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Abstract

This report describes the thermal design of the space infrared telescope of JAXA/SPICA. This
advanced astronomical mission features long observation with high sensitivity and spatial
resolution. The excellent performance of telescope is realized by the primary mirror of 3.5 m
diameter and optical instruments cooled to 4.5 K or below. Thus, the cryogenic telescope requires
efficient cooling system consisting of efficient radiators and mechanical cryocoolers. First, the
thermal design of cryogenic system is analyzed to estimate the mission feasibility. Secondly, the
developed mechanical cryocoolers are described. The BBM of 3He-JT cryocooler for 1.7 K
successfully reaches the required cooling capacity of 10mW at 1.7K in ground experiments.
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Fig.1. Outer view of the SPICA spacecraft.
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Fig.2. Schematic drawing of the SPICA
cryogenic system.
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Fig.3. 3He-JT circuit with 2-stage
Striling cryocooler for 1.7 K.

(a) JT circuit with heat exchangers.

(b) JT compressors (right) and 2-stage
Stirling cryocooler.

Fig.4. Breadboard Model of 1K-class
cryocooler.
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(b) Contaminated case with Na gas.

Fig.6. Cooling performance of 2-stage Stirling cryocooler with contaminated working gas.
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Table 1 Mission requirement for cryocoolers

Temp. 1 Kclass 2 Kclass 4 Kclass 20 K class
Only for
Telescope > 15 mW: precooling,
. . . . >5K e — . .
(primary mirror, secondary mirror, optical bench) Parasitic heat | Heat switch
needed
Mid IR: Optics >10K — e N/A —
Imaging photometer 15 mW:
. .. 4K i
/ Spectroscopic Detector St:As — — Parasitic heat —
- +100 mK .
instrument included
Optics >25K — N/A — —
> W
FarIR: Short wavelength 25K P 1q mh .
Imaging photometer GeiGa +50 mK a?asmc e
. included
/ Spectroscopic Detector e
. mvv.
mstrument Long wavelength 17K Prasitc heat N _ -
Stressed Ge:Ga | £100 mK d_l'muc e
included
- Optics >25K TBD
Subnnlhmeter : (Plan 1)
Imaging photometer GaiAs 1K TBD
/ Spectroscopic Detector )
instrument 100 mK TBD
Bolometer Array )
Near IR Optics >30K TBD
Imaging photometer
(option) Detector In'Sb 30 K+HIK TBD
Table 2 Specifications and R&D 1tems of cryocoolers
Tr Tin . s 3
LZLGEE{'O(%;; ‘Sg 4K-class 2K-class 1K-class
Configuration Q'Stafzes%iﬂmg 9ST + He-JT 9ST + 901 He-J T 98T + 3He-JT
Required
cooling > 300 mW@20 K > 30 mW@4.9 K > 15 mW@2.5 K > 10mW@1.7K
capacity
Power <90 W(AQO) <160 W(AQ) <180 W(AQ) < 180W(AC)
Life > 5 years > 5 years > b years > 5 years
Status 1SS/ J%iggl\iILES ISS/JEM/SMILES New development New development

Results with
BBM or more

300 mW@20 K

30 mW@4.9 K

156 mW@2.5 K

12 mW@1.7K

N

- Modification of regenerator structure

(2) Improvement of reliability of 25T

(1) Improvement of cooling power of 25T (Lower temperature)

y ¥ w1 ", PYT e
material for regenerator

- Methods of verifications or evaluations of service life
- Measures for working gas degradation, selection of material, review of manufacturing process

(3) Redundant configuration of cryocoolers, operational procedures in orbit, vibration resistance at launch
(4) Reduction of compressor vibration

B&D items

(1) Development of

heat switches

(1) Improvement of reliability of JT compressors
- Continuous running tests

(2) Survivability of JT compressors in cold environment
- Trial production of valves
- Performance demonstration

(3) Optimization of configuration and operational conditions of JT circuit

(1) JT compressors
- Increase of flow rate
- Increase of pressure

(1) Decision of 3He-JT or
He-JT

(2) Feasible with
technology for
1K-class or 4K-class
cryocoolers

(1) Efficient of JT
COMpressors

(2) Development of low-
pressure-driven bypass
valves

(3) Purification of 3He gas

(4) Operational procedures
of 3He-JT
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