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Introduction

As currently conceived the SPIRE structure will consist of three boxes at “15”, “4” and “2” K each supporting each other via some form of CRFP tensioned struts.  The boxes themselves will also support the optics and mechanisms via structural “walls”.  A preliminary analysis of this design by MSSL shows that, without going to exotic materials, it will be about 30 kg – giving a total mass for the instrument of >40 kg – this is too much.

After some discussion with various folk I propose here a new scheme for the SPIRE structure which should offer a solution to the integration of the instrument sub-systems and should, in principle, be less massive than the structural boxes.  It is only conceptual and I leave the detailed engineering to those more qualified!

Also in this note I offer a first order specification for the light tightness required for each of the temperature stage covers.

Outline Concept for the SPIRE structure.

Figures 1 and 2 show sketches of the proposed structure.  The basic concept is to have a plate at 4-K (as in the present design) which is mounted from a “15-K” plate and a “15-K” support frame.  The support frame needs to be massive and stiff enough to support one of the 15-K to 4-K mounts and, of course, the instrument components at 4 and 2 K.  The 15 to 4-K mounts could be stainless steel tube or CRFP bipods, or, if necessary, CRFP tensioned struts as in the present concept or using the Goddard “claws” (see below).  If the instrument entrance filter has to be retained in more or less its current position, then it will need to be mounted on a lightweight space frame.  It is possible that this filter could be moved further down the optical path or removed completely, in this case no further structure will be required except that to hold the thermal cover (more on this later).

The optics and mechanism for the FTS are mounted directly on one side of the 4-K plate and the chopper and the 4-K optics for the photometer are mounted on the other side.  Another plate, to be cooled to 2-K, is mounted off the 4-K plate again using CRFP or stainless steel tube construction bipods in a three-point mount configuration.  If the thermal budget and mechanical constraints are such to prevent the use of bipods then a system similar to that used by Goddard for the detector mounts might be used with “claws” and CFRP tensioned struts or, in extremis, Kevlar string.  Figure 3 shows a possible arrangement for the “claw” with CRFP struts.  This 2-K plate will hold the majority of the optics for the photometer and could be used to mount the detectors and the 3He cooler.  However, the straylight constraints on the cover of the 2-K box will be severe (see below) and it maybe advantageous both from a structural and a straylight point of view to mount the detectors and their attendant sub-systems in a separate enclosure.

There will be lightweight but light-tight covers mounted over the 2-K plate, each side of the 4-K plate and a light-tight thermal shield over the whole instrument attached to the 15-K structure.  At certain strategic points it may be that walls machined from the solid plates will have to be used to absolutely guarantee the integrity of the straylight control – this is discussed further below.

An analysis by LAS has shown that the alignment tolerances for the mirrors, on the photometer at least, can be met by standard machining techniques (e-mailed Kjetil/Dominique to confirm actual number).  A possible concept for how the optical elements might be mounted from the structure is shown in figure 4.  Here the mirror is of the same general type as used on the LWS with a central threaded stalk machined into the rear surface.  The rear surface of the mirror and the contact surface of the mirror mount are accurately machined so that when the mirror is attached via a nut on the stalk, the mirror is aligned with no further adjustment.  The basic form of the mirror mount is a frustum machined from the solid plate and with as much material removed as possible.

Requirements on the covers

Figure 5 illustrates the essential elements of the straylight control strategy for the SPIRE instrument.  At each temperature stage there is a cover which is designed to intercept the radiation from the previous temperature stage, thus limiting the stray power on the detector to a small fraction of that coming from the telescope via the optical train.  This last is of the order of a few pW – the input power from the 30-K shield is of the order of a few mW (see below); the attenuation required is therefore of order 10-9 – an extremely challenging prospect!  However, not every shield has to have this level of attenuation because each shield is also radiating power onto the next.  One criterion we could adopt is that the attenuation of a given shield should be such as limit the radiation from shield at the next highest temperature to no more than 1% of the radiation from the shield itself, or other “legitimate” sources of background radiation.

Adopting this method, the radiation falling on the outside of the instrument, the 15-K shield, from the 30-K cryostat shield is:

Q30-15 =  

This is not the absorbed power, but an estimate of the actual level of radiation.  It doesn’t make much difference but this is more pessimistic.  Adopting ~0.2 for all surfaces (again a pessimistic value) the power falling on the 15-K shield is ~9.2 mW/m2.  The surface area of the 15-K shield is about 1.2 m2 so the total power is ~11 mW.  

Similarly the power from the 15-K shield falling on the 4-K shield is about 0.57 mW/m2 and the area of each of the 4-K shields is about 0.5 m2: 1 m2 total.  If the 15-K shield is to attenuate the power from the 30-K shield to 1% of this value then the attenuation required is:

A15 =  eq \f(0.57x0.01,11)  = 5.2x10-4

To illustrate what this means, it is the equivalent of a 5.2x10-4x1.2x106 = 621 mm2 hole in the 15-K cover – a hole of 28-mm diameter.  If the temperature of the outer cover turns out to be lower, 9 K say, then the equivalent hole is one of 10-mm diameter or 81 mm2.  So, to allow for some margin in the temperature of the outer cover, the integrated area of all the holes through the outer cover must be no more than 81 mm2 and the attenuation must be 6.7x10-5.

The radiation from the 4-K shield falling on the 2-K shield will be 2.9 W/m2.  If we assume that the area of the 2-K cover is also 0.5 m2 then the total radiated power is ~1.5 W.  Then attenuation required for the 4-K cover is then given by:

A4 =  eq \f(0.0015x0.01,0.57)  = 2.6x10-5

This is equivalent to a 13-mm2 – 4-mm diameter - hole in the 0.5-m2 4-K cover.  If the temperature of the outer cover is lower than 15 K then this criterion becomes more relaxed – however we should adopt pessimistic values at this stage.

To calculate the attenuation required for the 2-K cover we must now use the predicted background power falling on the detectors for the comparison.  Taking an average value of 7 pW for all bands and keeping the 1-% limit we get an attenuation of:

A2 =  eq \f(7x10-6x0.01,1.5)  = 4.7x10-8
Equivalent to a 0.023 mm2 - 0.17 mm diameter - hole in the 0.5-m2 2-K cover.  This will be a very difficult specification to meet.  Even limiting ourselves to 10% of the background power means having an integrated pinhole specification of 0.23 mm2 – a 0.5-mm diameter hole.  To achieve anything like this level means that we will probably have to have walls in the 2-K enclosure surrounding the detectors that are machined from the solid and exceptionally tight fitting lids; again these will probably have to be solid aluminium.  The problem is compounded by the need to have wiring and, possibly, thermal straps piercing the 2-K enclosure.  Figure 6 illustrates how the covers for the photometer might be arranged.  At this level of straylight control we are going to have to do some detailed calculation of the straylight environment using APART.

Summary and other points

Table 1 summarises the results of this first order cover specification and gives recommendations for the materials and surface finish for each of the covers.

The figures for the thermal input from the structural supports given in the IID-B viz. 138 W for 15-4 K and 4.5 W from 4-2 K are very low.  The figures for the power onto the 4-K and 2-K stages given to ESA were 7.3 mW and 2.5 mW respectively.  Therefore we should entertain more conservative engineering solutions for the supports, such as thin walled stainless steel tubes, which will reduce the level of risk in the programme whilst increasing the thermal load owing to the support conductance.

Cover


Assumed Area
Attenuation Requirement
Equivalent Integrated Pinhole Area
Suggested material/

construction
Surface Finish

15-K
1.2 m2
7x10-5
80 mm2
Metal (copper?) foil over lightweight frame
Inner and outer shiny

4-K
2 x 0.5 m2
2x10-5
13 mm2
GFRP or CRFP with metal foil covering
Inner and outer shiny:  some regions to be blackened as identified by APART model 

2-K (outer)
0.5 m2
At least: 5x10-7

Goal is: 5x10-8
 0.2 mm2

0.02 mm2
GRFP or CRFP with metal foil covering 
Outer shiny with some parts blackened as identified by APART model.  

Inner black

2-K (inner)
N/A
See caption
See caption
Integral aluminium wall with aluminium lid
Inner and outer black

Table 1: Summary of specifications for SPIRE instrument covers.  Figures for the 2-K (outer) refer to the outer and inner taken together.
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