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ZARM's Student Programs
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DropTES
- UNOOSA -

Drop Your Thesis!
- ESA Education Office -

Drop Tower Experiment

\YV/ \?\/) UNITED NATIONS EDLR
S22 Office for Outer Space Affairs

Drop Tower Experiment
Series
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REXUS / BEXUS
- DLR / SNSB -

Sounding Rocket and Ballon
Experiment Series
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Swedish National Space Board
DLR

»  Bremen Drop Tower
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» Bremen Drop Tower

» Esrange Space Center

Kiruna, Swedenc//%/
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ZARM TEST CENTER - we.know.

» Convenient Combination of ZARM'’s Test Labs

» Aerospace Qualification and Test Services under one
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The Bremen Drop Tower
Introduction
Operation
Facts and Figures

Examples: Drop Tower Experiments

Scientific Pathfinder Flights
XCOR Aerospace: Lynx Mark |
End-to-End Service
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operation
The Bremen Drop Tower - Introdu

» drop mode:

» 4.74 sin
weightlessness

» highest quality - 10° g
(g)

» decelerations of up to
50g

» catapult mode:

146 m

» worldwide unique
facility

» 9.35in welghtl%rﬁss
- essssssssssssssswhighestiquality ZA=A: m

(1g)

» accelerations of up to
30 g




The Bremen Drop Tower - Introduction

payload areas
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payload masses
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The Bremen Drop Tower - Operation
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The Bremen Drop Tower - Facts and
» Since the Start of Operation in 1990

» over /500 drops / catapult launches have been
conducted

» more than 200 different experiment types have been
integrated

|t‘FﬂWt?H5t‘é?‘h?t|onal collaboratj

Astrophysics / Planetology

@Lﬁnﬁﬁ'ﬁﬁental Physics
» Re 5'W]f’rP‘F‘?é1'dss of Drop

Biology

» {rMaterialsiSciencesarch / mi
@ Chemistry / Technological Tests




The Bremen Drop Tower - Facts and
» Scientific Access to the Bremen Drop Tower

» National Research Program

» supported by German Aerospace Center (DLR)
» via DLR Space Administration
-> Microgravity Research and Life Sciences Program
» European Research Program
» supported by European Space Agency (ESA)

» via ESA Human Spaceflight and Exploration

-> Continuously Open Research Announcement
(CORA)

» International Research Cooperations / Bilateral

Collaborations 2
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Fundamental Physics - QUANTUSY/ I

» Ultracold Macroscopic Quanti'm Suectamec in

Related Publications:
- T. van Zoest et al., Science 328 (2010)

WEightlessness - Drop Tower - H. Miintinga et al., Phys. Rev. Lett. 110

(2013)

» supported by DLR Space Admini_ ) Fudelehstal, Newl. Phys. 17 (2015)

» QUANTUS - Collaboration / U Hanover, Berlin, Bremen,
Hamburg, etc.

) QUANTUS I
ey : - Catapult Experiment -

bt L ->
» MAIUS - Sounding Rocket
Experiment, 2016




Astrophysics - EULE

» Experimental Investigation of Light-Induced
Eruptions in Microgravity - Drop Tower
Experiments

» supported by DLR Space Administratior - ;gr\\ stststststst

» Experimental Astrophysics Group, Univg
Duisburg-Essen
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.. » Natural Transport Mechanig N\ Sl
S()/el(/_OI7 " rv-.l:': l‘. 'I‘l'j _.:,-;.-:‘ . _‘
\A » The Martian Soil as a Plan}ff &

”\.\de /%é\u - MN aﬁy re |

Martian soil

™ \ g \\\‘ ’/fdﬁ '
EULE //

- Catapult Experiment - =
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Combustion - DDI-ADL

» Investigation of Droplet-Droplet Interaction
utilizing the Advanced Disc Laser - Drop Tower
Experiments

UItrafLong Drop Capsule

» supported by DLR Space Administration,

» Combustion Engineering Group, ZARI
Bremen

Droplet vapor Cool-flame ignition Cool-flame bur Hot ignition

[ased-lndus'édm@&%ncekm&&@@ﬂ_ﬂd|ng Rocket IV |SS|On
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Fluid Dynamics - CCF (Mission Preparation)

Sounding Rocket

» Capillary Channel Flow - Experiment onkessio e vission:

- CCF on TEXUS 37

1SS (2000)

- CCF on TEXUS 41
(2004)

» US - German Partnership ISS Mission by NASA - ccrontexus 22

(2005)
» ZARM - University of Bremen / Portland State
University

chamber

11111111
sens channel

e.g. Microgravity Tests
. i of Channel Geometries
rop tower capsule

.......
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Preparation of Space Missions -

Peregrine Falcon

» Asteroid Explorer Mission (Target: Asteroid
Ryugu)

» Japanese Satellite Mission by JAXA

» in Cooperation with DLR and CNES (MASCOT - Lander)

» Mission Overview (Successor of Hayabusa - launched
in NMav 2NN / landad Ann Actarnid I'I-nlza\ua in Nov.

SMHAS(Dcam3) X\FEHB7 T XISUFEF®T T
Deployable Camera X Band High Gain Antenno X Band Low Gain Antennc

first
return of asteroidal
material back
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XIS FRF @77+
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Ka/SUFEFI BT
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AKBR#/ R
&

lar Array Panel
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tar Tr
[ Z
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Preparation of Space Missions -

Peregrine Falcon

oid

» Asteroid Explorer Mission (Target: Aster

D B
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SamplerHorn Tests 2N Deployment Tests arnidd I+ala Separation Tests
KRR I ' — (JAXA - ROVEFS) R - (DLR - Lander)
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Preparation of Space Missions -

» Gravity Recovery and Climate Experiment
Follow-On

» US - German Partnership Satellite Mission by

» NASA/JPL and the German Research Center for
Geosciences (GFZ)
(Center for Space Research (CSR) / University of Texas,

-




Preparation of Space Missions -

» Gravity Recovery and Climate Experiment
Follow-On

» Mission Preparation at the Bremen Drop Tower

» GRACE-FO - scientific instrument: accelerometers by
ONERA
(Office national d'études et de recherches

Z/\FiM 7



Preparation of Space Missions -

» Gravity-Research Micro-Satellite Mission

(Micro-Satellite a trainée Compensée pour I'Observation du Principe
d’Equivalence)

» French Satellite Mission by CNES / in Cooperation
with ESA

» in Cooperation with ONERA, the Observatoire de la
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Scientific Pathfinder Flights
» SPF - Payloads - Lynx Mark'|

Payloads CP and CS - Cowling Port ‘

2x suborbital flights
<1 min under pug

and Starboard (Secondary)
10 cm x 10 cm x 20 cm depth exposed

(fits a double CubeSat).

~EUPHORIE

to vacuum. Mass up to 2 kg per port | ..

Lynx Mark | micro-g

SSSSSSS

Cabin Payloads - see detail view

(U Duisburg-Ess

» Service Mo Payload

» Exp. (Payload B

Single cecraft
Horizontal Takeoff - Horizontal Landing Coi
WWW.XCOr.Com
+2.7 minutes

gl Powered Ascent

Horizontal Takeoff
From Runway

yload D - Dorsal Pod (P
lindrical volume: 76 cm
Mass up to 650 kg.

» EQUIPA
» Daphnia (U Bayreuth)

GU Magdebur

24

AERDSPACE

Re-Entry

ast Upwards

Max G-force at Pullout: 4 G

Engines Off - 39.5 km (129,500 fe l)

Glide and
Circle

Max Airspeed - Mach 2

Horizontal Landing w

Total Fllght Time - 2| minutes

\\
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Scientific Pathfinder Flights
» Drop Tower Campaigns - Lynx
» EQUIPAGE (OVGU Magd e o

Payload B

Daphnia (U Ba reuth
BREEe | § e
R o

s
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Scientific Pathfinder Flights
» Drop Tower Campaigns - Lynx Vi
» EQUIPAGE (OVGU Magdegy—="5: m
» Daphnia (U B,Q‘ﬁ,_,,FﬂeUth) “
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Scientific Pathfinder Flights
' | rk |

» Drop Tower Campaigns - Lynx a
» EQUIPAGE (OVGU Magdeghee=|ss il |
» Daphnia (U Bayreuth)

" ’




Scientific Pathfinder Flights
» Drop Tower Campaigns - Lynx

» EQU
» Dap

» EU

IPAGE (OVGU Magdeburg .
"nia (U Bayreuth) .

P

HORIE (U Duisburg-Essen

Drop Tower Tests - done

B

» Experimental Investigation of Photophoretic Motion =
B = m P & P 1 ZARM

of Chondrules



Scientific Pathfinder Flights
» End-to-End Service (Flight Tickiug w1
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» Development of a Service Module / Hardwa
» Experiment Integration / Technical Support
» Mission Preparation (Drop Tower / Qualification
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Conclusion |

» The Bremen Drop Tower is an excellent
platform
for conducting short-term experiments

QUAM[US ! _

QUANTUS II DDI-ADL

h|
> |

» science at the Bremen Drop Tower //
=4
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Conclusion Il

» The Bremen Drop Tower is an excellent
platform
for preparing a variety of space

Ug-ESL-DLRMP o« CCF - ZARM DLR - Saentlﬁc Pathfinder Flights Blue Orlgln N EXT
- s : : v

I~

m

MAPHEUS - Sounding Rocket ISS - Low Earth Orbit Lynx'?-: Suborbital Flights New Shébard - Suborbital FIiﬁghts
Experiment Preparation  Experiment Preparation Experiment Preparation Experiment Preparation ???

» parameter definitions / evaluations, hardware / techno%@sﬁ
=4
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