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HISTORY OF MICROGRAYITY EXPERIMENTS

SET-UP OF A SPECIFIC NASA PROGRAMME

1969

6 HOURS

14, 16 and 17 EXPERIMENTS

APOLLO

197 - 1972

160 HOURS

15 SKYLAB EXPERIMENTS

1973 - 1974

125 MOURS

12 APOLLO-5S0Y U EXPERIMENTS

1975

30 HMOURS

12 FRANCO-SOYIET EXPERIMENTS

1981 - 1983

130 HOURS

EXPERIMENTS

3 SPACELARCD

1983

SKUTTLE EXPERIMENTS 180 HOURS

16 SPACL

1982 - 1984

48 SPACELAB- D1 EXPERIMINTS 190 HOURS

1985

10 HOURS

ROCKETS EXPERIMENTS

M0 SOUNKDING

1975 - 1986

830 HOURS

2% EXPERINENTS

TeTAL

~ESA-

CAVSTAL GROWUTH

RETALLURGY/
CORPOSITE WMATERIALS

FLULM SCIEMCE

ELECTROPHORESIS

CELL AND DEVELOP-
RENTAL SIOLOGY

HURAN PHYSIOLOGY
(MEUROPHYSIOLOGY/
CARDIO-VASCULAR
STUPIES)

~

SRAVIVY ACTIVITIES C1982-1985)

IRPROVED CHERICAL HOMOGEMEITY, BETTER
STRUCTURAL PROPERTIES AND RNORE UNIFORRM
MISTRISUTION OF POPANTS.

AUCH LARGER PROTELN CAYSTALS, LARGE ENOUGM
TO PERFORR STRUCTURAL ANALYSIS.

AUCH MORE PRECISE DPETERAINATION OF THERRMO-
PHYSICAL PROPERTIES.

NEW PMNASE SEPARATION RECMANISAS EXIST FoOR
IRRISSIBLE MATERIALS

VEAY INTERESITING RESULYS SHOW THAT PRESENT
YHEORETICAL MODELS ARE INADEQUATE.

VERY MIGN PROCESSING RATES.
MODERATE INCREASE IN PURITY LEVEL.

STRONG EVIPENCE THAT
BIOLOGICAL ORGANISAS.

GRAVITY  AFFECTS

PRONOUNCED CHWANGES IN CELL DIFFERENTIATION
AND CELL PROLIFERTION,

BETTER UNPERITANDPING OF THE FUNCTIONING OF
VESTIBULAR AND CARDIOVASCULAR SYSTEN.
VISUAL BORINANCE OVER VESTIBULAR AND
TACTILE CUES LINFORRATIOM. TINE COURSE AN
REGULATORY NWECMANISAS OF FLUID TRANSFER
STUBLES.
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IMPLANTATION DU TUBE A CHUTE LIBRE
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Q Une anceinte haute comprenant le four de fusion, Keu de formation des

tant du Centre d’Etudes Nucléaires (page de couverture). Trois sous-ensembies sont

distingués :

Le Tube a Chute Libre du Département de Mélallurgie sera construil dans un édifice exis-

gouttes .

Q Le tube conslitué dune séne de modules identiques .

Q Une enceinte basse de récupdration des particules sokdifides .
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The Aircraft
Alr Force KC.135A: A four-engine turbojet arcrall similar to the commercial Boeing 707 g
Crew: Pilot. copilot, fhght engineer. and reduced gravity test direclor 3 -
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Aircraft Description and

Provislons

Electrical power available

— 28 V dc, 80 amperes

~ 110V dc, 400 hertz, single
phase, 50 amperes

— 110V dc, 400 hertz, three

CABIN CROSS-SECTION VIEW

A
:

m f canaoooon prase 0 ampees g 8§ § & &8
USEABLE 100 IN - ;;0 Vac, 60 hertz, 3 o 2 2 £
amperes )
B o 1332 730N41 Y
o * Still and motion picture
| v pholography provided
i —t + * ——" FLOoR All test equipment 1o be bolted
20 ™ TIEDOWN GRID to the floor using 20-in. -

centered hiedowns
‘LOCR PLAN
¢ Yentivacuum system to dump

fluids overboard

: .......... : A gl ] * Liquid or gaseous nilrogen
mwA .................................. 'AFT
P SERTRLEER: PSR BEN RIS Y T A avaitable
I R s | » Breathing air availabie
[ ! ........... I R |

XC-135 Aircraft Trajectory

in TIEOWWAZR S EIN ] —AE A

65

45

t
20

MANEUVER TIME, SECONDS

i
0
g maneuver, However, the maneuver

-force less than one q. Some typical

e above diagram shows a typical zero-
an be modified to provide any level of g
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MEBE (=200

Ein Vor- und
Begleitprogramm
fiir die
Spacelab-Nutzung

Modul TEM 02-2

Das TEXUIS P-ogramm
151 en devisces
Hohentorsch, = ;sraketer -
Prograrmm ce’zidert vor
BMFT DFVLF

Ein typischer Nulziastaufbau
[hier TEXUS 9}

Einsatz von Hdhenforschungsraketen fir Forschung und Technologie

Moaul TEM 06-5

Farschung und Technologie unter
Schwerelosigkeit

Viete gurchgeluhre Siutien ung
Expenmente haben geze:ql dai besnmmite
Prozesse unier Schwerelosighen anaes
uwng vortellhatter als unler rdischen Be-
angungen aclauten So konnen besimmie
Egenschatien von Mateniahen nui unier
Jiesen Beamgungen erniett werden

Die Patette der angesprochener
wissenschattsgetiete 1s1 sehr welsenig
Werhstottorschung Flussigkedsphysik
Brologie. Physikalische Chemie Unter-
suchung vor Transportpranomenen und
Grenzllachen Hersteltung neuer Glaser.
¥nstalle ung Halbtener - urn nur @mge
Hersprele zu nennen



TEXUS-Gesamtkonzept

e

: Experimgnlmodultyp:r'[ErM 02

Ablauf siner TEXUS-Mission
- 5h  Expenmeniaktivierung.
Check-out
= 0s Lih-oit |
+ 703 Resibeschieunigung 10~ g !
Expanmenttiegenn / |
- 4305 Wisdersinint, Expenmentende
+ 9003 Nutziasibergung ’ | .
- 2h  Expatimentausbau | !'\
+~ 2-12h  Datenanalyse ; :
L A

Das Missionsprolil einer
TEXUS-Kampagne besishl aus drel
verschiedenen Phasen:

D Phase vor cem Stan beinhaltet
1eben den erlordericnen Count-Down-
aklivaten und der LUDerwachung der Nulz-
A5 s zurn Starl ge Akbvierung ung den
“heck-Oul der Eapenmanie und falls
=rlorderlich. Vorhezer von Pioben s
«napp unter den Schmelzpunkt

Dre ewgentiche Flugphase besteht
us der Aufstiegsphase (70 s). der Mikro-g-
Phase (360 3) und dem Wiederaintutl it
Jer Bergung Wahreno dieser Phase
~onnen che Ablaute cer Expenmente
{Funktion, Daten. Temperaturvariaule)

Returtrshment

— O b o S

Dne Bergung der Nutzlast erolgt am
Fallschim AnschhieBend wird de Nutz-
lasl mit dem Hubschrauber zum Start-
platz zuruckgebracht Nach dem Ausbau
der Experiments und der Entnahme oer
Proben und Fime aic wird die Nulziast in
de BAD turucktiansporien und fur die
Uberholung und weilere Missionsplanung
fraigegeben

TV-Beobachung und Steusrung
wihtrend des Fluges

Jede Nuziast kann mit einem TY- TC-
Modul ausgerustel wercen gas es er-
moghehl. 2wer TV-Kanale on-hne. wahrend
des Fluges zum Boden 2u ubenragen
Es konnen gaher zwe: Expenmente dirgk!
mit ainer Fernsehkamera becbachtet
watden

Der Expenmeniator kann uber Tele-
kommandokanale mehrere Expenment-
paramelet vom Boden aus beenflussen.
bzw sieuern Es kannen 2. 8. Temperaturen
oder Drucke im Expenment. wie es die
teweihge Snuaton erordert. geanden
werden Die Fernsehbilder wercen am

b

Monoeliptischer Spiegeiolen mit TV-Kamera zur On-Line-Becbachtung

On-Line aul Recordern aul
dern aulgezerchnet und Folokamera zut fotogratischen Aufzeichnung

Boden aulgezsichnat.
und verfoigl werden -



SOUNDING ROCKETS
FOR MICROGRAVITY EXPERIMENTS

FURNACES 7 gty
I T MR T 0
. T S emm TR T S e oL Ll I .
gy MULTI MISSION MiRRDR FURNACE MO M ;
- . puLe : Lenght Im)_ Weight {xg! MASER 1 PERFORMANCES
- ab Space has develoted an Advsnced Muror Furnac - :
Cooirg with unique isothermal prope-t.es and "".M,“.w * 7 configuration a load weight of 375 kg yield .
The furnscs » dessgned for ahort durstion microgravity . pay on . g vields a
ol pphicationt in Sounding Rockets, making it necewssry 10 300 km and a microgravity duratior
_ dag™e e L e A LarTact boh i e U8 44 ool performance versus payload weight
- ormar 7 1 ) . | A
:'u:' IU‘!::!I.S wiith &3 10w therm mats :“’l',;:‘:‘l"":'“ :::;:‘mncml Gradiemt Furnace . l'l'\lC'ngIVl!v‘ :JE:![ it typically 10 6 [
e S ' ! - Module tter than 10°
Cmim [ ’ : 1207 1deveioped be ¢
blivtvo 50 Recovery of the payload is mostly d
after launch. The modules will be re
and refiown nominally within one y
Each experiment module is equippe
subencoder (supplied by the MASE
Fiud Scunce capacity of 32 analogue and 2 digit
Mortule : :
390 45 +—] Mo weperaments If necessary, TV video signats can t.
e oped by Sasb Space) S.band and a telecommand system
GEODE Madu'r
709 64 —] (Cansdian enperimants) Mcro g e
® oy
{m)
= ato } 350 R
€19 guiddnce tyitem
92 405 3% s \developed by Saub Spacel 460 1 240
{ oy
? - Desprn wnt
440 ¢+ 10
1 Md module 43 4 o
o 1w aothermal
540 S 1T hunace ESA
130 guper.me 1k 420 + X0
deveipped DY
Sash Space) 410 ¥+ 390
20
— 00 | 2800
0 — Sarvice modul
Idevetoped by Sasb Space) wo} 1m0
8 26 21—t Rate Conirol System 80 1 780
M Module ‘ 2 370 ¢ 250
conlaining two .
isothermal miror | 361 n T Rucovery module —
turnacn \/ . 300 7% 150 7% 400
| m | mgme s oo




"IV 7}

'Exp.Modul 3

Nosecone

Fallschirm

BExp.Modul 1

Exp.Modul 2

Exp.Modul 4

Exp.Modul 5

Guidance

Telemetrie

Separation

Payload
Gross Weight
~ 600 kg

Payload

Scientific Weight

~ 350 kg

Payload Lenght
~ 4500 —- 5500 mm

Payload Diameter
500 mm

Launcher Diameter

1000 mm

TYS Electronic T
Adapter —_/ _-—~-__ \

CASTOR4A

SKYLARK 7

360 s

250 ke

TEXUS

BLACK BRANT

250 ke 360 s

S

MASER

CASTOR IV A

900 s

D+S 350 kG

LONG

DURATION

(MAXUS)
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Mirror Heating Facility (MHF)
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GRADIENT HEATING FACILITY

Single Ellipsoid Mirror Fumace (ELLI)

Gradient Heating Facility
Exploded View an3 Experiment Cartridge
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HOLOGRAPHIC OPTICS LABORATORY
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TECHNICAL/OPERATIONAL SPECIFICATIONS APPM -~ contlnued

CHARACTERISTICS

SPECIFICATIONS

REMARKS

Front plate heating

20*C to B0°C
by steps of 10°C

Temperature measurement accuracy

+ 0.1%C

Rear Plate Cooling

20°C to 0°C
by step of 1*C

Accuracy 0.1°C

cCP TY Camera
(AQua-TY¥ HR 600)

Resolution: 480 (H) x
460 (V) lines

38x50 (cyclea/om)

Two CCD-TV Cameras

- A Tor outer-shape and weridian
visualization

- B for cross-section vimmlization

Field of viaw : 1D x 10 e

Time resoclution :

Thermocapera
Resolution : 2 x 2 B
(AGEMA 870} Terperatupe rarge: 10°C to 100°C 1 image/sec.
Resolution @ 0.2°C
/ “ROTATION W
- FLUID VOLUME
- ROTATIONAL SPEED MECHANCAL MECHANICAL /| « OSCILLATIONS
* VIBRATION STMULY
AMPUTUOE TRANSDUCER
FREQUENCY DATA + LATERAL SHIFT
A
[
5 FLUID
£ - THERMOVISION PHERMAL - THERMAL | e TING Y
TR v
n . TEMPERATURE DATA PHYSICS j___ > A
s MEASUREMENT AJ0AL » COOLING ¥
) « T- MEASUREMENT : EXPERIMENT o
A AT END PLATES a
s ]
- « BACKGROUND
wm VIEWING LLUMINATION RLUMINATION
« AXIAL MOTION « G P RLUMINATION
+CROSS PLANE + MERDIAN
MOTION LLUMINATION )

SCHEMATIC OF THE FEATURES OF THE

AFPM

SCHEMATIC VIEW OF THE AFPM
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THEAMOGAAPIC ;
CAMERA ————F DT

SYMNGE SECOND LIOAD
INJECTION

EXPERIMENT CHAMBER

RESERVOIN
TRANSLATION "E

CCD-TY-CAMERA 2

-
umr_'@ N

7 LA LD)

FRONT DISC : LEARCAS REAR DIAC :
TAANSLATION ROTATION
MOTATION VIBRATION
HEATING LATERAL SFT

AFPM : STIMULI AND DIAGNOSTICS

THE CBSERVATION SYSTEM OF THE AFPM

I, 2 Cine cameras, Thermographic camera 6 Light Source
3 Meridian Plane lllumination 7 End Disc A
4 Cross Sectlon Hlluminatlon -] End Disc B
5 Movable Slit for Cross Section [Humination

(Removable for Background lllumination)

SCHEMATIC VIEW OF THE CPF WITH THERMOSTATS AND DOUBLE RACK
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Gradlenl Fumaee wrth Quenchmg (GFG)

Sampis Exchange on GFQ during the Spaceiab Mission D1 (Photc courtesy of DFVLR)
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Advanced Gradient Heating Facility (AGHF) Bubble, Drop and Particle Unit (BDPU)
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Electromagﬁetic Containerless Processing
Facility (TEMPUS)
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Thermal Control of Bioscience Experiments
(PTCU)




Experiment Container Type Il (EC ) -~ Experiment Container Type | (ECI)
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Experirental Hardware for EC I Experiment Container Il with Housing by '»;}-31« :

Biorack Experiment 27/D (University of Hamburg)

- Inmutsiing piste PhotovoRm: call
- Contmnas type 0 o o GFK-her
Cuvette Opiical system
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o o 0
Microbulh
Saepturn
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EC Il with Experiment 27/D: Front View
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Ar integrated MAUS peyload alongeide an smpty GAS container

This axperiment v an investigation of slip casting under micro-gravity conditions. 12 wax samples, con-

wining homogeneous dispersions of ceramic and metallic powders are malted in 3 furnace and the wax
extracted through a filter into a receptacle. The axperiment ftself occupiss the upper half of the assembly ;
the lower haif is occupied by the main powsr battery and the standard experiment control slectronics,
Tha container shown at left is 794 mm high, with a diamater of 508 mm. The cylindrical section is coversd
with an insulation blsnket similsr to that used for the Spacelab module. The vertical fittings sach side of
the container are specially develcped sttachment brackets which enable the container to be mountad on
the MBB/ERNO SPAS structure, SPAS carried two MAUS sxperimants on its first flight with STS—7 and
again with STS—11, The axperiment shown above will fly with STS—17 {41—G) in October 1084.
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HITCHHIKER—G2 (ASP/PMG) CONFIGURATION

MID-DECK LOCKER AND EXPERIMENT MODULE

MDA CANISTER
WITH PMG ASP HH AVIONICS

/

B

GAS BEAM

MOUNTING PLATE
BAY 2 BAY 3

HITCHHIKER-G MISSION ONE

T'EFPRCT ON COATED MIROR (SEECAN SPACEH/\B

INSTRUMENT

UEAF FAATICLE ANALYSIS
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Prelimtnary Accommodation Concept of Protefn Crystallization Experiment
within Re-entry Capsule
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,Metallurgy Laboratory for COLUMBUS

Spare parts

HE Power
Electronics
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Afler Initisl dimensions from AGHF;
dala: courtesy of Soclélé Européanne de Propufsion
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Furnaces D" and M':
high-powered double rack possible implementation’

protein
crystal
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CRYSTAL LAB - RACK 2 & 3
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solution growth facility, is designed for rack 2, while

A simultaneous installation of a vapour growth and a !ii!

Numerous samples will be processed Simulataneously in the s
protein-crystal-growth facility tcrystal-lab rack 3) -

op-tacity 1

coLuMBuS reference payload for containerless processing facilities
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Hodel Development for Electromagnetic Levitation
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Rack accommodation of the minimum version
of an electromagnetic heating and

Tevitation facility
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Rack accommodation for a containerless

processing laboratory for COLUMBUS
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I1luatration of the MMM experiment volume, provided with
Illustration of the TGC experiment volume concept, including the

boundary conditioning/stimuli equipments; diagnostices have been .
illustration of boundary conditioning/stimul{ equipment

indicated
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CELLS IN SUSPENSION

VIABLE CELLS WITH NEX PROPERTIES ELECTRO CELL FIIS[ON

CELLS  SEPARATION 4 ELECTROPHORES[S
CELLS CULTIVATION CELL CULTURE

CELLS PROTEINS MIXTURES

PROTEIN PURIFICATION | PHASE PAIITiTlOHlNG

PROTEIN CAYSTALWZATION | PROTE [N CRYSTAL GROWTH

PROTEIN ACTIVITY STVDY | CRYSTALLOGRAPHY

Firet electro cell fusion is performed to get new cells with new proparties,
then electrophoresis ellows to separets the interssting cells from the
different species crested. The sslected cells ere cultivatsd and the proteins
formed are purified by phase pertitioning, then crystals are obtained by
protein crystal growth. Ths lest {but not lesnt) step would be crystellography
to study the structure end the sctivity of this protein, not stressed by its
return on earth. Othep sequences ere possible. For Lnetance, one can use phase

partitioning to sepsrate the desired cells and electrophoresis to purify the
protein.

Fig. 2.5.1. : A full 8equence from initial cells

to the study ot 2 specific protedin.
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