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Study Overview °

This study was carried out:

By the ESTEC CDF team

on request by ESA TOS-EMA (Responsible of
the Space Weather Study)

in the period 2 October (Study Kick-off) to 27
November 2001 (Final Presentation), in 15
working sessions (half day each)

by an interdisciplinary team of ESA technical
specialists

Using concurrent engineering methods and
tools

with as input draft reports from Alcatel & Ral
consortia in ESA Space Weather studies
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Objectives

* Assessment study of up to 3 missions (~in series)
implementing the Space Weather Space Segment
— System and S/S conceptual design
— Mission and Ground System and Operations Assessment
— Payload accommodation
— Industrial Costing
— Instruments Costing (as far as info is available)
— Technical risk assessment
— Programmatics/AlV
— Simulation
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SW Space Segment{ ® 9
High Level
Requirements

To design a minimum set of S/C, missions and
associated Ground Stations performing
continuous monitoring of Space Weather
phenomena and performing near real time
downlink to Earth and immediate processing on
ground of the data

Design the set of S/C with alifetime of minimum 5
years

European independent system

No connection with present or future Science
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SW Space Segment ¢ o

Priority missions ®

Three dedicated missions have been identified
as high priority for the Space Segment:

Mame Mission Main Objective

IR | mer Magnefospheric Mondor | To provide near-real time
e nstormg of Earth
Magmetic field and

= - RERICHE
E Bolar Wind Monitor To provide near-real tme
......... | monioring of Solar Wind
SAM Solar Activity Monitor To provide near-real Hme

immaging of the Solar dish
{for solar Nare detection)
and corons
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Missions
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System Architecture ¥ . |

IMM & SWIM orbits

Given the requirements the choice of the
orbit for IMM and SWM is quite
straightforward:

IMM constellation (4 S/C): GTO-like orbit
SWM: orbit around L1 (Halo or Lissajous)

All the architecture options have therefore
been based on SAM
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System Architecture .
Options-141

TTOR G TS R e T
SAM on GSLY or Soyuz ar AS)

Ty T TSI T e
SWMASAM 3-axis

O RUMBEr oT ANENes AnG IMes As Opton 1 STMPIESt Ground areniecture

User req Fultiimen
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System Architecture ; ¥
Options-22 e

e Arch ecture Options
Fa e e e}
— — —
M : s " T T
swm TSl YT m
sam 1S/Cin 10deg trailing orbit Several high altitude polar balloons 12S/CinSSO
"ZNM on GSLV, SWM+SAM o Soyuz | 2 (4MM on GSLV, 1 SWM on Rockot)+ | 3 (AW on GSLV. 1 SvM o Rookr, 12
Number of launches o baloco gt o 2
Tzl qupberat SiC r S ooy gl 3
0. o Ground antennas 5 7= 7 pola Tor e baloons Vory i
No.of 7 a2 very high
St
p— "As option 1 'AS option 1 but launches and recoveries | AS option 3 but laumch of SAM cheaper
halions &
3different types of S/C (IMM spin stab, | Only 2 types of S/C (IMM spin stab, SWM | 3 different types of S/C (IMM spin stab,
‘SWM spin stab, SAM 3-axis stab) Spin stab) + 1 balloon SWM spin stab, SAM 3-axis stab)
sc
TTgnest number of anennas Figh number of antennas and Tes + need | Very Figh number of antennas and Tmes
Ground Station for 2 additional stations at the poles.
— —
SAM more complex than in opt. 1 TT&C | Designs of IMM and SWM as in option 1. Comparable to Option1
More complex, Propuision must |Long duration balloons in principle simple.
be carred to perform the transfer to the 10| buta eliable technology is il not
deg TO A penumbra phase during transfer available
se must be dealt with
= —
Satisfied with 1 exceplion: 1 Texception TfFatcover
User req. Fulfilment Gap of max 30 min for data from MM | - Gap of max 30 min for data from IMM reasonable cost
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Trade-Off Results -

Conclusion ®
Option 1 has been selected as baseline architecture and
as CDF reference for the design of the S/C because it
represents the best compromise among user
requirement satisfaction, technical complexity and cost

Data Relay Option is a possible alternative but, before it
can be considered a valid competitor of Option 1, the
design of SAM must be investigated in more detail

Combined SAM&SWM option should be considered in
case cost reduction is required

Trailing Orbit Option should be considered in case
emphasis is to be put on CME monitoring

Balloons and SSO Options are not recommended
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IMM - Requirements g y
&

» Constellation of 4 S/C in highly eccentric,12-
hour period, 10-deg orbit

» Lifetime: 5yrs
* Launch date for pre-op system: 2006

» High Electromagnetic Cleanliness (Cluster-type)
* Spin stabilisation

* Maximum downlink gap acceptable ~30 min but
data not immediately sent to Earth shall be
stored and sent at the earliest opportunity
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IMM Launcher ¢ y
Selection ®
*Single launch of the complete constellation
much more efficient than launching one by one
eLaunch to GTO very costly (only piggyback
launches can be considered)
*“Cheap” launchers (e.g. Russian launchers)
launch to too high inclination (45 to 63 deg)
requiring a very large manoeuver to get to GTO
eLaunch to low inclination LEO (18 deg) possible
with PSLV and GSLV
*Only two cost effective solutions:
eLaunch with GSLV (>4000 Kg available)
eLaunch as A5 ASAP (1200 Kg available)
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Inner Magnetosphere | ® Y
Monitor payload summary
Mass
inc 8%
Mass | mar. Power | Telemetry rate | Dim 1 Dim 2 Dim 3
Instrument name (kg) | (ko) (W) (Kbps) (cm) | (cm) (cm)
Thermal Plasma Monitor 5 5.4 8 2 20 20 20
Mid-Energy particle Monitor 2 216 4 2 15 15 15
High Energy particle Monitor 6.1 [6.59| 6.25 15 20 20 10
Magnetometer 12| 13| 2 0.2 20 | 10 | 15
Waves instrument 5.8 |6.26 4 2 1 20 10 5
GPS Receiver - lonosphere Sounder 5 5.4 12 1 6 6 6
.25 27 363, 87
« S/C requirements summary:

* AOCS: Spinning s/c, spin rate 15 rpm (4s per spin). Spin axis
orientation perpendicular to ecliptic acceptable, (though ideally it
should be in equatorial plane). Pointing accuracy about 1°

« Demanding EMC requirements for in-situ plasma analysis
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The IMM e’

12-h Orbit

Design

Coverage:
+ Stations: Kourou and Perth
(2x2 dishes)
+ Complete coverage of the orbit
above 3000 km altitude .
Only 30 mn coverage ga Tick marks
+ Only ge gap every hour
around perigee
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Constellation Launch & &
Deployment

« Launch of stack of 4 satellites on LEO 200 km
inclination 18° by GSLV

* Apogee satellite 1 raised to 39717 km by multi-burn
of on-board propulsion system

« Apogee of other satellites raised when differential
apsidal line rotation reaches 90°, 180° and 270° on
day 12, 24 and 35 respectively

« Perigee raised to 650 km and inclination decreased
to 10° by a last apogee manoeuvre

* Total DV for each satellite: ~2.7 km/s
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IMM Baseline S/C g
Configuration ®

GaAscells

28-V regulated
bus for EMC

X-band comms
Toroidal antenna 490-N bi-propellant propulsion best choice
+2 LGAs

«Configuration largely driven by the accommodation of the propulsion
system and by the power demand that size the external surface

*All equipment off-the-shelf

sLocal shielding (6 mm Al) implemented for sensitive components
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Missics L] i
Number of Satellites L an |
Orbittype PRk 17 b g, 1 b ey
Perigee (Km) ] sk
Apogee (km) e Tarira
Inclination (deg) i T
Launch Date E.. . | T
Satellite Type T I T
Existing Platforms Identified
Dry Mass.class (kg) Ear 4 dm
Stabilisation g R e [
- L
Launcher (=t | R ALAF Mwdeal
L ——
pmirkn b B mayy
Launch strategy L s i Al
Payload
e e R e L L]
Sasom, Tl A soss S, Thaima Flars
[y | iy patide
Mrrins, Moapme ey, 1F% | Menraimruiny, RS
A, WENRE RIS | RO R e | |
Instrument set
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Mass margin with GSLV single launch of 4 S/C a bit tight,
however little saving in the dry mass would improve
dramatically the margin; 3 S/C would be no problem

Sp:
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IMM Conclusions and |

Open Points

*An IMM S/C based on a custom spin stabilised design is
proposed

*The design fulfils the user requirements apart from a gap in
continuous coverage of max 30 min for altitude < 3000 Km

Points requiring future investigation
eIncrease of mass margin at launch and GSLV performance

*More detailed radiation analysis needed at component level

«Definition of a spare and replacement policy. Two replacement
S/C could be launched by PSLV
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Solar Wind Monitor i
payload summary

Mass
inc 15% Telemet
Mass mar. Power ryrate Diml Dim2 Dim3

Instrumentname (k) (ko) (W) (Kbps) (cm) (cm) (cm) Heritage
Thermal Plasma Monitor 50 58 80 20 2 2 2 CLUSTERIPEACE, EQUATOR-SI30A
Mid-energy particle Monitor 20 23 40 205 B B

15 17 20 02 3" 1 508
37 42 57 25 2 10 5 Breadboard. POLAR
12.2 140 19.7 67

Magnetometer (2 sensors)
Coil Radio-Spectrograph

« S/C main requirements summary:
« AOCS: Spinning s/c, spin rate 15 rpm (4s per spin). Pointing
accuracy about 1°
« Demanding EMC requirements for in-situ plasma analysis
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SWM - Mission S
Requirements
e Orbital location with continuous and
unobstructed flow of the Solar Wind
¢ Near-real time data flow
o Lifetime: 5yrs
e Launch date for pre-op system: 2006
» High Electromagnetic Cleanliness
» Spin stabilisation preferred
<—= 18th December 2001 R il Pretentation 22
SWM Launcher Selection | e

*If Soyuz-Fregat or PSLV is chosen:

eLaunch into 200 km parking orbit with upper-stage
still attached, Upper-stage ignites and injects S/C
into L1 transfer orbit

ePerformance to L1: PSLV = 400 Kg, Soyuz-Fregat=
1600 Kg

«If Rockot (+ additional STAR 37 motor) is
chosen:

eLauncher puts S/C + STAR37FM solid engine
attached into 200 km orbit, STAR37FM ignites and
S/C+STAR37FM enter L1 transfer orbit

*Performance to L1: 306 Kg
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SWM: Requirements e
and Mission Design

Requirements: uninterrupted
i view of the Sun (no eclipses)
! ground ContaCt Earth Centred Rotating X-Y Plane [km]

1,000,000

« Requirements met by Halo orbit 800,
around libration point L, (SOHO orbit) ~ *°

« Continuous ground contact assured
by three stations about 120° apart in
longitude

« Direct launch with Soyuz + Fregat of
composite SWM + SAM on transfer w00
orbit to L1 1000000

« Separation between SWM and SAM °
a few hours after injection

200,000

In ecliptic plane

-400,000

600,000

g

200,000
400,000
600,000
800,000

1,000,000

1,600,000

1,800,000

g
From Earth toward Sun
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SWM Options

1
Current Sutudly
ine Option 1
Mission
Number of Satellites 1.00 1.00
orbit L1 Halo L1 Halo
L aunch Date Jan 06 Jan 06
Satellite Type/Platform Custom design Custom design
Dry-mass class
i nioner
>ad
magnetometer, thermal plasma
magnetometer, thermal plasmamon., [ mon., mid-energy particle
mid-energy particle monitor, low- | monitor, low-frequency radio-
Set frequenc
Launcher
Launcher ‘Shared Soyuz (or PSLV) Rockot+STARS7
Launch Strategy direct injection directinjection
Ision

[ Type of Propusion I ] no propulsion T no propulsion
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SWM baseline - Y

L
Configuration ®
*S/C of the Minisat class (~200 Kg)

*Very simple attitude (spinning with solar array
coarsely Sun pointing)

*Only propulsion for AOCS required

*Very simple power and thermal design (no
eclipse)

«Structural configuration inspired to
commercial platforms

«Avionics architecture: PROBA heritage

<3 instruments out of 4 identical to IMM
(cost saving)
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Very large mass margin either in a double launch on
Soyuz-Fregat (together with SAM) or with PSLV
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SWM Conclusions and | s
Open Points
*Very simple and reliable design

eLow mass leads to inefficient launch in terms of cost (dual launch
with SAM by Soyuz Fregat still leaves some 800 Kg margin)

*Baseline design is compatible with a single launch using PSLV or
dual-launch with SAM using Soyuz-Fregat

*Rockot Option feasible with some design changes but SAM
launcher selection problematic
*Present SWM design could probably
be made also compatible with the
option of SAM in GEO as a relay

satellite (needs further investigation)
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SAM - Requirements |

SAM Design options ° o’

SAM options are discussed and traded at system
architecture level (see above). Hereafter only consideration
at S/C design level are reported and discussed

The design baseline selected is:

Missicom

Number of Satellites 1
Orhit L1
Launch Date 2006
Sysftcm

Satellite Type/Platform Custom
Dry-mass class 1000
ilisati, 3.axis

pr )

b 4
Instrument Set | nominal |
Lavncher

Launcher Soyuz Fregat dual
Launch Strategy Direct

{ o
Type of Propusion | Mo main prop. |
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&
e S/C Sun pointing with accuracy of 7 arcsec (3-axis
stabilisation)
e Location with unobstructed view to Sun
» Possibly pointing direction at an angle with the Sun-
Earth direction
* Near real-time data downlink
e Lifetime: 5 yrs
* Launch date for pre-op system: 2006
Space Weather Studies 30
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Solar Activity Monitor
payload summary &
Mass | Power | Telemetry |Dim 1 | Dim2 | Dim3
Instrument name (ko) | W) Jrate(Kbps) | (cm) | (cm) | (cm) Heritage
White Light Coronagraph B 20| 24 130 30 | 15 |Mod fom SOHO - LASCO, STEREO -SECCH
EUVImager 15( 18 | 105 |100] 20 | 20 |od fom SOHO - EI, Trace, Solr Orbiter EXI
X-Ray Photometer 16 16| 01 [26] 14| 11 PRSGOES
Cosmic Ray Monitor 6| 4 2 | 20] 20| 20 [Proposed Streo, Soler Orer
60 58 33.6

* S/C main requirements summary:

*« AOCS: 7 arc seconds pointing accuracy, 5 arc seconds

during 15 min pointing stability.

« Baseline T operating 0/+20°C, Non-operating -30/+60 °C; CCD
detectors need passive cooling at -80 °C during operation
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SAM Launcher Selection * ®

* Soyuz Fregat Dual launch with SWM selected as the
most efficient launch strategy

*Dnepr Varyag possible back-up (if launch is earlier than
2008) but availability and performance of this launcher
need confirmation

«Single launch with PSLV or Rockot impossible due to the
low mass performance to L1 (400 or 300 Kg)

*No medium-size launcher available compatible with the
mass of SAM+SWM
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SAM Baseline
Configuration &

Payload

*Box-like SOHO-
type design

«Configuration
driven by the size of
the PL and the need
of interfacing with
SWNM during launch

HGA antenna

ryogenic radiator

*All equipment off-
the-shelf

*Simple sun pointing operational mode
*Only propulsion for AOCS required (monopropellant system)
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SAM Requirements and " g ’
Mission Design
» Requirements similar to SWM
» Same orbit as SWM
» Launch together with SWM
» Performance of launcher (1600 kg)
more than sufficient for dual launch
 Dish for SAM ground coverage in same
location as for SWM
= Dm0l O e i &
SAM baseline: Mass budget g 4
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Very large mass margin using Soyuz-Fregat dual launch with
SWNM. Additional payload could be carried
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SAM Conclusions and |

Open Points
*A large number of options are possible for the SAM design.
The L1 option has been estimated as the most straightforward
to implement

*The user requirements have been fulfilled although the choice
is not optimal as far as CME is concerned

*The design is compatible with dual launch together with SWM
which allows for a very large mass margin (additional payload
may be carried)

*Two options (Data Relay and 10-deg Trailing Orbit) require
further investigation before considering them as potential
alternatives
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Conclusions {

A reference Space Segment architecture has been selected
and analysed into detail

Several options which could either increase the cost
effectiveness or the user requirement satisfaction have
been proposed and partially analysed

The proposed set of missions is simple and technically
feasible with ample margins. No specific new technology
development is needed (apart from some instruments)

The total cost (including instruments and operations)
exceeds the target of 300 ME. However, several
countermeasures are proposed to reduce the cost
subject to further investigation

From the programmatic point of view the first feasible date
for the deployment of the pre-operational system
appears to be 2007
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