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Columbus APM Qualification Review (QR 2) 
Technical Presentation 

• Overview 

• Columbus APM System Configuration 
•External Configuration and Interfaces 
•Internal Configuration 
•Structure arid Mechanisms 
•Avionics 
•Thermal Control 
•Environmental Control, Life Support 

• Operations 

Note: Modifications since QR 1 hiqhliohted 
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Columbus APM Qualification Review (QR 2) 
Technical Presentation 

Mission Scenario 

- APM launch with NSTS 

-Initial European Payload 
Complement integrated in 
APM at launch 

-External Payload 
Complement launched 
separately on same flight 

6. September 2004 

~ 

Flight Direction 

9 

(View from NADIR) 

-Berthing to SSMB by Remote Manipulator 

-Permanently attached to ISS during complete 
life time 

-Distributed Autonomous Operations Concept 
incl Payload operations from Europe 

-Resupply and Payload 
completion/reconfiguration via ISS logistics 
scenario 

End of Life destructive Re
entry with ISS 
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TORS 

Columbus APM Qualification Review (QR 2) 
Technical Presentation 

Communication System 

ARTEMIS 

.~- S-Band ---t:'•. -··2·;.;.;~;; ........ 

50 Mbps 

Interconnection Ground Subnet 

U.S. EUROPE 

G 

DRTS 

JAPAN 

• Provisions for on-orbit 
accommodation of COL 
Terminal 

• Potential Useage: 

•Improved Telescience 

•Back-up for TORS 
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Columbus APM Qualification Review (QR 2) 
Technical Presentation ~s-' 

ACE 
ANSPORTATION 

Mission Scenario 
Objectives: 
Multidisciplinary Utilization, including Material Science, Fluid Physics, Life Science, Space 

Science, Earth Observation and other Scientific Disciplines; 

Payload Accommodation Capabilities: 
Internal (pressurized environment) 

- 10 Active International Standard Payload Racks (ISPR) 
- Racks in latera.l positions (8) can be equipped with ARIS (On orbit configuration I not 

for launch) 
- 3 Stowage Racks 
-Mounting and Resources Provisions for P/L to be mounted in the APM Centre Aisle 

External Payload Facility (EPF) 
-4 Places with ISS Standard Mechanicaii/F (passive FRAM) (On orbit configuration I not 

for launch) 
- Interfaces for electrical power, EWACS, MIL Bus I LAN, High data acquisition 
-Harness 1/F for Laptop access to P/L computers 

External Payload Parking Position 
Mechanicaii/F: EUTAS 
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Power (branched off from EPF feeders) 
( Monitoring/command interfaces ) 
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Columbus APM Qualification Review (QR 2) 
Technical Presentation 

APM Main Design and Performance Features 
Design Life: 
Overall Dimensions: 
Launch Mass: 
On-Orbit Mass: 
Electrical Power: 

Data I Communications: 

Environmental Control: 
Resources: 
Launch Vehicle: 
Servicing; 

6. September 2004 

15 years via on-orbit maintenance 
approx. 8 m Length; 4.5 m Diameter 
12,775 kg (incl. 2,500kg P/L) 
21 000 kg max. 
For Payload: 120 VDC, sized for max 20kW 
Subsystems: 120 VDC and 28 VDC 
~ 32 Mbps downlink via ISS or JEM 
~ 10 kbps uplink via ISS (actual data rates depending on 

link ISS operational scenario) 
Provisions for COLUMBUS Terminal 
>50 Mbps down (direct 10/100 T Base LAN 1/F) I 
2 Mbps up 
Sized for up to 3 crew members 
All Resources except Data Processing by ISS 
NSTS (Shuttle/Orbiter) 
In Situ via IVA and EVA using NSTS 90 days resupply 
cycle 

Fol ie 6 
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Launch Configuration 
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Columbus APM Qualification Review (QR 2) 
Technical Presentation 

On-Orbit External Configuration 
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Radio Amateur Antennae 
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EUTAS for 
P/L Park1ng 



Columbus APM Qualification Review (QR 2) 
Technical Presentation 

Internal Configuration 

6. September 2004 

Interface bracket for P/L 
Laptop to EPF computers 

Interface bracket for 
Interconnection to ISS 
OPS LAN 
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Columbus APM Qualification Review (QR 2) 
Technical Presentation 

-SOM-
PANE:L A55Y 
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-SDM-
PANH UST 

~E[ DVD ti,DAIQD 5H., 

MODULE SIDE 

Hlttll 

-SAN-
PANEL ~S!IY 

HI Dl" 011CA7U 'H'1 

nc tJ• 
(SPAU) 
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Interface Radio 
'----Amateur Antennae 
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Columbus APM Qualification Review (QR 2) 
Technical Presentation 

Extended Utility Panel 
.(X.U.E)l 

lnterstatjon LAN 1/F 
(ISL)Panel 
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• • • 

r.J:R l ·~ n! ·n l-1·: n 
r: , i . . .. ; I ~~ 

• • 
Standard Utility Panel (SUP) 

Connector 

J01 

J02 

J03 

J04 Data 1 

J05 Data 2 

J06 Data 3 

J07 Data4 

JOB Data 5 

J09 Data 6 

J11 (XUP) 
J12 (XUP) 

J21 (ISL) 

J22 (ISL) 

ALLOCATIONS 

120 VDC, ISS C&C Bus (SUP2: Bus1, SUP3: Bus2) or CHECS Bus (at SUP 1&4) 

120 VDC, US P/L Bus (at SUP 2&3 only) 

120 VDC, US P/L LAN-2 (SUP1 & SUP4); US OPS LAN (SUP2) 

APM P/L Bus (at SUP 1 &4 only) 

APMLAN_N 
Video (FO) (at SUP 1&4 only) 

P/L Fire/Smoke/EWACS (at SUP 1&4 only) 

Video (analog electrical signal and DC supply) (at SUP 1&4 only) 

APMLAN_R 

Digital Electrical Video and DC supply (Harness Provision for Video Mk2) 

D1g1tal Electrical Video (Harness Provision for Video Mk2) 

APM LAN 

APMLAN 
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Columbus APM Qualification Review (QR 2) 
Technical Presentation 

APM External Dimensions 
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Columbus APM Qualification Review (QR 2) 
Technical Presentation 

External P/L Facility (EPF) 
• EPF composed of two separate frames 

hinged on the starboard cone/cylinder ring 
for access to MOPS I structure 

• Each frame carries two passive FRAM with 
the necessary power and data utilities 
connections 

• Each FRAM is able to accommodate two 
payloads up to 370 kQ each 

• Installation and removal of the payload is 
nominally performed by the SPDM, manual 
operations for first APM external P/L as 
SPDM not ready (concept confirmed by 
NASA) 

• lCD controlled interfaces on stbd cone for 
both the SPDM (H-Fixtures) and EVA crew 
(WIF) operations 
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Columbus APM Qualification Review (QR 2) 
Technical Presentation 

I Jl ..... , I~ I ~; tiT. :~~ . ··~~ T :s 1 :::l.,_ I =~· 

SSMB) APM 

SPACE 
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8 I =<SSUM IIIIL ~· ~ Com~eOat• : 

Vellling 

If'..,.,.,.. 
IL ' ... 

[Lo~~ 

i,. rn~ ~-
·~"'" 
...,_ 

~Condenaate 
~ Ratutn 

II I n I N, 

APM SSMB 

=z:r= t.oR. .. TO.IUI~I-1 til S00 Ulilil)'-_,._ 

Functional Architecture 

-Electrical Power Distribution 

-Vital Data Management System: 
EMERGENCY, WARNING an CAUTION visual 
annunciation and SAFING 

-Nominal Data Management System:APM 
System management (incl. FDIR ) - LAN 
Switch I Solid State MMU 

-Video I High Data Rate Acquisition and 
Distribution -- Provisons for Digital, Electrical 
Video System 

-Voice Communication (incl. EMERGENCY & 
WARNING aural annunciation 

-Illumination 

-Environmental Control/ Life Support System 

-Active Cooling System (internal: water loop, 
external: heaters) 
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Columbus APM Qualification Review (QR 2) 
Technical Presentation 

Electrical Power Distribution 
SSMB APM System Bus APM Payload 

H/W Controls 

G I FooJd I ,I 

Feeder#2 
DDCU 

H/W Controls 

6. September 2004 

Standard Utility Panel 1, 2 

120 VDC 6kW/3 kW Main Pwr 

120VDC 1 ,2 kW Aux. Pwr 

connected 
to feeder A3 

connecdted 
to feeder F3 

~ I I I I I I}IJVIJt. 1 ? kVV An{ Pwr'--+------~ 

120 VDC 6kW/3 kW Main Pwr 

Col Term1nal 
1/F Bracket 

ISPR "s 
A1 .. A4 
01 

Ext. P/L 
- EPF 
- Extern.Parkmg Pos1tion 

ISPR·s 
F1 .. F4 
02 
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Columbus APM Qualification Review (QR 2) 
Technical Presentation 

EPF I Parking Power Distribution 
APM 

··-·-·-·-·-·-·-· -·-·T·-·-·- . - ·-·-·-

6. September 2004 

ISPR A3 

PDU 1 

r·-·.=rh·r-·: . 
I 

! I ! 

P/L Power 
Switching 

Box 
(PPSB) 

Inside • Outside 

I 
• 
I . 
I 

··-·-···-·-·-·· ···-·-···-·---·--·-·-·-·~ 
• Feedthrough 

Connectors 
I 

PDU2 i 1.25 kW max. 

r·---·-·-·---~ 
I 

·-·-·- ·- ·----·- ·-·-·.: per feeder 
2.5 kW max. total • 

I !~ ··-· -·- ···-···· • 
I 
• 

ISPR F3 I 

Power Branching 
Unit IPBUl 

I I • P/L Parking 

~ 

EPF 

soz 

sox 

sox 

SON 
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Columbus APM Qualification Review (QR 2) 
Technical Presentation 

EMERGENCY, WARNING and SAFING I Vital OMS 
MA P 

I 0 0 
CAUTION AND WARNING 

SSMB 
I 

B lc•ut•on I i ~UE)I ArM I II I NOMINAL OMS i 
i 

lliill i 0 C&W OATA FROM OMS j 
0 TONE RESET --- 0 ALARM TONE ACKNOWl 

STANDARD PIL BUS 

ADDITIONAL 
INFORMATION 

/ 

,........, SYSTEM LOCAL BUS 

~ ~ ISS C&C BUS 

[J::fi] ..... ~ ..L 

6. September 2004 

~~~H~iRRSAF~G ACTIVITIES 

SAFING COMMANDS 

} TOVTC 

! !D 
--------'!'----QJ 

ALARMTONE i 
I 

-----__,.;.:-x~ ~ h HEAD-SET 

ID={ 

VTC 

....----

VITAL BUS 

POWER 
STATUS 
INFO 

ESSENTIALJAUXILARY POWER 

1=lil 

r·-·-·-·-·-·-·-·-·•·-~-·-~-·-·-~-·-·-·-·-·-·-·-·-· 

I ~ '~~ SENSOR 
LOADS 

I 

I 
CABIN LOOP . 

PAYLOAD RACK ISPR 

POU 

l C&W 
PARAME TER 
INFO 

~ 

I 

Ess/Aux 
PWR 

LOADS 

SYSTEM C&W h 
SENSORS J I 

DATA 
COMMANDS 
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Columbus APM Qualification Review (QR 2) 
Technical Presentation 

EMERGENCY, WARNING and SAFING I Vital OMS 

I 
SSMBjAPM 

ISS ' - Emergency Lght ON 

C&C 1/F ! - Fi"' Message 

Busses 1 

-t-13 
Emergency • 

Tone +-x· ~ h HEAD-SET 

Vital Bus 

Ught; 

Tone 
Reset 

. 
~·-·-·-·-·-·-·-·-·-·-·-·, . 

Legend: 

0 Smoke Sensor 

• subjected to airflow I fire detection 

D enclosed volume, not oonnected 
to airflow 
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I 

Air I •( 

lntermodule 
Ventilation 

Air 

1 ... 10 

Fire Suppression: 
- By Portable Fire Extinguisher 
- Depressurization (last resort) 

Stowage 
Rack 

I -----= FWP swmrr I 

Fire Detection 

• Total cabin volume 
monitored by ISS 
common Smoke Sensor 
in air return 

• After confirmed fire 
cabin fan stays ON as 
requested by NASA I IMV 
valves automatically 
closed 

• No fire detection in other 
system compartments 
(fire prevention by FDIR) 

Fire Suppression 

• By ISS common 
Portable Fire 
Extinguishers (2 in APM) 

• Depressurization (last 
resort) 
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Columbus APM Qualification Review (QR 2) 
Technical Presentation 

SSMB ~APM 

HARDWIRED 
INTERFACES 

~ ACTIVATION, C & W 

VITAL MONITORING 

~ 

Vital OMS Layer 
Data Management System 

VITAL 1553 BUS 

MAL I 
~ 

ICS ...,_, 
ACTIVATION, C & W 
VITAL MONITORING 

~ 

PA~2 ~~ a ~C82 J 
~ 

r·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-
Nominal OMS Layer 

SYSTEM MONITORING CONTROL 
AND RECONFIGURATION 

!- "-'- ' "- - '- J SYSTEM 1553 BUS 
I T ICS 

I 

;::,;::,t:.;::, • 

I 

-. - . - . -. - . -·· +- ·1- ·1- . -
. ' 

.QQ! 

Term1na!IIF 

I 
PLCU I ~- · -1-1·- · -·t- ·-r- · t ·-· T · 

------ - 1SUP UF ISPR 1-10 F•l ~ .... f'.xtern 
INTERFACE 111..1/P T 

Payload Section 
(SPC) 

APM PIL BUS 

(Ce~Aifn-) YT~~ 

ICS~ 

lyyv 

ICS .,______. Tl ICS ICS ~ ICS l==fTCS ::{ ICs [11 ICS US PIL BUS 

(STD PIL BUS) , , ===========================::( ICS 1 ~s ICS ICS I T ICS 1= 
T I ,____, • 

USLAN ! ~ PEHG ~ L-.;,;;.,J 
(Pn_ LAN-2) , J L.. , - J .=--.-'- 1. 
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Columbus APM Qualification Review (QR 2) 
Technical Presentation 

Intern I Extern 

VOPU I NOTES : (1) Only 1 of 4 EPF IfF's shown 

2 I (2) Only 1 of 4 sets of 110 channels are shown. r- -
(3) PEHG Command/Monitoring Only External Payload " I 0. 

~ I Data Interfaces 6 r- - EPF<1
> 

"' HRD 1, line 1 and 2 

HRD 2. line 1 and 2 

I Notebook 
4 3erial 1/F to Pll Computen 

1Ht"H llrAI".kHI 

APM P/L Bus 

~ US P/L Bus 

" 
L 

~ LAN 10Base T 1/F 1 
HUB/ j LAN 1 DBase T 1/F 2 ~ LAN Switch 

US LAN • "0 ·~ 

! Status inputs #3 ~ 
Active driver inputs #3 

~ HUB/ 
F- Analog inputs #2 

LAN Switch APM Payload Bus 

(Redundant) (nominal and red .) Current inputs 4M20 mA #2 

Temperature inputs #2 ,..-------
F=-- ,--+ 

28 V Pulse commands #3 

" •Addition of monitoring I PEHG -u.-
5 V Level commands #3 

(3) r- " -• I command interfaces to 
rl-

~ l Pa~load Parking Position .. 
" I not ~et required b~ CSRD 

US Payload Bus 12 I (nominal and red.) 4/B 
XCMU I 

From/ to 
(2) EPM2- 4 I •lmglementation alread~ ---.,_ 

I 

------ started (not ~et covered 
------

I 

------ I coherent!~ in QR 2 Data 
~ - Package) 

IC,nl I tC 

r-- P/l Puku1c I >~Ilion 

--- ....... --
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Overall Software Architecture I Mapping 
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Legend : 
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APMl..t..!l ILANI 
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S\\1 
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li\'1' : ;>T ~·f 

' I 

f'll; 1563 bl..<l 

• File Transfer between 
MMU and Portable Work 
Stations 

• Down-linking of multiple 
files: events generated on
board send to ground 

• LAN traffic in separate 
domains (on-orbit recon
figurable ): two virtual 
channels 

•LAPAP changes as 
requested by Astronauts 
(further modifications in 
LAPAP mark II) 
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Video I High Data Rate Acquisition and Distribution 
SSMB!APM 

Provisions for COL Terminal 
• Additional HRM output to 
COL Terminal 

Down- Links 
(Fiber Optics) 

2x Video In 

2x Video Out 
2x Video Sync 

High Rate Data 
SSMB HRDL 

(10x2) 

JEM 

SSMB 

6. September 2004 

Columbus Terminal 
Down- Link 1/F Bracket 
(Electrical) 

l ~ LAN 

APM P/L Bus ... ... System Local Bus 

I Monitor/ 
Control 

I MMU Li 
I 

High Rate I !-" 
-:"" Multiplexer 

(HRM) 

Monitor/ 1 ....... 12 
Center A1ste P/L 

Control System Cameras I 
I 

E;J' I 
I 

VDPU I 
I 

I V~eo ~ 
I ~ G~ I 

Compression SUP/XUP1 &4 

Switch 

8 z~ 
Matrix 2x Video/Data 

1x Sync 
per SUP 

~ l VCR n L-- ,- I 

~ In paral .o. l to FO med1um electnca l lines installed 
~- W1. be used when Mark II VDPU '5 Installed 

ISPR1
S EPF 

1 ... 10 1 ... 4 

2x Video/Data 2x Hi! 
1x Sync R 
per ISPR erE 

ocati 
5x Vtdeo 
for dedicated 
Video iSPR 

• Direct LAN Interfaces for 
increased data transfer rates 

Video System Mark II 

• Present VDPU will be 
replaced on-orbit by VPDU 
Mark II (Identical unit 
interfaces) 

•Commercial, digital Video 
Standard 

•Downward compatibility by 
:~· Payload Adapter Kits (PAK) 
" converting P/L FO Interfaces to 

electrical, digital signals as 
necessary 
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Illumination {All hardware ISS common) 

I PD'J 2 I 

I PDU 1 

12Ct'JOC 

1 
I MLU <l r 

f•l '-.U J ll 

I r.I LU2 II 
- r.LU I 

r.lLU 8 

r.1LU7 

,,,_uo 

r.1LU !:i Emergency Illumination : 

•Batteries permanently 
charged 

----------------~----- ·--------------··-·--· 

•Activated automatically 
when no power from both 
feeders available 
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Columbus APM Qualification Review (QR 2) 
Technical Presentation 

Environmental Control/ Life Support System 
Vacuum & Vent Line 

Dump Assy ------------------------------------------ __ _ ---- -----------\ I w, I I 
~ ' t i .11 ~" '1 \ 

·~ 
Rack' 

Accumulator 

\ )-, 
IMV 
Fan Assy 

•For new monitoring/ 
command interfaces 
for external P/L 

N2 _ l l____.... A--J 
I MVSupply~ (d 

I j 
! I 

Parking Position 
additional 
feedtrouoh-I , 

! ! connectors needed I 
I 
I 
I 
I 
I 
I 

Trace Gas I 
Sample Line E:~ Cabin Air 

I 
I 
I 

I I 
I I 
I I 

IMV 
Fan Assy 

I I I I MV Retum~ 
Condensate I I ~ 
Return 

"'" 
Cabin 

"'"'~ 
Fan Assy 

CondcnsaB 

CHX ~ 
t=====~===;:::::=====-====::::t:t=========::::: ~ .--------' 

~~ 

§-on STBD cone 
Negat. Press 1 t \ 
Relief Assy I I 

I I 
I I 
~ I ! ! • NPRV will be 
!J relocated in IMV 

Positive Press. 
Relief Assy 

/ duct I removed on-
~ /: orbit after berthing 

Cabin .:::(:J P bt <'> 
P~ "(same concept as 

for other modules) 

~::~:---------------------·-------------------------~---------------~ 
Note: (1) C & W sensors 
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Internal Water Cooling Loop 
SSMB 

Air .-= c===J 

LEGEND 

-8- Water Pump Assembly 

liP- Three-way mod . valve 

-6- On-off valve(Valves at ISPRs fa 
water flow selectalbility and 
chargeability) 

Water Loop 

...., Wet temperature sensor 
block 

~ Delta pressure sensor block 

B Condensating Heat Exchanger (CHX) has two cores (see 
para 5.7) , 
one in operation and the other one dried to avoid rapid 
microorganism gowth. 

6. September 2004 

17±1 ·c 300-1 000 kllihr 

CSRD 8.2.6.6(new): 

, .. . up to 750 kg/hr flow rate 
. .. to Payload Complemenf' 
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I I 
• 0 

I I 
• 0 

I I .. 
I I 

I I 

SSMB I APM 

External Active Temperature Control 

I • I 

APCU 

APM ! Orbiter I I I I 

SSRMS/PDGF Power 
on ly avai lab le for Unberthed Surv ival 
Mode. 
APCU Power only avai lable during 
Ascent with Shutt le . 

•In Shuttle lCD agreed that 
APCU Feeders have two 
independent switching 
layers 

•As required by Safety 
Panel Operational 
Procedure to ensure that 
connection to APCU is 
removed before SSRMS 
grapples PDGF 
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Main Mission Phases 

-,., ...... .,. ...... 
oc.., ' ' "'\. 

Ini t i a l iza tion ., " 
' \ '\ l 

Mission 

RoiUIJina 
Operatio n:s. 

~ 
' , 

~ , 
~ , 

~ , 
,. ~_.. t -- , . -- -- .,. ~ ~--- -~ ; - -- - OPS under - ., 

- - rad uced Pa~rform.anca - --- ..... _______ ....... .-. 

Ill 

' I 
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pt. e n 

sr: t-1.: A 1 '•' 

l n ti.Jahzall :::en I UnbErthed I Grapple !Yv ::>SR M!i and SWitch ::n c t I M 1•w n u m s. ... H'"'"·al me de o ·f 

;::;r.=.erat.ons 
n der 
ed~..>::ed 

.erta--mar.::e-

Roubne O ps. 

I.Jr:pos. 

E:lertned Sur., -.·al 

Support 

P as.-sr ... e 

( n-'lanned;t 
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.::>~:an ct p,·L ODS 

End-ot-L1fa 

uro.~er to 

Ort>.iter r.:o 

ere• 

sr:~on-s 

Berthed Suvival 
Mode also used 
during Solar Flare 
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Summary 

• All technical descriptions I data ( system level) are 
provided .in the OR 2 Data Package Volume 2 

• Technical desriptions I data ( product level) are 
available at Astrium for review 
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