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MMT Conversion f/9 Secondary Assembly Procedure

MMT Conversion Technical Memo #00-5, 25 May 2000 

S. C. West 
Multiple Mirror Telescope Observatory, Tucson, AZ

R. Allen
Steward Observatory Mirror Laboratory, Tucson, AZ

Abstract
A detailed pictorial procedure for assembling and aligning the MMT f/9 secondary cell, mirror, and sup-

port system is given.

I. Overview
We document the assembly procedure used to integrate and
adjust the f/9 mirror into its cell (a la automotive service man-
ual style). Further details and clarifications can be found in B.
Cuerden, “Install4 Rev A, MMT f/9 Secondary Mirror Instal-
lation into Cell, 24-Feb-00, MMT Conversion Internal Techni-
cal Memo #00-3, 24 May 2000). The photos and annotations
are more clear using the color pdf version of this memo found
on the MMT website (f9assembly.pdf). 

II. Cell and Tripod Setup
There are two ways to bring the mirror and cell together. The
first uses a vacuum fixture applied to the faceplate of the mir-
ror to lift the mirror into the cell. We will not use this proce-
dure. However we show a photo in case this fixture is needed

in the future.

Instead we will use fixturing that moves the cell up onto the
mirror using a special tripod made for the purpose. Note the 3

nuts (arrows) must be installed prior to setting the cell onto the
tripod.

Now place cell over tripod.

Next, set up the 3 pads on the tripod legs that will support the
mirror. The next two photos show the pad dimensions prior to
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installing them onto the tripod legs. NOTE: taper brass at two

arrows before using these pads again to void severe catching
of brass in cell holes.

Install pads on tripod legs.

With 3 people each using both hands on mirror backplate,
move mirror onto tripod taking care to align mirror and cell
North orientations. Mirror backplate is marked with the pad

outlines.

Check the mirror/cell alignment in two ways using a plumb
line. First check the centration by dropping the line in 3
places from the edge of the mirror backplate to the orange
radial bumpers. Carefully shift mirror until bob (i.e. mirror

backplate) is about 1mm inside of the radial bumpers.

Check clocking of the mirror by dropping the line from the
north (L1) and south (L7) bearing pad centers to the actuator

0
0.8 0.8

0.80-inch

1.12-inch

plumb bob

radial bumper

Bearing pads (typ)
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bodies. Here the line is shown from the south bearing pads

attached to the mirror to L7. When the mirror is properly
clocked, the plumb point will be centered on the 3 ball bear-
ings (arrow--mirror clocking is in error in this photo). Simi-
larly, the plumb line off of the north mirror bearing pads to the
L1 actuator will go through the center of the wire hole in that
actuator body. Iteratively adjust centration and clocking by
gently moving the mirror on the tripod legs as needed.

III. Preliminary support system attachments
This section describes several attachments to the lateral and
axial supports that must be made prior to moving the cell and
mirror together.

A. Lateral support rods and linear bearings

Now assemble the 11 linear bearings into each of the bearing
pads attached to the mirror top plate. Prior to inserting into the

bearing pad, attach lower snap ring and clear bushing. Insert
into bearing pad. Attach upper clear bushing, and carefully
attach final top snap ring (not shown in this picture). Take care
not to stress the bearing pad connection to the mirror or to let
the snap ring launch onto the mirror surface.

Carefully insert lateral support rods through each bearing.
Apply 242 loctite to set screw, and then very gently tighten the
set screw into the groove [of one of the three] metal bearing
holders as shown. When the proper preload is applied, the rod
can be easily translated up and down without sticking, and the
bearing is slightly loose in the pad. Next gently clamp the rod
using the pad attached to mirror backplate (to hold the rod in
position). Rods for the 6 lateral actuators (L2-L4 and L10-

L12) have a single hole drilled through them with a very small
flat centered on the hole. The rod for L1 has this and a large
flat. The 5 rods for the compression actuators (L5-L9) have a
flat milled into the side of the rod. Rods for L5 and L9 have a
short flat, while the others have a long flat. The three rods for
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L1, L5 and L9 are unique because they also accommodate the
connection to the tangent arms (described later). 

B. Axial support wires

Locate the 18 axial wire assemblies. Each one is unique and

must be mated with the appropriate axial puck (already glued
onto the mirror backplate). Note the two spacer bushings and
the flat surfaces oriented toward the bolt heads.

Attach each wire assembly to the appropriate invar puck using
242 loctite.

Locate the 3 axial hardpoint flexures. Each should be labelled

with a location (W, NE, or SE) which corresponds to the
labelling on the 3 mirror pucks. 

Attach each flexure to a puck taking care to keep the length
dimension unique to each using a depth micrometer (W:
3.478-inch, NE: 3.475, SE: 3.460). Apply 242 loctite to thread

and use jam nut when length is correct. Do NOT bend flex-
ures.

bushings (2)

flats (2)

jam nut
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Screw wire feed-throughs onto the brass screw on each axial
support wire assembly. These allow the axial wires to be

steered through the holes in the cellplate.

IV. Mate cell and mirror
NOTE: For this procedure, we used scissor jacks and wood
cribbing. It should not be done this way again. A better way
would be to make a support for the mirror cell attached to a
precision fork lift.

Using 3 scissor jacks, elevate cell until wire feeds just touch
cell plate. Continue elevating while carefully placing each
wire feed through its appropriate hole in the cell.

Take care to keep mirror centered and clocked properly as the
cell is lifted. Also make certain that the tripod legs remain
centered in their clearance holes in the cell plate. Use plumb
bob as needed. Also, gently pull on wire feed-throughs to
make sure axial cable doesn’t buckle as cell is lifted.

Continue jacking and cribbing. Occasionally inspect hardpoint
flexures to insure they proceed through their cell clearance

holes without binding. NOTE: Also check the clearance

between the mirror backplate and the radial bumpers to make
sure that the mirror doesn’t hang up there. Pay special atten-
tion to the brass threads on the ends of the axial wires so they
proceed through their clearance holes without binding or
hanging up.

Watch for contact with the 3 cell clearance holes and the brass
thread on the ends of the tripod legs. Be careful not to jack tri-

pod base off the platform because the brass thread binds with
the clearance hole! Make sure to check hardpoint flexure
clearance during this process. 

wire feed (18)

Datum A

hardpoint flexure
with inspection mirror.

brass thread

tripod leg

wire feed
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While continuing to lift the cell, screw nut (at base of tripod
leg) onto the brass thread. When cell is lifted, the brass thread

will extend below the nut by about 1/8-inch. There’s a shoul-
der on the brass thread that WILL catch the clearance hole, so
hopefully this was tapered per the note earlier. In practice, we
had difficulty tightening these nuts, and ended up putting a
stackup of 3 thick washers between the cell and nut.

Now, the 3 hardpoint flexures should be through the cell plate
along with the 18 axial wire assembly brass ends. The 3 nuts
should be securely tightened to the brass threads on the ends
of the tripod legs. At this point, the mirror is resting on the 3
pads above the tripod legs. It is NOT resting on the axial
bumpers under the mirror backplate.

At this point, try to center the mirror so that the backplate has
equal clearance with the radial bumpers all around. Wedging
plastic shims (~1mm thick) between the bumper and back-
plate works pretty well.

V. Exact-Alignment of Mirror and Cell
The centration tool engages both the central clearance hole in
the cell and the backplate hole in the center pocket of the mir-
ror. 

When the mirror is well centered, this tool is easily inserted
and rotates freely.

The height of the mirror is adjusted relative to datum A of the
cell by using the mirror height tool at the 3 reference positions
that are marked on the side of the cell. When inserted prop-

erly, this tool simultaneously touches the mirror surface and
the top of the cell wall. In addition, the tool is pushed up
against the sides of the mirror front and back plates. Height
should be adjusted at 3 reference positions to within +/-0.010-
inch.

Note the marked 
reference positions (3).
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Measure N tangent load cell. After removing electronic offset,
verify residual force on tangent rods is < 0.25-lb. If larger,
there is a clocking error that must be corrected.

We measured the load cell offsets. Also, (+) voltage corre-

sponds to compression and (-) to tension.

Power off electronics.

E. Final Lateral Support Measurements/Adjustments

With power off at horizon pointing, remove the lids on the 3
axial zone electronics boxes. Disable the axial servos by dis-
connecting the visible connector.

Power on air, then electronics. Now mirror is hanging by lat-
eral servo system only. Any overturning moment due to a mis-
alignment between the lateral supports and the mirror cg plane
reacts directly against the axial hardpoints producing residual
forces.

The lateral actuators must be adjusted until there is no more
than 0.2-lbs force on any hardpoint and the sum of hardpoints
no more than 0.1-lb (see Cuerden section 10). 

Verify that load cell readings repeat when power is cycled
and/or the mirror is jiggled by hand.

In practice, we ran out of lateral actuator travel before achiev-
ing the specs printed in Cuerden’s document. Within the
allowed travel, the best lateral support plane we could find is

that specified in section VII D--preliminary adjustment of lat-
eral actuators.

Here’s a sample of our data vs. the position of the lateral sup-
port plane from datum A. The load cell voltages have the elec-

tronic preload removed. Only the NE and SE hardpoints react
gravity torque since the W unit lies directly on the X-axis. The
lever arm for the NE and SE hardpoints are both 11-inches.

Power off electronics. 

Reconnect axial servo system.

Power on. Rotate mirror as needed to verify that all is well.

Table 1: Load cell electronic offsets.

load cell offset V
N tangent Not measured
NE axial -0.075
SE axial -0.015
W axial -0.120

disconnect

Table 2: Axial hardpoint readings vs. lateral
actuator plane.

A->act 
(i)

NE
V

SE
V

W
V

Res 
Torque 
in-lbs

8.491 0.232 -0.033 -0.024 36.4
8.412 0.182 0.053 0.035 17.7
8.325 0.135 0.098 0.028 5.2


