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2" ROBEX Training Workshop

Pedro de Jesus Mendes

The 2nd Training Workshop (TW) was
organized by Jacobs University Bremen with
the collaboration of the DFKI and TU-Dresden,
and took place both during the venue of the
Community Workshop, and in the TU-Dresden
facilities, in Dresden, from the 19th to the
20th of March 2014.

We had seventeen participants from six
different institutions (AWI, DLR, TU-Berlin, TU-
Dresden, TU-Miinchen and University of
Wiirzburg).

The training was coordinated by five lecturers
from 3 partner institutions (DFKI, DLR, Jacobs
University Bremen).

Some of the participants of the 2nd ROBEX
Training Workshop at TU-Dresden.

The scope and form of the 2nd TW was based
on the feedback from the 1st TW. That
feedback showed a demand for a more
practical approach to the training, while
staying very close to the stated objectives of
the Alliance to inspire a diversity of discussion
and cross-fertilization of ideas.
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An anonymous online questionnaire was
provided to the participants after the event, to
evaluate the TW using a graded scale of 3
positive options (Extremely -, Quite - or
Somewhat -), a neutral option (Neither- or -)
and 3 negative options (Somewhat -, Quite -
or Extremely -) .

Poster session

The TW initiated with a poster session, in
which the trainees presented to the general
community posters detailing their recent
research. During this session the trainees had
the chance to train their presentation and
discussion skills, as well as their ability to
critically evaluate their colleagues work. The
trainees were exposed to each other’s
research, including topics diverse as systems
engineering and power management,
simulations, visualization and interfaces,
autonomy, sensors and instrumentation or
analysis of large datasets. The reader can find
this interesting research in the next pages.

Of the trainees evaluating the TW, 54%
considered this approach “Quite helpful” or
“Very helpful” and 36% considered it
“Somewhat helpful”

The Poster Session Awards of the 2nd ROBEX
Training Workshop went to:

Community Award - Caroline Lange "Analysis
of modularity and product platforming
principles for lunar infrastructures"

Trainees Award - Etienne Dumont
"Transportation Systems for Modular Robotic
Moon Infrastructure"
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Training session

Moving to the facilities of TU-Dresden, the
trainees were welcomed and promptly
introduced to a specially prepared online
course on transect analysis and statistics by
Autun Purser.

The trainees were then divided into groups,
and rotated through the different training
modules.

This year's workshop was more focused on the
practical aspect of Ocean and Space Sciences.
When inquired on it, 100% of the responses
were positive, with 91% responding they were
“Quite satisfied” or “Extremely satisfied”.

The modules included the outline of available
online databases, which can be useful for
many of the ROBEX related disciplines. A very
large amount of data is available online, and
can be freely used e.g. for choosing
deployment locations, to select real in situ
parameters for simulations or to understand
environmental demands and variations.

The trainees were introduced to online
databases in Ocean Sciences, and the
possibilities available for data treatment and
display. The students were introduced to
online data visualization tools that are
extremely helpful for the selection of data and
periods to download. 60% rated this module
“Quite interesting”, while 40% rated it
“Extremely interesting”. This module was
guided by Laurenz Thomsen (Jacobs) and
Autun Purser (Jacobs).

In the same vein, the trainees were
introduced to different online databases for
Space Science. The trainees were instructed
how to select and download moon related
data. The analysis of the selected
environmental data was performed using

online tools for data visualization. 40% rated
this module “Quite interesting”, while 60%
rated it “Extremely interesting”. This module
was guided by Marlene Bamberg (DLR).

One of the groups analysing Moon data

obtained from online databases.

Transect analysis is a very versatile tool
available to scientists working with deployed
vehicles. In this year’s TW the trainees
undertook an analysis of a Deep-Sea video
transect for fauna numbers and behavior
under different conditions, meant for later
statistical analysis. 30% of the respondents
classified this module as “Extremely
interesting”, while 50% classified it as either
“Quite interesting” or “Somewhat
interesting”. 20% classified this module as
either “Somewhat uninteresting” or “Quite
uninteresting”. This module was guided by
Pedro de Jesus Mendes (Jacobs) and Laurenz
Thomsen (Jacobs).

To illustrate the potential of transect analysis
in the Space Sciences the trainees undertook
an analysis of a Moon video transect, for later
statistical analysis. 30% of the respondents
classified this module as “Extremely
interesting”, while 50% classified it as either
“Quite interesting” or “Somewhat
interesting”. 20% classified this module as
either “Somewhat uninteresting” or “Quite
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uninteresting”. This module was guided by
Frank Sohl (DLR) and Marlene Bamberg (DLR).

Scientists are not always aware of the physical
limitations and handling difficulty of the
vehicles they work with. The trainees had the
opportunity to drive the DFKI’s ROV Asguard
through an obstacle course in TU Dresden.
30% found it “Extremely interesting”, while
50% found it to be “Quite interesting”. 20% of
the respondents found this module
“Somewhat interesting” or “Neither
interesting nor uninteresting”. This module
was guided by Alexander Duda (DFKI) and
Pedro de Jesus Mendes (Jacobs).

The trainees also had the opportunity to drive
Jacob University’s IOV Wally, live in the
Neptune Canada site. 80% of the respondents
found this module “Extremely interesting”,
while 20% found it either “Quite interesting”
or “Somewhat interesting”. This module was
guided by Laurenz Thomsen (Jacobs).

Trainees driving the Jacobs Internet operated

vehicle live in the Pacific coast of Canada, at
900m depth.

The trainees were introduced to an online
course on biostatistics and transect analysis.
They used the data they collected to perform
statistical tests, including ANOVA, while being
introduced to online statistical tools. 30% of
the respondents classified this module as
“Extremely interesting”, while 50% classified it
as either “Quite interesting” or “Somewhat
interesting”. 20% classified this module as
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either “Neither interesting nor uninteresting “
or “Somewhat uninteresting”. This module

was guided by Autun Purser (Jacobs).

>
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One of the trainees driving the DFKI vehicle
ASGUARD.

Overall, when inquired about their satisfaction
with the TW, the feedback was 100% positive,
with 64% responding they were “Quite
satisfied” or “Extremely satisfied”. From the
technical requirements there is a lot of
resemblance to aircraft construction. As the
HGF alliance ROBEX is bringing together
research groups from the area of the deep-sea
research and the aviation and space a unique
opportunity is offered to work together on
forward looking, robotic systems.

On the cover: Illustration by
Martin Gérner

The ROBEX Alliance Newsletter is non-
periodical - if you have items to
contribute to the next issue, please send
them to p.mendes@jacobs-university.de
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Investigating the Basis of the Marine rlfﬁicﬂ dﬁ%’l‘n wrt4h an AUV

T. Wulff, S. Lehmenhecker, J. Hagemann, E.Bauerfeind
Alfred Wegener Institute Helmholtz Center for Polar and Marine Research

Parameters / Instrumentation:

Conductivity

Temperature

Pressure

Nitrate

Photosynthetically Active Radiation
Carbon Dioxide

Fluorescence (Chlorophyll a)
Fluorescence (CDOM)

Dissolved Oxygen

Vei;cle

Sample Collector

Float Maneuver:

Thruster deactivated

-> Vehicle ascends slowly

-> Little disturbancé of surface
water stratification

-> High resolution vertical profile

Thruster
\ deactivated

Repeated Floats for 3D investigation

Data Correction (left image):

Acoustic vehicle tracking
-> Correction of navigation errors
-> Resilient georeferencing

Sensor Calibration (right image):

Collecting water samples during the dive
-> In-situ calibration of sensor data
-> Quantitative Chlorophyll a data

R Dive in Arctic Marginal Ice Zone:
Chlorophyll a concentration: \ L =

) 2 -> Chlorophyll a as tracer for phytoplankton
>2.5 g/l |\ P : 7 Py and marine primary production
>4.0pug/| NN , \ X SR -> Almost synoptic, volumetric investigation
Ascend during Float maneuver : I F ol 4 of phytoplankton standing stock

e, -> “Patchy” distribution of

10 m thick melt water layer phytoplankton along ice edge

(salinity < 34.5 g/kg)
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Design of a Launch and Recovery Systehm for an UV,
developed for the research vessel FK Uthérn

J. Hagemann, T. Wulff
Alfred Wegener Institute Helmholtz Center for Polar and Marine Research

/

substructure

Launch & Recovery

In order to minimi ts, ship will tum
bow towards prevaing wave direction and will l(eep slow
forward movement. . = S 3
Launch The ABS _mtendgd tobe a sample., efficient t_and cog—eﬁecme
mng op— ing it into the water construction, which can be used in the marine environment
= 5 S 9 & - (risk of corrosion). The main materials used are:
: R By =y BeatROC i the WiseEAnd ieicase e e — Bosch Rexroth Aluminum Framing — basic structure
SUCOvVory 3 , — Igus DryLin® W — linear bearing

— For an easier recovery of the vehicle there is a guiding plates at the e nose e and pull foe vehicle p the ramp. — Stainless steel — joint and high loaded elements

end of the ramp. When deployed, the ramp floats on the water and — Lifting up the ramp and fix it in transport configuration.
thus performs the same, wave driven motion as the AUV.

Autonomous Underwater Vehicle (AUV) JIhe Joint

Bluefin-21 “Paul”. — Connecting joint between slide and ramp has
Vehicle details: two degrees of freedom (DOF):

— Diameter. 53 cm (217) — Hinge joint

— Length: 430 cm — Pivot joint

= Welyrt(Dry) 450 kg — Two DOFs are necessary due to the complex
Modular st (4 mod vessel movement.
Vehicles interior is entirely flooded
Residual buoyancy is app. 40 N. Max. vessel movement in sea state 4
The vehicle can be pulled up on the central Lift-
Point (vertical) and on the front Lift-Point (max.
45°%).

acelention m/s')

FK Uthorn Mechanical Motion

Small research vessel Uthom, built in 1982 — Ship equipment such as dermrick boom and trawl
The area of operations is the German Bight. winch are sufficient to enable ABS operations. derrick boom
Vessel details: The movement of the slide is controlied by the (cran

— Length: 30m frawl winch, which is connected with the slide

— Beam: 83m by ropes.

— Draught 25m The ramp can be moved up and down by the

— Speed: 10 kn derick.
The vessel is equipped with a derrick boom For launch and recovery operations, trawl
and a trawl winch. winch and dermrick have to work simultaneously.
Safe work on deck up to sea state 4. To pull the AUV out of the water, a winch
mounted on the slide is used.

For further information please visit our Web-Site: http://www.awi-bremerhaven.de/Research/ProjectGroups/DeepSea/index.htm!
or contact: Jonas. Hagemann@awi.de, Phone: +49 471 4831-2045
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BETON - BAUSTOFF FUR MOND UND TIEFSEE

Die Rickkehr der bemannten Raumfahrt zum Mond ist nur eine Frage der Zeit
Neben China, Indien, Russland und Japan plant auch die NASA bis 2024 ihre
Ruckkehr zum Mond und die Errichtung einer permanenten lunaren
Forschungsstation. Ebenso wie der Mond ist die Tiefsee ein weitgehend uner:

LunarerBeton

Die lunare Umgebung stelit groRe Herausforderungen an das Material fir den Bau
einer Basisstation. Aufgrund der dinnen Atmosphare gibt es Temperatur
schwankungen von 280K auf der Mondoberflache, eine hohe Strahlungs
intensitat, ein hohesVakuum sowie den dauerhaften Beschuss durch Meteoriten
und Mikrometeoriten mit Geschwindigkeiten von biszu70 kmys.

forschtes Gebiet, in dem ebenfalls extreme Umgebungsbedingungen herrschen.
Wie Beton zur Errichtung von Forschungsstationen oder bei der Erkundung der
Tiefsee verwendet werden kann, ist Inhalt der Forschung am Institut f. Massivbau
im Rahmen von ROBEX (Robotic Exploration of Extreme Environments).

Hochleistungsbeton fiir Druckgehause der
Tiefseemeeresforschung

Die Tiefseeforschung ist ein wesentlicher Bestandteil der Meeresforschung.
Dabei spielen neben Skologischen Aspekten auch zunehmend wirtschaftliche
Interessen wie die Suche nach altemativen Energieressourcen (z. B. Methan-
hydrat) eine bedeutende Rolle. Fiir den Aufbau von temporaren und permanenten
Forschungsstationen unter Wasser werden aufgrund der extrem korrosiven
Umgebung bisher vorwiegend teure Materialien wie Titan und Aluminium
verwendet.

Regolthsmulat, Foto: Ske Scheerer
Nach vorerst temporaren Konstruktionen aus leichten Materialien wie z.B. Carbon
istdie Emichtung eines massiven Habitats unumganglich. Dader Materialtransport
zum Mond begrenzt und kostenintensiv ist, wurden Moglichkeiten untersucht,
einen mineralischen Baustoff aus den vorhandenen lunaren Ressourcen
herzustellen. Dabei stellte sich heraus, dass alle notwendigen Matenalien fir die
Betonherstellung —~ Zuschlag, Zement und Wasser - bereits auf dem Mond in
ausreichender Menge vorhanden sind.

Die Eignung von Mondregolith als Zuschlag im Beton konnte bereits 1986 von
T. D. Lin demonstriert werden, der einen Beton aus 40 g lunaren Regoliths der
Apollo-16-Proben herstelite. Auch die Gewinnung von Zement aus lunarem
Gestein konnte z. B. durch Horiguchi ebenfalls bereits bewiesen werden. Die
Frage nach Wasser auf dem Mond beschaftigte die Forscher Jahrzehnte lang. Das
LCROSS- Impakt-Experiment gab erstmals Aufschluss, bestatigte das
Vorhandensein vonWasser in Form von Eis an den lunaren Polen und macht somit
die Herstellung eines Betons auf dem potentiell Mond méglich.

Bewnnresakior i de Hestalung von Beton unter Dampl, Foto: Setastan Withaém

Die wissenschaftliche Herausforderung ist es nun, ein Betonherstellungs-
verfahren zu entwickeln, welches unter Vakuumbedingungen méglich ist
Grundlage der Forschungsarbeit sind Ergebnisse der Dry-Mix/Steam-Injection
Methode (DMSI), welche bereits 1990 vonT. D. Lin entwickelt wurde. Anders als
bei der konventionellen Herstellung von Beton im Nassmischverfahren erhartet
ein Trockengemisch aus Zement und Zuschlag unter Druck und hoher Temperatur.
Der verwendete Sattdampf bietet gegeniiber dem Nassmischverfahren eine
Vielzah! an Vorteilen wie z.B. geringere Wasser-Zement-Verhaltnisse, keine
Probleme mit der Verarbeitbarkeit bei geringen W/Z-Werten sowie kurzere
Hydratationszeit und hohere Festigkeit gegeniiber Normalbeton.

Projelatitel:
Forderer:

Forderungs zeitraum:

Projektleiter: 3. Drdng. E.n Mantred Cubach
Projeltbearbeiter: Dpi-ing. Setastan Wiham

Desgn
Untersucht werden soll deshalb die Eignung von hochfestem Beton fur
Unterwasser-Druckbehalter, um eine kostenglnstige Alternative zu derzeitig
verwendeten Titanbehaltern zu schaffen. Dabei missen eine geeignete
Betonzusammensetzung und Bewehrung gefunden und die Auswirkungen der
marinen Umweltbedingungen hinsichtlich Korrosion (Chloride, Sulfate etc.)
untersucht werden. Fir die Herstellung des dinnwandigen Deckels eines
Prototyps von nur 10 mm Dicke wurde eine Schalung aus Polyurethan gefertigt,
um die gewinschte Oberflachen-beschaffenheit und MaBhaltigkeit zu
gewahrleisten.

nes Druckgehduses sus UHPC, Visusksenng: Sebastian Wilham

Sahaform sus Polyurethan, Foto: Sebastan Wilhelm

Ziel ist die Optimierung der Konstruktion entsprechend der Belastung mittels der
Finiten-Elemente-Methode (FEM). Dabei soll bereits bei der Berechnung die
erhohte Festigkeit von Beton unter mehmaxialer Beanspruchung berlicksichtigt
werden. Ein weiterer Schwerpunkt der Arbeit liegt in dem Entwurf eines
Dichtungssystems fur angestrebte Tiefen bis 6000 m. AbschlieBend soll ein
Prototyp angefertigt und in einer Druckkammer auf Belastbarkeit und Dichtheit
getestet werden, bevor ein weiteres Druckgehause in der maritimen Umgebung
ausgesetzt werden soll. Dabei wird das Institut fir Massivbau von der Jacobs
Universitat Bremen und demAlfred-Wegener-Institut (AWI) unterstitzt.

erduses frechts), Sebastan Wiheim

Deckalschaie aus UHPC (lnks) und FEM-Model &



' Motivation

To reduce the cost of future
lunar exploration
infrastructures we need to
develop architectures that
can be reused thus
providing savings in
development cost and time!

Fig. 1 Repressntation of the
Tom Triangh’ [1]

e -

&
2 Background

Every infrastructural system can be formally represented
... describing its behaviour and structure
...via the mapping of functionality to hardware and

software components
.

In a Model-Based Systems Engineering (MBSE)
approach this information is stored in the system

model.
LY

Systematic application of platfoming and modularity
methods requires looking into the structural and
- performance aspects of the system dependently.

In order to investigate these methods
systematically they need to be applied in the MBSE

environment,

Q: Why should we to develop common
systems for different applications?

Fig. 2: A lunar lander, rover and a sciantiic modele
[wnif sustainable, to be piaced on the nar surfacs )
Incorpoeating the principle of bus modulastty (2]

Fig 5 Saavps S 0 D
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Q: How to capture aspects such as
Modularity, Commonality and
Variety of a system or among two
systems objectically and
algorithmically?

A: Analyze the system slements
dependency patterns using e.g. 2
Design Structure Matrix (DSM) [3].

Q: How to develop common systems for
different use?

A: Use product platforming methods.
Product families with a certain degree
of commonality are based on either
modular or scalable product platforms.

A: Realize [6)
w required flexibility In use
@ add-on capability
« adaptations to environments (during
the systems life and across generations)

Q: How to identify the best type and
degree of modularity?

Component-swapping Component-sharing
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Q: How to identify the best degree of
commonality and variety of the product
platform?

A: Apply product family evaluation
methods (e.g. the Market Sementation
Grid (MSG [4]) and Product Family
Evaluation Graph (PFEG [5])) based on
lander requirements analysis and
functional breakdown.

1] T tun Yergw =
Barvee.

Sectional-modular Bus-modular
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Transportation Systems for Modular
Robotic Moon Infrastructure

Etienne Dumont
DLR - German Aerospace Center, Institute of Space Systems, Bremen

Motivation

P Design of a transportation system and strategy for modular robotic Moon
infrastructure
P Experiment and research: geophysics, radio-astronomy, solar
system observations, influence of cosmic environment, etc
P Re-supply capability for long term mission, experiment modification
P Return capability {sample return)
P Pave the way for future manned missions
P Test of techniques and technologies {power supply, pressurized
module, ISRU), landing site and habitat preparation

Depiction of pontible Lumar Sae [Credits NASA)

yy—y [ o] Moon
Missions and roadmap C - )
. <
A § - /( S O o
A large range of missions can be performed with modular robotic infrastructure -
Cooperation and synergies between missions should be optimized with an adapted N
manifest roadmap which influences 3\,’, ,‘)

P Flexibility, growth potential: incremental growth with arrival of new modules

P Success probability vs complexity ‘A! ‘.

T E—

» Mission cost and sustamnability

Manifest roadmap for 8 Moon mission

Launcher and transfer module

For pathfinder and rare missions, current launch vehicles are sufficient to perform transfer from
Earth to the Moon. For more regular missions and larger experiments new launchers and
transfer modules could be an asset:

P Increase in range of feasible missions (transfer duration, sample return)

P Larger payload volume capacity and payload performance reduces mission complexity

-~

A e P Drastic launch cost reduction with larger launchers (recurring cost optimization)

Saturn Vlaynch (Credits NASA)

Trajectory and rendezvous strategy LUNAR FLIGHT PLAN

Depending on the mission (payload, final destination, need of return
capability, allowed transfer duration) several trajectories and rendez- 5 Hi
vous strategies can be considered:

P Direct injection

P TU after LEO or GTO

P WSB (Weak Stability Boundary dose to L1 Sun/Earth)

Y sye g
Aursacon

AV Brianag

|

Etienne Dumont| Etienne Dumont@di.de | DLR institute of Space Systems | Space Launcher Systems Anslysés (SART)

Robert-Hooke-Str. 7 | 28359 Bremen | Germany | Telephone +49 (0}M21 24420-1238 | www.DLR de/SART



Effects of Ejected Lunar Soil Particles on
Lunar Infrastructures

5 MELMHOLTZ

GEMEINSCMAFTY

Author: Dipl.-Ing. Christian Bihler

Technische Universitdt Manchen, Lehrstuhl fir Raumfahritechnik,

Boltzmannstr, 15, 85478 Miinchen

Introduction Methods
Lunar bases need multiple stat and :
tanding operations for resupply of sample | Experimental Analysie of High-Velocity
return during thew lifecycle. Landings and Dust Impacts

take-offs would most likely take place in
the vicinity of the base, such as the
landing of Apollo 12, which was closs to
the earller landed Surveyor 3 probe, Its
exhaust |et stimed the lunar solf and
sandblasted the surface of Surveyor 3,
which lead to heavy erosion. This shows
that close landing operation may cause
serlous damage to  Infrastructure

elements, But also soll particles with
smaller velocities, e.Q. ejected by rover
movement, can possibly endanger lunar
surface infrastruciure. SO it is necessary
10 carefully examine the different effects
of ejected lunar soil particles on lunar
infrastructures.

o

Apollo 12 astronaut inspecting the Surveyor 3 probe!

* Flat coil accelerator
= Velocitles up 10 500 m/s
* Under high vacuum conditions

* Impact particles: lunar regolith simulant
WSC-1A), ice mixed with JSC-1A

= Impact characterisation via
microscope: single or multiple Impacts

« Measuring the variation of surface
roughness

Analysis of Wear Problems

*  Gear tast bench for studias of wear
caused by unar regolith

* Examination of wear-resistant materials
for planetary (lunar) applications

+ Determination of damage

* Determination of damage

* Investigation of passible mitigation

l* Determination of "no damage”

'« Estimation of safe zones for landing

I* Reastrictions for potential base sites
with respect to landing operations

Flat cod accelerator at TUM Institute of Astronsutics

Expected results (2)

High-Velocity Impacts

charactesistics for different target- and
projectile materials

characteristics for varying target
geometries

technologies for high-velocity impacts

velocities for different target/ particle
materials and target geometries

vehicles

Lunar dust particle impacts on aluminum
{40x image magnification); Velocity of impacting
particles Is about 130 m/s;

Sy g e rere g ABITRACTLGIN JIE-30C 114 v

Objectives Expected Resuits (1) Current Work
» Determine different sources of lunar Preliminary impact experiments were
dust ejection with corresponding * Long-term measurements of wear carred out at rather low velocities (about
particle velocities caused bv hunar regolith 130 m/s), Despite these velocities were
'+ Examine the effects of high-velocity + Characterisation of wear effects, only about one fourth of the actual impact
dust particle impacts on technical dependent on dust type and speed serlous damages occurred on
emvironmental conditions metalic surfaces. Further investigation of

surfaces e.g. ML, glass, seals

* Analyse wear problems due to low-
velocity dust trapped in gear boxes

Dipl.-Ing, Christian Bihler
Technische Universitit Miinchen
Boltzmannstr. 15, 85748 Garching

* Suggestion of possible gear materials
that can withstand lunar conditions
__especially the dust environment

Phone
Fax

+49 (0)89 289 16007
+49 (0)89 289 16004

of possible wear problems,

email
web

dust impacts is ongoing. Besides a wear
tast rig will be developad for further study

c.buehler @tum.de
wwwlrt. mw.tum_de




Characterisation of the Meteoroid Environment of the Moon
from Ground-based Telescopic Observations of Impact Flashes

A. Margonis ¥ , R. Luther “¥, ], Oberst “*, F. Sohl ™, J. Flohrer®
@ Jechnische Universitit Berlin, Institut fir Geodasie und Geoinformationstechnik
* Humboldt-Universitit zu Berlin, Institut fir Physik
' Deutsches Zentrum fir Luft- und Raumfahet, Institut fir Planetenforschung, Berlin-Adlershof

Introduction

The Moon's surface is constanity exposed to dust particles, called meteoroids,
ranging in size from a few milimeters up to tens of meters. Most of these
particles are fragments from comets and are produced during the peribelion
passage of the comet. At that time the surface of the comet is heated up by the
Sun and frozen material is tumed into gas. As a result, dust particles are ejected
from the surface of the comet moving along orbits similar to their parent comet.
Other particles have their ongin in collision impacts between larger objects like
asteroids, Unlike Earth, where most of these particles burn up in the atmosphere,
Moon has no atmosphere which allows meteoroids to hit directly its surface at
high velocities. The energy of such impacts give birth to several phenomena from
short-lived flashes and propagation of seismic waves to formation of impact
craters on the lunar surface. Reports of temporal vanations of the appearance of
the Moon date back to 12th century The first scientifically confirmed lunar
metearitic impact flash cbserved from Earth was recorded in 1999 during the
Leonids meteor shower,

Figore 1. Comet Hartley 2 as seen Dy Deep lmgact spacecraft curing its close encounter, The
image shows the comet nucheus oulgassing jets from RS surface into space (eft). Comet ISON
during its pechelon passage in November 2013

Scientific Questions

* What is the meteoroid flux of meter-sized objects in the Earth-Moon system
today?

* Are there any temporal and/or spatial variatiors of meteoroid impacts?

* Can the cument models of crater production rates be confirmed with
observations of impact flashes?

* Is there any relation between lunar impacts and changes in the teneous
atmasphere of the Moon?

* How do the impact flash observations constrain models describing the crater
formation processes and the crust of the Moon?

Observations Technique

* Use of sensitive video cameras with a hight frame rate attached to telescopes
for monitoring the dark hemisphere of the Moon for impact flashes

* Adaption of the focal length of the telescope by using either Barlow lenses or
focal reducers enables the adjustment of the field of view and herewith the lunar
surface that can be observed with a camera. A relatively large field of view will
include stars in the image, allowing the photometric calibration of the flashes,

* Observations are being held when the Moon 5 between 10% and 50%
illuminated at both lunar phases (waxing and waning). The lower im& ensures
sufficient observing time while the higher limit aveids straylight coming from the
sunlit portion of the Moon (see Fig. 2).

* The data are analysed for impact flash detections
Estimating the brightness of the flash and knowing
the impact velocity, the physical properties of the
impactor can be calculated. Furthermore, the event
can be confirmed by searching for fresh craters
within the area of the impact flash,

Rouwre 2. Graph showing the position of the Moon slong its
orbit and &5 appacest view from Earth, The shaded patern
(green) rerpesents the phases of the Mooe at which

observations e desired {:

Agure 3 A tright impact flash generated by &
0.3-0.4 meterwide metecenid SNitting the Moon
on March 17, 2013 The Brightness of the Nash
was comparabie to a 4th magnitude star
(upper figure). Images taken oy the LROC
Narmow Angle Camers (NAC) before (a) and
after (b) the impact event. revealing the
produced crater. The newly-formed crater i 18
meters In Sameter The sjected fresh materal
from the surface can be also seen n the image

Liebenhof Observatory

For our observations we use the facilities in Uebenhof observatory located 40 km
east of Berlin near Buchow. The cbservatory s equipped with a 20cm /7 TMB
Apo Refractor and a f/4 Uichtenknecker of same size. Both telescopes are
mounted on & high quality GM4000 equatorial mount that can be controlled
remotely. Currently, we use two cameras, a DFK 21AU04 and the SPOSH camera
head. Both have different charactenstics which allows us to evaluate ciferent
aspects of them

Fgore 4. The TMB-Refractor and the Lichtentnecker telescopes shomn nside the dome in
Lisbenhof (left). A comgosite image of the diuminated lunae surface produced by several dundred
sacked single framas on 16.08.2013 taken with the TNB refractor and the DFK camers

Conclusions

We are going to study the metersized meteoroid population in the Earth-Moon
system by observing the dark hemisphere of the Moon for impact flashes, The
observed metecroid flux will shed additional light on the previous theoretical and
analytical studies of flux asymmetries and temporal variations. Future seismic
networks an the Moon, similar to the proposed MOVE netwark, will benefit from
Impact fiash observations, which wil provide the acquired ground-truth data for
analysing the seismic data and re-evaluate lunar interior models.
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Development and fabrication of piezoelectric 0-0-3 foil composites
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Laminate struoure (CFRP)

Ambitions and motivation Eiinds it

Prepreg fim of predoeiectng resn

The main goal is the development of 3 CFRP system that monitors itself and reduces S '

penodical maintenance and costs. Therefore an energy autarkic, sensonal nervous

system comparable to that of human skin s needed The idea is to fabnicate a

sensonc 0-0-3 piezoedecine layer for large area fiber composite structures which does

not negatively influence the mechanical properties.

Compared fo conventional piezoelectnic ceramics, piezoelectne 0-0-3 foil composites

have additional advantages. They are easy to handle, concerning their apphcation and

integration into complex structures. Especially their high flexibdity, compared to £9 epoxy resin

standard PZT.sensors, makes them parniculardy suitable for complex curved @ piezoslectne panticles
structures. The composite fabncaton s divided into shape forming and polanzation. @ carbon nanotubes
Typical used shape forming methods are hot pressing, rolling and extrusion.

DC - Polarization = : Polarization

To polanze piezoelectne 0.0-3 foil composies
large electric fedds up to 20 kVimm are
needed. The reason for that 5 the low
permatiivity of the epoxy resm matnx which
restraing  the electnic  fiekd. Two  different
methods for the polanzation of piezoelecinic
0.0.3 composites are used On the one hand
there s the conventional DC  polarizaton
method and on the other hand s the corona
discharge method. The last one has several
advantages compared to the first method

The corons dacharge Sevioe comsats of & pats. No Gieleciric breakcowns
# 2 hgh woRage 3nd 2 grounded sectrode ' - large-area polanzation possible
» & tmsapod system for s sordimeus polricsien suitabilty for continuous polanzalion process

- 2
> o S i i reduced preparation time and costs

Fiygure 2° Schemabc polanzabon mathods and corona dischage device

Fxgure 3 Fabrcated pezoelecing fod compoates

Current state and perspective

Piezoelectric 0.0-3 foil composites with dilferent  particle
contents up to 80 weight percent PZT and up 1o 0.5 weight
percent CNT are successfully fabncated. The polanzation of
these composaste fods is realzed with the DC and the corana
dscarge method (shown m Figure 2)

By deflecting CFRP beams with bonded piezoelectnc
0.0.3 foil composftes &t |s possible 10 get voltage signals of
several hundred mV without any charge amplifier (shown in
Figure 3). This demonstrates that these composites are
sutable for sensor applicabons and structure compliant
integration

For the improvment of corona discharge polarization, future
expenments will be performed with a heating device. One of
the next steps i also the implementation of & material transport
sysiem 1o manage a continuous polanzation process of
pezoelectne 0-0-3 composite foils.
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Path Optimization with Respect to Thermal
and Energetic Aspects for Rover and EVA

Activities in Lunar Environments
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Technische Universitdt Minchen, Lehrstuhl fiir Raumfahritechnik, Boltzmannstr. 15 85478 Miinchen
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Methods
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Towards robust and adaptive locomotion of hexapedal robots

I. Motivation

Hexapedal robots are envisioned 10 be great platforms for terrestrial and extra-terrestrial exploration. Their great advantage is
the versatlity of properly designed and controlied legs. Besides enabling locomotion through very rough terrain, they allow to
perform manipulation and tactile exploration of the environment. Even though articulated hexapods constitute a complex
system, they provide redundancy and increased fault tolerance. The challenge with respect to robotic hexapedal locomotion is to
robustly embed multple locomouon modes, 1.e. walking, running and ckmbing, in 3 single design while making it highly
adaptive 10 varying environments and robot conditons. in the follovang the focus is on hexapedal walking and running.

Il. Hexapedal walking

To acheeve robust and adaptive hexapedal walking, an
emergent, decentralized gait coordnation s combined with
joint torque measurement based reflexes and active joint
compliance control This enables our test platform, the DLR
Crawler, to cross varying terrain while handling all obstadies
within the walking height autonomousty. Further, the gait
coordination aflows immediate adaptiation to leg loss.
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Ill. Hexapedal running
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In order to design articulated legs that allow robust, seif-
stabilzing dynamic Jocomation, their functional behavior
needs to be understood first, For this purpose simulation
studies with a ssmplified compliant planar model as well as a
simpkfied compliant 30 model are performed The goal of
these studies is to identify the essential structural elements
that result in rapid locomotion characterized by feedforward
driven limit cycle osaliations

fig 7 Pane exapod model wrth sene sleits artuaton

Exemplary results for the normalized model

1. Simulations show stable periodic mation 2. The running velocity is proportional 10 3. Ground reaction forces show functional
the feedforward actuavon frequency speciahzation as observed for insects
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Autonomous Quadrocopter
(AQopterl8)

Project Goals Technical Requirements

UAY World 2013

e fully autonomous quadrocopter e everything onboard: sensors, processors
* low-cost components (sensors) * no external reference system
e robust operation in adverse environments e optimised signal processing and control

e complex missions: ¢ multi-sensor approach:
search, count, localize, map, etc. ¢ ultrasonic, radar (smoke)
¢ infrared (soft flat one-color surfaces)
Search Mission e multiple camera sensors (complex
¢ autonomous start, iy & and
o scan terathvly search area surfaces. accuracy)
¢ add /[ reject detected objects
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Basis (Wireless) Communication System
and Radio Navigation

LPS-LaSi-Quad

Local Positioning System and Landingsimulator
with Quadrocopters for Space applications

Knowing the position and orentiation of a spacecaft is 3 major concern in space
missions. Precisionalignmentand its control needs to be performedwithin diffe rent
contexts during & mission. Such situations could be e.g. the docking meneuvers of
supply vessels or the landing of a spacecralt, Tracking one's own position can be
done with onbaard systems or with systems based on an existing Infrastructure,
Such infrastructure based systens are e.g. Galieo or GPS. Unfortunately there is
usuaily no infastructure at the desired gestination which we can rely upon

Fig. 1 The spaceca® bangs its own iofastrucnee v locallzation. A1 coscepts of the poad of the pro
pctcan be veryPled mith 2 ouadmoopter Based sedup

Therefore one aspect of LPS-LaSi-Quad is the development and testing of & tech-
nology that enables spacecralts to bring their own positioning system to the des-
tination. The spacecraft will camy it's own beacons o the destination and it will
drop them over the target region. During initialization the beacons will determine
their position 1o eachother. Alter inkialization the beacons transmit signals which
wil be eceived by the spacecraft. Since the spacacraft wil recelve the signals
with different phase angles, the system can compare the phases snd caiculate the
exact position relating to the beacons

Fig. 2: Beacon Sased positiosing will be inthally testod oo the SMS - Sarelive Manowey
Siotator (gl Meve an sl cuchion basad 5 0.5 weiiicle Pof) can mow
10 o 2 Dsetup Setwmen the Seacoos

YETE

Physically Distributed Control System
for Space applications

Today's avionics for spacescraftsuseswired electronics and many specializedcom-
puting nodes (Front-End-Computes) with varying processing powers. Each sensor
and actuatoris controlled by a dedicated Front-End-Computer, These subsystems
are connected over a wired network with a bordcomputer or a paytoad-computer
and thelr backyp-systems

fig 3 ypical architecture of today’s aviooics

Though an entire avionics system could hold untapped ressources of computing
powers, & cannot be shared easity among the nodes. A system with an overall ca
pacity big enough to compensate unavailable processing hardware will not acd
any redundancy to a system as long as there Is no robust and reliable way to ab
sorb tasks of failing devices.

-
| | | |
[ rinits [l Gt Wl Grmisiis Gttt

Fg. & Decosping of senson/aciuator and computing Aardwase

One aspect of YETE is to decouple sensors/actuators and their corresponding pro-
cessingnodes, In order to do 50, generic computer nodes will be introduced. These
nodes and the sensors/actuators communicate via & wireless connection, Since
the nodes are generic, each node can take over the data processing of any sensor
and its output

g 5 Wirekss commuanication permits the contral of sensars acmss system bodes

Long-term objective is the realization of a fully distributed control across system
barders including long range remote control (ground segment - space segment)
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STANDARD INTERFACE

FOR LUNAR MODULAR ARCHITECTURES

REQUIREMENTS

Allowes the fixation of different
module sizes

Safe locking mechanism
Carry modules with up to 60 kg
(weight on Earth)

To be handled

Transs

with manipulator
nits data and energy,
replaces plug

Resistant to temperatures of
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Resistant to
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INDUCTIVE PLATES

Inductive plates transmit data and

energy contact free

Pollution by regolith decreases

transmitting rate by only 0.2%
i .
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LOOSENING BY OVERCOMING A
RESISTANCE

+ Simple mechanism

THE MISSION

Placing two landi
Procellarum
The ro

the landers and fix tf

g modules at Oceanus

ver will detach the modules connected to

em on the loading slots of

the rover by using its manipulator

The rover will carry the modules, wiuch include
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smometers and support systems, to
nal destination and unload then
seismic experiment on the surface of the moon
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to setup a modular lunar architecture
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MODULE SIZES

DOOR LOCK PRINCIPLE
Lock
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Spring
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allowable stress in bolts
- High complexity
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