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Suborbital Flight Routes d<esa

[ESA STM Study]
« Route layout based on predicted air traffic evolution
« Routes are likely to develop mostly in the nothern hemisphere

« Usage of existing ground infrastructure (cost efficiency, vicinity to major cities)
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Space Weather Hazards to Infrastructure
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Decayed Mass per Year
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- Excludes Re-entry Vehicles
— Today 400t per year are launched and about 150t decay
- This corresponds to a total cross-section of about 500m?2 (corresponds to roughly 2 tennis
courts)
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Atmospheric Break-Up

Aerodynamically induced

| torques dominate
~ 200km Initial Heating
— Initial fragmentation
Peak Heating

B ~ 120km -

O Peak deceleration

2 ~ 95km pd

< ~ 80-45km
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Special Analysis: ROSAT - Ground Tracks
https://reentry.esoc.esa.int
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Ascend and Landing Phases

Flight Corridor Handling
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Columbia Accident

East Texas
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Shuttle debris path based on data points from Anderson,
MNacogdoches and San Augustine Counties
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Required NOTAM Areas \ eSa
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http://forum.nasaspaceflight.com/index.php?action=dlattach;topic=25364.0;attach=385915;image
http://forum.nasaspaceflight.com/index.php?action=dlattach;topic=29885.0;attach=451644;image

Fragment Fall Durations

Which fragments are relevant?
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FAA-JTCG: > 0.05 ¢
(penetrate of aircraft skin)

FAA-JTCG: > 300 g
(catastrophic event)

RCC 321: > 1g (windshields
and turboshaft piston
engines protection)
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Spatial Density Computation

26.2m/s
l Objects > 1g

DC-8 aircraft °

Cross-track distance Spatial density /\ ///
[km] [1/m3] N U

11.8 1.12%103 250m/s
23.6 1.6*104
35.4 9.48%107¢
47.2 2.26%107
59.0 2.02*10%
70.8 6.93%1012

threshold of 108
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Collision Risk in Space - Tracked Objects

« Sample p2p suborbital flight, with a distance of 15,000km
and 500km peak height
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Control of collision risk by flight delays

« Sample p2p suborbital flight, with a distance of 15,000km
and 500km peak height
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Collision Risk in Space - Small Objects \\K esa

Al sphere (d=1cm, v=6.5km/s)

Particles > 1Imm Particles > 5mm Particles > 1cm

Impacts/15000km

1.2:107 7.2:10° 1.5-10°
[1/m’/15000km]

« Assumption: The probability of all catastrophic failure conditions (loss of life &/or vehicle)
to SSV and its occupants shall be better than 1x10-4 per flight

« There are a total of 100 potentially catastrophic failure conditions which have an equal
share of this budgeted requirement

SSV shielding capacity (debris size, mm) | Maximum cross-sectional area (m?2)
1 10
5 100
10 1000
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ESA SSA Program tesa

100 MEUR 2017-2019
« European Sensor Technology for Space Surveillance

{
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SSA Networking European SWE Assets
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ESA SST Developments
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Back-Up
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Re-entry Break-up Analysis: SCARAB for Cluster-II

ESA UNCLASSIFIED - For C CLUINT - Cluster-1l - Spin axis pointing ane{lysis - S/C #1, case 8, perigee pass 2
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Time Lapse Animation (2x real-time)
[flight direction towards the observer; zenit at top]
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Annual Mitigation Compliance Review - Clearing

Protected Zones

\
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https://www.sdo.esoc.esa.int/environment_report/Environment_Report_I1R2_20170427.pdf

Payload Clearance in Low Earth Orbit
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Flight Information Regions (FIR) {zesa
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Space Weather

\\\“ i
{2esa

risks and impacts that could occur if space

d passengers.

Risk register listing the most critical

Cosmic Radiation
permanent flow \’“Sh ' Decre

:759

Electromagnetic radiation Risk Solar Flares High Energetic Particles Coronal Mass Ejection
X-ray to radio wavelengths Origin Sun Sun / Cosmic Rays Sun
Arrival: 8 min Event Electromagnetic High-energy particles / proton | Energetic particles in solar
Period: 1- 2 hour g( . . radiation X-ray to radio showers wind
High-energy part!cles/ wavelengths
proton showers -
Arrival: 15 min updt® hour Duration | 1 -2 hrs Solar event: Up to several | Up to several days
Periods -umseveral days days : 5
‘ Cosmic Rays: Continuous
y Energetic particles in solar wind Time ca. 8 min 15 min up to one hour 2 - 4 days (depending on solar
Arrival: 2- 4 day until wind speed)
Period: up to several days arrival
Space Weather Overview - Background image courtesy NASA el fﬁ:iﬁiff,:’gf'ﬁt:n il : ivc:‘na;)smrm (extreme solar
lonosphere (D-Layer) e Thermosphere heating
e Heating of the e Geomagnetic storms,
Thermosphere e Particle precipitation,
e lonospheric disturbances
Impact e Navigation (Positioning, | ® Radiation damage (Space e Internal/External charging
Loss of Lock), /Air Crew and Passengers) e Drag effects, Navigation
e Radio Blackouts (Signal e SEU, Latchup (Positioning),
disturbance GNSS) e Interference Communication (HF),
e Drag effects e Degradation (Solar cell Geomagnetic induced
damage, etc.) currents
Forecast No Yes Yes
Nowcast Yes Yes Yes
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Table 3: Risk register associated with unawareness of space weather events
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Integrating STM and the ATM system s

Space Weather ASM and adwanced FUA Free moute Enhanced STAM e o] RNP ST & ATM Handower/ Hand bnck
Report updates opemtions

Collbion rkkames ment &
[ T ] [ Enhanced safety nets ] [ LRl d s ]

Auto mted suport o tafle

complexity assessrent

'—{ En-route , - =

()
Trajec to ry-

E Network Enhanced THA Tirne bers et
using ANP bosed sepamtion for final
. opemtins approach

e S
! Airport/ |
Spaceport |

ine luding mu tipke airpo rs Collsion avoihnce
Colh bomtive NOP
Approach and departure integrated

sepmtions briefing
Initia | SWiM*

CTOT to TTA

for ATFCH
purposes

Sector team o perations

Ground sitwtiom|
awareness

Airpo s pacepo rt
safety nets wehic k=

Space Weather D MAN sync hro nsed with pre 2 2
Repo rt updates depatu e sequencing AMAN extended Initin| trajectory

o en- o ubeains ce inforrmation s dng
Enhanced airport)

s puceport safety nets

.
ltegeatec) tlght punniig A Integrated = urface management DL
scheduling
DMAN integrated with Auto rmated ass b tance for
surface management surface movernent phinning
Airport f cepo rt safety nets constmints and routing Integrated = urf rEnagement
. i
InitialSWIM* includes th e following PCP Essential Operational Changes: [ Add-on O pertiom| Chng= fr STM ]
« common infrastructure components;
* SWIM infrastructure and profiles [ O pemtional Chang= ]
= aeronautical information exchange;
= meteorological information exchange; PCP Esentin] Opmmtio nal Change
* cooperative network information exch ange;
-

flightinformation exchange.

New Essential O perational Cha nges

ESA UNCLASSIFIED - For Official Use H. Krag | 29/08/2017 | Slide 24

— 1 b c= 8 - I W = " 1011 -

= g S I+l European Space Agency



Weltraumuberwachung

o "“Space Situational Awareness”

Weltraumwetter

esa e Adepwachung und Verfolgung
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Radar-Prototyp
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Space Debris and Space Surveillance and Tracking \\\&\3 d

Spatial densities of non-traceable objects as a function of

altitnde and darclinatinn

ESA MASTER-2009 Model - Objects > 1Tmm
3D spatial densit?/ distribution vs. §.D. Altitude and S.D. Declination
Global Average: 0.4138E-05 [1/km”3]
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ESA MASTER-2009 Model - Objects > 1cm

3D spatial densit?( distribution vs. S.D. Altitude and S.D. Declination
Global Average: 0.5006E-07 [1/km”3]
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ESA MASTER-2009 Model - Objects > 5mm
3D spatial densitr distribution vs. S.D. Altitude and S.D. Declination
Global Average: 0.2416E-06 [1/km*3]
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Campaign Setup {zesa

Intensity
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Spectral
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What is “Space Weather”?

8 5 %
lonospheric Range Error (L1) /m
324 485 648

2 0.2
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Space Weather Hazards to Aviation

Significance
increasing
rapidly

Telecommmunication
disturbances:
. HF radio

N « Satellite links
Increased radiation doses
+ Cosmic background radiation
» Solar energetic particle events

Satellite navigation
errors

- M\‘

Ground surveillance system
disturbances

« Radars
 Transponders
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Cross-Track Dispersion of Fragments

« Assumption of Gaussian distribution is limited
« Sometime objects beyond 100km

350 90
200 * 80 *
70
250 *
60
200 50
150 40
30 "
100 L 2 s ¢ +* . .
<
50 < - N * o
0 500 1000 1500 20 = 400 600 800 1000 1200 1400
400kM /X/
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WORLD-WIDE NAVIGATIONAL WARNING SERVICE - NAVAREAS®
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Safety & Reliability
Columbia Accident

East Texas

t Rosourcos Instituta
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Results

«  Maximum allowed density for expected number of
impacte E, < 108 E
p<—1—
vV-A-t
« Result: 3.64*10-14/m3
 Corresponds to 70
« And this corresponds to 82.6km

* Synthesis:

Distance required due to|82.6km
explosion delta-v

Mean value offset 2.9km
‘Wind/lift 15km
Sum 100.5km
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