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Mirror-o-Matic

Mirror-o-Matic was designed to be a very low cost astronomical mirror grinding,
polishing and figuring machine.
Its attributes are:
1. It can be built for somewherebetween $200 and $400.
It is constructed of hardware store itemsand it needs no machinedparts.
It is constructed primarily of 3/4 inch plywood and has few close tolerances.
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4. It uses asingle readily available 1/4 hp 1725 rpmmotor.
5. Itisvery sturdy and capable of grinding and polishing 12.5 inch mirrors.
6. Thephysical size is small.lt can be stored in a closet or under atable.

7. Themotorand belt assembliesare very quiet.

8. It can be built in a weekend.

Its disadvantages are:

1. Thebelt drives require a few minutesto change speeds.

2. Thesingle speed motor does not allow infinite speeds or ratios.

3. If the eccentric slots are cut imprecisely, fine overarm adjustment will be
difficult.

4. It'skind of ugly.

| hope that you find that the good points outweigh the bad.

The history of Mirror-o-Matic has been highlighted in Issue 13 of the Amateur

Telescope Making Journal. (2500 15th. Ave. West Seattle, WA. 98119). Thisis a
magazinewell worth subscribing to.

Have fun building and grinding and do not be afraid to modify and improve the
design. Please keep meinformedof your progress.

Dennis
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Building the base box.

The base of Mirror-o-Matic starts with a
simple box with outside dimensions of
28"x19-3/4". The corners may be mitered or
butted (adjust your cuts accordingly). The
dimensionsare not critical, 1/4" is fine.

Thereis a fair amount of torque passing through the box, so be sure to glue all

joints. | prefer using polyurethane glue. It is very viscous and swells slightly as
it sets so small gaps will be filled. Align parts carefully. Once it sets, you will

not be able to break the joints. Read the instructions for humidity requirements.
Someglues require that the wood be dampened.

Use care, polyurethane glue will stain your hands and clothes arich dark brown
which will take a week to wear off.

Carpenter's glue or white glue such as EImer'swill also work.
All wood parts in this project can be nailed, screwed or clampeduntil the glue
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I recommendbuilding the box and most other parts from 3/4" birch 7 or 9 layer
plywood. Almost any other "cabinet grade” plywood will do. Typical fir "construc-
tion" plywood such as CDXis not very good because of the many voids which will
compresswhen bolts are tightened into it.

Completethe base by putting a floor

BT = —d ;— in it. | used 3/4" melanine(tm),a
p'-'f:;'.-| ) . " plastic coated particle board used for
— % B J. shelving and cabinets. The same3/4"

b plywood that was used for the rest of

the box is also fine.
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Shaft supports need to be madenext.
| used two layers of 3/4" plywood
on top and one layer on the bottom.
A single layer on top will probably
work

Stack the three layers together and
nail or clampthem so that all three
pieces are drilled in alignment.If the
holes are not kept in alignment,the
shafts will be crooked and almost
impossibleto install.

Theholes should be centered about
1 inch in fromthe inside edge of the
box.
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You will need two 15" lon
polished blower shafts. | used 1
diameter shafts, but 3/4" will als
work. These plans will assumethat you are using 3/4" shafts. If you use any other siz
adjust collars, flange bearings and pulleys accordingly.

You will also need adrill bit that makesatight hole for the shafts. | bought aset of Silve
and Demingbits (a generic namefor large drill bits that have their shafts turned down t
1/2" to fit a standard 1/2" drill chuck.If you are using a hand drill you will probably wan
to use Forstner bits.

Practice on a piece of scrap and make sure that the shaft will be a fairly snug fit. Yo
should be able to press it in by hand, but not be able to spin it easily.

Separate the three boards after drilling and smearthe holes with polyurethane glue. Slid
the shaftsinto position and glue and nail the boards into position. Let the whole assembl
set for a few hours.

After the glue sets, the shafts
should be tight. Scrape any
excess glue off the shaft.

Slide a 3/4" collar and bronze
thrust washer over each shaft.

Tighten the set screw on the
collar lightly for now. It will
be adjusted for height later
when aligning turntable and
eccentric pulleys.
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Buildinghe Power Head

Theheart of Mirror-o-Maticis the power head assembly.A single speed 1725 rpm1/4
horsepower motoris used along with a pair of belt reduction shafts and pulleys.

By using different pulley-shaft-belt combinations, a wide variety of turntable and
overarmeccentric speeds can be achieved.

The powerhead assembly rides loose in the base box and a pair of tension springs
self-adjusts the belt tension.

Themotoris attached to a mount constructed from3/4" plywood.
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Just follow the cartoons.
Cut out the following parts from 3/4" plywood and assemble them as

shown.
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Attach a 1-1/2" pulley to the end of a 5/8"x 12" long shaft. Set the socket screw. This
is the mediumspeed shaft. Slide this shaft through two bearing sets and bolt this
assembly to the frameas shown. Leave 1/2" between the pulley and the bottomof the
frame.Make sure that the shaft is square with the frame.Use 5/16"x1-1/2" bolts and
nuts. Use a 5/8" locking collar to position the shaft.

Mount a 10" pulley (not shown) to the other end of the shaft. Tightenthe set screw
only snug for now.
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Use a 1/4 hp clockwise turning motorwith
atype 48 or 56 frame.Thisframehas slotted
holes in it's base which are used to tighten
the drive belt between the 1-1/2" motor
pulley and the 10" intermediate drive shaft

pulley.

DI P
e iy ]

Install a 1-1/2" motor pulley on the end of E
the motor shaft. Tightenthe set screw.

Position the motor as pictured. Make surethat the pulley sticks 1/2" above the top of
the framefor belt clearance. Make sure that the motoris square with the frame.
Tracethe four slots of the motorframeonto the plywood mount.Removethe motorand
set it aside.

Drill (4) 5/16" holes in the frameon the side of the tracing away from the already
mounted shaft.

Setthe motorback on the mountand bolt the motordown with 5/16"x2-1/2"bolts, flat
washers and nuts. Just snug the nuts for now.
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Place a 10" pulley on the intermediate shaft and trial fit a 4L36 belt on it and the
1-1/2" motor pulley. Slide the motor away fromthe shaft until the belt is tight. Hand
tight is good enough or a bar clampcan be used to pull the belt tighter. Tightenthe

: = [
Thesize of these pulleys determine eccentric
and turntable speeds. See the operations
manual before selecting.

=T —

=

Cut the 7"x7"low speed shaft mount froma piece of plywood.
You will also need a’5/8"x13" shaft and two bearing sets.
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Measure the distance between mo-
tor bolts and layout 1-1/2" x5/16"
slots to match the motor bolt
pattern. This assembly will slide
on the 2-1/2" motor bolts and
allow the low speed shaft belt to
be tightened.

Cut the slots.

Mount the 5/8"x13"shaft onto the
7"x7" mount with a bearing set as
shown.

Set collars and thrust washers are
required to keep the shafts from
sliding down. Place them on all
shafts as shown in the pictures.

Mount the 7"x7"base onto the 2-1/2" motor bolts. Make sure that the base
slides on the long bolts. Add 5/16" washers and nuts to the long bolts and
tighten just barely snug.
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Place a 10" pulley on the low speed shaft across fromthe 1-1/2" pulley on the
intermediateshaft. Run a 4L 38 belt between these two pulleys. Use flat washers and
nuts on the 7"x7"low speed shaft assembly.Pull this assemblytight against the belt
with a clampand tighten the nuts.

Add aset collar and bronze thrust bearing to the slow speed shaft to keep the shaft
fromdropping.

Add drive pulleys to the low speed shaft as shown. Sizethe drive pulleys fromthe
operations manual. Make sure that all the pulleys are aligned so that the belts run
true.

Tightenall belts and collars.

Use caution!!!

When everything looks OK, plug in the motor and watch the power shafts turn
slowly. Thereshould be very little noise. Looking down, the shafts should turn
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O\/erarmpl atform Cut out the pieces as shown . Assemblethem

and cut the side slots per the given dimensions.
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OverarmPlatfornT ower

Cut out the partsand
assemble them as

shown.
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OverarmSupport
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Once again, cut out the parts and assemblethemas shown

Hold the horizontal top shelf
up high to provide adequate
mirrorto overarmclearance.
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Set aside the 1"x13"
T~ | piece for a little

|
T m— while.
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AssemblingheOverarm

(Ca0 & mansasiines) )
1L

Following the pictures, fasten the
T FOT A BT parts together. Bolt the hinge
N THATLAST ORE onto the overarm support with

(5) 5/16"x1-1/4" bolts, washers

= and nuts.

Bolt the overarmonto the hinge

with (3) 5/16"x1-1/4bolts, wash-

ersand nuts.

See the Addendumon page 44 for

information on building an arm

stop.

I recommendusing polyurethane

glue between the hinge and ply-

wood surfaces. It will work |oose
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Installinghe SwivelintotheOverarm

| used apiece of 5/8" threaded rod asthe pin that will fit
into the mirroror tool. Theswivel (also called a toggle
or leveling pad) isthreaded for a 5/8"x11tpi rod.A 5/8"
jamnut will keep the swivel fromworking loose.
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Install a hinge onto the tower as
shown. Use glue and (4) 5/16"x1-1/4"
bolts, washers and nuts.

Hold the hinge and overarmsupport up
1" fromthe bottomof the tower.

Bolt the support to the tower with (3)
5/16"x1-1/4"bolts.

Use polyurethane glue under the
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| did not glue the tower to the platform.it
isonly screwed down.Thismakesstorage
and moving alittle easier. Polyurethane
glueis forever.

b2+
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Buildinghe Turntabl Pl atter

Theturntable platter will ride directly on the 12" final
drive pulley. It is indexed to the pulley with one to
three plywood dogs. This allows the platter to be
removedfromthe machineeasily for cleaning and mirror
checking. A single dog is enough, but threewill allow
the platter to sit even while off the shaft.| used a single
dog.

A 3/4"plywood mirror carrier of the samediameteras the
mirror will be later screwed to the platter. The mirror
LA will be duct taped.to this carrier. A dam will be built
around the platter in alater step.
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Since the turntable is turning around the fixed 3/4" shaft, a
3/4" 1D x 3/4" long bronze bushing should be inserted into
the turntable. Although not absolutely required, it will make
turntable installation and removal fromthe pulley that it is
riding on mucheasier. Thehole has atendency to swell when
wet.

Besureto paint the turntable to protect it fromwater damage.

The turntable can be made as large as 16 inches in diameter.
Larger diameterswill give more area for grinding slurry to
collect. It also gives a larger area around the mirrorto place
adjustable blocks if you would rather not use tape to hold the
mirrorin place. Threeor four adjustable slotted blocks around
the mirror perimeter makecentering the blank on the turntable
easier.
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BuildingheEccentric
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Cut the pieces out of 3/4" plywood and
assembleas shown.
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More 3/4" plywood pieces.

Note: Theslot can be made4 inches long and stopped at
the center of the circle. Thiswill makefinding the zero

eccentric location easier.

355
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Drill a hole as required in the center of the 3"x3"block. A
3/8" threaded insert (3 prong T-nut) needs to be pressed into
it. Thisblock will rest in the "tunnel" of the eccentric and
catch the bolt that goes through the rod end bearing of the
eccentric drive rod.
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M akingan Eccentri©riveRod

Theeccentric drive rod can be madewith
either maleor femalerod end bearings.

| used malerod ends and a piece of 1/2"
aluminurtubing tapped for the rod ends.
A piece of 3/8" threaded rod will also
work with female bearings. No tap is
required, but the threads should be cov-
ered to keep themfromcarrying grit onto
the mirror.
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Back to theEccentric

Cut three plywood dogs and attach themto the bottom of the eccentricin the same
manneras the mainplatter. | also ran a screw and washer into the dog nextto one of
the pulley webs to avoid rocking of the eccentric. It is under some stress when
polishing.
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Installin@pringAdjustmentHooks
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Drill holesinto the sides of the base box as shown for the spring eyehooks. Thesewill
be used to tension the drive belts fromthe powerhead. By movingthe hooks, the

powerhead can always be in a position to tension both belts.
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AssembingheParts.
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If you havenot yet done it, install a3/4" collar and thrust washer on the turntable and
eccentric shaft. Thiswill keep the pulley from contacting the plywood base. The
eccentric collar should be 1" higher than the turntable collar. Now install a 12" pulley
on the turntable shaft. Make sure that the pulley heights are correct and that the belts
run true. Do not set the allen head in the pulleys. Throwit away. Thealuminunpulley
runs directly on the shaft. Use alittle oil or grease.

Add 2 eyehooks to the powerhead frame.
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Install the eccentric and pulley combinationas shown. Do not set the allen head in
the 8" pulley.

Thepicture shows each belt comingoff the low speed shaft, but either could comeoff
the mediumspeed shaft. By using different pulleys and belts, all sorts of speeds are
available.

Fit the drive belts and install the springs. The belts should be snug . When the
machineis running, the platter and eccentric should be capable of being stopped by
hand. Do not put so muchtension on the belts that they cannot be stopped by hand.
Thisis a safety feature.

If the power head rocks slightly under load, a 1-1/4" long #10 wood screw can be run
down through it's base into the box floor after tightening the belts. Thisprobably will
be required when polishing larger mirrors.
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Set the entire overarmassembly
on the base box and mark and
drill the holes that secure them
0 each other. A 5/16" threaded
insert needs to be installed in-
side the box to catch the 5/16"
2" bolt and washer that holds
he pieces together.

Place the swivel directly over
he turntable shaft. Mark the
bolt head location on the over-
larm assembly so that it is easy
o know if the tool and mirror
are running center-over-center.

he overarm assembly can be
moved off center-over-center for
certain  polishing (blending)
operations.

Install the turntable platter.
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Connect the eccentric rod
armto the slots as shown.
Put the eccentric rod end
near the center of the ec-
centric. A little throw
goes a long way. If too
much is put in, the arm
will go off the turntable
and you will be glad that
you left the belts a little
loose.

Thedistance fromcenter of
eccentric will set the total
throw. Theposition of the
overarmtable slot rod end
will determine the posi-
tion on the mirror.

| usually set the eccentric
to zero throw, the swivel
to center over center and
then tighten the overarm
table rod end bolt.

If everything looks OK
(look really hard) raise the
overarmjust to be safe and
turn the unit on.

It should be quiet with
nothing hitting or ru-
bbing.

| did not install a motor
switch. When | reach in
the machine to change
belts or tension, | want to
know that it is unplugged.
Install a switch or even a
timer switch as used on a




BuildingheGritand SafetyShield

Even if you do not believein safety shields, build this one anyhow. It serves the dual
purpose of keeping the grit and water off the belts, pulleys and motor.It will also keep
animalsand small hands (and big ones) frommessingwith the belts.

Cut the top piece out of 1/4" plywood or sheetmetal and the small pieces out of 3/4"
plywood and follow the pictures. It wil be necessary to removethe platter, eccentric,
overarm,pulleys and belts. Thisis important,so just do it.
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If your shaft support is not recessed, you
will not use the inside front support. A
small pair of blocks on the inside of the
box sides will keep the shield from mov-
ing forward.
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FinadDetails

A dam needs to be added to the 14 inch
mirror platter. Cut a 1-1/2" strip of fiber-
glass, plastic or thin aluminumthat will
go around the platter. Glue, resin or RTV
caulk it into place. If you have madea
larger turntable, adjust the length of strip.

Buildahat section of 3/4" plywood
the same diameter as the mirror or
tool that will be attached to the
turntable.

Use a piece of 3/4" shaft to align
the center holes and screw the hat
to the 14" turntable platter.

Coat all the plywood with resin or
paint to makeit waterproof.
Themirroror tool will be taped to
this hat when grinding or polish-
ing.

Either maskingor duct tapeworks
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Building TileTool

Thisis an exampleof how | built an 8"
tile tool. | do everything tool on top.
Thetool should be about 70%the size of
the mirror. See the Operations Manual for
sizing details. We will use an eight inch
tool for an example.

Cut two 8" diameter circles out of ply-
wood. Drill a centered 1" hole in one of
them. You can also drill an oversized
hole and install a bronze bushing similar
to that in the turntable.

Follow the instructions.
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Addendum One - Adding An Overarm

A stop must be added to prevent the overarm from accidentally
being dropped onto the mirror below. This can be a piece of 3/4
inch plywood cut as required to fit the cavity.

When grinding or polishing, never al-
low the slurry todry out.

If this happens, the tool and mirror will
dlick to each other. The energy in the
turntable will toss the tool out and the
swivel will crash to the mirror below.
Thisstop will prevent this and acciden-
tal arm dropping from occurring.

| built my stop as a snug fit and just ran
two screws through the top plate to give
easy removal of the hinge bolts.

You may also want to use a small
|," ; piece of sheetmetal or cardboard to
Il cover the overarm cavern. Grit can

get into it and later fall out onto the
mirror.

SIDE VIEW



