, N and anomalous O with
altitude for moderate solar and geomagnetic activities (F70.7 = F10.7 5,4 =

140, Ap = 18 e 141
: Profile of electron density for solar magnetic local time = 18hr, solar

magnetic latitude=0, Kp =0 and 9 from the GCPM for 1/1/1999........................ 149
Contour plots of the proton and electron radiation belts.............ccccccccoeoiiiinns 162

Electron (a)'and proton (b) omnidirectional fluxes, integral in energy, on the
geomagnetic equator for various energy.thresholds .............ccccciiiii s 163

Integral omnidirectional fluxes of protons (>10 MeV) and electrons

(>10 MeV) at 400 km altitude showing the-inner radiation belt’s “South
Atlantic.anomaly’.and, in the case of electrons, the outerradiation belt
encountered at high latitudes ) . cie o603 10 420 Srrrrrniee e e e e e eeeerieee e e e e e e eeaeiaaans 164

Comparison of POLE with AES8 (flux vs. Energy) for 15 year mission (with
worst case and best case INCluded)...........oooiiiiiiiiiiiiiiii 165

Comparison of ONERA/GNSS model from 0,28 MeV up to 1,12 MeV (best
case, mean case and worst case) with AES8 (flux vs. Energy) for 15 yr

mission (with worst case & best Case).........cccoriiiiiii 165
Albedo neutron spectra at 100 km altitude at solar maximum...........c............... 166
Albedo neutron spectra at 100 km altitude at solar minimum............................ 166
Jupiter environment model (proton & electron versions)............ccccccvvvvveenennnnns 167

: Time evolution of the number of trackable objects in orbit (as of September
122010 3 S 179

: Semi-major axis distribution of trackable objects in LEO orbits (as of

September 2008) .........oiiiiiiii s 180
Distribution of trackable objects as function of their inclination (as of

September 2008) .......uuoiiiieiiieee e ———— 180

: The HRMP velocity distribution for different altitudes from the Earth

SUI AR, et 181




EN 16603-10-04:2015 (E)

Tables

Table 6-1: Conversion from K, 10 @p ...coooiiiiiiiiiiee e 43
Table 6-2: Electromagnetic radiation values ... 43
Table 6-3: Reference fixed index values...............ooooooiiiiii e 43
Table 6-4: Reference index values for variations of @p............ccccoooiiiiiiii e 43
Table 8-1: Worst-case bi-Maxwellian environment ... 56
Table 8-2: Solar Wind Parameters. ... ... oo 56
Table 9-1: Standard field models to be used with AE8 and APS8...............cccoo, 65

Table A-1: Solar cycle 23 solar activity indices averaged over 30-day (1 month)
INEEIVAIS. ...ttt 76

Table B-1 : Minima and maxima of sunspot number CycCles ..............oviiiiiiiiiiiiiiiieci e, 85

Table B-2 : IGE 2006 GEO average model — electron flux (kev"'ecm™s 'sr™) according to
year in the solar cycle (referred to solar min: 0) and for different energies
for a mission duration of 1 year. ............ceiiii i, 86

Table B-3 IGE 2006 GEO upper case model - maximum electron flux (kev''cm?s™sr™)
according to year in the solar cycle (referred to solar min: 0) and for
different energies for a mission duration of 1 year. ...............coiiiiiii e, 87

Table B-4 : MEOV2 average/case model - average electron flux (Mev'¢m?2s'sr™)
according to year in.the solaricycley (referred to solar min: 0) and for
different energies for'a mission duration of 1'year............ccccceeeeiiiiiiiiiiiieeeeeee, 89

Table B-5 : MEOV2 upper case model - maximum electron flux (Mev 'cm?s™'sr™)
according, to.year, in the solar, cycle. (referred to solar min; 0) and for

different energies forja;mission duration of 1. yeanis......ccoooeeeeiiiiiiiiiiiiiee, 89
Table B-6 : Worst case spectrum for geostationary orbits.............ccccvvieiiiiiiiiiiee e 90
Table B-7 : Values of the parameters for the ESP model..............ccoooviiiiiiiiiiiiiee e, 90
Table B-8 : Values to scale fluence from >100 MeV to >300 MeV ..........cccoveieiiiiiiiiiiiiiiieen. 91
Table B-9 : CREME-96 solar ion worst 5-minute fluxes in an interplanetary environment.....91
Table B-10 : CREME-96 solar ion worst day fluxes in an interplanetary environment........... 93
Table B-11 : CREME-96 solar ion worst week fluxes in an interplanetary environment ........ 95
Table C-1 : Normalized meteoroid velocity distribution ...............ccccc 102
Table C-2 : The annual meteor streams ... 103
Table D-1 : Degree power attenuation for an orbit at 25 000 km altitude .............ccccccce. 108
Table D-2 : Coefficients of the EIGEN-GL04C model up to degree and order 8 x 8............ 109
Table E-1 : IGRF-10 data for epoch 1960-2010........ccciiiiiiiiiiiiiiee e 115
Table E-2 : Sibeck et al. Magnetopause model .............coooviiiiiiiiiiiiic e, 116
Table F-1 : Reference values for average planetary albedo and infra-red radiation............. 123

Table G-1 : Altitude profiles of the atmosphere constituents N,, O, O,, He, Ar, H, N and
anomalous O for low solar and geomagnetic activities (NRLMSISE-00
model - F10.7 = F10.7,,g =65, Ap = 0).ccuiiiiiiii 133

10



Table G-2:

EN 16603-10-04:2015 (E)

Altitude profiles of the atmosphere constituents N,, O, O,, He, Ar, H, N and
anomalous O for mean solar and geomagnetic activities (NRLMSISE-00
model - F10.7 = F10.7,,g = 140, Ap = 15). i i 134

Table G-3 : Altitude profiles of the atmosphere constituents N,, O, O,, He, Ar, H, N and

anomalous O for high long term solar and geomagnetic activities

(NRLMSISE-00 model - F10.7 = F10.7,, = 250, Ap = 45) .ccoiiiiiiiiiieee 135
Table G-4 : Altitude profiles of total density p [kg m™] for low, moderate, high long and

high short term solar and geomagnetic activities (JB-2006 model)................... 136
Table H-1 : Regions encountered by different mission types ..........cccooiiiiiiiiiiiiiee, 146
Table H-2 : Main engineering concerns due to space plasmas...........ccccceeeeeeeeveeeiiieeeennn, 147
Table H-3 : lonospheric electron density profiles derived from IRI-2007 for date

01/01/2000, 1at=0, 10NG=0.......eeeeierieieiiiiiiiiiiieeeeeeeee e 147
Table H-4 : Profile of densities for solar magnetic local time = 18hr, solar magnetic

latitude=0, Kp = 5,0 from the GCPM for 1/1/1999...........ccccoeeiiiiiiiiiciee e, 148
Table H-5 : Typical plasma parameters at geostationary orbit.............ccccoooiiiiiiiiii . 148
Table H-6 : Typical magnetosheath plasma parameters...........cccooooiiiiiiiiii i, 148
Table H-7 : Typical plasma parameters around L2 ..............ccoooeiiiiiiiiiiiiiice e, 148
Table H-8 : Worst-case environments for eclipse charging near Jupiter and Saturn........... 149
Table H-9 : Photoelectron sheath parameters .. ..o oo crommemim srararey s seeeeeeeeesnnnnseeeeseeeenes 149
Table H-10 : Some solar UV photoionizationrates at 1 AU ........c.ooooiiiiiiiiiiiiiee, 149
Table I-1 : Characteristics of typical‘radiation beltparticles . ............ccccooiiiiii i 160
Table I-2 : Recommended updated values of the parameters of the JPL model.................. 160
Table I-3 : Proton fluence levels for energy, ‘mission duration and confidence levels

from the ESP model-‘with'the'NASA parameters-from Table B-7. ..................... 161
Table I-4 : Parameters for the fit to the peak fluxes from the October 1989 events............. 161
Table J-1 : Approximate flux ratios for meteoroids for 400 km and 800 km altitudes........... 175
Table J-2 : Cumulative number of impacts, N, to a randomly oriented plate for a range

Table J-3

Table J-4 :

Table J-5

Table J-6 :

of minimum particle sizes using the MASTER-2005 model............cccceeeeerrrnnnnns 175

: Cumulative number of impacts, N, to a randomly oriented plate for a range

of minimum particle sizes using the MASTER-2005 model...............cccccuvunnnnnnee 176

Cumulative number of impacts, N, to a randomly oriented plate for a range
of minimum particle sizes using the MASTER-2005 model..............ccccccvueennnnnee 177

: Cumulative number of impacts, N, to a randomly oriented plate for a range

of miNiMuM Particle MASSES .........cciiiiiiiiice e 178

Parameters (appearing in Eq. (C-15) to account for modified meteoroid
fluxes encountered by spacecraft in circular Earth orbits at various altitudes ...179

11



EN 16603-10-04:2015 (E)

Foreword

This document (EN 16603-10-04:2015) has been prepared by Technical
Committee CEN/CLC/TC 5 “Space”, the secretariat of which is held by DIN.

This standard (EN 16603-10-04:2015) originates from ECSS-E-ST-10-04C.

This European Standard shall be given the status of a national standard, either
by publication of an identical text or by endorsement, at the latest by July 2015,
and conflicting national standards shall be withdrawn at the latest by July 2015.

Attention is drawn to the possibility that some of the elements of this document
may be the subject of patent rights. CEN [and/or CENELEC] shall not be held
responsible for identifying any or all such patent rights.

This document has been prepared under a mandate given to CEN by the
European Commission and the European Free Trade Association.

This document supersedes EN 14092:2002.

This document‘Has'beefi"developed to'cover specifically space systems and has
therefore precedence over any EN covering the same scope but with a wider
domain of applicability (e.g-aerospace).

According tto/ithe) CEN-CENELEQ Internal (Regulations, the national standards
organizations of the following countries are bound to implement this European
Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic,
Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania,
Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United
Kingdom.
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Introduction

This standard forms part of the System Engineering branch (ECSS-E-10) of the
Engineering area of the ECSS system. As such it is intended to assist in the
consistent application of space environment engineering to space products
through specification of required or recommended methods, data and models
to the problem of ensuring best performance, problem avoidance or
survivability of a product in the space environment.

The space environment can cause severe problems for space systems. Proper
assessment of the potential effects is part of the system engineering process as
defined in ECSS-E-ST-10. This is performed in the early phases of a mission
when consideration is given to e.g. orbit selection, mass budget, thermal
protection, and component selection policy. As the design of a space system is
developed, further engineering iteration is normally necessary with more
detailedanalysis!

In this Standard, .each ,component of, the space environment is treated
separately, although synergies and cross-linking of models are specified.
Informative annexes _are provided as_explanatory background information
associated with each clause.
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