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ABSTRACT

Air Liquide was selected to provide the Cryogenic cooler systems for FCI and IRS instruments 
on the Meteosat Third Generation (MTG) program.  This represents a total of 6 cooling systems 
to be supplied, each composed of 2 complete independent Cryocooler units in cold redundancy.

The retained technical solution is based on Large Pulse Tube Cooler (LPTC) cooler.  This cooler 

with design under license of CEA.

Capitalizing on its cryogenic launchers experience running since the 1960’s, Air Liquide began 
working on orbital cryogenics projects in the 1990’s.

This effort led to main achievements on European missions and contributions to the ISS:
• 

providing reliable cold for more than ten years
• HERSCHEL Infrared Space Observatory. Air Liquide made the detailed design, manufac

links and cold shields
• PLANCK cosmic microwave background mapping satellite. Air Liquide engineered and 
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LPTC consists of a complete cooler system, including mechanical cooler, driving electronics, 

one of the compressor motors for better compactness.  Split pipe geometry can be adapted to each 

The pulse tube is a coaxial design for compactness and for ease of the thermal interface.  The 
regenerator tube is protected by a passive cold shield and mechanically supported by a launch sup

cryogenic temperature sensor embedded in the cold tip.
The compressor design is dual opposed pistons. The pistons are driven by linear moving magnet 

motors, with external static coils which are not in contact with the helium.  This design eliminates 

Maximum power supply to the compressor is 160 W rms.  With this power setting, and depend

performance, emphasis was put on the following performances of the system:
• Temperature stability control loop through active power adaptation.  This feature allows 

tions and extremely good reaction to external conditions changes.  This feature is particularly 
interesting for low earth orbit payloads performing observation maneuvers.

• Lifetime.  The system was designed to a lifetime covering up to 15 years of storage followed 

operation.

achieved through an active control loop which is able to react to any change in the cooler 
operating conditions, thus offering optimal availability of a vibration free environment to 
the payload.

MeteoSat Third Generation (MTG) is part of a new European weather satellite constellation, 

satellites providing weather imagery of European territory and communication services such as Search 

Figure 2.  Four are being built.  The FCI instrument's purpose is to provide full earth imagery scan

  LPTC system overview
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The FCI detector is cooled at 60K.  FCI instrument is built by Thales Alenia Space in France.

The IRS instrument's purpose is to provide atmospheric motion vector information.  Full earth 
scanning will be performed on two spectral channels (SWIR and MWIR) every ten minutes.  Opti

Germany as seen in Figure 3.
One peculiarity of the MTG satellites is that the six satellites are built in a rather short time and 

the instrument and cryocooler level. Combined with a long lifetime, this results in a total cryocooler 
life spanning more than twenty years.

each instrument differs only by the split pipe routing due to implementation inside instrument.  

a single program.  Practically, all key points and reviews are attended by all three parties involved 

Like most satellite hardware, and especially for optical payloads, cryocoolers are subjected to 

  FCI instrument rendering and cold assembly

  IRS instrument rendering
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integration and test operations are performed in ISO5 clean room with molecular contamination 
control and air humidity regulation.

Air Liquide is equipped with a 110 m² ISO5 clean room.  The clean room contains all equip
ment needed for cryocooler assembly, integration and test operations except mechanical vibrations.  
Mechanical vibration shaker is available in house, but is outside of the clean room environment.  
For vibration acceptance tests, the cryocoolers are sealed in double plastic bag protection and taken 
out of the clean room.

MTG program requires 12 cryocoolers.  This, along with the French government program and 
METOP Second Generation program leads to a total of 24 cryocoolers to be acceptance tested in 
less than 4 years.  In order to satisfy this high production rate, acceptance test setups have been 
sized to allow running 4 acceptance test campaigns in parallel.

Among the acceptance test setups for MTG program are two Thermal Vacuum test benches 

TVT benches are custom designed for Air Liquide cryocoolers as seen in Figure 4.  They provide 

can be independently controlled.  Test bench operation is fully automated and the TVT tests can be 
run autonomously for several days, without the need for human operator monitoring.

Figure 5 depicts one micro vibration test bench, with a complete cryocooler mounted.  Notice on 

  TVT test bench, with one LPTC Cryocooler mounted
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during the test. One will also notice contamination samples placed close to the cooler for acceptance 
test campaign contamination control monitoring.

tests classically consisted in mechanical vibration and shocks, thermal vacuum test and EMC tests 

of the cryocoolers.

• 
lenge from EMC point of view.  Proximity with such a sensitive device led to a particularly 
low allowance on EMC perturbations generated by the cryocooler.

• Radiation.  The geostationary orbit provides a greater exposure to radiation than usual low 
earth orbits than most cryocoolers are used to.  Moreover, the design of instrument provided  
some parts with limited protection by the satellite structure.  Despite the challenge, radiation 

challenge for procurement and acceptance test campaigns.

levels at Cryocooler interfaces.  This topic was a constant focal point of the development 

same challenge.  Producing and assembling production line cryocoolers with reproducible 
performance required a different implementation approach to be developed.  Although several 

assemblies was not exempt from challenges.

vibration transmission constraints.  This leads to a design exhibiting rather low resonance 
frequency.  Mechanical vibration and acceptance then had to be passed, either by allowing 
notching at the required frequency or by incorporating design change.  In the MTG case, 
notching possibilities proved to be very limited and a split pipe mechanical design had to 
be adapted rather late in the program.

• Regenerator tube weld porosities.  Regenerator tube is a very thin tube made of titanium.  

course of the MTG program development. This led to the introduction of new inspections 
and associated criteria during the program.

because it includes long operational life and very long storage.  This is a challenge for in

• Launch locking functionality.  Launch locking of compressor pistons is required to prevent 
excessive sloshing motion of pistons during passive mode launch operation.  Implementation 
of the functionality required relays to activate 
were incorporated inside the electronics box.  This represented a challenge from structure 
dynamics point of view.
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require detector temperatures at 55K or 60K.  This implies optimizing cryogenic performances in 

The cooler is designed to run at maximum 160 W steady state power.  Typical operation should 

Figure 6 shows typical cryogenic performance for 120 W and 160 W compressor power, in 

ments.  It also shows how operating frequency can be chosen for the best compromise between 

lation algorithm implanted in the driving electronics allows for reducing the exported vibration levels 
below 0.05 N along the compressor piston axis.  On board measurement is based on 4 single axis load 
washers.  Therefore, the measured force along the piston axis is a reconstruction from the correspond

piston axis are compensated by a balancing moment.

  Required compressor power for typical operational cases

132 MED. CAPACITY 50 - 200 K SINGLE - STAGE CRYOCOOLERS 



allowing to propose the LPTC as an off the shelf product for many space programs.

overcoming the challenge of working with multiple requirements and multiple customers.

our suppliers for this successful achievement.
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  Exported forces at compressor level (w/o moments)
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