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ABSTRACT - In a European consortium led by SRON Netherlands Institute for Space Research, the SpicA Far-infraRed Instrument (SAFARI) is being
developed. The SAFARI Imaging Spectrometer working in the far-infrared wavelength range is to fly on the joint JAXA-ESA SPICA mission (SPace Infrared
telescope for Cosmology and Astrophysics). The instrument is actively cooled to ~4.5 Kelvin and cooling power is limited to a few mW. To perform absolute
calibration of the instrument a calibration source is needed that covers the full dynamic range of the detectors in the SAFARI bands with accurate knowledge of
both the power level and its spectral distribution. Here we will present the COMSOL Multiphysics analysis of the elements of the calibration source.
Calibration Source Overview
The Hot Source is a black body cavity that provides
the desired radiation. It can be heated to 150
Kelvin.
The Shutter can close the aperture to allow other
measurements during cool-down and warm-up of
the hot-source.
The Iris controls power and creates transients so
time varying signals can also be verified.
The Integrating Sphere redistributes the incoming
radiation and provides a uniform 'flat-field' output.
It is cooled 1.7 Kelvin to present negligible
background to the instrument.

Hot source

• Sphere (black body cavity) that can be heated up to 150 K (2)
• Thermal suspension to 4 Kelvin (3) with Stainless Steel string (1)
• Parasitic heat-load and stiffness of the suspension are the key issues
Thermal model

Heat load on 4 Kelvin cooler (analytical):
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Modal analysis
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Left: Because of the large
gradient over the suspension, a
temperature depending thermal
conduction k(T) of stainless steel
has been used

Source Temp. Analytical
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Bi-stable Shutter Mechanism

Magnetic latching mechanism
Two unpowered stable positions
No parasitic dissipation
Magnetic circuit modeled in COMSOL

(1) Flex-pivot (stainless steel rotational leafspring) friction free bearing
(2) 2 coils with ~4000 windings to reverse
the magnetization and flip the shutter
(3) Vacoflux (soft magnetic iron) anchor
(4) Permanent magnets integrated into each
coil
(5) Aluminum shutter blade

COMSOL
2.59 mW
5.41 mW
10.18 mW

Iris Mechanism

Integrating sphere

Actuator prototype

Controllable aperture
Fine-tune the calibration source power output
Create arbitrary power versus time functions
‘Arc-type’ rotary voice coil actuator

Redistributes and dilutes the radiation of the hot-source
Cooled to 1.7 Kelvin to reduce the background radiation
Suspended in a 4.5 Kelvin environment
Mounted with three triangular suspension brackets (length and
thickness can be varied)
• Vespel SP-1 and Stainless Steel compared for the suspension
•
•
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Thermal model

CAD Model of the Iris. Four aluminum blades
(1) that rotate around flex pivots (2) are
driven by a Vespel-SP3 ring (3) that rotates
in a stainless steel housing (4).

Modal analysis

The voice-coil actuator, with:
(1) Permanent magnets
(2) Vacoflux stator
(3) Coil with 1200 windings (photograph right)
Optimization of geometry (Pro/E live-link):

(1) the 1.7 K integrating sphere, (2)
the 4.5 K frame, (3) three triangular
suspension brackets and (4) the cooler
interface.

Magnetic flux density across the air-gap

4 mm
Vespel-SP1
First modal freq. 309.6 Hz
Heat-load @ 1.7K 0.558 mW

0.5 mm
Stainless Steel
647.7 Hz
0.825 mW

Conclusion

COMSOL Multiphysics simulations were used extensively during the development
of the SAFARI Imaging Spectrometer Calibration Source. COMSOL allowed for
minimizing the thermal dissipation of the cryogenic Iris and Shutter mechanisms
and optimize the thermal suspensions of the ‘Hot-Source’ and Integrating Sphere.
The design of the calibration source has past the conceptual stage and the actual
hardware is being manufactured and tested. The first tests of actual hardware of
the Hot Source, Shutter and Iris show that the results predicted by the COMSOL
modeling match the measurements very well.
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