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Apophis T-9 Years: Knowledge Opportunities for the Science of Planetary Defense — Session 5

This is what a MASCOT can do for you — at Apophis
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« MASCOT was launched to (162173) Ryugu aboard
JAXA's sample-return mission HAYABUSAZ in 2014

« landed successfully on October 39, 2018 (during IAC 2018)
» operated for >17 hours, at “4’%” locations (4 wistereo & 1 tilt)

lander at the instrument level
of a mainstream mission

high degree of design re-use
high-density design

serves 4 full planetary
science quality instruments
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MASCOT - fast-paced, responsive, concurrent
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Sagamihara: JAXA - _

«  HAYABUSA2 s o
+ MASCOTCCOM  ~~« _

Berlin: DLR Inst. of Planetary Research
+ MasCAM
+ MARA

Bremen: DLR Inst. of Space Systems
* Project Management
« Systems Engineering
« AIV/AIT
» subsystems such as OBC, Thermal, etc.

Braunschweig:
1. DLR Inst. of Composite Structures - Structure
2. Technical Univ. of Braunschweig - MasMAG

K&lIn: DLR Microgravity User Support Center (MUSQ)
» Science Payload Management
* Ground Segment

Paris: Institut d'Astrophysique Spatiale (1AS)
*  MicrOmega

Munchen: DLR Robotics & Mechatronics Ce
* Mobility
* Motion Analysis

Toulouse: CNES
* Power Subsystem
* Mission Analysis

e Antenna
# éCﬂES IAS - e
DLR e il “
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10-year history behind the 17 hours on Ryugu

* the development was done within a very short time but
due to programmatic changes and growing knowledge on
NEAs many configurations were studied in detail

» the MASCOT concept is agile, lightweight and flexible =
It can be applied on most future exploration missions of
low gravity bodies, =80 m < J <=10... km

« MASCOT landers are considered in many mission studies
e.g. AIM (ESA), MMX (JAXA), ARRM (NASA),...
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“okay, so... compared to a real spacecraft...

——---

( bouncing )

~--——

target body properties addressed...
surface structure

composition
mechanical properties

interior structure
spacecraft orientation

| E DLR |

— can a 10 kg shoe-box address all topics?”

MARA ) ;27" T TSN
DACC ) \_ bouncing )
- (hidden) MasCA Somm="
hel’ltage |andel’S: Secondary Antenna LFR n(\pace fore;tra\
: MasMAG Mechanisms Jlat | Battq;yf
« cover all fields en

« medium-integrated design concept
« separate instrument interfaces ‘as usual’
* requirements-driven design, drives mission

(€ Deplpyarle Y _-L \
‘é‘glarf.an& CBattend LFR

Mechanism

LFR Main Antenna

Secondary Antenna
MASCOTS ii;;?:amcatlon
 focus on key topics

- organically integrated design

thermal IR
| GNC oPs radiometer ’

 across unit border optimized interfaces == "~
constraints-driven design Bt ... ..
.Mz;:z’s;z‘-:a iy

A N
« ’/

l
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MASCOT

provides ground truth
multiscale science

returned samples

(10°...10°m) nM-mm m ” km
remote sensing
(103...10°m) 9 8 -7 6 5 4 -3 -2 -1 0 +1 +2 +3 .
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the next MASCOT? — uh, sorry, no..t, yet...

 long-life lander - MASCOT2 @ AIM study: 2100 days Mo mamAchmionCet

BCR Battery Charge Regulator
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» photovoltaic supply @jj:w—eék— m?m —
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a MASCOT R
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

JAXA ,Solar Power Sail“ —
35-year Jupiter Trojan

"}'\,dy .. . A B N\ \ 3 A S————— heliocentric distance at
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MASCOT2 for AIM

12 Nov. 2004
Resata Fve
trajoctory-..

Low Frequency Radar —the key to the mterlor structure

: : «
« change of the largest instrument (MicrOmega = LFR) : %q,’ﬁ

« change from brief scouting to long-term observations
e additional ‘small’ instrument, DACC accelerometer
« MasCAM, MARA, MasMAG stay

altitude
L] L] Ll T ocre
- DCP position
1. Interaction with Ground
Control to analyse landing site
and determine need for
relocation
2. Relocation manouvre
3.Re-da (1) and (2) if
required
= 4. Go for LFR antenna and Deployment
= solar array deployment T Attitude TBD m
5. Nominal l science
perations phass
— Relocation
= Z;i\\ =
Up-Righting N =
=
J
SDL-Phase’ Pre-Science” Radar Operations

“inchuding regudar CAM imaging

DART Ground Zero

/\any dot within 85 m of

NIGHT /
Comm Rx /
LFR

all else off

Power Cycle - LFR-day ‘Science A’

MASCOT 2 State of Charge (SOC) at 20.0 Deg C EOL

1.4 1050 Position: 19384355 Value: an 63.085 Min 6.568 Max: 100.000

13 Nov. 2014
Moersng
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reuse from MASCOT to MASCOT?2

 doing a Phase 0/A study with Phase C/D/E detall
» converging from heterogeneous maturity at unit level to a mature system

Mobility
Motor_Gear_Excenter_Assy
Motor_Gear_Excenter_Assy 2
Harness (including connectors)
Sensor

Electronic Board MCC

GNC

Temperature sensors (GNC)
Optical Proximity Sensors

Mobility
Motor_Gear_Excenter_Assy

Harness (including connectors)
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Electronic Board MCC

GNC

Temperature sensors (GNC)
Optical Proximity Sensors

MASCOT-2

NewConsert

Instrument Front End
Instrument Harness
Instrument Antenna module 1
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Instrument landing antenna

Instrument Backend
DACC

Photoelectric Cells Photoelectric Cells Instrument Backend (only Ebox-Card)
LED |

Data Handling Data Handling MARA

OBC-Digital (M/R) OBC-Digital (M/R) MARA_Sensor
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Communications Communications CAM detector
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MASCOT

MMEGA

Instrument Front End
Instrument Harness

Instrument Backend

MAG frontend

Instrument Backend (only Ebox-Card)
MAG frontend with harness pigtail
MARA

MARA_Sensor

MARA_Board

Camera (visual)
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P/L harness (from Sensor to E-Box)
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Harness (including connectors)

MASCOT-2 MASCOT
HewConsert MMEGA

Instrument Front End
in s

Instrument Backend
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MARA_Board MARA_Board

Camera (visual) Camera fvisual)

CAM_detector CAM_detector

B/Lhamess {from Sensor to E-Box) P/L hamess [from Sensor to E-Bax)
Mobility Mobility
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Motor_Gear_Excenter_Assy2

Harmess (including connectors) Harness (including connectars)
Sensor Sensar

Electronic Board MCC Electronic Board MCC

GHC

Temperature sensars [GNC) Temperature sensors (GNC)
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D |
Data Handling Data Handling
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0BC clock module

Comm
UHF transceiver
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RF hamess RF hamess
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Groundplateforbotiomantenna  Groundplafe forbottomantenna

Power Subsystem Power Subsystem

Battery (14 cells) Battery (9 cells)

Battery Case Battery Case

MPPT-BCR Module

Deployable Pans!
Pansl deployment system

Flexcell body panels.
Structure Structure

Radiator
Preload Rebef Mech
Thermal Thesmal

Heater - HY2 Heater - HY2
Thermarmaters - HY2

(MASCOT mtemal)

HY-2 to MESS Connector
Push-off Spring
Push-off Plate

‘standoff biw MASCOT and HY2

RF Antenna on MESS

Comparison of the BOM for MASCOT2 and MASCOT system. The colors indicate the commonality levels:

green

= reuse, red = modify, orange = add, yellow = swap and black = descope

RL e

S TN LN TR e
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we do have
something for

ou, too ©

oh,... we‘re
only doing fast

flybys... ®

“a MASCOT, please”
...or: towards a wider portfolio

« small instruments packages are useful in many* missions
» mobile or stationary

Main F ¢ Orbit type / Desl Depl
k 1 mission fame-o reference Height Eployment ployment
L4 n etWO r S C I e n Ce strategy reference position direction speed
 scouting , p— P :
Orbiting Polar
Passive descentto “j""/” \ — irestEs High ieirade Low
a(small) body \ \t‘ Robotic Deployment Hovering Equatorial (h>hg) yelochy
deployment by astronauts
| N \ J \
Fly-over Terminator
Touch and
8o Body-fixed _— iow retrograde High
¥ (h<hg) . velocity
Earth-
Landing asteroid
line )
no dedicated system — MASCOT legs & attitude control — PHILAE kinetic impact damping kinetic impact damping kinetic impact damping

—granular damper — spike friction — crushable shell
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everything is modelled

bdd [Package] Environment [ Environment U
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————— rom database . e.g. determine
| e ————— h distanceSun: Real g "
itk o I s system
107 10 10% 102 107! 107 MASCOT2 , 4 MASCOT 10° 107 Databasefor target temperature
surface gravity, &[M/s’] ~——w__ > g [m/s7] environments

Environmental properties

» model building is common in most —
technical domains of a spacecraft < = I
(power, thermal, dynamics,...) A: Real

.......... > | T:real

 Model Based System Engineering eps: Real

7 )
System Model

eXtendS thIS tO the SyStem |€V€| by System properties, e.g. radiator size
connecting domain models at their

i nte I‘faCGS — as | n th es pace C raft Performance parameters are fed back into the system model

| i DLR
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AAC Auto-Activation Circuit
BCR Battery Charge Regulator

a system Is structured by its interfaces: = e

REOCV Reduced End-Of-Charge Voltage

1 . - . . RTC Restart Time Counter (Real-Time Clock)
tallored re-use bullds on existing connections row P e
SIR-FF Set-Reset Flip-Flop (characteristics)
—= 2 uwvLs UnderVoltage Load Shedding
T3 L5455, G R L T e MPPT-BCR|
s o (5 A X (from mothership and/or EGSE)
- A A 4 i‘ 2 21 cruise checkout power
v ; MPPT-BCR[ ]
p o —~|DCIDC = e
. ] S
MPPT-BCR|[_] ~“lpciod S [
bcioct&- —
21 to power
MPPT-BCR[ o S PSW - E== consumen
T . OFF; DC/DC_/._ —
o M ¢ | -zpeoet— —
) 23 | -
*1DC/DC| —
- 22
CCPPD RTC i
?'u B3 A
[ 7s.88 o i H
{ > RTCSET ! gotoSLEEP |
| Battery Watchdog | (from OBC) |
: @ (from OBC) v
O e omwe Watchdog  power TMTC
l trip (to OBC)  (toffrom OBC)

[0 Brct] MASCOT[ MASCOT_rternal_Pow er_mteraction 1)

new or d_lfferent fur)ctlons require Interfaces modeled with flow ports
new and different units e

&3] Payload_Requirements ]
re-use saves effort and fosters more Dé“"‘ig:m scorpum s e
responsive implementation QZ@:‘”” s
(3 MARA Mass : ValueT idogr am _MOB_N:V L
T MAP_a_SV_MARA : ¥ SV_MOB_N:V .

detailled functional modelling B ] ‘
identifies which interfaces are kept, —_— | i

modified, added, or no longer used R

pp1t :Tharmal_Con\ol_System 1 UPS_seater 1 v UFB_Heater 1 Vv ..

PCOU_M_Pow er_Supply |V

,UPS Heater 2V UPB Heater 2V L

pR13 "Alumc_s-:_w\lu V sy MARA -V

= u.u:_:_‘:v_mu VIIV_MARA SV oI
I VAR 2 P8 _NARA V (o8 wARA v

change can be confined to those
elements where it happens anyway

i DLR

33 (FPGA_M
33V PPGA MV op i

PP31 :VMde_Angle_Camera_(WaCpphy CP-3_12V_CAM:V 52y cAM:v L
i CPB 6V _CAM:V | gy can:y o

T} )
FPGA_M_Data - Data

PPIZOBC M 1 12v OBC_N:V 12V _OBCND:V .
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Integrating a lander comfortably
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cesu

GOSSAMER—-MASCOT co-developed
umbilical connector, design based on
reconstruction of PHILAE heritage

-

SFB

nnnnnnnnn ct

//\\.\ “/
(PHILAE 4{] &

« MASCOTs integrate at the instrument level to thei
mothership — power, data, mechanical, thermal i/f’'s
« unlike instruments, they carry all the resources and
capabilities of a small spacecratft:
* battery & photovoltaics
* GNC sensors & actuators
* processing power & communication

all these can be shared!

Remote
Sensing
Instruments

hed

Remote

Sensing
Instruments

svne

XFER
Smplr./
Idg gear. |

figures adapted s
from: Seefeldt et p;' #
al., 2016, Ksenik .#O‘L'
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Mission Timeline of the MASCOT-Derivative to Didymos

<’imeline 55 min — 2.5 hr & 38 - 40 min < 40 min

40 - 42 min | § |

Begin Of Begin Of Descent: MSC-V is in free-flight
Landing | RetroBurn: | and follows the natural ! 5
Phase: || MSC-V fires | trajectory. ! |
MSC-V | ! thrusters at | The lander has to correct its 5 :
impacts ' an altitude ! attitude only during close L _ !
witha ' of65-85m. ! approach. Separation: |
speed of 4 i - MSC-Vis |
5cm/s. i | . deployed.

) - . Angle= |

- End of : | ~22950. |

g retro burn ! : |

- @ | |

.................... 0.9¢ ! |

V~ : ...................... 1 m/ : :

( 0,0) m 0.'0.3 m/s S N ! i
idlymo % 85,0) m : s
On L2
;721 ;I'o mi5

. 2 B P - ) km

P i !

m® o .P ml. my m l. my E |:

. w ] [Lengths are not to scale.]:
l DLR Case 1 : E<E, Case2: E|<E<E, Case 3 : E,<E<E; Case 4 : E;<E<E, Case 5: E>E, 9 o, " St ' L

I E s
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Mission Timeline of the MASCOT-Derivative to Didymos

<’imeline 55min-2.5 hr:;f:; 38 -40 mini <40 min
40 - 42 min '

Descent: MSC-V is in free-flight
and follows the natural
trajectory.

The lander has to correct its
attitude only during close

approach. “,.u{""'éeparation:

. MSC-Vis

. deployed.

. Angle =
~ 229.50,

...................
...................................

~2 kmf,OmL2
| (2’ 1.4 ) km :'

[Lengths are not to scale.]:

| i DLR
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Mission Timeline of the MASCOT-Derivative to Didymos

<’imeline 55 min — 2.5 hr & 38 - 40 min < 40 min |

40 - 42 min 5 § |
Begin Of Descent: MSC-V is in free-flight |

' Retro Burn: | and follows the natural E 5

|| MSC-V fires | trajectory. ! |

.1 thrusters at | The lander has to correct its 5 :

' analtitude | attitude only during close L .

1 of 65-85m. ! approach. _-Separation: |

L : =71 MSC-Vis |

P i . deployed.

o T — . Angle= |

B | | ~22950 |

6 mys

0)m |

i 2km from 15

[Lengths are not to scale.]:

RO e " b
o IR o
II’ A" %
-

| i DLR
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Mission Timeline of the MASCOT-Derivative to Didymos

<’imeline 55min-2.5 hr:;f:; 38 -40 mini <40 min
40 - 42 min

Begin Of
Retro Burn:

g - Descent: MSC-V is in free-flight E

| | and follows the natural !

. MSC-V fires | trajectory. !

. thrusters at ! The lander has to correct its 5

\an altitude attitude only during close e _

' of 65-85m. | approach. - Separation:
- ; - MSC-Vis
‘: 5 . deployed.

m
R o = Tttt

[Lengths are not to scale.]:

" 1 - v - X Nyt
W i A 3 ) h %.
(% 5 - L ; T
g ; ) 4 - b =
s a7
.

| i DLR
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Mission Timeline of the MASCOT-Derivative to Didymos

<’imeline 55min-2.5 hr:;f:; 38 -40 mini <40 min

40 - 42 min i ;
Begin Of Begin Of Descent: MSC-V is in free-flight |
Landing | RetroBurn: | and follows the natural ! 5
Phase: | MSC-V fires | trajectory. E :
MSC-V | ! thrusters at | The lander has to correct its 5 :
impacts ' an altitude ! attitude only during close - !
witha ' of65-85m. ! approach. Separation: |
speed of 4 5 - MSC-Vis |
5cm/s. i | . deployed.
) - . Angle= |
e End of : | ~22950, |
retro burn | ; |
&8, | |
R 0. ! i
o 33 .............................. 96 m/s : !
id 5 (85,0 | |
Ymoop, . [sm | !
——High-energy with V = 2.0 m/s L 2- """""""""""""""""""""""" E |
—— High-energy with V = 1.0 m/s L L e ! |
= ~—— High-energy with V = 0.5 m/s o | ~ T !
g —— Low-energy with p = 8.0 g/cm3 L | |2 km £ :
£ —— Low-energy with p = 4.0 g/cm3 . H ! rom L 2 o
> —— Low-energy with p = 2.0 g/cm3 L ! | (2, 14) !
'<_g —— Low-energy with p = 1.0 g/cm3 L ! | km !
[ — Low-energy with p = 0.5 g/cm3 1 1 | !
g D | [Lengths are not to scale.]'
v ff' plot by Simon : |

Tardivel, 2018

; !:. ; v )~- R T “
i ?f % h‘ m
" 5 .“: 4 .‘v L

Diameter (m)
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Gravimeter on MASCOT@Apophis

Solution
Existing gravimeters are: Measurements of 4 . Small, compact
. small changes in Local gravity solution which
* Heavy devices acceleration vector operates under
* Large in size based on the local identification every gravity
.. gravity vector condition
* Not used for space applications \.

2@
?
E
1.

Y

G

Gravimeter integrated on MMX rover in different attitude configurations as an example
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our next mission?

your next mission!

* just drop us there,
we’ll place the
seismometer

been there, done that —
on Mt Etna with ROBEX

« don’t worry about the
big battery you use
only once in LEOP

we’ll take it to the surface
where it'll see useful days

 these can bring a
MASCOT, those can
use it, too

go, borrow a Mars network

and don'’t forget about

frequency coordination with
all the radars pinging at it !!!

» btw, we’ll transpond

i DLR
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MASCOT:

asteroid pin-point hopping
with advanced attitude control

I\/I O b I | I ty V 2 O Institute of System Dynamics and Control
- - Department of Space System Dynamics
pLR Daniela Kapp, Roy Lichtenheldt, 2018

DLR.de + Chart 22

* video of
» Advanced Mobility Control -

« immediate positioning of
Instrument FoV :
« faster traverses by skipping Polksw

self-righting MASCOT:
asteroid hopping with state of
the art preoptimized trajectory
(no closed loop control)
Institute of System Dynamics and Control
Department of Space System Dynamics
pLr Daniela Kapp, Roy Lichtenheldt, 2018

* Open-loop Mobility -
e semi-random walk
» surface science

both options remain !
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