
TECHNISCHE UNIVERSITAT MUNCHEN 
FACHGEBIET RAUMFAHRTTECHNIK 
PROF. DR.-lNG. HARRY 0. RUPPE 

Richard·W agne r·S tr.18 

80333 Munchen 

Tel.: 089 /289·16003 

Fax: 089/289·16004 

Forum der Luff- und Raumfahrttechnik Munchen 

Seminare der Universitaten, der DGLR, des VDI u.a. 

Do, 21. November '96 

Do, 28. November '96 

Do, 19. Dezember '96 

Do, 9. Januar '97 

Do, 16. Januar '97 

Do, 23. Januar '97 

Do, 30. Januar '97 

Do, 6. Februar '97 

Do, 13. Februar '97 

Do, 20 . Februar '97 

Flugwesen und Weltraumforschung 
Wintersemester 1996/1997 

Horsaal N1095*, 14.30 Uhr 

Kostengiinstige Erde/LEO-Transportsysteme der nachsten zwei Jahrzehnte 
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Fachgebiet Raumfahrttechnik, TU Miinclten 

* (im Nordgelande an der TheresienstraBe. zwischen Arc is- und Luisenstr.) 



@ 
U P_CIIiii CUP W 
It!. •l•. •!.'.J;ll l-1 

+ Daimler-Benz Aerospace 

---------------------------------------- Raumfahrt-lnfrastruktur----

5 16.Januar 1997 
~ ... 
> 
ID 
0 
c-i ,..., ., 
0 

::1!: 

I OA01953E/1!96 

COLUMBUS: 
Der europaische Beitrag zur 
internationalen Raumstation 
o Technische Beschreibung 
o Implementierung 

H.-J.Pospieszczyk 
COLUMBUS System 
Engineering Manager 
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-------------------------------------- Raumfahrt-lnfrastruktur ----

COLUMBUS Attached Pressurized Module (APM) 
- Reference Configuration Description -

0 0 ( 
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---- ---------------------------------- Raumfahrt-lnfrastruktur ----

0 

0 

MISSION SCENARIO 

r 

APM launch with NSTS : 

Full European 
Payload Complement at . 
launch 

Flight Direction 

9 
APM 

o Berthing to International Space Station 
(ISS) by Remote Manipulator 

o Permanently attached to ISS during its Life 
o Distributed Autonomous Operations Concept incl. 

P/L Operations from Europe 
o Resupply and P/L completion/reconfiguration via 

ISS logistics scenario 

• 0 

(View from NADIR) 

~ 

APM Retrieval by 
NSTS at end of mission 

00 
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-------------------------------------- Raumfahrt-lnfrastruktur 

A 

MISSION SCENARIO (CONT'D) 

50 Mbpo 

I 

I 

I 

I 

I 

I 

SSF 
1 !Control 

Center 

~ 
! \ 

I \ 
I \ 

,. - - - - - ., 

SSMB 

Trans -Atlantic Cable 

Audio 

• Intern. Space Station Control Center re­
sponsible for overall Station Management 
including primary activation and safety crit­
ical operations of APM 

• APM Control Center is responsible for 
- APM nominal operations 
- APM PIL support functions 

management and European 
P/L operations 

• Ujr-/down-links via IDRS with 
varying data rates shared for SSMB and 
APM systems and Payloads 

000 
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-------------------------------------- Raumfahrt-lnfrastruktur ----

PAYLOAD RESOURCES 

Payload Accommodation: 
10 active ISPRs in pressurized environment 
3 stowage racks in pressurized environment 
Mounting and resources provisions for payloads to be mounted in the APM center aisle 

Electrical Power: 
120 VDC, up to 13.5 kW average for payload operation; actual power availability 
depending on ISS timeline 

Thermal/Environmental Control( up to 14.5 kW): 
active P/L cooling by water loop 
heat removal by radiation/cabin air for P /L items external to racks 
vacuum and venting provision 
N2- supply 

Data/Communications: 
up to 32 Mbps downlink to be shared with all SSMB P/L 
up to 10 kbps uplink 

000 
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-------------------------------------- Raumfahrt- lntrastruktur 

PAYLOAD RESOURCES (CONT'D) 

Data Management/Processing: 

Mass: 

1 P/L dedicated computer (SPARC) 
100 Mbytes for P /L files on mass memory 
Dedicated MIL--STD- 1553 Payload Bus 
Crew interface via Laptops 
LAN 802.3 (ETHERNET) interface for efficient down-link 
US Payload bus for direct connection to P/L MDM 

Initial/Launch Payload 2500 kg 
On-Orbit: up to 9000 kg 

Video/Digital Data: _ 
NTSC video standard interface 
1\vo cameras and monitors 
Cold redundant analog video recorder 
Video compressing capability 
Video and digital data multiplexing for transmission to ground 

000 
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- - ---------------------- --- ----------- Raumfahrt-lnfrastruktur ----

APM MISSION AND CHARACTERISTICS SURVEY 

Mission Scenario 

• Objectives: 
Multidisciplinary Missions, including Material Sci­
ence, Fluid Physics, compatible Life Science Disci­
plines, Space Science and Technology Disciplines. 

• Mission Duration: 
Variable as a function of APM launch date and ISS 
life-time. 

• Orbit: 
Nominal Range between 335 km and 460 km at 
51.6 Degree Inclination. 

• Payload Accommodation Capability for: 
- 10 Active International Standard Payload Racks 

(ISPR) in pressurized Environment. 
- 3 Stowage Racks in pressurized Environment. 
- Mounting and Resources Provisions for Pay-

loads to be mounted in the APM Center Aisle. 

Desi~:n and Performance 
• Design Life: 

15 years via on-orbit maintenance. 

• Overall Dimensions: 
6.4 m Length; 4.5 m Diameter. 

• Launch Mass: 
12,500kg (incl. 2,500kg P/L). 

• On-Orbit P/L Mass: 
9 ,OOOkg max. 

• Electrical Power: 
120 VDC, sized for max 20k W. 

• Data I Communication: 
Up to 32 Mbps down/up to 10 kbps up via ISS. 

• Environmental Control: 
Sized for 3 crew members, total 
heat rejection up to 22k W. 

• Resources: 
All Resources except Data Processing by ISS. 

• Launch/Retrieval Vehicle: 
NSTS (Shuttle/Orbiter). 

• Servicing: 
In Situ via IV A and EVA using NSTS 
90 days resupply cycle. 

000 
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---------- ------------ ---------------- Raumfahrt-lnfrastruktur ----

LAUNCH/RETRIEVAL CONFIGURATION 

Z NSTS 

" 

931.26" 
(23654.04) 

XNSTS 

1202.73" 
(30549.38) 

1108.33" 

(28151.5) 

••191 z 
I APM 

I 
Atsl 

SECTION A-A 

000 
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-------------------------------------- Raumfahrt-lnfrastruktur ----

EXTERNAL CONFIGURATION 

I 2ooo.o 4895.34 ... ·1-- I 
I ~·I I I . . .! i I 

+ZAPM 

6143.1 

SSMB I APM 

YAPM ... lnl 

Venting 
Press. Rei. Valve 

YAPM 

Note: MDPS not shown 

Negative Press. 
Rei. Valve 

Depress. Assy 

PassiveCBM 
(SSMB/APM Interface) 

00 
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-------------------------------------- Raumfahrt-lnfrastruktur ----

INTERNAL CONFIGURATION 

3 !EO< RACI<S 

P/L RACK LOCATION 

12 PAYLOAD RACKS: ( IO><ACTIVE. 2>6'ASSIVEl 

~ 
L'/11 SIIIINUE 1Wl<IPASSI1n" l:J./ CEO< LOCATJCN 

Cr-DT PART CF APMl 

S/S EQUIPMENT LOCATION 

000 ~ 
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-------------------------------------- Raumfahrt-lnfrastruktur ----

Water 
Valves 

PORT CONE 

MODULE SIDE 

Note: CMUl and VTCl not to scale 

Note: Principle only, not all items shown 

IMVValve 

~§'IMVFan 

Temperature Sensors 

CONE SIDE 
000 
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---------------------------------- Raumfahrt-lnfrastruktur ---

STARBOARD CONE 

+ZAPM +ZAPM 

Depress Valve Depress Valve 

Module Side Cone Side 
00 
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------------------------ - - ----------- Raumfahrt-lnfrastruktur ----

SUBFLOOR ARRANGEMENT 

~ 
,., ..... 

~~ 
~\ '--......_ \\ 
' . 
\~. 

ntu ro11 
STOWAG[ 

~ 

o a ( 



l 

~ + Daimler-Benz Aerospace 

---------------------------------- Raumfahrt-lnfrastruktur ---

FUNCTIONAL ARCHITECTURE 

MAIN FUNCTIONS/FAILURE TOLERANCE 

APM Function Failure Tolerance 

Thermal Conditioning 1 

N2 Supply for P/L 0 

Module Ventilation 1 

Atmosphere/femperature and Humidity Control 1 

Prevention of Loss of Atmosphere 1 

Fire Detection 1 

Vacuum and Venting Services to P /L 0 

Module Illumination 1 degraded after 1 Failure 

System Level Monitoring/Control 1 

Power Distribution 1 

Up/downlink Communication for System/Payload Data 1 

Voice Communication 0 

~ Video/Data Distribution and Processing for System/Payload 1 
00 
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Raumfahrt-lnfrastruktur 4..8 
...---

APM FUNCTIONAL ARCHITECTURE 

C) 

0 
C) 

1553 Bus 

'=====1553 Bus ~ Power 

I 

~ 1 Main Power 
: PDU I I I 1 Feeder 1 

~ I L.umW1aries ~ UO"''"""" I Main Power 
' ' PDU 

1 1 
Feeder2 

P/L LOCAL BUS 

Proc. o ... 

APM Composite Data 1----------------:--- Down-Unk 

videoroata f ., Video to/from ~ 1 ! I -=.~ PrCCfnTt"5
· I SSMB 

l I I I 

~::6!!Y: 

High Rate Data 

~n~~tal~~tj~~re5o.~~~·ll1t~; by·Stcf·y~titYP~OEil~ · 

lx ~ 
I 

~'\ INTER 

COM~ 

~ 
1553 Bus 1 

HEAD-SET 

'TTI.Std. UtiityPanei• 

! ~--~ 
I 

SSMB I APM r---- ------- ------- -
Vacuum SPACE Venting 

LEGEND: 

=r= MIL-sTD-1553 BUS (red.) Eilstd. Utitity Panel• 

Page 17 r:::JCK:X:J LAN 802.3 (red.) 

If Mod. Temp. 
IL_ Loop 

[ ~ 
4 

; ~[ Lo!J~mp . 

IMVSupply 

IMVReturn 
~ I 

:J 1 Condensate Return 

N2 
APM I SSMB 
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OPERATION MODES 

Mission Start Event * Qualitative Description 

Phases APM Modes 

Initialization Unberthed Survival (APM Grapple by SSMRS and switch-on of Minimum survival mode of APM by provi-
grappled by SSMRS) SSMRS power to APM sion of power via SSMRS to APM for ther-

mal conditioning only 

Berthed Survival Connect utilities, availability of power for Survival mode of APM based on external 
essential Command & Control functions resources from ISSA 

Support Preparation for nominal APM operations Initial activation from survival to full system 
performance including crew support but 
excluding P/L operations 

Ops under reduced Perfor- Support (manned) (Re-)preparation for nominal APM ops ex- - Re-activation to full system performance 
mance eluding P/L excluding P/L operations 

Support (unmanned) (Re-)preparation for nominal APM ops ex- Re-activation to full system performance 
eluding crew & P/L excluding crew and P/L operations 

Housekeeping Setting of APM to a reduced but active Survival conditions for crew (max. 2 per-
mode including min. crew support, exclud- sons w/o activity) and equipment 
ing P/L ops 

Stand-by (unmanned) (1) Setting of APM to a reduced but active Survival conditions equipment (incl. P/L); 
mode excluding crew support and P/L ops allows quick re-activation 

Berthed Survival (2} Switch to exclusively power to heater and Degraded survival of APM and P/L based 
essential Command & Control function on external resources; EVA suit necessary 

Routine Ops Nominal (manned) Start of P/L and crew ops In orbit nominal operations with crew in-
eluding maintenance and servicing 

Nominal (unmanned) Start of P/L ops In orbit nominal autonomous operations 

Legend: • End event identical with start event of phase that follows 
1) Objective: Contingency repair 
2) Objective: Power saving 

000 
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~ Raumfahrt-lnfrastruktur - - -

EMERGENCY, WARNING, CAUTION AND SAFING (EWACS) 

0 The crew shall be alerted for: 

EMERGENCY: life threatening condition requiring immediate sating action 

WARNING: potential effect on safety, which may require sating action 

CAUTION: no direct effect on crew safety but requ_iring corrective action 

0 APM EWACS relies partly on SSMB EWACS providing the following functions: 

Out-of-limit status transmitted to SSMB 

Data acquisition and monitoring/limit checking 

Execution of sating commands 

SSMB activates visible and audible annunciation in APM 

000 
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~~::::=------------------------------ Raumfahrt-lnfrastruktur ---

EWACS BLOCKDIAGRAM 

I 
I 

I 
C&W DATA FROM OMS 
ALARM TONE ACKNOWL 

0 

0 

MALEAMEL 
CAUTION AND WARNING 

I Firel c:ru IATMI lwom~n~ I cau1on I 

© I Test I 
TONE RESET --

~ 

0 

0 
'---l 

I 

NOMINALDMS 

r 

C&W DATA TO US LAPTOP 
AUTHORIZATION OF SAFING ACTIVITIES 
C&W MASTER ALARM } 
SAFING COMMANDS TO VTC 
LIMIT SETIING CHANGE 

T ] SYSTEM LOCAL BUS [ 
T 

'tl, STANDARD P/L BUS 

T 

l.. T 

POWER 
STATUS 
INFO ~ I I r,-=~~wll 

le&W 
PARAMETER 
INFO 

l~ac~ Ll ITY""~ 
I 

T 

APM 

I . 
r- ----, 
I I 
I SMOKE I 

,1 SENSOR I 
I I 
I I 
I CABIN LOOP I L ______ .J 

VTC 

.----

~-w 
v 
TBD 
add. EWACS 
Channels 

ESSENTIAUAUXILARY POWER 

POWER DISTRIBUTION 

a: 
w 

~ 
z 
< 
::::E 

EBIIAux 
PWR 

SYSTEMC&W 
ACTUATORS 

---t---1 I I - - - - - ----

® 
Fire 

Indicator 

fi 

SMOKE 
SENSOR 

CIRCULATION 
FAN 

Payload 
EWAC 

1-4\ 
MAINTEN. ~ 7 

LOADS ~ LOADS 

PAYLOAD RACK ISPR 00 
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FIRE DETECTION AND SUPPRESSION 

SSMBIAPM 

Emergency Light ON SSMB 
C&C IfF 
Busses 1 - Fire Message 

I Emergenc1 
Tone 

I 

I 
I 

I 
Air 

I 

lntermodJ 
Ventilation I 

I 

Vital Bus 

CABIN 

~§~1 
SIS Rack 02 

Stowage 
Rack: 

Lights 
Tone 
Rese 

t 

~ 

0 
0 
0 

Ffcfkk 

Air ---...., • I _.., 
'-Lower FWD Stando 

Legend: 

@l Smoke Sensor 

§ Circulation Fan Assembly (CIFA) 
Page 17 
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- ------------------------------- --------- Raumfahrt-lnfrastruktur 

ELECTRICAL POWER DISTRIBUTION 

SSMBIAPM 

iPDU 1 

I ""'""--- Nom. Power 

~ 

I 
--

DDCL I ---~ 
r- I 

~ 
= I ~28VDC 

I 1----~--- - - ------- ------ ------- --------i-l 
23VD< 

I 
I POWER QWoiNEL A 

"' I 

APM- I 
11 OOMINAL ~II1EMEROENCY~I e:~~::Jll~ VD~ ~ ld6?PmJ1 _aptop"' , ttt::.lm.!.WoN IUUMINAllON ° 0 

'NEI EOtllPM NT 

I POWER awo!NEL B 

23VD ' -------_;_rr ' 

I 
1· .. -r--- - -- ............ ------ -------
HZ 28VDC = ' I... 

I ~ 
DDCL ' ---- I 

' ---- Sating Power 

IPDU 2 J'Aonitoring and Control 
' 
I Vital Bus 

y 

• Designed for up to 20 
kW to S/Ss and P/L in 
total, max. 13.5 kW to 
P/L at 120 VDC 

liSP R 
I 

I 
I 

I 
I 

I 
I . 

, .. 
I 
I ... -... 

. 

... ... 
II . -.. 

• Utility Power Outlets 
protected with Ground 
Fault lnteruptor (GFI) 
to ensure crew safety 
even with grounding 
failure in portable 
equipment 

• 120 VDC and 28 VDC 
for APM Equipment 

• • • • • All 120 VDC Outputs 
protected/switched by 
Solid State Power Cir­
cuits (SSPC's) 

000 . 
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-------------------------------------- Raumfahrt-lnfrastruktur 

DATA MANAGEMENT SYSTEM 
SSMBIAPM 

1553 B 
(nom. I red.) 1 - Primary Command 

J 1 1 v 1 v~ andControi!EWACS 
• 1 for APM System and P/L 

Discr~te.I/O's ,. 1 11 1 r 
(activation) 

VItal OMS 

Discr~te .I/O's • I II II r 11 I I I VITAL BUS ( 1553B) l====!Tl (act1vat10n) [[] . 0 . 0 . Q Q LJ..J 

US Laptop 

(nom. I red.) 

OMS 
Command/ 

Control 

' - ---~--Command and Control 
APMSystem 

SYSTEM LOCAL BUS 

(nom. I red.) 

Nominal OMS 

To Ground 

---PAvU>Ao secTiON I 
1553B 

(nom./ red.) I Payload Local Bus(1553B) 
(nom. I red.) - ISPR 1/F I -Center Aisle 1/F 

1 
US Payload Bus(1553B) 6 ----Lm 

(nom. I red.) 

I 
I 
I 

l.tlgmi 

IIl- Tenninating 
Resister 

--6- Interconnecting 
Station 

• Power Distribution 
Subsystem Unit 

•• Communications 
Subsystem Unit 

000 
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-------------------------------------- Raumfahrt-lnfrastruktur 

SOFTWARE MAPPING 

C&C 
MOM 

I 

I 
I 

I 
I 

I 

I 
I 

f I 
I I . .. 

I -I 

PLCU 

P<>uln<>n 1553 bus . I 
, ' 

' ' • £.H3 DMS SV\f5:fj VTC SWIEEJ ApplicationQ NO SW 

y----~------------------------------
SSF OPERATIONS ~- ·t -- --------• · ·-· -- -· · -· ·--· ·--· · · · · · · · · · · · · · · · · · ·---·-· · · -· ~ APM OPERATIONS() Q 

CONTROL CENTER CONTROL CENTER"" 
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-------------------------------------- Raumfahrt-lnfrastruktur 

COMMUNICATIONS 

Q Up-/Down-links for APM operations provided by ISS communication system (see para 1.2) 

Q Capabilities 

Link 

0 Down 

0 Up 

* APM interface design capabilities/actual availability and date rates to be agreed with ISSA 
** Limited by SSMB/ APM interface 

via TDRS 

32 Mbps * 
10 kbps ** 

Q Data Management System routes all system down-link data via LAN to MMU and HRM 

Q Other inputs to HRM: 

Compressed video data 
High Rate Digital data from Payload 

Q The telecommand up-link data stream is routed from the ISSA communication system to 
CCSDS-Packet receiver and fmally and effectors 

00 
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- ------------------------------ ------- Raumfahrt-lnfrastruktur 

COMMUNICATIONS 

2x Video In 
2x Video Out 
Video-Sync 
(nom./red.) 

SSMB I APM 
I 

I 
I LAN 

I 
i 

I 
I 

I 
I 

I 
I 

I 
I . 

-
:r 

I 

I 
I 

I 
I 

I 
I 
1 

Standard I 
Utili~ lLSJ 

System Local Bus 

Monitor/ 
Control 

System/Payload Data 

I H~hR~e 

VIDEO/DATA 
PROCESSING UNIT 

Video/ 
High Rate 
Data 

Multiplexer 1-­

(HRM) 

~~--------r--~ 
I I 
I ~X I 

I . . 
I 
I 

I 
: Switch 

Matrix 
I --u----~ 

------

E}-- Standard 

~
Utility 

Panels 
17" 

Pane s ter Aisle 
1 Cen PI!.!:L====-

High Rate Data 

El . 

Monitor/ 
Control 

..., 
-:::1 

NOTE: 
•) in addition to standard interfaces 

on one of 10 P/L racks 

Dedicated 
,.., ;~-~,~jVideo ISPR 1/F •) 

Special 
Video Signal 
Processing 
I (fay load) 

000 
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------ - --------- ---------------------- Raumfahrt-lnfrastruktur 

ILLUMINATION • 

• 
Normal illumination 

Power Channel A 

I 
I 

PDU1 

[~ 

I 
I MLU I I MLU I I MLU I I MLU I 

On/Off J J 
Switch 

I Panel 

Switch 
Panel I 

On/Off 

l l 
I MLU J I MLU I I MLU I l MLU J 

I 

[ ~ PDU2 

I 

I Power Channel B 

APM provides internal illumination being fully based on station 
common items 

Emergency illumination automatically activated after complete 
power loss from SSMB allowing safe crew egress 

Emergency Illumination 

-I~ 
PDU1 

Electronic Unit 
I Light Strips - I • • • 
I • Light Strips - L 

I~ 
PDU2 

I 

I 

0 0 0. 
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- ----------------------------- -------- Raumfahrt-lnfrastruktur - ---

THERMAL CONTROL SYSTEM (TCS) 

Air - c===] 
~ 

Waterloop 

• Condensating Heat 
Exchanger (CHX) has 
two cores (see para 
5.7) 

CHX 

-
! 

SSMB ---· 

-

0.6 + 14.4 oc 
93 + 660 kg/hr 

17 + 35 ·c 
93 + 660 kg/hr 

• Oneinoperation,ilier---+---~----------------------------------------------------------~ 
oilier one dried to 
avoid rapid microor- 1• 

ganism growili 

LEGEND 

-8- Water Pump Assembly 

~ Three-way mod. valve 

-IQ)-

-a-

~ 

On-off valve 
Wet temperature sensor 
block 
Delta pressure sensor block 

17±1 oc 300 + 1000 kg/hr 

00( 
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Raumfahrt-lnfrastruktur 

ENVIROMENTAL CONTROL AND LIFE SUPPORT 

Vent-Line 
Dump Assy 

~---------------------------------

Poe. Relief 
Relief Assy 

N2 

IMV Supply • : : I>< 1-----1 

Trace Gas 
Sample Line 

IMV 
Fan Assy 

~ 

Fan Auy 

Deck 
Racks 

([) 

Water 
P/L 

Racks 

... 

~ 
Condensing 

( Heat Exchanger 

Cabin \ Cabin 

Fan A .. y ~'t::=::::j~==!.. 
... 

\ 
\ 

\ 
\ 

n 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I IMV Return 

Condensate 
Return 

~ I ~ ~ 
I 

-~ ~ I ,,...... v~ I .. ,. .. ,.,1 1/ 
~~ I 

Depre.. \_ I 

Detail A 

II 

~ _________________________________ JI 

I ~,... II I 3 _ _A A I """""" ,...... 

• Size for 3 Crew Members working heavily 

• IMU heat loads: 400/200 W (sensible/latent) 

ooc 
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----------------------------------------- Raumfahrt-lnfrastruktur 

AUDIO 

120 VDC 

~ 
F.O. 

ATU 1 

I 120 (DC 

FO. I I ATU 21 

COAX 
AUDIO 
ANTENNA 

Endcone 
Structure 

Closeout 

Coax Cable 

Flange Mount 
Cable Jack 

Recessed 
Closeout 

"Duckie" Antenna 

h 
Wireless 
Head-Set 

• 

• 

• 

Two Station Common Audio Terminal 
Units for local Audio Communication and 
EWACS audible annunciation 

One Station Common Audio Antenna for 
Audio Communication with wireless 
Head-Sets to allow Astronaut movement 
without hinderance by cabling 

Wireless Head-Sets carried to APM from 
SSMB on- orbit (not part of APM deliver­
ies) 

DOC 
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+ Daimler-Benz Aerospace 

Raumfahrt-lnfrastruktur 

PAYLOAD INTERFACES I ISPR 
o 10 provisions for accommodation of active P/L racks, which are in accordance with the ISPR 

(International Standard Payload Rack) requirements (location see para 3.5) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Rack Utilrty 
Close-oul Panel 

VACUUM 
WASTE GAS 
TCS MOD SUPPLY 
TCS MOD RETURN 
GN2 
SAFING POWER 
MAIN POWER 
VIDEO/SYNC (FO) 
HAD (FO) 
FPS/POWER MAINTENANCE 
SWITCH 

11 
12 
13 
14 
15 

16 

17 

18 

APM P/L BUS 
APM P/L BUS 
LAN 802.3 RED. 
LAN 802.3 NOM. 
FDS FIRE INDICATOR 
(to be implemented) 

APMIISPR 
Utility 1/F Par,el (Functions 

Main Power (3/6 kW) 

Essentiai/Auxilial)' (sating) Power (1.2 kW) 

FDS/Power Maintenance-Control 

APM Payload Bus N 

APM Payload Bus A 

-SSMB P/L Bus N 

SSMB P/L Bus A 

LAN 802.3 

LAN 802.3 

FDS Fire Indicator 

High Rate Data Link (HRDL) 

Video/Sync 

Moderate Temperature Water Supply 

Moderate Temperature Water Return 

Gaseous Nitrogen 

Waste Gas 

2 F.O. 

3 F.O. 

CUT -OUT for utility and cable Vacuum 
routing between I SPA's 
SSMB P/L BUS 
(to be implemented) 
SSMB P/L BUS 
(to be implemented) 0 0 0: 
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--------------------------------------- Raumfahrt-lnfrastruktur ----

CENTER AISLE 

z_ 

I I I~> Y 

l.OCATICN a 
- 510 UTILITY PIHI... 

VIEW IN PORT 
DIRECTION 

~ Volume for 

Center Aisle Payload 

APM Standard 
Utility Panel 

Power (500W) 

APM P/L Bus 

High Rate 
Data I Video 

-

+Y 

L 

@J@J@J 
Data 1 Data 2 Oala 3 

~ 
rgro: fir: ®"': 
I®Fr.!tl®rr'.!tl®rf.!t 

Standard Utility Panel Layout 

VIEW A (90> ROTATED) 

SUP1 .............., 
STAI'll-CFF ~ 

CEO< 

STAI'll-CFF ~ 

APM-PORT(FWD) SUP3 SUP4 APM-STBD(AFT) 

Utility 1/F 000 
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-------------------------------------- Raumfahrt-lnfrastruktur ----

BUDGETS 

MASS BUDGET 

SPECIFIED MASS/KG PER MISSION PHASE 
SUBSYST./ ASSY Launch On-Orbit Safe Disposal REMARKS 

Structure 6119 6119 6119 
Harness 548 548 548 
Illumination 32 32 32 
Thermal Control Items 735 735 735 
ECLSS incl. FDS 621 621 621 
Outfitting compl. 252 252 252 

Station Common Items 
- ATU & VCR Cold Plates 15 15 15 
- Passive CM 177 177 177 
- Hatch 109 109 " 109 
- PDGF 23 23 23 

EPDS Items 185 185 185 incl. VTC/CMU Support 
DMSS 238 238 238 (24kg) 
Video 103 103 103 

Station Common Items 
- PBA (1 x) 8 8 8 
- PFEX (2 x) 16 16 16 
-MAL (2 x) 5 5 5 
- Laptops (2 x) 10 10 10 transport outside APM 
- ATU (2 x) 18 18 18 
- Audio Antenna (1 x) 1 1 1 

Air 92 92 92 
Water 109 109 109 

APM System Mass 9416 9416 9416 

Margin 484 484 484 System & PICA Margin 

Payload 2500 9000 2500 On-orbit: 9000 kg internal 

Total: 12400 18900 12400 

Launcher Capability/APM Interface 12400 18900 12400 On-orbit capability limited 
by 1/F forces 00 

l 
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---------------------- ------ ---------- Raumfahrt-lnfrastruktur 

ELECTRICAL POWER BUDGET 

Power Budget [W] 
Subsystem Launch Operation under Reduced Performance Routine Operation Assembly Remarks 

Unberthed Berthed Support House- Unmanned Manned 
Survival Survival {mannded) keeping 

Lighting 0 0 5 245 245 5 245 Norm./Emerg. Lighting 

Thermal Control 0 700 725 281 281 543 543 incl. Fire Detection Items 

ECLSS 0 48 681 970 970 1050 1050 

Harness 0 17 19 47 38 328 339 load dependend losses 

PDU 0 0 57 361 115 304 561 incl. load dependet losses 

OMS 0 0 50 580 490 535 635 incl. 2 APM laptops/2 MAL 
Panels 

Video 0 0 0 154 0 254 344 

Audio 0 0 0 69 69 0 69 

Div. Equipments 0 0 0 80 80 0 130 CHeCS equipment, US 
laptop 

Total: 0 840 1677 2912 2413 3178 4073 

Margin 0 160 328 238 187 422 427 

APM System Power 0 1000 2005 3150 2600 3600 4500 

Payload 0 0 0 0 800 8000 13500 

Required Power - 1000 2000 3150 3400 11600 18000 APM with Payload 

, Available Power 1800 20000 20000 20000 20000 20000 from SSRMS/SSMB 

000 : 

l 
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---- ------------------------------------ Raumfahrt-lnfrastruktur ----

Implementierung 

o Rahmenbedingungen 
o Spezifikationen 
o Zeitplan/Programmphasen 

000 
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----------------------------------------Raumfahrt-lnfrastruktur----

Politische und finanzielle Rahmenbedingungen (1) 

,International Govermental Agreement" (IGA) und ESA/NASA ,Memorandum of 
Understanding" (MOU) bilden die politische Basis der europaischen Beteiligung an der 
ISS: 

0 

0 

IGA regelt als Staatsvertrag zwischen USA, Japan, Kanada und den an der 
Raumstation beteiligten ESA Mitgliedstaaten 

Beteiligungen sowie deren Finanzierung 
N utzungs bestimm ungen, 
rechtliche Rahmen der Zusammenarbeit und bestimmt die Raumfahrtbehorden 
als die Exekutivberechtigenten-/verplichteten 
Beitritt Rullland 

MOU zwischen ESA/NASA beinhaltet im wesentlichen 
detailiierte Programmbeschreibung 
Programm-Management Aufgaben, Verantwortlichkeiten 
Zugangs- und N utzungsrechte 
Aufteilung der Nutzungskosten 

~ Verhandlungen IGA & MOU sollen bis Mitte 1997 abgeschlossen sein. 
000: "' 0 
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---------------------------------------- Raumfahrt-lnfrastruktur----

Politische und finanzielle Rahmenbedingungen (2) 

o offene Punkte/Probleme bei IGAIMOU 

,Common System Operations Cost": 
ESA Rat in Toulouse bestimmt als Zielvorgabe, daB die europaische 
Beteiligung das 0.6 fache eines ARIA TV launches pro Jahr nicht 
iibersteigen soil; 

Nutzungsresourcen au8erhalb APM; 

Kompensation des APM-Transportes mit NSTS 

APM Start-Termin noch nicht engiiltigflXiert 

000 ~ 



l 

..J 
0 
u ... 
> 
ID 
0 
t'i ,._ 
01 
0 

~ 
a: 
0 
IL 

OA01 953E/Hl6/96 

ca 
WJ-iiiiii IllS (t(.] .. [,•,J:lll-1 

+ Daimler-Benz Aerospace 

------------ ---------------------------- Raumfahrt-lnfrastruktur----

COLUMBUS Phase C/D - Geographical Return 

Country Amount (ECU) Ofo Subscription % 
Belgium 19.113.660 3,31 3,00 
Switzerland 2.642.847 0,46 2,50 
Germany 272.033.612 47,16 41,00 
Denmark 3.794.123 0,66 1,17 
France 118.087.604 20,47 27,60 
Spain 6.503.000 1 '13 2,00 
Great Britain 1.077.000 0,19 0,00 
Italy 147.510.521 25,57 18,90 
Norway 2.081.500 0,36 0,46 
Netherlands 2.234.605 0,39 0,94 
Canada 1.002.269 0,17 0,00 
Sweden 718.000 0,12 0,43 
Total 576.798.741 100,00 98,00 
50°/o MGSE/EEE-Agent 4.650.000 

USA/Sonstige 61.446.517 
Programme 642.895.258 ---::---- -- ------

000 
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---------------------------------------- Raumfahrt-lnfrastruktur----

Beauftragung von Unterauftragnehmern 

o Jeder Auftrag ist definiert durch 
Vertrag 
Statement of Work mit: 

Lieferumfangsliste (Produkte und Dokumente) 
--- Anforderungen an Dokumentation 

Spezifikation mit Anforderungen an Produkte 

Festpreis mit Zahlungsmeilen 

o Der Auftragsinhalt ist der ESA bekannt, Lieferumfang und geographische 
Verteilung der Aufgaben gelten als vereinbart und sind nur mit Zustimmung 
der ESA zu andern . 

00 I 
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' ~ FORM 0972.0BV.1.COL 

COLUMBUS Progr:~mm 

System Requirements Level 

Document (SRD) 

COL-ESA-RQ-001 

I I I I ,-----, 
COWMDUS COLUMBUS AI'M COLUMBUS COLUMBUS Odlas 

Fraaun: V<ri(- HFE EMC Sol•- (PSS,SSP's, 
Caalol Rcqui-. Rcquitaaalls Rcquranc= s...-.s IRD's=l 

MS-ESA-RQ- MS-ESA-RQ- cor-E.SA-RQ- COL-ESA-RQ- MS-ESA-RQ-
0011 Oil 013 014 023 ----------------------· ~---------------------ATTACHED System Spec 

PRI>SSURIZED Category A 
MODULE (APM) 

SPE 1211312 
COL-RIDRE-Sf'&.002S 

- -- -- --·---------·-· ·- ·-·- · -·-·-·System Supp;;;:t' Spec's 

C:ltegory A 

I I I I I I I 
ProdociAssul>OCC EMC"I'owcr ED.._ c.-.1 Suppon Sol•- !~I 

Coa&ami••iao 
Elcaricall>c:sip CoaiiOI and Solely Qu>li&y "Tc.<l Equifl"'CCIl Eip 

SPE 12A2S77 SPE 1211361 SPE 1211363 SPE 121136' SPE 1211366 SPE 1211371 SPE 1211376 SPE 1211315 
-·~...11101 -<~...nmn -<~..tin? I -~...trm -<~..M?1 -·~_,. -~..M?~ -<PI'...tlm'l 

- ·-·---·-·-----------·-·- ·---·-----------·--------System Integr:1tion Spec's 

Pro-1ntcp;110d Category A 
APM 

(PICA) 

SPE 1235173 ., 
COL-RIBRE-SPE-«190 

-------r---------------- -1-·----------------~---SIS/Assembly Level 
C:ltegory B 

EC.SS l>MSS 

SPE 1011612 SPE 10111625 I I 
-SPf.-M:W ..SPE-11010 

EOSE srm SDDF cos 

SPE 10116%2 SPE 1235021 SPE 123502A SPE 1214597 
-SP£...0009 -SPE-0012 ..SPE-0091 -SPE-0032 

---f-·-·- ---------- f--·---- ----f-----1----+----+_-~----
• • • • Equ1pment Level 

* * 
,.------i"* 
I SUuc:IUtC !--
I IICmS I 
'------~ 

r------, r-:-----· 
I 1bc:nno1 f-_ ~ Ou&r..W.c 1 

!.5~~..!~J 1 Cocnplca1col I , _____ _; 

r------, r------, 
I • ......, f.-H "ASE I 
1 Utility l';uods I I I , ______ J , ______ J 

r------, 
1 MCSE . f.-
I ll<:ms I , ____ J 

* Equipment Level shown in dedicated Spec. Trees. 

** Lower Level shown in dcdie:~tcd PICA Spec. Tree. 

*** NASA/Boemg Spec's (ISSA common Items) 

0 
C) 

0 
( .... 

Note: All a.m. Spec. N-bcls r.a.c 
diCI'rcCu COL-RIDRE-

* 
Audio 

""'-" ... 
..SPE-0098 ' 

Arar.T-
Gc:ocl>&cr 

SPE 1235194 
-SPE-0097 

r A...;-Giouod i 
~ Su!'P. Equipm. I .. ______ J 

* * * C:ltegory C 

PDU VDPU COAl' 

SPE 1235086 SPE 1235172 SPE 1219912 
-sPE-0085 ..SPE.-0093 -SJ'E.4l62 

Modale V>dco LIJ'AI' 
LiahtUn41 Camcn ... -· SPE 1219971 

..SPE-0089 -SPF...al61 

~y V>dco Fl.» 
Liahl Assanbly Mcni&cr ... ... SPE 1235130 

-SPE-001!!1 -SPE.-0090 -SPE-0092 

V>dco 
Rccordct 

Ml>B 

... SPE 1219811 
-SPE...om.l -SPF....tm<l ' 

+ 
::::0 u Q) 
c: [ 3 or 
=r 
7- ro 
3" ~ - t::;tj ...... 
Q) ro en ...... 

~ ...... c: 
A" ...... 

~ 
c: ...... 

a 
~ 
~ n 
ro 
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------------------------------------------ Raumfahrt-lnfrastruktur ----

p truktur 
ol Dasa-RI 

COF 
PRIME CONTRACTOR 

I 
I I 

DKI ROVSING F SEXTANT I I ALS..T 
• Thermai/Mechan. 

Fj MMS-T sl ABT System Eng. 
WINDOW DEF. 

PDU • Structure bMS EGSE 
UTILITIES PICA • Thermal Control 

• Operations 

Nl . B I SPACEBEL o! cc F ALCATEL E. Dasa-RI 
ol o! TEST & CHECK-

Dasa-RI OHB USS/SSW/ 
VDPU SPC TESTER 

HRM 
OUT SOFTWARE ECLS 

~ - HARNESS /GSE 

s! Dl I I SBI TBD 
I I NL! 

OR ALS..T 
MT Bradford 

TEST EVALUATION & SPC/MMU 
DATABASE SERVICES CAMERA - - ELEMENTS HUB 

ATC-Equipment Water Valve 

I I NLI NLI ALS..T TBD 
E I GBI 

ORIGIN SIGNML 
SENER Druck 

MONITOR TEST EVALUATION & 
LAPAP RECORDER - 1- MSD s;s Rack Press. Sensor DATABASE SERVICES 

I I SSI D I BOSCH TELEC. F I AS us! Boeing us I MDAC us! SCI INC. 

ISS Common MAL 
COAP F MMS I-'-- BCS (ICS) MDPS/NDI 

Items PANEL - EEE -
PARTS AGENT 

A:APMPRI ME.P 

0 0 0 ~ 
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------------------------ - --------------- Raumfahrt-lnfrastruktur - ---

Programmphasen 

o Vorstudien: Machbarkeit 

o Phase A: Konzept Studie 

o Phase B: Projekt Definition 
Detaillierte Definition/Spezifikation 
Angebot f"tir Phase Cffi 

0 Phase C: Entwurfsdefinition 
Detaillierter Entwurf 
Breadboarding 
Kompatibilitat (Design integration/integrity) 

o PhaseD: Fertigung und Integration (Zusammenbau) 

o Phase E: Betrieb 

Verifikation (Certificate of Qualification) 
Abnahme (Certificate of Acceptance) 

Nutzlasteinbau 
Start 
lnbetriebnahme 
Operationeller Betrieb 
Entsorgung 

Mit gestuften 
formellen 
Uberpriifungen 

0 0 0 4 ( 
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---------------------------------------- Raumfahrt-lnfrastruktur ----

Zeitplan 
, ....................................................................... . ..................................................................................................................................................................... , ..................................................... , 

DASAIRI 
f:::::::::::::::::::::::::::::::::::::::::::::::::::::: 

Columbus APM- C/D Schedule 
l COL-R/BRE-CH-0002, Issue: 13 l 
! Date: 15. July 1996 ! 

'""'""i'99'6'"''""1'""'"''j'9'9"i''''"'"'f"'"'''"j'9'9'8"''""'1""""']'9'9'9'".""" 
'TT2"T'"f"!"4'"T'i''T'i'"!'·:r·;··4" '1"T''i'T'3"T'4" ''i''"[''i"'l"3"T'4" 

.......... iooo ........... r .... .:.. .. iiioT" ......... f ........... i.o'iii ........... 11 
'T'T2''T7'T'4'"1''T'T'i'''i''J'T4''' 'T''l"2'T'.f'T4'" ! 

• • : : : : : : 1 : : : 
i Major Milestones: DMS-Rl ! feD~ ' R "#AR2! JRU:Ssian Service M~dule Laun~h 
: PDR: 6195 ! ! i FAR! : : : : : : : : 
~...................................................... • ..... : ...... -:"""'':·· .. •• ''""';''''"'!'""+"'''' ..... -:- ..... +--.... +··· ........ -:- ..... -:-..... + .... ·t"'"': ...... .:. ...... : ............ 4 ................................................ . 

l Major Milestones: MPLM ! l l cbR l dR ... ARJI,FAR~ l l lirFARJ ! l l ! l l l l l 
! PDR: 4,oJS : ! ! ! ! ! ! . r ! ! ! r : ! ! : ! ! ! ! ! 
....................................................... .. .... l ...... 4............. .. .................. ' · I ' ' I I • ~ i : ' : ' ' ' ' ' i . . ; ; i ! i T ····· ······ ;······T······T····· ·······: ······ :······r··--- ··-··· :······r······f······ ······T······t····--;······· ······1······r······r······ 
: MaJor Mrlestones: COF 'ATP : : : : :'PDR : ! ! ! ! ! CDR ! ! ! ! ! ! RIFAR : ' 
f ........................................ ~~~~-~~-t ...... j ...... t ...... j ............ } ...... j ...... + ............ j ...... + ...... + ............ } ...... l ...... L ......... L. ... l-.. ... 1 ........... .L. .... l ...... t., .......... 1 .... ~~~-~~i ..... . 
! PIC¥>MS ~11' l ~ ! i ! ! l l ! ! ! i ! i i ! 
: Product Level ATP's : : : : : ! ! ! ! : : : : : : 
! fEEB-AgeDI Colllract Start ! ! ! ! : : ! ! ! ! 
~ I EE-Procure~t : e i i f i f f i .: ! i i 

I ! Yi<CA : ! ! I . I . I 
! ! ! ! DMSS/SAssy&Te.\1 ! ! ~ ! ~ 
! ! ! ! : : SWV2 ! ! 
: : : : • ' i · ' 1"""'!"'"•EM Sell : : : 
: : : : : SWVI.O EMSell • 

1 

: . : : : 

! = 1 ! 1! I i .. y ! 1! = ! ! 
! l l l l ! i l l ETMTe.\1 ! l!~_!>~~~ti_~~~~~--- ---~---L_____ : 

I I I I I I 

: : M~a-CDR's : : • : ---r---:---:--:--1----=---:---:-' 
: DMS T PICA I : : : : : : 
i : : coF; . PFM u~;u M~raar•s "'I Envir· Test j ! 

: PFM pre-Assy : : : 

! p ! i ! ! 
: : : PFM-Transport : : , 
i i i I i I i . . 
! ! ! PFMAssy ! 
: : = .. , : 

• ~ ~ ! PFM Te.\1 ~ 
i ! ! ! ! ! ! ! ! ! ! ! l l l . . . I i ! ! 

Ill I I I II I I II ! I I ! II'J~;f:/1 
: : : : : : : : : : : : : : : : : : Launch ~1te Proceuinf 

...... : ...... 1 ...... : ............. t ...... : ...... L ........... :.. ..... = ....... 1 ............ l ...... L .... l. ........... i. ..... l ...... l ............ .l ...... l ...... l ........... Hlf''''''''''''''''''"ll ... l... J; ... 0004 
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------------------------------------------ Raumfahrt-lnfrastruktur----

Entwurfsiiberpriifungen 

I Ereignis I Ziel 

o PRR (Prelim. Reqmts. Review) I System Anforderungen fur Phase C/D Angebot 

0 SRR (System Reqmts. Review)* Teilsystemanforderungen, Festlegung Testmodelle 

0 PDR (Prelim. Design Review)* Freigabe Fertigung lngenieursmodelle 

0 Crew Station Reviews Kommentierung durch Astronauten 

0 CDR (Critical Design Review)* Freigabe Fertigung Flugmodelle 

0 QR (Qualification Review)* Nachweis der Erfullung aller Anforderungen 

0 FAR (Final Accept. Review)* Abnahme des Produkts durch Auftraggeber 

~ * mit komplemenUiren Entwurfsuberprufungen auf Teilsystem und Gerateebene 
~ 
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------------------------------------------ Raumfahrt-lnfrastruktur ----

Entwurfiiberpriifungen (Forts.) 

o Aufgabe: 
Uberpriifung des technischen Fortschritts 
Formelle Freigabe der Ergebnisse als Basis fiir die nachste Phase 

o Methodik: 

0 

Datenpaket wird vom Auftragnehmer erstellt 
Kritik formulierten (RID's, DN's, etc.) 
Boards (Entscheidungen zu jedem offenen Punkt) 
Action Items zur lmplementierungskontrolle der Entscheidungen 

Zur Beachtung: 
Auftraggeber priift Auftragnehmer (Chairman) 
Logik dreht sich wahrend der Entwicklung um: 

Requirements: top-down (zuerst Systemanforderungen 
festschreiben) 

Design: bottom-up (zuerst Entwurf auf Gerateebene priifen) 

000 ~ 
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----------------------------------------Raumfahrt-lnfrastruktur----

System Assembly, Integration and Test 

Model 

Mock-up 

Eletrtcal 
Test Model 
(ETM) 

PICA I Alenia 
Assembly 

I I 
r -----] 

Deliveries: 

- Design optimization 
- Physical OPS Procedure 

qualification 
(accessiblllty etc.) 

- Funct. PICA Units (fans etc.) 
- Harness 

COF/Dasa-RI 

Assembly 

I I Qual. Tests 

- APM funct. system 
- EGSE 
- Ground software 

,---, 
~ackTest 
~Facility 

Trouble 
Shooting 
parallel to FM 

~----------+----------------------------r----------------------------------------~t 

Flight 
Model 
(FM) 

APM Pre--Integration 

- Structure Transport 

- Funct. PICA units I I 
- Harness -PICA 

- ECLS/Tabing etc. - MGSE 
- FGSE 

Assembly 
L I 
- Funct. 

Qual./Accept. Tests 
units I --- J 

- APM funct. system 
- GSE 
- Ground software 
- System tests under 

PICA responsibility .,., .... .., I Q 0 0 4 
(e.g. audible noise) ., t 

> 




