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Secondary Antenna LFR ~ Space for extra GNC Sensors .
INTRODUCTION MASCOT-2 design (figures 2, 3) Mechanism ‘flat’ Battery (new acomodation)
IN THE COURSE OF THE AIDA/AIM MISSION STUDIES [1,2] A MASCOT2 IS A SMALL (~13KG) LANDER, BASED ON THE
LANDER, MASCOT2, HAS BEEN STUDIED TO BE DEPLOYED ON DESIGN OF MASCOT, WHICH IS PART OF THE
THE MOON OF THE BINARY NEAR-EARTH ASTEROID SYSTEM, HAYABUSA2 MISSION [8].
(65803) DIDYMOS (FIGURE 1) THE LONG-LIVED LANDER WILL BE DEPLOYED FROM THE
THE AIDA TECHNOLOGY DEMONSTRATION MISSION, COMPOSED MOTHER SPACECRAFT IN CLOSE VICINITY TO AND SOFT-
OF A KINETIC IMPACTOR, DART, AND AN OBSERVING LAND ON "DIDYMOON”. AFTER SEVERAL PASSIVE
SPACECRAFT, AIM, HAS BEEN DESIGNED TO DELIVER VITAL DATA BOUNCES AND LIKELY RE-LOCATION (STEERABLE) AND Deployable / Betiry LFR
TO DETERMINE THE MOMENTUM TRANSFER EFFICIENCY OF THE SELF-RIGHTING BY AN INTERNAL MOBILITY MECHANISM Socondar artena Mechanism Mobityy  TTansceiver
KINETIC IMPACT AND KEY PHYSICAL PROPERTIES OF THE TARGET (2 EXCENTER MASSES INSTEAD OF 1 FOR MASCOT), IT y
ASTEROID. THIS WILL ENABLE DERIVATION OF THE IMPACT WILL OPERATE FOR SEVERAL MONTHS ON THE ASTEROID ASCOT-2
RESPONSE OF THE OBJECT AS A FUNCTION OF ITS PHYSICAL SURFACE AND PROVIDE DETAILED INFORMATION ABOUT
PROPERTIES, A CRUCIAL QUANTITATIVE POINT BESIDES THE THE ASTEROID'S INTERIOR, ITS LANDING SITE AND KEY
QUALITATIVE PROOF THAT THE ASTEROID HAS BEEN DEFLECTED PHYSICAL PROPERTIES (MECHANICAL, THERMAL,
ATALL. STRUCTURAL) OF THE SURFACE MATERIAL.
A LANDED ASSET ON THE TARGET ASTEROID GREATLY SUPPORTS
ANALYZING ITS DYNAMICAL STATE, MASS, GEOPHYSICAL SYSTEM SENSORS INCLUDE OPTICAL PROXIMITY
PROPERTIES, SURFACE AND INTERNAL STRUCTURE. THE SENSORS AND PHOTOELECTRIC CELLS ON EACH FACE.
LANDER'S MAIN INSTRUMENT IS A BISTATIC, LOW FREQUENCY

RADAR (LFR) TO SOUND THE INTERIOR STRUCTURE OF THE
STEROID. DEPLOYABLES Figure 2 —- MASCOT2 design. Note that all
faces are covered with solar cells

MASCOT2 WILL CARRY DEPLOYABLE LFR ANTENNAE
(ONE FOR DESCENT, ONE FOR ON-SURFACE OPS) AND A

Figure 1 Sketch of the Didymos DEPLOYABLE PHOTOVOLTAIC TOP PANEL FOR POWER MASCOT Mission Analysis, Landing strategy
tem. Diameter of primary:
system. Dameter o p"ma,,ry o GENERATION. THE DEPLOYMENT MECHANISMS HAVE ANALYSIS OF THE DEPLOYMENT OF THE MASCOT2 LANDER ON
(shape from radar) 775 m $10%, BEEN STUDIED IN DETAIL. FULL DEPLOYMENT IS ONLY
diameter of secondary (shape . THE SECONDARY OF THE BINARY ASTEROID HAS BEEN
assumed) 163 m £10%, bulk density TRIGGERED AT FINAL MEASURUEMENT POSITION. PERFORMED UNDER CONSIDERATION OF THE NATURAL FEATURES
2146 kg/m®, system semimajor axis
1180 m, orbital period and assumed OF THE RESTRICTED 3-BODY PROBLEM (R3BP), AS EXPLAINED
rotation period of secondary 11.92h, POWER AND DATA BY TARDIVEL AND SCHEERES [10]. RATHER THAN STRUGGLING
rotation period of primary 2.26 h. WITH THE IRREGULAR GRAVITY FIELD THAT AN ASTEROID
A RECHARGEABLE LI-ION BATTERY WILL BE EXHIBITS, IT WAS UTILIZED TO DESIGN A SIMPLE DEPLOYMENT
SUPPLEMENTED BY A SOLAR GENERATOR WITH MPPTS. STRATEGY IN WHICH THE SPACECRAFT RELEASES THE LANDER IN
. A LARGE MASS MEMORY WILL BUFFER THE SCIENCE THE VICINITY OF A SADDLE EQUILIBRIUM POINT (CLASSICALLY, L1
MASCOT-2 payload (table 1, figure 3) DATA (TOTAL ~1.5 GBIT) FOR TRANSMISSION TO AIM IN ORL2).
BESIDES THE LANDER UNIT OF THE LFR, A CAMERA WILL THE 10’S KBIT/S RANGE CONTRARY TO KEPLERIAN DEPLOYMENT ON A SINGLE BODY WITH
PROVIDE HIGH-RESOLUTION IMAGES OF THE LANDING AREA, AND A DEFINED ESCAPE VELOCITY, THE DEPLOYMENT PROPOSED
ACCELEROMETERS WILL INTERPRET THE BOUNCING DYNAMICS. HERE LEADS TO A DYNAMICAL TRAPPING OF THE LANDER ON THE

DURING THE DART IMPACT, MASCOT2 WOULD BE ABLE TO
DETECT THE SEISMIC SHOCK WITH ITS ACCELEROMETERS.
EXACT TIMING COULD GIVE VALUABLE INFORMATION ON THE
INTERNAL STRUCTURE (FROM THE VELOCITY OF P-WAVES). A
RADIOMETER (MARA) WILL DETERMINE THE THERMAL INERTIA
AT THE REST SITES. AN MAGNETOMETER (MASMAG) Is
OPTIONAL.

MASCOT2 WILL ALSO SERVE AS A TECHNOLOGY
DEMONSTRATOR FOR ASTEROID LANDING AND EXTENDED

SURFACE DESPITE IMPACT VELOCITIES NEAR CLASSICAL VESC IF
ONLY VERY LITTLE DAMPING IS PRESENT. SURFACE REGOLITH
PROPERTIES CANNOT BE RELIABLY ESTIMATED PRIOR TO LAUNCH.
MOREOVER, THE PRESENCE OF ROCKS AT THE SURFACE, THAT
PRESENT A HARD SURFACE, IS LIKELY. THUS, THE DAMPING
SHOULD BE CONSIDERED AS THE DAMPING OF MASCOT2 ON A
VERY HARD SURFACE (SUCH AS BASALT). THIS WILL GIVE A
COEFFICIENT OF RESTITUTION OF <0.6 FROM THE MASCOT2
STRUCTURE ALONE.

OPERATIONS, POWERED BY A SOLAR GENERATOR. Figure 3 LFR (lander). LFR main elements: E-Box, main antenna ROBUST DEPLOYMENT (MEANING AT 3SIGMA PROBABILITY) OF
including depl ism, short ant
M MASCAM [4] — 1 MPx SI-CMOS B/w (60°)? FIELD OF VIEW o MASCOT2 ON DIDYMOON IS POSSIBLE EVEN FROM AN ALTITUDE
CAMERA, IRGB-LED ILLUMINATION OF 200M (L2 SIDE), PROVIDED THESE CONDITIONS ARE
M MARA [5] — 6-BAND MULTISPECTRAL THERMAL INFRARED FULFILLED, IN ORDER OF IMPORTANCE:
RADIOMETER, 5...100 uMm 1) THE VELOCITY DISPERSION (SUM OF SPACECRAFT VELOCITY

M LFR [3A,B]: BISTATIC RADAR FOR DEEP INTERNAL
STRUCTURE, SPATIAL RESOLUTION <30M, ALSO FOR PRECISE
MASS OF THE SECONDARY BY TRACKING DURING DESCENT.

M MASMAG [6] WOULD INVESTIGATE THE INTERPLANETARY
MEDIUM INTERACTING WITH THE BINARY SYSTEM WHILE ON
SITE ON THE MOONLET AS IT ORBITS THE PRIMARY, AND THE
REMANENT MAGNETIZATION OF THE MOONLET’S DURING THE
DESCENT, LANDING, AND RELOCATION HOPPING PHASES.

DISPERSION AND THE ONE BY THE SEPARATION DEVICE) IS LOW
ENOUGH (ORDER OF < 1 CM/S AT 3SIGMA)

2) THE COMBINED COEFFICIENT OF RESTITUTION (SURFACE AND
STRUCTURAL, WORST CASE ONLY STRUCTURAL) IS LOW ENOUGH
(< ABoUT 0.6)

3) AND THE POSITIONAL DISPERSION AT THE POINT OF RELEASE IS
LOW ENOUGH (ORDER OF DOZENS OF M)

M DACC [9] — A TRIAXIAL ACCELEROMENTER TO OBSERVE THE Figure 4 MASCAM THEN THE RESTING ELLIPSE DISPERSION ON THE SURFACE IS
INTERACTION OF MASCOT2 WITH THE SURFACE DURING ALSO SMALL ENOUGH TO VIRTUALLY GUARANTEE SUFFICIENT
BOUNCING AND POTENTIALLY TO OBSERVE THE IMPACT SHOCK ELEVATION OF THE SUN SUCH THAT MASCOT2 CAN DETERMINE
WAVE. ITS ATTITUDE AND CAN RELOCATE (AUTONOMOUSLY OR

COMMANDED) TO THE DESIRED OPERATIONAL SITE IN ABOUT 2
HOPS (FIGURE 6).

A SIZABLE LIBRATION (GEOMETRIC LIBRATION AT ORBITAL
ECCENTRICITY 0.16) IS NO HINDRANCE TO SUCCESSFUL
DEPLOYMENT.

Nwer Cycle — LFR-day ‘Science A*

/ Figure 5 MARA sensor head

NIGHT /
Comm Rx / Tx
LFR

all lse off

i

CBE mass (kg)  Maturity margin Effective margin Mass including

(kg) margin (kg)
LFR 1.2525 20% 0.2525 1.5050
- DACC 0.1 20% 0.02 0.134
MARA 0.18 5% 0.01 0.192
oo a0 CAM 0.40 5% 0.02 0.422
<
Figure 7 Active LFR measurement geometry Total 2.2525
Table 1 — payload mass budget
MASCOT2 Operational concept (table 2)
THE MASCOT2 OPERATIONAL CONCEPT IS DRIVEN BY THE Phase LFR CAM MARA  DACC
PAYLOAD OPERATIONS: Figure 6 Typical deployment through L2. COR = 0.60 (constant); Spring delta-v:
. SDL 4 hours 5 pictures On On possible range 3 to 15 cm/s, nominal 5 cm/s, speed accuracy +/-30% at 3sigma,
CAM IMAGES AND MARA MEASUREMENTS AT EACH RESTING POSITION angular accuracy +/-15° at 3sigma. Spacecraft: state vector known, at time of
+ DACC MEASURES PARTICULARLY DURING MOTION release, to +/-25 m and +/-5 mm/s , both 3sigma. Altitude of release fixed at
* MARA MEASUREMENT AT LEAST DURING ONE WHOLE DIDYMOON DAY PER Orientation 14 pictures On 200m. Success rate is 100% of trajectory impacted. 99.9% of trajectories are
REST LOCATION eventually settled (i.e. 1 trajectory out of the 1000 bounced back). Yellow
+ SEVEN LFR MEASUREMENTS TO SCAN THE BODIES INTERIOR (FIGURE 7) Relocation 1 hour 5 pictures on on symbols: 1st touchdown. Green symbols: final rest positions
*  GNC AND BUS SENSORS SUPPORT BY ENVIRONMENT DATA
* ALL COULD BE REPEATED AFTER DART IMPACT TO LOOK FOR CHANGES DCP-2 7 scans 14 pictures On
THE BUS OPERATIONAL CHARACTERISTICS ARE AS FOLLOWS: Impact E— on
+ FOR THERMAL MANAGEMENT, MASCOT2 (BUS) CAN RUN CONTINUOUSLY
OR INTERMITTENTLY DCP-3 7 scans 14 pictures  On I?%I\ereEcFer Ateh tal. (2015). "Asteroid impact and deflecti
+ UNITS CAN BE USED AS SMART HEAT DISSIPATION SOURCES P! oot maston” s Adianates 116 sasage, o o ceflecton
*  SYSTEM OPERATION, PAYLOAD OPERATION AND COM IS POSSIBLE DURING 121 Michel, P A. Cheng, et al. (2016). "Science case for the Asteroid Impact
Mission (AIM): A component of the Asteroid Impact & Deflection Assessment
CHARGING OF BATTERY , AND DURING DAY OR NIGHT (AIDA) mission." Advances in Space Research(57): 2529-2547.

Table 2 - operational phases. The duration of the phases is [3a] Herique, A. and V. Ciarletti (2016). A Direct Observation of the Asteroid's
* SYSTEM POWER CONSUMPTION IS ADJUSTABLE TO INSOLATION BY NOVEL as follows: Orientation , up to 24h; DCP-2, DCP-3: each 60 Structure from Deep Interior to Regolith: Two Radars on the AIM Mission. 47th
POWER MANAGEMENT TECHNOLOGIES s Lunar and Planetary Science Conference.
moon days; impact, 30 moon days [3b] Herique, A, et al. (2017), Direct Observations of Asteroid Interior and

Regolith Structure: Science Measurement Requirements, submitted to ASR
[4] Jaumann, R., et al., The camera of the MASCOT asteroid lander on board
Hayabusa 2, Space Science Reviews 208.1-4 (2017): 375-400.

[5] Grott, M., et al., The MASCOT radiometer MARA for the Hayabusa 2
mission, Space Science Reviews 208.1-4 (2017): 413-431

[6] Hercik, David, et al., The MASCOT magnetometer, Space Science

Conclusions Mok
MASCOT2 as a long-lived, hopping lander for the AIDA/AIM mission will significantly enhance our understanding of the (1 Uimec, S, and J. Bl (2010, Relevarcs of PHILAE and MASCOT

Situ Investigations for Planetary Defense,|AA Planetary Defense Conference.
beta factor for kinetic deflectors due to bistatic radar determination of the interior structure of the target and, from its B a1, MASCOT—he mobile astroid suface scou anboard
other experiments, understanding the surface mechanical and thermal properties. Design studies have proven its o Bl - e amtt vty bosncing oo (VMASQOT ) accmtaometor
TR - . . - . - experiment (DACC), Technical note DLR-RB-MUSC-TN-1036 Iss. 0.9.0.5 ,
feasibility; there is also a strong heritage from MASCOT flying on the HAYABUSA2 mission [8]. AIM funding has not been S8ae 551200 ]
[10] Tardivel, Simon, and Daniel J. Scheeres, Ballistic deployment of science

fully confirmed by ESA Member States during the ESA ministerial council meeting in 2016, yet the concept of MASCOT2 packages on binary asteoids, Journal of Guidance, Conlrl, and Dynamics

(2013).

stays valid. DART development in the U.S. is going ahead. /

We support flying MASCOT2 on a full AIM mission even if 2 years later than planned.
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