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Making A Tile-On-Plaster Tool

An Adaptation Of The Waineo Method

The well known optician Tom Waineo advocated making
plaster-based grinding tools. His method of attaching the tiles to the
plaster substrate utilized paraffin wax as the bonding agent. I have
used his method and found it to have both advantages and
drawbacks. Here is a description of my implementation of the
Waineo technique and my experiences with using such tools.

December 2000

Asdl ATMs soon discover, there are many different ways to do each of the tasks required for grinding
your own mirror. Making agrinding tool is no different. For smaler mirrors up to about 10 inches diameter,
using asolid glasstool often works out best -- especidly for the beginner. When attempting larger optics,
however, the avalability of even plate glassfor afull Szed tool becomes aproblem. Most amateurs will resort
to making their own grinding tools once they get above about 12 inch diameter mirrors.

The late Tom Waineo described a method of making grinding tools that was allittle different from the
methods usually seen in use by amateurs. | first came across his methods on CompuServe quite afew years
ago. He used plagter based tools and attached the grinding tiles using a combination of window screening and
paraffin wax. (Paraffin wax may be obtained from many hobby stores and is used for making candles.)

Hereis Tom's brief description of the process he used.

"If you have a Home Depot nearby, pick out the cheapest while bathroom tile in square ft sheets of 1 inch
squares. Over in the paint dept, get some plaster of paris and plaster sealer. Next a small piece of fiberglass
window screen and some epoxy. Cover the mirror with vasoline and lay on thin plastic from a trash bag or a
dry cleaner bag. Wrap around a cardboard dam 2 inches higher than the mirror. Fill with plaster and pull
off when set. It will slide easy. Place tool in oven at the lowest setting but turning temp dial until light
comes on and about 125 F. Leave in overnight with door barely open to let out moisture. When masking
tape sticks on, it is ready to seal. Cut some pieces out of the tile square until it fits the diameter. Epoxy
window screen to the back. Apply in blobs and a couple times until the screen is covered over. Heat the
plaster again and wrap around a masking tape dam. Brush on hot paraffin wax to a thick layer. When you
heat the plaster, heat the tile the same time. Place the hot tile screen down on the wax. When cooled a little
place mirror on top. After the tool is cool, remove mirror and pour on more wax to fill the grooves a little.
Wipe off any excess wax. After finished grinding, you can heat the tile with a heat pad or torch and peel off,
scrape off wax, and make a pitch lap. I have reused my tools for many mirrors using this method. It is so

routine to me that I may have left out small details. - Tom"

This article will take you through the process of making atile-on-plaster grinding toal. It isloosely based
on the Tom Waineo method with complications of my own added. This method isnot quick. (It takes at least
three or four days from start to finish.) The process does result in tools that 1ook, fedl, and work just the way
I like. Only you can judge if this method will meet your needs. Chances are, you will find something that can
be adapted to your own preferences, just as | adapted Tom Waineo's methods to suit mine.

Why Use Plaster & Tile Tools?
When working on alarger mirror, it is common to do the hogging out of the rough curve with ardatively
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small sub-diameter tool. Suchisthe case with my 17.5" project | have been working. After the bulk of the
glass has been (often rather cruddy) removed, anew tool is then used for the remainder of rough and fine
grinding. Thered grinding work is aways done with tile or other very hard materid attached to a subdrate.

There are anumber of materials and methods commonly used to make this new grinding tool substrate. |
have used wood, cement, and plaster a one time or another and find that all can work well. Each hasits
advantages and disadvantages when used as asubstrate. The key to successful grinding are to use avery hard
grinding surface medium such as porcdain (unglazed, fully vitrified) floor tile, glass, or metal squares mounted
on arigid, waterproof substrate.

It cannot be overemphasized that the subgtrate be tiff and not change shape during fine grinding. Any
materid that can absorb moisture during fine grinding may be subject to deterioration or warping. The best
ubgtrate materid in this regard may be a non-ferrous meta plate. Metds such as duminum, Sainless stedl, or
titanium would dl serve wll.

Wooden tools can also be used. Extreme measures should be taken with wooden tools to ensure that no
moisture can get into the wood base. Y ou should also only use plywood for tools. Solid wood stock can
change shape over time even when seded properly. Any warping of awooden grinding tool baseis very
likely to cause trouble during the last stages of fine grinding. Even worse, such problems may not become
gpparent until you are well into polishing your mirror. That is not the time to have to make and bresk in anew
grinding tool. For hogging, on the other hand, a quickly made wood tool can work grest. While hogging a
deep curve in alarge mirror, we do not need to be overly concerned with the tool changing shape.

| have had good luck using cement tool substrates. Both anchor and patching cements have been used on
occasion. These are available in many hardware stores and are used to anchor bolts or patch holesin
concrete. They are made of nearly pure cement and contain no coarse sand or gravel. Because of this, they
are very fine textured and make fine, smooth, waterproof basesfor tile tools. | tend to be alittle more
paranoid and thoroughly sedl dl my tool substrates, though the cement tools were very fine textured and didn't
redly look like they would shed particles during use.

Plagter isdso avery common substrate materid for grinding tools. My first experience with plaster was not
pleasant, though | experienced few red problems. | used a patching plaster for walls obtained at aloca
hardware store. The plagter did not cure as hard as | would have liked, had a very disagreeable musty smell,
and contained a mould that continued to grow even after being completely sedled ingde the tool. It ended up
being colored like fine Italian marble but worked okay as agrinding tool base.

My most recent experience has been with a USG (United States Gypsum) plaster known as Hydrocal
105. Thisisdso cdled Buff Stone and is a pleasure to work with. It isaform of dentd molding plagter. A
friend found alocd supplier and it turned out to be very economica -- about $15 per 50 pound bag. The
photographs accompanying this article depict my most recent use of this plaster to make a12.5" tool base for
my 17.5" mirror. In addition to Hydrocal, USG aso markets products known as Ultracal and Hydrostone,
which many other amateurs have used with great success.

Materials Required

The materids required to make a grinding tool using this method are listed in the table below. It isbest to
assemble everything required for each stage before jJumping into the actua work. The procedure described
below gives details of how and when these materids are needed.
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Plaster Aluminum Fall Celophane Tape

Water Heavy Mylar Sheet Hot Glue or Modelling Clay
Epoxy or Polyester Resin/ Glue Masking Tape Paraffin or Beg's Wax
Porcdlain Hoor Tiles Window Screening

In addition, the following tools and utendls are required. Very often, the resourceful ATM can make do
with tools on hand for jobs such asthis. Innovation and substitution are the two maor skills possessed by Al
ATMs. Undoubtedly, many of you will improve on this procedure.

Containersfor Plaster &
Compass Smal Postd Scale Water
Scissors Fux or Acid Brushes Mixing Container for Plagter
Ruler & Straight Edge grcl:r))dlng Whed (Diamond or Mixing Container for Epoxy
é;:;asve Kitchen Scrubbing Stff Disposable Plagtic Card Hot Plate or Camping Stove

Preparing The Plaster Form

Thefirgt step in preparing the tool base is preparation of the form in which the plaster or cement will be
molded. Since we are attempting to match the exigting curve on the hogged mirror, we will use the mirror itself
asapart of the form. The photographsin this article show a sub-diameter tool being cast. Inthiscasea
125" tool for a17.5" mirror. Making afull szetool using this processis actudly much eesier. Severd seps
may be skipped. Those smpler portions of the task will be discussed but not depicted by the accompanying

photographs.

The firgt thing we need to do is protect the mirror from the plaster or cement. If poured directly onto the
mirror's rough surface, we chance having the tool stick securdly to the mirror. 1 usudly use household
auminum foil asarelease barier. Other materids like baking parchment or waxed paper will aso work,
though | have had wrinkles develop in waxed paper in the past. The duminum foil works well and the only
wrinkles are those present before the plaster is poured.

| sart by placing the mirror face up on my work surface and placing

shims under the edge as required to ensure that it isquite leve. | dways
check thiswith a carpenter'slevel just to be sure. Thisimportant step

. | ensures that the tool will be a uniform thickness when completed. The
= | surface of the mirror isthen wet with asmall amount of water. The
auminum foil is next placed onto the wet mirror and smoothed into good
contact. The mirror's damp surface will serve to hold the foil negtly in
place. You may use atowe, sponge, or other such soft compliant object
to help smooth the foil and ensure that it isin good contact with the
mirror. It isbest not to walit too long after placing the foil on the mirror before pouring the plaster. (Flain
water works well enough for holding the foil on the mirror's face. Don't be tempted to add soap or use other
agents such as ail asit may make the tool too difficult to dide off after the plaster sets)

Now it istime to form the dam to contain the plagter. | usudly use a giff heavy mylar for this. Loca hobby
stores carry thisin poster-sized sheets for about $3. Drafting vellum aso works well, but is abit more
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expensve. The plagticis cut into one or more gtrips at least as wide as the tool will be thick. Y ou need
enough total length to equal the circumference of your tool plus about 4 to 6 inches of overlap at each required
joint. For my 12.5" tool, | used 3 strips 24" long. | alowed a generous 11" of overlap a each joint. Each
joint of the strip is wrapped with cellophane tape. When completed, the joined strips form acircle the
diameter of your future tool.

Because | am making a sub-diameter toal, at this point, | mark the
center of the mirror and use a (dull pointed) compass to draw acircle on
the foil equd to thetool diameter. | usethislineto help guide mein
| placing the plastic ring dam onto the mirror. The pladtic isfirst loosdly
attached with a couple of smdl pieces of tape. Once | am sure that the
| plagtic ring is the right length, | tack it in place using hot mdlt glue. | then
=5 gpply asmall bead of hot met glue al the way around the plagtic dam to
"| secureit in place on the foil and minimize any lesking of plaster under the

ring.

If you choose do not use hot mdt glue, you may aso use modelling
clay or just place smdl pieces of tape a 0.5" intervas dl around the dam
to make sure it doesn't lift when pouring the plaster. (I am quite afan of
'| hot melt glue. | have found a multitude of ATM usesfor it over the years.
‘| The"hot glue guns' are quite inexpensive and the glue is dso very chesp.
| If you have never tried using it, you should.)

At this point, form preparations are complete. Now with the mirror
leveled and the dam in place, it istime to mix and pour the plaster or
cement for the grinding tool's subgtrate. This portion of the process goes much more quickly than the
preparations discussed above.

If you are congtructing a full sized tool, you will find thet it is actually much easer to make. Y ou do not
need the plastic for the ring dam and can, instead, use duminum foil, masking tape, duct tape, or other materid
to form the dam around the circumference of the mirror directly. Just make sure that it is high enough to give
the proper thickness of tool. Y ou aso don't need to attach the dam to the foil on the mirror's surface asin the
case of the sub-diameter tool. The tape around the edge of the mirror will hold everything in placejust fine.

Mixing And Pouring The Plaster

Thisisthe most important step in making the plaster base. Proper preparation and mixing of the plaster
determines how well it will cure and how strong the finished product will be. Always follow the manufacturer's
directions with the plaster exactly. USG stresses that the find strength of the plagter is determined by the
plaster to water ratio used and the complete and thorough wetting of each plaster particle during preparation.

| am now using Hydroca 105 for my tools. The specifications State that it be mixed with water based on
welght rather than volume. For each 100 units of plaster (by weight) 40 units of water (dso by weight) are
required. Theingructions are dso very explicit about dways adding the plaster dowly to the water. Thefirst
time | used thisHydrocd, it just didn't look right. It seemed to me to be much less water than required. The
volumetric ratio looked more like 5 or 6 to one plaster to water. | was pleasantly surprised to see that it redlly
worked correctly.

Be sure to get everything reedy before mixing the plaster. Begin by estimating the amount of plaster you will
need. Cdculate the volume of the tool you are making. Don' forget to account for the volume of the
hollowed curve on the hogged mirror. (I forgot to account for this on the tool shown in the photographs, but it
came out just thick enough for meto use anyway.) Thetool'stota volume will be equd to the volume of the
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cylindricd part v = PI*(r"2) *t plus the volume of the hogged sagitta on the mirror v = PI*(r"4)/(8*f) where v
are the volumes of the two portions of the shape, » is the radius of the toal, # is the edge thickness of the toal,
and fisthe focd length of the mirror.

To find out how much plagter to weight out, multiply the desred volume of the tool by its densty. The
manufacturer's datawill give you this vaue or you can guess about 1.0 ounce per cubic inch. Since only a
amadl amount of water islogt in the drying and curing stage, you can assume 3% to 5% extraweight for the
plagter and water mixture. This should il give you alittle extra so that your tool doesn't come out thinner
than expected.

For example, for my 12.5" by 1" thick tool | should usev = PI*(6.25°2)*1.0 + PI*(6.25"4)/(8*57.5) =
122.7 + 10.4 = 133.1 cubicinches. (My mirror will have a57.5" foca length.) Adding 3%, | should mix up
133.1*1.0*1.03 = 137.1 ounces of plaster and water. Since the water is 40/140 of the total weight, | need
about 39 ounces (weight) of water and about 98 ounces (weight) of plaster. Carefully measure out the
caculated required amounts of plaster and water. Keep them in separate containers until you are ready to mix
and pour the tool.

Pour the water into the mixing container. Sowly sft the dry plagter into
the water afew spoonfulsat atime. Allow the plaster to wet itself and
" | sink to the bottom of the mixing bowl If the plaster tends to float on top

" own asit isadded to the water. After dl the plaster has been added to

| the water, let it soak for aminute or s0. USG describesthis as an
important step. Each smdl particle of plaster must be alowed to absorb
— water from the mix in order to cure to its maximum strength.

After dlowing the plaster to rest for a minute or so, start to dowly gir the mixture. Don't get too agressive
at this pont as too many air bubbles will become trapped in the mixture. Stir dowly and thoroughly for afew
minutes until the plaster has a smooth creamy texture. The plaster should still be quite fluid a this point. Now
pour the plaster into the mold on your mirror. As soon asthe plaster is poured, tap the side of the mirror
(below the dam areq) or the work table to encourage the plaster to spread out flat in the mold. This helpsto
both evenly digtribute the liquid plaster and cause trapped air bubbles to rise to the surface where they can be
popped and dlowed to fill in. Keep vibrating the plaster for afew minutes or until the surface is quite flat.
Because of the glossy liquid surface at this point, it is easy to see how flat the surface isby looking at the
reflection of an overhead light. Move your head back and forth to examine the surface across the full diameter
of thetool. When you are satidfied that the surface isflat, leave the plaster to set up. Thisisagood timeto
clean up your work area and get the paster off your tools before it completely hardens.

After about 30 minutes, the surface of the plaster will quickly change
from a glossy, wet, watery gppearance to adull, damp, chalky
gppearance. This change is accompanied by the plaster beginning to get
warmer. After another 5 minutes, you may lightly touch the surface to see
b | that it is quitewarm. Wait for another 5 minutes or so; then it istimeto
carefully remove the plagtic ring dam. 1 do this by very carefully cutting
one of the cdlophane tape seams in the ring and dlowing it to open up
| around the plaster tool. Take your time and go Sowly. The wet plagter is
gl rather fragile a this point. Y ou can use thisto your advantage. Since
the wet toal is till quite soft, you can smooth out any rough spots or defects easily. Y ou can aso change the
shape of thetool dightly if you need to for any reason by gently sanding or cutting the plagter.

50f 10



Making A Tile-On-Plaster Tool

Remove the ring dam from the tool, but leave the tool on the mirror for
now. Whilethe plaster is ill damp and soft, you will clean up the back
sde. Thisisbest done using an dorasive kitchen scouring pad. Rub any
rough spots on the top surface (back) of thetool. The soft plaster will
scrub away easly. Shake the removed plaster out of the abrasive pad

4-',,' | occasiondly. Also run the pad around the upper edge of the tool to ease
7 the sharp corner alittle. Thisishow you pre-bevel the tool for use.
Sharp corners are an invitetion to chipping later aswe usethetool. After
the back and rear edge are cleaned up and smooth, carefully dide the tool
off the mirror by pulling gently on the duminum foil. Thetool will be very tight at firgt, but will gart to move
and dide dowly across the mirror.

When the toal reaches the edge of the mirror, gently support it from
undernegth. Turn it over and carefully place it with the convex sde up on
your flat work table surface. (Y ou may want to protect the work surface
asthe tool will gill be quite damp and warm.) | try to be careful about not
touching the plagter with my bare hands during dl of this handling. | have
sometimes had afew problems with the naturd oils from my hands being
absorbed by the plaster. It tends to cause the plaster to cure unevenly
and isdightly resistant to sedling after curing. The upper edge of the
plaster disk may have rough areas and plaster ridges caused by plaster
seeping under the ring dam. Use the abragive pad to remove these rough areas. The top convex surface of
the fresh tool is generdly very smooth dready and will not need any touch up from the pad.

Curing And Sealing The Plaster

Following the cagting, the plaster must be alowed to cure and dry before further working. This process
can teake afew days. You should not try to rush the drying too much, especidly in the early stages. The
curing process takes place as water is incorporated into the gypsum structure of the plaster. Too fast drying
rates removes this water before it can be incorporated. Thiswill result in atool which is chalky and hasless
srength than one which is properly cured.

To promote a good curing process, | first wrap the wet tool in alayer of paper towels and placeit in alarge
plagtic bag to sed in the moisture being given off. | then wrap the whole thing in an old blanket to help
conserve the warmth being generated by the curing process. | leave the tool thisway for 8to 12 hours. This
added gtep is probably not required, but | would usualy have to wait at least overnight for the initia curing, so
it doesn't cost me any additiond time. | find that when | remove the tool from the plastic bag, it is completely
dry within afew more hours. About 24 hours after pouring, the tool seems quite dry. Because of limited
hobby time, | often don't get around to sedling the tool for another day or so anyway. By that time, it sesems
very hard and fully cured.

Many ATMs have very good success with using unseded plaster and cement tools. | like to be especidly
careful, so | dways completdy sed thetools | make. | have used paint and varnish in the past, but the best
seder | have found is epoxy or polyester resin. | have only used epoxy mysdf, but afriend usng polyester
resn has dso had excdlent results. Finished tools made in thisway fed ashard and dick asglass. Seding the
tool diminates any possihility of it shedding smdl patideswhilein use. | find alittle bit of scratch prevention
well worth the trouble.

The actud sedling processisvery smple. | place the tool on the work table and devate it abit by placing
the lid from alarge jar underneath. Thisraises the tool about 1/2" so that | can apply the epoxy to both one
sde and the edge during asingle session. After the epoxy cures, | turn the tool over and do the other sde. (If
you wish to glue your tiles on ingtead of using paraffin wax as described later, you should sed the flat back and
sidesfirst. Then you can apply the epoxy sedling coat to the convex front side and just stick thetilesin place
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whileitisgill wet.) | have dways used Durro brand "2 Ton" epoxy for thetools | make. (All were smaller
than 13 inches diameter.) This can be found in many hardware stores and is the type that comesin adud
syringe applicator. Avoid the quick setting types of epoxy as they may not give you enough time to smooth the
surface before beginning to set. Mixing this epoxy isvery easy. Y ou just dispense the amount you need into a
amdl digposable cup and mix thoroughly. (After thoroughly mixing the epoxy, mix it again. Improperly mixed
epoxy does not fully harden -- it will be sticky for avery long time.) It isthen reedy to gpply. The dud
syringe gpplicator automaticaly dispenses the proper ratio of resn and hardener for you.

In applying the epoxy seder, | mix up the epoxy and dump it onto the center of thetool. | use apiece of
very giff plastic (Smilar in thickness to a credit card) as a squeegee to Spread the epoxy over the surface to
the edge. | then use asmadl digposable glue or flux brush to paint the epoxy around the edge of the tool. Let
the epoxy cure for aday. When dry, turn the tool over and sedl the other sde. When the second side has
cured, carefully inspect the tool for gapsin the coating. Check closely where the top and bottom meet the
edge. If any gaps are found, mix asmall batch of epoxy and cover the bare areas. The tool baseis now
complete. If you glued the tiles on with the top coat of epoxy sedler, you are ready to grind.

Hereisatipif you want to glue the tileson. Hand placing the tiles on the epoxy coated tool can take some
time. The epoxy may dtart to set before you arefinished. To avoid this, buy some adhesive backed shelf
lining paper from your loca grocery or hardware store. Cut out a circle the size of your tool. Pedl the backing
off the paper and place it adhesive sde up on awork table. Apply thetiles to the paper and firmly stick them
inplace. Spacethem asyou prefer. After coating the tool with epoxy, place the tiles onto the epoxy dl at
once by laying the tiles and contact paper onto the surface. (The tiles go onto the wet epoxy surface and
paper stayson top.) After allowing the epoxy to completdy cure, the contact paper is peded off thetiles and
thetool isready to use.

Preparing The Tiles

If you have decided to use the paraffin wax attachment method, some preparation of thetilesisin order
before we go further. Thetile preparation steps may aso be of someinterest even if you have decided to
epoxy your grinding tilesin place. At onetime, | used the hexagond tiles as sold sold by Willman-Bdl. | have
snce begun to use square tiles as they are alittle easier to find and are generdly less expensve. They dso
have the added benefit of forming straight channels on the resulting tool which are easier to keep clean and
beveled.

Thefirgt gep intile preparation isto attach the tiles to aflexible mat. The paraffin wax used to hold thetiles
onto the plaster base is actudly ardatively wesk adhesive. If the tiles are interconnected on a backing mat of
some sort, local loads on the individud tiles are spread over alarger area. This generd weakness of adhesion
with paraffin wax isits main drawback. Some ATMs and professionds advocate using pitch for attachment. |
have never tried it mysdf but would agree that pitch should improve the method. If | do ever try it, | will mix
up some blocking pitch with ardatively high percentage of wax. Paraffin wax doesn't flow much on itsown as
does pure pitch. 1'd rather not chance my tile tool changing shape in the find stages of fine grinding due to
having the pitch flow.

Tom Waineo recommended gluing the tilesto a cirde of window screening materid. | have tried this
method and found it to work well. (Window screening materid seems to be another stgple of ATMing. |
have found many uses for it over the years) | have aso discovered (the hard way) that this attachment of the
tiles to the window screening is a very important step in making tools thisway. The window screening
materia seemsto serve two purposes. Thefirg isto attach thetiles to each other which spreads the local
forceson thetilesduring use. The second isthat the materid itsdlf presents alarge coarse textured surface
areato the paraffin wax dlowing it to grip the matted tiles better. (The screening may not be required if
blocking pitch is used to attach thetile, but | haven't tried it that way to see for sure.)
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The second step in preparing the tiles was to draw a circle the size of
#8 the desired tool onto the matted tiles. | then used atile nibbler tool to cut
away partid tilesto form an gpproximate circle. Where only smdl pieces
of tilewould be l€ft, | Imply removed the wholetile. After ataching the
tiles to the window screening, you may wish to edge them. Perhgps
: overdoing the neatness aspect of making thetool, | edged thetilesto

- hctter form a smooth circle. Besides neatness, this step a'so makesiit

[l easier to keep the sharp edges of the tiles beveled while grinding.

The edging operation was carried out on my drill press usng asmdl inexpensve diamond grinding whed.
The porcdain floor tiles are so hard that most types of grinding whed! take a very long timeto cut the tile -- if
they cut a dl. The diamond whed cutsthe hard tile (and glass d<0) asif it were wet chak. Be sureto keep
both the whed and tile wet during the grinding operation and cover up dl exposed surfaces of your drill press
to keep the hard, abrasive tile dust out of the moving parts.

| used alarge lazy susan bearing on the drill press table to help make
| the edge quite round. The matted tiles were placed onto the bearing and
| dowly rotated by hand into the grinding whedl. The result was avery
smooth, even edge on the tiles that make maintaining a beve easy during
use of thetool. Set up and clean up actudly take longer than the edging
itsdlf.

When the edging is completed, the matted tiles will closdly approximate
adircular outline. 'Y ou may want to put theinitid beve on thetilesa this
point before attaching them to the plaster base. | use diamond hones for this operation. Inexpensive diamond
hones may be ordered from Harbor Freight Toals. | usetheir 2" by 6" hones (#36799.) They are sold in sets
of three hones with #180, #260, and #360 grit Szes for $10 to $13 depending on whether they are on sale at
thetime. These hones are great for beveling both the outer edge and the channd edges between thetiles.

Attaching The Tiles

Thefind step in making the grinding tool isto attach the matted tiles to the plaster base. | use melted
paraffin wax for this attachment as recommended by Waineo. | purchased alarge block of paraffin wax a a
local hobby store. The cost was about $1.00 per pound. The tile attachment operation using the paraffin wax
is done much like the pouring of the plagter itsdlf. The mirror is placed face up on the work table and carefully
leveled. Its surface is dampened and then covered with duminum foil. Thetiles are prepared by forming a
thin dam around their periphery with narrow masking tape. The tape should only be aswide asthetilesare
thick so that at most, the dam rises about 1/16 inch over the back of the tiles.

The matted tiles are placed face down againgt the duminum foil and
pressed into good contact. Best results are obtained when both the tiles
and the sedled plaster base are clean and free of oil or other
contamination. 'Y ou may want to wipe the parts clean with denatured
acohol or acetone before pouring the wax. Allow the cleaner timeto
completely evaporate before proceeding with pouring the paraffin wax.
Y ou want the tiles and tool subgtrate to be completely dry.

When the paraffin wax is hot enough to be very fluid (but not smoking
hot), it is poured onto the window screening and tiles. It should be poured to a depth of about 1/16 to 1/8
inch a mog. You can makeit abit thicker if you want to dlow some of the wax to spill over the smdl dam.
Thiswill help to ensure good wax adhesion al the way to the edge of thetiles. The seded plagter tool
subgtrate is quickly placed on top and gently pressed into place in the hot wax with its convex side down. Try
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to do thisin one quick smooth mation since the wax will begin to solidify on contact with both the tiles and the
plaster base as they are congderably cooler than the wax itsdlf. It helps to hold the tool with both hands and
while resting your arms on the work table, lower the centered tool straight down into the hot wax. Press
gently until the wax flows out to the edge of thetoal. It will not hurt to let some wax overflow the dam around
the edge of thetiles. It will be scraped away in afew minues when thetool is cleaned. Leave the tool to cool
completely before attempting to removeit. Thewax will remain soft for severd minutes. It isbest not to
disturb the tool until the paraffin wax has cooled to room temperature.

After the wax has cooled to room temperature, you may remove the
tool from the mirror by gently diding the duminum foil off. Once off the
mirror, carefully grip the foil off thetiles. It should come off without much
trouble since little wax generdly seeps under thetiles. Check to be sure
that the wax created good adhesion between the window screen and the
plaster base. Check aso for voids around the edges of the tiles where the
tool might not have been pushed into the wax far enough.

If everything looks okay, use a fiff piece of plastic with a rounded
corner to scrape away the excess wax from the edges of thetool. An old bank card works well for this. Also
use the plagtic to scrape excess wax from the channels on the tool. After thisbit of find cleanup, thetoadl is
ready to use. If problems are found during thisingpection, you can pull the matted tiles off the base, scrape the
wax off and remelt. Thereisno need to try to clean thetiles or base again as they will be covered with pure
wax. Just make a new masking tape dam and try again.

Using The Waineo Tile Tool

Once made, the Waineo tile tool is used just like any other grinding tool. About the only precaution to take
is not to hit the edge of the tiles on a hard surface whilein use. This can bregk the wax's adhesion on the edge
tiles. If this should happen, you can sometimes repair the damage by locdly heating the areawith an eectric
heat gun or propane torch. Don't get things too hot, just enough to cause the wax to soften enough so thet it
can once again tick to the window screen. | have only had this happen once. | dropped a 12 inch tool from
about 6 inches onto the 17.5" mirror. While severd tiles were didodged, greater damage was done to the
mirror. It caused achip about 1/4 inch long and 1/16 inch deep on the surface. Luckily, thiswas done a the
beginning of grinding the back flat and was nearly ground out by the time grinding was complete. Other than
that incident, the wax has held these tools together quite well. | would not recommend a more forceful test
such asthis. | aso take abit of precaution in making the tools now. | make the plaster base about 1/4 to 1/2
inch larger than the tiles so thet there are no tiles very near the edge. Minor bumping of the tool edge on
something (hopefully not the mirror again) are not likely to dameage the tile attachment.

Cleanup and norma maintenance are much the same as for other tools. A thorough washing between grits
and re-beveling of the edges and channds follows normd practice. The channds should be carefully scrubbed
out with a iff (plastic) bristle brush under running water. As an added precaution againg grit contamination,
Waineo recommended loca hesting of the top surface of the tool's channels between grit Szes. You canusea
heet gun or propane torch and play it rapidly across the surface of the tool after cleaning up for switching grit
Szes.

This treatment serves to met the topmost thin layer of wax exposed between the tiles and causes any Stray
grit to become permanently captured by the wax. Embedded in the wax thisway, it is very unlikely to be
didodged later causing scratches. If you wish, you may aso scrape very small shavings of wax on the tool's
surface, sweep them into the channds, and then met them into place with the heet gun or torch. Any grit
covered up in this manner will never find its way back to your mirror's surface. Thisisthefesaturel like best --
the ease of rendering grits harmless between sizes. A thorough scrubbing followed by a quick once over with
the heet gun and stray grit islocked up out of theway. Additional wax may be added as needed and old
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grit-impregnated wax may be scraped out of the channels as required.

Tools made using the wax attachment method are dso reusable. When grinding is complete, the tiles may
be easily stripped off, the plaster base cleaned and reused as the base for the pitch lap. If the tiles are not
ground down too thin, they may even be gpplied to another plaster base with a different curvature for use on
another mirror.

Conclusion

| have learned afew things sncefirg trying Tom Waineo's technique. The most important thing to watch
out for is separation of thetiles. Loosetiles may have srange effects on your mirror during fine grinding and
can act as hiding placing for grit. Taking precautions and spotting loose tiles early is avery worthwhile
gpproach. Loosetiles near the edges maybe ether repaired or removed asis the case with epoxied tiles.

For smdler mirrors using full sized plaster tools, | would recommend gluing the tiles directly to the plaster
base. Such mirrorsare not likely to require multiple layers of tile and a second tool base can be easly
duplicated for use asapitch Igp base. Y ou should never use the wax attachment technique for hogging
operations. Thelocaized forces on thetool are too greet. Hog your mirror with ametd tool and then cast the
plaster base for atiletool. For smdler mirrors with shalow sagittas using afull Sze with epoxied tilesisa
good gpproach and will work for hogging aso since the total amount of glass to be removed isrdatively smdll.

With sub-diameter tools and larger mirrors, | like the paraffin wax attachment method. It dlowsmeto
remake the tool without gluing another layer of tiles over aprevious layer. To me, thisisan advantage since |
have had some trouble properly cleaning tools with multiple layers of tile. Grit seemsto find places to hide that
I would not think possible. The result is often backtracking a grit Sze or two (or three) to fix the resulting
scratches. For larger toals, it is aso handy to make only asingle plaster substrate that can later serve asa
base for the pitch lap.

| like the overd| flexibility of plaster based tile tools made using the Waineo method. One improvement to
the technique that | will try some day is the use of blocking pitch rather than paraffin wax for tile attachment. |
suspect it would hold much better than the wax but may not gain much in tool fragility snce pitch can shetter
rather easly from an impact. | would like to hear from anyone who tries the method with blocking pitch so we
can compare notes on tool use and durability.
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