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Space coolers programs at AIR LIQUIDE 

■ AIR LIQUIDE has worked in the space business for more than 50 years 
 Since the 60’s and 70’s, Air Liquide was involved in the early space programs 

and promoted the role of industrials in the development of the space sector. 
 

■ Orbital space activities at AIR LIQUIDE began in the 90’s 
 MELFI was the first space cooler designed and build by Air Liquide 

■ Coolers have accumulated more than 100 month of operation onboard the ISS 
 

 HERSCHEL and PLANCK were two milestone achievements allowing Air 
Liquide to set up an ambitious orbital space activity and seeking continuous 
workload on space programs 

 
 After the termination of CRYOSYSTEM cooler development program, teams 

were dedicated to the development of Pulse Tube coolers for earth observation 
applications 
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Space coolers programs at AIR LIQUIDE 

■ Starting from 2009, this development effort concretised with orders from 
several programs: 
 CSO : 4 flight coolers for Earth observation 
 MTG: 12 flight coolers on two meteorological instruments (FCI and IRS) 
 METOP-SG: 6 flight coolers on IASI-NG instrument 

 

■ Altogether, 22 flight coolers are being built and up to 8 additional ones are 
expected to be ordered in the coming months 

 

■ Qualification of these coolers represents a big challenge for the team 
 Pulse Tube technology is new in Europe 
 AL-AT is responsible for the whole system (cooler mechanical assembly and 

cooler driving electronics) 
 Multiple technical fields to be mastered for design and qualification: 

■ Structural mechanics, fracture mechanics, vibration, micro-vibration 
■ Thermal design, thermodynamics, fluid and leak management, cleanliness 
■ Power electronics, digital and analog electronics, system operational procedures 
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Cooler description and heritage 

■ A Large Pulse Tube Cooler is composed of the following parts 

Cold finger 

Compressor 

Buffer 

Driving 
elctronics box 
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Cooler description and heritage 

■ Heritage of coolers main constituents 
 Compressor was developed and is supplied by Thales Cryogenics b.v. 

■ The compressor benefits from TCBV heritage on many aspects: 
- Technology 
- Lifetime 
- Process 
- ... 

 Cold finger 
■ Cold fingers are based on a design matured by CEA 

 
 Electronics are developed either by SITAEL from Italy, or by CRISA from Spain 

■ Electronics development with SITAEL was started very early to ensure sufficient 
maturity at the beginning of qualification 

 
■ Electronics from CRISA benefit of heritage from SENTINEL III coolers. 
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Engineering tests 

■ During early phases of cooler development, many tests were conducted on 
DMs (Development models) and EMs (Engineering Models) 

 

 Tests mainly focus on cryogenic performance and exported vibrations, which 
are the most crucial customer requirements 

 

 Experimental feed back from these test allowed bringing some improvements 
to the design 
■ Compressor detailed design 
■ Buffer positioned on the compressor 
■ Launch support for the cold finger 
■ Micro vibration reduction implementation in the electronics control board 
■ ... 

 

 Those design improvement are of course a benefit to the performance of the 
design, but they also represent some risk because most of the time, they have 
not been validated by the engineering tests 
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Engineering tests 

■ Engineering test examples 
 

Micro vibration characterization of 
the cold finger 

Coupled tests with 
the engineering 
model of 
electronics box 
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Qualification activities 
■ Starting in 2010 AIR LIQUIDE began qualification activities of the LPTC, in 

the frame of the leading program 
 The objective pursued by Air Liquide is to complete qualification on the two 

leading programs, with a qualification domain wide enough to cover “off the 
shelf” supply of coolers to other programs 

 

■ Qualification of the cooler for space consists in verifying by test that the 
cooler and all its components can survive space conditions 
 Launch mechanical environment 
 Vacuum, exposure to extreme temperatures 
 Electro magnetic environment 
 Radiation 

 

■ It also includes all qualifications of components and processes 
 

■ The whole qualification program is based on ECSS standards  
 ESCC or equivalent MIL-STD for electrical components 
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Qualification activities 

■ Process, material and mechanical parts qualification is the earliest phase 
of qualification tests to be implemented 

 

 All the main choices have been settled during engineering models 
manufacturing 

 

 Tasks to achieve qualification include: 
■ Formalizing and ensure quality assurance of the process, sometimes with suppliers 

not familiar with space quality standards 
■ Designing tools and test benches for qualification tests 
■ Manufacturing qualification samples 
■ Conducting qualification tests 

 

 On LPTC coolers, the main material, parts and process qualification were: 
■ Vacuum brazing of the cold tip exchanger 
■ EB welding of cold finger flange and buffer 
■ Nickel and gold plating of titanium, aluminium and copper surfaces 
■ Seals  
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Qualification activities 

■ Examples of material, parts and process qualifications 
 

Cold tip brazing qualification 

Giga cycle fatigue test 

Plating process 
improvements 

Seal vibration test 
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Qualification activities 

■ Qualifications at sub system levels 
 

 For the compressor and the electronic bow, design and qualification program is 
under the responsibility of the supplier 

 
■ Those sub systems are subjected to a technical specification which is a flow down of 

the cooler system specification of our customer, augmented form some I/F and 
additional requirements 

 
■ The two main suppliers are responsible for the development and qualification of their 

sub systems 
- Design reviews are organized with Air Liquide and its customers 
- Material, process and parts qualification, along with sub system qualification are conducted 

under the supplier responsibility, with follow-up by Air Liquide 
 

■ Sometimes, “smart” arrangements can be organized to spare time or test means 
- E.g. The thermal vacuum test of the electronics box was carried out using Air Liquide test 

bench 
- Part of the system qualification vibration test contributed to the qualification of the 

compressor 
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Qualification activities 
■ Qualification tests at system level 

 They represent the most emblematic part of the qualification program 
 For LPTC programs, an EQM approach was retained 

■ The model used for qualification is a dedicated model, built with the same parts as a 
flight mode, with just some allowance on quality standard of the parts 

 Qualification test flow is very similar to acceptance test flow of the flight models 
■ It represents a kind of rehearsal of flight MAIT procedures 
■ All production and test means have to be ready for qualification 

 MAIT means represent a big investment.  In the case of LPTC coolers, means 
set up at Air Liquide are: 
■ A 65m² ISO5 clean room, with humidity and molecular contamination control 

(extension to 120m² projected) 
■ A Thermal Vacuum Test bench (A second bench in project) 
■ Two micro vibration test benches (A third in project) 
■ Two additional cryogenic performance test benches 
■ Parasitic heat loss test bench 
■ Bake-out facility 
■ Vibration shaker 
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Qualification activities 
■ Examples of qualification tests means 

 

Thermal Vacuum Test bench 

ISO5 clean room 

Micro vibration Test bench 

Endurance test room 
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Qualification activities 
■ Examples of qualification tests 

 

Qualification model on TVT 

Mechanical qualification of the 
electronics (with tool cooler) 

Parasitic heat loss measurement 
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Qualification activities 
■ Special mention for electrical components 

 For electronics box manufacturing, the used electrical components are 
qualified components taken from QPL catalogues 
 

 For the mechanical part of the cooler, there are a few electrical components. 
■ No QPL parts can fulfil the requirements for these components 
■ The concerned parts in our design are: 

- Cryogenic temperature sensors 
- Load washers used for micro vibration control, together with their connectors 
- Hermetic connector for cryogenic temperature measurement 

 

 Those component are generally qualified to MIL or aerospace standards not 
fully in line with ESCC 
■ Analysis of the compliance has to be done 
■ After analysis, a dedicated qualification program, inspired from ESCC standards was 

set up and conducted by the suppliers 
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Concluding remarks 

■ Qualification of space coolers is a long task 
 

 If we include material, process, parts, MAIT means development and 
acceptance the amount of work is tremendous 

 

 For some process or parts, we have to deal with non space suppliers, for 
whom space standards represent a big challenge 

 

 The heritage of successful engineering tests is of course a good thing but: 
■ Modifications brought to the design may reveal unexpected side effects 
■ Based on the success of engineering tests, qualification tests are expected to be 

straightforward, but the amount of testing is such that statistically it never happens 
■ This is when good risk management makes the difference, both on the difficulties 

encountered, and on how they are perceived by the customer and by management 
- The paradox of good risk management : “you picked up an easy project” ; “You were lucky” 

 

 Qualification of LPTC coolers made no exception to the “non straightforward 
rule “ but we are now very close the end and expect first qualification review to 
be held within weeks. 



End of presentation 
Thank you for your attention 
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