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PREFACE.

WHEN the author of this work first started out as a ma-
chinist’s apprentice, he was under the impression that in
addition to the every-day knowledge to be gained in the
shop, it would be possible to add more knowledge by means
of text-books or technical works. After ransacking four of
the largest and best libraries in the country, he made the as-
tounding discovery that only a half dozen works of the kind
were in print, and they were of little practical value except
as experimental data for amateurs.

At a later time, when working as a tool-maker, still more
difficulties presented themselves. Few tool-makers seemed
to have had experience in more than one or two lines of
work; and to become a general workman necessitated the
tramping from shop to shop where the various machinery was
in use. This the author actually did, and this work is the
result in miniature of the experience thus gained.

The limited space available has left much to be desired,
and many of the ideas may be to some readers old; but as
the intention is to help the beginner, much good is hoped
for in the field laid out for the work.

The almost limitless variations in tool construction are
based on a few fundamental forms, and an effort has been
made to present basic ideas and allow, or rather trust to
the natural ability of the student, to adapt the best means to
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iv PREFACE.

the purposes in view. Method is far more important than
detail, and the dies, jigs, special fixtures, etc., given in this
work, are intended as a ground-work for elaboration and
variation according to conditions.

The author is aware that this book is limited in scope, and
that many who read it will find much in it, a knowledge of
which they already possess; but as an elementary work he
hopes it may assist the army of beginners who, if they have
the opportunity he has always found, will be eager to em-
brace it and thus acquire knowledge. He also hopes that
this initial step may induce others to add works of a similar
nature, so that what is becoming the greatest of all mechan-
ical arts, may be brought on a line with others by having a
literature of its own. For himself the author shall rest
content if each reader be benefited by but one thought, and
he shall even think he has accomplished much'if only one
has reached success through any of the ideas and experience
contained in this book.

HERBERT S. WILSON.

BrookLYN, N. Y., May 1, 1893,
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THE

PRACTICAL TOOL-MAKER AND DESIGNER.

INTRODUCTORY.

It sometimes happens that a mechanical term under-
goes through a change of methods, a transformation as to
its meaning. Such is the case as to the present defini-
tion of the name “tool maker.” A hundred years ago,
before the advent of machines of precision for working
metal, a tool-maker was a sort of blacksmith. Such in-
deed was my paternal great-grandfather, who, way back
in the early part of this century, and just following the
Revolution, had the reputation of being the best tool
maker in western Massachusetts. The tools he made
were such as were in common use by butchers, carpenters,
shoemakers, etc. His greatest skill seemed to lie in the
making of the broad-axe, and specimens still in existence
show a wonderful degree of quality as to temper and
durability. At the present time, however, the name re-
fers to a special branch of the machinist’s trade, and has
particular reference to the making of the tools and fix-
tures for such machines as the lathe, planer, drill-press,
milling machine, screw machine, punching press, draw
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2 PRACTICAL TOOL-MAKER AND DESIGNER.

bench, wire mill, and of course all the accessory fixtures
such as drills, taps, dies, reamers, milling cutters, ete.
Up to about the vear 1840, the tool-maker was still
unborn. Soon after this, in several gun factories a sort
of system of tool work was made necessary. The tools at
that time, however, were simple, and consisted mostly of
the standard varicty of machinist tools specially arranged

for individual work. Soon after that date came the ad- -

vent of the milling machine, of plain pattern, similar to
the “Lincoln” type. This machine opened up new
possibilities in the reproduction of irregular shaped
pieces, and the milling tool maker was born.

About that time also, some skill in the construction of
jigs was reached, mostly in gun-lock work. Outside of
special lathes and drill-presses, no new tool came to the
front until about 1854. During that year there were
born in a little town in Vermont the screw machine and
the Turret lathe.

Two or three years after came the Universal Milling
Machine, and the Multiple Spindle Drill-press. At about
the beginning of the Civil War, tool making reached the
position of being called a separate trade, and the demand
for such to work on government gun contracts soon ex-
hausted the supply. At the close of the war came the
sewing machine, and the first great demand for invention
in tool construction came with it. Added to this were the
breech-loading gun and the type-writer, and last of this
era the machine-made watch. Of recent date, or in the
last decade, is the bicycle.

v m—— e — ==



INTRODUCTORY. 3

In the manufacture of sewing machines, owing to the
very slight changes made and the long period between
the changes, each piece of the machine where practica-
ble, had a special machine, as near automatic as possible,
designed to do one or more operations on its surfaces.

To cut down the cost, short lathes were made and a
dozen or more sct in a row for one man or boy to run.
A set of milling machines carried the table and arm
from the rough casting to the finished piece, each ma-
chine doing only one thing. There was little or no
attempt at revolving chuck work, and the pieces were
chucked as many times as there were operations. To
facilitate so much re-chucking, spots or small projections
were cast on the pieces, and from these all measurements
were made. At this time the machine-made twist-drill
and the milling cutter which retained its form when
sharpened, were both an unknown quantity. What
few twist-drills were necessary were made by hand, and
the “drill file” still appears on the list of some file
makers.

To turn up, cut in the teeth and scrape to edge all by
hand was the only way to obtain a milling cutter, and
I well remember the small army of tool-makers it re-
quired to keep comparatively few milling machines at
work.

This scraping of the edge of a cutter was long a puzzle
to the uninitiated, and as a substitute to the file on this
particular work is a six-to-one improvement.

Drop forgings did not make their appearance in any
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considerable quantity until 1870-1875, unless the very
rough die forgings made under the trip-hammer could
be called so.

At this date, when forgings so accurate in shape and
size as to require only working surfaces to be machined
are the rule, the contemplation of some of the old work
is an object lesson as to the growth of forging.

Now also began the organizing of firms for the manu-
facture of small tools, and by the year 1876, milling
cutters, twist-drills, taps and dies, reamers and gauges
were in the market in limited quantities and uncertain
qualities. In the next five years, however, the technical
difficulties of temper, quality of steel, etc., had been over-
come, and .the tool-maker was required to file less drills
and scrape fewer cutters.

Although grinding machines for grinding spinning
spindles were in use fifty years ago or more, the grinding
machine as a machine-tool is of late date.

This machine had its birth in the shops of those who
made drills, reamers and cutters, and, being a good
thing, was soon on sale to the public. From use in
trueing up hardened work only, it has superseded the
truth annihilating file on all fine machine work, and the
tool-maker can now be assured of round work that is
straight and that will fit.

In the early experience of the writer, accurate meas-
urements were almost unknown. In the shop where he
used his first piece of waste, there was kept in a velvet
case a six-inch vernier calliper scale. On state occasions
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this scale was brought out to use, and he is certain that
most of the workmen had doubts as to its accuracy as
compared with the good old way of the calliper and
scale, and many an argument has he listened to during
the noon hour for and against the “old man’s” new-
fangled notions.

Later he had the temerity to purchase a micrometer,
and then the debates became decidedly heated. Proof
was produced in the form of an old and reliable (?) inch
gauge (worn 0.006’’ small) to show that the “mike”
was untrue. Further evidence was not wanting, that no
workman could work to one-thousandths anyway, and
though the writer made many fine fits, and once repro-
duced a piece without the original (which was called
luck), most of his shop companions were still doubtful.

At this date the accurate measuring of parts of ma-
chines is a common, every-day affair, and hardly attracts
notice. From a curiosity, the micrometer has become a
necessity, and is fast taking the place of the snap or
fixed gauge for ordinary work. The inch has received a
new division, and instead of the full and scant sixty-
fourth there has dawned upon us the decimal inch. It
remains to only change the number of inches to ten in-
stead of twelve to complete the work. The increase of
the length of the inch would make the ten-thousandth
more practicable than it is at present.

Coming down to the subject of tool-making in general,
I would offer a few remarks as to methods to employ.
Much that I shall say will of course be open to modifica-
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tion under different conditions, and is not offered as
advice, but as good practice in modern shops. To be-
come a tool-maker one must necessarily be first a good
machinist, next a close observer, to say nothing of
having a decided turn towards invention. To be able
to execute a drawing in a creditable manner is also
desirable; but it is far more essential that he should be
able to make rapid and clear sketches of his ideas, and
above all be competent to do most of his experimenting
on paper. A tool or fixture that can be made to work
on paper stands a better chance of success than a mere
rough idea simply sketched on some one’s brain.

Not a small part of the profession—for I am so pleased
to term it—is to know the best means to reach a result.
Too frequently the machinery of a plant is purchased
without a clear knowledge of the latest and best method
of executing any certain operation or number of opera-
tions. Many times a factory may be equipped with
engine lathes, when screw machines would not only do
better work, but more of it. An ordinary column drill
press may, with the assistance of enough men, hand-
‘levers and perseverance, to say nothing of cost, do a job
which one man could do in half the time with a radial
drill. A man can fiddle around on a shaper, turning
out work which would almost make itself on a milling
machine. One could go on and cite plenty of instances
of this kind, but this is sufficient.

Many times the workman in this line may be called
upon to tinker up some kind of a “dingus” to meet an
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end, such as rigging over a lathe into a forming ma-
chine, for instance, but he can only arrive at such results
as will be satisfactory to all concerned, by a previous
knowledge of how it should be done on the proper
machine. Hence comes the necessity of acquiring all
the information possible on all subjects pertaining to the
trade or profession.

Not a small part of the business is the too often ne-
glected accomplishment of taking notes and sketches of
every device coming under your notice. He who only
remembers, is a “ workman,” but he who commits his ac-
quired knowledge to paper, adorns a professsion.

The author’s method is always to carry in his pocket
a well-bound leather note-book of a uniform size of 3x5
inches. Each day all devices, whether of his own de-
sign or from observation, are sketched on the pages, with
such notes as may describe any feature not readily
understood from the drawing. One or two blank pages
are left, on which any future notes regarding the manip-
ulation of the device may be jotted down, or desirable
changes may be cited. Each one of these books bears
both a number and also the first and last date of entry
on the outside cover.

There are also twenty-four other books, each lettered,
from A to X, the last three letters in one book. These
act as an index, and all sketches are indexed by name
and in order. By reference to the index you may at
any time refresh your memory upon a long-forgotten
subject, or remembering about the date, the covers of the
note-books will give you the key to what you want.
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Not a small part of this note-book system is the eon-
stant practice of expressing your ideas both pictorially
and in written descriptions. These who have tried it
under the writer’s observation have acquired a degree of
proficiency in deseribing their ideas, surprising from the
short length of tiine in which it was attained.

As interchangeability plays a mest important part in
all tool work, a liberal equipment of gauges should
always be provided, eonstantly keeping in mind the one
idea, as to cost in relation to profit. Never go into lux-
uries unless they will pay. -As an extreme example, do
not build a set of tools costing §50 to do a job for which
only $35 is received. There is no money in it.

As another example, if you can figure out that you
can come out with an equal profit either with or without
special tools, always make the tools. There is no loss,
and they may prove a good investment.

The author has sought in this work to select such
examples of fixtures and tools as would show a general
system or method, which nearly every eclass of tool
work could follow in plan. It will be found that in
nearly every instance the prineiples of some of the de-
signs shown in this work will apply to the wants of the
ease. Once the theory of a design is well grounded, it
will be comparatively easy to apply the knowledge when
wanted. Always study simplicity of construetion. Con-
fine yourself to rigid neeessity only. Do not polish any
part of the work not essential, but when you do pelish a
tool, let the finish be a work of art. It is possible to give
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a piece of work a finished appearance without polish.
Quite an attractive method is to blacken the work in the
fire and then oil, afterwards giving the finished sur-
faces a final polish, which will bring them out in relief.

When the work is hardened it should be oiled as soon
as removed from the water or becomes sufficiently cooled
off, which also leaves a neat finish if the polished sur-
faces be brightened up.

Too little detail is sometimes given to the convenicence
of adjustment. Such screws or parts as require frequent
manipulation need to be. very convenient of access.
Avoid special shaped wrenches, spanners, ete. Use
plenty of iron and steel on all fixtures. First figure
out how heavy you think it ought to be, and then mul-
tiply by two. You will be on the safe side. Apropos
of this is the story of the Scotch smith who forged him-
self an anvil, the greater portion of which was seemingly
in the horn. When callgd to task about the matter, he
said, “Am thinkin ye’ll noo brak they hoorn aff when it
be stronger than the block.”

A problem to be solved quite frequently is the system
of caring for the tools after they are made. This becomes
a serious matter in large shops. Instances have come
under the writer’s notice where the sets of tools run up
into the tens of thousands. One very large factory
where they make hardware, has, I think, a very simple
if rather bulky method. Where the tools are kept there
are arranged tiers of strong boxes all of one length but
of various widths, according to the shape or size of the
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fixtures. Each set is numbered to correspond with its
box. The boxes are made only as wanted, and after the
tools are completed. There is an index book having a
page to each set, and also an alphabetical arrangement
by name as to the article which the tools make or assist
to make. In each box is kept a large card, where a
memorandum is made of any standard tools, such as
reamers, taps or drills, required. On the opposite side
of the card is a history of the tools. First, whose design,
second, the machinists or tool-makers who performed the
work. Should the tool be broken, such fact is noted and
by whom and when. Also date of repair and workman’s
name. By this method a biography of that set was
always at hand, and the quickness with which the
keeper could refer to the index and deliver any fixtures
wanted, was astonishing. It might be mentioned that
there were more than 3,000 sets of jigs alone.

Another feature at this same factory consisted in in-
spection after use. Every tool, of whatever nature,
passed through the hands of an inspector before return-
ing to the tool room, and was not put in place until in
perfect repair. The foremen of the departments gave
their checks for the tools at the tool room. After use
they were returned to the inspector, who gave his check
for the department check, thus showing at all times
where the tools could be found.

Another feature desirable is the adoption of a standard
size of screws, which should be as limited in range as
possible. Screws of rather fine pitch are preferable, as
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it is much less difficult to tap a fine thread in steel than
it is a coarse one.

The way to get a system is to start with a system at
the beginning. It is a huge task to arrange a set of
tools after a shop has been running for several years.
No doubt a few of the readers of this book will have an
opportunity of beginning with a new plant, and to such
I would say systemize, and *“begin too” with the first
set of tools. No arbitrary method can be advanced that
will fit all cases, but any system is better than none.



CHAPTER I

THE MODERN TOOL ROOM AND ITS EQUIPMENT.

ToorL making in a modern sense is that branch of
the machinist’s trade relating to the designing and
building of special tools and fixtures for the various
machines used for the rapid prodaction of light or heavy
machinery, and metal articles of every description. So
wide, however, has become the term in its meaning as to
embrace almost every kind of manufacturing. The old
style methods arc fast being replaced by entirely new
processes. About the first thing thought of now in the
equipment of a new plant is the tool room, and in most
cases the first work is commenced there, to be followed
later on by the gradual starting up of the machinery as
fast as the tools and fixtures can be designed and built.
In describing a modern tool room, the various machines
necessary for fine work will be treated in rotation as to
their importance, and the addition of duplicates of any
or all machines, if desired, will be a matter of circum-
stance and judgment.

Lathes.

The most important item in a tool room is a lathe.
In considering a regular tool maker’s lathe, attention is
called to the gencral features of the one shown in Fig. 1.

(12)
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Note that an oil pan is provided to receive the chips, oil
and other waste.

Small lathes are best provided with a collet chuck for
working up drill rod, and a convenient cabinet contain-
ing chucks, tools and fixtures will many times pay for
the investment. Ilave everything where it can be reached
at once, and without leaving the machine. This advice
can be extended to every machine in the factory with
good results. i

When only one lathe can be purchased, it should com-
bine the following features: Not less than 14-inch or
more than 16-inch swing, with ten-foot bed ; hollow
spindle, §-inch hole, or inch and one-eighth if to be had ;
taper attachment, rise and fall rest, and feeds in all
directions. Should be well gibed to bed, front and back,
with long-ways under carriage, and a liberal allowance
for wearing surfaces throughout. The head stock should
be long and heavy, and both it and the apron should
have every possible part protected from dust or chips. A
compound or triple back gear is a desirable feature, em-
bodying a wide range of speeds. The screw should be
used for cutting threads only, and all other feeds be
operated by independent rods driven by belt. The tail
stock must be long, and the tail spindle of good diameter,
and be clamped with a clamp at each end. For quick-
ness see that the tail stock clamps to the bed with a cam
or other quick operating device. Smooth outline to the
castings and liberal amount of iron are essential. The
counter-shaft will please best if fitted with friction
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clutches, and by all means have all the cones fitted with
flange at both ends. It is disagreeable to shift the belt
off the upper cone onto the shaft. Note all the positions
of the various handles for knuckle rappers. Both the
screw in the tail stock and cross slide should be left-
handed to produce a right-handed movement from a
stationary screw. The hand wheel which moves the
carriage along the bed, must on no account be at the
right of the apron, but at the left. The lathe should be
fitted with f'our-jawed independent and universal chuck,
two-jawed chuck with flat independent moving jaws, a
very true running chuck for holding rods when passed
through the spindle, and a drill chuck fitted with taper
to go in both head and tail stock ; a complete set of dogs,
an angle plate, several small parallels of different thick-
nesses, center reamers, and threading tools and turning
tools of all desirable forms should find their place. Do
not forget to have a nice trough raised on legs about a
foot from the floor to catch all the chips, etc.

Drill Press.

Next in importance comes the drill press, Fig. 2.
Its selection depends somewhat on the class of tools and
fixtures in view. If there is to be much heavy drilling
for milling machine fixtures, large jigs, etc., it would be
well to procure a twenty or twenty-four inch column
drill with back gear and power feed, as well as a side
lever for drilling small holes. The lower bracket to the
spindle head should slide up and down to give range,
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and the table revolve around the column, and adjust up
and down. A good drill-press vise or chuck with angu-
lar movement of 90° will be a convenience. Two drill
chucks, large and small, a complete set of drills adapted
to the work, will compléte the equipment of tools. A
right and left hand arrangement of the belts will be a
convenience in tapping holes true while in the same
position as when drilled.

For small holes time and drills ean be saved by the
use of a sensitive drill press, having a very small and
light spindle driven with a belt having a tightener, to
regulate its driving capacity.

For the production of accurate work in constructing
fixtures, the universal milling machine, Fig. 3, is indis-
pensable, since many varicties of work will take form
under the milling cutters that would be nearly impos-
sible otherwise. In addition to the regular fixtures fur-
nished with the machine there should be procured a
draw-back Collett chuck for holding rods in the index
head and a spring Collett chuck for the spindle to hold
the various small reamers, end mills, etc.,, that have
straight shanks. A vertical milling machine, Fig. 4,
will be convenient for routing, die sinking, ete. If the
work consists of much die work for drop-forging, etc., a
special vertical machine, Fig. 5, will save its cost in a
short time.

For milling cutters, select some good-sized straddle or
side mills, Fig. 6, not less than two, right and left hand
angular cutters, Figs. 7, 8,9 of each of the following 50°,
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60°, 70° and 80°, a variety of angular cutters for cutting
spiral teeth, reamers and cutters, a set of cutters for
grooving taps and one for fluting reamers, Figs. 10, 11
and 12. Several spiral mills, Fig. 13, of different widths
and diameters. Some T slot cutters, Fig. 14, of differ-
ent sizes, both right and left hand. Some large end
mills, Fig. 15, with taper shanks. Screw slotting cutters
Nos. 8 to 30, Fig. 16. Several large diameter metal
slitting saws, Fig. 17, " {%" &% —+%" thickness. Cutter
arbors short and long for 1}'/~1//-%'’ and '’ holes in
cutters. The special requirements of the work will soon
accumulate a set of special cutters adapted to the needs
of each special shop. Provide a few small planer jacks
for leveling up irregular shaped parts to fixtures, etc.
Should the equipment include a vertical milling ma-
chine, see that all the end and butt mills are arranged
to interchange with the other machines.

In regard to the choice of a shaper or planer for the
tool room, much will depend on the nature of the work.
If there are a few fixtures to be made that cannot be
reached with a milling machine, a rangey shaper will be
found the handiest, but for general use a small planer,
properly fitted with chuck and vise in the same manner
as a shaper, will give the best of satisfaction, doing all
the work that can be executed with the shaping ma-
chine, and many long pieces that cannot. A planer for
the tool room must be true, run noiselessly, have a quick
return of at least five to one, and have a wide range of
feed and two cutting specds, one fast and one slow for
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steel. A long and solid vise, together with a smaller
swiveling vise, is essential, a complete set of bolts of
different lengths; several steel parallels, and some planer
jacks, from one to six inches high, are part of the tools
needed. A machine setting parallel with the line shaft
will take up the least room, and be most convenient to
the light.

Hand-Lathe.

On no account use your engine lathe for polishing
with emery if you wish to keep it accurate. There are
many reasons for this, the principal being the fact that
such lathes are not properly protected from the emery
and the dust, and are not usually intended for such
work. Also they do not run fast enough. All work can
be best polished at a high: speed, and in a hand-lathe,
similar to Fig. 18, which should be fitted with suitable
chucks for holding all kinds of work. A small cabinet
for containing the different grades of emery cloths,
clamps, lead laps, soft and hard wood polishing sticks,
hand tools, burnishers, etc., will enable the workmen to
have at hand just what they want without looking for it.
Drills of different sizes suitable for centering, with geveral
center reamers carefully sharpened, are also handy con-
veniences.

Tool-Grinders.

For sharpening the tools, the modern tool-grinde},
Fig. 19, with water-flooded emery wheel is by far super-

ior to a grindstone. One having two wheels, a fine and
2



18 PRACTICAL TOOI-MAKER AND DESIGNER.

coarse one, will be found the best for the purpose. Such
a machine must be kept running true by the liberal use
of a diamond tool, a convenience no tool room should be
without. Improved machines of this class have trueing
device attached. In addition there should be a small
grinding head, to carry about four or five-inch wheels,
provided with a number of wheels of different grades
and diameters, some thick and some thin. The latter
can be dispensed with if you have a universal tool
grinder, Fig. 20, as there are provisions for extra wheels
on all such machines.

Small tool-grinders should have one of the wheels
arranged over a small flat clevating table, see Fig. 89,
for convenience in grinding work perfectly parallel,
which is accomplished by passing the work between the
wheel and the table, allowing the wheel to make only a
very light cut.

A Few Suggestions.—It is frequently the case that the
cutter and tool grinder is operated by different men in
the same shop, and no one person becomes as thoroughly
familiar with the machine as would be desired. A few
hints, therefore, may be in order.

The emery wheels should be kept clean, free from oil,
and turned off with a black diamond, so that not more
than a surface of {% inch to } inch comes in contact with
the work. This is particularly applicable to cup-shaped
wheels. If it is desired to do heavy cutting, the emery
wheel should be revolved slowly while truing it up.
When the wheel does not cut as well as it ought, a coarse
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file may be used for going over it, in order to bring out
new cutting points. Emery wheels kept in good condi-
tion will grind faster, truer, and what is most important,
will not draw the temper of tools. If it is desired to put
an exccedingly fine finish on such work as arbors, spin-
dles, standards, etc., after they have been ground true, a
wheel of 80 to 100 grade emery, with not more than a §
inch face, should be used for taking this finishing cut.
However very finely finished surfaces can be obtained
with a wheel as coarse as 40 grade emery, if the work
is passed very slowly across the face of the wheel, anc
the wheel allowed to cut but slightly. If it is desired
to do very accurate grinding or to obtain a fine finish,
the wheel must be perfectly true, and in turning off the
wheel the diamond should be secured to the table or
slide.

All the parts in the machine subject to wear should
be well taken care of, and not allowed to get dirty or out
of order. The spindle should be kept well adjusted to
its bearings and well lubricated. The slide should be
well cleaned from time to time and oiled, using a good
grade of mineral lubricating oil.

Many of the troubles often met with in tool grinding
emanate from the lack of proper shaped wheels to fit the
work. The cuts, Figs. 21, 22, showing the standard
shapes easily obtained from the wheel maker.s, may
prove of benefit to many. -

Small grinders should have all their parts easily
accessible, and for rapidity, the external and internal
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grinding features should admit of quick interchange
without removing any of the parts or putting on any
additional fixtures.

The Walker Tool Grinder, shown in Fig. 23, em-
bodies most of the desirable features mentioned, and is
offered as an example of several similar types of this
useful tool. Several illustrations are here given, with
descriptions of grinding various shaped cutters and tools
by the Walker system.

Fig. 24 illustrates details of the Universal Tool and
Cutter Grinder, grinding end and side face cutters.
These operations possess many difficulties, especially
when the teeth are cut near together, or when they
approach the center. By this method the usual diffi-
culties are all surmounted, and it is possible to grind
teeth of the finest pitch with ease and rapidity, giving a
straight line clearance, and grinding within one-sixteenth
of an inch of the cutter center. Furthermore, the device
is so constructed that all sleeves and sockets for holding
the cutters are dispensed with. Every cutter is held by
its own shank (either straight or taper), and is revolved
upon the same, thus obtaining the most accurate results
possible.

Fig. 25 shows a common form of facing cutter being
sharpened, and Fig. 26 shows a variety of other familiar
forms of tools that can be quickly sharpened upon the
machine. A beveled cup-shaped cmery wheel is em-
ployed, and amount of clearance can be varied when
desired.
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Fig. 27 will be found a very convenient diagram to
enable the workman to decide on the proper method of
grinding various cutting edges. The kind of wheel to
use and the way the cutting surfuce should come in con-
tact with the work are so clearly shown as to require no
detailed description.

Fig. 28 is a view of Walker grinder grinding a taper
mandrel on centers. Note the position of the internal
grinding fixtures when not in use.

Fig. 29 illustrates various examples of straight and
taper cylindrical grinding, all performed with one size
and kind of plain wheel.

Fig. 30 illustrates the operation of sharpening a taper
or fluted reamer on centers.

Fig. 31 is an illustration showing a method of grind-
ing a rose reamer on centers. Such an arrangement
permits of quick adjustment, it being only necessary to
swing the table to the proper angle using a plain wheel
and tooth rest attached to wheel base.

Fig. 32.is a general view of the Cincinnati tool
grinder, one of many types of similar machines. This
machine permits of a very wide adaptability of adjust-
ment, being so arranged as to grind both cylindrical
and flat work, as it is provided with a convenient vise
and all the desirable and necessary fixtures for sharpen-
ing every form of tool.

Fig. 33 represents a part sectional view of Brown &
Sharpe Universal Girinder, and the method of arranging
the steady rest for long picces. In this arrangement
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the steady rest (made of wood or brass) is not dead, but
moves with the carriage, and is designed more to pre-
vent the wheel from forcing the piece away from the cut
than it is for keeping the work true. For accurate work
required to be perfectly parallel, the dead steady rest
fastened to the wheel head is far the best, as it acts as a
gauge, the work passing between the wheel and the jaw
or slide of the rest proper.

Figs. 34 and 35 illustrate the Universal Tool and
Cutter Grinder, and somec details of its operations on
chuck work; Fig. 35 showing the machine grinding the
side of a face cutter, which is held in a universal chuck
supported by a graduated swivel holder.

The chuck is a four inch Skinner Universal and com-
bination. It is furnished with an extra set of jaws, and
will hold all sizes below four inches.

The spindle is fitted with improved double taper
bearings, and runs in a sleeve box that is detachably
clamped in the swivel holder aforesaid, thus allowing
the chuck and spindle to be quickly detached and other
tools to be inserted in the holder.

Fig. 34 illustrates a few familiar grinding operations
on work held in the chuck, including some internal
grinding.

Fig. 36 illustrates the method of sharpening a gear
cutter.

The sliding carriage is first swung around at right
angles to the grinding spindle, and the cutter holding
device is then fastened to the same near the left-hand
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end, in front of the wheel. The holder (124) is then
adjusted and the tooth rest (126) is set so that its contact
end coincides with the center of the cutter.

The cutter is then clamped and the holder (124) is
swung down out of the way, and the rest (128) is ad-
justed in contact with the back of the cutter tooth to be
ground.

The stop (46) is then set to limit the movement of the
slide and the first tooth is then ground. To grind a
new tooth, loosen screw (84) and pull back rest (128) to
allow the next tooth te pass. Holding the rest (128) in
place with the hand, swing the back of the tooth against
the same and tighten screw (84) and proceed with the
grinding. '

By the above method all the teeth are ground exaetly
the same thickness.

For the general use of the tool room where only one
machine can be conveniently had, it is far better to pro-
vide a universal grinder of range sufficient to cover the
work. All the operations performed on the tool grinder
are easily accomplished, and in addition, eylindrical
pieces may be more eonveniently ground ecither on the
outside or internally.

It would also be well to note the following instruc-
tions as to the general eare of such machines.

The machines should be kept as elean as possible, and
in no case should the bearings be allowed to “ gum up.”
When bearings are opencd and exposed for any purpose
whatever, they should be carefully wiped off, before they
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are closed again, to free them from any grit that may
have found its way upon the surfuces.

A loose fit between the wheel spindle and its boxes
will produce imperfect work, and when very fine work
is required the bearings should run nearly, if not quite,
metal to metal. This necessarily will cause the boxes
to heat, but in this case the heat is not injurious, for, as
the bearings are hard and the boxes bronze, the belt
will slip, unless it is exceedingly tight, before abrasion
can occur.

All end motion should be taken out of the wheel
spindle before the wheel is used on the work.

A satisfactory emery wheel is an important factor in
the production of good work. Too much, however,
must not be expected of one wheel. A variety of
shapes, sizes and grades of wheels are necessary to bring
out all the possibilitics of the grinding machine, the
same as a variety of shapes and sizes of tools are neces-
sary to obtain the best results from the Lathe or Milling
Machine.

In sclecting and using a wheel, be governed by the
character of the metal to be operated upon, the shape
and size of the work and the degree of accuracy desired.
We have to consider the size of the particles of emery
in the wheel, the hardness of the wheel and its width.
We also have to determine the speed at which it is to be
revolved, the speed at which the work is to travel or be
revolved, and whether or not water is to be used.

Aim in grinding to obtain an accurate or true surface,
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but as a truc surface is almost always a good surface, it
should be remembered that generally the same methods
are employed, whether an exact size or a fine finish is
the object desired. ‘

Generally speaking, a wheel should be softer as the
surface in contact with the work is increased. For ex-
ample, a wheel y5 inch face should be harder than one 3
inch face. If a wheel is hard and heats or chatters, it

-can often be made somewhat more effective by turning
off a part of its cutting surface; but it should be clearly
understood that while this will sometimes prevent a
hard wheel from heating or chattering the work, such
a wheel will not prove as economical as one of the full
width and proper grade, for it should be borne in mind
that the grade should always bear the proper relation to
the width.

The width should be in proportion to the amount of
material to be removed with each revolution, and as a
wheel cuts in proportion to the number of particles in
contact with the work, less stock will ordinarily be re-
moved by a narrow wheel than by one that is of full
width. The feed will also have to be finer if a narrow
wheel is used.

The quality of the work as a rule is improved by
using a wheel of full width if the wheel is soft in pro-
portion. Judgment should be exercised in deciding
upon the width of wheel to be used, as sometimes the
work is of such size and shape as to make it necessary
to use a wheel with a narrow face. Where this is the



26 PRACTICAL TOOL-MAKER AND DESIGNLR.

case the wheel should, when strength will admit, be
only that width throughout, and care should be taken
that the grade is kept in the proper relation to the
width.

A wheel is most efficient in grinding just at the point
before it ceases to crumble. The faster it is run up to
this point the more stock will be removed and the more
economically the work will be produced. Occasionally,
however, it is necessary to run a wheel rather slowly, as -
the more slowly it runs the coarser it cuts and the less
likely it is to change the temperature of the work. As
a general rule, on any given stock, the softer the wheel
the faster it should be run.

If a wheel is run rapidly, the particles of emery soon
become dull, and have to be thrown away. To retard
this loss it is well to run the wheel more slowly, as the
length or area of the work increases. If the speed of the
wheel is reduced, the speed of the work should be reduced
accordingly.

As the length or area of the work increascs, the feed
should be coarser, so that the wheel may travel the entire
length or area of the piece while its diameter is practi-
cally unchanged.

Water should be used on such classes of work as are
injuriously affected by a change in temperature caused
by grinding. It should be used upon work revolved
upon centres, as in this work a slight change of temper-
ature will cause the wheel to cut on onc side of the
piece, after it has been ground apparently round.
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In very accurate grinding, water is especially useful,
for it should be remembered that the exactness of the
work will be affected by a change in temperature which
is not perceptible to the touch.

In very accurate grinding it is also well to use the
water over and over again, as by so doing there is less
difference between the temperature of the water and that
of the work than if fresh water is used. For many pur-
poses soda water is the most satisfactory, as it has less
tendency to rust the work or the machine.

For internal grinding it is especially important that a
wheel should be free cutting and the work revolved so
slowly as to enable the wheel to readily do its work.
The wheels should generally be softer than for external
grinding, as a much larger portion of the periphery isin
contact with the work. Their small diameters make it
impossible for the proper periphery-speed to be obtained,
and this must be considered in regulating the speed of
the work.

Soft free cutting wheels, such as are made by a number
of the companies using the vitrified process, are the best
for most purposes. The ideal wheel is the one composed
entirely of cutting materials. The width of the wheel
should be in proportion to the amount of stock to be re-
moved at each revolution. The wheel should be soft in
proportion to the surface in contact with the work. The
speed of the whecl should be in proportion to its softness,
and the speed of the work should be in proportion to the
speed of the wheel.
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The speed, diameter and width of wheels, and the
number of the emery cannot be changed without chang-
ing the grade and cutting qualities of the wheels.

Wheels should always be kept true. They can be
easily kept so by trueing them off with a diamond tool,
known as the black diamond or carbon point, held by
hand or in the fixture sent with several of the machines.
A new wheel should be started slowly and trued gradu-
ally.

In mounting emery wheels there should always be
elastic washers placed between the wheel and the flanges.
Sheet rubber is best for this purpose, but soft leather will
answer very well. In some cases manufacturers of emery
wheels attach a thick, soft paper washer to each side of
the wheel for this purpose, in which case no further at-
tention is required in this direction.

In all kinds of grinding, the work should move in a
direction opposite to that of the wheel at the cutting
point, as shown by the arrows in Fig. 37.

Fig. 37 also shows another illustration of the class of
work ground by swiveling the head stock, in which may
be included grinding the sides of collars, washers, milling
cutters, etec. The plate or disk shown is held in the
chuck, and the head stock is turned at right angles to
the sliding table. The wheel is brought against the
work by the cross-feed, and the automatic table feed can
be used for passing the work in front of the wheel. Tt
is evident that the surfaces ground in this manner may
be plain, concave or convex, according to the setting of
the head stock.
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As a convenience in making accurate sizes in frac-

tional inches and meters, the following tables are given:

TABLE OF DECIMAL EQUIVALENTS,
8ths, 16ths, 32nds and 64ths of an inch.

8ths. 72=.21875 =.265625
—.125 Py =.28125 =.296875
—.250 $3=.3487 =.32R8125
$:-=.375 $3=.40625 —~ 359875
—=.500 §3=.46875 =.390625
—6% 131=.53125 :—.121875
—'750 4=.59375 i 453125
—'875 f—65625 —=.484375
§=.71875 =.515625
16ths. 3=.78125 ==.546875
) . =.84575 =.578125
5 =.0625 §=.90625 =.609375
=187 }=.96875 4} -=.640625
n=-3125 43=.671875
Ts=-4375 43=_703125
% —.5625 64ths. 431-.734875
=.6875 - o §9=,765625

g -=.01562 137656
%i:ii;%; A G s
| i I

=. . { g

82nds. 140625 § 1= .K90625
#2=.03125 11=171875 54=.921875
$5=.09375 13- 203125 £1=.953125
£7=.15625 1§=.234375 03 .=.984375

TABLE oF DECIMAL EQUIVALENTS
Of Millimetres and Fractions of Millimetres.

Mm. Inches. Mm. Inches. Mm. Inches.
25=.00079 46=.01260 3L —=,02441
#=.00157 =.01339 2-=,02520
5 =.00236 43 —.01417 3=,02598
=.00315 —=.01496 I_:.02677
g=.00394 ==.01575 3=.02756
¥5=-00472 =.01654 6=,02835
+5 =-00551 =.01732 g5 —=.02913
5 =.00630 =.01811 £=:.02092
¥ ==.00709 =.0189%0 9:=.03071
=.00787 3 =.01969 40=.,03150
i:.ooxes =,02047 41=.03228
3=.01024 §=.02205 45=.03386
+=.01102 2 — (02283 $1:=.03465
$=.01181 9 =.02362 45 =.03543
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TABLE OF DECIMAL EQUIVALENTS
Of Millimeters and Fractions of Millimeters—Continued.

25.4 mm. = 1 English Inch.

3Mm. Inches. Mm. Inches. Mm. Inches.
$#6=,08622 7= .27559 ) 17= .66929
30——-.03701 8= .31496 18= ,70866
$2=.038780 9= .35433 19= .74803
$5= 03858 10= .39370 20= 78740
1=.03937 11 = .43507 21= 82677
2= ,07874 12= 47244 22= ,86614
3= .11811 13= .51181 23=,90651
4= .15748 14= .55118 24= 94488
5= .19685 15= .59065 25=,08425
6= .23622 16= .62992 26=1.02362
10 mm. = 1 Centimeter = 0.3937 inches.
10cem. =1 Decimeter = 3.937 “
10dm. =1 Meter = 39.87 "

TABLE OF WIRE GAUGE SI1ZES IN DECIMAL PARTS OF AN INCH.

No. of
‘Wire
Gauge.

ocqc:o-.:-wm-cggg i

Size of each
No. in deci-
mal parts of
an inch of
the Ameri-
can Wire
Gauge.

.460
40064
36480
32495
28030
25763
22042
20431
18194
16202
14428
12849
11443
10189
09074
; .08081
1 07196
06

! 05707
i .05082
L04525
0403

Size of edch

!
| Size of each | Size of each
No. indeci- |, No. in deci-| No. indeci-
mal partsof! No. of mal partsof mal partsof
an inch of }j Wire | aninch of * an inch of
the Eng- : Gauge. the Ameri- the Eng-
lish Wire can Wire ' lish Wire
Gauge. Gauge. Gauge.
454 19 03539 .042
425 20 03196 .035
.380 21 02846 032,
.310 22 02535 .028
.300 23 02257 025
284 24 .0201 022
.259 25 0179 020
.238 26 01594 .018
220 27 01419 016
.203 28 .01264 014
180 29 01126 .013
165 30 01002 012
.148 81 .00893 - .010
134 2 00795 .009
12 383 .00708 .008
.109 34 L0063 .007
095 P35 00561 005
J0R3 i 36 .006 .004
.072 37 00445
.065 38 .00396
L0658 39 .00353
049 40 00314
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) TwIST DRILL AND STEEL WIRE GAUGE.
Table of Sizes qf Gauge in Decimal Parts of an Inch.

Sive of | | sise of I | sine of || size of

No. Numberin 'No. Numberin ' No. Numberin No. Number in

Decimals.  Decimals. “ ' Decimals. ‘ " Decimals.

_ _ |- A
1| 2z 16| am | al ] 461 .0m
2 219 |17 J72 82 ns 47 077
3| 212 | 18! .68 | 33 a1z |48 075
4 207 19 164 34 110 | 49 072
5 204 (‘20 .61 |35 108 1150, 069
6 201 |21 157 36 108 1511 066
7 99 Il 22 .155 37 03 (| 62 .063
8 197 23 153 38 .101 53 .058
9 \194 24 .151 39 099 54 .055
10 91 |25 148 40 097 55 .050
1 .188 26 .146 41 .09 | 56 045
12 185 27 143 42 092 57 042
13 .182 28 139 | 43 088 |l 58 .041
14 .180 29 134 44 085 159 .040
15 178 | 30 Ja27 45 .081 | 60 .039

Bench and Vises.

The bench and vises will need some care in both their
selection and arrangement. The vises should be of dif-
ferent sizes, and all, except one large one for chipping
purposes, should be finished smooth in the face of the
jaws, grinding the faces about .010 open at the lower or
under side of the jaws. This form of jaw will not slip
and will ensure your work from being ‘decorated”
should you forget to put in your coppers, with which
every vise should be fitted. Vises with swivel jaws and
swivel base are far preferable for convenience in turning
towards the light and for general use. The bench
should be of hard wood, carefully made and varnished,
and provided with a drawer by the side of each vise.
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The width should not be less than three feet nor more
than three and a half. For the small vises the height
is thirty-six inches and for the large vises thirty-threc
inches. For- right-handed workmen place the vises a
little to the left of the center of each window.

In shops where there are many presses requiring nice
and accurate fits to hardened parts, the universal surface
grinder readily finds a place. Its adaptation to a wide
range of work, the time saved in finishing, and the
extreme accuracy of the results are its principal good
points. All the trouble about work springing in harden-
ing can be avoided by making the pieces over-size,
hardening and grinding to size.

For cutting off steel, a not very expensive, but very
efficient, tool consists of an automatic hack saw frame
actuated by a crank and using as a cutting tool a com-
mon hack saw blade.



CHAPTER II.

FILES, AND THEIR USE AND ABUSE.

It is rarely that a tool room is properly equipped with
a complete set of files. Many so-called foremen have a
notion that there is great economy in making a work-
man use a file just as long as it removes the smallest
particle of metal. With improved machinery to facili-
tate their manufacture, the price of files has reached a
point where few files are worth each more than the labor -
of one man for an hour. On this basis, just as soon as a
file is only nine-tenths as good as a new one, it is as poor
as you can afford touse. You will be losing time and
money if it works slower than this point. Partially-
worn files, however, have their uses in removing the
rough scale from the work, or in filing across narrow
surfaces, as a narrow surface is very liable to destroy the
fine cutting cdge of the file.

Too little attention is also paid to the proper handling
of files of all kinds, and more particularly is this true in
regard to small files. The handle should be in propor-
tion to the size of the file, and every file should have a
handle while in use.

Files have three distinguishable features, their length,
their kind or name, and their cut. The length of a file
is measured, not including the tang or shank.

3 (33)
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The style or kind of a file has usually a reference to
its shape, but may and is sometimes designated by a
name of which the origin is unknown.

As to kind of file, there are flat, hand, mill, square,
round, pillar, three square, half round, etc. Some files
derive their names from their transverse sectional shape,
and some from the purpose for which they are to be
used, as, for instance, “mills” for filing mill saws, pit-
saw, and hook-tooth for filing saws of the same name.
There are also distinctive features of shape in their
length, as blunt, as being distinct from taper, which is
the regular shape. Flat with safe edge, square-equaling,
round edge, etc.

All files, with one exception, are in size as to their
length, the exception being in the case of equaling
which are somctimes denoted by both length and width,
as eight inches by one-half inch. The cut or tooth of
files is devided into three kinds, and each kind into
four or five grades. The kinds of cut are single cut,
double cut and rasp.

Single-cut files are those having straight teeth run-
ning across the face of the file at more or less angle.
The grades are known as rough, coarse, bastard, second
cut and smooth. Double-cut files have two courses of
chisel cuts crossing each other. These two courses fill
the. surface of the file with teeth, inclining towards its
point, the points of which resemble the diamond-shaped
cutting tools in general use.

Double files are graded into coarse, bastard, second
.cut, smooth, and dead smooth. :
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Rasp cut files are made with a sharp pointed chisel,
which raises up a single tooth independent from all the
others. They are used almost entirely on wood, leather,
and other non-metallic substances. The grades are
coarse, bastard, second cut and smooth.

There is another kind of file, which is not called a file,
but a “float.” Such files arc exceedingly coarse, are cut
nearly straight across, and are used for filing lead and
other very soft metals.

In the selection of files for the tool-room, one of the
most important things is their adaptability to the work
in hand. It is poor policy to file a round hole with a
square file, and just as poor policy to attempt to file a
curved surface with a file having a curved surface de-
rived from a larger circle than the curve of the work.
Note this point about files: Variety and number of
shapes are far more important than larger quantities of
one or two individual lengths or kinds. Keep the work-
man provided with all the shapes needed for the work in
hand, and of such a grade of cut as will enable him to
first file the picce to shape and afterwards give it a finish
if desired.

As regards the common tanged files of six inches or
more in length, they are too familiar to need description,
but the particular files devoted to the use of tool makers
and die sinkers require special mention as to their shape,
size and the use to which they are adapted. Only those
shapes which are out of the common will be mentioned.
Among the files adapted to the finishing of irregular,
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curved surfaces may be noted the oval, crossing, auriform
and sharp-edge oval. For angular surfaces of less than
a right angle, you have the slitting, barrette, balance,
ratchet, rivot, screw head, knife, cant, three square and
lozenge. A very useful file is the crotchit, which is
about the same as a warding, but with round edges.
This is a very useful file on die and tool work, and
should be provided in large and small sizes. Another
convenience is the blunt file, especially round, three
square and square. Also provide a set of riflers or short
bent files. Scrapers of the same section as the commoner
kinds of files are to be had, and are a great convenience.

The greater range of shapes and sizes of files the tool
maker is provided with, the better and quicker will he
do his work.

Very small files should be of the “necedle” variety,
and small tanged files provided with long, slender
handles, nearly if not quite straight. As before men-
tioned, ‘“keep a handle on every file in use.”

A not uncommon practice is the tumbling of files
into a drawer or box when not in use. Such a practice is
slovenly and an injury to the files, this being especially
the case with coarse and fine files when mixed together.
Files should be kept apart, as the striking of the surfaces
together will dull them very rapidly.

A ncat way to determine the kind of file nceded by the
workman is to keep a sample of each file arranged on
cards, and hung in a convenient place, where the men
may look at them and judge of the shapes they will
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need for their work. By such a plan there is no unneces-
sary handling of the files, as if they are numbered the
tool-room keeper may give out without delay just the one
wanted.

A convenient method. of holding files consists of a
wheel arranged on a standard, with notches around its
edge to hold the files. The revolving of the wheel per-
mits of bringing any of the files within reach at will.



CHAPTER IIL

STEEL AND TEMPERING.

ONE of the first requisites of tool making is good steel,
of as near uniform' quality as possible. Once you have
a make and grade which you can handle successfully, let
no one persuade you to change. In this case a bird in
the hand is worth two in the bush. Always use circu-
lar die blocks for punching and drawing dies wherever it
is possible to do so. FKor small round punches, taps,
small reamers, etc., it is nice to have a stock of drill rod,
either stubbs or crescent being about equally good. In
preparing the steel to be worked, always carefully anneal,
for which purpose, if very much tool work is to be done,
a small or medium-sized oven should be constructed.
For taps, dies, and other threading tools, do not use steel
of too high carbon percentage. It is not necessary to
anneal polished drill rod. It is much better to invest in
an oven than in files, drills and tool maker’s time, which
usually cost money. The usual method of heating and
then burying the steel in ashes or lime is all right for
small quantities. If you have a mufile oven, you can
make use of that for annealing your steel, lcaving it in
over night. Where it is necessary to anncal a picce of
steel quickly, the following method may be practiced :

(38)
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First heat the piece to a cherry red, and allow to cool till
it will lose all red colo‘r, and then cool off in soap water,
which should be at hand ready prepared. Some steel
will require to be annealed twice to remove the hard
spots. Stecl which is right should show, when hardened
and broken, a clean fine white fracture free from coarse
spots or flakes. If the steel is also of correct carbon per-
centage, it will harden at not too high a temperature.
Steel which requires too high a heat to chill will not
stand much strain, but will be found generally unsatis-
factory, having a tendency to chip off, crack, spring, and
otherwise behave in anything but a proper manner.

In hardening steel tools some general, but necessary
rules, will be of great service: First, the fire should
always be of charcoal, hard coal, gas, or may be an oil
furnace. The charcoal may be used in an ordinary
forge, but hard coal must have special arrangements for
its use. A common practice is to use a fire-pot or sala-
mander, heating the steel from the flame of the coal pro-
jected against a brick surface. To harden work uni-
formly and so that it will look white and clean, two
things are required: A solution which will protect the
steel from the fire, and another which will chill the steel
quickly, and also give it a nice white clean appearance.
For the first, use a strong solution of equal quantities of
sal soda and borax in water containing about one ounce
of cyanide of potassium to the gallon. For the second,
use a strong brine made of salt, and also about the same
amount of cyanide as the first solution. This last should
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be made with hot water, and after cooling, have added
to it from one to two ounces to the gallon of oil of vitriol
or sulphuric acid. Keep away from the fire in a cool
place and also keep covered up. These solutions I have
called the “Standard” and have always found them
reliable under all circumstances.

The standard chilling solutions are used as follows:
Should there be any holes near the edge of the steel or
any thin parts liable to crack off, a little clay will be of
great service to fill up the holes and prevent too rapid
chilling of any thin portior of the tool. After a judi-
cious application of clay, dip the work in the first mixture
and place immediately, and while still wet, in the fire.
Heat slowly and carefully, avoiding, if possible, heating
any portion of the work too fast. The slower and more
uniformly the heating is done the better the results will
be. As soon as the heat has reached the proper temper-
ature, which should be a clear bright red, dip the work in
the sccond pickle or hardening mixture, when, if vou
have performed the operation properly, the result will
produce work of silvery whitencss and uniform temper.
If you are in doubt about the stecl, try a test piece first.
In chilling all kinds of tools it is necessary to be careful
how the piece is plunged in the chill.  Long picces, such
as punches, reamers, taps, ete.,, will spring less if held
vertical. Thin pieces should go in edge-wise, and all
work should be rapidly revolved arvound so that the steel
méy be as quickly cooled as possible. Do not swing
from side to side while in the solution. As soon as the
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piece has become thoroughly cooled, remove from the
chilling mixture and slightly warm over the fire. This
latter operation will remove the strain incident to any
unequal heating or chilling which may have taken
place during the operation.

Another method for hardening objects which are to be
as free from scale as possible, is to chill in oil of vitriol
or sulphuric acid. For small objects use the acid full
strength and for large pieces make a mixture of half
acid and half water. The work will come out a dull
gray and perfectly free from scale. If before heating
the steel is coated with carbonate of soda, it will chill in
the acid to silvery whitencss. If the pieces are to be
left for any length of time, they must be oiled to prevent
rusting.

After polishing or grinding the finished surfaces, the
tool may be drawn by means of a sand bath, which is
nothing but an iron box filled with sand and heated
over the fire; the work to be drawn is laid on top of the
sand.

Another way is to draw the work over a gasoline
burner, which produces very fine colors on the surfaces
that are polished.

A very modern way is to heat the work in an oil bath
provided with a thermometer, using the tables usually
furnished as to temperature required for special pur-
poses. You may also draw the work in the good old-
fashioned way by holding over a red-hot piece of iron.
The slower the process of drawing is carried on the
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tougher the steel will be after the operation. The price
of success in hardening and tempering steel is eternal
vigilance, and always remember how you failed the last
time.

Very small articles may be heated up in closed iron
boxes, and when all of the pieces have reached the
proper uniform heat or color, they may be dumped into
either the standard chill or oil, as the nature of the
work may require. Another way is to heat the pieces
in an iron wire basket submerged in melted lead kept at
the proper red heat. As iron and steel will float in
melted lead, a cover must be put on the basket, and it
will be necessary to hold it down under the lead or part
of the pieces will not be heated. Keep the top of the
melted lead covered with finely-powdered charcoal or
coke, preferably a mixture of both.

For hardening screw machine collets and dies, chilling
the pieces in oil seems to toughen the steel. Much im-
practicable information can be written on this subject,
but as the author is writing for the benefit of the actual
workman, only tried methods will have a place.

In doing all kinds of hardening, do not have the forge
furnace or other heating arrangements where there is too
strong a light, and especially beware of such a location
where the sun will shine in for a part of the day. It
will be found very difficult to get uniform results unless
you have a uniform light, as you will be liable to heat
too hot when there is a bright light, and not Lot enough
when it becomes darker.
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Should you use an oil bath for drawing the work, the
following table of temperatures will be found useful. If
the work is first polished, the colors will show as indi-
cated.

Color. | Temperature. ‘ Tools which Require this Temper.
Bllllt nlﬂlls foa brass, burnial&erﬁ{ lathe tools
. . or brass, drawing mandrels, scrapers,
Very Light Yellow. 420° F. milling cutters. and all cutting toolsefor
¢ soft muterliu}:s i band s, thread
. ‘utting tools for iron, hand tools, thread-
Light Yellow. 448°F. { h) dies for brass, embossing dies.
All inds of hand taps, and dies, reamers,
Bright Yellow. 468° F, small milling cutters, drills for brass
dies tor cutting press. (rueing blocks.
Shear blades, large dies for press, collets,
Brown or Dark Yellow, 491° F. aml chuck jaws, bending and lorming
dies.
Tools tor wood not requiring to be filed,
Spotted Red, Brown. 510° F, { :;n(s, chisels for wood, hammers aud dies
or drop.

Tools for “nnd which must be filed, suit-
Purple Blue. 520° to 531° F. ﬁl)klt l«lnr hand springs, yll“ pieces, x;lc 1

A inds of percussive tools for metal, ol

Blue. 51 F. chisels, and qm(b springs. hock, ¢l
Springs, pieces subject to shock, clutch
Dark Blue. 601°F. , pbolta, cams with sharp corners,

In describing the making of different kinds of tools,
reference will be made to the special temper required for
cach piece. You can harden thin articles, such as cir-
cular cutters or other flat objects, by clamping, while
hot, between two'thick iron plates. This method keeps
the work from springing. If there is much of such work
to do, the chilling plates may be backed with a water
jacket to keep them from getting hot, as they will not
chill unless cold. Rub the surfaces of the chill plates
with some heavy-bodied grease, to act as a conductor of
heat between the work and the chiiling plates. Work
which is to be hardened in oil will come out much
cleaner if dusted with cyanide before heating.



CHAPTER 1V.

MAKING JIGS.

A 516 is a tool for accurately drilling one or more
holes in various directions and positions. Only two
general styles are in common use—the clamp jig and
the box jig. Clamp jigs are for holding such pieces as
have the holes all drilled in one general direction. Box
jigs may be so constructed as to permit of drilling the
holes at any angle with each other. For drilling with
jigs, drill presses, having a number of spindles parallel
with each other and running at different speeds, are em-
ployed. For larger work the feced may raise and lower
the table, but for smaller holes, sensitive drills having
each spindle operated separately are preferable.

In manufacturing all interchangeable machinery or
other mectal work requiring accurate fits, a perfect work-
ing model, exactly like the finished product is to be,
should first be construeted, all the fits of which should
be as nearly right as possible. The machine should
then be taken apart and numbered for future reference,
and construction of fixtures for their reproduction.
Having such a part, no measurements will be required
as to location of holes, thickness of parts, or shape of
surfaces.

(44)
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Fig. 38 shows a special three-spindle combined drill
and tapping machine, manufactured by the Pratt &
Whitney Company, Hartford, Conn. This machine was
designed to drill and tap the holes for connecting
sewing-machine beds and arms. The table, column and
head are similar in design to the gang drill, Fig. 39.
The fixtures holding the work are attached to the table,
and are balanced by the ball weight. The spindles are
counter-balanced independently, and move through a
distance sufficient to operate the reversing attachment.
When used in drilling, the reversing attachment for
tapping is thrown out of gear by a screw not clearly
shown in the engraving.

Clamp Jigs.

Clamp jigs generally consist of a surface or angle plate
with the piece to be operated on clamped against its sur-
face. For cast pieces there is always an element of vari-
ation in size to be accounted for. For this reason, some
prominent or important feature, preferably the part
joined to some other portion of the machine, is always
selected as a starting point from which every operation
must be located or measured. Another point is the cer-
tainty of the pieces being more or less crooked, which
makes it necessary to select three principal points of
contact as unchangeable, thus making it possible to re-
chuck or clamp the piece at any time in any number of
jigs exactly in the same position as when first drilled.
For a similar reason clamp washers, etc., when clamped
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against the rough iron should have three feet or resting
points. For the same reason that a three-legged stool
will always set solid, no matter how uneven the ground,
three-legged clamps will hold firmly without any ten-
dency to draw the work out of true. Some of the bush-
ings, however, are sometimes made to screw down
against the picce and act as clamps.

Fit in all bushings taper and without any shoulder,
and when they get worn too large for accuracy, you may
shrink them the same as drawing dies, the taper fit pro-
viding for the bushing being smaller where it fits the
jig. All bushings should be made very hard and pol-
ished very smooth on the inside. Do not make the
bushings too long, as they will lose size rapidly owing
to the pressure of the chips. Depend upon keeping the
~holes fitting the drills, rather than their length, for
accurate work.

Keep the drills sharp and centrally ground, and thin
on the point. Bushings which have to be removed
for counter boring, facing off, etc., can be provided with
handles and fitted in taper seats. Fig. 40 represents a
piece having nearly all the variations occurring in pieces
drilled in clamp-jigs, Figs. 41 to 43. As 4 is the bear-
ing where the lever is to fit the main part of the
machine, it is made the key to all the operations of
machining the piece. The three points of contact are
marked on the corners B, C, D, as dots thus, Refer-
ring to drawing, a centering cup screws up against the
hub 4 from the under side, acting as a support



PLATE XXI.

v— ) | \
JRULTTITeY (LU V

F1a. 43.

Tb face page 46.
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against the pressure of the drills and as a device to
make the hole in 4 drill central. Supports having holes
through them, and flat ends, are made to screw up
against the under side of the three hubs, B, ¢, D. For
convenience in chucking the bushing plate is shown
hinged to one side of the plate, and provided with swing-
ing bolt to fasten it down. To chuck the picce the four
rests under 4, B, C, D are screwed back, and the casting
laid on the three clamp rests X. Next the cup-shaped
piece under A is screwed up sufficiently to center the hub,
and the jig plate closed down and fastened, the three
clamp screws over the points x x 2 screwed down tight,
the three rests under B, C, D screwed up to contact, and
the picce is ready to drill. For convenience in facing
off the hubs all the drills are provided with mills and all
the bushings are removable. The counter boring and fac-
ing of A is performed at one operation, the end of the mill
being shaped up for the purpose. In tapering the hole
in B the reamer should have a straight part just above
the cutting portion fitted to a separate bushing, which
method will prevent dodging of the reamer. The hole
which intersects C is drilled with a bushing reaching
down into the hole in such a way as to act as a guide.
Provide this bushing with a dowel pin to prevent turning.

Should the holes all require reaming smooth after
drilling ; the same jig fitted with a separate set of bush-
ings will answer, but in re-chucking the piece centering
or locating pins should be pushed through A4, and any
one of the other holes. For reaming in the drill press
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short pod reamers with left-hand spiral seem to give the
best results. All kinds of jigs should be provided with
small legs or feet to prevent chips from throwing the
fixture out of true.

Bozx Jigs.

The name of this fixture is indicated by its box-like
shape, it being simply a hollow iron case with the work
enclosed inside. The various faces or sides of the box
are made to correspond to the direction of the holes to
be drilled, the flat surfaces provided with elevating feet
acting as chucking faces. No matter how many and
varied directions the holes may have to be drilled, they
can all be reached with a box. Many individual forms
occur subject to the fancy of the designer or the special
features of each part, but the principle remains the same
in all. Parts of machinery may be fastened into a re-
movable clamp and inserted and removed, clamp and
all.  One or more sides can be left open and the piece
chucked through the opening, clamping, as in the case
of flat jigs. -The box may be hinged in various ways
that the work may be suitably clamped and the fixturcs
afterwards closed up, or it may be made to unjoint
through the center. All these being only variations for
convenience, for it still remains a box.

As an example of box jig work, Figs. 44 and 45 rep-
resent a drop forged bicycle crank hanger and the box
jig for drilling and milling all the holes at one opera-
tion. This piece presents a series of holes all at differ-
ent angles and only two in the same general direction,
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Every hole is provided with a surface on which to rest
the jig while drilling. In order to get the slight angular
difference between D D, revolving feet are arranged to
elevate and lower one side at G G. All the work in this
picce must be very centrally located, as the amount of
stock left after drilling is very thin, and the outside sur-
face is not machined, being filed or polished only suffic-
iently to remove the scale and flash of the drop die. The
hole through A is counter-bored ut each end to receive
the bushings. B C and D D are milled outside to the
inside diameter of the frame tubing and drilled out to
obtain lightness.

The three points of contact selected are the ends of 4
and the connection C. The ends of a are clamped and
C'is centered by a screw bushing which not only centers
the end with its cap-like end, but also prevents the
whole piece from either revolving or moving endwise.
The box jig, as shown in Fig. 45, consists of a frame
with two open sides and one of the closed sides made to
swing open on hinges as a convenience in chucking the
piece. To facilitate the casting of the box, the pieces
which receive the bushings for drilling through A are
fastened to each side by suitable screws. There are two
semicircular rests to receive the ends of 4, and in the
center of the hinged part is a clamp screw swiveled into
a shoe to act as a clamp for holding the forging in place.
In chucking the work the forging is placed in the rests
and the hinged part closed up and locked. Next the
clamp F is lightly screwed up and then the bushing over

4
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C screwed down sufficiently to center the end. The screw
F is now screwed up tight and bushing over C given a
final twist, and the piece is ready to drill. In drilling
so large a hole as 4 with only a thin shell of metal left
after the hole is drilled, it is necessary, to prevent wring-
ing and bulging of the thin shell, to first drill a smaller
hole, and then redrill or ream the hole to the finished
size. After drilling 4 you may remove the bushings
and counter bore and face the end at the same time with
a pin drill of proper shape. For fine work this last job
should be executed with a pin mill having five cutting
edges and made with plenty of clearance. One of such
open form as to allow of grinding without changing its
shape is preferred, and will not only produce uniform
sizes, but smooth finish if kept carefully sharpened. All
the other holes are first drilled out and then milled off
with a hollow mill having an internal pin or guide, re-
moving the bushings for the purpose. The pivot C
should be the last hole drilled.

To operate this fixture without changing drills will
require a six-spindle drill, similar to the four-spindle
drills in Fig. 39. All such drilling machines should be
provided with a pump of liberal size for pumping the
soda water or oil required to keep the tools cool and the
chips washed away from the jig. No half way mecasure
will do for fast and accurate work. The drills must
simply be flooded. A soda mixture suitable for drill
work consists of 8 parts soda, 1 part lard or sperm oil,
and 15 parts water.  Melt the soda in boiling water, add
the oil, and cool off before using.
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Cast iron is usually drilled dry, but may be forced by
using soda water, the result being much smoother work
and longer life to the cutting edges of the tools. Where
water is used on cast iron, some trouble will occur from
the fine chips getting into the pump. By having a
settling basin overflowing into the supply tank to the
pump, the chips will settle to the bottom, and the sur-
plus water overflow into the tank, leaving the iron chips
- in the first basin. Brass work may also be lubricated
with soap mixture, such as will be reccommended for
drawing brass, which will leave the newly cut surfaces
with a very bright finish, and prevent unnecessary heat-
ing of the drills and work.

The almost endless variety of shapes occurring in
practice precludes any universal construction of jigs, but
all jigs, as before explained, are based or founded on
the two general principles of clamp and box fixtures.
For small picces, jigs having a hinge like a bullet mould
or a pair of tongs may be constructed to rcceive the
work inside, the strength of the hand being sufficient to
clamp the piece, while the hole or holes are being
drilled. Such a tool may be provided with several
different faces and bushings for drilling holes at different
angles. Box jigs may be constructed with a clamp
fixture made to fasten the work into, and then be in-
serted in the box, clamp and all. Pieces of varying
diameter may be clamped with jaws moved by a right
and left screw, thus insuring accurate centering regard-
less of their size. Where only one hole is to be drilled,
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pieces may be drilled in a jig having a base rigidly
attached to the table, and top part or bushing plate in the
form of a hand clamp, thus providing a very rapid means
of handling. Holes may be tapped square after drilling,
using for the purpose a tap holder as described under the
head of screw machine tools, the drill press being pro-
vided with a back and forward motion, or a special tap-
ping chuck. In all kinds of jig work, aim to drill every
hole without re-chucking or handling the piece. In that
way if you have made the tool right, every piece will be
right and uniform in every particular. Do not allow the
bushings or drills to become worn out of size; keep the
former shrunk to size, and replace the latter with new
ones. Great care must be taken to have the drills
ground central; when ground onesided they have a
tendency to drill a hole larger than themselves, pressing
against the sides of the drill and bushing, prying the
piece loose and out of true, and making bad work all
around.

For locating the holes in all kinds of jigs, what is
known as the reversing method can be practised to ad-
vantage, using as a guide or jig the sample or model
piece taken from the model machine. In doing this,
clamp the model on the bushing plate and drill through
the holes with drills of the same size, thus making a jig
of the sample piece. With care this may be accom-
plished without injury to the model. Afterwards
counter-bore out the holes to receive the bushings,
taking care to have the guide pin fit the hole nicely.



CHAPTER V.

MILLING MACHINE FIXTURES.

ONE of the principal errors liable to occur in finishing
surfaces on the milling machine is the tendency of the
work to spring away from the cutting edge of the cutter,
the result principally of the width of the cut and weak-
ness of the piece being operated on. To obtain great
accuracy two cuts must be made, the second one very
light, and the cutters very carefully sharpened. In mill-
ing operations on cast iron there is always more or less
springing out of true, both in casting, and when any
considerable amount of stock must be removed from any
one surface. The castings will also vary much in size
which enters into the difficulty of properly chucking the
piece. For these reasons it is neeessary to select some
principal and important point from which to locate all
future operations. Sueh point may be one of the prin-
cipal bearings or large hole and should always be
machined first, and every subsequent eperation chucked
or located from it. Fig. 46 represents a casting having
both drill and milled work, and requires that the surface
B be parallel with the holes in D and the holes of uni-
form height above the surface B as shown at A.

To provide a starting point, drill the holes D D D,

(53)
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facing off the outer sides or faces of the hubs, chucking
the piece in the jig centrally as regards D D D. Using
these holes as a guide, we can proceed to mill the surface
B, constructing a milling fixture as shown in Fig. 47.
This fixture consists of an angle plate D provided with
a bearing and clamp, E F @, intended to clamp a man-
drel passed through the holes already finished. One of
the screws, I, should be taken as a gauge, and after the
first piece never moved, taking up the wind and other
imperfections by adjusting all the other screws to coin-
cide, screwing down the clamps J E as the last opera-
tion of chucking. By this method the piecce may be
rechucked for the finishing cut in exactly the same posi-
tion as in the first instance, and should any spring occur
from the removal of the scale during the first cut, the
re-adjustment of the movable screws will take it all out.
In screwing in the screws great care must be taken not
to raise the work away from the fixed screw. It is
preferable to have the screws for adjustment turn up
with the fingers. They can also be made to simply push
in and be fastened with set screws against their side.

In the above illustration the cutter used is a facing
mill, a form of tool capable of doing very rapid work if
kept in order. It, however, has the defect of leaving
circular tool marks on the work, to avoid which it is
always necessary to keep the end play out of the spindle.

The principles of chucking and re-chucking cast pieces
in milling machines are all embodied in the foregoing
description, and the main parts are, first, the proper
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selection of some main feature from which to locate all
the different operations, and the fixed position of some
point of contact or support for a renewal of any or all
future work. When the casting is of such form as to
permit of clamping in a horizontal position, three points
of contact, selected for their regular location, may take
the place of the mandrel and the one resting place de-
scribed.

To face off the inside of the hubs D D, a pair of
centers made to fit the holes will ensure quick and accur-
ate results, using two large headers for the purpose.
Bear in mind, as explained under the hcad of jig work,
that any further work—drilling, counter boring, etc.—
can be interchangeably located by using the holes
through D D as a guide. This method of using a single
locating feature for all the operations performed in one
piece is the key note to accuracy and interchangability.
Where two pieces join together in any way, and each
have much machine work, their principal connecting
feature, or where they join together, should be selected as
a starting point. .

Wherever parallel surfaces occur, and the nature of
the work will permit, make use of a pair of straddle
mills. By this method a perfectly square piece, having
parallel surfaces at right angles to each other, is certain
to be the result.

To increase the amount of work turned out by each
machine, parallel the work, that is, operate on several
pieces at once. To explain, supposing you are milling
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taps, reamers, or similar work. Make a fixture which
will carry several pieces side by side, and have an equal
number of cutters, to cut all the taps or reamers at the
same time, you may gear the parts together and revolve
them all from one handle. On some classes of work
where the pieces are short, two fixtures may be placed on
one machine, one on each end of the table, and while the
cut is being made on one, the other may be chucked,
thus getting double duty out of one machine. Long and
slender work may be held between centers and kept from
springing with a ‘“dead’” steady rest, which is a rest
fastecned to the upright part or body of the machine.
Such a rest has the feature of always remaining immed-
iately under the cutter, the work sliding between the rest
and the cutter.

The tendency to spring, before referred to, would indi-
cate the necessity of stiffness brought about by using
plenty of metal, and large screws and bearings. Clamps
of all kinds are best made with three fect, which will
cause them to rest square and firm against the work.

Where oil or soda water is to be used, provide suitable
channels or rims around the fixtures to guide the oil or
water to one point of escape, thus preventing unneces-
sary slopping and waste. The best machines are pro-
vided with pumps which permits of a copious supply of
oil which is an exccllent feature.  IFor quantities of thin,
flat work the fixture, Fig. 48, provides a means of chuck-
ing or holding without danger of springing or necessity
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