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- ABSTRACT -

The present study is carried on under the Contract n. 484 dated April 12, 1995 of Arcetri
Observatory and is an attempt to perform a complete investigation on the possible design
of all the various mechanical and thermal aspect of the MMT adaptive secondary unit.
System specifications and the discussed alternative solutions take the advantage of the
previous work, the stimulating advice and the exchange of information with the Arcetri
and Steward Observatory scientific Teams; to them these notes are addressed for a critical
review, suggestions of alternative solutions or confirmation.

For the purpose of the description the system is divided and commented as composed by
the following items : .

a ) - Geometric constraints imposed by the telescope design.

b ) - Thin Mirror with Backplate.

¢ ) - Actuators distribution pattern with control electronic and measuring system.

d) - Power and Control distribution system.

¢ ) - Thermal control: local and global cooling system.

f) - Alignment and position control of the complete system.



a } - GEOMETRIC CONSTRAINTS IMPOSED BY THE TELESCOPE DESIGN.

As shown in the fig. 1 and 1a, the mechanical system is intended to be supported in the
lower half-section of the cylindrical structure already designed having outside diameter
within the shadow of the Secondary Mirror of 652 mm diameter.

The only modification that is necessary to introduce in the actual structure is the
reinforcement of four points at 90 degrees pitch for anchoring the fixed flange for the
positioning system, suggested to be of the Hexapod type. -
Placing four vertical ribs between the two extreme rigid rings of the cylinder is foreseen to
be done in the shadow of the spiders, so that there is no problem of increasing the total
light obstruction figure, - ‘

A more detailed analysis of the obstruction of the voice coil actuators with the related -
electronic and thermal control - still under development as indicated on fig. 2 - shows that
it could be necessary to increase of about 30 mm the space between mirror vertex and the
bottom of the fixed hub structure, actually consisting in 184 mm.

The upper half section of the cylinder is reserved for the optics of the laser artificial star,
not part of the present study; what is schematically illustrated is a reproduction of an MMT
document that is still in the design definition stage by Others.

It seems possible, at the present stage of the design, to accommodate the whole mechanics
inside the assigned area, except the above mentioned difficulty in foreseeing the global
insulation around the mirror and the stuff immediately over the backplate, problem that
continue to be studied in the optic of avoiding modifications to the fixed hub structure.
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b ) - THIN MIRROR WITH BACKPLATE .

The problems of manufacturing a thin convex spherical mirror ( 642 / 100 mm diameters,
2 or 3 mm thick ) are supposed to be solved by Steward Observatory, and the present study
considers only the aspect of the structural constraints and the forces distribution when in
operation and not.
Having to assume a forces distribution and a static scheme of constraints - strictly related
with the RMS deformation of the reference surface of the backplate -, basing curselves on
the previous work of C. Del Vecchio, we have assumed the following conditions for our
design:

bl - The thin mirror shall be radial constrained with a circular flexure connected to
the central hole and supporting mast, while axially shall be applied approximately 350 _
forces with a quasi-regular pattern with a pitch of about 30 mm through the voice-coil - - -
force actuators.

b2 - When the active axial supporting system is off, the mirror shall be supported
by the centre fiexure and a reasonable (8 to 10) number of safety supports positioned
around the outside circumference - see fig. 3 -.

b3 - These hypotheses imply that the telescope can be used both in the active and in
the adaptive mode only when the voice coil supports are activated; on the other side this -
means that the backplate reference surface can be polished with an accuracy that is in the
order of magnitude of the actuators controlled displacement instead of in the optical
accuracy, that means an RMS figure in the range of 100—3 00 nm instead that in the one of
10+30 nm . .
This is an important choice in the specification of the system design parameters, because,
according to the preliminary calculations carried on with FEA models of the backplate,
being our goal the 100+300 nm RMS of the backplate reference surface, we can optimise
its dimensions and shape in the hypothesis of having one only radia! and axial constraint in
the centre hole, avoiding the not negligible problem of introducing an auxiliary system of
axial astatic levers to reduce the RMS figure of one order of magnitude.

b4 - The second design base-line that has been established is the orientation of the
actuators, i.e. if parallel each other and to the optical axis or perpendicular to the mirror
surface.
Our decision is to position the actuators perpendicular to the mirror surface for the
following reasons :
b4.1 - Gluing the permanent magnets is easier and safer, all magnets are identical and
indifferent at their position on the mirror surface.
b4.2 - The technology for producing and machining the blank is not influenced by
particular exigency of the actuator centring and locking; the only problem we see is the
demand of having the max. hole diameter compatible with the actuators pitch, while in
proximity of the bottom surface the hole shall be reduced for the magnet passage and
actuator coil axial and radial position definition.
This critical area is to be machined with a good dimensional accuracy, and the details are
at the decisions of the Steward Mirror Lab.




