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Abstract

The advanced two-stage Stirling cryocooler has been developed for the cryogenic system of next
space missions such as SPICA, NeXT and ASTRO-G by JAXA. In order to meet the cooling
requirements of these missions, improvement of cooling performance and mechanical reliability is
required, based on the existing two-stage Stirling cryocooler with cooling capacity of 0.2 W at 20 K,
which is working on the infrared astronomical satellite AKARI (ASTRO-F) launched in 2006/2/22.
This paper describes the cooling capacity evaluation test by simulating contamination of the
working gas and mechanical attrition reduction by flat-spring-supported displacer for development
of the advanced two-stage Stirling cryocooler.
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Table 3 Stirling cooler application

Cooling capacity

Mission Cooling object (Configuration)
SUZAKU (X-ray Astronomy Satellite) X-ray spectrometer 2.5W @ 100K (1 stage)
AKARI (Infrared Astronomy Satellite) Telescope and detector 0.2W @ 20K (2 stage)
SELENE (Lunar Exploration Satellite) Gamma ray spectrometer 1.5W @ 80K (1 stage)
ISS/JEM/SMILES . i1qs .
(Earth Atmosphere Observation) Superconductive submillimeter mixer 0.2 W @ 20K (2 stage)
Planet-C (Venus Climate Satellite) Near-infrared camera 1 W @ 85K (1 stage)
ASTRO-G (Radio Astronomy Satellite) Low noise amplifier 0.2W @ 30K (2 stage)
Earth Observation Satellite (TBD) TBD 1.29W @ 70K (1 stage)
NeXT ]
(Next X-ray Astronomy Satellite)* Soft X-ray spectrometer 0.2W @ 20K (2 stage)
SPICA Telescope and detector 0.2W @ 20K (2 stage)

(Next Inrfared Astonomy Satellite)*
*International collaboration mission
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Table 4 Presumption value of outgas

Test piece Amount of outgas {g)
Magnet 1.26
Coil 1.98
Adhesion bond and otherwise 0.25
Total 3.48
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Fig.4 Cooling performance of two-stage stirling cryocooler with contaminated working gas

20
80W operation
sl Linear ball bearing support
:

N~ ll
o 16 /
2 /
s /
814 ¢ /
£ /
o i
= /
R} !
Si2 ]

O [mewmon | A raamge 0]

= S1si e
ist-stage O W =
3 . . .
50 55 & 65 0 75 4] 8 0
st Tenparaire K -

Fig.5 Improved cooling capacity due to displacer supported by flat springs
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