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PURPOSE:
1. The covers should subatantially reduce duat getting on
the primary mirror when the telescope is not in use.
2. The covers should not degrade telescope performance
while open.
3. The covers should offer a measure of protection from

falling objects when closed.
4. The covers won’t do the following:
a. allow walking.
b. allow the primary mirror to be satopped (i.e. they
don’t function as an iris)
¢. provide a +tight thermal package around the primary
mirror and cell.
d. capture a great amount of water,.
5. Further, the covers should be lightweight, =sgimple and
inexpensive.
6. Also, the cover system should include a mechaniam for
maintaining correct tube balance at all times.
7. The covers must be closeable during a power failure.
8., The covers will be closed or opened only when the
telescope is at the zenith, and will retain their integrity
as the telescope is moved to the horizon.

CONCLUSIONS:

We have invented a primary nmirror cover ayatem which
will be described in this report. It meets all the above
regquirements. This report details the features of the ayatem,
points out areas where further work might be done, and
briefly mentions alternative cover systems.

List of Figures:

1. Cover shown partially open (star view).

2. Cover shown partially open (side view).

2b. Cover shown partially open (oblique view).
3. Cover shown fully open (side view).

4., Cover shown fully open showing wind and thernal
obstructions.

5. Cover ahown fully closed (zide view).

6. Latching mechanism.

7a. Guide railas.

7b. Guide rails, details

8., Hinge details.

9. Guide rail loads vs. cover extengsion.




10. Panel weights and link loads.
12. 4Alternate cover sysatem.

GENERAL DESCRIPTION:

The primary mirror cover iz made up of six panels. Each
panel is a parallelogram linkage with a thin skin of aluminum
on 1te top aurface. See Figures 1,2,82B. The folding panela
will be stowed between the elevation ring and the mirror
cell. Figures 3,4. The packaging ia rather tight and part of
the folded panel remains inside the elevation ring at the two
Nasmyth sides of the elevation ring. This ia 4 cm from a 1
degree off-axis light besam. The covers are driven by air
motors. One motor drivee each of the =ix panels (six motors).
This sir system must have enough stored compressed air to
close the cover during a power failure. Each motor driveas a
shaft located just above the mirror cell. This shaft extends
across the base of the panel and drives all six guide rail
rollers. Figure 7. The middle two guide rail =slides control
the moving ends of 7-bar linkages. The next two guide rail
slides (one on either aside of the two central ones) control
the moving ends of 5-bar linkages. The outer two guide rail
slides control the moving ends of 3-bar linkages. The motion
of all six panels can be fimultaneous zince no overlap at the
joints is intended. Opening or closing time will be on the
order of 1 nminute. Once closed, twelve latches on the
Cassegrain tower will engage the extended cover (Figure 6.
Suitable limit awitches and control logic will be provided.
The latches will be pneumatic since power-failure mode is
required. The opening and closing sequences are done while
the telescope is pointed at the =zenith. This reduces the
loads on the drive components. Once latched to the central
tower, the telescope may be moved to the horizon for storage
or whatever. The mirror covers are shown with the top pivot
of the parallelogram moving down (and hence the center of
gravity alsoc moves down) as the covers are closed. See Figure
5. An inverasion of this acheme is possible, that is the top
pivot can be fixed and the lower pivot can be moved up to
cloae the covers. There may be thermal or other reasons for
doing this. The deaign is flexible in this area. Each panel
of the cover will weigh 330 lbs and the required guide rails
and motors will weigh 5S00 lbas. There are esix sets, 2o the
total weight of the cover system is 5000 1lbs. The nmoving
weight 2000 1lbs moves 20 inchea and so a counter-moving
weight must be provided. If this weight is mounted on the
elevation ring, where 10 feet of travel is available, then
the weight is 3301bs.(3300 ft-1b}

The covers never come closer than 2.5 cm to the primary




mirror segmenta. The nominal skin thicknesa is .06 in (1.3
mm). A very crude drop test was done on a 30“x30" panel on a
ralsed wooden support. A 12" crescent wrench was dropped 50
feet and did not penetrate this panel (12" crescent wrenches
weigh 2 lbs). The kinetic energy was converted to accoustical
energy and a slight puncture in the aluminum panel . This
material was 6061-T6, a fairly brittle aluminum alloy.
Further study should be done to seelect a softer material.
Also, a&ince the weight of the skin is much of the cover
weight, and dictates the loads on the guide rail supporta, a
thinner skin might be investigated. .06" was pilcked
arbitrarily. Figure 10 lists weighta.

The panels use piano hinge strips for the top and middle
pivots for the linkages. These have air gaps (dust gaps) and
since the panels fold up when opening, provision has been
made to catch any dust falling down into the three valleys.
See Figure 8. These channels must be periodically cleaned.

An alternate geometry for mirror covers was proposed in
July 1980 (TMT Report 39) which had 6 panels hinged inside
the top of the elevation ring. See Figure 12. It is now felt
that in the open position, these will have adverse effects on
the telescope due to wind loading. The c¢covera sastowed Just
above the primary mirror ¢ell <and only 1/3 as long when
folded up) minimize this effect although they are
considerably more complicated structures. Figure 4
illustrates this.

Water: The geometry of this cover design has a flaw.
That is, if the joints are all water tight and the covers get
rained on, the valleys will £1i11 up with water. This added
weight will damage the structure. Therefore, the covers will
not protect the mirrors from rain. The mirrorse will be
protected from a light fog and occasional oil or cryogens
falling from above. If rain water protection 1is essential,
then the telescope should be stored horizontally when not in
use.

Future work: No attempt was made to optimize the linkage
elemnents, but insgtead, larger members were selected for this
first design. The elements of the parallelogram are
statically indeterminate. If possible, an analysis should be
made to get the asize of the membera and the pivota., As
mentioned above, the upper =skin might be optimized, both
material and thickneas. The gulde rail supporta are nominally
4" x 4' pbuilt-up *"I" beamza. This givea a section moment of
about 19 ing_, The central 7-bar linkage dimposes a 300 1b
lateral load to the guide rail and the deflection of the rail
is 05" ¢.5" at the latch) The upper attachment ia a bolted
bracket to the underside of the elevation ring and the lower
attachment is a aliding joint, 8ee Figureas 7a, 7b. These
elenents are a large fraction of the mirror cover asystem and
could stand some optimizing.

Interface: The vertical elements which make up the guide
rails muat support lateral forces at mid span and must resist




bending. The upper connection to the elevation ring can be
rigid but the connection at the bottom, to the mirror cell
can be a asliding joint. That is, it won’t attach to the
mirror eell so that loads are transmitted from the cell to
the ring in a direction parallel to the optical axis of the
telescope tube. They will however, transfer some of the
weight of the covers directly to the mirror cell, when
looking at the horizon. The structural engineers should be
aware of thia, since this affecta optical collimation. About
3000 1lbs is now added to the top set of mirror cell nodes
when the telescope is horizontal.

Dynamics: While the covers are folded up during
observing, there may be unwanted naturasl frequenciea
(rattles) present. It may be necessary to provide a device or
aystem to force the covera cloased against rubber atopa. This
is easier to handle as a retro~fit than to prediect what the
resonances will be before hand.

Re-aluminizing: Since the covera don’t overlap each
other or "nest" when closed, it may be possible to open only
one panel while mirrors are removed and replaced for

re-aluminizing, thus offering some protection for the other
mirrors.

Cassegrain tower: It is not clear whether there will be
& permanent atructure cutside of the tower. This awaits the
design of the Cassegrain baffle design. If it ia decided to
have aome permanent stuff outside the tower (partially
shadowing the inner ring of segmenta) then the deaign of the
covers becomes simpler. That is, the furthest 1link of the
parallelogran gets shorter and stowing becomes more compact.

Optimizing the linkage: Figure 9 shows how the
parallelogram linkage angle affects the guide rail loads and
the cover extension. Guide rail loads (lateral) are plotted
veraus extenaion. 20 degrees (40 degrees between 2 links) wasa
selected because the loads get very much higher for very
little increase in extension. This value then determined the
extra extension added to the last panel in the linkage. This
extra part ia what is atowed inaide the elevation ring (only
at the elevation axis flats).

See Disc I12 mirror cover
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