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FOREWORD

The lathe that you see in the photograph below, was built asthis
manual was being prepared. There were no outside machining
operations done on any of the parts. It was done with the methods
described in these pages. The castings were made in green sand
molds and the metal was melted in the Charcoal Foundry. While it
may seem like an ambitiousundertaking, it actually took lesstimeto
build the lathe than it took to write this manual. It has turned out to
be the most satisfying project I've ever done.

Though based on my lifetimehobby, | wasforced to pay attention
to detail as I've never done before. There were so many changes in
design and procedure, that the end product was a complete surprise
to me. When you get into the details of its construction, you'll see
what a remarkably simple machine it is. But, its appearance is
impressive, it does not look like a homemade machine, and it
performs, as well as it looks.

Presumably, if you are following the series, you will have
established your compact home foundry. If you are new to metal
casting you may feel alittle intimidated in a strange activity. Some
of your early castings may have failed in some way. If so, no doubt
you have learned much about what caused the failure. It would take
several hundred pagesto deal with the subject in detail, (That is not
to suggest that | know enough to write several hundred pages about
foundry work), but you can learn far more as you work in it with
your own hands. Asyou progress, you will gain skill and knowledge
that will enable you to move beyond these simple methods, and do
bigger and better projects.




INTRODUCTION

The characteristic of a metal |athe that makesit so desirable isits
versatility. It has been said that "the metal lathe is the only machine
that can duplicate itself or any other machine in the shop.” I'd like
to be able to give credit to the originator of the statement, but | don't
know who heis. In any case, it's acaptivating thought which led me
to ask whether a lathe could not only duplicate itself, but actually
create itself.

I've spent a great deal of time over the past 25 or more yearsin
finding the answer to the question. It has been a fascinating study
with more failures than success.

It was not until | began to seriously consider castings that |
realized any hope of succeeding. The simple art of sand casting was
the break-through; and now that | have my portable foundry
established, it's the most valuable equipment in my shop. Scrap
aluminum is so abundant, and so easy to cast, that | find it hard to
believe that it did not occur to me much earlier. It iseasier than you
ever dreamed, and it is the least expensive method to produce your
own parts and working stock.

The answer to the question is an un-qualified yes, a metal lathe
can create itself. It needs some help along the way, of course, and
that's where you come into the act.

The photographs show the lathe as it developed during the
preparation of this manual. The castings were poured in sand molds
of the simplest type. The aluminum was melted in a one quart cast
iron sauce pan, using the charcoa foundry. The only power tools
that were used were a cheap 3/8" electric hand drill , a bench
grinder, a table saw and, the horizontal disc grinder. There is no
outside machine shop work, no welding; you can do it al yourself
with the ordinary tools that are found in most shops.

Such exotic equipment as surface plates, dial gauges, etc. are not
necessary. The entire project can be done without so much as a
micrometer. The original lathe is aclear example. It turned its first
test bar to a taper of .0l 1'.A dlight adjustment to the tail stock set
over wasall that was needed to correct thetaper to within ,001". This
qualifies it as a precision machine tool, and there were no precision
tools used in its construction. | did not use the micrometer until the
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test stage. The sametest can be made with a$2.00 flat leg caliper and
aleaf typefeeler gauge so, it is reasonable to say that you can build
thislathe without owning any precisiontoolsat al. Nodoubt, you'll
want such instrumentsastime goeson; but, don't |et thelack of them
keep you from starting.

When seen completed, the lathe doesn't look as if it were hand
made. Its appearance suggests that agreat dedl of skill isrequired to
buildit. The simple methodsthat are used here were devel oped with
avery minimal amount of cash with the intention of proving that the
basic hand skillsof earlier timescould be applied to material that has
been discarded to produce machinery. While some of the methods
are alittle tedious, | had more time than money. Some procedures
areabit intricatesuch asthe split nut casting, but it worksvery well,
and any other method would be even moreintricate, and very costly
as well.

If you are completely new to metal working, it would be a help
todo somesupplemental reading beforeyou get into theconstruction
of the lathe. Much of the reference material | used in developing
these projects is out of print and no longer easily available.
Fortunately a number of great old manuals on metal working are
available as reprints from Lindsay Publications, P.O. Box 538,
Bradley, IL 60915-0538, You smply can't know too much, so do
plenty of studying and reading and be patient with yourself as you
digest information and master these many fascinating new skills.

While the projects are planned around the use of low melting
alloys, such as aluminum and pot metal, | see no reason why they
could not be carried out in grey iron if you have the equipment and
the know how. Likewiseif you have accessto shop equipment, you
can carry out some of the operationswith greater ease and speed.

Though long abandoned and considered old fashioned, these
methodsare by no meansunprofessional. Asyour shop develops, so
will your skill and knowledge. Neither is of any value without the
other. Thereare nofailuresin thisproject; just learningexperiences.
If you botch acasting, it's asmall matter to make another. Y ou will
have gained the necessary knowledgeto do it right so, it can hardly
be counted aloss. Taken at aleisurely pace, itisadelightful project,
that yieldsa pieceof equipmentthat you can be proud to own, doubly
S0, because you have built it yourself.
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CHAPTER |
PREPARING TO BUILD

A BRIEF HISTORY

All of ushave seentheillustrationof acavemanwho has mounted
alog on wooden centers between two trees. He hasa rawhide thong
wrapped around thelog. Oneend istied to aspringy branch over his
head, and the other end is tied to his instep or his great toe. He
operates hislathe by pumping hisfoot up and down while he applies
his hand held tools to the spinning log, diding them along a hewn
plank, which is his steady rest.

The picture may,be true or falsel really don't know. If true, itis
certain that there was no OSHA in those days.

It doesillustrate the basic principleof alathe; a concept that will
be an aid in understanding what we are going to do. Weare going to
"evolve" ameta lathe.

The modern machine tools that are common in this age did not
just appear, they evolved over centuries into the magnificent and
complex devicesthat we know today. The most skilled machinist of
40 years ago would be alost ball in tall weedsin a modern machine
shop. But it was the skill and equipment of his time that built the
wondersof this age.

It is the nature of a machine to demand improvement. As it
developsand performs, it will fail in some way and thereby require
that you do something to correct the problem. You can never be
satisfied for long, so the procedure is begin and keep going.

There are some authenticdrawingsof the 16th and 17th century,
showing "whip lathes' that operated like our cave mans lathe. An
assi stant manipul ated the whip, or thong, while a craftsman applied
his tools to the spinning work.

As recently as 40 years ago, you could still buy foot operated
lathes that used a treadle and fly wheel, just as grandma's sewing
machine.

It wasn't until 1740, that an unknown frenchman fitted a lead
screw to a small lathe. Until then, it took a great deal of skill and
patienceto cut screw threads. It still requiredgreat skill to coordinate
the lead screw with the spindle. Male and female threads had to be

7



custom fitted. Mass production of interchangeable parts was
impossible.

In 1797 an Englishman, Henry Maudsley, connected the lead
screw to the spindle with gears. Now it was possible to cut uniform
threads, but the lead screw had to be changed to cut adifferent pitch.

It was not too long before someone devised a system of change
gears, and throughout the past 200 years, progress has been made by
leaps and bounds. But never fast enough to keep us satisfied.

PLAIN CARRIAGE.

The illustrated lathe was made by F. E. Reed of Worcester,
Mass., and sold by the Hill & Clarke Machinery Co. of Boston. It
was available in 1888 for $150.00 in the smallest size which was a
10" swing with 4-foot bed. It weighed 500 pounds. The price wasthe
same whether line shaft driven or foot powered. A specia
countershaft was offered for foot power operation at $12.00.

While thismachinewasof commercial manufacture, the methods
used in itsconstruction were very similar to the methodsoutlined in
this manual. This machine was largely hand built.

Now, don't be alarmed. We are going to evolve a lathe, but we
are not going to begin as our cave man friend. We have many
advantages in standard materials that lie in the scrap heap. Thereis
no need to spend ayear or moreto fashionalead screw, asMaudsley
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must have done, when we have threaded rod lying al around us.
Coldrolled stedl isproducedtovery closestandardsthat requirelittle
work to make accurate waysfor the bed and slides. Actually, most.
of our work isalready finished; othershavediscarded what we need,
and so, we can build our metal working machines from scrap.

The obviouslesson in the discussion of the development of the
lathe is, There had to be a time when there was no lathe. Thisisthe
situation we now face in the home shop. But we can skip several
centuries of blind struggle, and without risk to our instep or great
toe, producea practical |athe with what we have to begin with. If we
select the right sequence of operations, we avoid going to the local
machineshopfor help in shaping the parts. Thedevel opinglathe will
perform the needed operations to fit each part to its intended
purpose. Each step in the construction will make the machine more
useful. When this concept captures your imagination, you will see
that there is no limit to the features you can add to the machine.

In itssimplest form a lathe consistsof a bed, a head stock, a tail
stock, and atool rest. Such a machine can be called primitive. It
seemsusel esswhen compared toamodernfull featuredlathe, but the
truth is; it is the heart of every lathe, and it can produce what is
necessary for its own refinement. It is not difficult to construct a
simple lathe.




EQUIPMENT AND METHODS

The most important equipment is the foundry. Welll discussthat
in some detail in the next chapter. For the best part, the main piece
of equipmentwill bethelatheitself. For that reason, the sequence of
operationsis the first consideration.

The main challengeisin achieving near perfect alignment of the
fundamental parts. The head stock is fastened permanently to the
bed; it carries the spindle, which must be exactly parallel to the bed
ways. The tail stock isto be moved to various positions along the
ways, to accommodate different lengths of work, so the tail stock
ram must be exactly paralel to the ways and, its center must be
exactly the same as the head stock spindle. The carriage will travel
along the waysto carry the cutting tool exactly parallel to the center
line of the spindle and ram. With these principles understood it is
plainthat the bed isthefirst order of constructionsinceall other work
may be considered relative to it.

Building the bed is routine work. Ordinary wood working skill
will get the job done. Only the smplest tools are required. Hand
scraping islikely to be theonly processthat will be new to you. You
will have no trouble in mastering this ssmple skill, and it will be of
great value in all of your metal working activity.

When the bed isestablished, astationary boring bar isimprovised
to bore the head stock. Since the head stock isfitted to the bed and
madeto travel it asit isbored, it will receiveapair of holesthat are
exactly parallel to the ways.

Oncethehead stock boreisestablished, itisfitted with theboring
bar to borethetail stock. Asall boring isdoneon thesamecenter and
the work is made to travel the same ways, any error has to be
minimal. It isasimple matter to correct it with the ample adjustment
that isprovided in the tail stock set over.

It is now a smple matter to fit temporary centers on which to
produce the remaining parts.

Before we get into the actual construction, it will be a help to
assumecertain knowledge. I'll discusssome of the methods, and try
to define some terms o that they can be referred to briefly in the
main text.
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HAND SCRAPING

This simple process has been referred to as the "Art of Hand
scraping”. It iswell to remember that knowledgeisgenerally passed
on reluctantly. Those who know how want to maintain their superior
position so they alwaystry to makeit asdifficult as possible. It's up
toyoutodiscover thesecret and avoid thediversions that such people
want to set in your way.

Theskill issoeasy toacquire that it can hardly becalledan " Art".
Here's how it's done:

A test standard is selected which will represent the finished
surface. Sometimes the standard will be the mating part such as the
shaft that will fit a bearing. Or, it can be aprecision surface plate, as
used by die makers. No one in his right mind would lend you a
surface plate, and they are too expensive, so we have to improvise.
If you have a good quality bench level with milled surfaces, it will
provide a test standard that is good enough for the work in this
project.

Anindicator color iswiped on the surface of thework so that high
spotswill beindicated when thetest standard isapplied. Bearing blue
was used for generations. It isnot generally available any more, but
you can buy a small tube of Prussian blue oil paint from Wal-Mart
or any art supply, and you have the same thing. | don't know if the
new acrylic type will work as well, so you might better be safe and
stick to the old fashioned oil paint.

The cutting tools are simple and in-expensive. Three cornered
scrapers look like a three cornered file with no teeth. If the local
industrial supply housedoesn't have one, send $1.00 for acatalog to
U. S. General, 100 Commercial Street, Plainview, N. Y. 11803.
They have alargeline of toolsincluding athree cornered scraper at
about $3.00. For aluminum, some of the scraping can be done by a
good quality wood chisel with awell honed edge. Specia shapesfor
hard to reach placescan be madefrom an old file. The edge must be
very straight and well honed.

A scraper workslike afile with just one tooth. If the angle of the
tool iscorrect, it will remove alarge amount of metal asit isdrawn
over the work. It cuts a lot deeper than afile, so you can bring the
surface down very rapidly.
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The surface is semi-finished with a file to remove as much
material as necessary so that the test standard will rest on it without
rocking. The entire surface is coated with the Prussian Blue and
wiped off to leave a stain. It dries very quickly, so you can rub the
test standard on it right away. Don't rub hard, just two or three short
strokes will do the job. The blue stain will be rubbed off of the high
spots to indicate where to scrape. At first, there will be only a few
small high spots, but as you progress, they increase in number and
size. After each test, you scrape off the high spots, re-stain, and test
again. It takes only a little study and practice to master it. With
patienceand skill you can reduce asurface todead flat inavery short
time. Dead flat would mean that all of the indicator would be rubbed
off whenyou test. That kind of precisionisnot required for all work.
Inthe case of thelathebed, it isonly necessary to provide about 75%
contact between the top of the bed and the steel ways.

The steel slides are very close to dimension, so you don't have
very much to remove. On the aluminum castings, you can remove
drastic high spots with a very sharp wood chisel and a mallet. You
can remove al/16" hump from the surface of aluminum, just about
as easily as if it were a piece of hard wood. It won't harm a good
quality chisel. A well honed scraper will bring down a steel surface
very rapidly. The angle of the cut will determine its depth.

Like most hand skills, it requires only an understanding of the
principle and alittle practice. Call it an art if you want to, but if itis,
the guy who operates the road grader is an artist too.

WOOD CHISEL DIRECTION OF CUT
N\ < B

WORK PIECE
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FILING

Aluminum is troublesometo file because it tendsto clog up the
teeth of thefile. A very sharp pointed tool will remove the chipsto
clean up thefile. A 14" lathe file which has a steeper angle to the
teeth thana mill file will be the best type to use. Get one with at |east
oneedge "safe". That meansthat the safeedge has no teeth; you can
file in a corner without cutting the side.

HACKSAWING

A 24 tooth blade in avery rigid frame will do al of your cut off
work. A flexible blade of high speed stedl is worth the extra cost.
Cheap bladeswill only frustrateyou. Cut only on theforward stroke,
and don't get inahurry. Onefull length stroke per second will do the
job alot faster than short fast strokes.

DRILLING AND TAPPING

Usedrillsand tapsof high speed steel. Cheap imported toolsjust
won't do thejob. They will usualy not even completea hole before
they break or lose their edge.

Step drilling or concentric drilling means to begin with a small
hole and enlarge it with progressively larger bits. It ensures that the
hole will remain closer to itsintended center, and it makesthe work
easier. In most casesa 1/8" drill makesagood pilot. The next stepcan
be the tap size, and the final step the bolt size.

Without a drill press and a very accurate jig, it is very near
impossible to drill mating members separately, and have the holes
lineup. The best way is; clamp the memberstogether, drill the pilot
and tap hole, separate the members, tap the threadsin one member,
and enlarge the mating holes to bolt size.

Usethecorrect sizetapdrill, or dightly larger, to avoid breaking
tapsin thework. Useplenty of oil, advancethetap in fractional turns
and back it up from time to time, to clear away the chips.

When you join mating members with a row of screws, do one
hole completely, and install the bolt before you do the rest of the
holes, otherwise, the holes won't line up.
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CHAPTER |1
FOUNDRY WORK

Assuming that you have established a compact foundry to
produce your castings, it isonly necessary to clarify the terms that
will be used.

The Charcoal Foundry wasdevelopedespecialy for thisproject.
It wasintended to be the simplest and least expensiveway to get into
metal casting. It is not difficult to produce the castings that are
required.

PATTERN MAKING

Considerabledetail isoffered in the assembling of the patterns. |
use white pine because it is straight grained, and easy to cut to Size
and shape. For thin section work, such as the bed pattern, use 1/4"
exterior plywood if you don't have a table saw to rip the thin
sections.

The most important details are the draft and parting line. A
pattern is worthless if you can't get it out of the sand without
destroying the cavity.

Sand the surfacesmooth, fill al flawsand formfilletson all inside
corners. Outside corners are rounded, except at the parting plane on
flat faced patterns. Seal with two coatsof shellac, varnishor lacquer.
All of thiswork isdone to ensure that the pattern will releaseeasily
from the sand without damaging the cavity. Plastic auto body putty
is a handy material for pattern making. Used to fill flawsand form
fillets, it hardens quickly to wood like consistency.

The fillets which are the rounded junction between the members
of aninsidecorner should be of small radius, to avoid increasing the
weight of the section. A heavy corner can causeashrink cavity or a
tear in the casting.

Make your patterns as accurately as you can to avoid a tedious
filing and scraping job later.

14



MOLDING

All of the molds are two part closed molds of green sand. The
sequence of operations will vary, but each mold will require the
same essential elements. I'll define afew termsthat may not be clear
to everyone. A blank cope or drag is a flask half that has been
rammed fill of sand and struck off without using a pattern. Itismade
to provide a bed for a pattern that has no flat surface to lay on the
molding board. In use, the pattern is pressed or rapped into the sand
up to the parting line; the opposite half of the mold is rammed over
the bedded pattern. It is generally an easier method than making a
follow board for the same purpose.

A falsecopeor drag, isablank half that isshaken out and re-made
before the mold is poured. If the bedded portion of the pattern is
simple in shape and shallow, it may provide a faithful enough cavity
with smple bedding. Otherwise, the bedding half of the mold is
shaken out and re-made.

Two, or sometimes three, rolls are used to bring the cavity or
coretothecorrect position for pouring. Called adoubleor tripleroall,
itisused mostly with castingsthat havealarge green sand corewhich
must rest on the drag to prevent its falling into the cavity.

A green sand core isformed as a part of the entire mold when it
is rammed up. The term means any part of the mold which formsa
hollow portion of the casting.

Tobed apattern meansto pressor rapitinto the surface of ablank
cope or drag.

To ram up a mold includes all of the following:

1. Lay the pattern on the molding board and dust it with parting
compound.

2. Set the flask over the pattern, and ram it fill of sand.
3. Strike it off level and vent the mold with the wire.

4. Rub in the bottom board, roll over the flask, and remove the
molding board.

5. Dust the parting face with parting compound, and set the cope
in place.

»

. Set the sprue pin and ram the cope fill of sand.
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7. Vent the cope with the wire, remove the sprue pin, and open
the mold.

8. Cut the gates from the sprue print to the cavity.
9. Swab the pattern, rap it, and draw it from the mold.
10. Clean up the cavity, and close up the mold.

The sequence will vary but, dl of these steps must be carried out
in each mold. Variations will be discussed in detail in the text.

MELTING WITH THE CHARCOAL FOUNDRY

The size of the lathe in this manual was determined by the
maximum capacity of the one quart cast iron sauce pan that is used
in the charcoal foundry.

Only four of the castingsare other than routine. It will requirea
near brim full pot to pour the bed casting and the head stock casting.
Thisisadangerous practicefor any one. For thisreason, you should
pour some of the smaller moldsto gain skill and confidence before
you attempt to handle the full pot.

Because the pot rests on the fuel bed in the charcoal furnace, it
requirescloseattention to avoid spilling asthe bed settles. It becomes
necessary to remove the pot to level thefuel bed from time to time.
It isdifficult to grasp the pot with the tongs, to remove it from the
furnace, so | use apair of long angle nosed plierson the rim of the
pot. | keepapair of bricksnear thefurnaceto set thelid on, and | set
the pot on thelid whilel level thefuel bed or add more charcoal. It
also puts the pot in agood position to grasp it with the tongs if I'm
ready to pour. | wear heavy welder's gloveswhenever | melt. It may

possible to pour a mold with the pot held in the pliers, but | think
it a bad idea. The heat may well penetrate the glove before you are
done. Handling molten metal isavery seriousbusiness, bevery sure
of your equipment and your ability.

All of the castings, with the exceptionaf the split nut and the tail
stock, can be made before you begin building, but | think it a better
ideato make them asyou go aong to lend alittle variety and interest
to the work.

There should be nothing to stop you now, so let's go to work and
build a lathe.
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CHAPTER Il
BUILDING THE BED AND WAYS

While the ways of thelathe are asingle slab of cold rolled steel,
they must be thought of asbeing divided. Theedgefacing you asyou
operatethelathe isthefront way, thefar edgeisthe back way. When
making acut, most of thestrain ison the back way; it will determine
the path of the carriage and the accuracy of the lathe.

The bed supportsthe ways, so its top surface must be very true
and flat.

THE BED PATTERNS

There are three castings in the bed, but only two patterns are
required since the mounting bases are duplicates.

The drawings below are meant to represent the bed castings, not
the patterns. Thisisto give you ageneral ideaof what you are going
to make.
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Noticethat the bed ishollow, and it hasthree reinforcing ribs in
the hollow portion. The ribsform separate cores which make up the
hollow. This will have to be a double roll mold so that the four
separate cores will rest on the face of the drag. The mounting bases
are hollow, but they have no ribs.

The four elongated holes in the top of the bed serve a two fold
purpose. They are used to bolt the steel ways to the bed, and they
serve as vents for the cores when the mold is poured.

The bed casting will shrink about 318" in length so, the pattern
will be 24-3/8" long toalow for the shrinkage. Theheight and width
won't shrink enough to cause concern, so no allowance is made.

Even if you are going to cast the bed later on, makethe pattern at
thistime, so you can fit the mounting base pattern to it. The base will
shrink in the same proportion as the bed, so if the patterns fit
together, so will the castings.

The sectional drawing on page 18 shows the method for fastening
the castings to each other and to the steel ways. The ways are bolted

L 1/4" X 3 3 STEEL WAYS

BED

BASE

CUT SECTION
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to the bed with two 318"-16 cap screws through the elongated holes
in the center of the bed. The end holes use two 318"-16 studs, which
also pass through the mounting base casting to fasten it to the bed.
Flat washersand lock washers are used on al four positions.

Notice the raised shoulder on the top of the mounting base which
mates with the bottom of the bed casting. Thisis the area where the
patterns should fit nicely.

The patterns have been designed with an extraamount of draft to
make it easy to draw them from the mold. The section thickness is
1/4" throughout, except for the ribs, which taper from 1/4" at the top
to 3116" at the bottom. It is important to install the ribs with their
center line at exactly right angles to the horizontal line of the bed. If
they are installed at a slant, the benefit of the draft will be lost; one
or more of the cores will lock the pattern in the sand.

|
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90 l [V SECTION THROUGH CENTER
OF BED CASTING
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The sectional view shows the bed as though it were cut in half
along the center. The shape and position of therib isseen, and so is
the center of the elongated holes. The elongated holes must have
extradraft so that they remain in the drag asa part of the main green
sand cores.

/4" plywood will serve to make the sides and top of the bed
pattern, but the end sections and the ribs will be best made of white
pine. The end sections are not tapered like the ribs because they are
set at an angle to provide draft both inside and out.
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ACCURACY STARTSHERE

To avoid a tedious scraping and filing job on the casting, make
sure that your pattern is straight and true. The top surface of the bed
must be as near true flat asyou can manage. A milled surface, such
as the table of the saw or a milled carpenters level, will provide a
good standard to test the trueness of the surface.

The easiest method is to make the main body of the pattern as a
box with sloping sides. Then, add the ribsand cut the elongated holes
in the top. You can locate the centers from the plan; drill two 3/8"
holes for each slot, and cut the slots with a jig saw or coping saw.

The fillets on the inside corners can be formed with a 1/8" or
3/16" rod, with theend ground to asmooth round. Bend aright angle
on the end of the rod so you can get into close places. All inside
corners are rounded or filleted, and all outside corners are rounded
except at the parting plane. Plastic auto body putty is ideal for
filleting.
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| keep 16 gauge sheet metal on hand so | can make any shape of
scraper that | might need to clean up the inside surface of such
patterns. Cut to rough shapewith a hacksaw, and finished with afile,
they make handy tools.

A SPECIAL FLASK ISREQUIRED

Welll discuss the molding of this pattern in considerable detail,
which will also lay afoundation for other molding problems as they
arise. It won't be necessary to say as much about the other molds.

Because of itslength, the mold for this pattern requires a special
flask.

Thedrag isno problem at all, since you have the molding board
and the bottom board to support the sand when the flask is moved or
rolled over. It requires a single rib in the center, to keep it from
spreading apart when the sand is rammed in.

The main problem is in the cope; because when you lift it to
remove the pattern, the sand will fall out in a heap, unless you
provide ribs to support it.

The drawing will show the details of construction, as well asthe
dimensions.
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The flask is made of ordinary 3/4" lumber. The size is
approximate since it isonly necessary to surround the pattern with
about 2" of sand. | deliberately sized it to be smaller than usual
practice would dictate, because it is pretty heavy to handle when it
is rammed full. The drag is 1" smaller in depth than the cope,
because there is no need to handle the extra weight in sand.

The rib in the drag is only to keep it from spreading apart when
thesand isrammed in. It isinstalled in the center of the drag and its
top edge us 1/2" below the top edge of the sides of the flask.

The ribs in the cope will divide it into three separate bodies of
sand. The magnified view of the rib will show you that a 1/4" groove
iscut in each side near the bottomof the rib. Thisisto giveitagrip
on the sand.

The cut-out in the center of the rib will clear the pattern by about
an inch on each side, so that it will be completely surrounded with
sand.

The 1/4" square bead, that isnailed insidethecope, isalsotogive
the flask a grip on the sand so it won't fall out when you open the
mold.

Square theendsof the stock so that the halves of the flask will fit
well at the parting plane. Assemble it with nailsand glue, and give
it a coat of lacquer or varnish. Make sure that the two halves will
separate smoothly, with no side play in the alignment pegs.

MOLDING THE BED CASTING

This mold will be rolled over twice, to finish with the pattern
bedded in the cope, and the green sand cores will rest on the face of
the drag.

Begin by preparing a molding board that will fit between the
alignment pegson the cope. The pattern is set on the molding board
with its normal top side up. The four elongated holes are covered
with alength of thintape, to provideabarrier between the cope sand
and the small cores that will be left by the holes. We want the cores
to beapart of the maincoresthat form the hollow portion of the bed.
Itisbest if the tape coversthe entire top of the pattern; the new clear
plastic packaging tape isvery good for thispurpose. Being very thin
and strong, it isjust the right width to do the job.
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Dust the pattern with parting and set the cope on the molding
board. Center the pattern in the tunnel that isformed by the ribs, set
al" spruepininthecenter of the pattern, and ram up thecope. Use
special care to ram thoroughly, especialy in the corners. Do it in
severa layers so there will be no voids.

Remove the sprue pin and rub in a bottom board beforeyou make
thefirst roll. Don't forget to vent generously with the wire.

Whenyou roll thecopeover, and remove the molding board, you
will see the core cavity of the pattern.

Leaving the pattern in place, dust the entire parting face and
pattern, set thedrag in place, and ram it up.

Vent thedrag with thewire, rubin the bottom board and make the
second roll.

Slip the sprue pin back into the sprue and give it arap or two, to
free the pattern from the cope sand.

Lift the cope straight up, and set it on edge behind the drag.

The pattern will be resting on the parting face of thedrag. Just rap
it all around and lift it straight up.

Thecores will be resting on thedrag, and thecavity will bein the
cope. Just pull out the sprue pin, carve it to a funnel shape, and the
mold is ready to blow off and close up.

Y ou have created a masterpiece, and destroyed your nerves. Go
have acup of coffee, or what ever you drink at timeslike this, and
rest for a while.

POURING THE BED CASTING

Thismold is pretty heavy when assembled, so to make it alittle
easier on yourself, carry thedrag out and set it level, then carry the
cope out and close up the mold just before you pour.

As mentioned earlier, this mold will use the full capacity of the
charcoa foundry using the one quart cast iron pot. Be very careful
in this, and all pouring operations.

A single pop gate is used because of the limited capacity, but it
worksvery well if the mold isfilled as fast as the sprue will accept
the metal. To pour too slowly, or worse yet, to interrupt the pour, is
certain to spoil the casting. Allow thiscasting to cool for at least an
hour before shaking it out.
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INSTALLING THE WAYS

When the casting has cooled, saw off the sprue, clean up any fins
or rough edges, and prepare it for the scraping operation as
described in chapter 1. Since the ways will follow the surface of the
bed, it isvery important that it is as straight as you can make it.

The waysare of asingle slab of 1/4" X 3" cold rolled steel, 24"
long. If you must buy it from a steel supply house, have it saw cut
instead of torch cut. If you can't avoid a torch cut, get it about 6"
longer, and cut it square on both ends with a hack saw.

Cold rolled steel isidentifiable by its smooth surface. Hot rolled
steel has a scaly surface, as seen on angle iron and other structural
steel shapes. As it leaves the mill, cold rolled steel is accurate to
within .003" to .005". Unless it has been deformed in storage or
handling, it makes satisfactory stock for this purpose,

Before it isinstalled on the bed, the back ways must be brought
to as near dead flat as possible. Test both of the edges, and choose
the truest one for the back ways.

Using the methods described in chapter I, scrape the back ways
until they are satisfactory. This does not mean absolute perfection;
minor flaws are tolerable because the carriage will span 3" of the
length. Theimportant thing is; to provideastraight edge to guide the
carriage. Any drastic curves or dips in the edge will be repeated in
the work you do on the lathe.

Simply clamp the ways in the vise, wipe on the prussian blue,
scrape off the high spots, and test again. It won't takelong, since the
surfaceisonly 114" wide. The front ways will be scraped parallel to
the back ways when the carriage is built.

A

T

25



The ways are bolted to the bed with two 318"-16 cap screws
through the middle elongated holes, and with two 318"-16 studs
through the end elongated holes. The studs can be made of threaded
rod. The stud for the tail stock end is 2-1/2" long. The one for the
head stock end is 3-1/4" long, because it will be used to anchor the
headstock when it is permanently installed.

Locatethe hole centers on the steel ways, step drill themto5/16",
and tap them for 3/8"-16 threads.

The ways must over-hang equally, both front and back. It may be
necessary to widen the elongated holes to center them on the bed.

Install two 318"-16 X 3/4" cap screws, with flat washersand lock
washers, in the middle holes. Leaveall bolts |oose until the waysare
centered. Install the studs, with flat washers, lock washers and hex
nuts, in the two end holes. Align the ways to the bed, and tighten
down the bolts and nuts. It doesn't matter if the ends of the bolts
protrudeabovethe waysaslight amount. If itismore than 1/ 16" ,add
another flat washer.

The mounting bases are fastened to the bed with the two end
studs, and they are the next order of construction.
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If the bed isslightly shorter than the ways, let the ways hang over
the bed on the tail stock end.

When assembly iscomplete, the bed should rest on aflat surface
without rocking. If necessary, alter thejoint betweenthe base and the
bed by filing. If it does not rest flat, the bed will be forced out of true
when it is bolted to its permanent mounting place.

If you have done your work carefully, the bed will be a very
accurate and useful tool in the remaining work.

The job will be more interesting from now on.
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THE MOUNTING BASES

Although there are two bases, only one pattern is required
because they are duplicates.

Being hollow, with a 1/4" section thicknesslike the bed, they are
made up in the same manner, and molded with adouble roll. Usea
1" sprue in the center of the top.

The raised portion on the top surface provides a shoulder that
registers with the bottom of the bed.
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CHAPTERIV
THE CARRIAGE ASSEMBLY

Consisting of seven castings, plusan assortment of steel stock and
hardware, the carriage may seem complex at first glance. Itisreally
a simple mechanism.

The first item is the carriage casting, which supports the cross
slide ways and the apron.

The tunnel on the top is for the cross slide feed screw. It is
roughed in at 3/8" wide, and 7/16" deep, and widened at the top to
1/2" to provide ample draft.

The parting lineis at the surface of the wear pads, so draft will be
both above and below that line.

Two dimensions have been|eft out of the pattern drawing to avoid
confusing lines: The depth of the box slide is 1/4", and the depth of
the raised portion between the wear padsis 1/16".

DRAFT

THE CARRIAGE PATTERN G i e
N
T : ,/zll
._..__/"________, B A
i/\__ Fe N 3 »
R e i o ) K
i
: 3,{
3!! i 3/6
57 :
L b
lll
IR I O L2 |
| ‘f
‘ I~ 7"”—__" hY
- 1A serue
I R
X i .

28



Notice that the back wear pad is 3/4", and the front pad is 112".
Also, the box dlide ismade 318" over the size of the bed ways. There
will bea 1/4" squaregib in the back slide, and the casting will shrink
something over 1/16", to bring the casting to its proper size.

It will be easiest to make this pattern out of a piece of 5/8" stock
for the portion above the parting line, and add the two 1/4" blocks
below the parting line.

MOLDING THE CARRIAGE

This will be a false cope type mold, because of the green sand
core which forms the tunnel, and the most convenient place for
gating is at the bottom.

Prepare afalse cope and press the base of the patternin, up to the
parting line. Tap it gently asyou pressit in, and make sure it doesn't
rock in the cavity.

Dust with parting, and ram up the drag over the pattern. Rub in
the bottom board, and roll over the mold.

When you lift the cope you will see the base of the pattern. There
will be a ragged edge at each side, because the raised portion
between the pads is below the parting plane. With a small trowel,
smooth down the edge so that it slopes gently from the edge of the
patternto theparting level of thesand. Thisiscalled " coping down™.

In coping down, you have changed the contour of the drag sand;
the cope sand will no longer fit at that point. Dump out the cope and
re-set it on the mold. Set the sprue pin in the center of the space
indicated on the drawing. A 1" sprue will feed this mold.

Ram up the cope, open the mold and remove the pattern, clean up
and close the mold, and you are ready to pour.

FINISHING THE CARRIAGE CASTING

Cut off the sprue, clean up the finsat the parting line, and file the
sand texture from the top and bottom surface.

A piece of 1/4" X 3" cold rolled steel, about 6" long, will be a
handy tool for the next operations.
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The reason for the raised portion between the front and back, is
to separate the bearing surface into pads. It reduces friction,
providesclearance at the center of theways; and makesthefitting job
much easi er because thereismuch lesssurface to scrape. T o separate
the horizontal padsfrom the vertical pads, cut agroove with a hack
saw in each corner.

SAW CUTS

——

There are now four distinctly separate wear pads; two vertical,
and two horizontal. In order that the carriage will slide smoothly and
accurately on the ways, these pads must be carefully fit before the
steel clamps are installed on the carriage. This is another hand
scraping job.

First, file the sand texture from the surface of the pads. Here is
where the safe edge lathe file comes in; you can file each pad
separately, without cutting on the side. Don't try to perfect it, just
prepare it for scraping.

Now, stain al four pads with the prussian blue. Make sure there
are no nicks or burrs on the bed ways, wipe it clean, and dide the
carriage along the ways to mark the high spots. Using a well honed
wood chisel, carefully scrape the high spots. Repeat scraping and
testing until you have as near full contact on all surfaces as you can
manage. Don't be concerned with the depth of the box at this time.
Thefront vertical pad, and the two horizontal pads are the important
ones. Theback vertical pad will not bear on the ways because the gib
will be there.

When the pads are true and flat, you can prepare the carriage
casting for the steel clamps, which will complete the box slide. They
are /4" X 1" X 3" cold rolled steel.

Thegibisa3" length of 1/4" square key stock. It, together with
the 6" piece of 1/4" X 3" steel, will serve as a gauge for fitting the
clamps. If the pads have been carefully done, the gauge will rest on
them without rocking.
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With the casting clamped in the vise, and the gauge in the
channel, file the bottom surface until it is even with the top surface
of thegauge. You'll know when it isclose because thefile will begin
to touch the gauge. Keep the surface flat and even asyou work; don't
let it get round on you.

FILE EVEN WITH TOP SURFACE OF GAUGE

\ 14" X 31— GIB—}\‘
1 X

i

When the depth of the box dlide isbrought down to 1/4",remove
the gauge and continue to file until you have removed an additional
.003" or .004" from the bottom surface of the carriage casting.

Finish the bottom by hand scraping, using the ways or other flat
surface as atest standard. Obviously, the box dlide islessthan 1/4";,
the difference will be made up by adding shims, which will provide
for adjustment when the pads wear down in use.

Theclamps of 1/4" cold rolled steel can be prepared by marking,
and center punching the hole locations. Note that there isadifference
in hole locations. They are held in place by two 114"-20 flat head
screws, which are countersunk so the heads will be even with the

surface of the clamps.
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FRONT CLAMP BACK CLAMP

Thefitting of the clamps to the carriage casting is done by adding
or subtracting shims until you have a smooth dliding fit, with a
minimum of play.
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The shims for the front clamp will be 3/4" wide and 3" long.
Those for the back clamp are 1/2" wide and 3" long. Cut five or six
of each out of .00!"" brass shim stock.

Again using the 1/4" X 3" steel, and the gib, for a gauge,
assembl e the clamps to the casting with C-clampsor vise grip pliers.
Add or remove shims until the gauge will fit with just a little drag.
Then proceed to drill and tap the holes. Notice that the front clamp
overhangs the ways by 114".
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SHIMS SHIMS'

Two #10-24 X 314" gib screws are added, 1/2" from each end.
The ends of the screws are pointed, and they enter adimple in the
gib, whichisformed by thetap drill asitisdrilled. Thisdrilling must
bedone very carefully, because there isvery little roomto play with.
It's best to complete the installation of one gib screw, and tighten it
against the gib, before you drill the second hole. It isvery easy to
break a 10-24 tap, take your time.

The center screw isa114"-20 thumb screw that isfor locking the
carriage at any point adong the ways. It does not have a pointed end
or adimplein the gib. The gib screws require lock nuts, the clamp
screw doesnot. Again, itisvery closework todrill and tap theclamp
screw hole.

For the final adjustment of the box clamps, the carriage is
installed on the bed ways. With the gib loose, add or remove shims,
until the carriage will slide freely long the entire length of the bed
ways. It is better to allow just alittle play, up and down, than it isto
have the carriage bind at any place along the ways.
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SCRAPING THE FRONT WAYS

The carriage must be fit to the bed ways before the cross slide
ways are installed. Some hand scraping must be done to bring the
front ways parallel to the back ways.

Sliding the carriage up and down the ways, gradually tighten the
gib screwsuntil you feel alittledrag at any place. Stain the front way
with the prussian blue, and proceed to scrape down the high spots.
Repeat until the carriage fits uniformly aong the bed ways.

When thefit is satisfactory, the final adjustment of the gib screws
should leave the carriage free to slide all along the ways with finger
pressure. Again, better to be a tiny bit loose, than to bind at any
place.

THE CROSSSLIDE WAYS

Thisisaslab of 1/4" X 2" X 7" cold rolled steel, fastened to the
cross dide casting with three 114"-20 X 314" flat head screws.

Before the ways areinstalled, the top surface of the carriage must
be filed and scraped flat and paralel to the bed ways. They must
cross the bed ways at exactly 90 degrees, to ensure accurate face
plate work.
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The steel ways are centered on the cross slide casting, to allow an
equal amount to over-hang each side. Thescrew locationsarecritical
because of the feed screw tunnel.

Install the ways with the back screw only, and adjust them to true
sguare with the bed ways before you drill the holesfor the two front
screws. Clamp alength of angle iron to the bed ways, adjust it to as
near true square as you can manage; and, with agood straight steel
rule between the angle and the ways, adjust the ways to square.
Then, clamp the front of the ways and install the two remaining
screws.

STEEL RULE FOR GAUGE

/
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THE CROSS SLIDE CASTING

Made with abox slide, to ride the cross slide ways, it supportsthe
compound swivel base, and it is fed across the ways with the cross
slide feed screw.

Only general dimensions are shown on the drawing, to avoid
confusing lines. Asyou study the pattern lay-out, add these detailsto
your bench notes:

The clamp pads are both 1/2" wide, the space between them is
2-1/4" wide. There will be an adjustment gib.

The wear pads are 1/16" thick; the pad on the gib side is 1/2"
wide, the other is 1/4" wide.

The large concentric circles represent the raised pad for the
compound swivel base. Itis3" O.D.,2-1/4,"1. D. and 1/16" thick.
The discs and the wear pads can be made of two or three layers of
cardboard, to total 1/16" thick. Glued together, and to the pattern, it
is durable when it is sealed with lacquer or varnish.
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The 1/2" hole, the swivel base pad, and the top clamp pad circle
are al centered in the 3-1/4" square portion of the pattern. Lay them
out before you drill the 1/2" hole, so they will al be concentric.

Thetop clamp circle is3-1/8" diameter at the base, and tapers to
3-1/4" at the top to providedraft. It iseasiest to shape the inside draft
before the pads are installed on the pattern with glue.

The shank portion of the pattern is off-set so it will be centered
over the cross slide ways when the gib is installed.

The bearing support bracket for the feed screw, and the bottom
clamp pads, are below the parting line, and so are the wear pads. The
rest of the pattern isabove the parting line. Remember that you have
draft in two directions, above and below the parting line.

Theeasiest way to build thispattern, isto begin with5/16" stock,
and assembl e the pieces as shown in the sketch. The 1/16" thickness
of the wear padsand swivel base padswill leave a 1/4" depth for the
ways and the swivel base. Shape the fillets with auto body putty,
form the draft with sand paper, and round off the outside corners as
you finish the pattern smooth. Fair off the edges of the pads, even
though they are of thin section. Don't forget to taper the feed screw
bearing support bracket.




MOLDING THECROSSSLIDE

Simple bedding will work well with this pattern, so prepare a
blank drag, and press the pattern into the drag until the parting line
restson the sand. All of the pattern elements below the parting line
will be bedded, including the wear pads; there will be no need to
cope down. The drag will not have to be made over, as in the case
of afalsedrag, and thereisno rolling over.

Slick up the parting face al around the pattern, and set al" sprue
pin 1-1/2" from each side of the pattern, asindicated by "X" onthe
pattern drawing.

Slip a 1/2" steel shaft in the center hole, long enough to leave a
print in the sand, and extend above the cope by about 2". Thisis a
steel core for the 1/2" hole.

Ram up the cope, remove the sprue pins, raise the steel shaft
enough to clear the pattern, and clamp it with a spring type clothes
pin, so it doesn't fall back in.

Push a 1/8" or 3/16" rod through the sand, to rap the pattern on
the shank portion whereit joins the heavy section. The hole can be
left open for a vent.

Open the mold and remove the pattern. Lift straight up to avoid
damaging the cavity.

Cut agate from the cavity to each sprue print, clean up, and close
the mold.

Remove the clothes pin and lower the steel shaft into its print in
the bottom of the cavity. Thisprovidesthecorefor the 1/2" hole for
the swivel base arbor.

Pour into either sprue, asfast asit will accept the metal, until it
comes up in the riser.

FINISHING THE CROSS SLIDE CASTING

Cut off the gates and the small riser that formed in the rapping
hole. Qil the steel shaft on both sides of the casting, and with the
bottom of the casting supported close against the shaft, strike a hard
blow on the long end of the shaft to loosen it. Turn it over, support
it close against the shaft, and driveit out of the casting with ahammer
and drift punch. Be careful not to mushroom the end of the shaft,
which would distort the hole. The swivel base pad can be smoothed
up with a wooden disc and emery cloth.
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up with a wooden disc and emery cloth.

Thefinishing and fitting to thecross dlide waysisthe same asfor
the carriage to the bed ways.

It may requireasmall amount of scrapingon thecrossslideways,
to bring them parallel. If so, the cross dide will serve as the gauge.

The dide should fit the ways without play. The gib screws are
adjusted for a very dight drag in the movement.

The clampsare each held with two 114"-24 flat head screws, and
the three gib screws are 10-24 machine screws.
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GIB SIDE CLAMP OTHER SIDE CLAMP

Theclamps, of cold rolled stedl, are installed in the same manner
as the carriage clamps.

The gib is 1/8" X 1/4" X 3-1/4" steel or brass. It is held by
dimplesand pointed screws, like the carriage.
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Gib screwsare 1/2" from each end, and one in the center, same
procedure as the carriage gib screws.
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THE CROSSSLIDE FEED SCREW
A 114" steel rod, 8" long, and threaded for 4-314". Fitted with

two set screw collarsand aball handle, it isthreaded into thecarriage
casting to drive the cross slide.

THREADED 1/4''-20

b . |
!o o \tmnllllllhhf\\'m\x\\\\\lllh\\hlm\JZTT;_'
|
|

i

L vy —

ot

e 8

The tapped hole in the carriage casting, and the bearing hole in
the cross slide must be carefully located so that the screw will run
parallel to the tunnel in the carriage casting.

It is not difficult to locate the center for the tapped hole in the
carriage. Mark it carefully, verify that itisin thecenter of the tunnel,
but don't drill it at this time. Both castings will be drilled together,
so it isonly necessary to center punch for now.
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The more difficult part is to transfer this center to the bearing
support bracket. If the centers are off by aslittle as 1/8", the screw
may run into the sides of the tunnel before it completesits travel.

By laying a straight edge on the bottom of the cross slide clamp,
you can transfer the horizontal center line to the bearing bracket. Do
it on both sides of the casting, and scribe asharp line acrosstheface
of the bracket, to establish the horizontal center line.

40



HORIZONTAL CENTER LINE

\T Fardl

l STRAIGHT EDGE

Measure the distance from the edge of the ways to the center. It
will benear 17, but thisiswhere the most serious error can occur, So
do it carefully. If you rest atry square on the ways, with its beam
protruding below, you can measure the distance accurately.

T
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SQUARE BEAM

Install the cross slide with the gib adjusted for no play. Slide it all
the way to the back of the ways, and with a straight edge to the side
of the ways, transfer the dimension found in the last step.

~_ STRAIGHT EDGE
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When you have located the vertical center on the bracket, punch
it and drill a1/8" pilot hole. If necessary, ream the hole alittle, so
that the point of thedrill isin the center you punched in thecarriage
casting. Runitinto the carriage casting asfar asit will reach. It isnot
likely to reach all theway through the carriage casting, but you have
established both bores concentrically.

Now, enlarge both holes to tap size for 114"-20 tap. By drilling
through both members, the tap drill will follow the original center
through the carriage casting, and into the tunnel.

Enlarge the hole in the bearing bracket to 1/4", and use this hole
to guide the tap, as you begin to cut the threads in the carriage
casting. It is likely that the tap will not be long enough to reach all
theway through, but once started straight, you can remove the cross
dlide and finish the job.

Run the feed screw al the way in, set a collar so that it rests
against the end of the ways; install the cross slide, and set the other
collar. Install a2" ball handle to complete the cross feed drive.
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THE BALL HANDLES

Four feed handles are needed to complete thelathe. Itisasimple
jobto cast a ball handle on a steel core, and it isready for use when
the core isdriven out to leave the inside bore.

It isadifficult task to bore ahole through a metal ball; thissimple
method will serve you in a number of ways in your metal working
projects. It works very well on small castings in aluminum or pot
metal.

The pattern is made on a mandrel of the same size asthe handle
istofit. A dowel makesagood mandrel. It leavesaprint inthemold,
into which you place the steel core. When the casting hascooled, the
core isdriven out to leave afinished hole. It remainsonly to cut off
the sprue, clean up the casting, and install the set screw.

The same pattern can be used to produce handles with different
bore sizes. By dlipping bushingsover thearbor, you can leaveaprint
in the mold for a larger core.

Just three sizes may be used, or you can use the heavy single
handled crank for the lead screw.




The smallest handle is for the compound feed screw. The
intermediate size isfor the cross feed and the tail ram. The circled
dimensions on the intermediate handle are for use on the lead screw.
The larger single handle crank isthe type you seein the photographs
of my lathe. It isalittle more difficult to shape than the other type.
It is not so appealing to the eye, but the disc type can be used in any
of the applications.

| had the greatest difficulty in shaping these patterns until |
discovered Macrame Beads. They are wooden beadsthat are sold in
hobby stores. They come in a lot of sizes, both finished and un-
finished. | bought the unfinished type, and atube of that fast setting
miracle glue that sticks anything to anything.

With these beads, pattern making is like playing with Tinker
Toys. Since the holes are already bored, | just shaped a piece of
dowel for thefinger grips, another for the arms, and assembled with
glue. I didn't trust theglue, sol drilled a1/16" hole through each arm
and into the center ball, and inserted a piece of wire with glue.
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It is important to have the finger grips parallel to the mandrel
center, or the handle will wobble when it turns. Sight along both
grips, and align them with the mandrel asyou assemblethem. It's not
difficult to drill the holes for the wire, if you rest the drill on the
bench and feed the end of the ball to the spinning drill. The miracle
gluedriesso fast that | used five minute E-Poxy glue to bed the wire.
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These patternsare ideal for smple bedding. Just prepare a blank
drag, and pressthe pattern in to the parting line, which is the center
of theballs. Set a3/8" dowel on the center ball, for asprue pin, and
ram up the cope. Tap the pin lightly, and remove it before you open
up the mold.

Removethe pattern, and lay thestedl corein theprint that was| eft
by the mandrel. Since writing “ Charcoa Foundry", I've learned
that it is not necessary to preheat the steel core. Smoking the core
over acandle flame makesit easier to drive out later.

Carefully push asmall vent wireinto thefinger grip cavity, at its
largest diameter, and right through the sand. It isnot likely that you
could hit the right place if you aimed for it through the sand in the
usua manner. Thisisan important step, becausethere isnot enough
pressure from so small a weight of metal to force the gas out. You
don't want a gas bubble in the handle.

These handlescan be cast in auminum or pot metal. Aluminum
isa little easier to work with, but the pot metal is stronger.

When the casting has cooled, cut off the sprue and clean up the
fins.

Theend of the core should be ground to a bevel beforeyou drive
it out. Oil it, and support the ball close to the core, asyou strike one
end with a hammer to loosenit. Turn it over and drive the core out
with a punch.

Drill and tap the center ball for a #10-24 set screw.

THE COMPOUND SWIVEL BASE

Similar in design and function to the carriage, but, it is made to
swivel on the cross dlide, providing means to make angular cuts. It
supports the compound slide ways, and locks in any position by
meansof the clamps bolted to the top pads on the crossdide casting.

The patternisasimplefigurewhenviewed asarectanglefastened
tothetop of adisc. Itsparting lineiswherethediscand the rectangle
join. Again, there is draft above and below the parting plane. The
feed screw tunnel is shaped just as in the carriage casting. It has a
raised pad on the base of the disc that matches the pad on the cross
didecasting. Itiscastonal1/2" stedl arbor that will not bedriven out
of the casting.
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The total thickness of the base, including the 1/16" pad, is 114".
The pad can be made up of cardboard, and glued to the base. The
parts can be made separately, with a 1/2" hole bored in each. You
can assemble them on adowel rod, but the hole must be left open for
molding. Wax the dowel so glue won't stick to it.

Fillet the inside corners and shape the draft in the screw tunnel.
Sand aslight draft to the outside surfaces, round the outside corners,
and seal the pattern.

A false cope mold isneeded, so prepare thefalsecope and bed the
disc portion of the pattern init. Push a 1" length of 1/2" dowel into
the hole, leaving itsend even with the top surface of the pattern. Ram
up thedrag, being sure to fill the tunnel cavity firmly. Vent thedrag
and roll over the mold.

Remove the cope and dump it out. Pull the dowel out of the
pattern, and replace it with a 112" steel rod, long enough to push
through the pattern about 1/2", and extend above the cope sand.

Set a 1" sprue pin about midway on the rectangular portion of the
pattern. Ram up the new cope, remove the sprue pin, raise the steel
rod and clamp it, open the mold and remove the pattern.

Close the mold, lower the steel rod into its print, and pour as
rapidly as the sprue will accept the metal.

When the casting has cooled, cut off the sprue, and cut the steel
rod off even with the top of the casting.

The rod is cut to leave 112" at the bottom of the casting for the
swivel arbor.

File and scrape the top of the casting to provide asolid mounting
for the compound slide ways.

Thesdlidewaysareaslab of cold rolled steel, 1/4" X 2" X 3-314".
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The ways are installed in the same manner as the carriage, with
three 114"-20flat head screws. Thereisno squaring up here, because
the compound swivels, but the over-hang should be equal on both
sides. Step drill the holes, as before, and install the center screw
before you drill and tap the other two holes.

The compound swivel base is clamped to the cross slide by clips
and cap screws that thread into the top pads. It will be as well to
complete that step now.

MAKE TWO CLIPS g

All four pads are drilled and tapped for 114"-20. but only two of
them are used at any time. One hole will normally be covered by the
swivel base, and the other should be plugged so it doesn't fill up with
chips. By alternating the holes, it is possible to clamp the swivel at
any angle in afull circle.

THE COMPOUND SLIDE

Very similar to the cross slide, except that the top surface is
smooth, and it has two 318"-16 tapped holes for the tool post.

Building the pattern, molding, and casting are the same asfor the
cross slide.
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Finishing and fitting differsonly in the top surface of the casting.

The pattern is made in the same manner as the cross slide. The
wear padsare 1/16" thick, and they can be made of cardboard.

The molding and casting are the same as the cross slide, and so
is the finishing and fitting.

Thefeed screw can befitted witha 1" fluted knob, or asmall ball
handle. | used a 2" ball handle on mine; it won't make a full turn
when it ispositioned over the shank of the crossslide, but that is not
often necessary.
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The clampsare installed with four 1/4"-20 flat head screws, the
gib screws are #10-24.

Thegibis1/8" x 114' X 2-3/4" steel or brass. The screws are
located 3/8" from each end, and one in the center.

THE TOOL POST

Theaxlestud for alawn mower wheel isasteel shoulder bolt with
al1/2" shank and a3/8"-16 thread. It isideal stock for the tool post.
They are available in most hardware stores at about $1.00. Get two
of them, theother one will bethe axlefor the reductionpulley in the
lead screw drive mechanism.

Being made of mild steel, it iseasy stock to work. Just cut off the
head, drill arow of 1/4" holesin theshank, and finishtoa 1/4" width
with afile.

A 1/4"-20 hole is tapped in the top to accept the set screw.

The height of the tool can be adjusted with a stack of washers, or
you can make theconventional concavewasher with arocker bar for
the same purpose.

1/4-20 set screy
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Two 3/8"-16 holesare tapped in the top of thecompound slidefor
mounting the tool post on either side. The un-used holeis plugged to
keep it clean. The customary "T" slot in the top of the compound is
too difficult to form without a miller or shaper. You may elect ol
make the conventional type later on in your career.

Both holesare5/8" fromthefront edge, and 5/8" from each side.
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THE CARRIAGE APRON

The easiest casting in the project. It supports the split nut
mechanism to drive the carriage along the ways.

A simple two part mold, and you can pour it with a 1" pop gate
located in the center of the pattern.

The surfaces of the casting need only be reasonably smooth for
good appearance, and the top surface must be filed to 90 degrees
with the inside surface.

It is fastened to the carriage with two 1/4"-20 flat head screws.
The inside surface must be parallel to the bed ways.
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CHAPTER V
THE LEAD SCREW AND SPLIT NUT MECHANISM

There is no telling how long it must have taken the un-known
Frenchman to prepare the first lead screw. Maybe he is un-known
because by the time he had finished the job, he couldn't remember
who he was.

We have an advantage for; al we need is a length of 318"-16
threaded rod and a couple of 114" black pipe nipples. Most of the
work is already done for us.

The 1/4" black pipe nipplesare conveniently very near to 112" in
diameter. Theinside boreisvery near to tap sizefor 3/8"-16 threads.
They will make serviceable bearing journals for the lead screw.
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THE BEARING JOURNALS

Lacking alathe to produce the journals, we'll have to improvise
one. Thedrawing showsthelead screw asit iswhen completed. The
1/4"pipe nipples are very near to 9/16" in diameter, so we have to
reduce themto 112". Thecoupling nut isused to drive the head stock
when it is bored; for now, just thread it onto the screw, near the left
end, and forget about it.

Cut the nipples to length with a hack saw, rather than a pipe
cutter, so the inside bore won't be distorted. If you cut them off as
near true square as possible, and use a standard nut to guide the tap,
you can cut pretty accurate threads in one end of each nipple. Just
clamp the nut and the nipple together in a vise, and run the tap
through the nut and into the end of the nipple.
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Assemble thelead screw as shown in the drawing, with the jamb
nuts to lock the nipples to the threaded rod.

There are anumber of ways that you can mount the assembly to
reduce the diameter of the shaft. | improvised a pair of wooden
bearings, and connected it to the shaft of an electric motor with a
rubber hose coupling. | made the wooden bearings adjustable, so |
could tighten up as work progressed.

\ RUBBER HOSE

The 1/2" rubber hose will stretch to fit the nipple, and a pair of
hose clamps will secure it to the nipple and the motor shaft. Asthe
screw spins, you can apply thelathefileto the oppositeend to reduce
the diameter. A 1/2" set screw collar will serve as a gauge. File
against the rotation of the shaft, and move thefileasthough the work
were stationary, so you don't wear it out in one spot.

When the protruding part of the nipple is finished to size, re-
position the wooden bearing to work the remaining portion. Repeat
the operation on the other end, and the lead screw is finished.

These journals will be something less than perfect, but you can
make better ones when your lathe is complete.

THE LEAD SCREW BEARINGS

These are simplecastings; the procedure isuniquein that they are
cast on a steel mandrel to provide a finished inside bore.

The mounting holes are slots, so that the bearings can be adjusted
vertically to bring the screw paralel to the bed ways.
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The slotsare cut after the casting is poured, so the patternsare a
very simple matter.
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THEPATTERNS

Make two each of the bearing bases and caps, mount them on a
6" length of 1/2" dowel with glue, so that they can all be cast at the
same time

The parting line is on the center of the bore, and it must be
accurate, or the borewill beoval. Likeall other patterns, there must
be a dight amount of draft, and the outside corners are dightly

rounded.

PARTING —— >
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MOLDING THE BEARINGS

The pattern cavitieswill be in the cope, and the print for the steel
core will be in the drag.

Prepare ablank drag, and bed the pattern arbor. Seta 1" sprue pin
1-1/2" to the side, and centered on the row.

Ram up the cope, remove the sprue pin, and rub in a bottom
board. The pattern will stay in the cope when you open the mold, so
you must lay it down to remove the pattern and cut the runner and
gates in the cope sand.

Cut a pair of runners from the sprue, paralel to the row of
patterns, and connect it to each cavity with a gate.

Set a 112" X 6" steel shaft in the drag print, close the mold and
pour.

The illustration represents a top view of the casting, as it leaves
the mold with runners and gates attached.

N’

FINISHING THE CASTINGS

Simply knock the steel core off the casting, file the mating
surfaces, cut off the gates, and drill the holes. The capsare held with
114"-20 cap screws. A base and cap are clamped together, with a
172" shaft in the bore, to assure aignment of the two halves when
they are drilled and taped. The cap screw holes are centered 3/16"
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fromeach end of the cap. Thereisonly 1/16" clearance on each side
of the bolt hole, so locate and drill these holes very carefully. This
is ajob where the step drilling technique proves its worth.

The lead screw moves very slowly, and the load is not heavy, so
no bushings are needed.

This type of bearing is adjusted by filing the mating surfaces
when thefitistooloose. When it istoo tight, shimsare used between
the mating surfaces.

The same general method can be used to produce the pillow block
bearings for the counter-shaft or the boring bar, but they need to be
larger, and cast on a larger core, so that they will accept a bronze
bushing for the higher speed and heavy load. | elected to buy mine
from the hardware store for the sake of convenience.
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INSTALLING THE LEAD SCREW

The dotsin the bearing bases are formed by drillinga 1/4" hole
and cutting the end material away with a hacksaw.

The drawing shows the left end of the bed with the coupling nut
for later use. There must be 5/16" clearance between the top of the
bearing base and the bed ways, so the clampsfor the head stock and
tail stock will fit.

The right hand end is identical except for the coupling nut.

Clamp both endsin position, and mark the holelocationsthrough
thedots. Removetheassembly and drill and tap 1/4"-20 holesin the
bed and mounting bases. This operation is best done with the lead
screw in the bearings, so the bearingswill bein linewith each other.
The slotspermit afinal adjustment by measuring from the bed ways
to thelead screw journals, to bring the screw parallel to the ways. It
may be necessary to use shims under one end of the bearing bases if
the mounting bases and the bed do not meet evenly.

Install a set screw collar oneach end, and install a 3" ball crank
on thetail stock end. The screw should turn freely with a minimum
of play. Better to be dightly loose than to bind.

THE SPLIT NUT MECHANISM

Thedesignisvery smple, being just two nut halvesthat are cast
integrally on arotating disc. Itspivot shaft passes through the apron,
and it isoperated by the lever on the outsideof the apron. Carriage
feed can be engaged or dis-engaged at will.

While the design principleissimple, it requires the most careful
attention to detail to produce the casting. Taken one step a atime it
is not so difficult atask, so don't let this little chore keep you from
building your own metal lathe.

This type of part would ordinarily be a die casting, or an
investment casting. Since both of these methodsare outsidethereach
of the home shop, it wasnecessary todo thejob in agreen sand mold.

Like the compound swivel base, it is cast on a steel shaft which
becomesitsarbor. It iscast on athreaded steel core which formsthe
threads on the nut halves. It is produced entirely by hand, there are
no machine operationsinvolved.
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THE SPLIT NUT
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ENGAGED DIS-ENGAGED

Without doubt, this is the most fascinating part of the entire
project.

The drawings illustrate its anatomy and operating principle. A
simple detent lever will lock it in either position.

While thispart could be cast in aluminum, pot metal will makea
far more durable casting.

| know of no other author writing on the use of steel coresin sand
casting. | have done some extensiveexperimentingin this method. It
works. The threadsthat are |eft by the steel corein thismold, are as
sharp asif it were done with atap. You can do it.
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THE SPLIT NUT PATTERN

Begin with a wooden disc, 2" in diameter and 114" thick. Drill a
3/8" hole through itsexact center. Makeal-1/4" square block, 3/4"
thick, and divide it into exact quarters. Drill a3/8" hole through the
exact center of the block. Coat a 3/8" dowel with paraffin, and use
it for an arbor to align the block and the disc when you glue them
together. Remove thedowel as soon asyou have joined the parts, so
it won't be bonded to them. The paraffin helps to prevent bonding.
It isimportant to have the bore as near to center and as near to right
anglesaspossible. You can check itstrueness by rotating the dowel,
and test the angle of the dowel at the base of the pattern with a try
square.
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The lineswhich divide the block into quarterswill be the centers
for the thread bore and the channel that divides the nut halves.

Carefully drill a3/8" holethrough thesideof the block, centered
1/4" above the disc.

Rotate the pattern 1/4 turn and drill a 1/2" hole centered 3/8"
above thedisc.

S
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Extend lines from the 3/8" hole to the top surface of the pattern
and cut out the center section with a coping saw. This forms the
dividing channel between the nut halves.

@”‘\*

Cut away the portions marked " X" above to leave the two nut
halves. Round the backs of the nut hal vesto the shape shown below.

> &
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It remains to print the threads on the nut halves so that they will
register with the threads of the lead screw. For this step, we need to
install the pattern in the apron.

BORING THE SPLIT NUT PIVOT HOLE

This bore must be on the same center and at right angles to the
lead screw

These measurementsshould be made near thetail stock end of the
screw, to reduce the amount of error that may occur because of any
bow in the screw. Rotate the screw, and if it is eccentric, position
it so that the measurement will be in the center of its eccentricity.

Withasmall try square, scribe aline on both ends of the apron to
represent the top and bottom diameter of the lead screw.
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Locate the center of these two marks and extend the center line
across the face of the apron. Center punch and drill a 3/8" hole,
1-1/8" from the tail stock end of the apron. Step drill this hole, and
do your very best to drill it a right angles to the apron face. There
is room for dlight error, for the split nut arbor will fit this hole
loosely, but hold the error to a minimum.

63



PRINTING THE THREADSON THE PATTERN

The handiest material 1've found for pattern work, is plastic auto
body putty. A polyester resin, using acatalyst to harden it; it setsup
quickly, but remains rubber like for some time after the initial set.
Thisiswhat to useto transfer the thread pattern from the lead screw
to the pattern.

The 1/2" diameter of the split nut halvesleaves room for enough
body putty to receive the print of the threads. Spraying the screw
with silicone [ubricant will prevent abond between the putty and the
screw. It's important not to get any of the silicone on the pattern.

Thisoperationisonly to register the split nut with the lead screw;
it isnot necessary to have afully formed thread. By taking this print
while the split nut ison the apron, you are assured that it will engage
the screw when it is installed permanently.

Hold the split nut in position on the inside of the apron, and slip
adowel through the bore and into the pattern. Mix up asmall amount
of body putty and apply adab of it toeach nut half with astick. Don't
fill the half holesup, or it will ooze around the screw and you'll have
difficulty releasing the pattern.

Rotate the pattern so that it will engage the screw. Stop rotating
when the center of the nut bore is parallel to the center of the screw.
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Let it rest in position until the putty has set to a rubber like
consistency. Y ou can check the left over putty from time to time to
determine when it begins to set up. It takes from five to fifteen
minutes, depending on the temperature. It setsfaster if it is warm.

VIEW FROM BACK OF APRON
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APPLY PUTTY ROTATE PATTERN

INSTALL THE CORE PRINT

When the putty has set it will have the form of the lead screw
threads. To reproduce female threadsin the casting, we use a male
threaded print in the mold cavity. A 1-1/4" length of 318"'-16
threaded rod will form the print.

Cut the threaded rod to length, and install it in the pattern so that
its threads register with the print taken from the lead screw. Mix up
some more putty, and use it to form fillets, locking the threaded core
to the pattern.

CENTER OF CORE PRINT

FILLETS

PARTING PLANE
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Form the fillets on both sides of the core, so that the screw is
covered up toitscenter line, leaving no under-cut to lock the pattern
in the sand. All of the core above the fillet line should have clean
threadsto leaveasharp print in the mold cavity. Becareful not tofill
the 3/8" center hole with putty.

Add dlight fillets where the nut halves meet the disc, dightly
round the outsidecorners, sand al smooth, and seal with lacquer or
varnish.

MOLDING THE SPLIT NUT CASTING

Lay the baseof the patternon the molding board; ram up and vent
the drag, rub in the bottom board, and roll over.

Slip a3/8" stedl rod in the pivot hole in the pattern, long enough
to extend above the cope. ‘

Seta1/2" or 3/4" spruepin about 1-1/2" away from the pattern,
so that a gate can be cut to one of the nut halves.

Ram up and vent the cope, remove the sprue pin, and raise the
steel rod about 3/4". Clamp the rod with a spring type clothes pin,
so it won't fall back in, and open the mold.

Slipa3/8" dowel in the arbor hole, and use it to rap and remove
the pattern. Cut the gate and clean up the cavity.

The pattern will have left a threaded print in the bottom of the
cavity. Cut another length of 3/8"-16 threaded rod 1-1/4" long,
smoke it over a candle flame, and carefully, with a tweezers or a
needle nosed pliers, set the core in its print. You can judge the
starting point of the threads in the core print by examining the
threadson the pattern. Insert thecorein themold in the samerelative
position.

When themold isclosed up, removetheclothespinand let therod
slip into the mold to rest on the threaded core. Thiswill prevent the
core from floating when the molten metal is poured in.

POURING THE MOLD

Nothing unusual in the pouring, except that we use pot metal for
thiscasting. It can be done in auminum, but pot metal will be much
tougher and longer wearing.
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FINISHING THE CASTING

THREADED CORE

GATE

STEEL ARBOR SPRUE
e

When the casting is shaken out, it remains to cut off the sprue,
shorten the arbor to 1-1/2", and remove the threaded core.

Thecoreisremoved in pieces, beginning with the center section.
Cut through thecore to about 1/16" below the threads. Knock out the
center section, and chisel and file the fillets away until the dividing
channel is about 1/16" below the threads.

The remaining portions of the fillets are cut away with a chisel
and file, and the end pieces of the core can be pulled out of the
casting.

Thefinal step isto clean up the threadswith a3/8"-16 tap. Do all
of thiswork carefully, to leave afull half section of threads in each
nut half.
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THE SPLIT NUT LEVER

A simplepatternand casting, poured witha3/8" steel core, inthe
same manner astheball handles. It isfinished by driving out thecore
and tapping the handle for a # 10-24 set screw to lock it to the split
nut arbor.
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THE SPLIT NUT DETENT

A simple lever and spring that holds the split nut in either the
engaged or dis-engaged position.

It will be easiest to install the lever and spring, and re-install the
apron to mark the positions for the detent notches in the split nut
casting.

VIEW AT REAR OF APRON WITH SPLIT NUT ENGAGED
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Thedetent lever iscold forged fromastrip of 1/8" steel. Theend
of the pawl isrounded so it will move as smoothly as possible as it
enters and |eaves the detent notches in the split nut casting.

It is pivoted on a #10-24 machine screw, tapped into the apron,
and the spring is anchored to the apron in the same manner.

I'm sorry that | can't give a specification for the spring. | picked
mine out of my junk box. It must be small enough to clear the lead
screw. The lever gives an advantage of three to one, so it does not
have to be such a stiff spring. A little experimenting will find the
right tension.

It helpsto smooth the action if theedgesof the detent notchesare
rounded off alittle. | had to maketwo or threetrial assembliesbefore
| got the notchesfiled to the right shape and in the right position.
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In the final assembly, the handle should be near horizontal when
the nut isdis-engaged, and inclined down about 20 degrees when the
nut is engaged.

This completesthe manual drive for the carriage. By engaging
thesplit nut and operating thecrank on theend of thelead screw, you
can drive the carriage up and down the ways.

The power drive train will be added when the head stock is
installed.

It remainsnow to add the head stock and tail stock, and the lathe
will be complete, but there will be some interesting operations that
you can perform before we reach that point.

When the counter shaft is built, welll actually use the lathe to
machine the remainder of its parts.
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CHAPTER VI
THE COUNTER SHAFT

Becauseit is needed in the boring operations, the counter shaft is
the next logical order of construction.

The head stock isdesigned to use afour step pulley with steps of
5",4" 3",and 2". A 5/8" boreisthe largest bore that isin common
stock at the hardware store, and it will serve for the head stock
spindle and the boring bar.

The counter shaft uses the same size steps, but the bore can be
172" or 5/8", depending on the size of shaft and bearing you choose.

A 6" or 8" out board pulley witha 1-1/2" motor pulley completes
the reduction train.

With a 1-1/2" motor pulley and a 6" outboard pulley, the
reduction ratiois4 : 1. Using a 1725 RPM motor, the counter shaft
will turn at 431 RPM. Using the 2 : 5 ratio of the step pulleys, the
lowest spindle speed will be 172 RPM. The 3 : 4 step gives 323
RPM, the 4 : 3 step gives 575 RPM and, the 5 : 2 step gives a top
speed of 1075 RPM.

Using an 8" outboard pulley gives a reduction of 5.33: 1, and a
counter shaft speed of 323RPM. The advantageis, that you get alow
spindle speed of 130 RPM; but, the efficiency of the driveislow at
such speeds, and belt slipping problems seem to out-weigh the
advantage. | use a 6" pulley on my counter shaft.

Back gearing is the only way to operate at low speed and high
torque. Book six in this series will describe methods for producing
a set of back gears for your lathe.

Any split phase motor of 1/4 HP or more will do the job. The
motor base size will determine the width of the frame rails, so the
motor should be on hand when you begin to build the counter shaft.

Being of simple design, little needs to be said about the
construction of the frame assembly. Of course you can use different
sized angle and strap iron; the sizesin the plan were what | had in the
junk pile.

Welding would be the fastest way to join the members, but if you
don't have a welder, use iron rivets instead of bolts and nuts. They
are easy to cut with a hack saw, the ends peen easily, they are
cheaper than bolts, and they do not work loose.
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The mechanics of the assembly are simple. Notice the dotted
center line from the release link pivot to the release lever pivot.
When the release lever is drawn forward, the crank will pull the
lower link pivot over the center line; unlocking the linkage and
pulling the upright forward. When the handleispushed back, theend
of the crank will be against the link pivot bracket; stopping the
motion and locking the action in the over center position.

A singleforward motion releases belt tensionfor aspeed change.
Belt tension in the first stage of reduction is adjusted with the
elongated holes in the motor base. The slots in the base rails are to
provide a means to adjust the tension of the second stage belt.

To determine the right size belt, just run a flexible tape measure
over the outside of both pulleys as though it were a belt. This gives
you the length of the belt. Usean " A" belt whichis1/2” wide. Mine
uses a27" belt on thefirst stage, and a28" belt on the second stage.
It may differ because of different motor base dimensions.

The design is adaptable to most fractional horse power motors,
but the spacing of the motor mounting bolts will bedifferent. These
dimensions are for a NEMA 48 frame; 2-3/4" between the slot
centers, and 4-1/4" vertically. Check your mounting hole

dimensions before you begin
@ RELEASE
—________«’—

@)
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It will probably be best to build themotor mount to fit your motor,
since you will need to know the dimensionsto make the spreaders.

The motor mounting rails are two piecesof 1-1/4" x 118" angle
iron6-112" long. They aredrilled and tapped for 1/4"-20 threadson
the spacing that corresponds to the vertical spacing of the motor
slots.

The motor rail spreadersare 1" x 1/8" steel strap, cut 1" longer
than the space between the dot centers on the motor base. They are
drilled 1/4" on centers 112" from each end of the spreaders.

By bolting the spreaders to the rails, and letting the bolts extend
through the rails about 1/2", you will have studs for mounting the
motor.
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It will be easier to build the unit in two parts, as shown in the
exploded view on page 74.

The base spreader is of the same material and dimension as the
motor rail spreaders. If you use riveted construction, theholesin the
base rails are counter-sunk so the rivet can be set even with the
bottom surface. These spreadersare the last order of constructionin
the frame assembly.

Toclarify theexploded drawing, the partsare named asfollows;

Motor rail, 1-1/4" x 1/8" angle, 6-1/2" long.

Motor rail spreader, 1" x 1/8" strap, 3-3/4" long,

. Base rail spreader, 1" x 1/8" strap, 3-3/4" long.
Upright rail , 1-114" x 118" angle, 10" long.
Baserail, 1-1/4" x 118" angle, 6-1/2" long.

. Release crank, 1" x 1/8" strap, 3" long.

Release lever, 1" x 1/8" strap, 13" long.
Releaselink pivot, 1-1/4" x 1/8" angle, 1-1/4" long.

© ©® N o 9 K~ 0O NP

. Release link, 1/2" x 1/8" strap, 2" long.

10. Releasehandle, 1" O.D. pipe, tube, or dowel, 3-3/4" long.
11. 6" outboard pulley.

12. Pillow block bearings.

13.5", 4", 3", 2" step pulley.

14. Set screw collar.

Having determined the proper bolt spacing for the motor
mounting bolts, and making atrial assembly, set them asidefor now,
and make the right and left hand sections.

The pivots for the upright and release levers should be 114"
rivets. The link pivots and all othersare 3/16".
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The best sequence to follow is to make the base rails first. Drill
the 1/4" holes in each end for the mounting slots, cut the slots with
ahack saw, and drill the pivot holes and the spreader hole. Counter-
sink the spreader hole and set the base rails aside.

Assemble theupright and the motor rail, drill for the pillow block
at the top of the upright, drill the pivot hole, but don't drill the rivet
holes for the release lever pivot. Rivet the upright pivot to the base
rail.

Assemble the release lever, the release crank, the release link,
and the release link pivot; and rivet the releaselever pivot to the base
rail.

Clamp the release link pivot to the upright, drill the rivet holes
through both members, and set the rivets.

Keep in mind that there are right and left hand members.

Install the motor rail spreaders with the bolts extending through
the tapped holes in the motor rails.

Install the base spreader with rivets beat flat in the counter-sunk
holes in the base rails.

Install the release handle with a length of 1/4"-20 threaded rod.
If you use pipe or tube, fit awood bushing in each end to center it on
the through bolt.

The pulley drawings are shown reversed for clarity. Install them
on the shaft and bearings opposite as shown.




CHAPTER VII
THE HEAD STOCK

Like the bed casting, this one requiresvery near afull one quart
pot of aluminum to fill the mold. Being a very dangerous practice,
you'll want to bewell prepared, and useextracautionin pouring this
mold.

Becauseof theextra heavy section in the in-board bearing, there
isapossbility of ashrink cavity in the base of the casting. It will be
out of sight, and it will not effect the casting seriously. Be very
certain to gate the mold at the heavy end.

While it will ultimately be fastened permanently to the bed, its
base isfinisned with a box slide to fit the ways, so that it can travel
thebed asitisbored. Inthisway, it ispossibleto establish the spindle
boreon acenter that isexactly parallel totheways. A feat that would
be otherwise difficult to perform without a very elaborate and
expensivearray of equipment.

THE PATTERN

<>
~
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Being a relatively deep pattern, it should have plenty of draft.
Notice that the sides slope slightly, both inside and outside, in the
back view on page 79. There is alarge green sand core between the
upright members, which will be in the drag. If you don't provide
draft on the inside of the members, you will be unable to withdraw
the pattern.

The dimensions in the top view represent the base dimension at
the parting plane. These members will taper to a smaller dimension
at the top, to provide draft. A taper of 1/32" to 1/16" will be ample
on dl sides. Only a very dight taper is needed on the clamp pads
below the parting line.

Built in six separate pieces, it is not adifficult pattern to make. It
will be easier to sand the draft on the upright members before they
are fastened to the base.

The wear pads can be formed by cutting out the raised area
between them, or you can build them up of cardboard, as in the
carriage. Notice that the back wear pad is 1/4" wider than the front;
agib will be installed to fit the slide to the ways.




Lay out and cut the partscarefully, keep these essential elements
in mind: The center of the saddleboreis 1-1/2" from the back edge
of the base. The height of the saddle bore center is 3-5/8" abovethe
wear pads. The box way is3-3/8" wideand 114" deep. Shrinkagehas
been considered, so thecasting will be more than 1/16" smallerin al
of the mgor dimensions. Don't make additiona allowance for
shrinkage.

Form parts 1 and 2, and fasten them to the base, part 4. Add the
inboard bearing extension, part 3, and add the clamp pad rails, parts
5 and 6.

Round the outside comers and form the fillets on the inside
corners.

Sand smooth and seal with two coats of shellac or lacquer.

MOLDING THE HEAD STOCK

A 12" x 12" flask will handlethismold. The copecan be 3" deep,
but the drag must be 6" deep.

You could prepare a follow board to accept the clamp pads, or
you can bed the clamp pads in a false cope. The main body of the
pattern will be in thedrag, only the clamp pads will be in the cope.

Ram up thedrag infour or fivelayers, to be sureit is thoroughly
done. Be especially sure to make the cores for thesaddleborefirm.,
Vent generoudly with the wire.

When you roll over and remove the false cope, or the follow
board, only the clamp pads will be above the drag sand. There will
bearagged edge on each end, so you must copedown to the recessed
surface between the wear pads.

Setal" spruepin about 1-1/2" away from theinboard end of the
pattern, which is the heaviest end.

Ram up the cope, and pusha 1/4" dowel through the sand, to rap
the pattern before you open the mold. After you rap the pattern, you
can push some sand into the rap hole with the dowel.

Open the mold, screw adraw peg into the base of the pattern,
swab the pattern, rap, and withdraw carefully.

Cut agate from the sprue print to the cavity, about 1/4" deep and
1" wide.

Close the mold and pour asfast as it will accept the metal.

Allow thisoneto cool for at least an hour beforeyou shakeit out.
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FINISHING THE HEAD STOCK CASTING

The base of the head stock is scraped to fit the ways in the same
manner as the carriage. Clamps are fit to the pads, and a gib is
installed in the back way. Only two gib screws are needed to adjust
for a smooth dliding fit, with no play in any direction.

/ «
\

Each clamp isheld with two 114"-20flat head screws. Notice that
the front clamp is 3/4" wide, and the back clamp is 1" wide to
accommodate the 114" square gib. The gib screws are #10-24.

The 318'-16 tapped holeisfor the stud that carries the reduction
pulley in the carriagedrive train. It will beeasier todrill and tap the
hole before the head stock is installed on the ways. It should be as
near parallel tothe waysaspossible, so the reduction pulley will run
true.
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THE HEAD STOCK BEARING CAPS

Simplewooden patterns, glued to a3/4" dowel rod, and molded
just asyou did the lead screw bearings. Cast on a3/4" stedl rod, the
half bore will be smooth and true.

Such small patternsare difficultto mold separately, and if you fit
them to thedowel asit restsin the saddle bore of the head stock, the
bore will be well aligned.

Takethe basedimension for thecapsfrom the head stock pattern.

T PARTING LINE A

FITTING THE BEARING CAPS

Themating surfacesaf the bearing capsand the saddlebore of the
head stock are filed and scraped to a good fit.

The haf borein the capswill be smooth, but the saddle bore will
be rough. Scrape the saddle bore so that a3/4" steel mandrel will fit
fairly well.

Cut some shims from sheet duminum to place between the
mating surfaces. These shims will be a permanent part of the head
stock, to provide a meansto adjust the bearingsas they wear in use.
Each of the four groups of shims should include three or four of
.001" thickness, which can be brass. Use theshimsto bring the bore
back to a good fit on the 3/4" mandrel, after you have filed and
scraped the mating surfaces.
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Clamp the caps to the head stock, with the mandrel in the bore,
and drill and tap for 5/16"-18 cap screws. Themandrel doesnot have
to fit precisely; itisused to hold the capsin alignment while they are
drilled. This is another job where step drilling proves its worth.
Begin with a pilot drill, enlarge to tap size, drilling through the cap
and into the head stock; remove the cap, enlarge itshole to bolt size,
and tap the holein the head stock. Drill at least 1" into the head stock,
but don't try to tap all the way to the bottom of the hole. 3/4" deep
will be enough threads for the cap screws.

TEMPORARY APRON
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THE TEMPORARY APRON

A piece of 118" steel, approximately 2" x 3" bolted to the head
stock and anchored to the coupling nut with a “U” bolt or a pair of
bolts through a plate. It will be necessary to bend an off-set, or use
a spacer between it and the head stock casting, to bring its inside
surface to meet the coupling nut.

This is what we use to drive the head stock during the boring
operation. It will be removed and discarded when the boring is
finished.

The lead screw will be operated by the hand crank for this
operation; we can use the power drive to bore thetail stock casting.

BORING OPERATION THEORY AND PRACTICE

The alignment of the component parts with respect to the ways
and each other isthe main challenge in buildingamachinetool. Itis
at this point that you begin to receive your wages for the care you
exercised in scraping and fitting the parts to the bed ways.

Without a very elaborate and expensivearray of equipment, you
could not possibly install aboring bar to travel exactly parallel to the
ways. There would certainly be an error, and that error would be
repeated in thesaddlebore. If theerror wereasslight asone degree,
it would cause the centers to be mis-aligned by nearly 1/2".

Instead of passing the boring cutter through the work, we fix it
rigidly in one position and drive the work over the boring cutter.
Because the cutter rotates on the same center continuously, as the
work travelspast, it makes a series of cuts that are exactly paralel
to the ways.

Even if the boring bar bearingsare out of alignment by as much
as1/8", theaxisof thecuttingcircle would only be shifted about one
degree. Thiswould producean ellipseso sight, that it could only be
measured with very fineinstruments. The seriesof dlliptical cutswill
still be parallel to the ways, which is our main consideration.

When the head stock has been bored, it isfit withaset of bearings
to support the boring bar asit boresthetail stock. The result is near
perfect aignment of the spindles.
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THE BORING BAR SUPPORTS

While these parts could easily be cast in aluminum, | used 1/4"
angleiron from my scrap box. | also purchased apair of 5/8" pillow
block bearings with bronze sleeve bearings.

The bearings | used have mounting holes on 2-7/8" centers, and
theboreiscentered 1" abovethe base. Other sizeswill work aswell,
but you may have to change dimensions of the supports.

Theobject is; tosupport the boring bar at acenter height of 3-1/2"
to 3-5/8", depending on the finished dimension of your head stock,
and approximately 314" forward of the back ways. To thisend, the
supports are made adjustable vertically, and they are provided with
sots for the bearing bolts to allow horizontal adjustment.

VIEW AT TAIL STOCK END
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TWO SETS REQUIRED; ONE RIGHT HAND AND ONE LEFT HAND
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Madefrom2" X 2" x 1/4" angleiron, there isa right hand and a
left hand support assembly. The slots are formed by drilling on the
centers indicated, and cutting with a hack saw. Use 1/4" or 5/16"
bolts for the pillow blocks and the vertical adjustments.

The small anglesthat serve to clamp the support to the ways are
cut from 1/4" angle iron. Use 1/4" bolts for the clamps.

These assemblies provide a solid support for the boring bar, and
they turn out to be a handy accessory for the lathe. They can be used
as a steady rest until you make a better one,

M ount the assemblieson the bed, as shown bel ow, and mount the
counter shaft and motor to drive the step pulley.

The boring will be done with the lowest speed.
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THE BORING BAR

Made of 5/8" cold rolled steel round stock about 15" long. It
requires a 1/4" square hole through the diameter in one end, and a
1/4"-20 tapped hole in the end for the set screw.

5/8n DIAMETER

SET SCREW

\_1/U"" SQUARE HOLE, 3/8" FROM END

Simply stepdrill a1/4" hole through the diameter, 3/8" from one
end of theshaft, and usinga 1/4" square lathe bit for agauge, filethe
hole square.

It is easy to get the hole bell shaped, so test with the gauge
frequently, and do your best to end up with a smooth diding fit.

Y ou can improviseasmall safeedge file by grinding the sides of
a small three cornered file.

When the lathe tool bit will dip freely through the hole, step drill
and tap the set screw hole in the end of the bar.

THE BORING CUTTER

You will have to cut a piece of lathe tool off in order to have a
cutter bit that is about 5/8" long.

Being made of hardened high speed steel, you can only cut it by
grinding a groove around it and breaking it off.

Cool the tool frequently asyou grind on it; it must not get too hot
to hold in your hand or it will be ruined.

P
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A round nosed cutter that will cut in both directions of travel is
the best idea for thisjob. You will be running the lead screw with
thehand feed, soit will help to be able to makeacut on both passes.
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There is no side rake to this cutter, only back rake. The nose is
ground to asmall radius. You want arazor sharp edge for a smooth
cut, so grind on afine wheel and finish the edge on a whetstone.

If you are not familiar with tool grinding, get a text and learn it
now; your lathe will be of little value until you learn to shape the
many different typesof cutters.

An excellent manual entitled "How To Run A Lathe" published
by South Bend, and available from Lindsay publications at about
$7.95, is the best I've seen. It will teach you tool grinding and al
manner of set up and operations.

Anenlarged view of thecutter in the borewill show you what you
are trying to do as you grind it to shape.

CUTTER ROTATION
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SETTING UP THE BORING BAR

The first step is to establish the center of the bar on the turning
center of the lathe.

The nomina size of thislathe is7". That means a center height
of 3-1/2" above the ways; the actua height may be slightly more.
The pattern wasmade with acenter height of 3-5/8" and you may not
have used up theentire shrinkageand fitting allowance. Mine turned
out to measure 3-9/16", so | have a7-1/8" swing.

The vertical center of the boreis planned at 3/4" forward of the
back ways; Again, there may beadifference, so measureto be sure.

Y ou can make aset up gauge out of heavy sheet metal, to hold the
boring bar as you adjust the bearing supports.

The gauge isdesigned to support the bar on the horizontal center,
and stop it at the correct distance from the back edge of the ways.
Since the boring bar is5/8" in diameter, we deduct hdf its diameter
to find the correct dimensions for the gauge.

3 9/16v - 5/]6:1 = 3 ]/l‘,u .
"|7:s

3/b - 5/16v = 7/16" |
——O

T GAUGE

3%0 J}q

L [

Make the gauge carefully, being especially certain to erect the
vertical center line at 90 degrees to the bed.

The boring bar over-hangsthe supportsby 6" sothat it will reach
through both saddle boresin the head stock. Use the gauge to set the
bar parallel to the bed ways, and on the correct vertical center. Re-
check after tightening the adjustment bolts. Rotate the bar to make
sure it is not bent.
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Take your time to do thissetting up. By checking each end of the
over-hanging bar alternately, you will be able to position the bar
very accurately.

With the lathe bolted to the bench, the counter shaft connected to
produce thelowest speed, and the head stock in positionon the ways,
you are ready to begin boring.

Without doubt, thefirst cut will be rough, perhaps the second and
third also; but make each cut all the way through both saddle bores
without changing the cutter setting. Using thecrank on theend of the
lead screw, run the head stock past thecutter at aslow evenrate. You
can make a cut on both the forward and return travel. 1t will be best
to make relatively light cuts of about .010" on each pass.

GAUGING THE BORE

There are beautiful precision instruments for gauging the work,
lay-out, and setting up operations. Most of them are far too
expensive for the home shop operator. Many are quite complicated
to use, and the need for them arises so seldom in the home shop, that
we can't justify them.

Remarkably accurate work can be done with simple calipers,
available for as little as two or three dollars. A simple vernier
calipers, made by Genera Tools, is available at most hardware
departments for only a few dollars. While its finest reading is
1/128", in the hands of a careful man, precise work can be done.
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If you have access to fineinstruments, by all meansuse them and
enjoy themyou lucky dog, but if not, here are some waysyou can do
the job without them:

Thesimplest of al isthe adjustable calipers. You can get themin
severa styles, and, while the adjusting and locking devices are
superior onsome, and the best onesare madeof high grade material,
it is the delicacy of the touch that determines the accuracy of the
work. Inaclass situation, ten students can use the finest micrometer
in the world to gauge an object, and they will arrive at ten different
readings. They have not yet developed the sense of touch that is
required for precison work. The only advantage in using a
micrometer over acalipers, is the graduated scale. If you have the
mating part on hand, it will serve as an excellent gauge, and its
measurement in standard unitsisof noimportance. You can transfer
the size from one member to another without ever converting to
standard units of inch or metric measurements.

MEASURE OQUTSIDE MEASURE INSIDE

=%

™~ DIFFERENCE

FEELER GAUGE
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The head stock isto be bored to 1" diameter, toacceptal” x3/4"
bushing. The outside diameter of the bushing will serve as the gauge
standard; we want the hole to be about .001" smaller.

Bronze bushings that are finished to size both inside and outside
are avalable from industria bearing supply houses, hardware
stores, and W. W. Grainger Co. Be sure to specify "finished both
inside and out™, a semi-finish bushing isof no use if you don't have
the equipment to do the finishing work.

Referring to the sketches on page 93, measure the outside of the
bushing, which transfers the measurement to the calipers. Measure
the inside of the saddle bore and compare to find thedifference. The
difference is the amount that must yet be removed to fit the bore to
the bushing.

In the early stages of boring the difference will be great enough
to beobviousto the naked eye. Near theend of thejob, you will need
to know exactly how much to advance the cutter in the boring bar.
The simple feeler gauge will serve to transfer the final measurement
to the boring bar cutter.

SETTING THE CUTTER

This simple adjustable gauge will enable you to advance the
boring bar cutter a precise amount. It is clamped to the boring bar
with the adjusting screw in line with the cutter bit. If you want to
advance the cutter .010", you slip a.010" feeler gauge between the
cutter and the screw. Adjust the screw so that the feeler fits with no
play and nodrag. Remove the feeler and advance the cutter to touch
the screw.

CLAMP SCREW




—_— -~ BORING BAR

FEELER GAUGE

The body of the tool isa 2" length of 5/8" steel key stock. The
clampis 1" x 1/8" steel strap, fastened to the body with two # 10-24
screws. The clamp screw and the adjusting screw are 1/4"-20
threaded rod with thumb nutson the end. The screw holes, tapped in
the body, arelocated 1/2" from each end. The adjusting screw hole
should be deformed by striking the body with a hammer, so there
will be a dlight amount of drag in the screw fit.

Keep in mind that when you gauge the hole with the calipers and
feeler gauge, you are finding the difference in the diameter. The
cutter gauge is measuring on the radius, so you advance the cutter
one half thedifference inthediameter. For instance; on your last test
you find the difference in diameter to be .012", so you advance the
cutter .006" to finish the bore.

The shims that were installed with the bearing caps will provide
for adjustment if you bore slightly over the size of the bushing, but
do your best to finish .001" under size.

Use the gauges with each pass, to measure the bore and to
advance the cutter, so that you develop your sense of touch. Make
notes and compare each change in the diameter of the bore to see if
you actually removed the amount you intended to. In this way you
can correct your technique so that you can accurately predict what
each cut will do.

Theend of the adjusting screw should bedightly convex and filed
very smooth. The clamp must fit the boring bar without play in any
direction.
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When the bore is correct, you can loosen the caps to dlip the
bushing inthe bore. A 3/4" shaft should turnin the bushing with very
little drag when the caps are tightened. Minor adjustmentsto the fit
can be made by adding or removing shims.

The permanent spindlewill have a3/4" diameter at the inboard
end, and a518" diameter for the pulley and the outboardend. Details
will be discussed later; for now, the saddle bore will be fitwith 5/8"
bearingsto carry the boring bar as a temporary spindle.

A finished 3/4" x 5/8" bronzebushing isdlipped intoa 1" x 3/4"
split steel pulley bushing to reduce the saddle bore to 518".

ANCHOR THE HEAD STOCK

While thetail stock could be bored with the same set up that was
used for the head stock, the finished head stock will provide a better
support for the boring bar. Also, it will be an advantageto anchor the
head stock and compl etethe power drive train for thelead screw, so
it can be used for the remaining operations.

Remove the boring bar supports from the bed, dismantle the
temporary apron and discard it, and run the coupling nut to the left
end of the screw. The coupling nut will not interfere with the
carriage so thereisno need to removeit from the screw, just tighten
it against the left end jamb nut so it won't wander down the screw.

It will be necessary to diss-mount the bed from the bench and
remove theleft end mounting base and stud to install the head stock
anchor bolts.

Slide the head stock to its permanent position at the extreme left
end of the bed ways. It should not over-hang the ways, in the later
developmentof thelathe, you will want theleft end to beclear for the
addition of the change gear mechanism.
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With the head stock clamped in position, use a5/16" drill to
extend the mounting base stud hole through the head stock casting.
Follow thedrill witha3/8"-16 tap, to extend the threads into the head
stock. Replace the original stud with onethat islong enough to reach
into the head stock and leave an anchor stud for the base.

Using the elongated hole in the bed casting as a guide, step drill
another 5/16" hole through the ways, and at least an inch into the
head stock casting. Follow with a3/8" drill through the bed ways,
but don't run it into the head stock casting. Tap the head stock for
3/8"-16, but be careful, you are tapping ablind hole and it would be
areal disappointment to break off atap at this point. A thread depth
of 3/4" isample, so don't try to tap to the bottom of the hole.

Install a3/8"-16 x 1-1/4" cap screw, with aflat washer and alock
washer. Don't over-tighten the bolt or the stud nut; to do so will
distort the ways.

Re-install the mounting base. At this point, you can mount the
lathe inits permanent location, and line up the counter shaft with the
head stock pulley, using the boring bar as a temporary spindle to
carry the head stock pulley.

Remove the cutter from the boring bar, and with a left hand
turning tool in the tool post, reduce theend of the boring bar to 1/2"
for 3" of itslength. Thiswill make it small enough to enter the core
hole in the tail stock, and it will provide a 1/2" arbor on which to
machine the pulleysfor the power drive train.
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CHAPTER VIII
THE LEAD SCREW DRIVE TRAIN

A double reduction belt drive from the spindleto the lead screw
iIsasimpleway to automate your lathe. Later, whenyour metal shop
is more developed, you can add change gears for cutting right and
left hand threads.

THEDRIVEBELTS

Power is transmitted to the lead screw through two vacuum
cleaner belts. Theones | used are for a Hoover machine. They are
intended to drive the rotating brush in the suction head. They are a
round section belt, about 5116" thick, and they measure about 3"
inside diameter. This type of belt must be stretched very tight in
order to work well.

THE REDUCTION PULLEY ARBOR

The 3/8"-16 hole that is tapped in the left end of the head stock
will accept alawn mower whedl axle of the same type that was used
for thetool post. It hasa112' diameter on the shank, and thethreaded
portion is 318"-16.

THE SPINDLE DRIVE PULLEY

A 1" x 5/8" bore pulley which can be cast in aluminum or pot
metal, to be machined on the lathe or, you can cut down adie cast
pulley. The narrow portion of a standard " A" pulley isjust about
right for a5/16" round belt. Just lock the pulley on the temporary
spindle to machineit to size.
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THE SPINDLE DRIVE PULLEY

THE REDUCTION PULLEY

THE REDUCTION PULLEY

A 4" diameter pulley, using a 1" diameter hub for the reduction
step. You can make it with a5/8" bore to accept a bronze bushing to
fit it to the 1/2" arbor, or you can make it a 112" bore to be used
without a bushing. The pulley turns very slow and the load islight.
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You can cast it on a steel arbor, or you may be able tofind adie
cast pulley of about 4-1/2" diameter, that has alarge enough hub for
the reduction step. In either case, it is a simple matter to lock the
pulley to the temporary spindle with the set screw and machineiton
the lathe. In use, the set screw is discarded; this pulley is meant to
turn freely on its arbor.

THE LEAD SCREW PULLEY

A near duplicate of the reduction pulley, except that it usesthe set
screw to lock it to the lead screw journal.
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The reduction ratio isabout 16: 1 through both stages. Thisgives
carriage feed of about .003" per revolution of the spindle.
Thisfeature will greatly broaden the usefulnessof the lathe, and
it will make the boring of the tail stock much less tedious.
At any time that you want to use the hand feed, just remove the
second stage belt to free the lead screw.

A WIDE RANGE OF CAPABILITIES

At this point, you have built a lathe that is as complete as some
that are sold commercially. If you have beeninthe market for alathe
very long, you are not surprised to learn that some lathes are sold
without a tail stock. | could hardly call atail stock an accessory, as
some do, but the partially finished lathe can do many jobs now.
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CHAPTERIX
THE TAIL STOCK

Using just two aluminum castings; the only technical problems
are the baked sand core and, a somewhat complicated parting line.
Neither problem is serious, for by now you have enough skill and
knowledge to handle them.

THE TAIL STOCK BASE CASTING

Thisistheeasiest part and it is best to complete it and fit it to the
ways before the main body of the tail stock is made.
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A very simple pattern to make, and just as ssmple to mold and
cast.

Notice that the front wear pad is3/4" wide to allow for the 114"
gib.

Thefront portion of the base is dropped to provide clearance for
the clamp screw head.

Again, the parting planeis at the raised portion between the wear
pads. Provide draft both above and below the line.

MOLDING THE BASE CASTING

Simply rap therailsinto ablank drag until the pattern rests on the
parting line. Set a1" sprue pinabout 1-112" away from the rear edge,
and ram up the cope.

It will be best to push a 114" dowel through the cope sand, to rap
the pattern before you open the mold. The hole can be left asavent,
or re-filled with sand.

Open the mold, cut a gate from the spme print to enter the rear
edge, which is the heaviest portion of the casting.

It's atemptation to pour asimplefigure like thiswith asingle pop
gate on thetop surface. Todoso will leave ashrink cavity around the
sprue, which makes for a tougher finishing job. It takes little effort
to cut the gate, and the later savings in work isworth the effort.

FINISHING AND FITTING THE BASE CASTING

The wear pads and clamp pads arefiled and scraped to fit the bed
ways in the same manner as the carriage.

Thetop surfaceisfiled and scraped smooth and flat to accept the
set over ways. Use aportion of the bed ways asatest standard. The
bottom of the tail stock casting will fit this surface; it should be as
near parallel to the bed ways as possible.

The steel clampsarefit to allow afreeslide on theways, with no
play. The back clamp is held with three 1/4" flat head screws. The
front clamp isheld with two 1/4" screws. The 318"-16 clamp screw
is installed on the left end of the base because that is where the
greatest strain is. This top tightening screw is superior to the usual
gib clamp that is found on solid ways.
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Fit the base to the ways, install the clampsand the gib, adjust the
gib screwsfor afree dliding fit, with no play, and install the clamp
screw last.

The front clamp screws are spaced the same as the back clamp
screws. The gib screws are #10-24 machine screws.

The3/8" top tightening clamp screw islocated 5/8" from the | eft
end, and it iscentered to clear the front edge of the ways by asmall
amount. This center must be found with the base installed on the
ways.

The gibis1/4" square key stock, 2-5/8" long.
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Locate and step drill the hole carefully to avoid damaging the

ways. Only the steel clamp is tapped; enlarge the hole in the base to
bolt size.
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THE SET OVER WAYS

A dlabof 1/4" x 2" cold rolled steel, 3" long, fastened to the base
with two 1/4"-20 flat head screws.

The base should be removed from the ways before you drill and
tap the holes; but before you remove it, mark aclear line5/8" from
the left end, to locate the position of the set over ways. This line
should be at exact right angle to the bed ways.

THE MAIN BODY PATTERN

With the base fit to the bed, you have a more accurate point from
which to establish the height of the tail stock center. The main body
pattern can befit to the finished base, and itscenter established 3/32"
above the head stock center, to allow for shrinkage in the casting.

While it isalittle more intricate than some of the other patterns,
it is not difficult to build.

Note that the parting line begins at the lower front corner, and
passes through the center of the core print. This will become more
clear aswe move aong. Thiscasting isan excellent exercise in the
metal casters art. It provides a range of experience that will be of
great value in developing your skill and knowledge.
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The center height should be determined from the top surface of
the basecasting to thecenter of the head stock spindle. 3/32" isadded
to alow for shrinkage and finishing.

< PARTING LINE

A= CENTER HEIGHT + 3/32

) CORE PRINTS

<
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The section thicknessof thepatternis5/16" throughout. The 3/4"
diameter raised bossisfor the bolt that locks the tail stock ram. It is
set at 90 degrees to the parting line and it is dlightly larger where it
intersectsthe barrel of the tail stock, to provide draft.

Notice the dotted line representing the back section curves
forward to intersect the barrel. This provides an even section
thickness to avoid a shrink cavity.

Thebody of the patternis1/8" wider at the front to providedraft.
The portion of the uprightsforward of the partinglineisbeveled on
the outside only on both ends.

The 5/8" diameter core printswill leave a print in both the cope
and thedrag. A baked sand core, 6-1/2" long, will be placed in the
print to provide the rough bore in the barrel.

BUILDING THE PATTERN

You can provide yourself with some 5/16" white pine stock by
ripping 3/4" stock.

The layout of the end sections can be done on the surface of the
stock, and both ends cut together, to make an identical pair. There
isaright and left hand member.

A= HEIGHT FROM BASE TO CENTER OF HEAD STOCK SPINDLE+3/32"

1
|

LEFT END RIGHT END
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The base iscut 1/8" wider at the front. The end members are
fastened to it with glue and brads. The taper gives the proper draft

both inside and out.
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The back member can be cut from a piece of 3/4" stock. It is
fastened between the ends with glue and brads.
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The barrel and core prints can be made from a 6-1/2" length of
1-1/4" closet pole, available at most building sites as scrap.

Lacking awood lathe, | cut thecore printson atable saw, setting
thebladefor a5/16" depth and making multiple passeswith the stock
held on the miter gauge.

It is important to have the core prints concentric to the barrel.

If you have a wood lathe, it's a simple turning job.

When it is finished smooth, set the pattern on the finished base,
rest the barrel in the saddle, and check the center height on both
ends. Make necessary correction before you glue the barrel to the
pattern.

Y ou can make the clamp screw bossfrom scrap and glue it to the
correct place on the barrel. Itsflat surface is parallel to the parting
line and it is tapered slightly for draft.

Round off the outside corners, form a small fillet on the inside
corners, and sand smooth all over.

To make it easier to bed the pattern, it will help to mark the
parting line on the ends of the prints and aong the surface of the
barrel.

Seal with two coats of shellac or varnish.

THE BAKED SAND CORE

It would beimpossibleto drive a steel core out of thiscasting, so
a baked sand core must be used to provide the rough bore in the
barrel.
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Wheat flour and molasses water are used for a binder, with clean
sharp silica sand. Clay bonded sand would be too hard to get out of
the casting.

The basic formulais; 20 parts of sand to 1 part flour, tempered
with 1 part molasses in 10 parts of water.

You are likely to have problems with getting a good bond with
ordinary bread flour, although if you increase the proportion of flour
it will work. Wheat paste that is sold for hanging wall paper works
much better.

If you have trouble with the bond, throw the batch away and mix
another with more flour. Keep notes on your mix for future use.

The sand and flour are mixed while dry, and the mix is tempered
with the molasses water just as you do molding sand.

THE CORE BOX AND CORE PLATE

The core will be 6-112" long and 5/8" in diameter. A core box is
used to form the core, and it is baked on a core plate in the kitchen
oven.

It is easy to bore a hole through the length of the box if you cut
agroove in both halvesto guide the point of thedrill bit. The groove
functions as a pilot, on the same principle as the step drilling
technique.

e
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The dowel pins which align the two halves are installed by
clamping both halves together and drilling two holes right through
both members. Glue short dowels in one member.

With the box clamped together, mark the center of both ends,
separate the halves, and cut a groove down the center. The groove
can be cut with a saw or a straight edge and a knife.

With the halves reassembled, borea5/8" hole through the length
of the box. A spade bit in theelectric hand drill will work fine. Drill
from both ends if the bit is not long enough to reach. If the pilot
groove istrue, a haf hole will be in each member.

Fill any flaws, sand smooth, and seal with lacquer of varnish.

If thecore wereto bebaked on aflat sheet it would not stay round.
The box member without the dowels will provide the patternfor the
aluminum coreplate. Simply ramit up, gateit near the center onone
side, and pour. A simplecasting that requires little to finish it.

Thecore must bewell vented because the gasthat isgenerated by
the burning of the flour and molasses will spoil the casting if it is
forced to vent through the molten metal. |'ve found it impossibleto
push a vent wire through such acore, so | bed the wire as | fill the
box, pulling it out later to |eave the vent.

Two wires should be put in thecore, oneto bedrawn out to leave
the vent passage, and the other left in for a reinforcement

The core box is dusted with parting and the sand is tamped in
firmly. | say "tamped", instead of rammed, because you want the
core to be as porous as possible.

Lay thebox flat, rap themalehalf, lift it off, and set thealuminum
coreplatein its place. Turn it over, rap thefemale half, pull out the
vent wire, and lift the female half.

Place it in the kitchen oven and bake it at 350 degrees for about
an hour. It should beanicedark brown, butdon't let it burn. It smells
like molasses cookies when it's baking, so you won't get into
trouble.

It's brick hard when it's done, but it will soften if you let it get
damp. Don't put it in the mold until you are ready to pour.
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MOLDING THE TAIL STOCK

The parting line has been planned to permit placing a baked sand
core in the prints when the mold is opened. A green sand core will
be formed by the pattern; it must be left on the face of the drag
because its weight would separate it from the cope, and it would fall
into the cavity.

A doublerall isrequired, and we begin with afalse drag, or an
"Odd-side", which isdis-carded and re-made.

Prepare a blank drag and rap the pattern in up to the parting line.
The green sand core will not be formed until you re-make thedrag.

SPRUE PIN
AL

ODD-SIDE OR FALSE DRAG

Set a1" sprue pin about 1-1/2" away from the barrel and ram up
thecope. Removethespruepinroll over theentire mold, removethe
fase drag, and shake it out. Remake the drag, being especially
careful to fill the cavity that forms the green sand core.

Roll over the second time, push a small dowel through the cope
sand to rap the pattern, push the sprue pin back into the sprue hole,
to leave a print, and open the mold.

The pattern should remain in the drag as you open the mold; rap
it and remove it, push the vent wire through the core print area in
both mold halves, cut the gate, set thecorein the prints, close up the
mold, and pour.
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FINISHING THE TAIL STOCK CASTING

Having no box clamps, it isn't much of ajob to finish the bottom
of the casting. Dress it with afile and scrape it to rest solidly on the
base casting. The top surface of the set over ways should not contact
the casting.

Theleft sideof thebox isscraped tofit the set over ways; the right
side is fit with a 1/4" square gib and two gib screws.

An elongated hole iscut inthe bottom of thetail stock to allow set
over motion. Two holes are tapped for the set over screws which
bear against the clamp stud.
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A 318'-16 hole stud is tapped in the base for the clamp stud.

The clamp stud can be apiece of 3/8"-16 threaded rod, but it is
better to use aproper stud so that the set over screws can bear against
an un-threaded portion.

The set over screws and the gib screws are #10-24, and they are
fit with jamb nuts.

The whole is assembled with a nut and flat washer on the clamp
stud. The gib screws are adjusted so that it will slide on the set over
ways with dlight drag. The set over screws are adjusted to bring the
core hole to the center of the head stock spindle.

The tail stock is ready to bore.

BORING THE TAIL STOCK

Thiswill be a more pleasant chore than the head stock because
you now have the power drive to the lead screw.

Remove the cross slide from the carriage and bolt a scrap of
1-112" x 2" angle iron to the cross slide ways. It will do no harm to
drill andtap a1/4"-20 holeinthe center of the ways because thecross
slide does not bear on it.

Dis-connect the apron from the carriage, remove the carriage,
slidethe tail stock on the bed ways, and slide the carriage up against
the tail stock. Re-connect the apron, bolt or clamp the angle iron to
the carriage, and the split nut will drive thetail stock along the ways.
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The general procedure isthe same as boring the head stock. The
tail stock bore is 314". The first cut must be dlightly over 5/8" so
there will be clearance for the boring bar.

It will take one or more rough cuts to true up the bore; it will be
best to dis-connect the power to the lead screw and feed thefirst cut
by hand in case you run into trouble. Early cuts should be made with
the lowest spindle speed, but afinal light cut can be made at a higher
Speed.

Use a3/4" shaft as agauge standard. When the bore is finished,
a3/4" shaft should dlip through the hole with very dlight drag.

If you should end up over-sized, don't despair, you now have a
lathe on which you can produce an over-sized tail stock ram.

T A R m

Since you supported the boring bar in the head stock, the tail
stock bore will be on the same center. Asthe tail stock has traveled
the bed whilethe cutter remained stationary, the bore will be parallel

to the ways.
Progresswill befast now, for you can use thelathe to produce the

remaining components.
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CHAPTER X
FINISHING AND IMPROVING THE LATHE

Asit now stands, the lathe seemsof littleuse, but it isall you need
to produce the remaining components.

A TEMPORARY SPINDLE AND RAM

A pair of 60 degree centers will be needed to produce the
permanent spindle and tail stock ram.

Remove the boring bar from the head stock and install alength of
5/8" cold rolled round stock initsplace. A set screw collar on each
end will provide a thrust bearing.

Y ou can use the compound slide to machine a 60 degree cone on
theend of the shaft. That's all there isto making the temporary head
stock spindle. Thetemporary tail stock ram ismadein the sameway,
except it need not be as long.

@

You can order a 60 degree center gauge from Sears if you don't
find one locally. As the compound swivel base does not have
graduations; you will haveto estimate the angle, make acut, and test
with the gauge. When you have the correct setting, scratch awitness
mark on the base.

The tail stock ram is about 7" long. The head stock spindle is
about 9" long, sothat thereisenough shaft to take theface plate hub,
and to carry the lead screw drive pulley.

The temporary tail stock ram isfit to the bore with apair of 3/4"x
5/8" split pulley bushings. The set screw collar will provide thrust
support.

115



A FACE PLATE AND CLAMP DOG

In order to do work between centers, you will need a plate to
drive the work and a dog to clamp it.

You can use the lathe to produce the pattern for the face plate
casting. A threaded shaft adapter, availableat most hardware stores,
will serve asan arbor to hold the pattern asyou trueit up in the lathe.
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Jig saw the patternfrom3/4" plywood, gluethe hubin thecenter,
bore a518" hole, dipinab518' x 1/2" bushing, mount it on thelathe
spindle with the threaded shaft adapter, and machine it to size and
shape.

The section thicknessis3/8" dl over. Thedotsare 5/16" x 2" on
thefaceand 318" x2-1/3" on the back. The parting lineison theface
of the pattern.

It iscast on a518" steel arbor by the same method you used for
the split nut casting, except that the arbor will be driven out to leave
a5/8" bore. Gate themold at any point around therim. Pour rapidly.

If the pattern iswell drafted, especially in the slots, and finished
smooth, it will only be necessary to cut off the gate, install a5/16"
set screw in the hub, and mount it on the lathe spindle to true it up
and face it off.

Facing off the plate will give you the First test of the lathes
accuracy. If there hasbeen an error inmountingthecrossdlideit will
show up here. You can correct by re-scraping the front box way to
bring the cross slide ways to exact right angle to the bed ways.
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| priced asimple2" clamp dog at $36.95 inapopular tool catal og.
| kept my money and made one out of the remaining portion of 5/8"
sguare key stock that was used to make the boring bar gauge tool.
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Thedrive pinisa5/16" x 2-1/2" bolt with the head cut off. Tap
the three holes in the longer bar, and enlarge the two holes in the
short bar to 5/16". The difference in length and the hole spacing is
a rough attempt at balancing the dog. It works very well except at
high speeds. It will take some experimenting to perfect it.

TEST FOR PARALLELISM

The second test for accuracy is to determine if the centers will
carry the work paralel to the bed ways.

Mount alength of 1" steel stock between the centersand trueit up
with aleft hand turning tool in the tool post. Thissame piece of stock
will serve for the tail stock ram, so there is no waste.
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Measure the diameter on both ends to see if the shaft is tapered.
You cando it withacalipersand afeeler gauge, or use amicrometer
if you have one.

If the tail stock end is smaller than the head stock end, adjust the
Set over screws to move the tail center to the rear by 1/2 the
difference in theend diameters of the shaft. A full turn of theset over
screw will move the center about .042", so only afraction of aturn
should be needed. After two or three tests, followed by a new cut,
you will be able to turn a shaft to the same diameter for its entire
length. This operation will have to be repeated when the permanent
tail stock ramisinstalled, sodon't put awitnessmark onthe base yet.

Obviousdly, if the test provesthe tail stock end to belarger, the set
over adjustment is reversed.

TURNING THE TEST SHAFT ON THE TEMPORARY CENTERS

Now it remains only to make the permanent spindle and the
permanent tail stock ram, and your lathe is complete, You have the
meansto make what ever you need to match thismachine against any
commercially madelathethat you could afford to buy. | wouldn't sell
mine for $1000.00, would you?
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THE TAIL STOCK RAM

While you could produce a #1 morse taper lathe center on the
lathe, they are so in-expensivethat | ordered one from Sears tool
catalog. At thesametime, | ordered athreaded arbor with a#1 morse
taper shank and a1/2" chuck tofit thearbor. Thereare several items
inthe catal og that are in-expensiveand highly useful; including a set
of 1/4" formed tool bits, small forged boring bars, a60degree center
gauge, center drills, etc. . If you are going to use a hollow spindle
onthehead stock, you should order two#1 morse taper lathe centers.

You can bore a#1 morse taper socket in the tail stock ram, and
you could not buy one any where, so that should bethe next order of
work.

A 5/16" hole through the center of the ram is needed to start the
morse taper boreand itisalso thetap sizefor the 318'-16threadsfor
the ram feed screw.

To begin; center drill a piece of steel stock 4" long, and larger
than 314". Reduce it to 3/4", or what ever the exact bore in the tail
stock turned out to be.

The secret to drilling through the length of a bar, is to rotate the
work as you drill. Standard jobber length drill bits not being long
enough to reach al the way, you will need to drill from both ends
towards the center.

When you have machined the stock to the correct diameter,
remove the tail stock and replace it with one of the boring bar
supports with a 3/4" pillow block to support the end of the ram.
Install a set screw collar to hold the ram against the live center, and
drive the ram with the clamp dog.

1|

119



Using an electric hand drill with a 1/8" bit, drill a pilot hole 2"
deep in theend of the ram. The lathe spindle should be turning at the
slowest speed as you feed the bit, which is spinning in the opposite
direction. If the bit has an accurate point, it will remain on center.

Remove the ram and set it up to drill from the other end. Feed
very carefully as you near the center because there is danger of
breaking the bit when it cuts through.

Enlarge oneend to 5/16" by steps, asdeep as you can reach, but
don't enlarge the other end now. Theoriginal center must remain for
the boring operation.

BORING THE MORSE TAPER SOCKET

A standard morse taper shank measures2-1/8" long, .369" at the
small end, and .475" at the large end. The taper is.5986" per foot.
Y ou have no way to pre-adjust the machine to do thiswork, but you
can use any #1 morse taper shank accessory as a gauge to test the
bore as you make trial cuts and adjustments. Since a number of cuts
must be made before the bore comesto size, you will havefound the
right setting before the finishing cuts are made.

If the pillow block that supports theend of the ram is set over to
therear of the spindle center, atapered hole will be bored by a 1/4"
forged boring bar held in the tool post. It will belarger at the mouth.

Sincethereisno reference point to beginwith, you can only make
acrude estimateon thefirst set up. Whenyou have madetwo or three
cuts, wipe the test shank with the prussian blue and try it in the bore
to determine the correct way to set over the pillow block. Test after
each cut until you have a setting that matches the bore to the test
shank. Mark the point 2-1/8" from the small diameter of the shank
so that you don't bore over size.

BORING BAR
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Of course, you must blow out the bore before each test, and re-
blue the test shank each time. Don't try to test while the spindle is
turning, it will ruin the shank. | used my threaded arbor with the
morse taper shank because the threaded portion makes a good hand
hold.

When you have finished the morse taper socket, turn the piece
end for end and enlarge the other end to 5/16". Tap the hole 3/8"-16
asdeep asthetap will go. If itisnot long enough to reach to the morse
taper socket, you can enlarge the remaining portion to 3/8" by
drilling from the taper socket end.

With ahack saw and athreecornered file, cut akey way along the
length of the ram, about 1/16" wide and 1/16" deep.
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CUT AWAY VIEW CF RAM

THE RAM FEED SCREW

The threaded portionis2" long witha5/16" stub on theend. The
straight portionis 1/4" diameter, and it isfit with a2" ball handleto
turn the screw.

It will beeasiestif you mount alengthof 1/2" steel stock between
centers, reduce it to dightly less than 3/8" in diameter, cut the
threads with a die while holding the work in a vise, and re-mount
between centers to finish.
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The stub on theend of the feed screw is meant to contact the end
of the taper shank when the ramisfully drawn into the bore, to un-
seat the shank from the socket.

THE END BELL

Cast a 1-1/2" diameter round bar of aluminum, about 10" long,
to provide the turning stock for the end bell. You need only a small
portion of it, but the remainder isgoing to find plenty of use now that
you have a lathe.

Square off theends, center drill it and mount it between centers,
and machine the end bell.
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A 3/16" flat washer isreamed to fit the 1/4" shank of the screw,
to provide a thrust bearing against theend bell. A 2" ball handle is
locked to the shank with a set screw, and the end bell isfastened to
the barrel of the tail stock with two #8-32 screws.

The shouldered portion of the end bell dips into the tail stock
bore, and an 8-32 hole is tapped on each sideof the barrel to accept
the retaining screws.

THE CLAMP SCREW

Carefullydrill a5/16" hole through the center of theclamp screw
bosson the barrel of thetail stock. A line drawn through the center
of the clamp screw hole should intersect the center of the tail stock
bore. Tap the hole for 3/8"-16.
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The 1/16" key way that was cut in the ram, followsa key on the
lock to prevent the ram from turning when the screw isturned. Form
the key on the lock with afile.

The lock is bearing surface for the clamp screw, to prevent it
from damaging the ram. It does not require agreat deal of pressure
to lock the ram.
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CUT AWAY VIEW OF CLAMP LOCK

The lock isfollowed by a3/8"-16 x 3/4" cap screw to complete
the tail stock.

Now you can turn another test bar between the centers to test for
parallelism. It will be best to wait until you have instaled the
permanent head stock spindle before you makeawitnessmark on the
base.

THE HEAD STOCK SPINDLE

There are anumber of stylesto choose from; you are equipped to
make any of them, and it's not a bad idea to make more than one type
for different purposes.

Since you don't have a chuck in the early development of your
metal shop, you can quickly turn out aspindle for aspecia job. Cast
the work right on the special spindle and install it in the lathe for
machining. Thereisonly time and scrap metal involved, your range
of capability is not limited by the size of your pocket book.
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These are only a few of the possibilities. They are al simple
turning jobs, completedimensions can be taken from your lathe, so
there is no need for detailed discussion.

The procedure for those with a through hole and taper socket is
the same as for the tail stock ram.
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It being asimple matter to change spindles, acone nosed spindle
and a blunt nosed spindle will serve a wide variety of jobs.

The spindlenosecan beplain or threaded. With care, threadscan
be cut on the spindle nose with a die, since you do not yet have
change gears for thread cutting.

The blunt nosed stylecan bedrilled and bored with a morsetaper
socket.

A separate spindle, with aface plate or drive plate cast right on
itsend can be prepared.

Special holding fixtures can be cast in aluminum on the nose of
the spindle, and machined to accept the work to bedoneon thelathe.

Design your own spindle, and incorporate featuresin it that suit
your purpose. You are limited only by your own imagination; if you
are short of cash, don't spend it on afour jaw chuck, make aholding
fixture out of junk.
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PERMANENT BEARINGSFOR THE HEAD STOCK

The temporary bearings in the head stock have outlived their
usefulness, it is time to replace them with something better.

Of course the head stock could have been designed for tapered
roller bearings, but | felt that a split saddle is a better approach with
limited equipment.

A bronze sleeve bearing with an integra thrust collar is the
easiest to use. They are available, finished to size, from industrial
bearing supply companies. Those | was able to find were not long
enough to reach through the saddle bore on thelarge end, so | added
ashort length of straight bushingto provide full support. A 1" x 3/4"
isneeded for thein-boardend, and a3/4" x 518"for the outboard end.
A 1" x 3/4"split steel pulley bushing isused in the out-board end.

Oc

‘ 1 X 3/4n
(}
Q 11 X 3/L" SPLIT PULLEY BUSHING

3/Ln X 5/8n

Drill a1/4" holein each cap, anda1/8" holethrough the bushing,
so you can oil thebearings. Stuff alittlebit of cotton wastein the hole
to absorb the oil and keep grit out of the bearings.

The bearings can be split with a fine coping saw blade and
adjusted for wear by removing shims from the caps. As a good
practice project, use your lathe to machine a set of replacement
bushings from brass stock.
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CONCLUSION

By now your imagination has provided you with enough projects
to keep you busy for sometimeto come. | hopeyou are pleased with
your lathe.

This manual is meant to be an answer to the man who wants to
spend his spare time in metal working, not his money.

It has taken over 25 yearsto develop thisseries of projects. The
methods, while old fashioned, are in no way un-professional. You
can dowork with these simple hand skillsthat will amaze you. Inour
generation, we have become dependent on a technology that we
sometimes can't afford; it keeps us from doing things because we
can't buy what we need to do it with. By building your own
machines from scrap, there is hardly alimit to what you can do.

Methods for making back gears and change gears, and other
accessories, will be presented in Book 6. In the mean time, design
your own accessories and develop your skill. Remember that; while
the lathe has an apparent swing of 7" over the ways, it will not be
capable of such heavy work until the back gears are added. It can
easily produce a 6-3/4" face plate in aluminum, but it would be
severely strained to do the same job on one of cast stedl.

Keepsafety in mind always. There are seriousdangersin foundry
and machinework; men get crippled and killed, for simple mistakes
and carelessness. Open belts and a spinning clamp dog are a more
serious threat than you may imagine. Be afanatic about safety, don't
be a victim.

Do some supplementary reading in the oldest manuals you can
find. Those methods that are considered obsolete in modern
practice, have great value in the home shop. A manua like South
Bends"How To Run A Lathe", will beavaluable help in using the
lathe. "The Complete Handbook Of Sand Casting”, by C. W.
Ammen, will answer your needs for foundry information.

Y our most valuableasset isyour scrap pile and your imagination.
Put them to work together.

THE END
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BUILD YOUR OWN METAL WORKING SHOP FROM SCRAP

Book 1. The Charcoal Foundry
Book 2. The Metal Lathe
Book 3. The Metal Shaper
Book 4. The Milling Machine

Book 5. The Drill Press

Book 6. The Dividing Head & Deluxe Accessories

Book 7. Designing & Building The Sheet Metal Brake

The "Metal Shop From Scrap™ series, isagroup of progressive projects
planned around home made castings in auminum and pot metal.

Beginning with ordinary hand tools and improvised methods, you will
gradually acquire a complete set of machines for metal working, and the

skill and knowledge to use them.

The machines are of fundamental design, and the sequence of opera-
tions is planned to use the machines to produce their own parts without
ever having to look to outside custom work in machining the parts.

A practical approach for the individual who wants to build a shop and

develope skill in metal working.
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