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OST men, I think, build air-castles to which
they can retire in moments when the
monotony of life becomes oppressive. Most, also,
are just a little diffident in acknowledging these
excursions into the realms ol fancy, nol realizing
perhaps that here there is born the best that comes
to a man’s life, The desire to be and to do takes
form, which eventually, in most instances, will lead
to substance.

To be able to follow one into this magic realm and
unostentatiously become a companion in the dream
takes a sympathetic naturc and a love of one’s fellow
men; but think of the life-long friendship it has
made and how the little help and encouragement
given has led to results never dreamed of ot an-
ticipated, Here is where “can’t” is abolished and
laughed at, and “I can and will”® are horn.

S0, in writing the second volume of this work on
gunsmithing, my mind goes forth into the ethereal
and I see many aspiring, still in secret, to achieve
the things that hitherto have seemed impossible in
this science; it is to them that I address myself.
In all seriousness, I say to them that what I preach
they can practise; that what I teach they can
learn; that what has been done they can do.

The fact that Harry Pope was able to produce
his matchless barrels with no other machine than
an old lathe, that he could fashion makeshift
barrels with a makeshift contrivance would excite
no wonder, but that he could and did make barrels
superior to those produced by machines designed
and built for this particular purpose iz a tribute
to his patience and ingenuity, and should dispose
of the word “can’t” forever.

Following the lead of the great mechanic, I have
outlined a better set-up, using a milling machine
instead of a lathe. Many will doubt the possibility
of such a feat, but I assure them it can be done
and the work so produced will be equal in quality
to that produced on a standard rifling machine—a
machine quite out of the question in the otdinary
gunsmith’s equipment,

V.2

The general use of machines in our age has made
us mechanical-minded. We do not think any more
of getting results from things beyond us. We are
not only willing but cager to be shown our capa-
bilities. This iz where the word “can’t” comcs
in again. Let us in this book put brains above
every other consideration and make ingenuity
and stick-to-it-iveness the great aiders and abet-
tors. Let us show the world that our forefathers
who did wonderful things with their fingers and the
tools at their command still have in us their worthy
SUCCESSOrs,

Those of my readers who live in the larger
towns and cities have opporiunities never available
in the world before. High schools are often
cquipped with standard machine tools, and instruc-
tion 1n their use 1s made a part of the curriculum,
Even those beyond high-school age have a place in
the night sessions which every winter brings. This
is a great advantage, but it must not be thought
an exclusive one. A canvass of the greatest inven-
tions reveals that the attic was ever the rival of
the lahoratory and the wood-shed the rival of the
machine shop.

1 do not say, attempt the impossible. It would
be folly to make, at a tremendous expense of labor,
a part that a machine makes better and at trifling
cost; but I do want to retain for the student the
joy of creating- -the satisfaction of having “done
it himself.”

How many air-castles have had little machine
shops tucked away among their turrets? I ven-
ture to say that they are innumerable. And how
much easier they are to obtain in the workaday
world since power can be brought in on a wirel
Such a shop is the dream of the experimenter, the
technician, lawyer, doctor, padre, banker, or tired
business man. Here is a little realm where he is
the god, where he can create, express himseli, and
do as he pleases. Such a place of retirement is
the most wholesome, sanitary, and restful place
discoverable, Too long have we sought inertly to
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be amused. Let us try amusing ourselves for a
change. Let nus be the actors in our little life’s
drama., It doesn’t make any difference what we
do. Tinkering, just tinkering, is one of the maost
desirable ways of spending leisure that I know of.
And these hobbies—do you ever stop to realize
their value in the scheme of things? ‘I'o have no
hobby means that work and care are slowly stealing
from you every ounce of unrecoverable energy.
Men without hobbies never retire from business—
they have no place to retire to.

Readers of outdoor magazines are constantly
being treated with articles pertaining to firearms.
Some of these are of preat merit, being contrib-
uted by writers of knowledge and experience.
Naturally, because of the limitations of such arti-
cles, they are I[ragmentary and incomplete. I
have purposely tried, in this book, to augment
such instructions, to complete the information, A
large demand has forced me to include a chapter
on heat-treating. This important subject is still
a new thing to most mechanics, amateur or profes-
sional. It was not realized until recent years, how

susceptible metal was to structural change through
temperature; how lost and destroyed qualities
might be restored, fatigue checked, and elasticity
preserved; how the stresses lost in manipulation
could be released, and varying qualities distributed
over a pilece of metal. This, I am sure, will be an
interesting and informative chapter. There are
also two chapters which at first might seem unes-
sential in a book of this nature; but I assure you
that chapters on tool making and die making are
as Important in the production of firearms as any
other chapter in the arrangement of information.

You may now turn to the book itself. Tt has
heen written in the spare moments of many busy
working days. It must not be considered a liter-
ary effort. To classify it thus would only add to
my discomfiture. It has been a labor of love, ac-
complished with the fond hope that it may add
to the knowledge of the amateur and sugpest to
the professional other ways of doing things that per-
chance are improvements on his own. It will also
take its place, I trust, as a work of reference—a
storchouse to supplement one’s memory.
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CHAPTER I

Machinery. Power. _und General Tool Equipment

HE selection of machine tools for any gun

shop depends to a great extent upon the class
of work anticipated, If one is dexterous he should
only select the machine tools which will profit him
in their investment and then add the ones which
will make the establishment more complete. A
gun shop is a highly specialized tool room or
machine shop, and machine shops arc to be found
in nearly every city, town, village, and hamlet
throughout all civilized countries over the globe,
‘There are few products used by humanity which
do not depend in some way upon the machinist
and the tool room f{or their production. The
shrewd and calculating gunsmith or machinist can
always render service in other lines of work during
slack times with the equipment at his disposal,
and if he has an inventive mind originate some
useful article needed by humanity,

Any young man who intends to become a gun-
smith, machinist, tool maker, or die maker, should
take advantage of every opportunity to bhecome
independent of the industrial plants and strive for
his own shop. There are really more opportuni-
ties for independence here than in a great many
other lines of work. In fact a survey of indus-
trial establishments will show that the majority
of owners have risen from among those who started
at the bottom.

Power for Machine Tools — The motive power
required to drive machine tools is either electricity,
gas, oll, steam, or gasoline. DBecause of our rapid
advancement, electric power is the universal stand-
ard, and very few isclated districts in the world
are without electrical power of some description.
Gun establishments are usually located in or near
cities, so electrical connections are always avail-
able; therefore I shall presume that the reader is
contemplating using this means of power trans-
mission to drive the various machine tools recom-
mended throughout this chapter.

The individual motor drive with a separate
motor attached to each machine makes an installa-
tion expensive, and altho this form of drive is the
most flexible, it iz frequently replaced with the
group drive for light gun-shop work. In the group
drive the motor drives a short length of line shaft-

ing from which, in turn, the machine tools are
driven. The best arrangement for a group drive
is to divide the gun shop into small units for wood
working, barrel making, the tool room and the
machine shop, and have a motor for each unit or
department. The line shafting should be as short
as possible and the motors placed in accessible
position. A small platform makes an excellent
mounting for a motor, Motors suspended from
the ceiling do not, as a rule, receive the careful
attention they need, and it is difficult to replace
them when mounted thus.

The horse power of the motor required for group
driving in the gun shop is much less than the sum
of the horse power required for each individual
machine. The reason for this is that some of
the machines are idle and others consume only
a small amount of power at a time when the re-
maining machines absorb the maximum amount.
Actual experience has shown that for group driv-
ing in any ordinary gun shop a motor of between
three and five horse power is sufficient,

Lathe — Various ways of driving an engine lathe
by motors are in use. Some makers furnish
motor-driven lathes as standard equipment; some
have a headstock with a limited number of speeds
and depend upon a variable-speed motor ta fill
out the speeds of the lathe. Others apply a con-
stant-speed motor or one with a limited amount of
variation to an all-geared headstock. General
practise, the use of which this class of machine is
a part in the shop, would naturally lead to a group
drive. There is no material advantage, in my opin-
ion, in the individual motor drive if the lathe is
just used for the regular run of operations.

Drill Presses — The only reason why the sensi-
tive drill press should have an individual motor
drive is that it is used more than any other ma-
chine in the shop, not on long and constant appli-
cation as in a manufacturing plant, but for a
variety of special jobs which require only a few
minutes of time. Most sensitive drill presses have
in themselves all the speeds required for the work
intended, so that any type of motor will be adapta
ble. The motor may cither be directly applied to

7
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Fig. 1
Such a machine is essential in the gun shop

Hendey screw-cutling engine lathe.

the machine or may drive a countershaft on a
stand, or it may be placed on the floor by the side
of the machine in case the press carries its own
set of cones or other variable-speed devices.

Small shop owners often prefer a small upright
drill press for work of a manufacturing nature or
for drilling and reaming operations on sight ramps,
parrel bands, swivel bases, etc. Such machines
do not require frequent changes of speed. There
are, however, many exceptions; for instance, where
an upright drill press is used for all the operations
on a piece of work by means of a jig. In this case
frequent changes of tools, and therefore of speed,
are required, and an individual motor drive,
whether directly connected to the machine or ope-
rating on a countershaft, is of great value. No spe-
cial benefit is derived from a constant-speed motor
with this type of machine.

Grinders: Cylindrical, Surface, and Internal
— Grinders in general require so many various
movemenis driven ifrom countershafts that it is
hardly possible to apply a single motor directly to
the machine. The best that can be done is to
attach the countershaft to the machine and drive
the former from a motor standing on the floor or
on a bracket attached to the machine. In isolated
cases it would be well to have one or more motors,
each controlling a single operation attached to the
machine. The average gun shop making all its
own tools requires a plain cylindrical grinder for

reamers, counterbores, rifling heads, etc. Tt is
therefore advantageous to select one of the uni-
versal type so that all angles can be ground on
any reamer. When a great amount of production
work is encountered, a tool grinder is an additional
advantage and every large shop should be equipped
with one for the grinding of milling cutters, special
tools, etc., where the average grinder cannot be
used. A large cylindrical grinder is often employed
to grind plain rifle barrcls to reduce the cost of
labor in finishing.

Very little use will be found for an internal
grinder in gun work except when used in the tool
room, and then much of this work can be done on
the hench lathe with the internal grinding attach-
ments that are mere accessories for light machines,
and used for grinding holes in hardened work,
Now there are constructed rigid, massive, compact
machines having instantaneous changes of speed
and feed, and designed for rapid production of
round holes, both straight and tapered. The plain
surface grinder offers wonderful possibilities in the
gun shop. These machines have been used in the
tool room for years and may be used for finishing
straight parts on rifle accessories in place of the
file, emery cloth, and the buffing wheel. It is
better in many instances to utilize the advantages
offered by surface grinding. The application of a
motor to an older machine does not pay, but in
most of the newer tvpes of machines motors are
housed in such a manner that they are not seen
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and a motor applied is more efficient than an over-
head countershaft.

Shapers and Planers — Planers in general do
not require the application of a motor, particularly
in the gun shop, for these are only used at times
for roughing out surplus material from gun bar-
rels, forming oil grooves in oil tubing, and machine-
chasing shotgun ribs; also for making wvarious
fixtures and for repair work about the shop., In
regular production work, however, motor-driven
planers give better results because of the facility
of handling the work, Another possible advantage
when using a variable speed motor and controlling
the speed of the motor at the end of the stroke is
that much higher return speeds can be obtained
with any desired cutting speed. Local conditions
may make it advisable to drive individually by
mator, but in my opinion this is not advantageous.

Shapers should either have motor connections or
friction clutches. The highest type in this class
is the all-motor-driven machine with the control
handle placed in such a position that it is at the
operator’s hand, which is also true ol the [riction-
clutch-driven machine, This type is driven directly
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from the main-line shaft, which eliminates a coun-
tershaft. These machines are of the variable-speed
type and are changed by a gear shift. Generally
speaking, there is little reason why a shaper should
be motor-driven when provided with the {friction
clutch. A few types handling large work may be
motor-driven for convenience, but these are not
used for gun-shop work.

Bench and Speed Lathes — Bench lathes
should be driven from a countershaft attached to
the wall or bench and driven in turn by a motor.
Any kind 1s acceptable; one with a variable speed
will be very satisfactory, particularly if it be of
the precision type with all attachments for differ-
ent speeds. The object of the motor drive is to
have the lathe in the best possible location with-
out regard to the location of the line-shafting. A
bench miller may also be installed on one end of
the bench that the lathe is on, and thus the two
machines be driven from the same motor.

Speed lathes should he driven from a counter-
shaft Jocated under the lathe, or by a directly-
connected motor.  In the latier instance, a varia-
ble-speed motor is preferable, provided direct cur-
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Fig. 2

Pratt & Whilney equipment.

Bench lathe, bench miller, and drill press.

All electrically driven and

made o5 one unit on a well constructed bench
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rent is available. Motor drive is recommended
when the machine is used for polishing and filing
parts such as screws, pins, etc., as the machine may
then be placed where it is most needed, or close
to the assembling benches.

Milling Machine — The instructions given for
shapers also apply to milling machines, as the
arrangement of motor and friction clutch are iden-
tical in the two machines. The milling machine
is called upon to do such a large variety of work
in the gun shop that a study of the different types
should he made and the best selected for the work
to be done, It is therefore important that the
speed should be as close to the permissible limit
~as possible.  When applied to any type of milling
machine, the motor should he as low as possible,
for vibrations in the machine have a marked efiect
on the quality of the fimish,

Wood-working Tools — Since nearly all wood-
working tools are constructed in separate units it
pays at times to drive them from a line shaft, pro-
vided there is work enough in the shop to keep
them continually employed; otherwise, the individ-
ual motor drive proves the most economical from
the standpoint of efficiency. When most of the
stock work is done by hand, only machines of light
construction are necessary and these provided with
separate motors.

Selection of Machine Tools — Only a brief
outline can be given on this subject, for a wvast
amount of information is required to make a com-
plete treatise, so I must assume that the reader
will avail himself of valuahle suggestions in the
form of reliable books or that he has the neces-
sary training in mechanics enabling him to take
counsel with himself and choose the {ools best
suited to his individual needs, whether in rifle work
or other lines of manufacturing.

This chapter is intended for those men who are
preparing themselves for the beginning of an all-
around knowledge of the gunmaker’s experimental
stages of mechanics and also for those who may
not have had an opportunity to learn. It may give
that keynote for the development of talent which
has long lain dormant. Some may express their
wish to learn a trade, tho they have found their
start or even their life’s work in one of the special
divisions of the metal working industry which have
grown ouf of modern ideas of mass production.

Screw Machine — Early in the development of
the machine-shop industry, in the United States as
well as in European countries, it became evident

to alert and progressive mechamcs that an unnec-
essary amount of labor was involved in continually
changing the cutting tools during repetition or
production work on various kinds of lathes. This
led to the adoption of devices to avoid the loss of
so much time and effort through makeshift con-
trivances. Then came the development of an idea
the turret lathe principle and the screw machine.
Today these may be divided into two general
classes; namely, bar-stock machine and chucking
machine. The former, commonly termed ‘‘hand-
sctew’’ and “automatic machine,” is used for man-
ufacturing screws, and also for machining any
nart that can be turned from bar stock or from
castings or forgings having a cross-section similar
to bar stock. The chucking machine, as its name
implies, is used for machining work held in chuck
jaws or special holding fixtures, and usually on
forgings, castings, or cut stock loo large to be a
bar-stock product. Machines of the latter class
are not used in rifle work, but the former is com-
mon in large manufacturing plants. \

An inspection of some of the large arms plants
will reveal many types of these machines, among
them those having a headstock very similar to that
of the lathe, and a tool-carrying turret which is
designed to swing the cutting tools into position
for each successive operation and which may be
fed to the work by hand or power, but carries no
cross-ieed mechanism as a part of the machine. In
the large arms plants most of the machines are of
the automatic type, but for the small gun shop a
hand-screw machine is often an added advantage,
particularly for the manufacture of rifle accessories.
It is economical to select such a machine as a
manufacturing tool, for one piece of work can he
finished in less time there than in a lathe; and
with two or more pieces making up the part, still
greater savings can be made. At times elaborate
set-ups pay because the cost in time and money
is carried over a large number of pieces and the
cost per piece becomes exceedingly small.

I think it well to mention the starting of an
unfamiliar machine tool in this part of the chapter.
Such advice is ancient history to the experienced
mechanic, but to the young man who has not oper-
ated all types of machine tools, an advance re-
minder often saves considerable expense and time.
When purchasing or running a machine with which
you arc unfamiliar, the various controls should be
demonstrated by some one who understands them.
If this cannot be done, study an operator’s hand-
book such as is furnished by practically every man-
ufacturer of special machinery. These books carry
diagrams, descriptions, and cautions regarding par-
ticular types of machine. In case neither of these
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Fig. 3
Engine lathes in operation in the tool room

things can be done, throw off the power, turn the
machine over by hand by turning the drive pulley,
gear, or sprocket, and try out the various levers,
hand wheels, and handles singly and in combina-
tions until you are satisfied as to just what results
will follow when certain controls are moved. All
cautions necessary for operating any standard ma-
chine will hold good for these special machines and
some additional ones may also need to be observed.

Lathe — The lathe is one of the most important
tools used in the gun shop or in fact any other
line of the metal-working industry. The different
types of lathes are: engine lathe, turret lathe,
bench lathe, jeweler’s lathe, ctc. The size of a
lathe is determined by the amount of swing meas-
ured from the centers to the tailstock ways, and
the length of the bed, such as 14 in. x 6 ft.—that
is, a 14-inch swing and a 6-foot length of bed.
Altho the construction of a lathe is simple, it is
capable of turning out a great variety of work, as
noted throughout the chapters in both volumes.
The beginner would do well to learn the names and
uses of parts gradually; then he will be quite sure
to understand clearly the functions of the parts of
the machine and will always remember that a lathe
is classed as a precision machine and should be
well taken care of. Oil the parts often and you
will be better acquainted with each of them.

‘The main part of the lathe is the bed, which is
raised from the floor and supported by four legs.
The more modern ones have a chip pan of cast-iron
fastened separately to the legs. This type of lathe
is used mostly in tool rooms., The height of a
lathe is usually adequate for the convenience of
the average person. The accurately machined sur-
face of the bed carries the “headstock,” “carriage,”
and “tailstock.”

Overhead, il a motor drive is not used, is
the “countershalt,” which is fastened to stringers
from the ceiling to receive the transmission by
belt from the main-line shaft and transfer it
by belt to the lathe., The bed is made wide and
deep to withstand heavy cuts and to give the whole
machine rigidity and strength. The upper surface
of the bed has “ways” or “vees” which are accu-
rately machined and scraped. The outside ways
form a perfectly alined track for the carriage to
run on. The inside ways provide a permanent seat
for the headstock and a perfectly alined rest for
the tailstock, which can be fastened in any position
to suit the work.

Lathe Tools — Tt is very necessary for the be-
ginner to have at least an elementary knowledge
of the dilferent tools which can be ground and
used in the lathe. Tools required for use on the
lathe must usually be ground to suit the particular
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type of turning done, and proper grinding of the
tools is absolutely essential for the best work. The
old method was to forge lathe tools from carbon
or high-speed steel bars; they were forged to shape,
hardened, tempered, and ground. After many
grindings they were again forged and tempered
until the steel was too short to use conveniently.
The forged tool is very rigid, being made of one
niece of steel; however, these are rapidly being
superseded for general purposes by the tool holder
and high-speed tool bit, and parting tool or blade,
because they are far more economical.

The tool holder is a very rigid tool, being made
from a drop forging consisting of one piece of metal
which has been correctly heat-treated. These tool
holders are provided with a square slot into which
the high-speed-steel tool bit is inserted and tight-
ened by a set screw. The slot has a slight incline
to give the tool a suitable top clearance or cutting
shear, thus saving the grinding time and material
which would be lost if top and front rake had to be
ground on the tool bit. They come in three dif-
ferent types: straight, left, and right hand. The
most suitable size is the % inch, using high-speed
tool bits of the same size. There are also the
straight and offset parting tools, using thin blades
which may be adjusted for any depth of cut. The
same tool may be used for a facing-off operation
by inserting a heavier blade for side cutting, There
is also a boring tool made to hold different-sized
boring bars, but most of the work of boring in the
gun shop requires small tools; therefore, they must
be made by the gunsmith to suit work of this
nature, whether boring or inside threading ope-
rations,

There is also a knurling tool holder, which.

usually carries three pairs of knurls: fine, medium,
and coarse. Each wheel cuts a helical groove in
the metal, and as the spiral grooves are opposite, a
diamond is formed. These tools are used exten-
sively in the gun shop together with small jew-
eler’s knurls for special work such as knurling the
heads of thumb screws, etc,

Tool Positions — The position of tools in rela-
tion to the work being turned is a very important
consideration, and thosec in the beginners’ class
who purchase a lathe will do well to study the
effect of various positions of the tool. particularly
on long turning such as on rifle barrels. Work is
often spoiled and in many cases the machine is
damaged by lack of foresight on the part of the
student. The usual method of elevating or lower-
ing the tool is to swivel the tool holder up or down
on the rocker in the rocker rung of the tool post.
The tool should never project any further from

the tool post than is absolutely necessary, because
the further it protrudes the greater will be the
strain on the compound rest and cross slide caused
by increased pressure from the last point of sup-
port, which is often sufficient to push the tool
down, changing its setting and frequently causing
it to dig into the work. The position of the com-
pound slide rest, the location ol the tool post in
the tee-slots provided for it, and the type of tool
holder used should all be considered in the setting
of the tool. When work is being turned in the
lathe chuck, it is easily seen that when the (ool
post is in a location as near the chuck as possible,
the type of tool used will have the greatest influ-
ence on the condition of the work. The compound
slide or cross slide of the lathe is frequently dam-
aged by a careless mechanic who runs these parts
into the fast-rotating chuck, because the too! is not
set in the proper position. It is therefore advisable
for the amateur to select the best tool for the work
he has to do and to place it in position so that it
will be rigid and not cause any damage to the work
or the lathe.

The advice given for tool positions on the lathe
dealt with the position of the tool holder and the
tool [rom an adjusting point of view. It also deals
with the influence of the tool position in producing
a smooth clean surface on the work. (Refer to
Chapter IV, Volume I, for proper grinding of lathe
tools.) To explain how the tools should be ground
would require too much space and would be of
little interest to the experienced mechanic; and I
am assuming that the beginner will come in per-
sonal contact with the experienced mechanic to
teach him correct grinding methods,

Work on a lathe may be carried out in three
different ways: on the lathe centers, chucking
work, and face-plate work, Various operations
may be undertaken in each of these “set-ups.”
‘Then, again, a lathe can be utilized to accomplish
various other operations in rifle-barrel work. Most
ordinary work on the lathe is measured by mi-
crometers and calipers, and the successful use of
calipers can only be achieved by constant practise.
The calipers are used to obtain many variations
of size, and it is only by developing a sense of
“feel” that any guaranty of size can be obtained.
Many beginners free the caliper over the work,
making believe that it is the size to which the
calipers are set; but because of the sprinig in the
legs they just spring over the turned surface. Tt is
therefore necessary to develop a very delicate touch
to use calipers successfully. Never try to caliper
work while it is running. It is rarely accurate and
the calipers or micrometers may be caught in the
work and broken.
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Fig. 4
Gould & Eberhardt shaper In operation

The cutting speed required on lathe work 1s
usually determined by experience belore securing
the best eificiency from the lathe tools employed
upon different types of materials. It is advisable
to turn different steels, cast-iron, and brass, to see
just what the maximum speed should be. A cut-
ting lubricant should be used when turning steel,
to prevent excessive friction and to conduct the
heat, thus preserving the point of the tool and pro-
ducing a smooth finish on the work., Lard oil,
which has often been recommended for other work,
can be used, or some other cutting compound which
can be purchased ready mixed. Lard oil is best for
thread cutting.

Shaper — The shaper is used chiefly to produce
flat surfaces and to rough out surplus stock on gun
parts for milling-machine operations and various
tool work such as dies and jig parts. Shapers are
very suitable for small work, while a planer is
designed to operate on larger work. There are two
types; namely, geared shapers and crank shapers.
On the geared shaper, the ram is driven by a gear
meshing with a rack on the bottom of the ram;

also with a means for a quick return of the stroke.
The crank shaper is driven by a crank motion with
a means provided for a quick return of the stroke
on the ram. ‘'I'he size of a shaper is governed by
the size of work the machine can do. A 16-inch
shaper, which is the most suitable size, will finish
a surface 16 x 16 x 16 inches,

Milling Machine — This type of machine tool
is one of the most useful in the gun shop or in any
other line of the metal-working industry. The
milling machine was first designed by Mr, J. R.
Brown of the firm of Brown & Sharpe, for the
purpose of cutting the spiral flutes in twist drills,
and from that foundation the machine has been
developed for a great many other uses. The at-
tachments made for most milling machines are
built very rigidly and not like many other make-
shift contrivances built to go with machines. Many
such attachments answer the purpose for odd work
encountered, but in the end special machines must
be designed for production purposcs.

When the gun shop is equipped with a universal
milling machine having all attachments such as a
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Fig. 5
A Cincinnaoti milling machine in operation

vertical head, rotary table, slotting atttachment,
dividing head, center, vise, etc., it is possible to
accomplish most of the work encountered on all
gun parts, The work is held on the table by vari-
ous devices and fed against the revolving cutter,
which usually has several cutting edges, cach tooth
cutting away a portion of the material and pro-
ducing on the work a shape similar to the form
of the cutter. The cutters are made in different
forms to produce work of regular or irregular
shapes, to cut grooves, slots, flutes in taps, ream-
ers, drills, etc. We have already mentioned so
many operations which are done on the milling
machine that you will understand how difficult it
is to aperate a large shop successfully without one.
The latest machines are usually driven by a motor
or directly from the line shaft by belt to the speed
cone, and so direct to the spindle through gears
similar to a lathe to obtain a further range of
spindle speeds.

An endless amount of information could be given
on such a machine; for to do justice to a treatise
of this nature, a number of tables should be pub-
lished, together with endless diagrams; therefore I
must ask the interested reader to secure books
dealing with this type of machine. 1 have had
much experience with machinery, yet I must con-
sult a hand-book continually on certain operations.
However, for some of the simple operations, expe-
rience has taught an operator or mechanic to use
certain cutters for certain work and to know that
the tahle should he fed in the opposite direction
to the rotation of the milling cutter. This is done
since, if the work is fed against the culter in the
direction in which the cutter is revolving, the cut-
ter will tend to climb on the work and probably
be ruined. This is the beginner’s problem, and it
will be best for him to experiment on a cast-iron
block, which involves the use of the plain or
universal vise bolted to the table and also the use



