
SD2905 Human Spaceflight
Lecture 8, 14-2-2014

The International Space Station
Part 2 - Operation



TODAY: Learn and understand how a space station (ISS) is operated

• From ground: Each ISS partner its own CC. (Pros and cons)

• Logistics – sending stuff there; taking care of it on the station. Spare parts on-board when things break, 
contingency food/water/O2,... in case a delivery fails

• Planning! Planning! Planning! Longterm, shortterm, daily work schedules – not only for crew: attitude, 
communication, thermal, experiments, PR,...

• Crew itself: checklists – now electronically. Crew notes. Time to prepare daily work. You do something you 
trained for many months, perhaps a year, ago!

• Utilization limitations:

– Biggest bottleneck: Crew time! Aiming to get about 40 h / week ”utilization” from the three USOS crew 
members. (Note: Robotics – can be done from ground!)

– Upmass & downmass also major bottlenecks

– Power, data links

• Control centres and grounnd ops

• Planning

• Cargo vehicles

• Docking systems

• Robotic arms

• Crew work

• Utilization limitations.
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Discussion: How do you think one operates a space station?



Many control centers involved with ISS
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Main centers: Houston (MCC-H) and Moscow (MCC-M), 

Oberpfaffenhofen in Germany for ESA (COL-CC) and Tsukuba in Japan

Others are more for specific events, like for ATV in Toulouse, France.



The Flight Director is boss for all activities
Capcom only person who talks with the crew (normally) 
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Houston                                                Moscow



Each main system of ISS has its own console
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Example of screen info in the Mission Control Room
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Main Screen in the ISS Mission Control Center FCR (Flight Control Room) on November 10, 2010



Daily reports 
from COL-CC
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”Back rooms”, planners and various boards support the 
operations
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Planning, planning, planning
From years ahead, to real-time updates
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The current ISS Cargo vehicles
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ATV                     Progress                HTV                        Dragon                   Cygnus 

(Automatic Trasner Vehicle)                      (H-II Transfer Vehicle)

H-II launcher



ISS Cargo ship capabilities
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Vehicle (Parner) Launch 

mass (t)

Payload 

mass (t)

Volume 

(m3)

Dock/berth

ATV (ESA) 20.0 7.6 48.0 Docks automatic to ISS aft end 

(ROS)

Progress (Russia) 7.15 2.35 7.6 Docks automatic to a Russian 

port (possible manual take-

over)

HTV (Japan) 10.5 6.0 42.0 Grappled by SSRMS and 

berthed to a CBM port

Dragon (US) 8.0 3.0 10.0 Grappled by SSRMS and 

berthed  to a CBM port

Cygnus (US) 5.0 2.0 18.7 Grappled by SSRMS and 

berthed  to a CBM port

CBM = Common Berthing Mechanism



ISS Transportation Logistics

Soyuz

Progress
•Launch Site: 

•Baikonur
•Late Access: 

•L-14h

•Launch Site: 
•KSC

•Late Access: 
•L-12h?

•Launch Site: 
•Kourou

•Late Access: 
•L-weeks

•Launch Site: 
•Tanegnashima
•Late Access: 

•L-weeks

•Launch Site: 
•Wallops

•Late Access: 
•L-weeks

Launch – hatch 
opening time

Passive temperature 
control available

L+60 to L+90h

L+3d?

>L+6d

>L+8d

>L+3d?

Experiment Transfer to vehicle 
to landing: ~36h

Experiment Transfer to vehicle 
to landing: 2d?

Passive temperature 
control available

Experiment 
Handover

Landing to handover in Moscow 
~12h

Landing to handover in JSC 
~40h

Experiment return to scientists

Dragon

ATV

HTV

Cygnus

Soyuz
Dragon

Upload Download



Russian docking system (for Souyz, Progress, ATV):
The ”Probe/Drougue Docking System”
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Learning the docking system in Russia ca 1994
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Docking systems on the USOS: APAS (Shuttle) & CBM
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APAS on the shuttle: The orbiter docking system
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SSRMS (Space Station Remote Manipulator System); ”Canadarm2”
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17.6 m long;

35 cm diameter

1.800 kg

7 degrees of freedom

Max mass can handle: 116 t

Can „jump“ between powers sites (PDGF)

Power and Data 

Grapple Fixture 

(PDGF)



SSRMS can be operated from inside ISS or from MCC-H
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RWS, Robotic Workstation 

in the Cupola



SSRMS with MT on MBS and the SPDM make up the MSS
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MSS = Mobile Servicing System

MT = Mobile Transporter

MBS = Mobile Remote Servicer Base System

SPDM = Special Purpose Dexterous Manipulator (”Dextre”)

The MT can travel 

along the whole 

truss on a rail



More robotic arms: ERA and JEMRMS
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ERA can be controlled from 

inside and outside by an 

astroanut in space suit

JEMRMS + Small Fine Arm
ERA (European Robotic Arm) on 

the Russian MLM (Multipurpose 

Laboratory Module; ”Nauka”)

In addition 

Russia has a 

manually 

operated 

crane: ”Strela”



Crew work in typical space environment



Electronic schedules gives a lot of details, including links to procedures (Checklist)
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Only a few checklists are on paper (also), but Emergencies are one 

In principle 8 h 

daily work



Checklists and laptops!
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The crew’s main purpose is to perform experiments and other ”utilization”

Utilizisation = work not devoted to take care of ISS (”systems work”) or to take care of 

themselves (like 2 h physical traingin per day)

Utilization limited by crew time, up-& down mass, data links (rate), power
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62 h util. per week for 

the whole crew!
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How do you measure your mass in weightlessness?

The frequency of vibration measures the mass of the subject to 0.5% accuracy.

Basically use 

F = ma



ISS Live!
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http://spacestationlive.nasa.gov/index.html

http://spacestationlive.nasa.gov/index.html
http://spacestationlive.nasa.gov/index.html


What ”Utilization” is ISS used for?

• Science

• Weigtlessness

• Space view

• Earth view

• Space environment (radiation, vacuum, human isolation)

• Technology demonstrations / development

• Exploration preparation

• Education / outreach / inspiration
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The International Space Station is a fantastic, 

unique lab, with views up to space, down on Earth

and WEIGHTLESSNESS


