Multi-user Facilities and
Support Equipment

Fig. 18. The Columbus This chapter describes ESAs significant
Laboratory will provide contributions of multi-user facilities,
arange Of"glct;l'i;'i:zr Payload Support Equipment (PSE),
' Laboratory Support Equipment (LSE) and

Standard Payload Outfitting Equipment
(SPOE) to support the European Space
Station users community. The known
research facilities provided by the Partners
are also summarised.

Table 11 provides an overview of those
contributions and includes the currently
planned Station laboratory location
assignment for the pressurised payloads.
The attachment site locations for the
external payloads are under review. The
contributions are then elaborated upon,
with their utilisation characteristics.

The European pressurised multi-user
facilities will allow laboratory multiple
users or multiple experiments to employ
specific capabilities in sequenced or
simultaneous operations or in accessing
the experiment/observation data
transmitted to ground.

PSE and LSE for pressurised and external

payloads comprises permanently on-orbit
hardware that can be shared by payloads
in support of their flight accommodation

and operations.

SPOE for pressurised and external
payloads covers qualified hardware items
that may be payload-embedded to
provide general operations and/or
interface functions, and that pre-empt the
need for users to undertake their own
development.
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Tade 11. Range of Eur opean Fecilities and Suppor t Equi pnent Availad e to Wers

Fedlity PSE/ LSE SPOE
ESA devel oped: ESA devel oped:
Bdab?! European S ovage Rack Aviaics Ar Assenbl y

European Draver Rack (EER) !

(BR

(AAY)
Fenate Pover Distribution

Assenbl y (RPDA)
= ELropean Fhysi ol ogy Sandard Payl oad
©] Nodul es (BPV) 1 Qnputer (SPLO
©

C S
= % At d S ence Leboratory (F) * Turbo Ml ecu ar Runp
3 — (T™P)
= Q Mieria Science Laboratory (ML) !
i)
g U5 devel oped: LS devel oped:
E — Raen Gystd Dagostics Md-Deck Lockers Aea Swke Detector
8 8 Fecility (ROIF, located in HR (MLs) Assenbly (ASDA)
& Inerretiod Sakrd Rack Min Swtch
Payl oad Rack (1SR Assenbl y (RVBA)
-é Interface @mectars
E‘ Japanese- devel oped:
Interratiod Sanderd
'8 Payl oad Rack (1SR
0
5 Advarced Rratein Gysta lisaion ESA devel oped:
g Fecility (ARCH 2 Q@ yosyst en?
fan - Handgri p Dynanonet er 2 Mcrogravity i ence
5 QG ovebox (MSG 2
w Mterid Sience Laboratory Mnus B ghty degree Lab
= (MBL) 22 Freezer for 1SS (MAR) 2
% Moo ar Qi tivation System S devel oped:
B (M) 2 Express Racks (ER)
Miscl e Arophy Research & Active Rck Isd ation
Exerci se System (MRES) 2 System (AR
Rercutaneous Hectricad Mscle Md-Deck Lockers (MLs)
Simlator (FEM 2
ESA devel oped: ESA:- devel oped:
Aomc G ock Ensenbl e in @arse Rointing DCevice External Payl cad Gonput er
Face (AES) 4 (oD (XPLO
_g Expose4 Hexapod Fointing Systen®  Rower Distribution Uhi t(PDY
US devel oped: S devel oped:
> Fre Detection Infrared Sesar Bwiromental Mnitoring Bqress Rlle Adapters
& System (FOOLS) 4 Package (EVP) (ExPAs)
@ Gad Transmission System(GS °
o} Nét r oshkas
5 S ar Mnitoring Guservetory (S\WD 4

Sy Rl arisation @Gservatory
(Sprt) 4

Technd ogy Exposure Fecility (TE) 4

Ntes: 1Thefacilities F3, Bdab ML and BMare a so cd |l ectively knom as the Nicrogavity Fecilities for @l unus

(NFQ.
and ESAhes uilisaionrigts. Further introdctay detals nay be dita ned fromthe gorgri ae docunart .

2 Brope supplies this equipnent to N\SAudker a barter ageenert. The US Lab resporsihility rests wth NSSA

3 Hexapad i s

being developed by ESA in sypot o the Sraoghaic Aeroso and Gas Bxperinent (SAGEII) imstrunert from
NASA Langl ey Research Genter. 4 These Bropeen fecilities are ederrd |y nouted on Eqress Rl let Albtes as pat o
5NMiroshka is | ocated on a Rissi an € enert.

the B Bxpress Pallet under NASA cooperati ve agreenerts.
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Fig. 19. The US Laboratory
will provide a range of
multi-user facilities.
(NASA,).

European Pressurised
Multi-User Facilities in the
US Laboratory

Advanced Protein Crystallisation
Facility

The Advanced Protein Crystallisation
Facility (APCF; Table 12; Fig. 20) offers a
Mid-Deck Locker-size multi-experiment
capability to perform protein screening
experiments under reduced gravity and
temperature-controlled conditions.

Fig. 20a. The Advanced
Protein Crystallisation
Facility will support protein
screening experiments.

The APCF comprises a processing
chamber and support systems. The
processing chamber supports experiments
contained in dedicated reactors that are
activated and de-activated by software-
driven electric motors. Multiple volume
reactor sizes are available for users. The
APCF support systems provide the
interfaces with the MDL, as well as
offering diagnostic capabilities.

R ocessi ng chantoer

Tade 22 Advanced Pratein G ystalisaion Fecility (ARF) Qaracteristics

Nner of resctors

Rectar activati o deectivati on
Tenperat ure

Accuracy of tenperature contrd
Tenperat ure ranpi ng

Rector types

48

Sectadde by gaus o 12 reectas
S ectabl e between 8iCand 30;C
0.1C

S ectad e through softvare

Fee Ineface Df fusion

Ddysis
Vapour Df fusion

(oser vetion possi i lities

20-470 L

Extended Length Protein Chantber up to 1.3 nh
15-188 L

Dopvoue 48 Lo B8 L

Drect doservation

Wik Rddd Vi ew (WOV)
NrrovFdd o View (NFOJ)
Inerferonatry

FRddd View

Gaera (resd uti on)

Gey lads

Saar cgeility

LEDi | lunnation through drive-nouted opti cal
system

5reactars on ae side
S5reectars on gqposite side

Mch Zehnder capability

85%.3mMm 5.0x3.7 mm

B & WAD (532 |ines @500 pixe §/1ine)

256

p to 15 000 i nages, plus houskeepi ng
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Handgrip Dynamometer

The Handgrip Dynamometer and Pitch
Force Dynamometer (Table 13; Fig. 21) is
a hand-held capability used as a:
measurement device for test-subject
strength in connection with muscle-
wasting under weightlessness; stressing
device, particularly for stressing the
autonomic nervous system; isometric
exercise device for stressing the
cardiovascular system.

The Handgrip Dynamometer is provided
as part of the NASA Human Research
Facility (HRF).

Fig. 20b. The three types of APCF reactors (from left): Dialysis; Free Interface
Diffusion; Vapour Diffusion (Hanging drop).

Fig. 21. The Handgrip Dynamometer and Pitch Force Dynamometer.

Hand- Gi p Dynanonet er

Tade 13. Hand-Gip Dynanoneter and Htch For ce Dynanonet er Geracteristics

Ceternines force applied by wad e hand

Force range b to 1000 N
Measur enent  accur acy —.5N

F tch Force Dynanonet er

Determines force appl i ed betveen thun and

opposi ng fi nger's
Force range W to 270 N
Measur enent  accur acy -2 N
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Fig. 22a. The Material
Science Laboratory
will investigate
solidification physics,
crystal growth with
semi-conductors,
thermophysical
properties and the
physics of liquid
states.

__—— Water Pump

Material Science Laboratory

The Material Science Laboratory (MSL;
Table 14; Fig. 22) offers a multi-user
capability to support scientific research in
solidification physics, crystal growth with
semi-conductors, measurement of
thermophysical properties and the physics
of liquid states. MSL occupies about half
of an ISPR in the US Lab, and one ISPR in
the Columbus Laboratory. The two MSL
versions are identical except for minor
rack interface differences.

Package Fig. 22b. The Low Gradient Furnace (LGF)
heater assembly for the Material Science
Laboratory.
——— Power
Conditioning
Unmit

Each MSL comprises a core element
consisting of a sealed process chamber in
which interchangeable furnace inserts are
hosted. These inserts process the samples.
The sample cartridges are manually
loaded into one of the furnaces. The
furnace can be moved over the sample
cartridge to displace the thermal
gradients. Diagnostic systems provide
scientific data on the facility and sample
cartridge during operations. As the
furnaces are modular, they can be
upgraded or replaced according to
utilisation needs. Additional MSL units
complete the accommodation and
operational interfaces to the laboratory.

Tade 14. Mterial Sience Laboratory (ML) Garacteristics

Crtride shexr od| adtivation
Fast quenchi ng speeds

Df feretid thera adysis
Acawstic Interface nonitori ng
Ritating nagnetic fied -

Qm * DM * FMF* LGF* SQF*
Mxi num f urnace tenperature (K) 1673 TBD 1773 1873 2073
Tenpraure staility (K 0.3 - -0.02 -0.02 02
Isahermality o paeau hegters (K - 1 - 05 -
Nexi numthernal gradient (Kcm TBD 100 525 50 150
Daneter of furnece bore (nm TBD 50 (TBO vivJ 0 0
Length of hat cavity (nm) TBD TBD 250 200 250
Grtridge dianeter (nm) 2 48 <39 <29 10-28
Length of adi abetic zone (nm) TBD TBD - 50 50-100 var .
Length of cd d cavity/cod i ng zone (nm) TBD TBD - 120 vaidde
Dagosis &stinli
P ocessi ng speed (nmAs) 1052 - 1052 1052 1052
Ther nocoupl es Wptol2indviddly sdectad e
Ru se Mrki ng Ritig
Sanpl e resi stive neasur enent yes
Seebeck vol tage neasur enent yes

yes
p to 100 nmis sel ectabl e or 100 nmndi spl acenent wthin 1 s

By thernocoupl e zoom
Upon request
- ﬁ ﬂ -

*QM: Quench Modul e Insert. DM:Df fusion Mdu e Insert. AME Hoating Zone Furnece wth Rotating Mgnetic Fe d.
LG LowGadient Furnace. S Sdidficaion ad Qenching Rrnece. The QM and DM furnaces are provi ded by
NASAbut can be used by Eropean scientists wthin the franework of the ESANMSSAMSL UWilization Agreenent .
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MCS Facility [ e

r

Modular Cultivation System

The Modular Cultivation System (MCS;
Table 15; Fig. 23) is a multi-user capability
for research into the early development
events in plants; long-term growth
stability; gravity influence during early
development and growth; perception and
signal transduction in plant tropism, as
well as providing the possibility for
research on insects, amphibia and
radiation effects on cells and tissues.

The scientific utilisation of MCS will be
shared with NASA. MCS will be
accommodated in a NASA Express Rack in
the US Laboratory.

Incubator
Electronics

Stowage

MCS comprises two major units:
Experiment Containers and the multi-
purpose cultivation unit. The Experiment
Containers house the samples as well as
all the experiment-specific hardware. Each
Experiment Container is hosted on one of
the multi-purpose cultivation unit rotors. A
range of rotors with standard utility
interfaces is available for users. The rotors
provide the variable gravity environment.
Additional MCS units complete the
accommodation and operational
interfaces to the laboratory.

Experinent Qntai ners

Tade 15. Mdul ar Gitivation System(MS Characteristics

Interd Vol une
O, cotert

CGO, cotet

N, cotert

B hyl ene renaval
Tenperature coird

60x60x160 mMm

15- 22%

0.03-0. 5%but extendabl e from1%to 5%
Renai nder

P ovi ded

18-40;C

Himdity 50-9B%rel aive humdity
Dtainerfaces R85, onmand (digita 1/Q and anal og |ines
Rover lines —12 \tc, 45 \Vdc
Rat Riors
Nnber of rators 2
Experinernt cota ners per rator 4
Rtor speed Setddefa 0gad 0.001-20 g
11T umreti at
Doy cycle yes
Ngt cce Infrared
Video canerd si gd lcawafa 2cotangs, 1vidosigd pe raa
Vi deo frane-grabbi ng
Acconmodat i on:
Incubetor, raas ad adtive catarers In 4 MdDBeck Lockers
Hectroncs 1 Draver
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Plant Rotor

Fig. 23. The Modular
Cultivation System will
be accommodated in
the US Laboratory.



Fig. 24. The Muscle Atrophy Research and
Exercise System (MARES) supports research into
muscle atrophy under weightlessness. Shown is
the knee flexion/extension motion.

Tad e 16. Miscle Ar ophy Resear ch and Exer ci se System (MRES)

Quracteristics

Mvenent possibilities

H exi on/ Bxt ensi on

Sp netion/Roation &
Rdd/unar deviaion
Li near novenent

Measur enent  nodes

Ale (drsadata), keg hip wist, dbow
shou der, truk
Wiig

Wid e | eg(s), wd e arnfs)

| sonatric
Isddiretic

Isaaic

Rosition catrd

Vd adty catrd
Taqe/face cotrd

FPover contra
loed d emarts

Pseudo-gavitati o
Qi ck-rel ease

Li near nations

No novenent / count eract subj ect forces
Qroertric/eccertric to nintan costat ve adity
duri ng novenent
Greetric/eccertric to naintan castat torque
duri ng novenent

Based upon predefi ned conpl ex posi tion profil es
Based upon predefi ned conpl ex vel ocity profil es
Based upon predefi ned conpl ex torque/force profil es
Qnstant pover

Smiaeidd sring visoosity, imgtiaa soe
confoi nati on

Snol ate progranmabl e nass and gravity vector
Suden rel esse of torque/farce

Force 1250 N
Vdaity 10.5 ms
Length 1 m
Angul ar nati ons
Torque <450 Nm cont i nuous
<900 Nmpeak up to 200 ns
Vdaity <515/s
Angle Wl i nted nunber of turns
Pover Maxi mum 2700 W
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Muscle Atrophy Research and
Exercise System

The Muscle Atrophy Research and
Exercise System (MARES; Table 16;

Fig. 24) is a multi-user capability to
support research in the area of muscle
atrophy under weightlessness.

MARES comprises a custom-built motor
system that includes torque and angular
position/velocity sensors as well as a
subject body restraint system consisting of
a chair and limb adapters. These elements
are controllable according to user-defined
profile algorithms. The MARES Man-
Machine Interface is accomplished on the
Human Research Facility (HRF) laptop.
This has two primary functions: to
command the MARES-specific algorithms
and to provide the operator/subject with
feedback through displays.

MARES is provided by ESA as part of
NASAs HRF.



Percutaneous Electrical Muscle PEMS will be used in conjunction with

Stimulator MARES for support in the measurement
The Percutaneous Electrical Muscle of the intensity of involuntary muscle
Stimulator (PEMS; Table 17; Fig. 25) is a contractions. Other features include:
research capability that provides

stimulation of specific muscle groups in a — programmable trains of pulses (pulse
test subject to study muscle atrophy width, amplitude, time between
occurring under weightlessness. It is pulses);

provided by ESA as part of the NASA — the possibility for adding a randomised
Human Research Facility. delay before the first pulse.

s
R e

Fig. 25. The

Tade 17. R cutaneous Hectrica Miscle Sinulator (PEV CGaracteristics Percutaneous
Simiaion fom Rusi ti ve-gal ng cher ge pu se fd loved by necetive glt?;tgl:?érlwwlﬁlcslfudy
dte -pdse as nosd e i's pessively d scher ged muscle atrophy in
Rise wdths (wWdth of positive-gang pd se) 50 sad20 s weightlessness.
Maxi mum char ¢ge pr pd se 40 C
Msscl e groups stinod i 1 Trioges suee (ake
2 Quadriceps (knee)

3 Trices brachii/bicgms brachii (2 goyps far  bony

4 Hexa/edesa cap Ureisraddis (2 gays far
wi &t)

5 Adductor pdlicis (thunt)
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Fig. 26b. The Biolab mockup (right) in the
Columbus simulator of the Space Station User
Information Centre at ESTEC.

European Pressurised
Multi-User Facilities in the
Columbus Laboratory

Biolab

Biolab is a multi-user facility (Table 18;
Fig. 26) designed to support biological
experiments on microorganisms, animal
cells, tissue cultures, small plants and
small invertebrates. Biolab occupies one
ISPR.

The facility features an incubator
equipped with centrifuges offering
controlled levels of accelerations.
Experiment samples are contained in two
versions of Experiment Containers placed
on the centrifuges. The Experiment

Fig. 26a. Biolab will
support biological
research.

(ESA/D. Ducros)

Automatic Ambient

Automatic Temperature Stowage (AAS)

Controlled Stowage ( ATCS's ) \

Analysis g N Craw
Instruments ,ﬂ% Commanding
Station (CCS)

| BT

Handling
Mechanism

BioGlovebox

Controlied
Unit

|
Automatic Section | Manual Section
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Temperatura

Containers can be handled automatically
by the Biolab Handling Mechanism.
Independent analysis instruments are
available for supporting experiment
sample test analyses. A capability for the
visualisation of images is at hand. The
atmospheric environment of the
Experiment Container may be adjusted
during centrifuge operations. Automatic
temperature-controlled and ambient
temperature stowage units are available
for storing Experiment Container samples.

A Biolab glovebox provides a clean,
controlled and enclosed environment for
manual operations on Experiment
Container samples. The glovebox,
working under negative pressure,
pre-empts any possible contamination to
the laboratory atmosphere.
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Tade 18 Bdab Qeracteristics

Experi nent Gontai ner (E)

Avai | abl e vd une (Besic E)
Aval | abl e val une (Advanced B)
Flter system

Pover interfaces

60x60x100 nm

25litre

Rrtidefilters wth pore size 0.2 m
=12 Mdc 5 W naxi mum

+5 Wc 10 W naxi num

Dxtainerfaces R5485 (serid)
5 amd og charel s
3dgtd inusatpts
Vi deo (Advanced EC only) NTSC
| ncubet or s
Tenperat re range Sectabl e 18/Cto 40;C
Gxrifuges 2
Grtrifue g-led ootrd SHetdde 103gto2g
Nunter of contai ners 6 per certrifuge

(servation resd ution

Q2 nrmon a 40x40 rm FOV

Life Spport Sstem

Rl ative hund ty Adj ust abl e 60-90%

A naspheri c concentration Adjustabl e @D,, O, and N,
B hyl ene renaval yes

Autonatic Tenperatur e Gatrdled Sovege

Tenperature cotrd | ed stonage capahility BDvids 2m/vid

Tenperature range
Ao ent S ovage

Adjustable -20;Cto +10;C

At ent stovage capahi ity
Adyss Irstr unents

pto3litre

M cr oscope
Lowresa ution
Hoh resd ution
Mode

Festures

Spect r ophot onet er
Range

Resal uti on

Ligt sources

Handl i ng Mechani sm

5m/15 nmdi aneter FOV/

0.5 ni0. 15 nm di anet er FOV
Sge step o scan

Pese cotrast, Bigt fidd Dxk fidd

220-900 nm
10 nm

Deuteriumlanp (U); Tungsten lanp (MSto NR

A ston speed 0.1-30 nmis

Rehpd| farce 20 N

Rotation 4-120 rpmwth 5 rpmstems

Torogue 0.1 Nm

A ston novenent 45 mm

B ogl ovebox

Wor kspace vol une 355x300x280 nm (w dth x hei ght x depth)
Qperati on node Q osed | oop

D si nfecti on node Qore generator

Accessari es Ligt sarce Video caerg Restrant tods

Tenperatur e Qrirdled Uit

Uits avalade
Sorage caecity
sabl e vol une

Tenperat ure range
Tenperat ure accuracy

2

122 E3 o 10 ATGSimserts
aoat Dlitre

-20iCto +10;C

-1;C
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Fig. 27. The European
Drawer Rack (EDR)
provides a modular

capability for sub-rack

payloads. AAA:

Avionics Air Assembly.

BPU: Branching
Protection Unit (power
branching with fuses).
FASP: Fire
Annunciation
Suppression Panel.
MDL: Mid-Deck
Locker. RPDA: Remote
Power Distribution
Assembly. SDA:
Smoke Detector
Assembly. SED:
Standard Experiment

Drawer. SPLC: VIDEC
RO
Standard Payload ELESJWON e
Computer.
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Tade 19. Hr opean Draver Rack (R Characteristics
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European Drawer Rack

The European Drawer Rack (EDR;

Table 19; Fig. 27) provides a modular
capability for sub-rack payloads contained
in standard experiment drawers (SEDs)
and Mid-Deck Lockers (MDLs)
accommodated in an ISPR.

The EDR supports the independent
operation of the multiple sub-rack
payload hardware as well as the provision
of a standardised interface to laboratory
resources. It supports payload exchange
at SED or MDL level.

A fundamental goal of the EDR is to
support the development of smaller sub-
rack payloads through the provision of

SED MDL
Nunber in baseline 4 4
Vd une avai | i e to payl ced Rlitre 5 litre
Mss avai | ad e to payl ced 3 kg 20 kg
Het rgection cgedlity D0W DOW
(ar odimg t
Het rgedtion caedlity 500W 00W
(veter coding) t
Resources avail dd e to user Viareaxr coredtar Via WLPclées
to ML frat
Min pover 28Mc (5A&10A 1 per H»? 1 per ML
Mi n pover 120 Mc (3 A 1 per S N A
Axiliary pover 120 M (3 A For selected SH> oy For sdected
MLs only
Anal og video NTSCRS 170A 1 per SD 1 per ML
Dgtd video a hdhrae citas 1 per D 1 per ML
RHA22 1 per D 1 per ML
Cita | BEEE 802 3 (B hernet) 1 per SD 1 per ML
Dscrete | nput 2 per D 2 per ML
Dscrete Qi put 2 per D 2 per ML
Anal og | nput 2 per D 2 per ML
Gnmon resour ces
Weter ooding# Via WP Via WP
Gseous Ntrogen4 Via UP Via UP
Vacuum (venti ng) 4 Via WP Via WP

accommodation and flight opportunities
where quick turnaround mission
objectives are required.

*the initiad launch cofiguraion for the HRincludes 4 3 and 4 MILs.

1 The naxi nomrack coding capehility for ar codingis upto 1200 W ad for vaer
coding up to 2000 W. A conhi retion of bath types of codingis posside provided thet the
indvidel coding capecity is not exceeded and the overd| capecity of 2000 W is
exceeded 2 3 Wil be cofigrade either fao 28 Mc o for 120 k. 3 This
corectionis a highrate deta comection to be used by payl ceds thet perfamther om
Vi deo processing. ESAs Raen Qystd lisation Dagstics Fdlity is an exanple 4 The
flud uilities are rated thraugh the Wility Dstribution Rad s (UB%). The interfaces nay

be shered anong the d f feret payl cecs.

These cheracteristics represent the besdine version Hvever, the nodu ar configuration
pernits adaptati ons to be acconmadat ed.
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Fig. 28. The European Physiology Modules (EPM)
will support physiological research. (ESA/D. Ducros)

Tade 20. Hr opean Fhysiol ogy Mdul es (BPN] Qharacteri stics

Bone Anal ysis Mdul e (BAV

Dt ernines changes in bone properties via neasurenent of changes in the
U trasoud tramsmssion properties of asuject s hed bone (G caneows)

Respiratary Mnitoring Modul e (RW)

Gas conponents anal ysed Feon22, O, @, @ T ¢,
Gs ad ysi s response tine ~150 ns
Howneter type Hdasch tubing utrasoic
Mt hpi ece pressure R ative pressure —100 nibar & accur acy
- -0.2 nbar
European Physw!ogy Modules Addtiondl i retrunertati on
The European Physiology Modules (EPM; ECG 3led
Table 20; Fig. 28] constitute a multi-user B ood pressure Rrtapres (continuous BP regstratian fram
facility supporting physiological the firger)
)./ pp_ gp_y 9 . Respiratory | nduct ance Lung vol une changes
experiments in respiratory/cardiovascular Hl et hysnogr aph
conditions, hormonal/body fluid shift, Anhi ent condi ti ons Temperaure pressure reaive hundty

bone demineralisation and neuroscience.

EPM incorporates physiological Mi ti-Hectr ade Hectr oencephal ogram Mappi ng Mbdul e (MEBW)

instruments (Science Modules) provided Spports BGad BVG or a

. : conti netion of both
by the ESA microgravity programme and Nnber of chamd s 128
the national programmes of ESA member - .
states. The EPM will be accommodated in Rysidogcd P essure Measur enert Irsir uart (M) Cani sh nodul e
one ISPR. Rovides a pressue-sasitive cahegter thet can be wsed for exaple for ceird

venous pressure o esophegedl pressure deternineti on

EPM comprises a number of diverse Xenon Skin B ood How Masur enart Irstr unat (XA Cani sh nodul e
Science Modules to support typical Mesures skin bl ood flowby deternini ng vesh-out of injected bal us of
physiological experiments having red cective Xe-133
duration times ranging from hours to a Crddab O\ES DLR nodul e

few months. To meesure arteriad Hood pressure ad heart rate &flud vd une regu ai on

Qnurises aset of sesar naddes, asat o stressar nadd es ad a data
nanegenent central unit

Hite AS nodul e

Tracks posturd novenents in 3D Wes IR Vi deo techni ques using four caneras.
Body narkers | ocated on subj ect reflect |Rflashes fromflash-guns nouted
close to caneras. Ganaras record refl ecti ons fromthe narkers. System
cdcdaes 3Dcordretes o narkersinred tine

Sanpl es @ | ection and Vst e Minagenent Dr aver

Frovi des accommedation for clinica and nedca |aboratory equ pnent
necessary far infligt saples of Hood sdivaad wing ad the pracessing o
sdidand o |iquidwaste produced duri ng BEFEMusage.
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Fig. 30. Principal
features of the Fluid
Science Laboratory.

Fig. 29. The Fluid Science Laboratory will study fluid
behaviour in the absence of gravitational effects.
(ESA/D. Ducros)

Fluid Science Laboratory

The Fluid Science Laboratory (FSL;

Table 21; Figs. 29/30) is a multi-user
research capability to study dynamic
phenomena of fluid media in the absence
of gravitational forces. FSL occupies one
ISPR.

For facility users, the most significant FSL
element is the Facility Core Element that
houses the central experiment module,
the optical diagnostics module and the
standardised Experiment Containers (ECs).
The central experiment module is divided
into two parts:

1. contains the suspension structure for
the ECs, including all the functional
interfaces and optical equipment, and

Q08 (Dptical Diagnostics Modukas
witn Holographic &
Infariarametnc Equipment)

Upper CEM drawar with
llkumiration and Miror Assemily,
IUF for Front Moured Cameras

Central Expanment Module (CEM)
with Experdmant Conainer (EC)

(main drawar 10 be opened for marual
meartion of EC)
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PCU (Power Cantrol Unity

is designed to be pulled out from the
rack to allow insertion and removal of
the EC;

. contains all the diagnostic and

illumination equipment and its control
electronics to command and monitor
the electro- and opto-mechanical
components.

Siowage of Fighlt Support Equipmant
{Arfarance Tas! Contanar
Frant Mounied Camenas|

MECU (Master Control Uini)
with GCT [Craw Command Tarminal)

Redractable Work Banch
with Faclity Dedicaled Lapiop

VML (Video Managamant Linity

AAR (Avignics Al Assambiy)
and FDS (Fire Datection and
Suppmssion Assambiy)

SWLA (Sscandary Waler
Loop Azsambly)

Uity Imtertace Area



Tade 21. Huid Sience Laboratory (F) Queracteristics

Experinent Gnta ner

Pover availad e
Hghvd tage suppy
Mass

D nensi ons
Aud v une

Measur enent  channel s

Experinent Qntai ner housi ng

428 +5 -15 2 45 -5 Wdc
Rt ure upgrade

<40 kg

400x270x280 mm

1-1000 cn?®

eg badaoy 8dgtd

nt ai nnent
Sed ed

Rressuri sed
Todc Auds

Dagwostic/Ad ysis tod s

Dok etripe type
yes
yes
VEs

Inteyated caneras
Front-nounted caneras
RPramter setting &dagostic cdibraion

Sandar d fad lity d agostic cae lities

Integrated D or Q\MCS i nagers
Sill, higrspeed hgrresduion IRas reqi red
Qticd rfeare ta s

Wite |ight background

Wite light ad nonochronatic |ight sheet
Irfrared

Visid spectrd raxe

Hectronc Seckd e Rttern Interferoneter
Wdlaston inteferomater

Shieren ineferoster

Hl ographi c interferoneter

iadde01-30 mm

BBID

In refl ecti on/transnssi on naces

B3B3

Gonpl enent ar y Bqerinent Grtaner dagosis possibilities

Secid ineferoeters

Ligt scatering dagwsis
Laser Doppl er anenonet er
3- D phot ogr anmet ry

Ml crascopes, endascopes
Secid | aser sorces

Horrae monoticd dagwsis

Mcr ayaity redrtion cgelity

BEREB

S ectad e vavel engths
RFressure/tenperat ure sensars

e of Ganadi an Sace Agency Nicrogravity Vibration Isdation Munt (MM under investigetion

The optical diagnostics module houses
the equipment for visual and
interferometric observation, their related
control electronics and the attachment
points and interfaces for front-mounted
cameras. The ECs provide the
exchangeable receptacle to host the
experiment fluid cells as well as any
process stimuli and specific user
diagnostics, and their supporting
container electronics.

The FSL can be operated in fully

automatic or semi-automatic modes by

the flight crew, or in a remote-control
mode from the ground (telescience).
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Tede 2 Roen Cystalisation Dagostic Fecility (RIF) Geracteristics

P ocess Uit

Process chaner tenperature
Process chanfer capecity

Experi nent Boxes

S ectad e 14-30;C
4 Bqperinents Boxes incl uding
reector tenperature cotrd system

Reector tenperature

Suioninetion

Sirre cgdility

Indvidd process cotrd far temperaue
and concertrati on

SHectad e 4-40;C
VEs

yes
VEs

Rector types
Ddysis Vol unes 300, 130, 100 and 50 L
Etended legth ddysis 11n
Bt ch 3 nb to6 mL fird
Minuf act uri ng nat eri al Qertz d ass
Tenperat ure sensors yes
Dagwstic cgpebilities
Spedific dagostic caebilities on catrd
carrousd in process chenter | ocati ot
B&Wdgtd video canera yes

Dmenic |igt scattering system
Sxific deguostic cgtilitiesin
experinent box | ocati on:

O dynannc |ight scattering system

Mch Zehnder i nt erf er onet er

@nerd dagostic cgehilities

Bk Sattering (170.).

yes
yes

H ghresad uti on vi deo canera
Housi ng:
Ascent/ descent  pover

Hedronc Uit

Wi de-fi el d Nlcraoscope nodes
M d- Deck Locker
yes

Rocess catrdler
Tel enet ry/ t el econmandi ng
Housi ng

P e-progranmed sequences
Interface to host HR
European draver
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Protein Crystallisation Diagnostic
Facility

The Protein Crystallisation Diagnostic
Facility (PCDF; Table 22) offers a multi-
user research facility to enable an
in-depth knowledge and understanding
of protein crystal growth processes under
microgravity conditions without
convection and sedimentation effects.
The PCDF will be accommodated in the
European Drawer Rack.

The PCDF comprises a process unit and
an electronics unit. The process unit
includes a process chamber housing
experiment boxes containing the reactors
in which experiment solutions are hosted
as well as the reactor control electronics.
The experiment boxes include drive
systems for the individual injection of
solutions into the reactors, complemented
by a stirrer for experiment solution
distribution. Diagnostics are provided
within the process chamber or can be
installed directly in the experiment boxes.
The electronics unit accommodates all the
controls for performing experiments as
well as the interfaces to the European
Drawer Rack.



European External Facilities
on US Express Pallets

Under a barter agreement, ESA has
access to five Express Pallet Adapters on
US Express Pallets. For these opportunities,
ESA made an Announcement of
Opportunity in 1997 and selected the
following external facilities.

Atomic Clock Ensemble in Space
The Atomic Clock Ensemble in Space
(ACES) is a programme to test the
performance of a new type of clock that
exploits and depends upon microgravity
conditions. It consists of four key elements:
a laser-cooled atomic clock; a hydrogen
maser; a laser link for optical transfer of
time and frequency; a microwave link for
transfer of time and frequency.

The aims of ACES are to:

— validate the performance of this new
generation of clocks in space;

— provide an ultra-high performance
global time scale;

Fig. 31. The ACES concept. Pharao
is the laser-cooled atomic clock.

— support fundamental physics tests such -

as relativity, once ACES is established.
ACES occupies one Express Pallet Adapter.

Expose

Expose (Table 23; Fig. 32) is a multi-user
external facility to support long-term in-
situ studies of microbes in artificial
meteorites as well as microbial communities
from special ecological niches such as
endolithic and endoevaporitic ecosystems.
Investigations include the study of
photobiological processes in simulated
planetary radiation climates (e.g. early
Earth, early and present Mars, and the
role of the ozone layer in protecting the
biosphere from harmful UV radiation).

Expose is mounted on the Coarse
Pointing Device. Together, they occupy
about half of an Express Pallet Adapter.
Expose is equipped with experiment
containers that are individually covered
by entrance optics. A subset of the
containers is covered by lids that allow
controlled Sun exposure times.

Tade 23, BExpose Garacteristics

Rai nti ng reoui renerts

Bqose requires zenth aietaion ad sdar parting

Sanpl e cotai ners
Sectdde geldoselidcs
Pernanent |y open

A nospher e

Tenpera ure cortrd

Sesors

Ative sigd's

Rirting Qarse Rainting Device
Sanpl e exposure vari ad e contrd Mtorised |ids/shitters
Bqose fedt ures:

12
8

4
Vacumar inert ges

Heeting (arly)
UV, radaion teperaue ad pressure
Rd tine te enetry
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Fig. 32. The Expose
unit (mounted on the
Coarse Pointing
Device) will expose
biological specimens
to the space
environment.



Fig. 34. The Solar
Monitoring
Observatory will
measure the Sun’s
total and spectral
irradiance.

Fig. 33. Focus will detect terrestrial high-
temperature events such as vegetation fires.

NADIR TRACK ,

I

FLIGHT
DIRECTION

LOCAL
VERTICAL

7
'

Intelligent Fire Detection Infrared
Sensor System (Focus)

The Intelligent Fire Detection Infrared
Sensor System (Focus; Table 24; Fig. 33)
aims towards the autonomous detection
and analysis from space of high-temperature
events such as vegetation fires and
volcanic eruptions. It is a forerunner for

a spaceborne high-temperature
environment disaster recognition system.
Focus occupies one Express Pallet
Adapter.

Tade 24 Indligat Are Detection Infrar ed Sensor Syst em (Focus)
Curacteristics

Viewng drection Locd verticd
Fore fiedd sersor sveth wath ~350 km
Min sensor svath wdth ~60 km

Rxd szereduion 30-150 m
Seectromater footprint (d aneter) 10 km

Mass 227 kg
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Solar Monitoring Observatory

The Solar Monitoring Observatory (SMO;
Fig. 34) carries three instruments to
measure the solar total and spectral
irradiance. It is mounted on a Coarse
Pointing Device (CPD) in order to orient
the instruments towards the Sun. SMO
occupies one Express Pallet Adapter.

SMO measures the solar flux across almost
the whole spectrum: 17-3000 nm, which
carries 99% of the Suns energy emission.
The three instruments are:

— SOVIM: solar variable and irradiance
monitor;

— SOLSPEC: solar spectral and irradiance
measurements;

— SOL-ACES: auto-calibrating extreme
ultraviolet and ultraviolet
spectrophotometers

Sky Polarisation Observatory

The Sky Polarisation Observatory (Sport;
Fig. 35) surveys the polarisation of diffuse
cosmic background radiation in the range
20-70 GHz. The Galaxys synchrotron
radiation is the strongest source of
polarisation emission in this range.

Sport occupies half of an Express Pallet
Adapter.



SPORT Microwave _.
Receiver with |

Technology Exposure Facility

The Technology Exposure Facility (TEF;

Table 25; Fig. 36) is an externally-
mounted multi-user capability that
provides a physical and operational

infrastructure for a wide range of on-orbit

investigations and experiments in

technology research and development.
Experiments can be mounted in modules

that provide standard services. TEF
occupies one Express Pallet Adapter.

Fig. 35. The Sky Polarisation Observatory will survey
the polarisation of the diffuse cosmic background
radiation.

Nunber of Payl oad Mdul es (P\)

Tade B Technol ogy Exposur e Fecility (TH) Queracteristics

Maxi mum 15

PM D nensi ons

Rtrievd ogportunities

200x250x600 nmor doubl e si zed

Ate L5yeas o wthin 3 years

Robati c nani pu ati on goportuni ties
Porer availaility

Rainting, re-locating inspection ad neasurenert
For the ful dafam 600 W pesk, 400 W average

Mss capabi ity
Dta trasfer capelity

225 kg

B

@neral acconmadati on possibilities
Ramfaci ng suface area

Srface area nat rece vi ng ramef feds
i nal inherent isdation frommcrogavity
di st urbances
Zenithfacing area wth woe fidd of view
Qt-o-p ae-facing area

Ned r -fad g aea

Vol unetric exposure of known geonetry
Sla flux eqosure (cydicd & susta ned)
Inetid sailistian

Locd painting

Ged fadlity cgehlities

Cxirdised eviromat rad ation
neasurenent data unit

Tes atidetradaim

Spport ponting & cotrdled accd erati on
Mierid properties |aboraay

BRBBBBE B00

B

Irsice ad aisice the fadlity
yes
yes
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Fig. 36. The
Technology Exposure
Facility (TEF) supports
space technology
research and
development.



Fig. 37. The Global Transmission System provides high-
accuracy time and data signals to ground users.

SM Hull

CARC Rods "

'l Beam Forming eledronics
- {on rear side)

CFAC Reflector Plote
L-Band TX Antenna ‘ ‘

Rods for Handrail Attachment

UHF Band Rx Antenna

4 UHF Band Phased Array Antennas

CFRC Reflector Plate

L-Band TX Antenna

European External Facilities
on Russian Elements

Global Transmission System

The Global Transmission System (GTS;
Table 26; Fig. 37) provides a capability for
transmitting highly accurate time and
data signals via a Space Station external
antenna to ground-based users. The data
signals can be coded according to the
specific user requirements and can
include such information as the Station
orbital position.

4 Phosed Arroy UHF Band Antennas.

UHF Rx Antenno

GTS’ main objectives are to:

— verify the performance and accuracy of
a time signal transmitted to Earth from
Low Earth Orbit;

— assess the ground-received signal
quality and data rates;

— measure disturbing effects, including
Doppler shifts, multipath reflections,
shadowing and elevation impacts.

The GTS uses a transmitter operating at
two dedicated frequencies and mounted
externally on the Russian Service Module.
The GTS signals are available to ground
receivers for periods of 5-12 min several
times a day.

Although GTS primarily provides a service
to ground users, identical services are
available to Russian-element users
onboard the Station.

Tadde 260 Gad Transnission System(GFS Gharacteristics

400 MHz Tramsmtter

14 Gz Trasmtter

Querating freguency 400. 10 Mz 1428 Mz or 1430 Mz,
depend ng on fird &l ocation

Bandwi dt h 50 kHz 1.5 Mt

Tramsmtter poner 10w Q5 W

Attenna type and nunioer 4-¢l enent phased array crossed dpde

Attenna transnissi on cone 140 degrees 140 degrees

Atenna pd ari sation Left-Hand Gred ar Rgt-Had Gred ar

Expected nax. conmuni cations range 1200 km 1200 km

Siatific ctaraes 100 [bt/s 100 bit/s

Cita fornat NRZ- L NRZ- L

Nbdul ati on type QPSK BPSK
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Matroshka

Matroshka (Table 27; Figs. 38/39) is a
multi-user external human ‘phantom’
facility representing the upper part of the
human body. The goal is to support
studies into the depth dose distribution of
different orbital radiation field
components during Extra Vehicular
Activities on different sides of human
organs.

Matroshka is equipped with user-provided
passive and/or active detectors for
ionising radiation placed at different
locations within the
facility. Matroshka
will be mounted on
the outside of the
Russian Service
Module.

Tade 27. Mitr oshka Gheracteri stics

@nposi tion Miti indvidd slices o tissuebog/a gn
equivd et naterids

Wer dagostic cagelities Active & passive rad ation experinent peckages
enbedded into indvidud slices

Ative sigd's R tineradaion td engtry
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Fig. 38. Matroshka will
be mounted on the
outside of the Russian
Service Module.

Fig. 39. Cutaway of the
Matroshka human
‘ohantom’.



Fig. 40. The _ e Data Handling S/S
Cryosystem stores ‘ Rack | Power S/S
biological specimens :
down to -180°C. ﬁ'a]ne\ ld pl.-u
€O ate
- QSF Drawer
D N : drawer for
QSE — Electronic S/S

| ISISRails

cover plate

| CSF Front Panel

Support Systems for samples as well as the temporary holding

Pressurised Facilities of cryogenic samples during CSF
maintenance. The OPAR, housed in one

Cryosystem ISPR rack, is outfitted with a liner and the

Cryosystem is a combined set of facilities subsystems to accommodate and support

built by ESA under an ESA/NASA the CSF and QSF operations, and is

cooperative agreement for the Life intended to be integrated into the

Sciences user community in support of Centrifuge Accommodation Module

optimal preparation, preservation and (CAM). The Track is functionally similar to

storage of biological samples and protein the OPAR but is used for the

crystals down to -180°C. transportation and operations of the CSF
and passive payloads in the Mini

The major elements of Cryosystem consist Pressurised Logistics Module.

of the Cryogenic Storage Freezer (CSF),
the Quick/Snap Freezer (QSF), the On-
Orbit Preservation Assembly Rack (OPAR)
and the Transportation Rack (Track]. In
addition, Orbital Support Equipment
(OSE) consisting of tools and accessoiries
as needed during on-orbit operations.

The CSF provides for the storage and

preservation of already-frozen biological
samples and supplies. The QSF provides
the means for the ultra-rapid cooling of
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Tade 28 @ yosystemQaracteristics

Q yogenic Sorage A eezer (CH

Type of sanpl es stoned
Soae teperaure

Mbdul ar st onage vol une

Ainal (orgisms, cdls, ezymes); Vegrtade (cdls); Hrvested praein aystds
Mde 1. Tissues, bood ad ather fluds: <160.C
Mode 2 Hrvested proten crystas: -180-5.C

Snje cdd vdue (dever) wth nltipe cavities, each catanng a starage tuoe for ten 2 mL
a five5 mL cota rers

S onage capecity 1 2000 2 mL catargs, a 2. 1005 mL catargs, o
3 acomiretion not exceedng the vdune of either 19 2

Pover -d f sunvive Tenperatures naintained for 8 h wthout dectricad pover
Pover supdy Min ad auiliary bus atonatic swtching provided on 1SS (not in MALMduring transportati on)
Frequency of up/down | cad CF nay be up/ downl caded on every MALMflight (every 3 nonths)
Nni tori ng 1 @ntinuous during nomnal operations. 2 Tenperature Dta Recorder provided for pover -d f cadtias
locionin IS 1 Transportation ta/fromground in MAM 2 Instaled in GyosystenOhitd Rck (QPAR) in CAM
Qi ck/ Shap F eezer (B
Type of sanpl es: Qick freezing Ainal (orgenisms, cdls, emynas); Vagtdde (cdls)

Sep freezing Aina inerd o gas, nsdes, tedos, liganarts, tisses, Vedd tissues
Sanpl e di nensi ons: Qi ck freezing 2mL and/or 5 nb cotarers

Sep freezi ng Speci nen surface area equivd et toacirde o 6-nmrad us.

Tenporary st owage vol une

Queration caeility: Qick freezing
Swep freezing

Frequency of operetions

Frequency of sanpl es transfer to G-
Noni tori ng
Powver -d f survive

Inefames
Locaionin 1SS

Nnitori ng

Obitd Rk (O%R

Sreet zone (Mo cdluar donage) exdtends over a least 10%d the surface area descri bed above
Guvities fa ten 5 mL cotaner and tverty 2 mL cotarers

6sapesin2h

4saplesin2h

3ogdesd 2 hexch wthintevd o 1 h between successive cycles fa |l oned by a nini numrecovery
tined 16 h

Brery 8 ha three qperaioncydes o 2 h

1 @ntinuous during nomndl operations. 2 Tenperature Dta Recorder provided for pover -d f
cod tions ad trasfer cad tions

Tenperature naintained for 1 h (nn) wthout eectricd pover

19Ssubrack payl ced interfaces

1. quick/snep freezing gperations perfarned whil e attached a the Life S ence Govebox (LS3 rack
2. trasfa o saples to/fronCF ad stand-by operations perforned Wil e atached a the
CGyosystemObital Rack (OPAR located in CAM

3. recagion o hervested ad frazen pratein crysta s cotainers a the xRy Gystd | ogaphy Fecility (TH)
1 @ntinuous during nomnel operati ons.

2 Tenperature Data Recorder provided for pover -d f codtias

Vo une taken by Gyosystemel enents

Vd une availad e to aher payl ceds
Nss availad e to aher payl ceds

Heet reection capebility for Gyosystem
d enarts

Ha rgection cgellity fa aher payl cads
Resources far other payl cads
Locationin 1SS

Transpor tation Rck (Tradk)

1 Dawer (4 R); 1 daver (12R); 1Uilities draver (8 RJ;
1 GyosystemS ovage draver (4 PY

6 Davers (4 RUeach)

180 kg (30 kg per craver)

60 W

None
None
CAM

Vo une taken by Gyosystemel enents
Vd une availad e to aher payl ceds
Mss availad e to aher payl ceds

Heet reection cgpebility for Gyosystem
e enents

He rgection cgelility fa aher payl ceds
Resources far other payl cads
Locationin 1SS

1CGF Daver (24RJ; 1Uilities daver (8 Y
10 Davers (4 FUeach)

300 kg (30 kg per draver)

0 W

None
None
MPLM
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Fig. 41. The European
Stowage Rack (left)
provides storage for

samples and
equipment.

Fig. 42. The
Microgravity Science
Glovebox (right)
provides a confined
environment to handle
primarily material
science payloads.

European Stowage Rack

The European Stowage Rack (ESR; Table 29;
Fig. 41) provides a modular capability for
the stowage of payload equipment and
samples contained in Standard
Experiment Drawers (SEDs) and Mid-Deck
Lockers (MDLs), which require no power,
data and thermal control resources.

Once the ESR is on-orbit, standard
equipment drawers and Mid-Deck Lockers
will be regularly exchanged using the
(upmass/downmass) logistics flights.

Microgravity Science Glovebox

The Microgravity Science Glovebox (MSG;
Table 30; Fig. 42) is built by ESA under an
ESA/NASA cooperative agreement and
provides a large-volume glovebox for
small- to medium-size payloads, primarily
in material science.

Tade 29, Hr opean Sovage Rack (ESR Characteristics

SED MDL
Nunter in basel i ne 8 *
Vd une avail abl e to payl ced Rlitre 5 litre
Mss avail &l e to payl cad 3B kg 26 kg

pace d daes.

*the launch configuration for the ERRincludes 8 I3, dthough onrarhit it is aso possible to acconmadste MILS in

Work vd une for experinents

Tad e 30. Mcrogravity Science Govebox (MBQ Characteristics

b litre

Lar gest access d nensi on
Fressure enviroment wth respect to cabin

40 cmdi anet er
Ncetive ressure ith ar dredaion ad filtration

Arlok nadd e capehility for trasfer o
payl oads and equi prent
Resources avai | dd e to d ovebox users:
Power

Video lirk (ad o)

Vi deo caneras

Vi deo recarder

Gseous Ntrogen

Vacuumand venti ng

@ding

Mxi num40 litre

+20, +28 12, +5 Vdc
Ves

4

3+1lhaddsc

Ves

yes
Wpto 200 Whydr, ypto80 Why cdddae
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Fig. 43. The Minus Eighty Degree Laboratory
Freezer for the ISS (MELFI) stores and preserves
biological specimens.

Minus Eighty Degree Laboratory
Freezer for the ISS

The Minus Eighty Degree Laboratory
Freezer for the ISS (MELFI; Table 31;

Fig. 43) is built by ESA under an
ESA/NASA cooperative agreement and
provides for stowage and retrieval of cold
biological specimens.

Tade 31. Ninus B ghty Degree Laboratory A eezer fa the ISS(MALH) Characteristics

Mbdul ar st onage vol une 4 independent compertnents (devers) o 75 litre eech Tad refrigraed stonage
vdune o 300 litre

Mni numacti ve configuration A lesst 1 dever a -80;C

Mi ti pl e nissi on configuration Qe to three -80jCdevers active dus a #4iCar a -26;Cdever active

Two -80jCdevars active plus a +4jCand a -26; C devar active
Two -80; C devers active plus tvo -26; C devars active

Crird | ed tenperatures -80j C node: sanpl es nai ntai ned bel ow -68; C
-26iCnode: sanples naintained a -37iCto -23;C
+i Cnode: sanpl es nai ntained at +0.5;Cto +6;C

Savkrd dever aufitting 4didngtrays of 56 nmlegh
2tye Abox nodud es o hdf-tray length
12 type B box nodd es of quarter -tray legh
1Bvid begs
2vid cads

Types of sanpl es stoned @l cutued 1-10 nh sz
Hud saples (Hood, neda etc) of 1-500 nh Sz
Speci nens/ di ssection tissues of 2-10 nh 9
Speci nens (whol €) of 10-500 nh S

Pover of f survived Tenperature cond tios naintaned far 8 h wthout dectrica pover

@i ngency survi va Cde rgdacedeinabt inlessthen 8 h
Qd e and support equi pnent needed far rep acenent avail ad e in the rack
Hectronc box cotaning conputer redacesde inahit inlessthen 8 h
Red acerert for the dectronic box availad e in the rack

Fovner suppl y Nin and auxiliary bus autonati c swtching provi ded

Power consunpt i on Rangi ng from600 W to 900 W, depend ng on the active cafiguoraion
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T
Fig. 44. The Coarse e i T ) Fig. 45. Hexapod
Pointing Device provides nadir
provides pointing for positioning and
external payloads. : Gt pointing.

Support Equipment for
External Payloads

Coarse Pointing Device Hexapod

The Coarse Pointing Device (CPD; Hexapod (Table 33; Fig. 45) is built by
Table 32; Fig. 44) provides a 2-axis ESA under an ESA/NASA cooperative
pointing capability for external payloads agreement and provides nadir positioning
to achieve a pointing accuracy in the and pointing for the NASA Stratospheric
order of 1° to compensate for Station Aerosol and Gas Experiment (SAGE lll)
orbital motions and seasonal Sun external payload. It could provide,
apparent motion. Two versions of the however, pointing in any direction for
CPD are under development for other payloads with appropriate
supporting the SMO and Expose facilities. adaptations and modifications.

Tade 32 Garse Rointing Device (D Garacteristics

Roi nti ng accuracy =

Rirting stality 01 oer 10s

Nnber of rotational axes 2

Wer |ced capehility Max 75 kg

@D envel ope stoved (i ncl udi ng Payl oads) With n B¢PA envel ope

Payl ced nourting plate footprint Adgptad e to payl ced requi renents. Two versi ons
uder deve onert, for: helf and ful pdllet adgters

CPD Power 150 Wy

Diainteface fa payl cads R:A22

Pover supdl i es to payl ceds 28 \Vdc

GDcotrdler Based on ESASPLC

@D operati ons nodes af, sadhy, tradking

Tade 33. Hexapod Gharacteristics

Degrees of freedom 6

Rainting range -8..

R nti ng accuracy —90 arcsec
Rintirg stadlity 9acsds

SAGE |1 sersar assenly nass b kg

SACGE |1 gopraxi nate envel ope si ze 340x340x740 mm
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Standard Payload Outfitting The use of SPOE within the framework of

Equipment Columbus Laboratory payload facilities
and the ground test equipment is shown
Standard Payload Outfitting Equipment in Fig. 46.

(SPOE; Fig. 46) covers pressurised and
external standardised space-qualified
hardware items that can be procured and
embedded into payloads to support more
general payload functions and/or Station
interface functions and so pre-empt the
need for users to undertake any specific

development.
Fig. 46. Standard
A A Payload Outfitting
- Equipment within Rack
acility o
and Facility/EGSE.
Subsystems
at payload
level
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Fig. 47. The Standard
Payload Computer
with ISS interfaces.

Avionics Air Assembly

The Avionics Air Assembly (AAA) provides
ISPR payloads with an air cooling
capability for up to 1200 W and employs
a water-to-air exchanger with selectable
speed fan. The AAA uses the moderate
temperature cooling loop available at the
rack interface.

External Payload Computer

The External Payload Computer (XPLC)
provides data management interfaces
between the payloads on an Express
Pallet Adapter and the Express Pallet or
the Columbus EPF. The XPLC is based
upon the Standard Payload Computer
(see SPLC) as modified for the external
Station environment and specific

Tade 34. Power Dstribution Uhit (FA) Characteristics

Input vdtage 120 Wdc
Qtput vdtage 28 \Vdc
Nominal node:

Qiput curet caehility 5A

Qipt stage paetiantriplire
Qtput cotrd per aupt stage

5n <t <10ns wth 15 X curent
Pogamabl e a activation

Say Aive node:
Qtpu vdtage 28 \Wdc
Say-dive curet caeility 1A

Qtpt cotrd per oupt stage None

Tade 35. Renote Power Dstribution Assenbly (RPDY Characteristics

Input vdtage 120 Vdc

Qtput vdtage 120 e, 28 Wdc
Qtpt curet pratection ratings:

120 Wdc 1, 35&10A
28 Vdc 5&10 A
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adaptations for the Express Pallet Adapter
payloads.

Power Distribution Unit

The Power Distribution Unit (PDU;
Table 34) provides power conversion,
switching and protection functions for
payloads on an ExPA.

Remote Power Distribution
Assembly

The Remote Power Distribution Assembly
(RPDA; Table 35) provides power
distribution, power control, power status
monitoring, overcurrent protection and
power conversion from 120 Vdc to

28 Vdc with rack exchangeable modules
to facilitate on-orbit reconfiguration
and/or replacement.

Standard Payload Computer

The Standard Payload Computer (SPLC;
Table 36; Fig. 47) provides a modular and
configurable data-handling system based
on an industrial-standard VME Bus and a
self-standing processor with interfaces
connected via a standardised local bus.

The processor board is equipped with a
minimum set of interfaces and includes a
local bus to allow the addition of
mezzanine interface boards. For complex
payloads, a VME extension board can
provide the same local bus as that of the
processor board and is able to support
additional mezzanine interface boards.
Specialised VME boards for performing
complex functions can be added because
of the open VME bus architecture.



Tade 36. Sandard Payl oad Gonputer (SALQ Characteristics

CPU Mdul e

Rver interface 5V 10 W wthout nezzani ne boards

Ditainefaces Mster WE bus, AR made, 6 serid interfaces,
2xlocd nezzenire interfaces

CPU ERC32

Menor y 8 MB SRAM 4 MB EEPROM

Sftvare Besi ¢ softvere package and Vx Works kernel in RM

Tenperature range -55iCto +125;C

Mass 700 g

Mass Menor y Modul e

Pver interface 5V <5 W

Hst U data interfaces Sae VME Bus

Menory D sk or DRAM

Soae cgecity 50 MB

Mass 600 g

Ext ensi on Mdul e

Pover interface 5V 200 mA (wthout nezzan ne boar ds)

Hst GU dkta interfaces Sae WE Bus and nezzanine |/Olocal Bus (X 4)

Mass 50 g

M L 1553B Mzzani ne Boar d

Pover interface 5V 250 nd 12 V/ 300 mA

Hst U data interfaces Mzzanine 1/Oloca Bss

M L Bus M L STD- 1553B

Mass 120 g

Bhernet |/F Mzzani ne Boar d

Rver interface 5V1W

Hst U data interfaces Mzzanine 1/Oloca Bss

LANDta i nterface AUl

Mass g

Srid |/F Mzzani ne Boar d

RPver interface 5V/ 200 nA

Hst U data interfaces Mzzanine 1/Olocal Bss

Dtainefae 2 Asynchronous RS 422/ RS 485

Mass 100 g

Al og I nput |/ F Mzzani ne Boar d

Pover interface 5V<iW, 12V<L2W

Hst U data interfaces Mzzanine 1/Olocal Bss

Ferf or nance 12ht resduion nax 100 saples/s, 8df faatid
inpu chard' s

Mass 10 g

Dgtd |/F Mzzan ne Boar d

RPver interface 5V<1W

Hst U data interfaces Mzzanine 1/Oloca Bss

Fer f or nance 12 toisdaed input/atput ires,
nax. 100 sanpl es/'s

Mass 10 g

SAL.C Housi ng

Mass 34 kg includ ng pover supply, backp ane and herness

Husi ng si ze 160x295x260 mm

Nunber of WE slots 5

@nstruction at ed al unini um

Fover supply 120 e or 28 e i nput

SPLC EGSE

Devel opnent  envi ronnent Ui x ad Vx Wrks

Test system PACTS

Hardvare platform VME
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Turbo Molecular Pumps

The Turbo Molecular Pumps (TMPs;
Table 37) provide a higher vacuum
capability than is available with the
Columbus Laboratory central vacuum
system. Two sizes of TMP are available.

Partner Research Facilities
The research facilities provided by ESAS
Partners are summarised in Table 38.

Partner Payload/Laboratory
Support Equipment

The Environmental Monitoring Package
(EMP) measures a number of
contamination environment parameters
(radiation, plasma, mass deposition of
contaminants) external to the Station as a
service to the attached payloads
community, which requires
characterisation of operational conditions.

The Express Rack (ER) provides
accommodation for payloads that do not
require the entire volume of an ISPR and
provides physical interfaces for payloads
contained in International Subrack
Interface Standard (ISIS) drawers, Mid-
Deck Lockers (MDLs) or their equivalents.

The International Standard Payload Rack
(ISPR) provides standardised payload
accommodation that is interchangeable
on-orbit between the pressurised modules
of NASA, NASDA and ESA (See the
chapter ‘Accommodation and Utilisation
Resources Capabilities for Payloads’).

The Mid-Deck Locker (MDL) provides
standard Space Shuttle locker
accommodation with limited capabilities
(power, air-cooling) for mid-size payloads.

A number of further Partner payload and
laboratory support equipment is under

Tade 3 Turbo Ml ecul ar Punp (TMP) Characteristics

TPH 180 HM TMH 065
Vd ue flovrate N, I0litrds Blitrds
Vdue flowrate He I0litrds Blitrds
@npression ratio N, >1012 >100
Qnpression ratio H >108 107
Utinate pressure N, 2x109 niar <4x10- nivar
Nomnal rotati on speed 50 000/ nin 90 000/ nan
Mxi num backi ng pressure N, 20 nfoar 20 ntvar
Mixi numgas throughput N, 6 nioar .litrés 0.6 niver .litrds
Q@ading type Nturd convection or Nturd convection or
oddpae oddpae
Input pover: Back pressure 1 niar run-up P W 5 W
I nput pover: Back pressure 1 nibar nonnal DWW B W
Rin-dom tine until stop: Back pressure 1 nier ~12 nin ~12 nin
Msss wth 1 SOK flange 9.3 kg 251 kg
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Tadde B The Resear ch Fdilities to be B ovi ded by ESAs R trers

Intid oufittingin S Laboratory

Intid oufitting in JEM

PRESSUR! SED:

Avi an Devel opnent Fecility

B onass Rroduction Fecility

Gaitaiod Bdoy Feclity

Hnan Research Fecility 1 &2

Gew Halth Gre Systent

Baechnd ogy Fecility

Mierid Sience Rsearch Fecility

Huds & @nhusti on Research Fecil ity

Xray Gystd logaphy Facility

Wi ndow Querationd Research Fecility
Fecilities for eng neering ad comercia research
EXTERNAL:

Sraogteic Aerosol & Gas Bxperinent (SAE )
A pha Mgnetic Soectroneter (AVD

Envi ronnental Monitori ng Package (BMP
Low Tenperature Nlcrogavity Rysics Facility
Inp eparation

Advanced Gxsmic Ray Experinent for 1SS

( ACCESS)

Extrenel y Heavy Gosnic Ray Qnposi tion
pserver (B

PRESSUR SED:

@ | Bdogy Bqerinent Facility & Gean Bench
Hud Rysics Bqerinent Fecility
Zone M ting Furnace wth Xray rad ography
Gadi ent Heating Furnace

Sluio/Raen Gystd Gowh Fecility
Isothernal Furnece

Hectrostatic Levitaion Furnece

Aatic Aniinal Bxperinent Fecility

Advanced Furnace for Mcrogravity Experinent
wth X-ray Rad ography

I nage Frocessing Lhit

EXTERNAL:

Laser Gonmuni cati on

Subnil i net re-Vidve Linbb Enissi on Sounder
Xray nonitoring

Space Bwvironental Data Acquisition

Canada

Aetic Research Facility
Insect Hhita
Levitati on Furnece
Mcrogravity Isdation Munt (MN)

*The GewHdl th Gre Systemis nat a research facility a though € enernts of it wil be used by the Hnan

Research Fecility (HB) to support HRE research.

development, and descriptions are given
in Partner documentation.

Partner Standard Payload
Outfitting Equipment

The Active Rack Isolation System (ARIS)
can be installed in the US-developed ISPR.
It attenuates vibration disturbances to
support specific requirements for a
microgravity environment.

The Area Smoke Detector Assembly
(ASDA) provides the capability for
detecting smoke within a fire protection
zone and initiates an alarm to the
Columbus Laboratory Vital Monitoring
System.

The Express Pallet Adapter (EXPA) provides
an external payload accommodation and
interface capability that can be
exchanged on-orbit using the Space
Station Remote Manipulator System (see
the chapter ‘Accommodation and
Utilisation Resources Capabilities for
Payloads’).

Interface Connectors provide for quick
connect/quick disconnect between
payload racks and the utility interfaces
provided in the pressurised modules.

The Rack Main Switch Assembly (RMSA)
provides the capability for the crew to
shut down power to a payload rack for
maintenance and exchange activities.
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