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m|SS|on to two near-Earth asteroids.

. Se'lection of realistic mission scenarios

> Defmr’tl&c} of the strawman payload

i
N T R

g

| Analysis of the requirements and options for the spa&ecraft'
~ bus, the propuIS|on system the lander system, and the
launcher |

Deflnltlon of the reqmrements for the mission 'S operatlonal
rground segment
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The mission scenario foresees to visit two NEAs Wh-ICh ’na;"_ dlfferent
mineralogical compositions: one “primitive" object and one fragment of a
'differentiated asteroid. S

‘The higher level goal is the provision of information and §onstfr@|nts on the
formation and evolution history of our planetary system .

: ‘GQ\. . : ; :
The immedicke mission goals are the determination of:

i
N T R

- :
Inner structure of the targets

- PhySiCG| parameters (size, shape, mass, density, rotation period and spin vector orientation)
Geology, mineralogy, and chemistry
Physmal surface propertles (thermal conductivity, roughness strength)
Origin-and collisional history of asteroids .
Link between NEAs and meteorltes S
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he NASA Database

 Goto:  http:/neo.jpl.nasa.gov/cgi-bin/neo_elem

- Select from the pull-down menu: "unlimited rows per page"; activate the "show full table" flag; "Display table" BUTTON
- Select all NEA rows (no header row) from "433 Eros" to the end

[+ Copy (CTRL+C; takes approx. 30 seconds)

 IMPORTANT NOTE: The Firefox macro does not work with Excel 2000! (Conta|ns |nf0rmat'|0n;ﬁ?im N EO NASA EARN DLR
and a user database) " ‘ : '

- Launch Macro "Update_NASA" or press the button to the right (takes approx. 25 seconds)
|+ Control in sheet "Merged NEA Data" that cell "K1 d "D2" contain the same number of asteroid

Updating the EARN Database
http://earn.dir.de/neal '| b
able on Physical Properties of NEOs" A 5’ -
|+ Select all NEA rows (no header row) from "433 Eros" to the end and copy (CTRL+C)

L i e EA s i o 1 s . 15 e Computation of mission ﬁtﬂn imum Av requirement
- Control in sheet "E.A.R.N." that all the names are similar to NASA database (column S and T6:W15):
Computation of m|n|mum m\lssmn fuel consumptlon
[+ Go to "User Database" sheet
+ Insert the data according to the existing scheme CO m puttatlon of m'n | mu m rﬁ\lss|on d u rat|0n

[+ Launch Macro "Update_User" or press the button to the right (takes approx. 1 minutes)

[+ Control in sheet "User Database" that all the names are similar to NASA database (column H)

* In case of failures (name not found) insert manually the correct names etC
[+ Re-launch macro "Update_User" or press the button to the right (takes approx. 1 minutes)

Updating the User Database

Merged Database
+ All three databases "NASA", "EARN" and "User" are merged in sheet "Merged NEA Data"

Number of Asteroids with Known Taxonomy

6 8 2
54200 El 5 E . .2 0. .3 . . 5. X 077 469 3
54200 2. X 3 14777 4l . .8 0. . . 07409 062 858 9164
54200 2. X X . .8 0. 0 83 0. 035 8.0 38 9043
54200 2.6 0. 3 01204 95.39
54200

033 13 00502

0077 457 02106

019 5x2x15

015 912

031 3

02% 14

018 18

mh

026

00501
sus! 047-09
sV 5. 06508
2059 Baboquivari
2061 Anza TCG' 5751150 0.08-02
SSr 4077 026 44 9057
QSq 14904 02204 8105
SSrC 197998 03504 6.9 9006
o

16.20M 2391 0.08

16.86

013
016

053
02
041 : 2 1775
ot 51 644
13.55
027 34x1.4x14 1277
14.78
7.29
19.38
18.09
2094 3 280 10746 3 3 X X X X 1212033 _7.19
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Pre-selection
. H<225mag .
. Av <7 km/s for 15t target

Hohmann transfer computations
& Combinations with Av > 11km/s rejected

‘Patched conics computations
C Time interval of missions: 2015 to 2040
c Max. mission duration: 15 years

Identification of interesting NEA pairs
. Primitive asteroid of type: C, D, P, B, F
c EvOquéc\i f;g%ent of type: E,V, M, S, A, Q, R

Prioritizing:"; * "= _
. V and E tyﬁ s favored :
. Rotation period between 2h and 80h .
. Min. time of stay around NEA: 6 months

. Max. total mission duration < 10 years

LoW-th_rust computations of complete transfers
for 29 missions scenarios and selection.

Output: 3 primary missions

Delta-V (km/s)

1.5 2.0 25
Aphelion Distance (AU)

Mission 1st Target axonomy 2n
Index of 1st

rget axonomy
of 2nd

99942 Apophis

Marco Polo Symposium, Paris
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«  Propulsion system

Index

1st Target

2nd Target
Taxonomy 1st
Taxonomy 2nd
Start Mission
Arrival 1st
Departure 1st
Arrival 2nd

End Mission

1st Transfer Time
Stay Time 1st
2nd Transfer Time
Stay Time 2nd
Mission Duration
Delta-V to 1st
Delta-V to 2nd
Delta-V Mission
Fuel Mass

JA\Y; require_ment'of up to 11 km/s
Chemical propulsion system is insufficient
High Isp for low fuel consumption

= lon engines required

Sq
C
d

R
G

1486 d

: ASTEX baseline mission

® Earth

- Earth orbit
1st transfer
1st NEA arrival
1st NEA departure

- 1st NEA orbit
2nd transfer
2nd NEA arrival

- 2nd NEA orbit
NEA science orbit
line of sight

0.4 —

Marco Polo Symposium, Paris

18.5.09,.A. Nathues - 6



Uncontrolled stable orbiting (thrust free)

Controlled orbiting (periodic correction JP—
maneuvers required) = Aeterod N

Photo Gravitational Orbit
/

0.2km .. 6.0km
(~1/4 * Orbit Radius S/C)

High-altitude flyovers
. Low-altitude flyovers
- |

[t @‘ a
N 0 \.-' - ‘
Inertial hovering
Body-fixed hovering -
3 ; Asteroid Gravity

/

L Asteroid
Thrust Solar Radiation

Pressure

& X Hovering [imaging phase] and (sfable) terfni_natbr or'bit [radar phase]

«  Autonomous active lander descent with visual navigation on sunlit asteroid side

5o _Further investigations especially for binary Sys’tems needed

Marco Polo Symposium, Paris ' e S \astos i _ ~18.5.09,.A. Nathues - 7



surface surface instrument
preparation preparation  platform

tool  \x tool  \x

temperature temperature
instrument rs\sensors <

electron sensors
platform ™~ microscop

A close-up
lever arm Mdssbauer camora
spectrometer

regolith surface regolith surface

pressure pressure
lforce ¢force

microscope

" ander rear side

bottom view

—p —
pull towards \ pull towards
lander \ lander

Payload platforfn with surface preparation tool

Surface analysis

Marco Polo Symposium, Paris 18.5.09, A. Nathues - 8



solar array __

Carries two landers and the remote ;Lglfices

: ' UHF T~
Sensmg payload | A antenna star trackers VNR\
N Lander 1 \

SEP & = _VNIR

Power generatlon by 40 m? solar
arrays \

Visual nawgatlon durlng target / ey iNStruMiEN ]
approach h @‘ ' - instruments ~Jadiators

radiators_~~
h-} -‘.“_‘_‘_‘-\\ -”-'-’-/.,-"'
Autonomeus eoII|S|on av0|dance nadir panel ™ solar array  side panel
Mono-prop system for proximity

operations

- Extended tracking mode at second Low cost launcher: Soyuz-Fregat ST
' target p033|ble - _ - offers sufficient performance for direct

Earth escape of the ASTEX S/C (mass
| 1598 kg, incl. 20% margin).
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Orbiter
Instruments

Radar
Reflection
Tomographer

Cameras

VNIR
Spectrometer

Laser Ranger

1B «

55
s

Antennas:
15 m length
each N
Electronics:
160 x 250 x
110

160 x 190 x
380

g 0x500x

T40x 120 x

\620

100 (peak)

- 18 (average)

20 (average)

9 (peak) - '

Lander
Instruments

Panoramic
Camera (two
camera
heads)

Microscope

Close-Up
Camera

Electron
Microscope

Temperature
Sensor (16
sensors)

.. Mossbauer-

Spectrometer

.Common

DPU/ PSU

Mérco Polo Symposium, Paris

2 x
(90x60x80) %

1 25x60x50‘@

90x60x80““ E&gp%
50x50%80 %ﬂ

10x10x3 1%"

90x50%40 5 (peak)

120x120x60 12

- On robotic arm

or elevated
rotatable -
platform

On robotic arm

On robot!c arm
On robotidarrﬁ '

On robotic arm
and distributed
over lander on
representative
positions

On robotic arm

On lander base
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Distance Launeh
rom T=00:G0:00 |Interrupt Orbiter ;
MET 1st opt |science ops for |

4= I MNEC datect lianding ops ]

Target

ORBITER Description [km] LANDER | Phase| Description 22D (STR) 13 go to Orbiter .~

|
| (UTC 20230818 12 mag |g(dhy mode -~
< | 00:22:00) b 1
. TS50 000 |
orbiter V1 - — | >
Launch LEOP LEOP! ~time

1
0 | ——
§ I [ TNI-2
! (target 1
and Commissioning Approach : dapartura)

ORB Ops IQRB Opa
Cruise . e [hover rorsfe - [nover / orbit
nterplanetary cruise starts af] a Arrival (AP-0) I HP-1 S

i Ll 10000 k 13 OR1
SOl distance o NAY m 20 km =
— ] (DDOR) RBRR  (DDOR) I
initial approach point OplAY

T

]
Prep

CenterTrack FeatureTrack

————h
approach step 1 Tanaer sepl
e ISP)
Lande £00.

approach step 2

I
|
!
L
I
|
|
T
|
t
|
|
1
|
|
I
|

approach step 3

Hovering hover position 1

land / or hover position 2

Orbiting hover position 3

orbit insertion 1 (optional)

orbit insertion 2 (optional)

lLander separation betw. HP-2
Lander and OP-2 (interrupt Orbiten Lander separation
Separation Ops)

...further hover positions
Target

Sclence Ops ...further orbit phases Start lander ops 1

...further fly-overs Start lander ops 2
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The ASTEX mission _to-t-wo NEAs of different combc;_gaonf would '-
represent a .q'ian-t step forward in the exploration of theﬁ%olar .
‘System. " '

{Lied
b iy
M,
NN

". 3 .\.:'i_-l_ &

A

.
5 .
< Nty Wiz =
2 N
o ] " W
~ \ "

‘The ASTEX study demonstrates the overall technicaﬁiﬁe'a'bilitv of

the missigfand highlights some technological challenges that
- require“further study and development. - .

The favoured system concept being one orbiter to perform the
- remote-sensing campaigns and carry two identical lander units.
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