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CHAPTER I

PLAIN TYPE OF MILLING MACHINE

Milling machines are used for a great variety of operations, and
many types have been designed for milling certain classes of work
to the best advantage. The milling machine was originally developed
in armories for manufacturing the small irregular-shaped parts used
in the construction of fire-arms, and the milling process is still em-
ployed very extensively in the production of similar work, especially
when intricate profiles are required and the parts must be inter--
changeable. Milling machines are also widely used at the present time
for milling many large castings or forgings, which were formerly
finished exclusively by planing; in fact, it is sometimes difficult to
determine whether certain parts should be planed or milled in order
to secure the best results.

The operation of milling is performed by one or more circular
cutters, having a number of teeth or cutting edges which successively
mill away the metal as the cutter rotates. These cutting edges may
be straight and parallel to the axis of the cutter for milling flat
surfaces, or they may be inclined to it for forming an angular-shaped
groove or surface, or they may have an irregular outline correspond-
ing to the shape or profile of the parts which are to be milled by
them. An end view of a cylindrical or ‘“plain” cutter is shown in
Fig. 1, which illustrates, diagrammatically, one method of producing
a flat surface by milling. The cutter C rotates, as shown by the
arrow, but remains in one position, while the work W, which is
adjusted vertically to give the required depth of cut, slowly feeds
to the left in a horizontal direction. Each tooth on the periphery
of the cutter removes a chip every revolution, and, as the work
moves along, a flat surface is formed.

The function of the milling machine is to rotate the cutter and,
at the same time, automatically feed the work in the required direc-
tion., As it 18 necessary to vary the feeding movement and the
speed of the cutter. in accordance with the material being milled
and the depth of the cut, the milling machine must be equipped
with feed- and speed-changing mechanisms and other features to
facilitate its operation. As the variety of work that is done by mill-
ing is almost endless, milling machines differ widely as to their
form, size, and general arrangement. Some are designed for doing
a great variety of work, whereas others are intended for performing,
as efficiently as possible, a comparatively small number of operations.
Some machines are arranged for rotating the cutter horizontally,
whereas with other types, the cutter rotates about a vertical axis.
In this treatise, no attempt will be made to describe all the different
types of milling machines, but rather to refer briefly to the more
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common designs, and then to illustrate their application and the prin-
ciples of milling by showing typical examples of common milling
operations.

Plain Milling Machine of the Column-and-Knee Type

A type of milling machine that is widely used, especially for milling
large numbers of duplicate parts, is shown in Fig. 2. This is known
as a plain, horizontal milling machine of the column-and-knee type.
The principal parts are the column C and knee K, the work table T,
the main spindle § which drives the cutter, and the speed- and feed-
changing mechanisms encased at A and B, respectively. The spindle
receives its motion from belt-pulley P at the rear. This pulley is
connected to the driving shaft by a friction clutch operated by
lever M which is used for starting and stopping the machine. When
the friction clutch is engaged, power is transmitted to the main spindle

Machinery
Fig. 1. End View of Cylindrical Cutter Milling Flat SBurface

8 through gearing, and, by varying the combination of this gearing,
the required speed changes ar~ obtained. Knee K is free to slide
vertically on the front face of the column, and it carries saddle Z
and the table 7. The gaddle has an in-and-out or cross movement on
the knee, and the table can be traversed at right-angles to the axis
of the spindle. Either of these three movements, that is, the longi-
tudinal, cross, and vertical movements, can be effected by hand or
power. The hand movements are used principally for adjusting the
table and work to the required position when starting a cut, whereas
the automatic power feed is employed when milling. The hand-
crank D is used for raising or lowering the knee with its attached
parts, handwheel E is8 for the cross feed of the saddle and table, and
bandle F is for the longitudinal adjustment of the table. The table
can also be traversed rapidly by the large handwheel N at the front
of the machine.

The work to be milled is held either in a vise V, or it is attached
to the table by other means. When duplicate parts are to be milled
in quantity, they are usually held in a special fixture bolted to the
table in place of the vise. Some pieces are also clamped directly to
the table. The milling cutter is ordinarily mounted on an arbor
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which i{s driven by spindle 8 and is rigidly supported by the bearing
I and arbor-brace J/ which is attached to a clamp on the knee. Many
machines do not have the extra bearing I, but this is desirable for
many classes of work, as it can be adjusted along the overhanging
arm and provides a support for the arbor close to the cutter.

The speed of the spindle is varied by changing the positions of the
levers L, L,, and the handwheel W. Each lever has two positions,
making four in all, which are marked with the letters A, B, C and D,

Pig. 2. Oincinnati Plain Milling Machine

and the positions for the handwheel are numbered 1, 2, 3, and 4. An
index-plate or table attached to the casing shows just what the speed
will be for any position of the levers. For example, to obtain 115 revo-
lutions per minute. the positions given on the index-plate under 115 are
3—BC, which means that the handwheel is set to position 3, one lever
is engaged with hole B and the other with hole C. This particular ma-
chine has a total of sixteen speed changes. If there is any interfer-
ence between the gears when changing the speeds, they can readily
be engaged by pressing foot-lever O, which operates an auxiliary disk
clutch and revolves the gears slightly.




6 No. 9g6—MACHINE TOOL OPERATION

The power-feed mechanism at B transmits its movement to the front
of the machine by shaft U equipped with universal joints and a tele-
scopic connection to permit raising or lowering the knee on the
column. Shaft U drives gearing in the feed-tripping and reversing
box @, and from this point the power‘is transmitted to the knee,
saddle or table, as may be required. The table feed is engaged or

disengaged by lever ¥ and it is controlled by another lever located

at Q, but not seen in_the {llustration. The direction in which lever
Q is inclined from the vertical, determines the direction of the table
feed. For instance, if it is shifted to the right the table will travel
toward the right, and vice versa. This lever Q also controls amy
feed that happens to be engaged, as well as the table feed. Lever X
engages either the vertical or cross feeds, and all of the feeding
movements can be controlled by lever R by means of which they are
reversed.

The rate or amount of feed per revolution of the cutter can be
varied by the levers and handwheel on case B. There are 16 changes,
and an index-plate shows what the rate of feed is for any position
of the levers. The longitudinal, cross or vertical feeding movements
can be automatically stopped at any predetermined point by the trip-
plungers I, ¢, and v, respectively. These plungers are operated by
dogs which can be adjusted so that the automatic trip will operate
after the cut is completed. The dogs H and H,, for the table feed,
are clamped to the front of the table as shown. One of these dogs
trips the feed by lifting the plunger and the other by depressing
it. A movement of the plunger in either direction disengages a
clutch at G and places it in a neutral position. This is the same
clutch that is operated by feed-reverse lever R. The automatic trip
mechanism is a very convenient feature, as it prevents feeding too
far, and makes the machine more independent of the operator.

The principal features of a plain milling machine, so far-'as the
operation of the machine is concerned, have now been described, but
it should be remembered that while plain machines of other makes
have the speed- and feed-changing mechanisms, the automatic trips,
etc., the arrangement of these parts varies in different designs.
When the construction of one machine is thoroughly understood,
however, the changes in other designg in the location of the speed-
and feed-control levers, and the functions of the different parts, can
readily be understood.




CHAPTER 1I

ADJUSTING AND OPERATING A MILLING MACHINE

Before a milling machine can be used, it is necessary, of course,
to arrange it for doing the work in hand, which includes mounting
the cutter in position, and adjusting the driving and feed mechanisms
for giving the proper speed to the cutter and feed to the work. The
part to be milled must also be securely attached to the machine, so
that it can be fed against the revolving cutter by moving the table
in whatever direction may be required. The way a milling machine

Fig. 8. Milling a 8mall Rectangular Block

is arranged, and the kind of cutter used, depends on the nature of
the milling operation. The character of the work, and other consid-
erations which will be referred to later, also affect the speed and
feed, as well as the method of clamping the work to the table; hence,
judgment and experience are needed to properly decide the questions
that arise in connection with milling practice, and no definite rules
or methods of procedure can be given. We shall explain, however,
in a general way, how milling machines are arranged and used
under varying conditions, by giving illustrated descriptions covering
typical examples of work representing the various classes that are
machined by the milling process.

A very simple example of milling is shown in Fig. 3, the opera-
tion being that of milling a flat surface on top of a steel block W.
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Before referring to this work, it might be well to explain that the
spindle of the machine shown in this illustration, is driven by a
stepped or cone pulley P, instead of by a single, constant-speed pulley
as in Fig. 2. Speed changes are obtained by shifting the driving belt
to different steps of the cone, and the number of changes secured
in this way can be doubled by the engagement of back-gears located
at the side of the cone, the arrangement being the same as the back-
gearing on an engine lathe.

Method of Holding and Driving the Cutter

The first thing to be done in connection with milling block W, is
to select the cutter. As a flat surface is to be milled, a plain cylin-
drical cutter C would be used (in a machine of this type), having
a width somewhat greater than the surface to be milled. This cutter
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Fig. 4. Cutter Arbors

is mounted on an arbor D which is rotated by the spindle and is
supported at its outer end by arm B. This is the usual method of
mounting and driving the cutter, when a horizontal milling machine
of the column-and-knee type is used, although some cutters or mills
are made with a taper shank which is inserted directly in the spindle
8. When an arbor is placed in the machine, its outer end, in some
instances, is supported by a center (similar to a lathe center), which
is inserted in the centered end of the arbor as shown at A in Fig. 4.
Another method of supporting the arbor, which is very common, is
shown at B. In this case, the arbor passes through a bearing in the
arm. The particular machine shown in Fig. 3 has an arm contain-
ing a center and also a bearing, so that the arbor can be supported
in whichever way is most convenient. The inner end of the arbor
has a taper shank which fits the spindle hole, and it is usually
locked with the spindle, either by a flat tang at the end or by a
draw-in bolt which passes through the spindle and holds the arbor
tightly in the taper hole. An arbor having a tang ¢t is shown at
4, Fig. 4, and the style having a draw-in bolt d is illustrated at B.
The latter form also has a collar g with flattened sides which engage
a slot cut in the end of the spindle, thus giving a strong. positive
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drive. This particular style of arbor is removed by forcing nut e
against the end of the spindle.

The cutter c¢ is clamped between cylindrical bushings w which are
placed on the arbor and tightened by nut n. These bushings are of
different lengths, so that the lateral position of the cutter can be
varied. Many small cutters are driven simply by friction, but medium
and large sizes, especially when used for taking deep roughing cuts,
are mounted on splined arbors, and keys are used to give a positive
drive and prevent the cutter from slipping. The cutter should always

Machtnery §|

Fig. 6. Milling Machine Vises

be placed as near the spindle as circumstances will permit, in order
to give a strong drive and reduce the torsional strain on the arbor.

Holding Work on the Milling Machine

The next thing to consider is the method of holding or fastening
the part while it is being milled. In this case, the block is clamped
between the jaws of a vise V (see Fig. 3), which, in turn, is bolted
to the table of the machine. Vises are frequently used for holding
small pieces, but are not suitable for many classes of work. The
proper method of clamping, in any case, is governed by the size of
the work, its shape, and the nature of the milling operation. The
number of duplicate parts required should also be taken into con-
sideration. Some pleces are clamped directly to the machine table
which has T-slots for receiving the clamping bolts. It is necessary,
of course, that the work be held securely enough to prevent its
shifting when a cut is being taken, and it is equally important that
it should be supported so as to overcome any springing action due
either to its own weight or to the pressure of the cut Some parts
are also sprung out of shape by applying the clamps improperly or
by omitting to place supports under some weak or flexible section;
as a result, the milled surface is not true after the clamps are
removed and the casting springs back to its natural shape. Generally
speaking, work should be clamped more securely for milling than for
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planing, because the pressure of the cut, when milling, is usually
greater than when planing, although this depends altogether upon the
depth of the cut and the size of the cutter.

Three types of milling machine vises which are commonly used,
are shown in Fig. 5. The one illustrated at A is called a plain vise.
It is held to the table by a screw which passes through the vise
bed and threads into a nut inserted into one of the table T-slots.
This same style is also made with flanges so that it can be secured
by ordinary clamps. The vise shown at B has a swiveling base
and it can be adjusted to any angle in a horizontal plane, the posi-
sition being shown by graduations. This adjustment is used for angu-
lar milling. The vise shown at C is known as the universal type. It
can be swiveled in a horizontal plane and can be set at any angle
up to 90 degrees in a vertical plane, the position, in either case,

Fig. 6. (A) Work feeding against Rotation of Cutter. (B) Work feeding
with Rotation of Cutter

being shown by graduations. The hinged knee which gives the ver-
- tical adjustment, can be clamped rigidly by the nut on the end of
the bolt forming the hinge, and by bracing levers at the left which
are fastened by the bolts shown. This style of vise is used prin-
cipally by die- and tool-makers, and, owing to its universal adjust-
ment, can often be utilized in place of a jig or fixture. When large
quantities of duplicate pieces are to be milled, they are usually held
in special fixtures which are so designed that the work can quickly
be clamped in position for milling. The arrangement or form of a
fixture depends, of course, on the shape of the part for which it is
intended and the nature of the milling operation. A number of
different fixtures will be shown in connection with the examples of
milling given in succeeding chapters.

Direction of Feeding Movement and Relative Rotation of Cutter

After the cutter is mounted on the arbor and the part is clamped
to the table, we are ready to begin milling. Before starting a cut,
the table is shifted lengthwise and crosswise, if necessary, until the
cutter is at one end of the work. The knee K, (Fig. 2) with the
table, is then raised sufficiently to give the required depth of cut,
and the trip-dog at the front of the table is set to disengage the
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power feed after the cut is completed. The longitudinal power feed
for the table is then engaged, and the part W feeds beneath the re-
volving cutter C, which mills a flat surface.

By referring to Fig. 6, it will be seen that the direction of the
feeding movement might be either to the right or left, as indicated
at A and B. When the cutter rotates as shown at A, the part being
milled feeds against the direction of rotation, whereas at B, the move-
ment is with the cutter rotation. In the first case, the cutter tends
to push the work away, but when the relative movements are as at
B. the cutter tends to draw the part forward, and if there is any
backlash or lost motion between the table feedscrew and nut, this
actually occurs when starting a cut; consequently, the cutter teeth
which happen to be in engagement, take deeper cuts than they should,
which may result in breaking the cutter or damaging the work.
Therefore, the work should ordinarily feed against the rotation of
the cutter. When milling castings which have a hard sandy scale,
the cutting edges of the teeth will also remain sharp for a longer
period when feeding against the rotation, as at A. This is because
the teeth move up through the metal and pry off the scale from
beneath, whereas at B, the sharp edges e strike the hard scale each
revolution, which dulls them in a comparatively short time. Occa-
sionally, a part can be milled to better advantage by feeding it with
the cutter. This is especially true when the work is frail and cannot
be held very securely, because a cutter rotating as at B tends to
keep the work down, whereas the upward movement at A tends to
lift it. When the work moves with the cutter, the table gib-screws
should be set up tighter than usual to prevent a free movement of
the table, because this would allow the cutter teeth to ‘dig in” at
the beginning of the cut. Some machines are designed to prevent
this, and counterweights are sometimes used to hold the table back.

It should be mentioned that a cutter does not always rotate in the
direction shown at A and B. If it were turned end for end on the
arbor, thus reversing the position of the teeth, the rotation would
have to be in a clockwise direction, and the feeding movement to
the right. A cutter which rotates to the right (clockwise), as viewed
from the spindle side, is said to be right-hand, and, inversely, a left-
hand cutter is one that turns to the left (counter-clockwise) when
milling.

- The Cutting Speed and Feed

The proper speed for the cutter, and the feeding movement of the
work for each revolution of the cutter, are governed by so many
different things that no deflnite rule can be given to determine just
what the speed and feed should be unless the conditions are known.
The speed of the cutter depends partly on the kind of material being
milled. Tool steel cannot be cut as fast as soft machine steel or
cast iron, and brass can be milled at much higher speed. The con-
dition of the cutter also affects the speed, it being possible to operate
a sharp cutter faster than a dull one, because the dull edges generate
an excessive amount of heat. When milling steel or wrought iron,
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the application of a lubricant to the cutter enables higher speeds
to be used. Lard oil or any animal or fish oil is used as a lubricant,
and some manufacturers mix mineral oil with lard or fish ofl. The
lubricant is usually applied to the cutter through a pipe or spout
which can be adjusted to the proper position. Some machines have
a special pump for supplying the lubricant, and others are equipped
with a can from which the lubricant flows to the cutter by gravity.
Cast iron and brass are milled dry.

A general idea of the speeds that are feasible when using carbon
steel cutters may be obtained from the following figures which repre-

Fig. 7. Milling Cast-iron Bearing Caps

sent the velocity (in feet per minute) at the circumference of the
cutter. For taking roughing cuts: for cast iron, 40 feet per minute;
for machine steel, 60 feet per minute; for tool steel, 25 feet per
minute; and for brass, 76 feet per minute. Finishing cuts are to be
taken at speeds varying from 50 to 55 feet for cast ircn; 75 to 80
feet for machine steel; 30 to 35 feet for tool steel; and 95 to 100
feet for brass. These flgures are not given as representing the maxi-
mum speeds that can be used successfully, even with ordinary carbon
cutters, and with high-speed steel cutters they can be doubled, owing
to the superior cutting qualities of high-speed steel.

The distance that the work feeds per revolution of the cutter must
also be varied to suit conditions. When milling cutters were first
made, they had fine, closely-spaced teeth between which the chips
clogged, thus preventing any cutting action except with fine feeds.
Modern cutters, however, have much coarser teeth and, consequently,
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deeper cuts and heavier feeds can be used. Aside from the question
of cutter design, the feed is affected by the depth of the cut, the
kind of material being milled, the quality of the finish required, and
the rigidity of the work. As a general rule, a relatively low cutting
speed and a heavy feed is used for roughing, whereas for finishing,
the speed is increased and the feed diminished. The data given in
connection with some of the examples of milling referred to in this
treatise, will show, in a general way, what speeds and feeds are prac-
ticable when using a well-built machine and modern cutters.

Milling Cast-iron Bearing Caps

Another example of milling which is similar in principle to the
one illustrated in Fig 3, is shown in Fig. 7. The operation is that
of milling flat surfaces on the edges of cast-iron bearing caps B. Two
of these caps are placed in line and milled by one passage .of the
cutter. They, are mounted on parallel strips placed under the bolt
lugs on the side and are held by ordinary clamps as shown. The
cutter used is cylindrical in form and has helical or “spiral” teeth
which are nicked at intervals along the cutting edges in order to
break up the chips and reduce the power required for driving. The
proper depth of cut is obtained by adjusting the knee vertically, and
then the edges are milled by traversing the castings beneath the
revolving cutter. By clamping two of the castings in line and milling
them together, they are finished, of course, more quickly than if one
were machined at a time. The following figures will give a general
idea of the feeds and speeds used for this particular operation. The
cutter is 3 inches in diameter and rotates 53 revolutions per minute.
The average depth of cut is about 1§ inch and the table feeds 0.250
inch per revolution of the cutter or over 13 inches per minute. This
cutter {s made of high-speed steel and, therefore, can be run faster
:_vlthout injuring the cutting edges, than if made of ordinary carbon
steel.



CHAPTER III

DIFFERENT TYPES OF MILLING CUTTHRS

As the processes of milling can be applied to an almost unlimited
range of work, the cutters used on milling machines are made in a
great variety of forms. Some of the different types can be used for
general work of a certain class, whereas other cutters are made
especially for milling one particular part. Of course, the number of
different types that are used on any one machine, depends altogether
on the variety of milling operations done on that machine. When

Fig. 8. Cylindrical, 8ide, and Face Milling Cutters

the nature of the work varies widely, the stock of cutters must be
comparatively large, and, inversely, when a machine is used for mill
ing only a few parts, a large cutter equipment is not necessary.

A number of different types of cutters in common use are shown
in Figs. 8, 9, and 10. The form illustrated at A, Fig. 8, is called a
cylindrical or plain cutter. This form is used for producing flat sur-
faces and it is made in various diameters and lengths. Another
cutter of the cylindrical type is shown at B. This differs from cutter
A In that the teeth are nicked at intervals along the cutting edges.
The idea in nicking the teeth is to break up the chips, as previously
mentioned. This enables heavier or deeper cuts to be taken with
the same expenditure of power; hence, the nicked cutter is exten-
sively used for roughing cuts. It will be noted that the teeth of these
two cutters are not parallel with the axis, but are helical or “spiral.”
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Cutters having helical teeth are generally used in preference to the
type with straight or parallel teeth, especially for milling compara-
tively wide surfaces, because the former cut more smoothly. When
teeth are parallel to the axis, each tooth begins to cut along its entire
width at the same time; consequently, if a wide surface is being
milled, a shock is produced as each tooth engages the metal. This
difficulty is not experienced with helical teeth which, being at an
angle, begin to cut at one side and continue across the work with a
smooth shaving action. Helical cutters also require less power for
driving and produce smoother surfaces.

A side milling cutter is shown at C. This type has teeth on both
sides, as well as on the periphery, and it is used for cutting grooves

-
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Fig. 9. BEnd Mills, T-slot Cutter, Shell End Mill, and Angular Cutter

or slots and for other operations, examples of which will be shown
subsequently. The sides of this form of cutter are recessed between
the hub and inner ends of the teeth, in order that they will clear
a surface being milled. Two side mills are often mounted on the
same arbor and used in pairs for milling both sides of a part at the
same time. This type of cutter is also employed in conjunction with
other forms for milling special shapes, as will be shown later. Another
side milling cutter is shown at D. This mill, instead of being made
of one solid piece of steel, has a cast-iron body into which tool steel
teeth are inserted. These teeth fit into slots and they are held in
place by flat-sided bushings which are forced against them by the
screws shown. There are many different methods of holding teeth
in cutters of this type. The inserted-tooth comstruction is ordinarily
used for large cutters, in preference to the solid form, because it is
cheaper, and the inserted teeth can readily be replaced when neces-
sary. When solid cutters are made in large sizes, there is danger
of their cracking while being hardened, but with the inserted-tooth
type, this is eliminated. A large cylindrical cutter with inserted teeth
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is shown at E. The cutter illustrated at F also has inserted teeth and
is called a face milling cutter. This form is especially adapted to
end or face milling operations. When in use, the cutter is mounted
on a short arbor which is inserted in the milling machine spindle.

Fig. 10. Formed Cutters, Angular Cutters, and Slitting Saw

The three cutters, A, B, and C, Fig. 9, are called end mills because
they have teeth on the end as well as on the periphery or body;
hence, they can cut iIn an endwise as well as a sidewise ‘direction.
These mills, instead of being mounted on an arbor, have taper shanks
which are driven into a hole of corresponding taper in the machine

Fig. 11. Diagrams illustrating use of Formed Cutters for fluting
Taps, Reamers, etc.
spindle. The shanks have a flat end or tang which engages a slot
in the spindle and prevents the mill from slipping when taking-a cut.
The mill shown at 4 has straight teeth, whereas the form B has spiral
teeth. The type shown at C is adapted to slot milling, especially when
it is necessary to cut in to the required depth with the end of the




MILLING CUTTERS 17

mill, because the inner ends of the teeth are sharp, and can more
readily cut a path from the starting point.

The cutter illustrated at D is a special form used for cutting T-slots,
after the central groove has been milled. The larger sizes of end
mills do not have solid taper shanks, but are made in the form of
shells (as at E) which are fastened to an arbor that serves as a shank.

T

— Machinery

Fig. 12. Fly-cutter and Arbor

This arbor has a taper end that fits the machine spindle, and the
mill is attached to the outer end which is equipped with a driving
key that engages a slot cut across the inner end of the mill. This
type of cutter can often be used when a long arbor with an outboard
support would be in the way. The angular cutter F has teeth which
are at an angle of 60 degrees with the axis. This form is used for
milling dovetailed slots and for similar work. The particular style
shown has a threaded hole and it is screwed onto an arbor.

. The two cutters illus.
trated at A and B, Fig. 10,
are examples of formed
milling cutters. The -cut-
ting edges of this type are
made to the same shape as
the profile of the piece to
be milled. The small parts
of sewing machines, guns,
typewriters and other
pieces having an irregular
and intricate shape, are
milled with formed cutters.
The teeth of these cutters
are “backed off” so that
they can be sharpened without changing the profile, provided the front
faces are ground radial. The convex and concave cutters, C and D,
which are also of the formed type, are for milling half-circles, one
cutting half-round grooves and the other, forming half-round edges.
Formed cutters are made in a great variety of shapes and they are
used for many different purposes. The diagrams, Fig. 11, illustrate
how formed cutters are used for fluting taps, reamers, and four-lipped
drills. Sketch 4 shows how the grooves or flutes are cut in a tap. As
will be seen, the groove is milled to the same shape as the cutter. The
sketches at B and C show cutters of different shapes for fluting

Fig. 18. Interlocking Bide Milling Cutter
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reamers, and D illustrates how the grooves are cut in four-lipped twist
drills, of the type used in screw and chucking machines for roughing
out holes prior to reaming. The angular cutters, E and F (Fig. 10),
are used extensively for forming teeth on milling cutters. The style E
is employed for cutting straight teeth, whereas the double-angle cutter
F is especially adapted to milling spiral grooves. The thin cutter illus-
trated at G is known as a slitting saw, and it is used for milling
narrow slots., cutting off stock, and fcr similar purposcs.

Fig. 12 shows a simple type of cutter that is often used for opera-
tions that will hot warrant the expense of a regular formed cutter.
This is called a fly-cutter. The milling is done by a single tool ¢
which has the required outline. This tool is held in an arbor haviaz

Fig. 14. Milling Groove with Interlocking Cutter

a taper shank the same as an end mill. The advantage of the fly-
cutter is that a single tool can be formed to the desired shape, at a
comparatively small expense.

The milling cutter shown in Fig. 13 is similar to a side mill, but
it is composed of two units instead of being made of one solid piece
of steel. These two sections are joined as shown by the view to the
left, there being projections on each half which engage corresponding
slots in the other half, thus locking both parts together. This type
of cutter is largely used for milling grooves or slots, because as the
side teeth wear or are ground away, the two sections of the mill
can be spread apart by washers in order to maintain a standard width.
An cxample of slot milling with an interlocking cutter is shown in
Fig. 14. The cutter is mounted on an arbor the same as a regular
side mill, and the part to be grooved is bolted directly to the table,
one end being supported on parallel strips. When it is necessary to
mill a large number of grooves to a standard size, the interlocking
cutter is the best type to use, owing to its adjustment for width.




CHAPTER 1V

FORM MILLING—STRADDLE AND GANG
MILLING—END MILLING

One of the great advantages of the milling process is that duplicate
parts having intricate shapes can be finished within such close limits
as to be interchangeable. Because of this fact, milling machines are
widely used for manufacturing a great variety of small machine
parts having an irregular outline. The improved high-speed steel
cutters now used, and the powerful machines which have been de-

Fig. 18. Bxample of Form Milling

veloped for driving these cutters, also make it possible to machine
many heavy parts more rapidly by milling than in any other way.

When pieces having an irregular outline are to be milled, it is
r2cessary to use a cutter having edges which conform to the profile
of the work. Such a cutter is called a form or formed cutter, as
explained in Chapter III. There is a distinction between a form
cutter and a formed cutter, which according to the common use of
these terms is as follows: A formed cutter has tecth which are so
relieved or “backed off” that they can be sharpened by grinding, with-
cut changing the tooth outline, whereas the term form cutter may be
applied to any cutter for form milling, regardless of the manner in
which the teeth are relieved.




20 No. 96—MACHINE TOOL OPERATION

An example of form milling is illustrated in Fig. 16, which shows
a steel piece W having an irregular edge which is milled by form
cutter C. The part W is held in a vise which is equipped with special
‘ false jaws having the
samo outline as the
work, to provide a
more rigid support.

lE ;] These special jaws are
attached to the vise in

:ﬂ:l[:: 1— place of the regular
] jaws, which are re
ﬁﬁ movable. When the
cutter feeds across the
work, its form is re-
w produced. A large
number of duplicate
parts can be milled in
a comparatively short
time, in this way.
Of course, form milling is not economical, unless the number of
parts wanted is sufficient to warrant the expense of the formed cutter.
Another form milling operation is shown in Fig. 15. The small levers

L are finished on the edges to the required outline by cutter C. These
levers are malleable castings and they are held in a vise V attached

Machinery
Fig. 16. Formed Cutter for Milling Part W

A B
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Fig. 17. (A) Straddle Milling. (B) Gang Milling

to the table. When milling, the cutter makes 50 R. P. M. and the
feed is 0.053 inch, giving a table travel of 2.65 inches per minute.

Straddle and Gang Milling

When it is necessary to mill opposite sides of duplicate parts so
that the surfaces will be parallel, two cutters can often be used
simultaneously. This is referred to as straddle milling. The two cut-
ters which form the straddle mill, are mounted on one arbor, as shown
at A, Fig. 17, and they are held the right distance apart by one
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or more collars and washers. Side mills which have teeth on the
sides as well as on the periphery (as shown at C and D, Fig. 8), are
used for work of this kind. Duplicate pieces can be milled very
accurately by this method, the finished surfaces being parallel and

Pig. 18, Milling 8lot of Crank-shaper Rocker-arm

Fig. 19. Finishing End of Rocker-arm with Straddle Mill

to a given width within close limits. If the proper distance between
the cutters cannot be obtained with the arbor collars available, fine
adjustments are made by using metal or paper washers. When con-
siderable accuracy is necessary, the final test for width should be
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made by taking a trial cut cnd measuring the finished surface. When
the teeth on one side of each mill become dull, the opposite sidcs
can be used by placing the right-hand cutter on the left-hand side
and vice versa; that is by exchanging the positions of the mills on
the arbor.

Figs. 18 and 19 show how the rocker-arm of a crank-shaper is
finished by milling. This work requires two operations, one of which
is a good example of straddle milling. A cylindrical cutter is used
to mill both sides of the central slot, as shown in Fig. 18. The short
slot at the left end of the rocker-arm is also milled by this samc

Fig. 20. Bxample of Gang Milling

cutter, as well as the raised pads on the top and bottom of the arm.
This cutter is 2% inches in diameter, and when milling the long
central slot, a 1/16 inch cut is taken at the top and bottora with a
feed of 3 inches per minute. The second operation consists in mill-
ing the sides of the slotted end. as shown in Fig. 19. Two 8j-inch
cutters of the inserted-tooth type, are used to form a straddle mill,
which machines both sides at the same time. The time required for
milling each arm is 214 hours. The casting is held in a special two-
part fixture which is tolted to the table. That scction of the flxture
which supports the right-hand end, has V-shaped notches which re-
ceive a trunnion as shown, thus setting the casting vertically, whereas
the left-hand end is clamped between setscrews that are adjusted to
locate the casting horizontally. After this fixture is once set up and
adjusted, very little time is required for setting one of these rocker-
arms in position for milling, but it would be rather difficult to hold
a casting of this shape by the use of ordinary clamps.
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A great deal of the work done in a milling machine (especially
of the plain horizontal type), is machined by a combination or “gang”
of two or more cutters mounted on one arbor. This is known as
gang milling. If a plain cylindrical cutter were placed between the
side mills shown at A in Fig. 17, a gang cutter B would be formed
for milling the five surfaces a, b, ¢, d, and ¢, simultaneously. This
would not only be a rapid method, but one conducive to uniformity
when milling duplicate parts.

An example of gang milling is shown in Fig. 20. Four castings
are clamped to a fixture and are machined at one time by a gang-

Pig. 21. Milling Top and Sides of Cast!ng with Gang Mill

cutter which mills the top edges a, the inner sides b. and also the
top surfaces c between the projecting cnds. This cutter is formed of
four independent units. The surfaces ¢ are milled by two cutters
of the same size, which have right- and left-hand spiral teeth, as
shcwn, and the tops a of the end flanges are finished by two narrower
cutters cf smaller diameter. The two central cutters have a com-
biaed width of 9% inches and they are 6 inches in diameter. The
speed of the cutter is 32 revolutions per minute and the greatest depth
of cut about 3/16 inch.

Another gang milling operation is shown in Fig. 21. The cutter,
in this case, is similar to the one illustrated in Fig. 20. except that
large side mills are employed for finishing the sides of the castings
while the top surfaces are being milled. These side mills are 10%
inches in diameter and have inserted teeth or blades. The speed
of a gang-mill which is composed of cutters that vary considerably
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in diameter, must be regulated to suit the largest cutters. In this
instance, the cutter only makes 21 revolutions per minute, a compara-
tively slow speed being necessary owing to the large side mills.

Gang milling is usually employed when duplicate pieces are milled
in large quantities, and the application of this method is almost un-
limited. Obviously, the form of a gang-cutter and the number of
cutters used, depends altogether on the shape of the part to be milled.
Gang-cutters are sonretimes made by combining cylindrical and formed
cutters, for producing an irregular or intricate profile.

Fig. 22 shows an example of gang milling in which two castings
are placed side by side and rough milled simultaneously. The gang-

Fig. 22. Mllling Two Parts Simultaneously

cutter is composed of seven units, as the illustration shows. The
large inserted-tooth cutter a in the center mills the inner sides of
each casting, while the top surfaces are machined by the four cylin-
drical cutters shown. The cutters b, placed between the cylindrical
cutters, mill channels or grooves which, by another operation, are
formed into T-slots. All of these cutters are made of high-speed steel
and the speed is 36 revolutions per minute. The work table feeds
0.112 inch per revolution, thus giving a travel of 4 inches per minute.
Two of these castings are milled in 18 minutes, which includes the
time required for clamping them to the machine.

It shoulu be noted that when more than one spiral toothed cylin-
drical cutter is mounted on one arbor, for forming a gang-mill, cutters
having both right- and left-hand spirals are used. For example
the central part of the cutter shown in Fig. 20 is composed of two
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cutters having teeth which incline in opposite directions; that is the
teeth of one cutter form a right-hand spiral and the teeth of the
other cutter, a left-hand spiral. The reason why cutters of opposite
hand are used, i{s to equalize the end thrust, the axial pressure caused
by the angular position of the teeth of one cutter being counteracted
by a pressure in the opposite direction from the other cutter.

Still another gang milling operation is shown in Fig. 23. 'In this
instance, the top surface of the casting is milled and two tongue-
pieces are formed by the central gang of five cutters, which are of
the straight-tooth type and vary in diameter to give the required
outline. The large angular mills at the ends finish the sloping sides

Fig. 28. Another Gang Milling Operation

of the casting, as the illustration indicates. The speed of rotation is
33 revolutions per minute, and the table travel, 614 inches per minute.
The feeding movement is to the left or against the rotation of the
cutters, which is also true of Figs. 20, 21 and 22.

End and Face Millinz

All of the milling operations referred to so far have been performed
with cutters mounted on an arbor, the latter being driven by the
spindle and supported by an out-board bearing. For some classes
of work, the cutter, instead of being placed on an arbor, is attached
directly to the machine spindle. End mills, for instance, are driven
in this way, as previously mentioned, and large face milling cutters
are also fastened to the end of the spindle. Surfaces are frequently
machined by end mills, when using a horizontal milling machine,
because it would not be feasible to use a cutter mounted on an arbor,
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Sketch A, Fig. 24, illustrates how a pad or raised part on the side
of a casting would be machined by an end mill. The surface is milled
by the radial teeth on the end as well as by the axial teeth, as the
work is traversed at right-angles to the cutter. Occasionally, an end
mill is used in this way, after the top surface of a casting has been
milled with one or more cutters mounted on an arbor, in order to
finish the work at one setting, which not only saves time, but insures
accuracy of alignment between the finished parts.

Sketch B indicates how an end mill is used for cutting grooves in
a vertical surface. The cutter is set to the required depth by moving
the table inward, and then the longitudinal feed is engaged, which
causes a groove to be milled equal in width to the diameter of the

Pig. 24. End Milling—Diagrams illustrating use of T-slot Cutter

cutter. As mentioned in Chapter III, if it is necessary to start a
. groove by sinking the cutter in to depth, without first drilling a hole
as a starting place, the form of mill shown at C, Fig. 9, is prefer-
able, as the radial end-teeth have cutting edges on the inside so that
they can more readily cut a path from the starting point, when the
~ork is fed laterally. An end mill should not be used for cutting
grooves or slots if a regular cutter mounted on an arbor can be
emnloyed.

When milling T-slots such as are cut in the tables of machine tools
for receiving clamping bolts, a plain slot is first milled to.the depth
of the T-slot as shown by sketch C, Fig. 24. This preliminary opera-
tion is usually done with a side mill of the proper width, while the
work is clamped in a horizontal position. The enlarged or T-section
is then milled as shown by sketch D. the casting being clamped in a
vertical position, provided a horizontal milling machine is employed.
The T-slot cutter enlarges the bottom of the straight groove, as indi-
cated at E, which shows the finished slot.
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Fig. 25 shows how an end mill is used for cutting an elongated
slot in a link L. Prior to milling, holes are drilled at each end of
the slot, one of which forms a starting place for the milling cutter.
The link is held in a vise and the metal between the two holes is

Fig. 26. Milling Slot with End Aill

® PFig. 26. Milling a Dovetail Groove

cut away to form the slot, by feeding the table lengthwise. By means
of the automatic stop, the feed is disengaged when the cutter has .
reached the end of the slot. ‘The shank of the end mill is not inserted
directly into the spindle of the machine, but into a reducing collet C.
This collet fits into the taper hole of the spindle and is bored out to
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receive the end mill, the shank of which is too small to be placed
directly in the spindle.

One method of machining a dovetail groove for a slide i3 shown
in Fig. 26, which {llustrates another end milling operation. The
cutter used for this work has radial teeth on the end, and also
angular teeth which incline 30 degrees with the axis of the cutter.
The radial end teeth mill the bottom or filat surface of the groove
and the angular teeth finish the sides and form the dovetail. The
way the casting is clamped to the table is plainly shown by the illus-
tration. The cutter is mounted on an arbor which is inserted in the
spindle.

Fig. 87. Finishing Vertical SBurtace with Faoce Mill

An end milling operation is shown in Fig. 27, which differs from
those previously referred to, in that a large face cutter is used, which,
in this instance, is screwed onto the end of the spindle. Large face
mills are employed on horizontal machines for milling flat surfaces
that lie in a vertical plabe. Some cutters of this type, instead of
being threaded directly to the spindle, are mounted on a short arbor,
whereas other designs fit over interchangeable sleeves threaded to the
spindle. The casting illustrated in Fig. 27 is clamped against an angle-
plate to hold it securely, and a strap at the r®ar prevents it from
shifting backward when a cut is being taken. The surface is milled
by feeding the table longitudinally, and only one cut is necessary, as
the work is finisiied afterward by a surface grinder. The number of
cuts required, when milling, is governed by the amount of metal to
be removed and also by the accuracy of the work, as well as the
quality of finish desired.



CHAPTER V

UNIVHRSAL MILLING MACHINE

The milling machine illustrated in Fig. 28 is referred to as a
universal type, because it is adapted .to such a wide variety of milling
-operations. The general construction is similar to that of a plain
milling machine, although the universal type has certain adjustments
and attachments which make it possible to mill a greater variety of
work. On the other hand, the plain machine is more simple, and,
for a given _size, more rigid in construction; hence, it is better
adapted for milling large numbers of duplicate parts in connection
with manufacturing operations.

The universal machine has a column C, a knee K which can be
moved vertically on the column, and a table with cross and longi-
tudinal adjustments the same as a machine of the plain type. There
is a difference, however, in the method of mounting the table on the
knee. As explained in Chapter I, the table of a plain machine is
carried by a saddle Z (see Fig. 2), which is free to move in a cross-
wise direction, whereas, the table”s line of motion is at right angles
to the spindle. The table of a universal machine also has these
movements, and, in addition, it can be fed at an angle to the spindle
by swiveling saddle Z, Fig. 28, on clamp-bed B, which is interposed
between the saddle and knee. The circular base of the saddle has
degree graduations which show the angle at which the table is set.
When the zero mark of these graduations coincides with the zero
mark on the clamp-bed, the table is at right angles to the spindle.
The saddle is held rigidly to the clamp-bed, in whatever position it
may be set, by bolts which must be loosened before making an ad-
justment. The utility of this angular adjustment will be explained
later in connection with examples of universal milling operations.

The feed motion is derived from the main spindle. which is con-
nected with the feed change mechanism enclosed at F by a chain
and sprockets located inside of the column. The power is transmitted
from F to gear-case A containing the reverse mechanism operated by
lever R, which serves to start, stop, or reverse all feeds. Levers T
and V control the automatic transverse and vertical feeds, respectively,
and the longitudinal feed to the table is controlled or reversed by
lever L. The longitudinal feed is automatically tripped by the adjust-
able dogs or tappets D. The vertical feed also has an automatic trip
mechanism operated by dogs D, The table can be traversed by
handles at each end and the cross movement is effected by wheel E.
The vertical hand adjustment for the knee is controlled by hand-
wheel @, which operates a telescopic elevating screw H. Adjustable
dials, graduated to thousandths of an inch, indicate the longitudinal,
traverse and vertical movements of the table. The spindle on this
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machine is driven by pulley P. Speed changes are obtained by shift-
ing levers O, Q and 8, and ‘the speed obtained for any position of
the levers is shown by a table or plate attached to the column. The
machine is started or stopped by lever U which operates a clutch
that engages or disengages belt pulley P. There is an outboard sup-
port for the arbors, having a bronzed-bush bearing and also an ad-

Fig. 28. Brown & Sharpe Universal Milling Machine

justable center (similar to a lathe center), which is Inserted in the
centered end of the arbor when in use. The overhanging arm is rigidly
clamped in any position by lever I, and it can bc nushed back out
of the way when the arbor support is not needed. The arm braces J
are attached to a clamp fastened to the top of the knee.

Indexing or Spiral Head

We have now considered, in a general way, the principal features
of a universal machine, so far as the machine itself is concerned,
but before referring to its practical application, the construction and
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use of the attachment seen at N should be explaimed. This attach-
ment is called the spiral or indexing head and it forms a part of the
equipment of all milling machines of the universal type. The spiral
head, when in use, is bolted to the table of the machine. It is em-
ployed in connection with the foot-stock M, when milling work that
must be supported between the centers. The spiral head is also used
independently, that is, without the foot-stock, in which case the work
is usually held in a chuck attached to the spindle. By means of the
spiral head, the circumference of a cylindrical part can be divided
into almost any number of equal spaces, as, for example, when it is
necessary to cut a certain number of teeth in a gear. It is also used
for imparting a rotary motion to work, in addition to the longit:linal
feeding movement of the table, for milling helical or spiral grooves.

' As a great deal of the work done in a universal milling machine
requires a spiral head, its construction and operation should be thor-
oughly understood. The general arrangement of the design used on
Brown & Sharpe machines i8 shown in Fig. 29. The main spindle S
has attached to it a worm-gear B (see the cross-sectional view) which
meshes with the worm A on shaft O, and the outer end of this shaft
carries a crank J which is used for rotating the spindle when index-
ing. Worm-wheel B has forty teeth and a single-threaded worm A
is used, so that forty turns of the crank are required to turn spindle
S one complete revolution; hence, the required number of turns to
index a fractional part of a revolution is found by simply dividing
fcrty by the number of divisions desired. (As there are different
methods of indexing, this subject is referred to separately to avoid
ccnfusion). In order to turn crank J a definite amount, a plate I
is used, having several concentric rows of holes that are spaced equi-
distant in each separate row. When indexing, spring-plunger P is
withdrawn by pulling out knob J and the crank is rotated as many
holes as may be required. The number of holes in each circle of the
index plate varies, and the plunger is set in line with any circle by
adjusting the crank radially. One index plate can be replaced by
another having a different series of holes, when this is necessary in
order to obtain a certain division. )

Sometimes it is desirable to rotate the spindle 8 independently of
crank J and the worm gearing; then worm A is disengaged from
worm-wheel B. This disengagement is effected by turning knob E
about one-quarter of a revolution in a reverse direction to that indi-
cated by the arrow stamped on it, thus loosening nut G which holds
eccentric bushing H. Both knobs E and F are then turned at the
same time, which rotates bushing H and throws worm A out of mesh.
The worm is re-engaged by turning knobs E and F in the direction
of the arrow; knob E should then be tightened with a pin wrench.
The worm is disengaged in this way when it is desired to index
rapidly by hand, and when the number of divisions required can be
obtained by using plate C. This plate is attached to the spindle and
contains a circle of holes which are engaged by pin D, operated by
lever D,, (see cross-section). This direct method of indexing can often
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be employed to advantage when milling flutes, reamers, taps. etc.,
but, as only a limited number of divisions can be obtained by this
method, it is necessary to use crank J and index plate I for most
of the work requiring indexing.

When the spiral head is used in connection with the milling of
helical grooves (which are commonly but erroneously called spiral
grooves), the main spindle § is rotated slowly by change gears as
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Fig. 29. BSpiral Head used for 8piral Milling and Indexing

the work feeds past the cutter. These change gears transmit motion
from the table feed-screw L to shaft W, which, in turn, drives spindle
8§ through spiral gears, spur gears and the worm-gearing A and B.
The method of determining what size gears to use for milling a helix
of given lead is explained in Part II of this treatise.

There is one other feature of the spiral head which should be
referred to, and that is the angular adjustment of the main spindle.
It i{s necessary for some classes of taper work to set the spindle
at an angle with the table, and this adjustment is made by loosening
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bolts K and turning the circular body 7 in its base. The angle to
which the head is set, is shown by graduations reading to 1% a degree.
The spindle of this particular head can be set to any angle between
10 degrees below the horiontal and 5 degrees beyond the perpen-
dicular. This adjustment is needed when milling taper work which
must be set at an angle with the table.

The footstock M, which is used in connection with the spiral head
when milling parts that are supported between centers, is also ad-
justable so that the centers ¢ and ¢, can be aligned when milling
flutes in taper reamers, etc. The foot stock center is set in line with
center ¢, when the latter is in a horizontal position, by two taper pins
on the rear side. When it is desired to set the center at an angle,
these pins are removed and the nuts shown are loosened; the center
can then be elevated or depressed by turning a nut at the rear, which
moves the center through a rack and pinion.

Work mounted between the centers is caused to rotate with the
spindle, either when indexing or when cutting helical grooves, by a
dog which engages driver plate d. The tail of the dog should be
conflned by a set-screw e, to prevent any rocking movement of the
work.

Spiral heads of different makes vary more or less in their arrange-
ment, which is also true of milling machines, or, in fact, of any other
kinds of machine tools. Machines or attachments of a given type,
however, usually have the same general features, and if one or two
typical designs are understood, it is comparatively easy to become
familiar with other makes. Of course, the operator of any machine
tool should be acquainted with its general construction, but it is even
more important to have a clear understanding of its appplication to
various kinds of work.



CHAPTER VI

USE OF THE SPIRAL HEAD-SIMPLH INDEXING

The spiral head is ordinarily used for such work as milling the
teeth in milling cutters, fluting reamers and taps, cutting teeth in
small gears, or for holding any part which must be rotated either
at the time it is being milled or between successive cuts. As an
example of the work that requires indexing between successive cuts,
suppose we have a cylindrical milling cutter blank which requires 18
equally-spaced teeth to be cut across the circumference parallel to
the axis and with the front face of each tooth on a radial line. The
first step would be to-press the blank on an arbor, assuming that it
has previously been bored and turned to the proper diameter. The
arbor and work is then placed between the centers of the spiral head
and footstock, as shown in Fig. 30. After attaching a dog to the left-
hand end, set-screw e is set against the dog to take up any play be-
tween these parts, and the footstock center is adjusted rather tightly
into the center of the arbor to hold the latter securely.

The form of cutter to use is the next thing to consider. As the
grooves which form the teeth are angular, the cutter must have teeth
which incline to the axis a corresponding amount. A cutter of this
type which is largely used for milling straight teeth, is shown at E
in Fig. 10. The cutting edges (in thig instance) have an inclination
of 60 degrees with the side, and the cutter is known as a 60-degree,
single-angle cutter, to distinguish it from the double-angle type, the
use of which will be mentioned later. After the cutter is mounted
on an arbor b, as indicated in Fig. 30, the straight side or vertical
face is set in line with the center of the arbor as shown by the de-
tail end-view A. There are several ways of doing this: A simple
method {8 to draw a horizontal line across the end of the blank with
an ordinary surface gage (the pointer of which should be set to the
height of the spiral head center) and then rotate the work one-
quarter of a revolution to place the line in a vertical position, after
which the side of the cutter is set to coincide with this line. The
side of the cutter can also be set directly by the centers. The table
is first adjusted vertically and horizontally until the cutter is op-
posite the spiral head center. A scale or straightedge held against
the side of the cutter is then aligned with the point of. the center,
by shifting the table laterally.

The next step is to set the cutter to the right depth for milling
the grooves. The depth is regulated according to the width which
the tooth must have at the top, this width being known as the land.
The usual method is to raise the knee, table and blank far enough
to take a cut, which is known to be somewhat less than the required
depth. The blank is then indexed or turned 1/18 of a revolution (as
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there are to be 18 teeth) in the direction shown by arrow g, and a
second groove is started as at B. Before taking this cut, the blank
is raised until the required width of land is obtained. The second,
groove is then milled, after which the blank is again indexed 1/18
of a revolution, thus locating it as at C. This operation of cutting a
groove and indexing is repeated, without disturbing the position of
the cutter, until all the teeth are formed as shown at D.

Plain or Simple Indexing

The dividing of a cylindrical part into an equal number of divisions
by using the spiral head, is called indexing. The work is rotated

A B C

Pig. 80. Views illustrating use of Spiral Head for Indexing

tnery |

whatever part of a revolution is required, by turning crank J. As
previously explained, the shaft carrying this crank has a worm which
meshes with a worm-wheel on the spiral-head spindle. As the worm
is single-threaded, and as there are 40 teeth in the worm-wheel, 40
turns of the crank are necessary to rotate the spindle one complete
revolution. If only a half revolution were wanted, the number of
turns would equal 40 + 2, or 20, and for 1/12 of a revolution, the
turns would equal 4012, or 3-1/3, and so on. In each case, the
number of turns the index crank must make, is obtained by dividing
the number of turns required for one revolution of the index-head
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spindle, by the number of divisions wanted. As the number of turns
for one revolution is always 40, the rule then is as follows: Divide
40 by the number of divisions into which the periphery of the work
is to be divided, to obtain the number of turns for the index crank.

By applying this rule to the job illustrated in Fig. 30, we find that
the crank J must be turned 2-2/9 times to index the cutter from one
tooth to the next, because there are 18 teeth, or divisions, and 40 = 18
=—22/9. The next question that naturally arises is, how is the
crank to be rotated exactly 2/9 of a turn? This is done by means of
the index plate I, which has six concentric circles of holes. These
holes have been omitted in this illustration owing to its reduced
scale, but are shown in the detail view, Fig. 31. The number of
holes in the different circles of this particular plate are 33, 31, 29,
27, 23, and 21. Now, in order to turn crank J 2/9 of a revolution,
it is first necessary to adjust the crank radially until the latch-pin
is opposite a circle having a number of holes exactly divisible by the
denominator of the fraction (when reduced to its lowest terms) repre-
senting the part of a turn required. As the denominator of the frac-
tion in this case is 9, there is only one circle on this plate that
can be used, namely, the 27-hole circle. In case none of the circles
have a number which is exactly divisible by the denominator of the
fractional turn required, the index plate is replaced by another hav-
ing a different series of holes. The number of holes that the latch-
pin would have to move for 2/9 of a turn equals 27 X 2/9, or 6 holes.
After the latch-pin is adjusted to the 27-hole circle, the indexing of
the cutter 1/i8 of a revolution is accomplished by pulling out the
latch-pin and turning the crank 2 complete turns, and then 2/9 of
a turn, or what is the same thing, 6 holes in a 27-hole circle. After
each tooth groove {s milled in the cutter, this indexing operation is
repeated, the latch-pin being moved each time 2-2/9 of a turn from
the position it last occupied, until the work has been 1ndexed one
complete revolution and all the teeth are milled.

Use of the Sector

After withdrawing the latch-pin, one might easily forget which hole
it occupied, or become confused when counting the number of holes
for the fractional turn, and to avoid mistakes of this kind, as well
as to make it unnecessary to count, a device called a sector is used.
The sector has two radial arms A and B (Fig. 31), which have an
independent angular adjustment for varying the distance between
them. The sector is used by so adjusting these arms that when the
latch-pin is moved from one to the other, it will traverse the re-
quired number of holes for whatever fractional turn is necessary.
Arm A is first set against the left side of the latch-pin, and then
arm B is shifted to the right until there are 6 holes between It and
the latch-pin, as shown in the illustration. When indexing, the latch-
pin is withdrawn from-hole a and the- crank is first given two com-
plete turns and then 2/9 of a turn by moving the crank until the
latch-pin enters hole b adjacent to the arm B of the sector. The
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sector is then revolved until arm A again- rests against the pin, as
shown by the dotted lines. After the next groove is milled, the crank
is turned two complete revolutions as before, with hole b as a start-
ing point, and then 2/9 of a revolution, by swinging the latch-pin
around .to arm B and into engagement with hole ¢. This operation of
indexing and then moving the sector is repeated after each tooth
is milled, until the work has made one complete revolution.

When setting the sector arms, the hole occupied by the latch-pin
should not be counted or, in other words, the arms should span one

O
®)
®)
®)
®)
®)

Pig. 81. Diagram showing how Sector is used when Indexing

more nole tnan the number needed to give the required fractional
turn. In the example referred to, 6 holes in the 27-hole circle are
rvequired, but the sector arms arc adjusted to span 7 holes or 6
spaces, as shown in the illustration. The two arms are locked in
any position by tightening the small screw s. The sectors now ap-
plied to spiral heads made by the Brown & Sharpe Mfg. Co., have
graduations which make it unnecessary to count the holes when ad-
justing the sector arms. The setting is taken directly from the index
table accompanying the machine, the sector being adjusted to what-
ever number is given in the column headed “Graduation.”

In actual practice, the number of turns of the index crank for
obtaining different divisions, is determined by referring to index
tables. These tables give the numbers of divisions and show what
circle of holes in the index plate should be used, and also the turns
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or fractional part of a turn (when less than one revolution is neces-
sary) for the index crank. The fractional part of a turn is usually
given as a fraction having a denominator which equals the number
of holes in the index circle to be used, whereas the numerator denotes
the number of holes the latch-pin should be moved, in addition to
the complete revolutions, if one or more whole turns are required.
For example: the movement for indexing 24 divisions would be given
as 1-26/39 of a turn, instead of 1-2/3, the denominator 39 represent-
ing the number of holes in the index circle, and 26 the number of
holes that the crank must be moved for obtaining 2/3 of a revolution,
after making one complete turn.

Indexing for Angles

Sometimes it is desirable to index a certain number of degrees
instead of a fractional part of a revolution. As there are 360 degrees
in a circle and 40 turns of the index crank are required for one
revolution of the spiral-head spindle, one turn of the crank must

360
equal —— =09 degrees. Therefore, two holes in an 18-hole circle, or
40

three holes in a 27-hole circle, is equivalent to a one-degree movement,
as this i1s 1/9 of a turn. If we want to index 35 degrees, the number
of turns the crank must make equals 35 =+ 9 =—23-8/9, or three complete
turns and 8 degrees. As a movement of two holes in an 18-hole circle
equals one degree, a movement of 16 holes is required for 8 degrees.
If we want to index 111 degrees, the one-half degree movement is
obtained by turning the crank one hole in the 18-hole circle, after
the 11 degrees have been indexed by making one complete revolution
(9 degrees), and four holes (2 degrees). Similarly, one and one-third
degree can be indexed by using the 27-hole circle, three holes being
required to index one degree, and one hole, one-third degree.

‘When it is necessary to index to minutes, the required movement
can be determined by dividing the total number of minutes repre-
sented by one turn of the index crank or 540 (9 X 60 =540), by the
number of minutes to be indexed. For example, to index 16 minutes
requires approximately 1/34 turn (540 = 16 =— 34, nearly), or a move-
ment of one hole in a 34-hole circle. As the 33-hole circle is the
one nearest to 34, this could be used and the error would be very
small.

The following is a general rule for the approximate indexing of
angles, assuming that forty revolutions of the index crank are re-
quired for one turn of the spiral-head spindle:

Divide 540 by the number of minutes to be indexed. If the quotient
i8 nearly equal to the number of holes in any index circle available,
the angular movement is obtained by turning the crank one hole in
this circle; but, if the quotient is not approximately equal, multiply
it by any trial number which will give a product equal to the num-
ber of holes in one of the index circles, and move the crank in the
circle as many holes as are represented by the trial number.
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If the quotient of 540 divided by the number of minutes to be
indexed, is greater than the largest indexing circle, it is not possible
to cbtain the movement by the ordinary method of simple indexing.

Use of Chuck on the Spiral Head

It is often necessary to use a spiral head in connection with milling
of parts which cannot be held between centers and must be attached
directly to the spiral head spindle. A common method of holding
work of this kind is to place it in a chuck which is screwed onto
the spiral head spindle. An example of chuck work is shown in
Fig. 32. The operation is that of milling a square head on bolt B.
As the illustration shows, the spiral head spindle is set in a vertical
position. This is done by loosening the clamp bolts C and turning
" the head 90 degrees, as shown by the graduations on the front side.

Fig. 82. Straddle Milling & Square Bolt-head

‘These clamp bolts should be tightened after the adjustment is made.
The bolt is held in a three-jawed chuck and the body of the bolt ex-
tends into the hollow spindle of the spiral head. The square bolt
head is machined to the required width by a straddle mill. One
passage of this mill finishes two sides and then the spiral head
spindle is indexed 14 of a turn for milling the remaining sides.
This indexing is done by using plate A which is attached directly
.to the spindle. The latch-pin engaging this plate is withdrawn by
lever D and then the spindle and chuck are turned 14 of a revolution,
after which the latch-pin is again moved into engagement. This
direct method of indexing requires little time and is used for simple
operations of this kind, whenever the required movement can be
obtained.
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There is quite a variety of work which is milled either while held
in a chuck or on some form of arbor inserted in the spiral head
spindle. Whether a chuck or arbor is used, depends on the shape of
the work, and, in some instances, on the nature of the milling opera-
tion. Chucks are frequently employed for holding cylindrical parts
that are too long to go between the centers, but are small enough
to pass through the hole in the spiral head spindle. The foot-stock

Fig. 88. Vertical Attachment applied to a Horizontal Milling Machine

center is used to support work of this class whenever feasible. When
it is necessary to hold a part true with a bored hole. arbors of the
expanding type are often used. These have a taper shank which
fits the taper hole in the spindle, and the outer end is so arranged
that it can be expanded tightly into the hole in the work. Small
chucks of the collet type are sometimes used for holding small parts.
instead of a jaw chuck.



CHAPTER VII

ATTACHMENTS FOR THE MILLING MACHINE

The range of a milling machine or the varlety of work it is capable
of doing, can be greatly extended by the use of special attachments.
Many of these are designed to enable a certain type of milling ma-
chine to perform operations that ordinarily would be done on a
different machine; in other words, the attachment temporarily con-
verts one type of machine into another. There are quite a number

Fig. 84. Slotting Attach lled to & Milling Machine

of different attachments for the milling machine, some of which are
rarely used in the average shop. There are, however, three types
that are quite common; namely, the vertical spindle milling attach-
ment; the slotting attachment; and the circular milling and dividing
attachment.

Vertical Milling Attachment

The way a vertical spindle milling attachment is applied to a
horizontal milling machine is shown in Fig. 33. The base of the
attachment is securely clamped to the column of the machine by four
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bolts and the outer end is inserted in the regular arbor support. The
spindle is driven through bevel gears connecting with a horizontal
shaft inserted in the main spindle of the machine.” The spindle of
this particular attachment can be set at any angle in a vertical or
horizontal plane, and its position is shown by graduations reading to
degrees. For the operation illustrated, which is that of milling the
edge of the steel block shown, the spindle is set at an angle of 45
degrees from the vertical. The block is held in an ordinary vise and
it is fed past the cutter by using the cross feed. The opposi.te edge

Fig. 86. Slotting Attachment finishing 8q: Hole in Long Rod
held in Spiral Head

is milled by simply swinging the spindle 45 degrees to the right of
the vertical. Vertical attachments are used in connection with hori-
zontal machines whenever it is desirable to have the cutter in a
vertical or angular position. There are several different types designed
for different classes of work. The style shown in the illustration is
referred to as a universal attachment because of its two-way adjust-
. ment, and it can be used for a variety of purposes, such as drilling,
milling angular slots or surfaces, cutting racks, milling keyseats, etc.

Slotting Attachment

The slotting attachment, as its name implies, is used for convert-
ing a milling machine into a slotter. The base B is clamped to the
column of the machine as shown in Fig. 34. The tool slide 8, which
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has a reciprocating movement like the ram of a slotter, is driven
from the main spindle of the machine by an adjustable crank which
enables the stroke to be varied. The tool slide can be set in any
position from the vertical to the horizontal, in either direction, the
angle being indicated by graduations on the base. When the attach-
ment is in use, a slotting tool of the required shape is clamped to
the end of the slide by the bolt shown, and it is prevented from
being pushed upward by a stop that is swung over the top of the
tool shank. Fig. 34 shows the attachment slotting a rectangular open-
ing in a screw machine tool which is held in the vise. As this open-

Fig. 86. Combined use of Vertical and Circular Milling Attachments

ing must be at an angle, the tool slide is inclined to the vertical,
as shown. A previously drilled hole forms a starting place for the
slotting tool.

Fig. 35 shows another application of the slotting attachment. The
operation in this case is that of cutting a square hole in the end of
a rod. As this rod is too long to be placed in a vertical position,
it is inserted through the hollow spindle of the spiral head and is
held in a three-jaw chuck as shown. The slotting attachment is
swung around to the horizontal position, and after one side of the
opening is finished, the rod is indexed 14 of a turn by using the
direct indexing plate attached to the spindle back of the chuck.

Circular Milling Attachment

A circular milling attachment is shown in Fig. 36. It is bolted
to the machine and has a round table A which can be rotated for
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milling circular parts. This attachment is generally used in connec-
tion with the vertical spindle attachment, as shown in this illustra-
tion. The operation is that of milling a segment-shaped end on a
small casting B. The bored hub of this casting is placed over a
bushing in the center of the table, and is held by a clamp. The
top or flat surface of the outer end is first milled, and then the table
is raised for finishing the circular part as shown. The table of the
attachment is given a circular feeding movement by turning hand-
wheel H. Incidentally this view shows another type of vertical at-
tachment which differs from the one illustrated in Fig. 33 in that it
can only be adjusted at right-angles to the axis of the spindle. This
type is designed for comparatively heavy vertical milling operations.

CHAPTER VIII

GASHING AND HOBBING A WORM-WHEEL
IN A MILLING MACHINE

The universal milling machine is sometimes used for cutting the
teeth in worm-wheels, although when there is much of this work to be
done, regular gear-cutting machines are generally used. The worm
itself should be finished first, as it can be used advantageously for test-
ing the center distance when hobbing the worm-wheel. We shall assume
that the worm has been made, and that the wheel blank has been
turned to the required size.

The teeth of the worm-wheel are formed by two operations, which
are illustrated in Figs. 37 and 38. First it is necessary to gash the
blank and then the te@h are finished by hobbing. Gashing consists in
cutting teeth around the periphery of the blank, which are approxi-
mately the shape of the finished teeth. This is done, preferably, by the
use of an involute gear cutter of a number and pitch corresponding to
the number and pitch of the teeth in the wheel. If a gear cutter is
not available, a plain milling cutter, the thickness of which should not
exceed three-tenths of the circular pitch, may be used. The corners of
the teeth of the cutter should be rounded, as otherwise the fillets of
the finished teeth will be partly removed. _

As the worm which meshes with and drives the worm-wheel is
simply a short screw, it will be apparent that if the axes of the worm-
wheel and worm are to be at right angles to each other, the teeth of the
wheel must be cut at an angle to its axis, in order to mesh with the
threads of the worm. The method of setting the work and obtaining
this angle will first be considered.

After the dividing head and tailstock have been clamped to the table
and the cutter has been fastened on its arbor, the table is adjusted until
the centers of the dividing head and the center of the cutter lie in the
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same vertical plane. If the cutter used has a center-line around its
periphery, the table can be set by raising it high enough to bring the
index head center in line with the cutter; the table can then be ad-
justed laterally until the center coincides with the center-line on the
cutter. When the table is set, it should be clamped to the knee slide.

The blank to be gashed is pressed on a true-running arbor which is
mcunted between the centers of the dividing head and tailstock as illus-

Fig. 87. Gashing a Worm-wheel in a Universal Milling Machine

trated in Fig. 37, and the driving dog is secured, to prevent any vibra-
tion of the work. The table 18 next moved longitudinally until a point
midway between the sides of the blank is directly beneath the center
of the cutter arbor. To set the blank in this position, place a square
blade or straightedge against it first on one side and then on the
other and adjust the table longitudinally until the distances between
the blade and arbor are the same on both sides.

Angular Position of Table for Gashing

The table should now be set to the proper angle for gashing the
teeth. This angle, if not given on the drawing, may be determined
either graphically or by calculation. The first method is illustrated in
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Fig. 39. Some smooth surface should be selected, having a straight
edge as at A. A line having a length B equal to the lead of the worm
thread, is drawn at right angles to the edge A. and a distance C is laid
off equal to the circumference of the pitch circle of the worm. If the
diameter of the pitch circle is not given on the drawing, it may be

Fig. 88. Hobbing the Teeth of a Worm-wheel

found by subtracting twice the addendum of the teeth from the outside
diameter of the worm. The addendum equals the linear pitch X 0.3183.
The angle x is next measured with a protractor, as shown in the illus-
tration. The table of the machine is then swiveled to a corresponding
angle, as shown by the graduations provided on all universal milling
machines. If the front of the table is represented by the edge A. and
the worm has a right-hand thread, the table should be swiveled as indi-
cated by the line ab; whereas if the worm has a left-hanl thread, the
table should be turned in an opposite direction.

The angle that the teeth of the worm-wheel make with its axis, or
the angle to which the table is to be swiveled, may also be found by
dividing the lead of the worm thread by the circumference of the pitch
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circle; the quotient will equal the tangent of the desired angle. This
angle is then found by referring to a table of natural tangents. )

Milling the Gashes in &8 Worm-wheel

When the table is set and clamped in place, as many gashes are cut
in the periphery of the wheel as there are to be teeth. If the diameter
of the cutter is no larger than the diameter of the hob to be used, the
depth of the gashes should be slightly less than the whole depth of the
tooth. This whole depth may be found by multiplying the linear pitch
by 0.6866. Before starting a cut, bring the cutter into contact with the
wheel blank, set the dial on the elevating screw at zero, and sink the
cutter to the proper depth as indicated by the dial. The blank is then
lowered to clear the cutter and indexed for gashing the next tooth.

Fig. 89. Method of obtaining Heltx Angle of Worm

When the cutter is larger than the hob, the whole depth of tooth should
be laid off on the side of the blank, and a gash cut in to this line. The
depth as indicated on the dial should then be noted and all the gashes
cut to a corresponding depth.

Hobbing the Teeth of 8 Worm-wheel

When the gashing is finished, the table is set at right angles with
the spindle of the machine, and the cutter is replaced with a hob, as
shown in Fig. 38. The latter is practically a milling cutter shaped like
the worm with which the wheel is to mesh, except that the thread on
the hob has several lengthwise flutes or gashes to form cutting edges.
The outside diameter of the hob and the diameter at the bottom of the
teeth, are slightly greater than the corresponding dimensions of the
worm, to provide clearance between the worm and worm-wheel. Before
hobbing, the dog 1s removed from the arbor to permit the latter to turn
freely on its centers. The hob is then placed in mesh with the gashed
blank, and the teeth of the worm-wheel are finished by revolving the
blank and hob together. As the two rotate, the blank is gradually
raised until the body of the hob between the teeth just grazes the
throat of the blank. The latter is then allowed to make a few revolu-
tions to insure well-formed teeth.

If the center-to-center distance between the worm and worm-wheel
must be accurate, this dimension can be tested by placing the finished
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worm in mesh with the wheel (after the latter has been hobbed), and
measuring the center distance directly. The worm is placed on top of
the wheel, after removing the chips from the teeth, and it is turned
along until its axis is parallel with the top of the table. It can be set
in this position by testing the threads at each end with a surface gage.
The distance from the top of the worm to the top of the arbor is then
measured, and the difference between the radii of the arbor and worm
is either added to or subtracted from this dimension, to obtain the
center-to-center distance.

If the worm is accurately made and the worm-wheel blank of the
correct size, this center distance should be very close to the dimension
required. If necessary, the hob may be again engaged with the wheel
and another light cut taken. When testing the center distance, as ex-
plained in the foregoing, it is better to lower the knee sufficiently to
make room for the worm beneath the hob, and not disturb the longi-
tudinal setting of the table. The relation between the wheel and hob
will then be maintained, which is desirable in case it is necessary to
re-hob the wheel to reduce the center distance.

The center-to-center distance can also be measured with a fair degree
of accuracy (when using the machine in Figs. 37 and 38) at the time
the wheel is being hobbed. This is done by elevating the knee and
blank until the distance from the top of the column knee-slide to the
line on the column marked cénter, equals the required center-to-center
distance. When the knee coincides with this line, the index centers
are at the same height as the spindle; hence the position of the knee
with relation to this mark, shows the distance betweeen the centers
of the arbor on which the worm-wheel is mounted, and the hob.

‘When worm-wheels are cut in machines especially designed for this
purpose, the wheel blanks, instead of being mounted on a free-running
arbor, are driven by gearing at the proper speed. This makes gashing
the blank previous to hobbing unnecessary, as the change gears insure
a correct spacing of the worm-wheel teeth.
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