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Conclusion

The ECLS Subsystem for MPLM has been
successfully developed, and the
hardware for three module flight units
delivered to ASI. This effort forms part of
the cooperation between ESA and ASI
aimed at improving the overall efficiency
of industrial development for Europe’s
contribution to the International Space
Station. 

In exchange for the development of
MPLM’s ECLS Subsystem, the Columbus
flight unit primary structure – directly
derived from MPLM’s design – is currently

being manufactured under ASI’s
responsibility. As the requirements for the
two modules are so similar, the Columbus
structure needs no dedicated
qualification testing.

Considerable savings for both projects
have been achieved by single
development and qualification of
common hardware – a significant
contribution to improving the
affordability of manned space
programmes.
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Space Shuttle’s payload bay. As a
consequence of the similarity between
MPLM and ESA’s Columbus general-
purpose ISS laboratory, the Agency has
provided the Environmental Control
and Life Support (ECLS) Subsystem for
the Italian module, in exchange for
using a derivative of MPLM’s primary
structure for Columbus (see box
above).

Mutual Benefits

In late 1995, ESA’s Council authorised the
‘Arrangement Between the European Space
Agency and the Italian Space Agency on the
Exploitation of Common Features of the
Pressurised Modules Developed by the
Parties’. The goal was to avoid the
duplication of development efforts by
sharing common features on ESA’s Columbus
laboratory and ASI’s Multi-Purpose Logistics
Module (MPLM). This led to ASI providing
ESA and the Columbus prime contractor,
DASA, with a derivative of the MPLM
primary structure for Columbus. In
exchange, ESA provided ASI and the MPLM
prime contractor, Alenia Aerospazio, with
the Environmental Control and Life Support
(ECLS) Subsystem for the three MPLM Flight
Models. The estimated saving to each
programme is more than EUR25 million.

The ECLS Subsystem was designed to satisfy
both MPLM and Columbus. The contract
was awarded by ESA in early 1996 to
Dornier Satellitensysteme of DASA, and the
deliveries of all MPLM engineering models,
associated Ground Support Equipment and
the three Flight Model sets were completed
in 1998. The Columbus deliveries are
planned for 1999.

Supporting the 
International Space Station

The International Space Station (ISS)
presents an unprecedented opportunity
for the whole of mankind. For the first
time, more than 40 years after the dawn
of the Space Age, scientists and
engineers will maintain a permanent
international presence in space. While
orbiting at an average altitude of
400 km, they will undertake a stream of
scientific and technological tests using
laboratories comparable with the best on
Earth. Activities will range from
fundamental research such as puzzling
over the mysteries of life to acting as a
test centre for developing innovative
technologies and processes, speeding
their introduction into all areas of our
lives.

Assembly of the 500-tonne ISS began at
the end of 1998 with the mating of the
first two modules in orbit. Although
assembly will not be completed until
about 2004 after some 45 launches,
productive work aboard this outpost will
have been underway since early 2000.
This will require a regular flow of
equipment, materials and consumables
delivered by a range of vehicles. Other
items, such as the results of experiments,
will need to be returned to Earth. Once
fully operational, the ISS will require 40 t
of pressurised logistics delivered annually,
and 30 t taken home.

Europe is providing two crucial elements
of this ferry network. ESA’s Automated
Transfer Vehicle (ATV) and its mixed
cargo will be launched on Europe’s large
Ariane-5 rocket. Italy is separately
contributing the Multi-Purpose Logistics
Module (MPLM) to be carried in the



The world s largest cooperative venture will need a constant stream of supply vessels once it is operational.
ESAs Automated Transfer Vehicle is seen docked at top left; Columbus is housed at front left (ESA/D. Ducros)

Europe s contributions to the International Space Station. The main ESA elements — Columbus, ATV
and MFC — are in dark blue. ASI s MPLM is in pink, and ESA-provided items for other Partners elements are in
light blue. Right: MPLM will be attached underneath Node-2 during normal operations. In fact, it remains berthed
only while the Space Shuttle is docked to the Space Station — the spaceplane is omitted here for clarity.
(ESA/Alenia Aerospazio)
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Supplying the ISS
The MPLM programme is the result of a
bilateral barter between the Italian Space
Agency and NASA. In exchange for the
MPLMs, NASA is providing ASI with
experiment and research opportunities
aboard the ISS.

MPLM is a unique part of the overall ISS
logistics scenario, which includes NASA’s
Shuttle, ESA’s ATV, Japan’s H-2 Transfer
Vehicle (HTV), America’s commercial
Spacehab (carried aboard Shuttle) and
Russia’s Progress and Soyuz vehicles.
MPLM is the only logistics module
capable of transferring complete
International Standard Payload Racks
(ISPRs) to and from the ISS. Not only that,
but five of the 16 ISPRs can be supplied
with power of up to 3 kW in total. No
other ISS ferry can do that. So, for
example, experiment samples can be
delivered to the ISS or returned to Earth
still deeply frozen.

This cargo accounts for about 9 t of
MPLM’s total launch mass of 14 t. The
module is a 4.5 m-diameter cylinder
capped by conical end cones; its total
length is 6.5 m. The forward cone
houses the docking mechanism, hatch,
vent valves, and power and air
connections. The aft cone includes a
bolted cargo door that is removed for
ground processing activities.

MPLM will be attached to one of the
Station’s three interconnecting Nodes.
The Shuttle always docks with a Node’s
end (‘axial’) port and, using the Shuttle or
Station robotic arm, the MPLM will be
berthed at the Earth-facing side port
(‘nadir radial’) on that same Node. For its
first flight, planned for mid-2000, it will
be attached to Node-1. Once Node-2
appears in mid-2002, it will become
MPLM’s standard home.

It is expected that MPLM will fly a logistics
mission every 5-6 months until Station
assembly is complete in 2004, and then
up to five times annually during the
operational phase.

Equipment will be transferred by Station
and/or Shuttle crew members. And this is
where ESA’s contribution to MPLM is
critically important. The Agency-supplied
Environmental Control and Life Support
Subsystem will maintain comfortable
conditions for three astronauts to work in
the module simultaneously. Drawing on
Station resources, the ECLS controls the

The first MPLM Flight Model ( Leonardo ) in Alenia
Aerospazio s cleanroom in Turin. Station astronauts

will access MPLM through the hatch at left.
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module’s internal environment to provide
a safe, sea-level ‘shirtsleeve’ environment.

MPLM unloading and reloading will take
about 2 weeks, after which it will be
unberthed, replaced in the Shuttle’s cargo
bay and returned to Earth for preparation
for the next flight. Each of the three
MPLMs is designed for 25 such logistics
missions.

The first MPLM flight model, named
‘Leonardo’, has been at NASA’s Kennedy
Space Center (KSC) since August 1998
undergoing ground processing and

checkout in preparation for its maiden
flight. The other Flight Models are in
final assembly at Alenia’s plant in
Torino. ‘Raffaello’ is expected to be
delivered by mid-1999 for a 2000
flight debut; ‘Donatello’ will be
delivered in late 2000 for a first flight
in 2001.

This brochure describes the functions
of MPLM’s ECLS Subsystem, the
hardware characteristics and major
points of the verification testing. It also
summarises common features shared
by MPLM and the Columbus module.
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Living in Space

Humans living in space have a basic
range of needs that must be satisfied if
they are to work productively and safely.
Fresh air must be circulated throughout
their habitat, with the temperature,
humidity and contamination kept under
close scrutiny and control. Food and
water must be supplied, and the waste
products removed. There must be a
constant watch for fire, with some means
of extinguishing it. These basic functions
are described below, although not all are
provided by MPLM’s Environmental
Control and Life Support Subsystem, in
order to maximise the module’s cargo
capacity.

Pressure Control
The crew must have a pressurised
environment with the proper mixture of
nitrogen (79%) and oxygen (21%). The
total pressure and the constituents’ partial
pressure levels need to be continuously
monitored and adjusted to make up for
the oxygen used by the crew
(840 g/man-day) and for the small air
leaks through the structural joints (20-
40 g/module-day).

Temperature and Humidity Control
A comfortable, shirtsleeve environment
requires the temperature to be selectable
within the range 18-25ºC and relative
humidity within 25-75%. Fresh air needs
to be circulated to remove heat from the
crew (about 200 W each) and to mix the
cabin air constituents properly, avoiding
pockets of dangerously stale air.

Air Contamination 
Monitoring and Control
The living environment must be
monitored to ensure that harmful gases
exhaled by the crew, such as carbon

monoxide and carbon dioxide (CO2
about 1 kg/person daily), other metabolic
gases, and gases released by exposed
materials do not reach concentrations
dangerous to humans. Specific air filters,
catalyst beds and processes keep the air
clean and breathable.

Fire Detection and Suppression
Fires must be detected and suppressed
without endangering the crew. After a
fire, the affected air needs to be
discarded or cleaned to remove the toxic
by-products.

Water and Waste Management
A high level of resources and equipment
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Working in space is demanding and
must be meticulously planned. ESA

astronaut Thomas Reiter is seen
here working aboard the Mir space

station. (ESA)

Assembly of the International Space Station began
at the end of 1998: Unity Node-1 (right) was
attached to the Zarya module. On its first mission,
MPLM will be berthed at the bottom port; its Space
Shuttle carrier will occupy the axial site at right.
(NASA)

Once Space
Station is

permanently
occupied from

2000, this (below)
will be a typical

scene. ESA
astronaut Pedro
Duque works in
the Spacehab

module aboard the
Space Shuttle in
1998. (NASA)

are required for satisfying the crew’s
physiological needs (liquid and solid
waste) and well-being (drinking, food
preparation, hygiene, laundry). Some
40 litres of water/person needs to be
provided each day. Most of the water will
be recycled in order to limit the logistics
burden of resupplying the six
crewmembers aboard the ISS.

The restricted environmental control and
life support requirements imposed on
MPLM – which is berthed at the ISS for
typically 2 weeks at a time – are
described in the next chapter.
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ECLS for MPLM

The ESA-supplied Environmental Control
and Life Support (ECLS) Subsystem must
provide comfortable working conditions
inside the MPLM for up to three
astronauts over two weeks. In particular,
it must provide:

• Temperature and humidity control;
• Atmosphere pressure control;
• Fire detection and suppression;
• Contamination monitoring and

control.

Temperature and Humidity
Control (THC)
The ECLS Subsystem collects breathable
air from the Station/MPLM Inter Module
Ventilation (IMV) Interface, distributes it

throughout the cabin and then returns it
to the ISS for revitalisation. The air enters
through a port to the right of the hatch
in the forward end cone. It exits usually
via the open hatch. The air and other
utility connections are made manually
from the Station side by the crew once
the Node hatch is open. Ventilation is
provided throughout the habitable
volume to prevent dead-air pockets that
could be dangerous to the crew, and the
temperature is monitored. The module’s
humidity and temperature are selected
and controlled from the Station Node.

The required airflow of 468 m3/h is
provided by a single fan assembly
mounted at the forward starboard end.
The air is distributed throughout the

The layout of MPLM s
environmental control

and life support
subsystem. (Dornier)
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Most of the ECLS
hardware is housed
in MPLM s forward
end cone. (Dornier)

The ECLS is seen here partially
installed inside the MPLM
Engineering Qualification
Model. The white box at right
is the cabin fan assembly.
Although the ducting is not
connected, air is fed into the
module by the lines of silver
diffusers at top, and taken out
through the grids at bottom.
(Alenia Aerospazio)
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module by ducting and
diffusers set in two
branches along the upper
cabin – four diffusers on
each side, alternating with
the lights. Each diffuser
emits about 51 m3/h to
produce the required 
cabin air movement. A
further 30 m3/h is routed
from each branch into the
aft cone along the roof.
Restrictor grids in the
diffusers and restrictors in
the outlets to the aft cone adjust the
flows. These are fixed on the ground and
cannot be adjusted by the crew, in order
to avoid upsetting the ventilation pattern.
If the fan assembly fails, the IMV Interface
is closed and crew operations in the
MPLM are restricted.

The air is sucked from the module via
return grids in the lower platforms
(‘stand-offs’). The two branches are mixed
in a junction duct and led back to the
fan inlet, where the Station supply is
added. A restrictor in the return duct

ensures the pressure is
lower than at the IMV
supply interface, so air
continues to be sucked
from the Station.

Normally, air flows back
to the Station through the
open 40-inch (102 cm)
hatch. If the hatch is
closed, the air travels
through the separate
dedicated IMV return
duct. To isolate the

module from the Station, a motorised
valve in each of the IMV supply and
return ducts closes off the airflow.

A sensor in the return duct measures
cabin temperature with an accuracy of
±0.5°C. The signal is supplied to the
MPLM data acquisition and management
system for transmission to the ground,
where it triggers a warning if it strays
beyond pre-set limits.

In order to reduce airborne noise from
the cabin fan, duct mufflers are included
on the fan inlet and outlet sides. An
acoustic box encloses the fan casing to
attenuate the radiated noise.

Atmosphere Pressure
Control
The total atmospheric pressure is
monitored, and the ECLS Subsystem
transmits an emergency signal to the ISS
if MPLM’s air pressure climbs or falls
beyond pre-set limits. The module can
also be depressurised rapidly in the
event, for example, of a fire.

The Positive Pressure Relief Assembly bleeds off air
if the pressure climbs too high. The unit mounted
inside MPLM is at left. The grid at top screens out
debris from the inlet. The valve can be closed
manually by turning the handle at left or by the
remotely-controlled electric motor at right. The unit
mounted outside MPLM is at right.

The cabin fan assembly undergoing a
random vibration test during its

qualification phase. MPLM uses a
Space Station fan, but a European fan
is being developed for Columbus.
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Positive Pressure Relief Assembly
MPLM’s structure is designed to handle a
pressure differential (the difference
between internal and external pressure)
of 1.034 Earth-atmospheres (1048 hPa).
To prevent it from reaching this level, the
valve in the Positive Pressure Relief
Assembly (PPRA) opens and vents air
from the cabin when the pressure
differential rises to 1.014 atm (1027 hPa).
This ‘crack pressure’ can be reached
when the MPLM is isolated, for example,
inside the Shuttle during launch, when
the internal temperature might increase
because equipment is powered up
without active cooling.

The assembly provides ‘two-failure
tolerance’ by using three valves in
parallel, any one of which can do the
job. Two are housed in a feed-through
plate in the upper area of the forward
cone; the third is mounted directly in the
cone’s lower area.

Each assembly comprises a power-
independent pneumatic pressure relief
valve and a butterfly shut-off valve,
installed in series. The shut-off valve can
be closed electrically by a brush-type
28 Vdc motor or by manual override; this
isolates the assembly in case the
pneumatic relief valve or motor fail.

Ground controllers or Space Station
crews can use the electric motors to
deactivate the system when it is not
required. For example, when MPLM is
docked with its hatch open and the
Station is providing overall pressure
control.

Each outlet minimises the thrust it
generates during venting by directing the
air through holes distributed equally
around the circumference. On the inside,
a debris screen protects each assembly’s
air inlet to avoid valve contamination
from particles floating in the cabin air
and to prevent their release into space.

Negative Pressure Relief Assembly
MPLM’s internal pressure might fall below
external pressure during ground
operations, launch abort or nominal
reentry. This negative differential is
prevented from reaching the structure’s
design level of 0.0336 atm (34 hPa) by
the Negative Pressure Relief Assembly
(NPRA).

This NPRA consists of a set of separate
valves, which are operated pneumatically
and are power-independent. As this
capability is needed mainly during launch
and reentry – when MPLM is unmanned
– manual override is unnecessary. The
number of valves required was decided
by how the pressure inside the Space
Shuttle cargo bay changes with time.
Five valves are necessary for the worst
case: equalising pressure as the Shuttle
descends through the atmosphere
carrying an evacuated module that has
suffered a major leak and is under
vacuum. The job can be done even if
one valve fails.

Three of these valves are mounted
directly in the forward cone’s lower area;
two are positioned in the aft cone
bulkhead.

The Negative Pressure Relief Assembly allows air to bleed into MPLM if the
internal pressure falls too low.
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Each valve is protected externally by a
debris screen. The redundant cover is
one-failure tolerant against leakage to
space during nominal on-orbit mission
phases, when the pneumatic portion of
the valve is not needed. This phase can
last up to 15 years for the Columbus
module.

Cabin Depressurisation Assembly
The Cabin Depressurisation Assembly
(CDA) allows the cabin air to be vented
in less than 10 minutes on command as
an integral element of the
MPLM/ISS/Columbus fire suppression
scheme. It consists of two separate units
on the same feed-through plate as the
two PPRAs in MPLM’s forward cone upper
area. Each is equipped with two butterfly
shut-off valves, arranged in series so that
the failure of one valve does not cause
unexpected depressurisation or prevents
closure after intentional venting. A
28 Vdc brush motor operates each valve
on command from the ISS data
management system via MPLM’s data
management system. Manual override is
unnecessary because they would be
activated only when the module is
unmanned.

A debris screen protects the air inlet of
each branch to prevent valve
contamination from particles floating in
the cabin air and to avoid their release

into space. In addition, each assembly is
equipped with a vent section to minimise
thrust during atmosphere dumping. A
heater prevents ice building up as
humidity in the escaping air freezes out.
MPLM’s data management system
activates the heater according to pre-set
limits on readings from a temperature
sensor.

Total Pressure Monitor
MPLM is equipped with three pressure
sensors for monitoring the module’s
internal air pressure. One alone can do
the job. The sensors are designed for an
absolute pressure measurement range of
0.0010-1.0856 atm (1-1100 hPa) with an
accuracy of about 0.0158 atm (16 hPa).

The sensor uses a diaphragm that
deflects in proportion to the applied
pressure. This deflection is coupled to a
resistive strain gauge bridge circuit,
which sends a signal to the MPLM data
management system for translation into a
pressure reading.

MPLM carries three
Total Pressure Sensors.

MPLM s
atmosphere 
can be 
dumped 
within
10 minutes
through the
Cabin
Depressurisation
Assembly.
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MPLM s Duct
Smoke Detector.Fire Detection 

and Suppression

The spectre of fire breaking out in the
module is mitigated by careful selection
of non-flammable materials and by
controlling potential ignition sources. The
next level of protection and fire
localisation is achieved by normal
housekeeping monitoring of powered
equipment to detect anomalies in
temperatures, voltages and currents, for
example, that could trigger a fire. If an
anomaly is found, the affected
equipment is switched off and redundant
equipment is activated. Also, airflow in
areas housing powered equipment
would be halted by turning off the fan,
specifically to avoid feeding any fire with
oxygen. The fan can be switched on/off
by the crew from any other ISS module
or by ground controllers.

In addition, a single Duct Smoke Detector
(DSD) on a cabin air duct signals to the
MPLM data management system if it

detects smoke. The signal is routed to the
ISS data management system to alert the
crew and ground controllers.

In the MPLM, therefore, fire suppression is
achieved through:

• turning off power to the affected
equipment,

• turning off the cabin fan to remove air
circulation, reducing the oxygen
available to sustain combustion,

• the crew using a Portable Fire
EXtinguisher (PFEX) to douse the fire in
carbon dioxide,

• as a last resort, closing the hatch,
isolating the module and dumping the
cabin air by using the Cabin
Depressurisation Assembly. Telemetry is
also provided when MPLM is installed
in the Shuttle cargo bay, and there the
atmosphere can be similarly dumped
by the spaceplane’s crew.

As a result, the only hardware in the

The interior
section is at
left. The grid
screens out
debris from

the inlet. The
larger white

boxes
around the

central shaft
contain the

valve motors
and

electronics.
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MPLM supporting fire detection and
suppression is:

• one smoke sensor installed in the
cabin loop duct downstream of the
cabin fan, thus covering the cabin,
aft cone and lower stand-off
volumes,

• a portable fire extinguisher for
fighting fires in the forward end
cone where most of MPLM’s
powered equipment is located. That
area is divided into three
compartments, each with a volume
so that the carbon dioxide from a
single extinguisher would reduce
the oxygen concentration below the
minimum (10.5% by volume)
necessary for sustaining a fire.

Cabin Air Contamination
Monitoring and Control
The atmosphere in any manned
spacecraft must be continuously
monitored to ensure it is wholesome –
the proper mix and free of poisonous
traces. In MPLM’s case, the cabin air’s
major constituents and trace gas
contamination are measured by the
Station’s ECLS equipment. Periodic
samples of the cabin return air are

drawn into the Station via a dedicated
tube.

The sampling line consists of a
1/4-inch (0.635 mm) diameter tube
connected at one end to the cabin air
return duct upstream of the cabin fan,
and at the other end to the forward
cone bulkhead. At the cabin end, a
particle filter (mesh size 2 µm) screens
out debris. The connection to the
Station is made manually after the
Node hatch is opened. A Line Shut-Off
Valve (LSOV) isolates the line from the
Station. It is normally operated
electrically by a 28 Vdc brush-type
motor, but it is equipped with a
manual override in case of motor
failure. The crew opens it during
MPLM activation procedures, and close
it before the return to Earth.

The Line Shut-Off Valve
isolates the air sampling

tube between MPLM
and the Station.
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Verification 
of the ECLS Subsystem

The second operational mode entails a
closed hatch, such as during MPLM
activation after berthing or when the
crew leaves it unoccupied for lengthy
periods. The IMV return air is now routed
back to the Node via a dedicated return
duct beside the hatch through the
berthing face. Since the fan is controlled
to run at a constant speed, the loop
moves to a new performance point. The
pressure level in the MPLM increases to
about 210 Pa above Node level in order
to overcome the pressure drop in the IMV
return duct. The IMV exchange air
reduces to 180 m3/h and the overall
ventilated air reduces from 468 m3/h to
425 m3/h because of the increased
pressure rise required of the fan.

In order to qualify the design of the
overall ECLS Subsystem and the
hardware described in the previous
chapter, a mixture of subsystem and
equipment analyses and tests was
performed. 

Subsystem Analyses
Temperature and Humidity Control
MPLM’s ECLS Subsystem cabin loop was
modelled and hydraulic calculations were
performed to simulate loop performance
and to predefine the cabin fan setting.
ESA’s ECOSIM software tool was used for
the loop modelling.

When crewmembers are working in the
module, the hatch is normally open. The
loop is sized for the cabin to provide
astronauts with a comfortable working
environment, with sufficient air – for
revitalisation, temperature and humidity
control – sucked from the Station’s Node
through the Inter Module Ventilation
(IMV) supply. The air returns naturally to
the Station via the open hatch. In this
mode, the cabin fan provides a total
airflow of 468 m3/h: 230 m3/h is
recirculated from MPLM’s cabin and
238 m3/h is fresh IMV air drawn from the
Station.

Air is drawn into MPLM via the arrowed hole
(capped in this Engineering Qualification Model) on
the starboard side of the hatch. Air normally returns
to the Station via the open hatch, but if that route is
closed off it returns through the hole in the port side.

(Alenia Aerospazio)
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The third operational mode has a closed
hatch and IMV, which occurs when
MPLM is in the Shuttle cargo bay on an
active mission (refrigerator/freezers are
being launched or returned). In this
mode, the module is isolated and only
internal ventilation is maintained to
provide fire detection. With the fan speed
kept constant, the total ventilated air is
306 m3/h in this mode.

Depressurisation 
and Repressurisation Analyses
Different analyses were performed for the
repressurisation and depressurisation
processes in order to size the valves
required and to define the number of
branches for the negative and positive
pressure relief assemblies and the cabin
depressurisation assembly. The need for a
common MPLM/Columbus design meant
the equipment has to cope with both
modules and their differences, such as
free volume and temperatures.

The venting to space for the Cabin
Depressurisation Assembly was studied
for sizing the heaters. These have to
prevent ice building up as the humid air
vents. Also, a low-thrust vent had to be
designed for the CDA and the Positive
Pressure Relief Assembly, to avoid
disturbing forces being generated. A test
during the equipment qualification phase
proved the design.

Audible Noise Analysis
The noise level of MPLM’s whole ECLS
Subsystem was established analytically.
The main source of noise is the fan
assembly distributing its mechanical noise

through the cabin air supply and return
ducting and via casing-radiated noise
into the cabin. Mufflers in the ducts
reduce the fan inlet and outlet noise. The
casing noise is reduced by the fan noise
cover and from some damping by the
panels separating the fan from the cabin
habitable area. Another important noise
source is the restrictor in the cabin return
duct. The analysis draws on noise tests
performed on these major sources.

The total noise in the cabin is limited to a
reference sound pressure spectrum
equivalent to LA = 55 dB(A),
corresponding to NC 47 dB. The ECLS
noise analysis showed that the
requirement levels are exceeded by a
maximum of 4.0 dB in the 1000 Hz
octave band. The analytical results were
compared with the results of a
qualification test performed at system
level which showed that the integrated
MPLM complied with the overall noise
requirement. It was therefore possible to
accept the subsystem level violation. To
an astronaut in the module, it will be
quieter than working in an office
equipped with a computer.

Fire Suppression Analyses
A fire suppression analysis looked at the
forward cone compartments (where
almost all of the powered equipment is
housed), the portable fire extinguisher
performance (carbon dioxide discharge
time, mass release versus time, pressure
and temperature behaviour versus time)
and the carbon dioxide diffusion to
demonstrate that oxygen concentration
in the forward end cone compartments

The ECLS noise levels
allowed by the system
requirement compared

with the calculated sound
power spectrum.
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can be reduced to the required 10.5% by
volume in less than 1 minute. This was
confirmed by the fire suppression
qualification test.

Contamination Monitoring Analysis 
A pressure drop analysis in the trace gas
sampling line defined the line’s filter
performance and established the
required sampling airflow through the
line during the filter’s lifetime.

Subsystem 
Qualification Tests
Cabin Ventilation Test
A cabin ventilation qualification test was
performed using a full-scale cabin
simulator/mock-up. The two photographs
show the test article with equipment
installed for air speed
and temperature
measurements. The test
verified that the cabin
comfort requirements
have been achieved: air
speed is 0.076-
0.203 m/s within at
least 67% of the
habitable volume,
except near the diffuser
outlets. The optimum
airflow for injection
through each of the
eight cabin air inlet
diffusers was found to
be 51 m3/h. The
hardware used in the
test article was fully
representative of the
flight hardware. 

The qualification test
took advantage of a
previous longer development test phase,
during which the main cabin loop
settings (fan speed, restrictor angles,
cabin air diffuser nozzle adjustments)
were identified on development
hardware.

Hydraulic Test
A hydraulic test identified the cabin loop
settings (cabin fan speed and IMV
restrictor angle) needed to provide the
overall cabin flow that had been used for

the cabin ventilation test and to comply
with the IMV interface requirements. 

The fan speed and restrictor angle were
set according to the hydraulic analysis
and minor adjustments were made to
identify sensitivity to those settings and
to match the cabin air diffuser flow rates
identified during the cabin ventilation
test. The results closely matched those
from the hydraulic analysis. No
development tests were carried out
before the qualification test.

Fire Suppression Tests
Full-scale mock-ups of the three forward
cone compartments, where most MPLM
powered equipment is located, were built
to verify that a fire can be suppressed
with a Station portable fire extinguisher.
During early fire suppression

development tests, the
importance of leakage
between the module
shell and compartment
close-out panels was
identified. Great care
was therefore taken in
simulating those
leakage areas. 

The fire-suppression
success criterion was
the reduction of
oxygen from 24.1% by
volume to 10.5%. This
starting point
represents early Station
operations when
oxygen concentration is
raised for crew
pre-breathing before
Extra Vehicular
Activities (EVAs).

The qualification tests were performed
with the mock-ups in two orientations in
order to eliminate the influence of
gravity. It was shown that the fire could
be suppressed in two side compartments,
but leakage was too high in the third
compartment, in the lower part of the
forward cone, to achieve the low oxygen
level. The sealing was improved and the
qualification test for that compartment
was successfully repeated.

Set-up for the cabin ventilation test
at Dornier.
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Sharing with Columbus

incorporated where feasible. In other
cases (Cabin Depressurisation Assembly,
Negative Pressure Relief Valve, Positive
Pressure Relief Assembly), designs used in
NASA’s Space Shuttle Orbiter and ESA’s
Spacelab were substantially improved.

The Table summarises the hardware used
in MPLM’s ECLS Subsystem and its
commonality with Columbus and the ISS.
It is clear that common hardware has
been used in most items.

Identical components used in both
programmes are the cabin air diffuser,
IMV Shut-Off Valve, Line Shut-Off Valve
(for the sampling line in MPLM and
Columbus, and the condensate and
nitrogen lines in Columbus), Negative
Pressure Relief Assembly (number of
valves adapted to the module-specific
needs), and Positive Pressure Pelief
Assembly (number of branches adapted
to the module-specific needs).

Using the same hardware on different
projects is attractive because it reduces
costs and improves overall programme
efficiency. For example, the service
modules of ESA’s Integral and XMM
orbital telescopes are basically the same
design. A similar approach was agreed
for Italy’s MPLM and ESA’s Columbus: they
use the same ECLS and primary
structures. Without exchanging cash
payments, ESA has contributed the ECLS
and ASI the primary structures for both.

ESA developed the common ECLS under
its MPLM activities and procured a second
set of hardware for Columbus at
recurring cost. The design drivers of both
projects were combined: each MPLM is
designed for 25 flights, and replaceable
items on Columbus are designed for
10 years on-orbit.

Further, existing Space Station hardware
– such as the Duct Smoke Detector – was
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The Duct Smoke Detector was developed
for the ISS and is adopted by MPLM and
Columbus not only to re-use existing
hardware but also to create similar alarm
threshold conditions over the whole
station complex. For MPLM, the detector
was subjected to further qualification to
cover the additional demands imposed
by repeated launches on the 25 missions.
All the others on the Station, including
Columbus, are launched only once and
checked periodically on-orbit using their
inbuilt sensors. They can be replaced by
the crew if necessary.

Different electrical interfaces in Columbus
and MPLM mean that specific thermistors
have to be used in the cabin temperature
sensor and in the vent section of the
cabin depressurisation assembly.

Identical cabin loop ducting is not
feasible because the modules have
different internal layouts. However, the
material and construction of the single
ducts and their incorporated features

MPLM ECLS Hardware Commonality with Columbus and International Space Station

MPLM/ MPLM/ MPLM/
Columbus ISS Columbus MPLM

Hardware Item Common Common Similar Dedicated Remarks

Cabin Fan Assembly/ X FDS not needed on
Fan Damping System X Columbus

Cabin Loop Ducting X

Cabin Air Diffuser X

Cabin Temperature Sensor X

IMV Shut-off Valve X

Negative Pressure X
Relief Valve

Positive Pressure X
Relief Valve

Cabin Depressurisation X
Assembly

Total Pressure Sensor X Different Columbus and 
MPLM electrical interfaces

Sampling line X Line routing adapted to
module; common sample
filter

Line Shut-off Valve X

Duct Smoke Detector X X ISS common item used on
MPLM and Columbus

(such as mufflers) are similar and the
experience from the MPLM
development efforts is directly
applicable to Columbus. Common parts
such as the flexible bellows for duct
connection are also incorporated.

The routing of the sampling line differs
between the modules, but the design
principles are identical and an identical
inlet filter is used.

A common fan was not adopted
because of different schedule, mass,
volume, noise and operational
requirements. An existing ISS fan was
used for MPLM, generally qualified
within the Station programme, but
MPLM’s engineering model underwent
further qualification to cover the 25
module missions. In addition, since the
MPLM fan launch vibration loads are
higher than for the ISS, a fan damping
system was developed. For Columbus,
a new European fan is being
developed.


