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7 PREFACE

TrE machine tools in this volume divide themselves into two groups,
one in which the tools (or work) travel in a straight line, the other group
in which they (or it) rotate. The planer and the vertical boring mill have
stationary tools and the work moves, the others move the tools and hold
the work. There are, however, certain principles involved which are com-
mon to them all. Cutting, speed, clearance, angles, chip clearance and
support for the cutting edge are all problems which must be considered
in all cutting tools. The solution is not the same in all cases, but an
understanding of the principles involved will help in all cases, no matter
what the special details.

It has been our aim to show enough examples of the uses of various
machines to give a thorough understanding of the principles involved so
that adaptations can be readily made to other uses. This requires both
experience and imagination, but the real mechanic enjoys solving prob-
lems which are out of the ordinary.

THE AUTHORS.
New York, N. Y,
June, 1922,
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MACHINE TOOLS AND THEIR OPERATION

PART 1I

INcLUDING

PLANER 'WORK, SHAPERS AND SLOTTERS, IBORING, MILLING AND GEARS

SECTION 1

PLANERS

CHAPTER 1
PLANERS AND THEIR CARE

The first requirements of a planer are that the bed shall be true,
that it be set level and square on the foundation, that it bears evenly
on it, and has sufficient bearing surface and that the cross-rail be
square with the bed. The table has not been mentioned because with
the bed level and well supported and the cross-rail square, the table
can be trued up at any time and it is usually done after a planer is
put into place.

The modern way of supporting a planer or other heavy tool is to
use foundation plates on the order of wedges under each bearing,
between the planer and the foundation. These give a good support
and also allow accurate adjustment in case the foundations settle
and the planer gets out of line. With some such arrangement as this
it is possible to correct quite an error in the planer bed itself, and
to bring it back to level after being worn out of true. No tool will
show the effect of a settling of the foundation more than a planer,
and we know of one instance where the slight giving way of a heavy
floor beam was detected through its effect on the work of a planer
that was supported by it.
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4 PLANERS

The planer ways should be level both across and lengthwise of the
bed and the adjusting blocks allow this to be accomplished with the
aid of a good level. This should be fairly long or be used on top
of a straight-edge long enough to reach across the ways. To be sure
this measurement is made from the V’s themselves and not from the

.F1e. 1.—Leveling blocks.

top of their sides which may not be uniform, take two round bars
or gages of equal diameter and lay one in each V, then lay the level
across these and you can get the level of the V’s themselves. Figs.
2 to 4 show how it can be leveled in both direections.

A good foundation can be made from a proper concrete mixture
but wedge-blocks or foundation plates should be provided. The type

Fia. 2.—Testing ways crosswise.

shown at A, Fig. 1. These can be spaced as shown in B and C while D
shows the block in place under one corner. It will be noted that
pockets are provided in the concrete to admit the easy use of a wrench
for adjusting the block. This plan enables the planer bed to be leveled
in an hour or two and kept in shape for first class work.

With a good foundation and adjusting wedges, all that is needed
are two accurately sized cylindrical plugs or bars as at 4, Figs. 2 and
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3, a good test bar B and a precision level C. Planers large enough to
have a bed without legs, are leveled by the blocks with the aid of
the tools mentioned, in the order indicated in Fig. 4. As this shows,
the first step is to level across the bed between the housings, then
lengthwise, beside each housing, the crosswise as at 4, following with
the portions of the bed marked 5, 6, 7 and so on, in the order given.

Fi16. 3.—Testing ways lengthwise.

Another method, especially where a precision level is not available,
is to use a few gallons of kerosene as shown in Fig. 5. Here the two
V’s are connected by the piping shown so that the level will be the
same in both V’s. A surface gage is mounted on a block which fits
the V’s as shown at A. This is moved along each V and the height of
the kerosene tested with the bent end of the scribe.

F16. 4.—Testing large planer.

The magnifying glass, Fig. 5, shows how capillary attraction causes
the kerosene to rise to meet the needle, but this is a help rather than
a hindrance. For it has been found that this rising occurs when the
needle point is about two-thousandths of an inch above the surface,
which gives a very good guide for leveling.
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PLANERS

PROTECTING THE PLANER WAYS

The ways of a planer must be true if good work is to be done
and yet they are the most exposed of any bearing in any machine we
use. On short work you often see a careful planer hand cover the
end of the ways not being used, with narrow boards or with canvas.

Fie. 5.—Testing with kerosene.

Some shops stretch a canvas or cotton-cloth canopy over the whole
planer to keep dirt and chips from sifting down on the ways from
the ceiling, from the cranes carrying castings with core sand in them
or from the floor above when there is one.

A good method of protecting planer ways is shown in Fig 6. This,
as will be seen from Fig. 6 consists of two strips of heavy duck wound
upon spools located at the end of the bed, the outer ends of the strips
(which are of course somewhat wider than the V’s) bheing attached
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to the end of the platen at points directly over the ways. The spools
are mounted, as upon a spring-actuated shaft which, upon the platen
moving forward, permits the protecting strips to be unwound; the
tension of the springs, which are wound up by the forward movement
of the platen, acting precisely like a window-shade roller spring to
keep the strips taut at all times and rewind them on the spools as the
platen returns.

To keep the canvas strips clear of the corners of the bed a pair
of rollers carried by swinging arms pivoted in suitable brackets are
interposed between the bed and the spools. The pivoted members are
weighted and normally the position of the rollers is that indicated at
the left, the weights swinging the arms upward until a stop screw
contacts with the end of the bed. In this position the rollers lift the

F16. 6.—Protecting the planer ways.

strips above the ways and prevent their dragging on the edge of the
bed during the travel of the platen. As the platen returns and the
protecting strips are wound up tight on their spools by the action of
the springs, the two blocks secured to the under side of the strips
come in contaet with the rollers carried by the pivoted arms and swing
them into the position shown at the right, out of the reach of the V’s
under the platen. Upon the reversal of the machine and the forward
movement of the platen the rollers again swing up into normal position
to lift the strips clear of the edge of the bed.

TESTING THE CROSS-RAIL

Having leveled the bed the next thing is to find if the cross-rail
is true or square with the ways. This can be measured from the cross-
rail to the V’s with the table run back, and after seeing that it is
square the table should be planed off square and level with the bed
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and rail. After the bed is planed level and true with the ways the
truth of the cross-rail in any positions on the uprights can be tested,
as shown in Fig. 7, and this should be done if there is an important
job on hand as the cross-rail can very easily get out of level by one
screw raising a little faster than the other. There are other ways
of testing this, but it is very easy to clamp the micrometer to a tool
and run the thimble down until it holds a piece of tissue paper. Note
the reading, run the thimble up a little and move the tool saddle
across to the other end of the cross-rail. Run the thimble of the
micrometer down again, and if the rail is exactly level the reading
will be the same as before; if it is not it shows the amount it is out
of level.

Special, large, steel squares are used in squaring up the guiding
surfaces on the uprights or housings, some of these being provided with

Fi6. 7.—Testing cross-rail.

accurate levels in the lower arm. But with the table leveled it is
casy to square the uprights.

It is always well to bear in mind that a level table may not mean
that the V’s are level. They may be low in the center and produce
hollow work. The center of the planer bed should be sct from one
to two-thousandths higher than the ends.

Another method is to use a dial indicator as in Fig. 8, testing
the rail for being level, by moving the head to different positions.
Before doing this it is well to be sure that the planer table is level
which can be done by taking a very light cut over it after the planer
is installed or after the bed has been leveled up for any reason. This
can sometimes be avoided by ecarcful testing at various points of
the bed.
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‘When we consider the back lash of the elevating screws and gears,
the short bearing the cross-rail has on the housing, and the weight
of the rail and its heads, it is something of a marvel that any planer

F16. 9.—Using square and indicator.

can plane square when the rail is moved into various positions. The
back lash of the screws can be taken out by running the rail down
further than necessary and then raising it to the desired point. On
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very accurate work it is well to test the rail for squareness after
setting it in a new position.

It frequently happens that the slide of the saddle is not square
when the swivel scale is set to zero. This should be tested for accurate
work. This ean casily be done by the method shown in Fig. 9. Here
a dial indicator is fastened in the tool block so as to touch a large,
aceurate square which rests on the table. By taking readings at dif-
ferent positions along the blade of the square it is easy to see whether
the slide is square or not. If it is not square, loosen the swivel bolts,
shift the swivel until the slide is vertical as shown by the indicator,
and make a new zero mark.

PROTECT THE TABLE

The table should be protected better than is done in many cases
as it is not a good plan to use it for an anvil or a straightening plate,
nor to let castings fall on it any more than nccessary as it not only
mars the table, but has a slight pecning action that may in time change
.its shape. Some of the careful planer hands always lay boards or
strips of old belting on the table when putting on heavy work in
order to protect it from heavy blows should the work slip. These are
then taken out by raising one side at a time and the work lowered
onto the table itself.



CHAPTER II
HOLDING THE WORK

When a casting is cooling in the mold the outside cools first, and
strains are set up which sometimes warp the casting or even break it.
But even if it comes out straight some strains are there waiting to
show themselves when the surface or skin of the casting is removed.
This is also true to a less extent with rolled or drawn-steel stock and
must be watched by the planer hand who wants to turn out a good
job. For this reason you will sce what may scem like unnecessary
work as the man who knows will first rough plane onc side of a piece,
then turn it over and rough plane the other before finishing the first
side. This is often done even where there is no need for finish, such
as the underside of lathe beds, and is quite necessary even where the
work is thick, if it is to be aceurate when finished.

SPRINGING WORK

Although it seems strange to think of a heavy block of cast iron
springing enough to notice from the pressure of the clamping bolts,
it is too often the casc unless care is taken to avoid it. It can be
taken as a good rule not to clamp or bolt a picce of work any tighter
than is necessary to prevent the tool from lifting it. It is best to
take the end thrust of the tool by blocks or stops at the end of the
piece. Blocks should also be used to take as much of the side thrust
or tendency of the tool to erowd the work across the table in the
same way, and bolt down as little as can be done with safety. This
is only a general suggestion and will have to be modified to suit
conditions.

Springing can also be avoided by making sure that the work is
supported directly under the strap or elamp, if at no other place, as
if this is not done it is impossible to avoid springing the work and
it will not be true when it comes off the plancr.

It is quite common practice to use thin stecl wedges or shims to
get an even bearing between the casting to be planed and the planer
bed, using a wedge under four, six, or as many points as required
to give a good support. Then when the work has been rough planed

11



12 PLANERS

on the back side, it is turned over and again supported, but on strips
of paper instead of steel wedges. Paper is very handy in this respect,
as it comes quite uniform in thickness.

HOLDING WORK FOR PLANING

One of the important features in all planer work is the proper
clamping of the work to the table, and it pays to have plenty of
clamps and straps and to have them made so as to suit a large variety
of work. In many places the only strap is a plain flat bar with a
hole in the center for the bolt, or perhaps two or three holes to allow
it to be placed in different positions. This kind of a strap always
requires blocking up at the end away from the work to an amount

/c;O

a Fi6.10
Fic.11 Fic.13
—17
O 7/ 2
In a Hole
Fi1G6.12 F1c.14

F16s. 10-14.—Straps for holding work.

equal to the thickness of the piece being clamped. Some of this can
be avoided by the use of angle clamps as shown in Fig. 10 and, of
course, the bent end a will have to vary in length aceording to the work
in hand. But a few of these with the end e of varying lengths will
be found extremely useful in any planing job. Fig. 11 shows a very
popular form of strap, as it can be taken on or off by simply slacking
the nut and does not require the nut to be taken off. Fig. 12 is often
used for holding work which has openings on the side into which the
point of the clamp goes and leaves the top of the work perfectly clear.
Sometimes holes are drilled in the side of the work for this strap to bite
into. This can be made of a variety of shapes and sizes and the clamping
point is often bent up or down as the case may demand, somewhat similar
to the bent open strap shown in Figs. 13 and 14. These show strap 11
bent so as to accommodate different cases and how it can be used on
the main piece by using different parallel strips or blocking. -

One of the main things to remember is that in all cases the strap
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should be as nearly level as possible and the bolt should be as near
the work as circumstances will allow. Fig. 15 gives some good and
bad ways of using straps.

It is comparatively easy to clamp heavy work to the planer, and
the most difficulty is experienced when it becomes necessary to plane
thin pieces of work as shown in Fig. 16. There are a number of ways

| 7 :
— | &L W

F16. 15.—Methods of clamping.

e —— AN Fic. 16 —Holding thin work.

F16.15

in which this can be done, this being only a suggestion which can
probably be modified to advantage in many cases. As in all other
work it should be the aim to take the thrust of the tool by stop block
and only use the clamping device for holding the piece level on the
planer table. In this case the piece 4 has a sharp or serrated edge and

F16. 17.—Another application to thin work.

the pieces BB are sharp-pointed tool steel so that the point will be
forced into the work by the set-screws in the block at the end. If the
set-screws have cupped points the pieces BB should be sharp at both
ends, but if cone-pointed set-serews are used it is, of course, necessary
to have one end of the pieces eupped to receive it.

A somewhat similar method is shown in Fig. 17.
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STOPS AND OTHER FURNITURE

Three clamps or step blocks are shown in Figs. 18, 19 and 20,
the first two being the more common and easicer to make. These are
made of square-machine steel with the end turned down to fit the
round holes in the planer table and the square portion above is tapped
for one or two set-screws according to the work it is designed for.
If arranged for two serews as at A in Fig. 18, it is particularly
useful in a corner as one set-screw can go against each side of the
piece. It also gives practically two blocks as in some cases it is much
more convenient to have the secrews high or low as the case may be.
Block B is very similar to the other except that the set-screw is at
an angle which will be found very useful in many cases. Fig. 19

F1G.18

FiG.19
Fi6. 18.—Two simple serew clamps.

Fi16. 19.—Another type of clamp.

makes a very rigid clamp and when work is held between a number
of these and a substantial angle plate on the other side, it is very
similar to a planer chuck. The angle of the serew is perhaps excessive
in the sketeh, but it will naturally vary with the work in hand.
Figure 20 shows what might be called a self-contained clamp which is
useful at times. The arm A and the clamping bolt B are both hinged
in the base C which is held to the table by a T-headed bolt.

Parallel strips arc a necessity among planer furnishings, but instead
of making them of cast iron and having them carefully planed up as
formerly, a number of shops are using die-drawn steel bars for this
purpose. By using a little care in the selection of these and measuring
them so as to sccure uniformity, it is generally possible to huy this
material practically as aceurate as the average parallel strip is planed
up, and as all that is necessary is to saw them to any desired length
from the bar, they are decidedly cheaper to make.

In order to avoid having an extremely large number of parallels,
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it is quite customary to plane somé of these in steps as shown in
Fig. 21, so that they will accommodate a number of different heights.
The best proportion for these must be determined by each shop accord-

F16. 20.—A self-contained clamp.

ing to its own particular work, but a suggestion may possibly be had
from Fig. 22, which shows a small parallel block which will give five
different heights varying by quarter inches from onc to two inches,
inclusive, according to the way in which it is used.

Fic.21
4
1
!
i /,“‘:,’{;
. ::\‘: */
i® 1B
|7
F16.22 F16.23

Fies. 21-22.—Stepped blocking.
F16. 23.—Simple planer jack.

By laying out the steps of parallels in this way they can be made
to give a large variety of graduations and will be found extrcmely
useful. Figure 23 is a cheap form of planer jack which consists simply
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of a cast-iron cube or other shaped block having a hole tapped in it
for the set-secrew shown. Every planer should be supplied with all
the furniture that it needs, and a goodly stock of these small blocks
shown in Fig. 22, and the jack in Fig. 23 will be well repaid. They
cost very little to make and a man can very easily spend more time
hunting around for the right block than a number of these would
cost, and these save time on practically every job that comes to
the planer.

OTHER WAYS OF HOLDING FLAT WORK

Figures 24, 25 and 26 show other ways of holding work that is com-
paratively thin. The first is very common, but not especially desirable.

=0 i

Fi6.24

M
I

F16.26
Fi16s. 24-26.—Forcing work downward.

If, however, the straps bear as near the top of the piece as possible,
it answers very well.

Figure 25 shows a plan used to take the place of a chuck. The angle
plates have tongues fitting the planer-table slots, and are, of course,
bolted down. Set-serews are provided in cither or both of these, and
in this case a three-cornered clamping block is used for the holding
down. The set-serew bears against the upper corner, the corner next
to this rests on the table and makes a fulerum, while the long end grips
the work and has a downward movement which tends to hold the
work in place. Figure 26 is another and somewhat similar plan for
holding thin work; the jaw at the right has sort of hinged gripping
jaws which always tend to hold the work down. The plan of mounting
thin work on a block as in this case has advantages at times, but
unless the support comes very close to the edge there is apt to be a
bending tendeney to the piece and it will be planed thin in the middle.
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THE PLAN OF MARKING HARD CASTINGS

As planing is usually the first operation, some shops depend on the.
planer hand to act as a guide for the following operations, so far as
the hardness of the metal is concerned: If he strikes a casting which
is harder than usual, he marks the word ‘‘hard’’ with chalk in a
conspicuous place where it will not be rubbed off, and this is a guide
to all future operations. On seeing this the milling-machine man will
adjust the speed of the milling cutters accordingly so as not to dull
them, as would be the case if run at the usual speed, and as milling
cutters represent quite a large investment, many dollars can be saved

liee
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F16. 27.—Planing milling machine beds.

in this way during a year. It is simply an example of codperation
" between departments which should be very much more common than
it is, and all those in the shop should feel that they are working for
the best interests of the shop as a whole instead of trying to make a
show for their department at the expense of all the rest.

The work shown in Fig. 27 rests on paper at six points, three on
cach side, and two thicknesses are used at each point in this case.
This insures a good, even bearing, and the work is held down by
straps at the end, the thrust being taken by the end blocks or stops,
two varieties of straps being shown on this job. This also shows how
work is grouped or strung along the table, so that a long cut can be
taken and the cost per piece materially reduced. The ends which
join each other are clamped by a plain strap and only room enough
for the holt allowed between.
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FIXTURES, GAGES AND TOOLS

The use of jigs or fixtures for planing, as in other kinds of
machining, depends on the quantity to be planed and the expense
which is justified. If there are only a few picces to plane we must
devise some cheap, temporary fixture, usually blocking of some kind
to hold it, and this often mecans considerable work if the piece is
irregular in shape, as in the ease of a knee for a milling-machine.
But when a quantity is to be made it is economy to make some sort
of jigs or fixtures for holding them so they can be readily put in
place or taken down. Only in this way can the cost of planing
be reduced as it should. It often happens that it takes almost as
long to put a piece on the planer properly as it does to plane it after
it is in place. This handling time eannot be reduced by inereased
cutting speeds so that the importance of reducing the time for chucking
or clamping becomes apparent.

Figure 28 shows a string of milling-machine knees held in fixtures
that support the front end. These fixtures have a tongue which fits
the T-slot of the table and elamps the front end of the knce between
the side set-screws, while the lower ones at the angle adjust the height
so as to make the piece level. The side straps hold the work down
by clamping the screw projection against the block underncath. At
the sides of the knce toward the back are the double-serew stop blocks.
These fit into the table and have sct-serews running both ways through
the square upright. When the lot is large enough, two strings of these
are used at once, one on cach of the outer T-slots and both planer
heads can then be put to work. In this way a long cut can be taken
without reversal and the cost of planing can be considerably reduced.

LARGE PLANING FIXTURES

Another example of this kind is shown in Fig. 29, and is one of
the best cases of large jig planing we know of. Here six large milling-
machine knees are hung on the planer bed at one setting and hoth of
the heads brought into operation. These are large pieces, each of the
jigs shown heing ahout 30 inches high.

18



FIXTURES, GAGES AND TOOLS 19

The top faces of these knees are first planed with their proper
dovetail, and these surfaces are used for locating and clamping them
in the fixture. These fixtures are first carefully lined up with the bed
so as to be perfectly square in both directions. After this it is an
easy matter to swing the castings into place and slide them down into
the jigs with an overhead crane or hoist of some kind. By substituting
different widths of shoes at the sides these jigs can be used for several
sizes.

Fie. 28.—A string of knees. F16. 29.—Good planing fixtures.

USING PLANING GAGES

The use of planing gages is very clearly shown in Fig. 30. This
method of planing to the correct size is interesting, instructive and
ceonomical and should be carefully studied and considered. It does
away with all but the preliminary laying out, on the first surface
planed in order to have the casting clean up along its entire length.
After this has been done and the first surface has been correetly planed,
these gages cnable a careful man to get very accurate results and
practically cut out all chance of making mistakes.

In this case the inside or column dovetails have been planed first,
and the knee is simply slipped down. over a form or angle plate, which
represents the column of the milling machine itself. In setting this
angle plate care must be taken to have it square with the planer table
in hoth directions, but after this is done no further attention need
be paid to this end of the work, and the knees to he planed are elamped
to this plate and supported at the outer end in any way that will
prevent springing under the cut.

The gage shown in place has a dovetail projeetion at the back
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which just fits inside the planed surfaces of this bearing of the knee,
and has been carefully laid out so that the angular sides shown in
front are in exact relation to the dovetail projection which are slid
into the fixture. This gage is put in place after the top surface of
the knee has been planed, and all that is necessary is to set the plancr
head at the desired angle, 45 degrees in this case, and plane the angular
sides until these sides are a continuation of the angular sides of the
gage. When this is accomplished on both sides of the knee the planer
hand knows without measuring that they are correct and will fit the
table which is to be mounted on them.

The other gage shown lying on the planer table is used in a some-
what similar way, being located in front of one or more carriage slides,

Fi16. 30.—Planer gages.

and the dovetails planed until they match the dovetails of the gage.
Both the work and the gage are located by a steel strip which fits
the planer-table slot and also the slot in the work and in the gage.

SUPPORTING OVERHANGING TOOLS

It is one of the first principles of planing, or, in fact, of almost
any machine work, that the cutting tool should be supported as rigidly
as possible, and the overhang reduced to the lowest point. There arce
many cases, however, where on account of projections on the piece
to be planed it is absolutely necessary to have the cross-rail of the
planer at a considerable height above the surface to be planed, in
order to clear this projection. This means overhang in spite of any-
thing we can do, and to offset this we make planer tools with long,
heavy shanks so as to be stiff as possible. Even with this, however,
it usually prevents the taking of a good cut on account of the spring
of the tool, and as a cure for this disease we recommend the treatment



FIXTURES, GAGES AND TOOLS 21

shown in Fig. 31. This is a strongly ribbed arm which projeets from
the side rail and carries an adjusting screw in the end so as to make
a positive support for the shank of the tool, or the tool holder in this
case, as close to the cutting point as is possible. While this is not
as good as though the entire overhang could be avoided, it is a decided
improvement over the usual method of support and allows a fairly
good cut to be taken, and also makes it possible to secure a more
accurate job. This is a large piece of work, as can be seen from the
size of the tool shank and the use of ribs under the base, and
while it may not be possible to adopt this particular form of tool
support in all cases, it gives an idea which can be adapted to suit
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Fi6. 31.—Supporting overhanging tools.

many conditions. In this case it is connected to the elevating screw
of the cross-rail so that it can be easily moved into any desired
position. One of these on each side makes it possible to use two cutting
tools and get good results from them both.

PLANER TOOLS

In addition to the round-nose roughing tool, which is very popular
for roughing cuts on almost any material except brass, and which
very closely resembles the regular round-nose roughing tool used in
the lathe, some prefer a tool very closely resembling the old diamond
point, as shown in Fig. 32. In place of forging this in the usual way,
as shown by the dotted line 4, a much different tool is produced by
omitting this depression and having the diamond-pointed nose project
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straight up from the body. In order to support the cutting edge there

should be very little clearance, so that the point of the tool will be
nearly straight.

For a finishing tool on cast iron some prefer a shape similar to
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Fies. 32-34.—Plain and spring tools.

Fig. 33, in which the cutting edge is at an angle of about 40 degrees
so as to produce a shearing cut. Many, however, use a tool with a
broad face of this kind, but have the cutting edge square across. For
finishing stcel some use a tool somewhat similar to this, and having
‘an edge on the angle; but the cutting edge of the tool is rounded



FIXTURES, GAGES AND TOOLS 23

so as to cut only in the center, and in this way curls up the chip
somewhat similar to that coming from the lip of a twist drill, and
the cut is also direetly under the body of the tool.

Figure 34 shows a variety of spring tools, which, instecad of being
forged with the regular goose necks, sccure their spring by having
a hole drilled through the shank and a saw-cut being let into this

Roughing
Finishing
Fi1c.36 H
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F16s. 35-37.—Special planer tools.

hole. Their various uses can be casily seen and need no explanation.
For radius tools there is nothing better than the one shown at the
right, in which the cutting edge is simply a round disk held on the
tool body either by a central stud or by two cap-screws is shown on
larger sizes. '

The tool shown in Fig. 35 is made especially for planing the V’s
on lathe beds, but various modifications of this can easily be made
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to suit other work. This is one of the tools in which the cutting edge
is brought back behind the back edge of the shank, in order to avoid
all digging in, which occasionally happens when this is not done. With
the cutting edge behind the bottom of the tool shank it is easy to
see that any springing of the tool must throw the cutting edge away
from the work instead of digging into it.

Figures 36 and 37 show two forms of adjustable tools. In this case
the tools are fastened rigidly in the holder and the clapper box is
depended on to raise them out of the cut on the return stroke. The
taper pin D coming down against the back of the cutters C forces
them out and, of course, increases the distance between the cutting
points., The details make the construction of the tool very plain.
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Fi6s. 38 and 39.—Two double tool holders.

In Fig. 37 this is reversed in order to bring the cutting edges closer
together as the blades are extended from the shank. This is for use
in planing tongues or any other raised portion which is to be a certain
width, and in this case it is only necessary to center the tools so that
the tongue or rib will come in the correet position and bring the tool
down over the work, as it cuts both sides at once and sizes it.

Figures 38 and 39 show two double tool holders in which each tool
is held in an independent clapper box of its own so that the tool,
as a whole, can be clamped rigidly in the tool block. In Fig. 38 the
tools and their clapper boxes are at an angle, in Fig. 39 they are
both horizontal.

Goose-necked tools of the old style have little use on the modern
rigid planer. In some cases however it may be desirable to bring the
cutting edge back and the tool shown in Fig. 40 has some good points.
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This tool does not have to be reforged and only a small piece of tool
steel is required, as against the large piece in the solid tool. Any
desired shape tool can be inserted making what is practically a new
tool at only the cost of the cutter.

Figure 41 shows a very broad face finishing tool which gives good
results where the surface warrants its use. Only a hand feed can
be used to get the most out of such a cutter, A 4-inch feed can be
used. The whole thing must be very rigid and the illustration gives

Angle of Tool = 30°,

F16. 40.—Inserted planer tool. Fi6. 41.—Broad finishing tool.

all necessary dimensions. It must be set dcad level with the planer
table.

TWO HANDY PLANER TOOLS

In some shops where a variety of planer work is handled, the
machinist is not always provided with a sufficient supply of tools.

The universal tool holder shown in Fig. 42 takes the place of
single-sided tools and tool holders, as it can be used to advantage any-
where they can be used. It can be made cheaply, three forgings only
being necessary. The shank of the tool should be rather long, and
it need only be finished at the bottom, faced on both sides and bored
for the swivel-box spindle.

The swivel box and the tool block are machined as shown. The
taper-pin hole is drilled with the two parts together. Any kind of
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spring can be used, but the one shown has proved satisfactory and
is of a form quite easy to make.

In use, the clapper box or apron on the head is blocked to keep
it from swinging. The beauty of the lower clapper box is that it
cannot be set wrong, as when a tool is set to cut one Wa&, the apron
must be right. .

Cutting out a circle to gage, with a common round-nose tool, is
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Fic. 42.

F16. 42—Tool bar and head.
Fi6. 43.—Rotating head planer tool.

about the most tedious job a planer hand can get. The tool shown
in Fig. 43 not only makes the work more agreeable, but does a better
job in much less time.

The tool block and its spindle are solid and consist of a wormwheel
with a tool slot, a setserew and a setscrew boss, and a spindle with
a nut which should tighten against a shoulder. Meshing in the worm-
wheel is the worm shown, held by two plates, cap-serewed to the bar.
One end of the worm shaft is squared and fitted with a ratchet handle.
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In operation the head is clamped to the rail and the apron set
central. The ratchet can be mechanically operated, if so desired, by
clamping a stop to the table, high enough to clear the job and move
the handle the necessary amount, but owing to the variation in stroke,
the hand-operation of this ratchet feed is best and safest in most cases.

SPRING TOOL FOR CUTTING BAR STOCK

‘While spring tools are not recommended for regular work, there
are special cases where they have been found very useful. Such a
case occurred during the war where a lot of bar stock for shrapnel
had to be cut off with no machine but a planer available in a French

F1c. 44.—Tool for cutting off bar stock.

shop. The regular type of rigid tool would not stand up but the
spring tool shown in Fig. 44 proved very satisfactory. The width of
the cutting blade however must not be too thin—34 ineh being about
the minimum for cutting 314-inch bars.

PNEUMATIC TOOL LIFTER FOR PLANER

A large contract required much planing on long bedplates and
other similar pieces. Judging by the quantity of metal removed, the
planer tools were wearing out fast. A little study showed that the
abuse of the tool on the return stroke was responsible for this wear,
especially when planing the bottom of bedplates, where the tool would
rap severely against the webbing. The pneumatie tool lifter shown
in Fig. 45 solved the trouble. The apparatus consists of a cylinder
and piston A supplied with compressed air at about 75 lb. pressure
through the opening B by means of an air hose from the controller
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valve. The piston rod is connected to the lever C, which is fulerumed
at one end. As the air is applied to the piston, the lever lifts the tool
jack by means of the rod D and lifter bracket E. It will be noticed
that the end of the lifter bracket on which the rod lifts is spherical.
This was done in order that the tool jack might be used at an angle.
In operation it was found possible to use the lifter successfully when
the tool jack was at an angle of 20 deg. with the vertical,

Fi1c. 45.—Pneumatic tool lifter.

A three-way air valve was connected to the belt shifter at the
side of the planer and timed so as to admit air to the cylinder at the
beginning of the return stroke and exhaust it at its completion, thus
lifting the tool from the work during the return stroke and dropping
it back in place just before the cutting stroke.

In case of short work, where it was not desired to use the lifter,
the rod was unhooked and swung up out of the way.



CHAPTER 1V
DIFFERENT KINDS OF WORK

GENERAL SUGGESTIONS ON PLANER WORK

The kink shown in Fig. 46 is overlooked in too many shops. When
you work with a planer, shaper or miller chuck, you must always
figure on the solid or ‘‘dead’’ jaw for the alignment of a piece which
has to be squared up. The movable jaw of the average chuck is not
to be relied upon. Placing a round bar A between the live jaw and
the work W forces the latter against the true surface of the dead
jaw and helps produce square results.
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F16. 46.—Squaring work in vise. F16. 47.—Stop block and side screw clamps.

JUDGMENT IN USING CLAMPS

A great deal of time is lost on planers in putting on too many
clamps with too little judgment. A properly ground planer tool will
not tend to lift the work; the thrust will be down and against the
motion of the platen. A piece of work properly stopped endwise does
not need much clamping and can be held sidewise by means of such
stops as are shown in Fig. 47, any onc of which may be applied in
much less time than the customary U-clamps. The square side-bar,
in connection with the smaller screw-stops B and C, in reality takes
the place of a planer chuck and will earn dividends on a large class
of work.

29
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EMERGENCY JOB

There are many emergency jobs of planing that have to be done
and that tax a man’s ingenuity to the utmost. This is especially true

I

F16. 48.—Planer tool mounted on table.

F16. 49.—Planing at end of table.

of a job shop that gets the reputation of never letting a job go by.
One of these cases is shown in Fig. 48, where a large casting is being
planed by a machine too small to carry the piece. A heavy angle plate
is fastened to the table, the tool saddle mounted on this and the
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machine becomes a traveling-head planer, which is first cousin to a
shaper. Many modifications of this can be made to suit conditions,
and it often helps out of a bad hole.

A somewhat similar emergency job was handled as shown in Fig. 49.

HOLDING ROUND BARS

Two ways of holding round bars are shown in Figs. 50 and 51. Both
require a little special furniture but none that is expensive to make.
Both illustrations explain themselves.

\
Fi16. 50.—Holding round bars.

"Although slitting sheet metal is hardly a job for the planer in
the average shop, the emergency sometimes arises when the planer
is the only machine available for handling long sheets. Figure 52 shows
a method that worked very satisfactorily in one instance.

The sheet of metal A, was fastened to the planer table and the
tool B, carrying a wheel cutter such as arc used in steam pipe cutters,

Fie. 51.—A double round bar holder.

was fastened in the tool block. The wheel was set so that the cutting
cdge came at the cdge of one of the T-slots as shown. Sheets of
considerable thickness can be cut in this way without difficulty.

MAKING A PLANER PLANE ITS OWN WAYS

As a consequence of long use, occasionally by careless machinists,
the ways of an old planer were scored and eut so badly that little
bearing surface remained. When it hecame necessary to refinish them
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there was no planer large enough to take in the entire bed of the old
planer, so it became necessary to find some other way of doing the

work. The design of the ways made possible the following method as
shown in Fig. 53.

Fie. 52.—Cutting sheet metal on planer.

The finished surfaces A and B on the top of the bed had been
accurately finished when the original machine work was done on the
ways, and were paralleled with them. Pieces of iron were planed to
fit the surfaces A and B and were attached to the bottom of the

SECTION THROUGH TOP OF PLANER BED
F16. 53.—Making planer true its own ways.

table, raising it about !/,, in. from the original bearings. Then the
head was taken off the cross-rail and bolted to an angle plate at one
end of the table. A tool was used which just cleared the end of table,
and the travel of the table was adjusted so that the rack was nearly
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out of mesh with the large driving gear at the end of travel. It was
then an easy matter to plane the ways for practically half the length
of the bed.

After this work was completed the angle plate and head were
moved to the opposite end of the table and the other half of the ways
finished, the tool cutting on the return stroke of the table. A space
about two inches long, which could not be reached because the ends
of rack were flush with ends of table, was afterward finished by hand.

UNUSUAL PLANER JOBS

Just to give an idea of the variety of work which is handled on
planers in different shops, the following illustrations will suggest ways

F16. 54—Open side planer work.

and means of handling almost any kind of a job which may come
along. Figure 54 shows how a big open side planer is being used to
plane the bearing end of a large stationary engine frame. This end
is fastened to the planer table while the outer end is supported on
the I beam which rests on rollers, these in turn rolling on a suitable
track. The outer end of the bed is also held in position by the angular
bar which ties it to the table of the planer.

Another unusual job is shown in Fig. 55 where ten large castings,
weighing about 7 tons each, are being planed at one setting on a ten-
foot planer. This makes a load of 70 tons on the planer foundations
in addition to the weight of the planer itself.
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Locomotive shop planers are often rigged up to plane the radius
on the link used in their valve motions although this is not the best
nor the most economical method of machining them. Figure 56 shows
a somewhat similar job and the way in which it was done on a job
shop planer. No boring mill was available so the pin or stud E was
fastened into the planer table A and the plate B made to carry the
link which was to be planed. The plate B was slotted cross-wise as
shown, the slot being a fairly good fit on the pin. The casting C was

F16. 55.—A big planer job.

then bolted to the side of the plate B its outer e¢nd being fulerumed
at F in the support D which bolted to the floor. The link to be planed
is fastened to the plate B and the work is ready. The planer tool is
set to the desired radius from F, 72 inches in this case, and the planer
started. As the table moves back and forth the plate B is free to
move on it with the fulerum F as a center, the pin E preventing end
movement but allowing perfeet freedom sideways. This proved very
satisfactory in a number of similar cases.
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CUTTING SPIRALS

Cutting spirals is usually a job for the milling machine with its
indexing head which can‘be power driven. They can however be
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Fi6. 56.—Planing a large link radius.

cut on the planer where nccessary and in the case of large work,
this is frequently the better way. A very old method is shown in
Fig. 57. The roll to be planed is mounted on bearings in which it
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Fi6. 57.—0ld method of planing a spiral.

can revolve. An inclined bar is rigged up beside the roll and set to
the desired angle as shown. This bar usually has a channel at A
on the side next the roll in which a pin, attached to the index wheel
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B, slides as the planer table carries the roll under the tool. This
inclined bar must be fastened to the bed or some stationary portion
of the machine. As the planer table moves forward the pin moves
along the slot in the bar and turns the roll under the cutting tool.
After one groove is cut, the roll is indexed, the pin shifted to a new
hole and the next spiral groove is cut. This method is necessarily
limited to comparatively small angles.

Another method is shown in Fig. 58 and this can be used for as
sharp angles as it is policy to cut in this way. For it must be remem-
bered that work of this kind requires careful attention to the shape
of the cutting tool and to the clearance provided on the sides to avoid

A
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Fie. 58.—A geared spiral fixture,

binding along the sides of the cut. Here the work is also mounted in
bearings but the stationary member is a rack A instead of the inclined
bar, this being fastened to the planer bed in a similar manner as the
inclined bar of the first method. The gear B meshes into the rack
and as the table moves, it turns the work through the medium of
the bevel gears shown. The angle of the spiral is determined by the
ratio of the bevel gears although this can be still further controlled
by the introduction of reducing gears either between the spur gear and

the bevels or between the bevels and the work, whichever may be most
convenient.

RADIUS AND FORM PLANING

‘Where a fairly large radius is wanted the swivel of the planer
tool head can be utilized as in Fig. 59. Here the swivel is simply
loosened sufficiently to allow it to be moved with sufficient ease, the
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saddle locked in the correct position on the cross rail, and some means
provided to swing the swivel. In the case shown the movement is
obtained by means of the long screw and handle A4, the nut in which
the screw works being swiveled to allow for the turning of the tool

F16. 59.—Planing an arc.

swivel itself. Should the curved surface desircd be on the side of
a large piece, the side head of the planer could be rigged up in the
same way. Where a small radius is necessary, special tools having
a revolving head are made for this purpose.
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Fie. 60.—Planing with a former.

One way of using a templet on the planer is shown in Fig. 60. Here
the pattern or templet A is fastened to the cross rail as shown. The
guide B is fastened to the tool block and by keeping the end of this
guide in contact with the templet, the tool must follow this outline-
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and reproduce it on the work being planed. Other applications of
this method can be readily worked out.

Another method of form planing, where the form is not too large,
is to utilize formed tools or formed cutters in the planer head. An
application of this is shown in Fig. 61 where the planer is being used
to eut a rack. The tool is a standard milling cutter for gear teeth,
these being made of the correct size and shape for different sized
teeth. By using one of thesc cutters in the tool head as shown, the
correct shape of the rack tooth is assured, the spacing will depend

F16. 61.—Cutting rack with a cireular cutter.

on the accuracy or the feed serew in the cross rail and the method
of indexing it. Milling cutters of different forms can be used to
secure any shape wanted and they provide a long life cutting tool
for any work of this kind. TFlat tools can also be made and utilized
in the same way. Care must be taken however not to attempt too
wide cuts. In fact it is better to rough out the work with a form
as shown in Fig. 60 and finish with the specially formed ecutter, if
the surface to be cut is at all large.



CHAPTER V
PLANER BELTING, SPEEDS AND POWER

Of all the machine tools the planer perhaps gives the belting the
best opportunity for developing power on account of the high belt
speed which is possible. On the other hand, the sudden reversals
impose a heavy load on the belting and frequently burns the belting.
This was formerly supposed to be due to the work of reversing the
heavy weight of the planer table and its load but this is incorrect.
‘What makes the planer so hard to reverse is the inertia of the
driving and overhead pulleys, which must be reversed in such a short
space of time.

It has been figured out that the reversal of the pulleys takes from
eight to twelve times as much power as the reversal of the table and
its load. This is why nearly all modern, high-speed planers have
aluminum driving pulleys. Tests on a large 72 inch planer show a
saving of 25 per cent in power and a gain of 15 per cent in the number
of cutting strokes per hour, due to the use of aluminum driving
pulleys. These pulleys usually have a cast iron bushing to seecure the
advantages of this metal for the bearing surfaces.

It has also been figured out that on an average planer on a busy
day, the pair of planer belts slip a total of five miles. This is why
fast running planers sometimes burn their belting, and it is not
uncommon to smell scorched leather near a high-speeded planer.

Planer belts should be endless and double belting is best as it will
not stretch as quickly as single belting and consequently requires less
attention.

CUTTING SPEEDS FOR PLANERS

It is of course impossible to give any rule for the best planer speed
as this will necessarily vary with the special work in hand. On long,
continuous cuts, the planer tool will not stand the speed of a lathe
tool, presumably because there is usually no lubricant to keep it cool.
This is why we sometimes find that when a string of short work is
planed on a long table that a higher speed can be used than when
the cut is continuous, as in a lathe bed. And this in spite of the
fact that the tool gets a distinet shock on entering each separate piece.

A well known planer builder suggests the following speeds for
general work:

39
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Cast iron, roughing ....................iiiia 40 to 50 feet per minute
Cast iron, finishing .............coiiiiiiiiiiiiiiii., 20 to 25 ‘¢ ¢ ‘“
Steel castings, roughing ............ ... ... .o i, 30 to 35 ¢¢ ¢ o
Wrought irom, roughing ................. ... .., 30 to 45 ¢ ¢¢ o
Steel castings, finishing ............... ... ... ... 20 o o
Wrought iron, finishing ..................... ..o oo 20 o e ‘
Bronze and brass ............. ... 50 to 60 ‘¢ ¢ o
Machinery steel ........... .. ... il 30 to 35 ‘¢ ¢ “

Quick return speed on a planer saves time, but not as much as
we might suppose. The way to really save time is to increase the
cutting speed as much as possible and use from 75 to 100 feet per
minute as the return speed. This is a decided increase over the
practice of 30 years ago but is not as fast as was tried during the
spasm which followed the awakening that planer speeds were too slow.
Too fast return speed means a sudden reversal which not only con-
sumes power but racks the machine badly and requires frequent
repairs. The following tables show the effect of different cutting and
return speeds on the actual output of the machine.

The first table shows the feet of table travel per hour, and must
be divided by the length of the stroke in feet, to get the number of
strokes per hour. Dividing these figures by 60 gives the travel in
feet per minute. Assuming a cutting speed of 30 feet and a return
of 60 feet per minute, we see that the actual cutting speed per hour
is 1200 feet, or 20 feet per minute, allowing for the time of the return
stroke. This also shows that it is very much better to increase the
cutting speed to 35 feet than to increase the return speed to even
80 feet.

Another way of stating this information is shown in Table 2, The
first column shows the travel in feet per minute and the next column
the time it takes to travel one foot at this speed. Thus if the cutting
speed is 30 feet as before and the return 60 feet we see that the
time of the cutting stroke is 2 seconds and the return stroke one
second, a total of 3 seconds for the complete stroke. Dividing the
60 seconds in every minute by 3 we have 20 feet as before. Or we
can use it in another way. The added time of the cutting and return
strokes is 3 and this is opposite the actual eutting speed in the table,
or 20 feet per minute. If the cutting speed had been 35 feet and the
return 70 feet we would have added 1.72 and 0.857, making 2.577.
As this comes between the values 2.4 and 3 in the second column,
we know that the actual cutting speed is between 20 and 25 feet per
minute, and we can estimate it at about 23 feet per minute, which
is near enough for all practical purposes.

POWER REQUIRED FOR PLANERS

The power required to drive planers on average work is given in
the following table. This assumes that the normal length of table



PLANER BELTING, SPEEDS AND POWER 41
TaBLe I.—NuMmBER oF Curting FEET PER Hour—DEbpUcCTING TIME
Lost IN RETURNING TABLE -

Speed of Return Speed, Feet per Minute
Cut,

Feet per
Min. 50 60 70 80 90 100 120 150
20 857 900 933 960 981 1000 1028 1059
25 1000 1058 1105 1143 1174 1200 1241 1286
30 1125 1200 1260 1309 1350 1384 1440 1500
35 1235 1321 1400 1461 1512 1555 1626 1703
40 1333 1440 1527 1600 1661 1714 1800 1895
45 1421 1543 1643 1728 1800 1862 1864 2077
50 1500 1636 1750 1846 1928 2000 | 2118 2250

|

Dividing by 60 gives actual cutting feet per minute.
Dividing by length of stroke gives the number of strokes per hour.

The figures are given to the nearest even number.

TaBLE II.—TiME PER FooT oF PLANER TRAVEL—IN SECONDS

Table Time Table Time Table Time
Travel per Travel per Travel per
in Feet Foot of in Feet Foot of in Feet Foot of
per Min. Travel. per Min. Travel. per Min. Travel.
Sec. Sec. Sec.
10 6. 70 0.857 150 0.4
15 4. 75 0.8 160 0.375
20 3. © 80 0.75 170 0.35
25 2.4 85 0.70 180 0.33
30 2. 90 0.66 190 0.32
35 1.72 95 0.63 200 0.3
40 1.5 100 0.60 220 0.27
45 1.33 105 0.57 230 0.26
50 1.2 110 0.545 240 0.25
55 1.09 120 0.5 250 0.24
60 1. 130 0.46 275 0.21
65 0.92 140 0.43 300 0.2

Figures are given to two decimal places only—near enough for all practical purposes.

in feet is about 14 of the width in inches. That would give a 24 inch
planer a 6 foot table and a 100 inch planer a 25 foot bed.

Horse Power Required

Size of Planer
24%24
30%30
3636
48%¢48
60% 60
2% 72
8484

1005100

...................................

...................................

3to 5

5 X3
10 (X3
15 (X1

%

15
20

20 ¢¢ 25
25 ¢¢ 30

30
40
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A standard shaper.
Shaper — Parts of
1. Tool post. 17. Ram guide,
2. Clapper block. 18. Frame or body.
3. Clapper box. 19. Feed box.

4. Clamping bolts.

5. Down-feed screw.

6. Tool slide.

9. Tool head.

8. Binder for head.

9. Stop for down feed.
10. Down-feed adjustment.
11. Ram adjuster.

12. Ram.

13. Position lever.

14. Clamp for down feed.
15 Ram slide.

16. Face of column.

so., Feed regulator.

21. Cone-driving pulley.

22. Lever bearing

23. Power elevation of table.
24. Vise.

25. Swiveling base.

26. Table.

27. Saddle,

28. Cross-feed screw.

" 29.” Cross-feed dog.

30. Cross-feed handle
31. Elevating screw.



SECTION 11

SHAPERS

CHAPTER I
THE SHAPER AND SOME OF ITS USES

Although the shaper is closely related to the planer inasmuch as
both produce flat surfaces by the use of a single pointed tool, there
are differences which require attention and study. In the planer the
work is supported uniformly under the cut by the moving table while
in the shaper the tool leaves the supporting gnides as it advances on
its stroke. A standard shaper is illustrated on preceding page.

Fi6. 1.—Cutting a large radius on the shaper.

The tools and work fixtures, however, bear a very close resemblance
but require different adaptations according to the work to be done.
The examples which follow will give suggestions for handling a variety
of work.

There are also draw-cut shapers, which cut on the back or drawing,
instead of pushing stroke. The shaper ram is actuated by cranks,
by friction clutches and by vibrating arms.

A marine repair shop was called upon to repair a broken paddle
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wheel, three arms being damaged. New arms were forged with a
considerable excess of metal on the faces 4, B and C, Fig. 1, the
channel formed by the raised faces being fitted with a snug ﬁtting
ring which tied the parts together.

The first plan was to chip the surfaces to fit the ring but a 20
inch shaper was used instead, as shown in Fig. 1. The radius bar
was made of two 2 inch square bars bolted together, a recess D being
first formed at one end to make a slot in which a block could slide.
The bar E was bolted to the shaper ram, the end being shaped to
form -the block which moved in the slot. A large washer on the end
supports the radius bar. The bar was pivoted at the other end, the
drilling machine table being used for this purpose. The tool slide
was fastened to the radius bar by means of the angle plate shown.
The table slide moved the forged arm to the correct position and
the tool was fed down to the work in the usual manner. Reversing
the tool made it easy to shape the inner arc of the forging. This
method proved very satisfactory and saved considerable time in getting
the steamer into commission agam

CUTTING A RADIUS ON A SHAPER

Two other applications of the shaper to the cutting of a radius
are shown in Figs. 2, 3 and 4. The first, Fig. 2, is quite similar to

Fi16. 2.—Another method of cutting a radius.

the one first described, the main difference being that the work was
smaller and also that the whole ram was moved sideways by the

radius bar. This method of course only applies to a shaper of the
traveling head type.
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The pin A guides onc end of the radius rod, connceting it to the
shaper ram B. The pivot C is fastened to the bed of the shaper. The

"_'l_

-

1 R

F16. 4—A worm and gear tool head.

work at D is planed with the arec as shown. The bolts E allow for
the adjustment of the length of the radius rod. F is for hard work.

Another and very different method of cutting a radius, is shown
in Fig. 3.
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The eurve A is drawn with its radius equal to P the radius of
action of the link B. It would scem that the work curve A will have
the same radius as the effective length of link B. A moment’s con-
sideration will show that this is a fallacy. The only point, other than
D in the center line of the rod E, which can have a motion in an are
of the same radius as C is F, when L is equal to M. Hence the tool’s
point must be situated at F and the bar E bent upward, as is shown
by the dotted lines. Then curve A will have the desired radius, that
is, will be equal to P.

The correct curve could be generated by modifying the link length,
or radius of action P. But at times this would lead to an impracticable
construction. For instance, in the case being considered, if the tool’s
point were located at S and this must travel along the are 4,, the
center of which is at O, the effective length of the link would be
OF, that is, N, obviously too small, having regard to constructional
considerations.

At first thought one might conclude that a tool projection below
the line D would have a correct motion and give the desired curve
radius if it were placed closer to the pivot H. But this can readily
be shown to be a fallacious view. The point F has a circular locus;
the point H moves in a straight line. Hence every point between
F and H must have loci combining a circle and a straight line; that
is, elliptical. And just as every point below F moves on a circular
path, so every point below corresponding points in OH except the
extremities will move in an elliptical path.

The only practicable general solution is to set the cutting point
at F, bend the rod E as is shown by the dotted lines, and make the
link length P to correspond to the radius of the desired curve.

An entirely different method, similar to that used in planer work.
This device utilizes an attachment to the head of the shaper as shown
in Fig. 4.

The accompanying illustration is of an attachment for machining
concave surfaces that cannot be done practically and cheaply in a
lathe. It can be easily attached and taken off, as it is only necessary
to remove the tool holder from the clapper block of the shaper and
bolt this attachment to the clapper block in place of the regular
tool post.

The several parts are lettered as shown in the diagram, A being
the worm, which is fastened on a shaft having a knurled handwheel
E for the purpose of feeding the tool into the work. The worm A
meshes into the wheel C, which has a tool post F fastened to it, in
which the cutting tool is attached. The tool post and wormwheel
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move in the block P, clamping the attachment to the clapper block
B by means of a special nut. The thickness of the block P should not
be such as to bind the wormwheel.

By moving the cutting tool in or out rather a large number of
radii can be machined. When the tool overhang is too great, the
attachment can be fastened by an ordinary bolt, using the hole D
and also the special nut as shown in the illustration.



CHAPTER II
TOOLS AND FIXTURES FOR SPECIAL WORK

In Figs. 5 and 6 is shown a die-shaping outfit at the Smith Premier
Works, Syracuse, N. Y. The special clapper block A interchanges
with the regular clapper block used on the machine. When the
ordinary clapper block is used for die shaping or any other work
where an extension tool is necessary, there is greater tendency for
the tool to ecither lift as it enters the cut or to dig in after the cut

F16. 5.—Tool head and &ise for die work.

is started. Often both these conditions are met with during a single
stroke of the machine.

A glance at Fig. 6 will perhaps make the reason for this more
apparent. This illustration shows the difference of the entering angles
with tools of the same cxtension length in the ordinary post and this
type of tool post.

A small flat spring B bears on the face of A. This spring is swung -
to the side when changing clapper blocks. The lower part of the
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clapper block A is cxtended at C and has a horizontal V-groove in it.
A cover or clamp plate D is held to C by a capscrew E. It is also
provided with a ‘‘heel’”’ screw F for clamping the tool G in the
V-grooves in € and D. The tools @ have cylindrical shanks of uniform

!
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F16. 6.—Diagram of tool action.

diameter and the cutting ends are forged or ground to various shapes
to suit the work. The vise H is a particularly handy tool for die work.
The upper part is just an ordinary vise with graduated base. This
is provided with an auxiliary slide that works on the base plate I

F1c. 7.

......

THE LONS HOLDER

. F1a. 8.
Fi6s. 7-8.—Long and short tool holders.

secured to the shaper table. This extra slide is provided with an
adjusting screw with a knurled knob J that permits the work and
vise to be moved in cither direction in line with the ram. The ability
to move the work endwise with relation to the cutting tool is of great
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value in forming and drop-forging dies, and in work of a similar
character. The adjustment can be made while the ram is in motion
and in any event is more easily accomplished than by adjusting the
ram.

TOOL POSTS AND TOOL HOLDERS

There are many designs for special tool posts and tools, a few
being shown herewith. Two types of rigid tool posts are shown in
Figs. 7 and 8. The first shows a holder which takes regular tool bits,
and can be set at any desired angle for side and corner cutting. The
shank A fits in the hole of the tool block in place of the tool post

Fic. 9.—Another form of tool holder. F16. 10.—Round slotting tool.

and the holder is securely elamped to the tool block by means of the
nut B.

In Fig. 8 is shown a small tool holder which was found useful
for shaping out holes in dies. The tool is forged to the desired shape
from drill rod and clamped to the holder by means of the spring
collet on the end of the holder and the nut A. The collet end of the
holder should be hardened and drawn to a spring temper. A piece of
V5-in. steel should be inserted in the collet hole when it is hardened
so that the collet will admit the tool freely after hardening.

Another is shown in Fig. 9. This has been found very useful in
shaping irregular outlines such as dies and strippers. Such a tool
holder handles a wide range of sizes and shapes, including round,
square and hexagon shapes. The tool is held at three points by the
set serew. The spring at the top holds the tool down and prevents
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it from riding over the work. It is held in place by one of the screws
that clamp the swivel. A

Figure 10 shows a special form of tool for slotting. It starts in a
round hole and leaves a round-cnded slot.

USING SHAPER FOR KNURLING AND STAMPING

Knurling is often done in the lathe, but a shaper can be used for
this purpose as shown in Fig. 11.

The holder, shown at A, is used in place of the swivel block on
the shaper, but is held fast while in use. The holder has a dovetail
slot B for the die, this being fastened by means of the screw C. The

Fie. 11.—Knurling in a shaper.

upper and lower dies are shown at E and F. These have teeth milled
according to the knurl desired, the lower die being milled at an angle
opposite to the upper one to produce the knurl effect shown at G.
At H arc dies for spiral work, such as the specimen shown at J.

This type of tool has also been used for roughing the ends of
aluminum and brass pieces '/,, to 14 in. in diameter.

A somewhat different application of the same method was used to
work round work. The illustration Fig. 12 shows the working of
gaine bodies on fuse work which proved very rapid and satisfactory.

A holder 4 is made to fit into the tool post of a shaper. In this
holder stamps are inserted, as shown, and the holder fastened into
the shaper. A special platen with a stop and a recess, as indicated,
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is made to go in the table. The forward stroke of the shaper rolls
the markings in nicely, and incidentally no time is lost in withdrawing
the gaine.

A steady, heavy shaper should be used to insurc satisfaction, as
there is considerable upward thrust when the markings are rolled in.
The capacity of this machine equals the stroke of the shaper, which
should be 1 per second.

SPECIAL ANGULAR PLATEN FOR SHAPER

It .often happens that a few fixtures for standard machines will
save the cost of making special tools and fixtures for each job. Such
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T16. 12.—Rolling marks on round work.

a fixture is chosen in Fig. 13 which is an adjustable false platen for
the shaper, made from a three-sided angle iron, as shown in the
illustration. This allows the work to be held at any desired angle
in the reverse way from that which is possible on the main table
or apron. _

A picee is frequently designed which is quite awkward to machine
by any ordinary convenient holding method. The sleeve shown is
a casc in hand. There are two double-angular splines in the hole, and
the depth, angles and center positions must all be fairly accurate. The
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Fi16. 13.—Angular attachment for shaper table.

splines could not be cut the other end to. The convenience of the
false platen is obvious in this case.
‘When not in use the false platen can be let down in contaet with

— == [ ]
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F16. 14.—Punching sheet metal on a shaper.
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F16. 15—An unusual key-way cutter.

Fi16. 16.—Improvised rack generator.
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the apron and the regular vise clamped on as though the angular plate
was off. At the same time it is always available when needed.

A very unusual adaptation of the shaper is shown in Fig. 14. A
special punching die A and the punch B enable the shaper ram to
make a fair job of punching. The punch is guided by the block C
and returned by the coil spring shown. The punchings fall out of the
die and down the chute shown. On thin stock such a fixture is found
quite satisfactory where a punch press is not available.

A RIGID KEYWAY CUTTER

An unusual form of tool holder is shown in Fig. 15. While this
is used for cutting keyways, a similar tool holder could be used for

F16. 17.—Cutting off rods in a shaper.

other work as well. The tool holder is in the form of an open link
with the end A removable to allow it to be put through the work.
This end piece is dovetailed at each end to resist any tendency to open
the link. :

With the tool holder in the position shown the cutting tool is
rigidly held and there is no necessity to use a tool with a long nosed
extension and which always has more or less spring—usually more.

Figure 16 shows a method of generating teeth in a rack. The back
end of the tool is a long pinion of same size and pitch as the cutter in
front. The long pinion is constantly in mesh with the rack and the
cutter generates the teeth in the work as the ram travels back and
forth and the table feeds sideways.
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A CUTTING-OFF FIXTURE

This is a fixture for cutting off a large number of rods quickly and
to uniform length. The block or angle plate A, Fig. 17, is bolted to
the shaper table. The arm B fastens in the tool post and is pivoted at C.
The broad portion D carries the cutting blade at the front edge, and is
held close against the other cutting edge by the strap across the front.
The rods are pushed through the block against a stop and a piece is cut
off at each stroke of the shaper ram.

TABLE 1.—POWER REQUIRED FOR SHAPERS

Stroke of Shaper Horse Power Required
12 to 16 inch ... ... ... . . 2
18 e 2to 3
20 ¢ 24 e 3¢ 5
B0 5 T
20 inch Traverse Head ......................... %

04 ¢ X - ¢ 10



SECTION III
THE SLOTTING MACHINE

The slotting machine, or ‘‘slotter’’ as it is most commonly called,
is practically a shaper in which the ram and the cutting tool move
vertically. In fact one make of small slotter for such tool room

Fia. 1.—Slotter with main parts named.

work as cutting out dies, is called a ‘‘vertical shaper.”” The work
however is held directly under the ram by tables which move both
in and out from the column and also across it. In addition to this,
some slotters have a rotary table mounted on the slide, which enables
almost any outline to be formed on a piece of work. Figure 1 shows

57
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the Newton shaper, while Fig. 2 is the Pratt and Whitney vertical
shaper for tool room work.
The slotter ram has a quick return the same as the shaper, this

F16. 2.—Vertical shaper or slotter for tool work.

being accomplished in various ways. The use of slotters is confined
to a few kinds of shops, such as locomotive building, railread repair
~ shops, marine-engine work and heavy machinery of various kinds.

Work is held to the table in much the same way as in planer or
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vertical boring mill work. As the tool must clear the work without
striking the table, the work must be supported by parallels or distance
pieces as with the boring mill. On the other hand, the fact that the
work does not usually revolve, at least not for a full turn, portions
of it can project beyond the table in many cases.

Slotters are sometimes used for facing flat surfaces which would
be planed if the piece could be held on a planer. They are also used
on work which might be called circular planing, such as cutting arcs,
or parts of circles as in planing the shells for driving boxes of
locomotives as in Fig. 3. Here the driving box is mounted on the
table so that the bore will be coneentric with the center of the table.
Then as the table turns the slotting tool cuts its way around the arc

e

Fie. 3.—Slotting driving box for crown brass. Fic. 4.—Slotting locomotive links.

to fit the driving box itself as at A. The dotted lines show how the
journal fits into the box. The parallel strips B raise it from the table
enough to allow the tool to clear.

Another locomotive job is shown in Fig. 4 where three locomotive
valve motion links are piled up for shaping out the curved surfaces
and the recesses at the ends. These are cut with a special tool instead
of the inserted cutter bar as shown. This tool can cut all around the
outside, shifting the holding clamps as the work changes. Figure 5
shows how such a tool is made and held in the slotter ram. The tool
itself is held in the bar A, which is clamped in the holders B and C.
These are bolted to the tool head D and makes a rigid cutting tool
for heavy work.

A job of real slotting is shown in Fig. 6 which is the end of a
steam engine connecting rod. The usual method is to drill four holes,
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one at each corner of the opening, these holes being large enough to
admit the tool shown above. The tool started at A and slotted its
way to the hole D. Then the work was turned 90 degrees and about

F16. 5.—Slotting bar and holder. F16. 6.—Slotting end of connecting rod.
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Fic. 7.

half the distance from D to C has been cut. This is continued all
around the opening.

Another method is to drill but two holes at diagonally opposite
corners, as A and C. In this case the slot would be cut from A4 to
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the solid eorner D. Then the rod is turned to cut from A to B. The
next move is to start at the other hole €, and cut toward B and D,
meeting the slots from A and freeing the center block.

Slotters are also used for cutting the teeth in large gears, a formed
cutter or planing tool being used as shown in Fig. 7. This requires

Fi16. 8.—Supporting end of large piece with crane.

an indexing table the same as a gear cutter. Many large gears are
cut in this way. Figure 7 shows how this is done.

SOME EXAMPLES OF SLOTTER WORK

The following illustrations give a good idea of the variety of heavy
work done on a large slotter, these showing the Dill slotter with its
adjustable head. Figure 8 shows the three-ton base of a heavy machine,
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Fig. 9.—Another awkward end job.

F1a. 10.—Slotting end for bearing box.
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with some of its surfaces being finished by the slotting tool. The
work is bolted to the slotter table but the outer end is also supported
by. the overhead crane. The length of the cut is 18 inches.

F16. 11.—Slotting jaws of locomotive frame.

Fi6. 12.—Angular slotting.

Another awkward job is shown in Fig. 9, this being the end of
a 11,500 1b. machine bed. Here the outer end of the work is sup-
ported on horses and the tool is at the side of the slotter head. A
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third large job is secen in Fig. 10, the picece being a 3700 1b. steel
casting of a steam shovel. It is 7 ft. 9 in. long by 514 ft. wide and
15 inches thick. The work is slotting a bearing cap for a vertical drive
shaft, the surface being 10 in. wide and 15 in. long, with 34 in. of
metal to be removed. Then there is a center bearing which is also
slotted. The total time for the job was 4 hours.

A railroad repair shop job is seen in Fig. 11. Here the traveling
head is fed out to slot the sides of the frame jaws which saves the
awkward task of feeding in the whole length and weight of the frame.

Fi16. 14.—Machining crown brass in slotter.

The awkwardness of this job can be seen when we consider that the
frame is 30 feet long and weighs 215 tons. The jaws are 20 inches
deep, which requires a 20 inch movement of either head or table.

It will be noted that the slotting tool or bar is very similar to
the one illustrated in Fig. 5.

Two other railroad jobs are shown in Figs. 12, 13 and 14, the
first being one in which it is necessary to support the work at one
angle, the other, shown in two views, the machining of erown brasses
which go into the driving boxes shown in Fig. 3. This is a job usually
done on the lathe but the Philadelphia & Reading Railroad prefer this
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method. These brasses vary from 8 to 13 inches in length and they
arc machined in 7 to 22 minutes each.

The tools used in slotting machines are very similar to those used
in the shaper or planer, with the exception of the end cutting tools
which are sometimes necessary, as in the job shown in Fig. 6. They
therefore need no special deseription or attention.

The horse power required for crank slotters is given as follows:

Slotters with 6 to 8 in. stroke .................. 3 to 5 H.P.
‘ 10 ¢¢ 12 ¢¢ e 5
14 ¢¢ L 5 to T
16 to 18 ¢¢ e T%h ‘¢ 10
20 ¢¢ 30 ¢¢ e 10 ¢ 15

While most slotters are crank driven as shown—some are made
with a heavy rack on the back of a ram and this is driven by a
substantial pinion. These use reversing motors of the planer type,
for driving the pinion.






SECTION IV
BROACHING

Broaching, according to Ethan Viall, whose treatise on the subject
is the most complete authority obtainable, ¢‘is the working out of holes
or slots, or the machining of surfaces, by tools having a number of
successive cutting teeth of increasing size, no matter whether these
teeth are arranged singly or in multiple.”” The process is old and grew
out of the old practice of ‘‘drifting’’ out an irregularly shaped hole with
a special punch made with several cutting teeth arranged according
to the ideas of the maker. These were driven through the piece with
a hammer or sometimes forced through with an arbor press.

The use of machines for this work began with the old key-seater
having the long cutting tool and has since developed to such an extent
that the teeth of internal gears are broached complete at one pass of
the broaching tool and outside surfaces are also finished in a similar
manner. By dividing up the cut so as to give each tooth only the
proper amount of work to do, it is possible to remove a large amount
of metal and to work out intricate shapes which would otherwise be
very expensive. On the other hand the broaching process is also
growing into use for the finishing of round holes, such as the bearings
for connecting rods and similar pieces. One advantage of this process
is that no special holding fixtures are needed as the action of the broach
holds the work against the supporting surface regardless of whether it
is a pull or a push broach.

As the action of the broach in making a distinet change in the shape
of the hole, such as from a round hole to a square hole, is not always
understood, the diagram, Fig. 1, has been made to show just what takes
place as the broach travels through the hole. Unless it is necessary to
have a hole with perfectly square corners, it is better practice to leave
the corners rounded and it is also customary to have the starting hole
drilled somewhat larger than the small diameter of the square. This is
particularly true in automobile work where this process was used
quite largely for sliding gears on square shafts. This method is being
replaced to a considerable extent by the use of the splined shaft instead
of the square shaft, the splines being milled or hobbed solid with the
shaft. The advantages of drilling the hole a trifle large can be
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plainly scen in Fig. 2, as it allows a larger hole through the gear and
leaves less metal to be removed. The diagram, Fig. 1, does not show
the cut taken by every tooth, but gives a general idea of how the shape
gradually changes from the round to the square. The heavy lines
show the cutting which takes place at the corners of the hole. The
broach may be roughly described as being a taper bar, the small end
being the diameter of the drilled hole and the large end the diameter
across the corners of the hole. Then four sides are milled so as to
make the flats for the hole, the milling running out as it approaches
the small end of the broach. This is shown exaggerated in Fig. 3,

OOQO0

F1G6.7

Fia. 3.
F16s. 1-5.—Broaches and broached holes.

giving the appearance of the broach ready to be used and showing
how the flat sides increase from the point to the back.

In commercial work the pull type of broaching machine is most in
use. In a number of shops however, the use of the push broach is
growing for certain classes of work. The cost of the long pull broach,
together with the delay if one breaks and there is no reserve supply
on hand, favors the other type of broaching. Push broaching, however,
may easily require three or four broaches which must be pushed
through, one after the other, where there is much metal to be removed.
As with almost every other shop process, one method suits some
conditions better than others and no one method is best in all cases.
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The growth of the method has developed the machines for doing
it, to a marked extent, some of them having a stroke or travel of from
5 to 6 feet and weighing considerably over two tons. One machine,
for example, has a capacity of broaching holes 4 inches square and
requiring a 10 horse-power motor to run it. The cutting speed varies
from 3 to 6 feet per minute. The proportions of the cutters ean be seen
from the tables.

F16. 6.—Broaching a 22-in, internal gear.

Push broaching machines, although less frequently found than the
others, run all the way from the hand arbor press up to hydraulic
presses with a capacity of 150 tons or more. The speed of these varies
from about 35 to 100 inches per minute.

Not all broaching is done with teeth cut on all sides. The key
seating broach cuts on only one side and this makes it necessary for
the broach to be supported directly opposite the cutting edge. In the
case of the broach shown in Fig. 4, the supporting piece A4 fits inside
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F16. 7.—Fixtures us
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the bore of the pulley and the broach B slides through the slot in A. In
some other cases broaches are used to machine the outside of work,
being supported in a similar way by special holders which are held
firmly in their proper relation to the work to be done. An example of
this.is shown in Fig. 5. The opposite of this is seen in Fig. 6, where
four teeth of an internal gear is being broached, internal diameter
being 22 inches.

Spiral broaching is also accomplished on the standard types of
broaching machines, a method being described in the American
Machinist and shown in Fig. 7. ‘“The work was small and had two
spiral keyways cut through it. The piece is mounted in the bushing
at A and both a roughing and a finishing broach drawn through it.
This bushing carries the guide pin B. The shank of the broach C with
the work slipped over it, is pushed through the work bushing and
gripped by the pin D in the broach holder E. An adapter is provided
to allow the broach to twist in the machine as it passes through the
work. This'adapter consists of the broach holder E, in the adapter G,
two check nuts H and a ball bearing J. All these parts are mounted
on the drawbar of the machine in the regular manner.

After the work is slipped over the broach the work is held by
hand against the work holder, the sides of the slot F preventing it from
turning under the action of the broach. As the machine pulls the
broach through the work the broach turns as the spiral groove follows
the pin B in the bushing A.

Keyways and other cuttings can be made in taper holes as well as
straight by using a little ingenuity in making the holding devices for
the work. The work must be held so that the portion to be broached
is parallel with the travel of the broach and there will be no trouble
in work of this kind. The broach must be carefully guided as in all
other broaching where the cutting teeth are not on opposite sides of
the broach.

BROACHING AND BURNISHING

For finishing motor bearings, such as connecting rods, it is the
custom in some shops to combine a burnisher with the broach. This
simply means to have the last end of the broach smooth and a few
thousandths larger than the last cutting tooth. This makes a very
fine finish in the bearing and compresses the metal where it bears on
the crank pin or crank shaft. It requires great power to pull such a
broach through a piece of work however, and provision must be made
for it.

In one special case where the bearing is 174 inches in diameter and
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of the usual length, the broach has but 12 teeth which increase in size
by 0.0005 inch from first to last, while the burnisher is 0.005 inch larger
than the last tooth. This requires a pull of from 5000 to 6000 pounds,
or between 5 and 6 horse power in this machine.

In cases of this kind it is customary to place the end of the con-
necting rod, or whatever is being broached, in a heavy steel ring which
supports the outside so that the passing of the broach cannot spread
the piece being broached. Such a holder is shown in Figs. 8 and 9.

In other cases the broach makers leave a blank space between every
fourth or fifth tooth. This acts as a support for the broach and

Fi6. 8.—A sizing and burnishing broach.

prevents any tendency to drop or sag in the cut, and the plain portions
also act as burnishers for the bearing. -

In the connecting rod work just referred to nothing has been found
to take the place of prime lard oil for really satisfactory work,
according to the experience of those who are using broaches of this
kind.

With round holes it is often a question as to. whether it is best to
broach or ream the hole. The experience of large shops seems to show
that broaching is much the cheaper method, especially where the
material is hard, such as the chrome-nickel steel so largely used in
automobile work. Similar testimony is also made in cast-iron work,
one specifiec case being where but 0.002 inch was left for broaching.
While the reamer wore appreciably below size in reaming 25 holes,
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the broach finished 5000 holes before getting below the minimum size
wanted.

In broaching cast iron a soap cutting compound gives good results,
while for chrome-nickel steel a good grade of cutting oil will be found
very satisfactory.

Fi1e. 9.—Holder used to prevent spreading.

BROACHING CASTINGS FROM THE ROUGH

In some classes of work it is possible to broach from the rough
without preliminary drilling. When this is done, it is of course neces-
sary to do the broaching first and have the other operations follow.
This is because the broach naturally follows the cored hole so that the
finished hole would not be in line with the other surfaces to be
machined. Unless the hole is over 2 inches long the hole can usually be
finished with one broach. If over 2 inches it is usually advisable to use
a roughing broach before attempting to finish the piece.

One example will show the practice of one large company. The
work was a bronze casting 414 inches long, cored to 17 inch and to
be finished to 2 inches. This allows !/,, inch on a side for finishing.
These are broached in 114 minutes each and do not require to be
clamped or held in any way.

The broach should be 28 to 40 inches for removing this amount of
stock. The broach should be nicely finished all over and all the
roughing teeth should be nicked to break up the chips. The last six
or cight teeth should not be nicked but left whole to finish the hole and
behind the teeth is a short pilot which can act as a burnisher. The
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teeth should be so spaced that there will always be at least three teeth
at work to support the broach properly in the work.

‘When these same bronze bushings were bored and reamed it was
thought necessary to leave 1lj-inch stock for boring and the work
required about 10 minutes per piece. Then too, it was difficult to get
the reamer to leave a good hole in the hard bronze owing to the ten-
dency to chatter.

THE DESIGN OF BROACHES

As in most other matters of modern shop practice there is no hard
and fast rule which can be applied to the design of broaches. The
factors which govern the design are the shape of the work, the length
of the cut, the amount of material to be removed and the kind of
material used. The metal to be removed determines the length of the
broach, as the work must be divided among a sufficient number of
teeth to avoid undue stress upon any one. In small holes the strength
which can be left in the core of the broach is often the factor which
determines the depth of the cut of the teeth. It is often necessary to
use two broaches on this account where but one would be needed if the
broach could be made strong enough to stand the pull.

‘While it is unwise to attempt to stick to any fixed rule in designing
broaches a few fundamental facts may help in determining what is
safe practice. Two or three teeth should always be in contact with the
work if possible, although on very short work this can seldom be done
unless we can broach two or three pieces at the same time. On the
other hand the teeth must not be spaced too closely or there will not
be room for chips while the tooth is in the cut. The longer the piece
and the deeper the cut the more chip room there must be between the
teeth. Should the broach clog with chips it takes too much power and
is also very apt to break the broach. One rule is to make the pitch of
the teeth, ie., the distance between teeth, the square root of the
length of the hole multiplied by 0.35. For a hole 4 inches long this
would give V4X0.35=0.70 inch as the spacing for the teeth. This
would give 5 teeth in the cut at the same time.

The hardness of the metal as well as its toughness affect the shape
of the tooth to some extent and also the amount which can be safely
taken at a single eut. This is also affected by the size of the hole as
before stated. It is also necessary to have some gage as to the number
of broaches required to finished a given hole, as there are many cases
where it is necessary to have a set of several broaches to secure
satisfactory work. When in doubt as to the number it is safer to make
an extra broach. Then if it is found unnecessary it can replace the
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last broach as it wears and so keep the set complete after the first one
is worn out. It is quite common practice to keep sets of broaches in
good shape by making all new broaches for the finish and grind the
others down as they wear.

The capacity of a single broach may be said to be about twice its
diameter in broaching square holes. That is, if a broach is 114 inches
square it is good for a hole 3 inches long. A longer hole requires two
broaches in the set.

The depth of ecut which ean be taken with each tooth depends on the
size of the broach and the material being cut. In mild steel and with
holes of medium size it is customary to give each tooth a ecut of from
0.001 to 0.003.inch. In heavy cast iron or in brass, this can be doubled.
With larger work, where the holes are over 2 inches in diameter, the
cut can be considerably increased because the broach is strong enough
to stand a heavy pull. It must also be remembered that best results
are always secured where a tool of this kind cuts instead of merely
drags and scrapes, as is also the case with reamers.

‘While some broach makers give little or no clearance on top of the
tooth, it is customary to make this from 2 to 3 degrees. A narrow land
is often advisable and this can be stoned slightly.

If the front faces of the teeth can be undercut from 6 to 8 degrees,
it gives a good rake and helps to curl the chip. This is aided by having
a good fillet at the bottom of the tooth and this strengthens the broach
at the same time. If the front face of the tooth can be curved it is
easier for the chip to roll off but this is sometimes difficult to do in
making the broach.

Just as we make reamers with irregular spacing so in some cases
we find that broaches with irregular spaced teeth give better results.
There is no definite rule regarding this spacing but some make a
practice of increasing the normal pitch by 0.005 inch for each tooth
up to the fifth tooth. Then the spacing drops back to normal and
begins all over again to increase as before. If, for example, the normal
spacing is 0.70 as cited before, the tooth spacing will be as follows:
0.70, 0.705, 0.710, 0.715, 0.720, 0.725 and then drops back to 0.70 once
more, repeating the increase to the fifth tooth and again dropping
back to normal. Some increase the pitech by 0.01 inch while others use
as much as !/, inch increase and drop back to normal after the third
or fourth tooth. The exact amount is not so important so long as they
are spaced differently to avoid the chatter which too often comes from
regular spacing.

Broaches are made in various ways and of different materials. The
great majority of broaches are made in one piece with the teeth integral
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with the body. In many cases, where the work is large enough to
warrant, the broaches are made with a separate body and the tceth
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F16. 10.—Dimensions of broaches.

inserted in some way. Some are inserted singly as with milling cutters
while others are put in in sections. In some cases the cutters are in
the shape of disks strung on a central rod.



77

BROACHING

'sour[ds pue suo3exay I10J s9YIBOIq JO S[IBI0Q—'ZI-TT *SOHIIL

2°ON 31MS
w [ o [ o [ « Jef [.€ o1 [ « [esiitoort] 2 | 443 pasods Ajonba 442219
P P 2L | WE .0 | o |.80LpSL 474004
3 I “ ” « 145911811 pATY]
w | o | « |81 LA 1.E65T1, 90 9] ZZES
b2 | 5951 [S15v0] . 61 i I |§55T], 6¢TL.EIT #5714
Al e | o [BEILEINHNEIST g T 5 ] g | v [3uas|Hovous
1'ON 3TALS

o buRTIg 22 40D P

iy i Wi | W . | . w , w | o« | « 95100651 “ o y2004g 8
“ Sl w | w B “ « |6681]osst] o “ u_ |4r00ig Q)
N w | W w w | w | « |SSPIlpost] . w u  |y20019 5, ]
L pr Lo | F L% | fee 22 | %1 Loori|ookt [£5#1 | 9ust| | v |#o00ig .1
SHUVWIY SINVHS | Hovodd q
ol a ]| o| N | Ww | 1] ¥ c H o | 4 2| @ v | 40 31A1s| 30 31ALg | HOVOY
- == R e e R PR PR P SRR e R o]
[ EERERRY v_A ....... L s~ IR semmmememeoeee y4buaT 1104 YpaaL 402 -H v“
I aaas i




78 BROACHING

Generally speaking it may be said that broaches are made of about
as many kinds of steel as other tools. For medium and large sized
broaches and for fine finishing cuts, carbon stecl is used largely. Where
the broaches are small, a tough alloy steel containing vanadium is often
used. For finishing hard materials, high speed steel has been found
very satisfactory. In some cases, where the broach is large, mild steel,
suitably case-hardened is also found to answer nicely. This holds for
both pull and push broaches. '

The detailed dimensions of square pull broaches are given in Fig. 10,
while Figs. 11 and 12 give similar details of a broach for a hexagon
and splined holes.

Figs. 13 and 14 show the S. A. E. standards.

PUSH BROACHES

The main difference between the pull and push broach is in its
length, for the push broach must not be so long as to bend or buckle
under the pressure necessary to foree it through the work. It has been
found in practice that a much heavier cut can be taken by the last
teeth of the broach than by the leading teeth. The few examples
given -will show the main features to be considered and also give the
current practice in the making of push broaches by those who use them
largely in their everyday work.

Some find it advisable to allow a little oversize in the broach to
make up for the tendency of the metal to spring back after the broach
had passed through. This is, of course, no different from the pull broach
and depends upon the work being handled and the way in which it is
supported during the broaching operation. The oversize allowance is
given as 0.002 inch for sizes up to 3 inches. For bearings up to 3 inches
in diameter only one broach is used.

Two examples from the Westinghouse Company show what is being
done regularly in this direction. Two bearings, one 214X 6 inches and
the other 371, inches are broached right from the casting of the
bearing metal into the shell, the mandrels being made from 0.004 to
0.020 inch smaller than the finished diameter. A pressure of from 5
to 10 tons is required for this work, a hydraulic press being used for
this purpose. When oil grooves are cut after broaching it is sometimes
better to run the broach through the second time. The time required
for these large bearings varies from one to two minutes.

The following illustrations from various sources give some idea of
the way in which different shops handle their broaching problem.
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6 Spline Fittings

F16. 13.—8. A. E. six-spline standards.

6-SPLINE FITTINGS FOR AUTOMOBILES

From Sixth Report of Broaches Division S. A. E. Accepted at Meeting of Society,
January, 1914

NﬁgﬁalbdwTdeTdeT
3 [0.7500.6750.188 g, 0.7500.6380.188 ;) 110.75000.600/0.188| .
0.749(0.674(0.187 0.749|0.637/0.187 0.749(0.599(0. 187
, 10.875/0.7880.219) |00 0:875/0.744(0.219| |0 0.8750.700:0.210| .
¥ |o.874|0.787/0.218 0.874/0.743(0.218 0.874/0.699|0_218

1 [1.000(0:9000250| 1,4 {11.000(0:8500.250| 50 |11.000(0.8000250| oo
0.999/0.899/0.249 0.999(0849|0 249 0.999/0.799/0 249

1 [11251:0130:2811 (o0 11125019560.281) peq |11.1250.90000.281) o,
1.124/1.012/0.280 1.124]1.955/0. 280 1.124/0.899/0.280

11 [1:250/1.125/0.313) ,pq ||1.250|1.063/0 313 4oc |11.250/1.0000.313| o0
o 1219)1.124/0 312 1.249'1.062/0 312 1.249/0.999/0 312

1y |1'3751.28810:344] poo |1:875/1169/0:344) goq [11:3751.1000.344| o
1.374/1.237/0.343 1.374/1.168(0 343 1.374!1.099(0.343

1y |1-500[1:3500.875) g0 ||1050011.2750.375 4eo |11.500(1120010:375| 0
1.499(1.349/0.374 1.499'1.274/0 374 1.499]1.199(0 374

13 [1:6251.4630.406| 4.¢ ||1.625/1.38110.406| 4, |1.625/1.300(0.406( ;.
¥ |1.624/1.462/0.405 1.624/1.380/0.405 1.624/1.299/0.405

13 |1.750(1.5750.438| ,oc ||1.750/1.4880.438| gor |11.750/1.40010.438| oo
¢ |1.749(1.574/0.437| 438 |11.740[1.487/0.437 1.749(1.399]0 437

o [2:000(1:80010.500| 4 (2:000[1.70010.500] gqq (12:0001.60010.500( ;0c0
1.998|1.798(0.498 1.998)1.698/0. 408 1.998/1.598/0. 408

o1 [2:2502.0250.563 ;o) 2:25011°9130.563], ., (1225018000 563| 10
2.248(2.023(0.561 2.248/1.912(0. 561 2.248(1.798/0.561

2p  [2-50012:2500.625/ oo |2.5002.1250.625),5, | 2.5002.00010.625| ;o0
2.4982.248 0,623 2 108/2.123/0.623 2.498(1.998/0.623

3 [3-00012.700/0 750! pcq |3.000:2.550/0 7501 0 (13.00012.400/0.750| 5400
2.9982 6980748 ”2.998i2.5480.748 12.998(2.398(0.748

| ]

T=1000X6 (No. of Splines)) Mean Radius)X X 1=inch-pounds torque capacity
per inch bearing length of 1000 lbs. pressure per square inch on sides of splines. No
allowance is made for radii on corners nor for clearances.
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10 Spline Fittings

Fic. 14.—S8. A. E. ten-spline standard.

10-SpLINE FITTINGS FOR AUTOMOBILES

From Sixth Report of Broaches Division S. A. E. Accepted at Meetmg of Society,

January, 1914

Nominall p | g | w |7 | D|a|w | T D|a|w|T
g [0.7500.6830.117| 1 10.75000.6450.117| 1o 110.7500 60810 117| 0
0.749/0.682(0.116 0.749|0.644/0.116 0.749/0.607/0.116
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1 [1.0000:9100:156 5 (11:000/0.8600.156 50, (1.000(0:810/0.156| 40
0.999|0.909|0. 155 0.999/0.859|0. 155 0.999(0.809|0. 155
1y [1'1251:0240.176 ) (1:125/0.9680.176| ,, |11.1250.911/0 176|
1.124/1.023/0.175 1.124/0.90670.175 1.124]0.910/0 175
13 [1'250/1 1380195 4oq |1:250/1.075/0.195) 5o |11:250(1.0130.195| 7o
1.249/1.137]0 194 1.249|1.074]0.194 1.249/1.012|0 194
1 137512510215 4. 1:375(1.18801215 ¢, |1:3751. 1140 215
1.374/1.250(0 214 1.3741.182(0 214 1.374/1.1130 214
13 [1'500[1.3650.234| 4oo (11:500(1 2000 284 ;. ||1:5001215/0 28] g0
1.499'1.364/0.233 1.499]1.2890.233| 732 ||1.499|1.214]0.233
1 [1625117479/0 254 (oo |1116251.398/0 254) o ||1.625(1.316(0.254| | o

1.624/1.478(0 253 1.624/1.397/0 253 1.6241.315/0.253| 113
13 [1'75011:5930 273 .o (11750115080 273 o0, |11.7501.418/0.273) 1.0 o
1.749|1.592(0 272 1.749]1.504/0.272 1.7491.417/0.272
o [2.000(1.82000:312) oo 12100011:7200.812) 1., |[2.0001.62010/312] .00
%.923;.3;38.310 1.9981.7180 310 19081 6180.310
. |2.250(2 0480 351 2.250(1.9350 35 2.250(1.823/0.
500(2 1500(2.150(0. 2.500(2.025/0.

2} |2 408/2 2730 3881343 2.49812.148/0 3882934 |2 4982 023]0 38s| 2088
5 [3-000227300 468 oo, 113000125800 468 o000 | 300024300 468 | goco
2.998(2 728/0. 466 2.098/2 578|046 2.098/2.428/0. 466

|

T=1000X10 (No. of Splines)X Mean Radius)X kX 1= inch-pounds torque capacity

per inch bearing length at 1000 Ibs. pressure per square inch on sides of splines.

allowance is made for radii on corners nor for clearances.

No
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Figures 15 and 16 show an unusual broaching job and the broach which
did it. The work is a steel casting of box-like section. The cut starts
from the bottom, thé broaches collapsing by sliding up a tapered
center. They are enlarged to their proper size in a recess at the bottom

Fi6. 15.—An unusual broaching job.

I't. 16.—The broach used and the work.

of the casting and the broach is then pulled out, cutting the four sides to
shape. The hole is about 8 inches square and the cut 14 inches long.
About */,, inch of stock is removed. The pull is from 75 to 100 tons.

A push broaching job, the crank bearing of a connecting rod, is
shown in Fig. 17. These are usually done with a pull broach.
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The irregular broaching operation in Fig. 18 shows a set of push
broaches for a fire-arm part. It also shows the forging and the finished
piece. Irregular shapes are often handled in this way.

F16. 17.—Connecting-rod work in the Packard factory.

An outside broaching job from the Ford Motor Company shop is
~ shown in Fig. 19. The work is the bearing for the motor cam shaft.
The two grooves are cut, or hroached, on the outside by the two cutters



83

BROACHING

*YI0M A} PUB SIYIBOIQ MO[[OF JO 308 V—'8 'OII



84

BROACHING

Fie, 19.—External broaches for splitting bearings,



BROACHING

Fi16. 20.—Cutting oil grooves in eight holes at once.

85
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which cut a V groove on opposite sides of the bearing, which is held
on a stud during the operation. By inserting a split shell with a taper
hole and then forcing a taper plug in the shell, the bearings are split in
halves without injury to the bearing surface.

Another ingenious broaching operation from the Ford shop is shown
in Fig. 20, which shows the method of cutting 8 spiral oil grooves in
the push rod guide holes at one movement of a hand operated arbor
press. The broaches have spiral teeth and are not fastened in the
head B but are placed in the holes to be broached.

~ The head B is then brought down and the 8 studs force the 8
- broaches through the holes, allowing them to turn as they cut their way
through. The broaches drop through, as shown at A, and are then
picked up by the operater ready for the next job.

Fig. 21.—Broaching a drive yoke.

A GOOD EXAMPLE OF PUSH BROACHING
An cxcellent example of push broaching is shown in Figs. 21 to 24
and for this work at lcast, there can be no question as to their being best
in every way. There is, of course, less knowledge of push broaching
available so that in most cases each man has to work out his own problems.
But here and there we find a place where this has been done and where
the data to be obtained are of particular value. Such a shop is that of
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the Universal Drive Shaft Co., 6200 Carnegie Ave. Cleveland, Ohio.
The man responsible for the results obtained is F. W. Peters, one of the
firm, and he is securing exeeptionally good splined holes 5 inches long
in a driving yoke, with only 35 inches of broach, divided among seven
short broaches.

The illustration, Fig. 21, shows the broaches and the piece which is
broached as well as the members of a coupling. The seven broaches are
short, the total length being about 7 inches each. The first tooth of the
series of each broach (after the first) is the same size as the preceding
broach, so as to insure easy starting.

The broaches are cut on a Fellows gear shaper with special stubbed
teeth of a shorter length than usual. The spline, or piece which enters
the yoke, is also generated in the same way. This form of spline centers

Fic. 22.—The set of seven broaches.

itself so that all the teeth bear evenly, which is not always the case
when a straight sided tooth is used. Generating both the broach and
the piece which fits the hole makes it possible to secure a remarkably
good fit the entire length of the piece.

The short length of the broaches eliminate the difficulty of breaking,
as they spring very little, so that it is not at all necessary to either
straighten or grind the teeth. This makes it easier for a shop to make
its own broaches and makes it possible to experiment with broaching
possibilities at a lower cost.

It has been found that the teeth of the first two or three broaches
can be given a cut of 0.004 inch per tooth, but that the remaining or
finishing broaches do a better job if the cut is reduced to 0.003 inch per
tooth. The teeth are undercut 10 degrees and have a top or cutting rake
of 3 degrees so that they roll a chip off with a clean cut The spacing
also gives ample room for chips. '
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The machine used is a Lucas power press which has been modified
so as to give a faster power movement and a quick return. This enables
an operator to finish the hole complete in two minutes, giving him ample
time to handle the work and the seven broaches, one after the other.

Fi1c. 23.—How they are made.

The work is remarkably smooth and uniform. This coupled with the
low cost of broaches and equipment, makes it well worth careful consid-
eration. ,

The broaches are shown more in detail in Fig. 22. It will be noted
the lower end is plain where it enters the hole as a guide and that the

Fia. 24.—The yokes which are broached.

upper end has a pilot which it fits into the ram of the press. The first
broach is on the right and the finishing broach on the left.
Figure 23 shows how both the broaches and the splined connections
are generated. It also shows the special shape of the stub tooth used.
The splined units of the drive shaft are shown in Fig. 24.



SECTION V

MILLING MACHINES

CHAPTER 1
GENERAL TYPES OF MILLING MACHINES

In classifying the numerous types of milling machines which are
used for manufacture, tool room work and general purposes in the
shop, we may place them in three groups as distinguished by appearance
and features of design. Thesc groups or classes include the Column
and Knee Type, the Manufacturing Type, and the Planer or Horizontal
Type. Outside of these general classes there are of course various
types of special purpose milling machines, such for example as are
used for the cutting of gears, the milling of threads, the milling of
valves, bolt heads and so on. These special types however are outside
of the scope of this treatise which is devoted mainly to the construction
and operation of the three types of milling machines noted above which
are used on all kinds of work and in all classes of shops.

The column and knee type of milling machine is so called because
of the column shaped body or frame which carries a table support in
the form of a knee shaped bracket, the knee and table being adjustable
vertically on the guide face of the column. The table may be fed
longitudinally, that is, crosswise of the spindle axis; it may be fed
laterally, or parallel with the spindle; and it may be fed up and down
toward or away from the cutter by the movement of the knee upon
the column face.

In the manufacturing type of milling machine the construetion is
such that the height or vertical position of the table remains constant
while the spindle head is adjustable up and down to bring the cutter
arbor and cutters to the proper vertical position for the work. The-
table feeding movement is in one direction only, that is, at right angles
to the cutter spindle. This machine is used extensively where large
quantities of small and medium sized parts are manufactured. In its
later designs this type of machine is automatic in its action after the
work has been placed in the vise or holding fixture.

89
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The planer type of milling machine which is commonly known
as a horizontal miller is similar in appearance to a planer. Its table
travels between housings or uprights similar to the direction of travel
of a planer table and its cutter spindle and arbor supports are mounted
in heads on a cross rail between the housings. Generally this type
of machine is for the heavier classes of work and the cutters used
range up to very large dimensions. These cutters are commonly of
the slabbing and facing types and they are employed on broad slabbing
cuts in surfacing heavy castings and forgings and in facing sides and

Fi16. 1.—Brown & Sharpe Universal milling machine with constant speed drive.

ends of large and heavy work. Also heavy gangs of cutters are run
on these machines in milling several parts at once or in machining
several surfaces simultaneously on one or more pieces.

PLAIN AND UNIVERSAL MILLERS

The column and knee type of milling machine comprises plain and
universal millers, and vertical spindle machines, although there are
various examples of the latter construction which dispense with the
knee and carry the table and saddle on the fixed base or frame of
the machine. This is the case with some of the heavier sizes of vertical
millers and also with the profiling machine which is another form of
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vertical spindle miller used extensively in the manufacture of parts
for firearms, typewriters and the like.

The initial illustration in this volume represents a modern universal
milling machine, this being a Brown & Sharpe No. 4-A machine.
Comparing this view, Fig. 1 with the half tone Fig. 2, it will be seen
that the machine in the former illustration is equipped with constant
speed drive while the universal miller of the same make in Fig. 2
is driven by a cone on the spindle. The constant speed drive it may
be pointed out is a development of recent years which presents many
advantages for numerous clasies of work to which attention will be

Fi16. 2—Brown & Sharpe cone driven Universal milling machine.

called a little later. Briefly, it permits of the feeds being independent
of the spindle speeds, so that the table feed per minute can remain
unchanged if desired even though the cutter speed be varied; com-
plicated countershafts are done away with and constant speed motors
usc-d if desired; more power is available and changing of speeds and
feeds greatly facilitated. The line drawing Fig. 3 shows a vertical
section through the frame and mechanism of a miller of the type
illustrated by Fig. 1. This is of interest as showing the heavy section
through the column walls and base, the method of mounting the
spindle in the column walls, ete.
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The half tone Fig. 4, illustrates a Cincinnati No. 5 high power
plain miller, with constant speed drive. As with the universal millers,
the plain milling machine is equipped in both ways for driving, that
is either with belt cone for the spindle or with single pulley as shown
for constant speed for the drive shaft.

In the plain milling machine as distinguished from the universal,
the travel of the table in longitudinal direction is fixed at right angles
to the spindle. As explained in the second paragraph of this chapter,
there are three table movements; longitudinal, transverse or parallel
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Fi16. 3.—Vertical section through milling machine, spindle bearings and drive.

to the spindle, and vertical. In some machines all three movements
are provided with both hand and power feeds. In others the longi-
tudinal and transverse movements are operated either by power or
hand, while the vertical movement is by hand alonc. Again, other
machines have the longitudinal movement of the table by hand and
power and hand feed only for the transverse and vertical movements.
The larger sizes of machines and many of the smaller sizes are provided
with lead screws for all table movements. In some makes of smaller
sizes the longitudinal movement is by rack and pinion; and in the
smallest sizes, known as hand millers, the movements of table and
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knee are by hand levers acting thorugh pinions and racks. A hand
miller is shown in Fig. 12 set up for light work carried between index
centers. This type of machine is extensively used for small parts
manufaeture as it can be operated very rapidly and conveniently on work
of this character. :

The universal milling machine is in the main similar to the plain
miller; the table has the same movements, but in addition it is so
mounted that it may be swiveled upon its saddle, and set at any

F1e. 4—Cincinnati No. 5 plain high-power milling machine with constant speed drive.

desired angle to the spindle in the horizontal planc. It is also provided
with a spiral head or universal dividing head for spiral milling and
for indexing to obtain any desired number of cuts or spaces on the
work. The universal miller is one of the most important machine tools
in use in the shop, for in addition to its capacity for handling plain
straight milling, it is adapted to an endless variety of general shop
and tool room purposes, the latter including such operations as the
boring and machining of jigs and fixtures of all kinds, the working
out of dies and many other special tools. Details of work of this
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character are covered in the volume on Tool and Gage Work. Other
chapters in the present volume show numerous applications of the
dividing head and other-appliances used on this machine.

The universal milling machine is indispensable in the cutting of
twist drills; taper, straight and spiral reamers; gears whether spur,
“bevel, spiral or worm, and other work in great variety. It is built
in heavy designs and will take heavy cuts, hence is an all around
serviceable shop tool. However, its legitimate field is necessarily dif-
ferent in a way from that of the plain miller and where heavy milling
on straight cuts is to be done continuously the latter machine is of
course to be preferred.

SOME PLAIN MILLING MACHINE DETAILS

Referring now to the Cincinnati No. 5 plain high power miller
shown in Fig. 4, a few particulars may be included here to give some
indication of the present development of this machine as represented
by its general dimensions, range of speeds, rates of feed, methods of
control, ete.

The table of this miller has a working surface 79 inches long by
21 inches wide. It is provided with intermittent feed and power
automatic quick traverse and reverse in either direetion at 100 inches
per minute. A single lever with five operating positions starts, stops
and reverses both power feed and power quick traverse. The range
is 50 inches longitudinal, 14 inches cross and 21 inches vertical, all
power feeds in either direction.

The constant speed driving pulley is 16 inches diameter for a
6-inch belt (which is guarded) and runs at 600 revolutions per minute
on ball bearings. For motor drive a 20 horse power constant speed
motor is recommended.

The spindle is of chrome nickel steel, is 41/,, inches diameter in
the front bearing and runs in babbitted bearings adjustable for wear.
It has a No. 14 B. & S. taper hole and a 1Y;-inch hole through. There
are 16 spindle speeds as follows: 16, 20, 25, 31, 38, 48, 60, 74, 94,
119, 148, 183, 228, 288, 359 and 443 revolutions per minute in either
direction. The spindle reverse is in the machine. All changes are
made by sliding gears without tumbler, and all gears and shafts are
hardened. The index plate is direet reading.

The overhanging arm is rectangular, cast iron, 10 by 934 inches,
with a V guide in the column and arbor supports. Its underside is
814 inches from the spindle center. The full width between the face
of the column and the braces is 3814 inches. There are three arbor
supports, one with bronze at the end and two with sleeve bearing
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anywhere along the length of the arbor. They may be used singly
or in combination. They are all clamped to the V bearing on the under-
side of the rectangular overarm.

The feeds are positive and driven from a constant speed shaft.
There are 16 changes in geometric progression from 34 inch to 30
inches per minute. A feed range from 34 inch to 15 inches or from 114
inch to 45 inches per minute can be obtained if. desired by a special
pair of change gears. All changes are made through sliding gears
by means of a single lever at the front of the machine, the position
of this lever also indicating on a direct reading feed plate, the feed
rate being used. Independent levers for starting, stopping and
reversing the table, cross and vertical feeds, are located at the front

F16. 5.—Outside of Cincinnati feed box, located at front of knee.

of the machine and also at the side of the knee for similar control
of all three feeds from behind the table. There is an overload releasing
device for protection of the feed mechanism.

The feed box at the front of the knee is shown by Fig. 5, which
indicates the manner in which the lever is shifted up or down or from
side to side or diagonally, the change from onc feed to another being -
made by one direct movement of the lever. The control of the inter-
mittent feed and power quick traverse is by hand by means of the
table feed lever, and the table may be automatically stopped anywhere
in its travel, by use of dogs in the usual way, and its operation is
not in any way complicated by the intermittent feeding feature. The
intermittent feed with automatic reverse and power quick traverse is
brought into use by simply adding certain dogs. If these dogs are
left off the operation of the feed of the machine is precisely the
same as that of other millers of the same make.  As the feed change
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lever is at the front of the machine and one direct movement of the
lever enables the operator to engage the maximum feed of 30 inches
per minute, this provides a convenient quick traverse as rapid as is
safe for the comparatively short cross and vertical travel.

The lubrication of machine bearings and the cooling of work and
cutters are matters that require important consideration in modern
miller design. In the machine described there is an automatic lubrica-
tion system for the spindle bearings, the drive gears, and all other
rotating parts in the column, and in addition to this there is a cen-
tralized system of six oiling stations for the other mechanisms of the
machine. For cutter and work cooler there is an eleven-gallon centrif-
ugal pump connected with the large reservoir in the base, and discharg-
ing from a 34-inch pipe to the cutter arbor.

F16. 6.—Names of Cincinnati plain miller parts.

NAMES OF MILLER PARTS

The illustrations Figs. 6, 7 and 8 are presented at this point in
order to show the location and names and uses of different parts
on the millers. The machine in Fig. 6 is a Cincinnati high power plain
miller with constant spced drive; the miller in Fig. 7 is a Cincinnati
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high power vertical machine; the miller in Fig. 8 is a universal cone
driven machine of the same make. The parts are numbered on the
machines and the names corresponding to the numbers are given in
the following parts lists. These should aid to a clear understanding
of the milling machine and its operating and controlling features.

W00 =IO WD -

. Cluteh lever for starting and stopping machine.

. Table feed setting lever.

. Power quick traverse operating lever.

. Table feed adjustable trip dogs.

. Table feed trip plunger.

. Cross and vertical feed setting lever.

. Vertical and cross feed lever. .

. Lever for operating feed when standing behind the table.
. Cross feed trip plunger.

10.
11.
12.

Cross feed adjustable trip dogs.
Cross adjustment handwheel.
Vertical adjustment crank.

13-14. Quick traverse limit stops.

15.
16.
17.
18.
19.
20.
21.
22,
23.
24.
25.
26.
27.
28.
29,
30.
31.
32.
33.
34,
35.

Feed change levers.

Pilot wheel for operating feed change tumbler.

Feed index plate.

Speed change levers.

Pilot wheel for operating speed change tumbler.

Speed index plate.

Treadle for giving the gears slight motion to facilitate speed changing.

Guide for vertical feed trip dogs.

Vertical feed, adjustable trip dogs.

Vertical feed trip plunger.

Ball crank for longitudinal table adjustment.

Micrometer dial for longitudinal table adjustment.

Rack on main clutch rod.

Quick traverse driving shaft.

Bracket containing left hand bearing for table feed screw.

Driving keys in flanged spindle end.

Oil pot.

All steel vise.

Bushings in arbor bearings.

Table feed operating lever (concealed behind the braces in Fig. 6. Sec Fig. 7).

Telescope elevating (vertical fced) screw sleeve. The vertical screw (35-A,
Figs. 7 and 8) is inside of this sleeve.

35-A. Vertical feed screw (Fig. 7).

36.
37.
38.
39.
40.
41.
42,

Outer arbor bearing support which can be bolted to the braces.
Intermediate arbor bearing support.

Outer support, for short arbors having a bearing on the outside of the nut.
Adjustable bronze bush for arbor bearing.

Braces for tying the overarm, outer arbor support and knee together.
Overarm.

Column of the machine.
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43.
44,
45.
46.
47.
48.
49.
50.
51.

52.

53.
54.
55.
56.
57.

58.

'59.

MILLING MACHINES

Drive box.

Feed box.
Driving pulley.
Feed reverse box,
Saddle.

Table.

Knee.

Base.

Bracket containing right-hand bearing for table feed screw.

F16. 7.—Names of vertical spindle miller parts.

Bridle by which the braces are fastened to the knee.

Front spindle bearing box.

Front face of column, carrying construction number and letter.
Micrometer dial for vertical adjustment.

Micrometer dial for cross adjustment.

Front sliding covers in top of knee.
these cannot be seen.

Cross screw bracket at front of knee.

Trip plunger hracket.

Back sliding covers corresponding with



60.
61.
62.
63.

64.
65.
66.
67.

68.
69.
70.
71.
72.
. Short forks of universal joints. (These arc identical with the forks used for

74.
75.
76.
77.
78.

79.
80.
81.
82.
83.

84.
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Adjustable gib for table bearings.

Adjustable gib for saddle bearings.

Telescopic universal joint shaft (long fork).

Universal joints (short forks and ball in fork). The short fork connecting
with the shaft in reverse box has a flange which carries the shearing pins
(safety fork). '

Oil pump connection with tank which is in the base of the machine.

Ejector rod.

Vertical feed nut on base of machine.

Location of oil pump.

THE FOLLOWING PARTS ARE SHOWN IN Fi6. 7

Power quick traverse pulley.

Quick traverse bracket on column.

Long fork on quick traverse shaft.

Extension shaft, quick traverse.

Cover over end of lead screw. (Remove when setting up for spirals.)

driving the feed.)
Quick traverse bracket under saddle.
Quick traverse operating lever bracket.
Quick traverse lever shaft.
Quick traverse safety lever.
Cover over driving gears. (Remove when oiling inside parts.)

ADDITIONAL PARTS APPLYING TO VERTICAL MACHINE, FI6. 7

Pilot wheel for quick adjustment of spindle (6 inches per turn).

Knob for engaging hand feed movement.

Hand wheel for hand feed movement.

Micrometer dial for hand feed movement.

One of four bolts for clamping spindle head solidly to frame of machine for
heavy work.

Spindle head.

84-A. Rack for adjusting spindle head.

85.
86.
87.

88.
89.
90.
91.
92.
93.
94,
95.
96.
97.

Lower spindle bearing box.
Upper spindle bearing box.
Head adjustment worm casing.

ADDITIONAL -PARTS APPLYING TO UNIVERSAL MACHINES, Fig. 8

Arbor.

Universal Indexing and Dividing Head.

Tail stock.

Elevating center for tailstock.

Front index plate on spindle for direct indexing low numbers.
Head center.

Driver for dog.

Side index plate. Drilled both sides, reversible.

Sector for convenience in indexing.

Index pinholder.
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98. Index pin (in the holder).

99. Segment for change gears. (This segment with a complete set of change gears
constitutes a Driving Mechanism.) )

100. Swinging arm or bracket for idler gear.

101. Change gears for cutting spirals (12 in a set).

102. Idler gear.

103. Quick return crank handle.

104. Swivel carriage or housing.

105. Vise body.

106. Swivel base for vise.

Fi16. 8.—Names of universal miller parts.

107. Holder for adjustable bronze bush for outer arbor support. (This is substituted
for the large bearing holder in the intermediate arbor support.)

108. Steady rest.

109. Universal Milling Machine chuck.

110. Vise housing.

111. Vise screw.

112. Vise jaws.

113. Swivel block in tailstock.

114. Tailstock center carrier.

115. Saddle of Universal Machine.
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ADDITIONAL PARTS APPLYING TO CONE-DRIVEN MACHINES

116. Cover over back gears.

117. Cover over back gear pinion.

118. Back gear quill.

119. Back gear operating lever.

120. Back gear locking pin.

121. Driving cone.

122. Back gear sleeve.

123. Back gear shaft.

124. Braces as used on Nos. 1, 2 and 3 cone-driven machines.
125. Bridle for attaching braces to knee.

VERTICAL SPINDLE MILLING MACHINES

As already stated, the vertical spindle miller is usually of the
column and knee type although there are numerous exceptions,
particularly in very heavy designs and in certain other forms such
as profilers and special constructions of one kind or another.

The table of the vertical miller when of the column and knee type,
has all of the adjustments of the horizontal-spindle column and knee
machine. In this type of vertical machine there is usually also a
vertical movement of the spindle head, as is the case with other types
of vertical machines where the table is without vertical adjustment.
The spindle head operating either by hand or power has the movements
of an accurate powerful drilling machine and the work being placed
face upward on the table may oftentimes be handled with far greater
convenience and facility than on a miller with horizontal spindle.

In certain manufacturing operations and in gencral shop work
on the vertical miller the parts to be machined can often be secured
directly to the table or to the simplest kind of fixtures without the
necessity for the special holding tools which might be required if the
same class of work were to be done on the horizontal spindle machine.
With parts of irregular form it is of course essential to have adequate
fixtures to assure accuracy and quick production, whether on the
vertical or horizontal spindle miller. The vertical spindle machine is
obviously well adapted for face milling operations of various kinds,
for profiling interior and exterior surfaces, and for milling out dies,
locating and boring holes in jigs, and fixtures and for other work
where it is of especial advantage to be able to secure the objeet face
upward under direct observation of the workman.

The Cincinnati vertical miller in one of its sizes has already been
referred to in connection with Fig. 7. This is a column and knee
type, high power machine with vertieal head travel and with cénstant



102 MILLING MACHINES

speed drive. A machine of the same build is represented by Fig. 9
in operation face milling malleable iron castings. The machine is
provided with automatic reverse and the operator is working on both
sides of the cutter, the table moving automatically and continuously
to and fro, so that the operator’s functions are confined to the chucking
and releasing of the work. This method gives a roughing and finishing

F16. 9.—Face milling operation on vertical spindle machine.

cut over each surface, the latter serving to take out any spring due
to weakness of the piece. The surface machined is approximately
6 by 7 inches. The cutter is 714 inches in diameter and runs at 56
revolutions per minute, the table feeding at the rate of 1214 inches
per minute, and producing the picees in one and one half minute each.

Two other vertical spindle millers, both by Brown & Sharpe, are
illastrated by Figs. 10 and 11. The first is of column and knee type
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with vertical movement of both table and spindle head. The other
has vertical adjustment in the head and spindle only. Both machines
as shown here are equipped with driving cones, though they are also
built in their various sizes with constant speed drive.

THE MANUFACTURING MILLER

The manufacturing milling machine is the outgrowth of an early
type of miller built especially for the production of firearms parts,

Fi6. 10.—Brown & Sharpe vertical spindle miller with cone drive.

and today this machine is manufactured in various forms for milling
gun parts, typewriter parts and an almost endless variety of work
of small and medium dimensions, where considerable quantities are
required in a lot.

The Lincoln miller is shown in one design in Fig. 13 where it is
represented in operation on gun parts. The adjustment to the cut
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vertically is by means of the two hand wheels at the top which elevate
and lower the spindle and cutter arbor support. The work table saddle
is adjustable laterally to the desired position, and the feed of table
and work by power and hand is at right angles to the cutter spindle.

The automatic milling machine is a development of recent times
for the manufacture of large numbers of parts under rapid operation

F16. 11.—Vertical spindle miller with constant speed drive.

both as to actual milling time and setting and handling of the work
itself. In Fig. 14 a view is shown of the Pratt & Whitney automatic
milling machine, this being one of a line of different sizes built by
this firm. This machine embodies many important features for
facilitating rapid production. It has an intermittent rapid traverse
and feed travel for the table which permits quick traversing of non-
cutting spaces where these occur in the work. A very important
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feature is the receding table which permits the work to clear the cutter
on the return stroke thus preventing marring of the finished surface.
After. the milling operation has been performed the table recedes a

Fi16. 12—Hand miller.

sufficient amount for the work to clear the cutter and as the table
approaches the end of the return stroke it is automatically elevated
to its former position. This receding feature is obtained by means

F16. 13.—Lineoln millers.

of a wedge action in such manner as to maintain the accuracy and
stability of a non-receding table.

The table feed or travel is controlled through a cam, the cam path
being located on the periphery of a heavy drum. The cam paths for
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the forward and return movements intersect so that it is necessary
to rotate the cam in only one direction to obtain both the forward
and return travel. The speed at which the cam is rotated determines
the rate of table travel. The mechanism through which the rotation
of the cam is controlled is contained in gear unit. The gears which
rotate the cam rather rapidly for the rapid traverse remain constant
and are never changed. On the other hand the gears which rotate
the eam rather slowly for the feed are changeable so that variations

Fie. 14—Pratt & Whitney automatic miller.

can casily be made for the various classes of work. These gear trains
are brought into engagement by means of clutches and the mechanism
for accomplishing this is of simple and reliable character. When the
machine is in operation it is automatically controlled by means of
dogs, the dog plate being located at the front in an accessible position.
This plate is large enough to accommodate more than one set of dogs
in cases where it is desirable to engage the rapid traverse and feeds
intermittently several times during the forward travel.

The spindle speed changes are obtained by means of change gearing.
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A tight and loose pulley form part of the head construction which
permits belting the machine directly from a line shaft or jack .shaft,
thus eliminating countershafts.

The machine is shown in Fig. 14 set up for operation on a gun part.
Other operations on this type of miller will be referred to in another
chapter.

THE HORIZONTAL MILLER

The horizontal or planer type of miller is shown in one make in
Fig. 15. Such machines are commonly used for heavy slabbing and
channeling cuts and for heavy gang milling. They are of very power-

Fi16. 15.—Horizontal miller, machining locomotive connecting rods.

ful construction and capable of removing large quantities of metal
at each cut. They are extensively used in locomotive shops, automobile
factories and in many other establishments where large parts are to
be milled or where it is desired to gang up many medium sized parts
for simultaneous operation at onc or more passes under the cutters.

In general appearance as pointed out above, these machines
resemble a planer and the work is carried as with that machine, on
a long table fed between housings which here carry the cutter spindle
and support in place of the planer heads and saddles. The speed of
the table is varied to suit the work and the position of the cutters
in respect to the work is adjusted by elevating or lowering the cross
rail. The horizontal milling machine in Fig. 15 is seen in operation
upon a pair of locomotive side rods. Two cutters are shown in place
on the arbor and four or more rods may be machined at once.



CHAPTER II
SPINDLE DRIVING AND FEED MECHANISMS

In Chap. I different types of milling machines are illustrated, some
with cone drive and others with constant speed or gear drive. In
cone driven machines the belt operates directly from a cone pulley
on the countershaft to the cone on the spindle. The cone is either
secured directly to the spindle or with back geared machines it is
carried on a sleeve mounted on the spindle so that in addition to
the speeds obtained directly from the stops on the cone another series
of speeds is derived through the medium of the back gears. The feed
mechanism on cone drive machines is driven from the rear end of
the spindle and is consequently subject to the changes of speed in
the spindle.

There are two feed systems in gencral use, one in which the rate
of feed is expressed in thousandths of an inch per revolution, the
other with the feed in inches per minute. With the conc driven
machine, as the feed is driven directly from the spindle, any increase
in the spindle speed increases the amount of feed per minute propor-
tionately, but the ratio between table feed and cutter specd remains
unchanged; that is the feed per revolution of spindle is the same
whether the spindle speed is high or low. With the constant speed
drive however, the regular practice is to make the feeds entirely
independent of the spindle speeds, the arrangement of the feed being
such that for any given position of the feed lever there is a fixed
amount of feed per minute regardless of the speed at which the spindle
is driven. Therefore any change in the spindle speed will not affect
the rate of table feed and the quantity of output, unless the feed is
also changed at the same time. Detailed advantages of this inde-
pendent feed arrangement will be considered in a later paragraph.

THE CONSTANT SPEED DRIVE

Machines with constant speed drive may be belted direct from a
plain countershaft or from a main line pulley; or they may be driven
by a direct connected motor. The important features of this form
of drive are outlined briefly as follows: The belt delivers power to
the driving pulley which runs freely upon a sleeve on the main shaft

108
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of the milling machine. There is a friction clutch on this main shaft
which is controlled by levers, and by means of this clutch power is
transmitted from the driving pulley to a train of hardencd gears which
lead to the spindle and in which there are change gears operated by
conveniently located levers. The belt and main driving pulley run
at a constant high rate of speed regardless of the speed of the spindle,
which is dependent upon the ratio of gearing that is in mesh. The
power at the spindle is practically constant regardless of its speed.
The illustration Fig. 16 shows the arrangement of the spindle

F16. 16.—Cincinnati constant speed drive.

driving gears of the Cincinnati high power millers, and the line
engraving Fig. 17 is a sectional view of the complete spindle drive.
It should be noted that the chain at the right in Fig. 16 has no
function in the operation of the spindle, but is solely a feed chain
which is supplied in special cases where feeds are to be read in
thousandths of an inch. Normally the feed is driven from the constant
speed shaft and reads in inches per minute. ’

DETAILS OF DRIVE AND FEED

Referring to Fig. 17, there are sixteen speeds provided for in
this gear drive; the small gear M is not used for transmission but
acts as a pilot when the large gears are being engaged. The driving
pulley is journaled on a bracket secured to the column of the machine
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and is connected to the driving shaft by a disk frietion cluteh, which
is operated to start and stop the machine by means of a lever at the
front of the miller. The gears I, J, K and L are steel forgings; all
others are nickel steel heat treated, and all of the gears are hardened.
In order to reduce torsional strains and consequent vibration to a
minimum there are no gears keyed directly to shafts with the excep-
tion of the main gear L which is keyed to the front end of the spindle
close to the bearings.

The engraving Fig. 18 shows the inside of the spindle drive box
with the driving shaft, tumbler and chain wheel for driving the feed
from the constant speed shaft. A section through the automatically
clamped tumbler is reproduced in Fig. 19. The frame for this tumbler

F1G. 17.—The complete spindle drive.

is supported from the machine frame and none of its weight comes
on the main driving shaft. The swinging frame carrying the tumbler
gear rocks on trunnions C and is operated by the pilot wheel on the
outside of the machine through the medium of spiral gears §. By
means of the same pilot wheel the tumbler frame can be adjusted
.laterally. When the pilot wheel is turned to the right the gears are
brought into mesh and the lug D of the swinging tumbler frame
abuts on the stop pins which govern the proper meshing. Now if the
pilot wheel is turned further to the right, the swinging frame, the
tumbler frame and the spiral gears act as a system of levers and
screw which lock the tumbler frame securely to its slide on the
machine frame and hold the support for the tumbler gear as rigidly
as if it were bolted in position. Upon turning the pilot wheel to the
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left as far as it will go the tumbler gears are brought out of cngage-
ment.
The speeds are quickly changed by means of the pilot wheel men-

Fie. 18.—Inside of spindle drive box.

tioned above and the two levers seen on the front of the speed change
box in Fig. 20. The lever positions for each speed are clearly marked.
Thus, say the speed desired is 115 revolutions per minute: The index
plate (shown more clearly in Fig. 21) shows the symbols corresponding

F16. 19.—Section through tumbler.

to this speed of 115 r.p.m. to be 3-BC. One lever is therefore moved
to B, the other to C and the tumbler moved to position No. 3. Light
pressure on the treadle while these levers are moved, gives the gears
sufficient motion to facilitate easy changing of the speeds.
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The outside and interior of the feed box which is arranged for
sixteen changes of feed, are represented by the engravings, Figs. 22
and 23. The feed is driven from the constant speed shaft and the
feed plate on the gear box reads in inches per minute unless otherwise

Fi6. 20.—Outside of speed change box.

desired in special cases as noted in an earlier paragraph. The feed
index and feed change levers are the same as for the drive box, but
the feeds are best changed while the machine is running.

A CONSIDERATION OF SPEEDS AND FEEDS

Returning now to a comparison of the cone drive and the constant
speed drive for milling machines there are some interesting factors

Fie. 21.—Direct-reading speed index plate.

to be considered. As pointed out by manufacturers of millers and
as well known to general users of such equipment, it is seldom that
in any two jobs on a milling machine there are exactly the same
conditions of operation. Where the work is of the heaviest kind for
which the machine is suited, large gangs of cutters may he required
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to operate at a relatively high rate of speed and under a coarse feed,
while in contrast, with work of light character a single cutter may
be required which is operated at a fast speed and with fine feed.
Again, the very shape of the work is a factor of importance; it may
be such as to require an altogether different cutter feed than would
be entirely suitable for machining a plain straight surface. Further-
more, the differences in materials "necessitate the use of different
speeds and feeds. And the diameters of the cutters themselves neces-
sarily influence the selection of the spindle speed, for where cutters
say, of large diameter are used on certain work they must be driven
for the proper surface speed, at a slower rate of rotation than cutters
of smaller diameter. In taking finishing cuts with the same cutter
as is used for the first or roughing cuts, it is usual practice to run
the spindle at a higher speed and slower feed per revolution than

F16. 22.—The feed box. TF16. 23.—Interior of feed box.

in the roughing, in order that a smoother finish may be obtained on
the work.

It is apparent from the foregoing and from other considerations
that the milling machine should have a wide range of speeds and
feeds with many intermediate speeds and feeds between the extremes
in the range. It is also desirable in numerous instances to have speeds
and feeds independent of each other, this enabling the speed of the
spindle to be changed without affecting the rate of travel for the
table. This desirable feature is found in the miller with constant
speed drive.

The cone driven miller is admirably adapted to all classes of work
where it is not necessary to use combinations of extreme speeds and
feeds as with cutters of very large diameter or with very small mills. -
As the feed is driven from the end of the spindle it is subjeet to
the spindle speed variations and therefore when a very large cutter




114 MILLING MACHINES

is used, which must be driven at the slowest speed, the fastest rate
of feed that can then be obtained is too fine; while with a very small
cutter which requires the fastest spindle speed, the finest feed avail-
able is altogether too coarse. The extreme combinations however are
not required in the majority of cases as cutters of moderate diameter

F16. 24.—Feed changing mechanism on Brown & Sharpe miller.

are more generally used and for the operation of these the cone driven
miller is well adapted. As the feeds on the cone driven miller are
necessarily rated in thousandths of an inch per revolution of spindle
this requires that the feed used must be multiplied by the spindle speed
to give the rate of production in inches per minute.

The constant speed drive gives any desired ecombination of speeds
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and feeds within the limits of the range, so that any size of cutter
large, small or medium, can be operated at the most advantageous
rate of speed and feed, and the actual feed can be read directly in
inches per minute, which is a marked advantage as this is the cus-
tomary measure of the rate of production.

On the Brown & Sharpe constant speed drive millers there are
sixteen spindle speeds and at least sixteen different feeds, and on
some sizes there are as many as twenty feeds. The feed changing
mechanism on this make of miller is illustrated by Fig. 24. A section
through the Brown & Sharpe miller column and spindle bearings
is illustrated in Fig. 25 showing the construction of boxes and method
of adjustment. Like the usual practice with spindle bearings, the
front bearing on this spindle is tapered and the rear one straight.

\\\\\\\\\\\\\\\\\\\\“\\é IR

il

,,,,,,,, 3 x\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
WIIA\\ S

m & \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 72
A | ey = X

F1e. 25.—Spindle boxes and means of adjustment.

The front bearing is adjusted by loosening check nut N and tightening
nut F. This draws the spindle back into the box, and as the bearing
is tapered the lost motion is taken up. If it becomes necessary after
running the machine for a number of years to obtain more adjustment
in the front box, the spindle can be removed and the washers between
the spindle collar and the front end of the box can be reduced slightly
in thickness; the adjusting nut F will then take care of the wear for
another long period. The nut K should not be disturbed as this is
for merely holding the box in place. The rear box is split and tapered
externally to fit a taper hole in the frame. The adjustment of this
box is accomplished by loosening nut L and tightening nut E.



CHAPTER III
THE DIVIDING HEAD AND SOME OF ITS USES

The universal dividing head (or spiral head) forms one of the
most important features of the milling machine. While primarily
designed for the universal milling machine and forming part of the
usual equipment for this type of miller, it is also applicable in most
cases to plain and vertical spindle machines. With a vertical spindle
attachment on the plain miller, work can be done on the spiral head
in much the same varicty as when the head is used on the universal

F16. 26.—Spiral head, Brown & Sharpe.

machine. The dividing head is used today for & great variety of
operations, including among others, the cutting of flutes in twist drills,
milling cutters and in other spiral work; indexing or dividing for
equal spacing on work as with gears, ratchets, clutch teeth, ete., and
for flutes in taps, reamers, drills, and other tools. As a precision
instrument for facilitating the operations of the tool maker and die
maker the dividing head has become indispensable. Its possibilities
in the working out of all classes of tool room problems are apparently
unlimited. It may be said that each day in the modern tool room
and experimental department sees some new application of this milling
machine appliance. And its usefulness in the general shop increases
also, though naturally in lesser degree than in the tool department.
The Brown & Sharpe Mfg. Co. describes the spiral head or dividing head
(Fig. 26) as follows:

116
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SPIRAL HEAD DETAILS

The head itself consists of a hollow semi-circular casting in which
is mounted a spindle that is connected to an index crank through
a worm and wheel. Figure 27 shows the construction of this part. The
head casting has dovetailed bearings at each side that fit the contour
of a base plate, which can be clamped to the surface of the table.
The alinement of the head with the table longitudinally is provided
by means of a tongue on the underside of the base plate that fits a T-slot
in the table.

The spiral head passes through the head and is held in place by

~ \\\\\\\\\ ¥
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Fie. 27.—Construction of spiral head.

means of a nut at the small end. The front end is threaded and has
a taper hole corresponding to that of the miller spindle. It is rotated
by means of the worm wheel B which is driven by the hardened worm A
that is located on the shaft to which the index crank is fastened. In
order to secure accuracy the worm threads are ground after hardening.
Through gearing, the index plate and worm A can be driven together
from the table feed screw when the index pin is in position in any
hole of a plate. When worm A is turned by means of the index crank,
indexing may be accomplished, and when it is geared to the table feed
screw, spiral milling, in addition to indexing, is made possible. The
cutting of the spiral is due to the turning of the table feed screw,
which through the interposition of change gears between this serew and
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the gears that drive the shaft carrying worm A, causes the spindle of
the spiral head to rotate as the table advances, so that the cutter produces
a spiral cut in the work. For rapid indexing, when cutting flutes in
taps, reamers, ete., the worm A is disengaged and the spindle turned
by hand, the divisions being made by means of the index plate C, which
is fastened to the nose of the spindle and may be locked by the pin D.
The spindle may be revolved continuously as when cutting spirals,
or may be securely locked after being revolved a desired amount as in
indexing for cutters, the teeth of gears, clutches, ratchets, ete.

Fig. 28.—Index plate and sector. Fi16. 29.—Index crank.

It is possible to swing the head in its bearings so that the front
end of the spindle can be set to any desired angle from 10 degrees
below the horizontal to 5 degrees beyond the perpendicular line without
throwing the driving members out of mesh. Graduations on the front
edge of the head indicate the angle of elevation to half degrees.

INDEX PLATES, CHANGE GEARS, SECTOR, ETC.

The three index plates with the regular equipment of the dlv1d1ng
head contain circles with the following number of holes:

Plate 1: 15, 16, 17, 18, 19, 20 holes.
Plate 2: 21, 23, 27, 29, 31, 33 holes.
Plate 3: 37, 39, 41, 43, 47, 49 holes.

The change gears furnished have the following number of teeth:
24 (two gears), 28, 32, 40, 44, 48, 56, 64, 72, 86, and 100 teeth.

The graduated sector which enables the correct number of holes to
be obtained at each indexing is shown in Fig. 28, and consists of

two arms which may be spread apart when the screw A is loosened
slightly. The correct number of holes may be counted and the sector
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arms set to include them; or preferably, the graduations on the dial
may be used in connection with the Index Tables on page 121. To
set the sector arms by the latter method follow down the column headed
«“Graduation’’ in the tables, until opposite the number of divisions
desired. Take the number that is found here and set the arms by
bringing the left one against the index pin, which should be inserted
in any convenient hole in the required circle, and moving the right one
until the graduation corresponding to the number obtained from the
table coincides with the zero on the left arm. The correct number of
holes will then be contained between the two arms and counting is
unnecessary. However, if the arms are set by counting the holes, the
left arm should be brought against the index pin as directed above,
and then the required number of holes for each division should be
counted from the hole that the pin is in, considering this hole as zero.

FEATURES OF ADJUSTMENT

The index crank of the spiral head is adjustable circumferentially,
as shown in Fig. 29. Many times it is desired to make a delicate adjust-
ment of the work, or to bring the index pin to the nearest hole without
disturbing the setting of the work. To adjust the index crank after
the work has been placed in position, turn the thumb screws 44, Fig.
29, until the pin enters the nearest hole in the index plate. To rotate
the work relative to the index plate, both the stop pin at the back
of the plate and the index crank pin should be engaged, the adjustment
being made by means of the thumb screws as before.

When it is desired to turn the spindle by hand and index the
work by means of the plate on the front end of the spindle, it is necessary
to disengage the driving worm A4, Fig. 27. This is done by turning
the knob E with the pin wrench (which is part of the equipment),
about one quarter of a revolution in the reverse direction to that
indicated by the arrow stamped on the knob. This will loosen nut G,
that clamps the eccentric bushing H; then with the fingers turn both
knobs E and F, at the same time, and the bushing H will revolve, dis-
engaging the worm from the wheel. To re-engage the worm, reverse
the above operation.

It is important to note the effect of change in angle of elevation
on the spindle. If the angle of the spiral head spindle is changed
during operation, the spindle must be rotated slightly to bring the work
back to proper position, for when the spindle is elevated or depressed,
the worm wheel is rotated about the worm, and the effect is the same
as if the worm were turned.
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The foot stock shown in Fig. 30 is for supporting work that is milled
on centers or the outer ends of arbors, and work that is secured in the
chuck. The center has longitudinal adjustment and can be elevated
or depressed by means of a rack V and a pinion actuated by hexagon
head U. It can also be set at an angle out of parallel with the base
when it is desired to mill drills, taper reamers, ete., so that it can be
kept in alinement with the spiral head center thus assuring the work
being free from cramping and uneven spacing at any point in its revolu-
tion. When set in any position, the center is secured by nuts W, X

F16. 30.—Foot or tail stock.

and Y. Set screw S prevents end movement of the elevating pinion.
Two taper pins (one shown at Z) are used to locate the foot stock center
in line with the spiral head center, when the centers are parallel to the
top of the table.

INDEXING ON THE DIVIDING HEAD

The spiral head or as often called, universal dividing head, enables
the periphery of work to be accurately indexed or divided into a number
of given parts, or divisions. There are two practical methods of indexing
accurately, known respectively, as plain and differential. There is a
third method known as the compound, which was formerly used exten-
sively and is today employed in some shops not equipped for differential
indexing. This compound method however, involves chances for error
in making the complicated indexing moves and even when the moves
are correctly made exact results are not obtained. It has therefore been
very largely displaced by the differential method of indexing with which
the same numbers of divisions can be obtained accurately.

By the plain method of indexing, which includes rapid indexing
with the plate on the spindle nose, all divisions up to 50, even numbers
up to 100 except 96, and many numbers that are multiples of 5 up to
380, besides many others, can be indexed with the three plates of the
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TaBLE No. 1.—Continued.
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TABLE No. 1.—Continued.
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Brown & Sharpe spiral head. With the addition of the change gears
furnished, divisions obtained by plain indexing together with those
that cannot be obtained by that method, from 1 to 382, and many
others beyond, can be indexed by the differential method. While the
tables given on pages 121 to 129 enable the head to be set up at
once for the desired number of divisions, it is desirable to understand
the general principles involved in calculating for a given number of
divisions. The above company gives the following explanation of
plain and direct indexing:

PLAIN AND DIRECT INDEXING

Plain indexing on the spiral head is very similar to indexing with
ordinary index centers. It depends entirely -upon how many times
the index crank must be turned to cause the work to make one revolu-
tion. When this ratio is known, it is an easy matter to calculate
the number of turns or fractions of a turn of the index crank to
produce a given number of spaces on the periphery of the work.

The worm wheel on the spindle contains 40 teeth and the worm
is single threaded, hence for every turn of the index crank, the worm
wheel is advanced one tooth, or the spindle makes !/,, part of a
revolution. This should be remembered, for it is used in all indexing
calculations on the spiral head. If the crank is turned 40 times, the
spindle and work will make one complete revolution. To find how
many turns of the erank are necessary for a certain division of the
work, 40 is divided by the number of the divisions which are desired.
The quotient will be the number of turns, or the part of a turn of the
crank, which will give each desired division. Applying this rule, 40
divisions would be made by turning the crank completely around once
for each division, or 20 divisions would be obtained by turning around
twice. When the quotient contains a fraction, or is a fraction, it
will be necessary to give the crank a part revolution in indexing. The
numerator of the fraction represents the number of holes that should
be indexed for each division. If the fraction is so small that none
of the plates contains the number of holes represented by the
denominator, both numerator and denominator should be multiplied
by a common multiplier that will give a fraction, the denominator
of which represents a number of holes that is available. On the other
hand, if the fraction is of large terms, it should be reduced so that
its denominator will represent a number of holes that is available.
For example, seven divisions are desired. 40 divided by 7, equals 5%/,
turns of the index ecrank to cach division. There is no plate containing
so few holes as 7, so this should bhe raised. Multiplying by the common
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multiplier 3, we have 5/,X3/,=1%/,,. Hence, for onc division of the
work, the index crank pin is placed in the 21 hole circle, and the
crank is given 5 complete revolutions and then is moved ahead 15
additional holes. 35 holes in the 49 hole circle might also be used
in place of 15 in the 21 hole cirele, as 2°/,, is a multiple of the original
fraction %/,.

The table on page 121 gives the correct circles of holes and numbers
to index for each division of all numbers that are obtainable by plain
indexing as well as those obtainable by the differential method, up
to 400.

INDEXING IN DEGREES

When it is desired to divide the circumference of a piece of work
in degree or fractions of degrees, it can often be done by plain -
indexing. One complete turn of the index crank produces /,, of a
turn or 380°=9 degrees. Then following this method

2 holes in the 18 hole-circle=1 degree
2 holes in the 27 hole circle=% decgree
1 hole in the 18 hole circle=3 degree
1 hole in the 27 hole circle=3 degree

Other odd fractional parts of a degree can be easily found by divid-
ing the number of holes in any given circle into 9 degrees. It will be
noticed that 14 degree spacing cannot be obtained in this way, but with
differential indexing it is easy to get 14 degree and other fractional
spacings.

DIFFERENTIAL INDEXING

Differential indexing enables a wide range of divisions to be indexed
which cannot be obtained by plain indexing. With the differential
method, the index erank is moved in the same circle of holes, and
the operation is like that of plain indexing. The spiral head spindle
and index plate are connected by a train of gearing as shown in
Fig. 31, and the stop pin at the back of the plate is thrown out. As
the index crank is turned, the spindle is rotated through the worm
and wheel and the plate moves either in the same or opposite direction
to that of the crank. The total movement of the crank at every
indexing is, therefore, equal to its movement relative to the plate,
plus the movement of the plate, when the plate revolves in the same
direction as the crank, or minus the movement of the plate, when the
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plate revolves in the opposite direction to the erank. The spiral head
cannot be used for cutting spirals when it is geared for differential
indexing, for when cutting spirals, the head is geared to the table
feed screw.

The index tables referred to make it unnecessary to figure out the
change gears whenever a certain number of divisions is required.
These tables cover all numbers up to 400 as obtained either by differen-
tial or plain indexing, together with the correct circle and number
of holes to be indexed, graduations for setting the index sector, and
the proper change gears to use. These numbers as covered in the
present tables provide for a very wide range of work but occasionally

F16. 31.—Spiral head geared for differential indexing.

cven higher numbers of divisions are desired. In the ‘‘American
Machinists Hand Book,’”’ tables will be found extended to cover
indexing of much higher numbers of divisions and the reader is
referred to this book for the settings for such high numbers, as well
as for detailed explanation of the methods of figuring the gears for
differential indexing of any given number.

EXAMPLES OF DIFFERENTIAL INDEXING

Two concrete illustrations of this method of indexing are shown
in Figs. 32 and 33. The first of these illustrates the spiral head as
geared for 271 divisions, the other shows the head geared for 391
divisions. The head in Fig. 32 is set up with simple gearing for
271 divisions. Referring to the table on page 127, the gears ecalled
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for 271 divisions are: C, 56 teeth and E, 72 teeth, with one idler D.
The idler serves to rotate the index plate in the same direction as the
crank, thus in making 280 turns of the crank, nine divisions are lost,
giving the correct number of divisions, 271. The sector should be set

Fie. 32.—Head geared for F1a. 33.—Head geared for
271 divisions. 319 divisions,

to indicate !/, turns, or 3 holes in the 21 hole circle, and the head is
ready for 271 divisions, the indexing being done the same as for plain
indexing.

In Fig. 33 the head is set up with compound gearing for 319 divisions.

Fi1G6. 34.—Cross section through Cincinnati dividing head.

Referring to the table on page 128, the gears called for are as follows:
C, 48 teeth; F, 64 teeth; G, 24 teeth; E, 72 teeth, and one idler, D, 24
teeth. The sector should be set to %/,, turns, or 4 holes in the 29 hole
circle. The head is now ready for 319 divisions.
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INDEXING FOR 1/4 AND 1,6 DEGREES

The table herewith shows the gearing for spacing */, and !/, degrees.
Other fractional degree indexing is given under the explanation of
plain indexing.

I No. 1 Hole Idlers
No. of .
Divi- | Index | Turns | Gradu-| Gear Gear
sions | Circle | of ation | ‘on First |Second| on | No. 1 | No. 2
Index Worm | Gear | Gear |Spindle| Hole | Hole
on Studjon Stud
3 49 x| ... 28 64 56 | 100 | ... 24
1° 33 o . 44 64 40 100 . 24

ANOTHER DESIGN OF DIVIDING HEAD

The Cincinnati Milling Machine Company’s universal dividing head
is illustrated by the sectional views in Figs. 34, 35 and 36 which show
clearly the essential features of construction, including the worm wheel
and worm for operating the spindle; the cam for disengaging the worm
so that the spindle may be indexed direct by the front plate; the
gearing connecting the worm shaft and index crank; the method of
mounting the side index plate; the provision for clamping the spindle;
ete. The spindle clamps consist as shown in Fig. 36, of a split ring C
which is spread by the wedge B by tightening the serew A, thus clamping
the spindle securely endwise.

The front plate has three circles of holes, namely 24, 30 and 36.
It will therefore index any number that divides evenly into any one
of these. For universal indexing, that is, indexing by means of the
crank pin and index plate at the side of the head, there is a single
plate which is drilled on both sides and reversible. This plate is 8'3/,,
inches in diameter and owing to its large size has space for many
circles of holes with a large number of holes in each cirele, so that
a wide range of indexing can be done from the one plate. The
divisions obtainable with the plate include all numbers, odd and even
up to 60, even numbers and those divisible by 5 up to 120, and many
useful divisions beyond these. Additional divisions are possible by
means of a high number indexing attachment consisting of three plates
of the same size and interchangeable with the regular index plate.
These will index all numbers up to and including 200, all even and
those divisible by 5 up to 400, cxecept 225, 275, 325 and 375. The
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indexing in all cases is simple indexing direct through the plates with-
out compounding or use of change gears.

An interesting feature of the index plate on this head is the series
of fine notches around the periphery and the correspondingly notched

Fi6. 35.—Longitudinal section through dividing head.

lock shown in Fig. 37. It often times occurs in tool and other work
that a piece of work that has been milled must be put back in the
machine for remilling, as in the case, say, of a tooth disk where the
teeth are found to be too thick and therefore require a sccond cut

1

Fi1a. 36.—Horizontal section through Fia. 37.—Section of index
dividing head. plate showing lock.

to bring them all to size. Upon placing the work back in the miller
the job must be revolved a certain amount to bring the tooth space
into correct position in respect to the cutter, but this cannot be done
by indexing for when the work is in the proper relation to the cutter
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the index pin will come somewhere between two holes in the index
plate. But with the notched plate and the lock referred to, by
releasing the lock and holding the index pin stationary, the plate can
be revolved until one of the holes coincides with the pin. The plate
can then be locked again, by the lock cntering another set of notches.
The device is similarly serviceable with numerous other classes of work
where it is necessary to reset the piecce after a cut has been made
around the work, as for example, in remilling slots that require to
be recut to a deeper dimension; or again in bevel gear cutting when
the blank is revolved toward the center after the offset has been made,
the index pin will naturally fall between two holes and by revolving
the index plate as above, one of the holes can be brought around
to the pin.

The translation of the value of the notches into thousandths of an
inch movement upon the part of the work is also of importance in
connection with certain kinds of work handled upon the dividing
head. That is, the movement of one notch past the lock corresponds
to a peripheral movement of 0.00017 inch on a piece of work 1 inch
in diameter. Thus a piece 5 inches diameter would be revolved toward
the cutter 5 times 0.00017 or 0.00085 inch and a ten-inch piece would
revolve 0.0017 and so on.



CHAPTER IV
CUTTING SPIRALS ON THE MILLING MACHINE

Among the important operations performed with the aid of the
spiral head are the milling of spiral fluted cutters and reamers, the
cutting of spiral gears, the fluting of twist drills, the milling of cams,
ete. These are a few of the numerous lines of work which are readily
accomplished with this milling machine appliance.

The selection of change gears for the spiral head is similar in
principle to the finding of change gears for cutting threads on the

F16. 38.—Showing gearing when F16. 39.—Showing gearing with
: “idler is required. : idler in use.

engine lathe. With the spiral head, as explained in the preceding
chapter, forty turns of the worm accomplishes one turn of the spiral
head spindle; and as the table feed serew is cut four threads to the
inch, if equal change gears are used the work will be rotated through
one complete turn while it is moved lengthwise ten inches, so that
the spiral cut in the work will have a lead of ten inches. This lead
then as obtained with equal diameter gears is the lead of the miller.

Referring now to Figs. 38 and 39 which show the gearing at the
back of the Brown & Sharpe spiral head, the four change gears are
called Gear on Screw, First Gear on Stud, Second Gear on Stud, and
Gear on Worm. The Gear on Screw and the First Gear on Stud are
the drivers and the Second Gear on Stud and the Gear on Worm are
the driven gears. These change gears as selected from the set supplied

137



138 MILLING MACHINES

with the miller govern the ratio of table movement to the rotation
of the work and thus control the lead of the spiral to be cut just as
the change gears on a lathe give the desired lead for the cutting of
a given thread.

It wil be understood from the views Figs. 38 and 39 that the
gears are compounded; and the compound ratio of driven to driving
gears equals in every case the ratio of the lead of the desired spiral
to the lead of the machine itself. As stated above, gears of the same
size give a spiral with a lead of 10 inches, or the same as the lead
of the miller. Using three gears of equal diameter and a driven gear
twice this size a spiral is produced having a lead double that of the
machine or 20 inches. If both of the driven gears are twice as large
as the drivers the spiral eut has a lead four times that of the machine,
or 40 inches. Or if we reverse these conditions and use driving gears
twice the diameter of the driven gears we cut a spiral of 214 inches
lead or 14 the lead of the machine.

We may express the ratio as follows:
Product of Driven Gears  Lead of Required Spiral.
Product of Driving Gears 10
Or we may express the ratio if preferred as
Lead Driven Gears 2d XWorm
10 Driving Gears " 1st XScrew

‘While the tables in this chapter give the gears for cutting prac-
tically all the leads likely to be required, it may be of interest to
consider briefly the methods of finding the gears by caleulation. First,
suppose we desire to find the ratio of the gears required to cut a
certain spiral: Note the ratio of the desired lead to 10; this is the
compound ratio of the driven gears to the drivers. Thus, if we wish
to cut a lead of 24 inches the ratio of the gears will be 24 to 10. Having
this ratio we now find the number of teeth in the gears for cutting
the given spiral by resolving this fraction of %¢/,, into two factors
and then raising these factors to higher terms corresponding with
the teeth of gears that are available for the work. Thus,

H=3XE=@X3XEXP=1X%

As the numerator of the fractional expression of the ratio represents
the driven gears and the denominator the driving gears, the two gears
72 and 64 are the driven gears and 48 and 40 the drivers. The driven
gears can of course be transposed one with another and so also can the
drivers; drivers and driven however cannot be substituted one for the
other. The order in which the drivers or the driven gears are placed
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in the compound train of the miller does not effect the lead mathe-
matically but in actual practice it will be found that with many sizes
of gears there may be interference, so the tables beginning on page 195
are of especial value as they show at a glance the location of each gear
in any combination for the desired lead.

THE ANGULAR SETTING OF TABLE

In setting the miller to cut a spiral it is necessary to swing the
table around to a definite angle corresponding to the angle of helix

774 -Cutter Arbor

Spiral Cutter /

to be Milled—"
-Angle of Spiral
- — Cutter Tooth

Z-Milling Cutter

—’/

<— Graduations
for Setting Table
at Desired Angle

Fie. 40.—Set-up for spiral milling.

of the lead as formed around the circumference of the work. That
is the table is set around to the angle necessary to bring the spiral
in line with the cutter. Thus in Fig. 40 a set up is shown for milling
the teeth in a spiral cutter with the table swung around to the proper

Angle of > Angle of
I Spiral — Spiral

l"’
H ¥
(ead;‘——» I-\(—,-lflucud—a
B

Fi6. 41—Effect of diameter upon angle of spiral.

angle as represented by the graduations at the front, angle A of course
being equivalent to angle B which is the angle of the spiral to which
the cutter teeth are milled.

This angle of spiral will obviously depend upon the lead of the
spiral and the diameter of the work. The effect of different diameters
with any given lead of spiral is indicated by Figs. 41 and 42 where
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piece A has a diameter twice that of piece B, the lead of spiral around
the surface of the two being uniform. In Fig. 42 the cylinder surfaces
are shown developed and the difference of angle of the two oblique iines
representing the spirals is clearly seen.

P—Lnd—a P—Leld——
i
[
5
Q
!u H
a
H :
] 2
s g
Q £
g S
H AY
E B Angle of
F 8piral
3
2
5]
A A‘ngle of
8piral

Fi6. 42.—4 and B of FiG. 41 developed.

Ordinarily the angular setting of the milling machine table may
be taken directly from the tables on pages .... where spirals of all
common leads are included with angles and gears to be used. For

Milling
Milling Cutter

Cutter

Fies. 43-44.—Setting cutters.

unusual leads of spiral a lay out can be made as in Fig. 42, with one
side of the triangle representing the circumference of the work and
the other side the lead of spiral. The hypothenuse or sloping side
connecting the other sides completes the triangle and if the layout
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is made accurately the angle can be mecasured directly with a pro-
tractor to a sufficient degree of accuracy for all ordinary work. A
more precise method however is to compute the angle which is accom-
plished by dividing the circumference of the piece by the lead of
spiral to obtain the tangent of the angle and then find the angle by
referring to a table of tangents such as is given in the ‘‘American.
Machinists” Handbook.”’

Where spiral cuts are made which are the same on each side of
the cutter is in the case of spiral gears, ete., Fig. 43, the work must
be set centrally up and down with the cutter center line before the
saddle is adjusted to the angle for the spiral cut. Spiral milling cut-
ters, spiral reamers and other work having one radial face for the
teeth are usually milled with a cutter such as shown by Fig. 44 as
the angular face of the cutter for milling the face of the tooth readily
clears the work face and gives smooth results.

In cutting left hand spirals the saddle is swung around to the
opposite side of the center line and an intermediate gear is placed
upon the stud on the spiral head to mesh with the change gears and
so change the direction of rotation of the spindle in the spiral head.
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Fie. 45.—Milling a secrew machine cam.

. MILLING CAMS ON THE SPIRAL HEAD

Another important use of the spiral head is found in connection
with the milling of cams for screw machines and other purposes. A
cam for a screw machine is shown in place on the miller in Fig. 45
where the edge is being milled with an end mill carried by a vertical
spindle attachment. Cams of any desired rise or lead may be milled
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in this manner. The principle is as follows: If the dividing head
were set vertically the lead of the cam thus milled would of course
be the same as the lead to which the machine is geared; if the dividing
head were set horizontally and the vertical spindle attachment set
the same, the edge of the cam would be milled in a true cirele, as
.the work would merely rotate in a circular path while at the same
time it would feed under the horizontal cutter and thus the operation
would be a rotary milling one. But with the dividing hecad set at an
angle between vertical and horizontal and the cutter spindle set to
correspond, there will be a lead milled on the cam periphery coming
somewhere between zero and the lead to which the machine is geared.
Each lead of cam must therefore require a certain angular setting
the exaet degree of which can be worked out by simple calculation.
This is however unnecessary as complete tables have been compiled
to cover all ordinary leads, and these will be found in the ‘‘ American
Machinists’ Handbook’’ with full explanation of the method of following
the caleulation. Lack of space makes it impossible to reproduce the
tables in the present volume.



CHAPTER V
SOME MILLING MACHINE ATTACHMENTS

In addition to the universal dividing head or spiral hcad which
has been described in preceding chapters, there are many other useful
appliances used on the milling machine and a few of the more im-
portant of these will be shown briefly in the present chapter.

Fia.46 Fia. 47 F1c. 48
Fies. 46-48.—Milling machine vises.

F16. 49.—Vertical attachment. F16. 50.—Universal milling attachment.

Figures 46, 47, and 48 represent miller vises, the first being a plain
vise, the second a swivel vise with graduated base, the last a tool
maker’s vise intended for use where angular settings are required.

In Figs. 49, 50 and 51 a number of spindle attachments are shown,
these views representing only a few of the various appliances of this
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general character as made by different machine builders. Thus the
half tone Fig. 49 shows a vertical attachment by means of which
the miller with horizontal spindle may be adapted to handling work
that would naturally be done on a vertical spindle machine if such

Fi6. 51.—Compound vertical spindle milling attachment.

were available. The attachment in Fig. 50 is a universal appliance
which can also be used as a vertical spindle attachment. In Fig. 51
a compound vertical spindle milling attachment is illustrated which
is applicable to a large variety of operations as it can be set in two

F16. 52.—Gear-cutting attachment.

different planes. This flexibility of adjustment is indicated by the
two settings represented in Fig. 51. It is of especial advantage when
it is necessary to set the spindle at an angle with the table, as, for
example, when milling strips with angular edges, guides, ete., for when
the spindle is so sct the entire length of the table travel may he used
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and an ordinary end mill applied in place of the angle cutter which
would otherwise be required.

The illustration Fig. 52 shows a gear cutting attachment which
is similar in a way to the usual index centers but which will swing
spur gears for cutting, up to 16 inches diameter. This device has an
extra large worm wheel thus reducing possibilities of error, and steadi-
ness of the gear being cut is insured by the adjustable rim rest on the
side of the head.

A rack cutting attachment is shown by Fig. 53 which may also
be used in conneection with the spiral head for cutting worms. It is

Fi16. 53.—Rack-cutting attachment.

also useful for various other purposecs. The cutter spindle is here
carried in the head in parallel relation to the T-slots of the table. The
spindle is driven from the regular machine spindle by bevel and spur
gearing.

The circular milling attachment in Fig. 54 is adapted for milling
circles, ares, segments, cireular slots, ete. It has a rotary table driven
by power or operated by hand where desired. When it is desired
to set the table quickly the worm is disengaged and the table is then
turned to any position. It may be used on a vertical miller or with
a vertical spindle attachment it allows the same variety of work to
be machined on the horizontal spindle machine. With suitable fixtures
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attachments of this kind can be used for continuous milling where the
table is kept constantly in operation and the workman merely removes
and replaces the parts undergoing machining.

A cam cutting attachment is illustrated by Fig. 55. This will cut

F16. 54—Circular-milling attachment.

F16. 55.—Cam-cutting attachment.

face cams, peripheral cams, or eylindrical cams from a flat former
or master which is made of a disk about one half inch thick. In
operation the miller table remains fixed as set, and the longitudinal
and rotary movements are obtained in the attachment itself. Rotary
motion is sceured through a worm whiech drives a wheel sceured to
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the spindle of the attachment. The former plate is attached to the
worm wheel face and as the wheel revolves the former forces down
a sliding rack that drives a pinion meshing with a second rack in
the sliding bed of the attachment ; in this way the required longitudinal
movement is obtained. The attachment may be driven automatically
by means of a round belt leading from a jack shaft to a three step
cone pulley fastened on the end of the worm shaft.

F16. 56.—Slotting attachment.

Another attachment of interest is the slotting device in Fig. 56.
This is used extensively in connection with the work of the tool room,
as in working on box tools, templets, cutting keyways and so on. The
tool slide is driven by an adjustable crank from the machine spindle
and the stroke may be varied at will. The attachment can be set at
any angle from zero to 90 degrees either side of the center line.

Two other appurtenances which may be included here are the high
speed attachment, Fig. 57, and the spiral milling attachment, Fig. 58.
The former attachment is of value where it is desired to use a small
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cutter which must be driven at a high ratc of speed and for which
no suitable speed is available with the regular spindle serics of the
machine. Such work might be found say in the sinking of dies, the
cutting of small slots and keyways, etec. The high speed spindle of
the attachment is driven by a set of gears from the main spindle of
the miller.

Fi6. 57.—High-speed attachment. F16. 58.—Spiral milling attachment.

The spiral milling attachment, Fig. 58, is of advantage on different
classes of operations as for instance where it is required to mill short
lead spirals where the angle is greater than that to which the table
of the universal miller can be swiveled. Or the device can be used
for such work as the cutting of racks. It can be used on a plain miller
in conjunction with a dividing or spiral head.



CHAPTER VI
MILLING CUTTERS AND THEIR USES

We come now to a consideration of various types of milling cutters
and some of their common applications. The line engravings, Figs.
59 to 99 inclusive, illustrate general forms of cutters and the text
immediately below explains briefly the uses to which they are applied.
For convenience in reference these cutters and the explanatory matter
have been arranged alphabetically.

TYPES OF CUTTERS

Angular Cutters—(Figs. 59, 60, 61). Such cutters are used for milling straight and
spiral mills, ratchet teeth, etc. Cutters for spiral mill grooving are commonly
made with an angle of 12 degrees on one side and 40-, 48-, or 53-degree angle on the
other. ’

Concave and Convex Cutters—(Figs. 62,63). Concave and convex cutters are used for
milling half circles. The convex cutter is often used for fluting taps and other tools.
Like all other formed cutters the shape is not affected by the process of sharpening.

Corner Rounding Cutters—(Figs. 64, 65, 66). Left-hand, double and right-hand cutters
of this type are used for finishing rounded corners and edges of work. The shape
of the cutter is not altered by grinding on the face of the teeth.

Cotter Mill—(Fig. 67). This type of mill is used for cutting keyseats and other slots
and grooves.

Dovetail Cutters—(Figs. 68, 69). Male and female dovetails are milled with these tools,
and edges of work conveniently beveled.

End Mill—(Fig. 70). This mill sometimes called a butt mill, is used for machining
slots, milling edges of work, cutting cams, etc. Right and left shown at 70 A and B.

End Mill (with center cut)—(Fig. 71). This end mill has clearance on the inner side of
the end teeth and is adapted to cut into the work to a depth equal to the length of
the end teeth and then feed along, dispensing with the necessity of first drilling a
hole which has to be done when the inner sides of the teeth are not relieved.

The mills are often used for heavy cuts particularly in cast iron.

Face and Formed Cutters—(Figs. 72, 78). The face cutter to the left, of Brown &
Sharpe inserted tooth type is made in large sizes and cuts on the periphery and ends
of teeth.

The formed cutter Fig. 78 may be sharpened by grinding on the face with-
out changing the shape. For milling wide forms several cutters are often placed
side by side in a gang.

Fish Tail Cutter—(Fig. 73). A simple cutter for milling a seat or groove in a shaft or
other piece. Usually operated at rapid speed and light cut and feed.

Fluting Cutters—(Figs. 74, 75, 76). Fig. 74 is an angular mill for cutting the teeth in
spiral mills, Fig. 76 is for tap fluting and Fig. 75 for milling reamer flutes. In each
case the cutter is shown with one face set radial to the center of the work.
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Fi6s. 59-73.—Types of milling cutters.
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Fly Cutters—(Fig. 77). Fly cutters are simple formed cutters which may be held in an
arbor like that shown at the top of the group. The arbor is placed in the miller
spindle and the tool or other work to be formed is given a slow feed past the revolving

cutter.

After roughing out, the cutter can be held stationary and used like a

planer tool for finishing the work which is fed past it and so given a scraping

cut.

Gang Cutters—(Fig. 79). Cutters are used in a gang on an arbor for milling a broad
surface of any desired form. The cutters shown have interlocking and overlapping
teeth so that proper spacing may be maintained. In extensive manufacturing
operation the gangs of cutters are usually kept set up on their arbor and never
removed except for grinding. )

Gear Cutter (Involute)—(Fig. 80). In the Brown & Sharpe system of involute gear
cutters, eight cutters are regularly made for each pitch, as follows:

No.
No.
No.
No.
No.
No.
No.
No.

1 will cut wheels from 135 teeth to a rack.
2 will cut wheels from 55 teeth to 134 teeth.
3 will cut wheels from 35 teeth to 54 teeth.
4 will cut wheels from 26 teeth to 34 teeth.
5 will cut wheels from 21 teeth to 25 teeth.
6 will cut wheels from 17 teeth to 20 teeth.
7 will cut wheels from 14 teeth to 16 teeth.
8 will cut wheels from 12 teeth to 13 teeth.

Such cutters are always accurately formed and can be sharpened without
affecting the shape of the teeth.

Gear Cutters, Duplex—(Fig. 81). The Gould & Eberhart duplex cutters are used in
gangs of two or more, the number of cutters in the gang depending on the number
of teeth in the gear to be cut. The following table gives the number of cutters
which may be used in cutting different numbers of teeth:

Under 30 teeth 1 cutter

Under 30 teeth 2 cutters
Over 50 teeth 3 cutters
Over 70 teeth 4 cutters
Over 95 teeth 5 cutters
Over 120 teeth 6 cutters
Over 150 teeth 7 cutters
Over 180 teeth 8 cutters
Over 230 teeth 10 cutters
Over 260 teeth 12 cutters.

Gear Stocking Cutter—(Fig. 82). The object of stocking cutters is to rough out the
teeth in gears, leaving a smaller amount of metal to be removed by the finishing

cutter.

They increase the accuracy with which gears may be cut, and save the

finishing cutter as well.
In all cases where accuracy and smooth running are necessary the gears should
first be roughed out. One stocking cutter answers for all gears of the same pitch.

Hob—(Fig.

83). A form of milling cutter with teeth spirally arranged like a thread on

a screw and with flutes to give cutting edges as indicated. Used for cutting the
teeth of worm gears to suit the worm which is to operate the gear. Hobs are formed
and backed off so that the faces of the teeth may be ground without changing the

shape.
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FiGs. 74-86.—Types of milling cutters,
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Fias. 87-99.—Types of milling cutters.
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Inserted Looth Cutter—(Fig. 84). Brown & Sharpe inserted tooth cutters have taper

bushings and screws for holding the blades in position in the bodies. Inserted tooth

" construction is generally recommended for cutters 6 inches or larger in diameter.
There are many types of inserted tooth cutters and in most cases the blades are
readily removed and replaced when broken or worn out.

Inserted Tooth Cutter (Pratt & Whitney)—(Fig. 85). In this type of cutter the teeth
or blades are secured in position by taper pins driven into holes between every other
pair of blades; the cutter head being slotted as shown to allow the metal at each
side of the taper pin to be pressed firmly against the inserted blades.

Interlocking Side Cutters—(Fig. 86). These cutters have overlapping teeth and may
be adjusted apart to maintain a definite width for milling slots, etc., by using
packing between the inner faces.

Plain Cutters—(Figs. 87,88). These cutters are for milling flat surfaces. When over
% inch wide the teeth are usually cut spirally to give an easy shearing cut. When
of considerable length relative to diameter they are called slabbing mills.

Rose Cutter—(Fig. 89). The hemispherical cutter known as a rose mill is one of a large
variety of forms employed for working out dies and other parts in the profiler.
Cutters of this form are also used for making spherical seats for ball joints, etc.

Screw Slotting Cutter—(Fig. 90). Screw slotting cutters have fine pitch teeth espe-
cially adapted for the slotting of screw heads and similar work. The cutters are
not ground on the sides. They are made of various thicknesses corresponding to
the numbers of the American Wire Gauge.

Shank Cutter—(Fig. 91). Shank milling cutters are made in all sorts of forms with

shanks which can be conveniently held true in miller or profiler while in operation.

Shell End Cutter—(Fig. 92). Shell end mills are designed to do heavier work than
that for which the regular type of end mills are suited. They are made to be
used on an arbor and are secured by a screw in the end of the arbor. The end of
the cutter is counter-bored to receive the head of the screw and the back end is
slotted for driving as indicated.

Side or Straddle, and Slabbing Cutters—(Figs. 93, 94). Side cutters, Fig. 49, have teeth
on the periphery and sides, are suitable for milling slots and when used in pairs are
called straddle mills. May be packed out to mill any desired width of slot or oppo-
site faces of a piece of any thickness.

Slabbing cutters, Fig. 94, are frequently made with nicked teeth to break up the
chip and so give an easier cut than would be possible with a plain tooth.

Slitting Saw, Metal—(Fig. 95). Metal slitting saws are thin milling cutters. The
sides are finished true by grinding, and a little thicker at the outside edge than near
the center, for proper clearance. Coarse teeth are best adapted for brass work
and deep slots and fine teeth for cutting thin metal.

Sprocket Wheel Cutter—(Fig. 96). Cutters for milling the teeth on sprocket wheels
for chains are formed to the necessary outline and admit of grinding on the face like
regular gear cutters, without changing the form of the tooth.

Straight Shank Cutter—(Figs. 97, 98). Straight shank cutters of small size are exten-
sively used in profilers and vertical millers for die sinking, profiling, routing, etc.
They are held in spring chucks or collets.

T-Slot Cutter—(Fig. 99). Slots for bolts in miller and other tables are milled with T-slot
cutters. They are made to standard dimensions to suit bolts of various sizes. The
narrow part of the slot is first milled in the casting, then the bottom portion is
widened out with the T-slot cutter,
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CARBON STEEL AND HIGH-SPEED STEEL CUTTERS

Milling cutters of ordinary diameters are made of a solid piece
of steel, either carbon tool steel or high speed steel. Larger sizes of
cutters are made with inserted teeth in a body of steel or iron, the
teeth being of carbon or high speed steel. High speed steel cutters
are more and more commonly used in modern practice, particularly
on roughing cuts as they may be subjected to more severe service than
carbon cutters, while the latter are extensively employed for finishing
operations especially where the work is of an exacting nature. In
determining whether carbon steel or high speed steel shall be used
for a given cutter, consideration must be given to such factors as
the amount of material to be removed from the work, the amount
of work to be machined, the quality of finish desired on the surface,
ete. In other words, the special requirements of each line of work,
and experience in the operation of milling equipment must be a guide
in selecting the kind of steel which will result in economy of produc-
tion and satisfactory results in general. As pointed out above, carbon
steel is commonly used for finishing cuts on very exacting work; it
holds a finer edge than high speed steel as the latter is apt to be of
a more or less brittle nature which may result in a finely serrated
tooth edge that is undesirable when a fine surface is to be finished
on the work.

COARSE PITCH AND FINE PITCH CUTTER TEETH

Early forms of cutters were made with fine piteh of tooth giving
many teeth to the cutter and leaving small amount of chip space
between the teeth. Moreover the cutters were formerly made of small
diameter. These conditions produced results that were far from satis-
factory as viewed from a present day angle, and in many shops the
use of the milling machine was retarded and its extension to new
applications delayed indefinitely becausc of a lack of knowledge in
such shops of what should constitute a good eutter. The fine tooth
cutter necessarily had too many teeth in contaet with the work surface,
-preventing a free cutting action, providing little room for chips and
causing both cutter and work to become unduly heated even under the
moderate speeds and feeds employed at that time. Later experience
and experiment led to the use of larger sizes of cutter bodies, and
teeth of much coarser pitch, which coupled with the advance in the
design and construction of milling machines themselves have made
possible the present cconomy and facility of the milling operation.
Another important factor in the development of milling practice has
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been the general adoption of spiral toothed cutters wherever feasible
in place of the earlier straight tooth mills, the latter form being
seldom employed for other than narrow face cutters. The spiral tooth
neccessarily gives a much freer and smoother cutting action and enables
heavier cuts to be taken without chatter.

A good comparison of some fine pitch and coarse pitch cutters
will be seen in Figs. 100 and 101. Figure 102 shows a group of modern

F16. 100.—Coarse- and fine-pitch cutters.

cutters of various kinds, including long slotting mills, formed cutters
and general purpose tools. :

Figures 103 and 104 illustrate a number of cutters of different kinds
with wide spaced teeth as designed and recommended by the Cin-
cinnati Milling Machine Company. This company made a series of
experiments some years ago to dctermine the advantages of wide

F16. 101.—Fine- and coarse-pitch mills.

spacing in cutter teeth and from these experiments dimensions were
developed for various styles of cutters. Their latest design of spiral
cutter is shown in Fig. 105 this representing a mill 414 inches in
diameter. This cutter as shown is provided with ten teeth giving
a spacing of approximately 1.4 inch. It was formerly the practice to
cut spiral mills with an angle of spiral of 10 to 12 degrees, but as a
result of experiments referred to above, the firm increased the angle
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of spiral until it is now 25 degrees except where there are end teeth
as in the case of end mills, when the angle is 20 degrees. The faces
of the teeth are undercut to give them rake, and this rake is 15 degrees
where the cutter is to be used for steel only; but with standard cutters

Fi16. 102.—Examples of modern cutters.

which are used for both steel and cast iron the rake is at an angle
of 10 degrees. To prevent weakening of the tooth because of this
under cut the back of the tooth is milled with a double angle as
represented in the engraving, this form of tooth being stronger than

F16. 103.—Modern milling cutters.

carlier cutters without rake. It will be noticed that there is a large
fillet at the bottom of the tooth which not only strengthens the tooth
but prevents lodging of chips between the teeth. It was found that
the angle of spiral of 25 degrees was a great improvement over the
old angle. The 25-degree angle gives a freer cutting action, the length
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of tooth embedded in the work is never very great thus reducing
spring in the arbor and the consequent hammering, and making it

TF16. 104.—Modern milling cutters.

unnecessary to provide chip breakers (or notches) in the edges of the
teeth. Unless the cut is very shallow there are always two teeth in
action on the work where with the old angle and wide spaced tecth
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F16. 105.—A Cincinnati spiral mill with wide-spaced undercut teeth.

one tooth would get out of action before the next engaged the work
thus eausing hammering to a greater or lesser extent.



MILLING CUTTERS AND THEIR USES 159

The table below gives the results of the above company’s tests
with three spiral mills of 3 inches diameter to determine the influence
of wide spaced teeth. These cutters were made with 25-degree spiral
for the teeth and the teeth ground with 5 degrees clearance but the
faces of the teeth were without undercut or rake, that is they were
milled radially. The three cutters had respectively 22, 16 and 10 teeth,

, o
. 20’ Spiral
%’_ﬂ_" 4, Teeth \’ "
2% H.8.8. . X
(-3 4_5!1
SECTION| &8 S Y =2 e 1 ;;J
AA @8 Y1  No.7 B.% 8. Taper’l¥ (.
&7 o
x < N
& T o
4/ PAAN

Fic. 106.—End mill.

the spacing being for cutter A 0.43 inch, cutter B 0.59 inch, cutter C
0.94 inch. The tests were made of milling machine steel 234 inches wide
and the cuts were all of the same depth.

TABLE IV.—SHOWING INFLUENCE OoF WIDE SPACED TEETH

Cutter A—22 Teeth B—16 Teeth C—10 Teeth
Widthof cut............... 23 28] 23| 2% 23| 2% 23| 23| 23
Depthof cut............... Sl &l S % & & S| S| &
Revolutions................ 80.4 (80 80 82 68 67 69 68 68

Actual feed in inches per mnin. |11.70({14.8 |18.46{11.9 |15.11|18.64(11.9 |15.11{18.77
Cubic inches of metal removed

per minute. ............. 5.94| 7.63( 9.52| 6.14] 7.79| 9.62| 6.14| 7.79| 9.68
Amperes. . ................ 60 70 | 74 54 56 | 64 46 | 52 | 60
Volts. . ................... 200 | 200 | 198 | 196 | 198 | 198 | 195 | 197 | 196

Actual h. p. at machine cor-
rected for motor efficiency..|13.44(15.75(16.5 |11.77{12.32|14.28| 9.84|11.39|13.24
Cubic inches of metal removed
by 1 h. p. in one minute. . .| .442| .484] .577| .522| .631| .674| .625 .684| .731

The above figures show conclusively the advantage of wide spacing
alone. Cutter B, removed an average of 219 more metal than cutter A4,
and cutter C removed an average of 369 more metal than cutter 4.
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Other tests show equally interesting results as to the effect of rake
or undercut on the tooth faces. One of many important tables covering
these tests is reproduced below. The tests were made on a steel bar
5 inches wide, with cutters 315 inches diameter 6-inch face, used on
a 114-inch arbor. Cutter A in the table is a Cincinnati design as in
Fig. 105, 25-degree spiral angle, 10 teeth, 1.11-inch spacing, with 10
degrees undercut or rake. Cutter B is similar to the above but has
radial tooth faces, that is without rake. The tests were made on a
No. 5 Plain Cincinnati High Power Miller direct connected to a 35
horse power motor and fitted with the stream lubrication system of this
company. This table shows that under the cut of 3/, inch the cutter 4
with rake removed 48 per cent more metal per horse power minute than
the cutter B without rake,

TABLE V.—SHOWING THE INFLUENCE OF RAKE

Cuts % inch deep. Machine set for 16 inch feed per minute

A—25°Spiral,| B—25°Spiral,| E—Helical
Cutter 10 Teeth, 10 Teeth, Mill
10° Rake No Rake

Widthof cut........................... 5 5 5
Depthofcute.......................... 5 % 5
Revolutions............................ 65 65.5 67.7
Feed in inches per minute (actual)........ 14.4 14.56 15.04
Cubic inches of metal removed per minute. 13.5 13.65 14.10
Amperes. .............coiiiiii 56 86 68
Volts. ... 202 195 198
Total h. p. at machine corrected for motor|

efficiency............... e 12.58 18.88 14.20
Cubic inches of metal removed by 1 h. p. at.

machine in one minute................ 1.074 724 .99

With cuts 84 inch deep there is a still greater difference in the
relative efficiencies of the two mills, the cutter with rake removing
approximately 60 per cent more metal than the one without rake.

OTHER CUTTER DETAILS

The line engravings that immediately follow are of value as showing
details of some of the Cincinnati cutters already referred to in connection
with the group representations in Figs. 103 and 104. Thus Fig. 106
shows a form of end mill with taper shank. Here the angle is 20 degrees
instead of 25 as the spiral angle becomes also the rake angle and 25
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degrees would be too great hence 20 is selected as a satisfactory com-
promise. The teeth it will be seen are also under cut 10 degrees.

The side mill in Fig. 107 is 5 inches diameter. Its peripheral teeth
are undercut 10 degrees.

The face mill, Fig. 108, has inserted blades in a steel body, this mill
being 914 inches in diameter. The slots for the blades are milled in
the body at an angle of 7 degrees with the center line, and the blades
are held in place by pins flattened on one side to form a wedge. The
rake angle, that is the angle which the face of the blade makes with the
radial line is 15 degrees. The clearance angle on the peripheral edge
is 7 degrees. The portion of the blade which has this clearance angle
is only 3/,, inch wide the blade being ground away at an angle of 25
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F16. 107.—Side mill.

degrees back of this narrow land. The face edges have a clearance of
10 degrees and are ground away at an angle of 20 degrees, or at
13 degrees with the body of the mill. The face edge of the blade is
not straight; it has a rounded corner of 3/,, radius, then a flat portion
3/.6 wide, and the rest of the edge is ground away at an angle of 7
to 10 degrees. Other dimensions of interest will be gathered by
inspection of the drawing.

PFigure 109 is a form relieved cutter which retains its original shape
when ground radially and straight on the tooth faces. Figure 110 is
an angular mill used on an arbor. Figure 111 is a helical mill
which cuts with a shearing cut, that is it pushes off the chips side-
wise and makes tooth marks instead of revolution marks. It does
not spring away from the work and is valuable when milling thin
work. A modification of this helical cutter, Fig. 112, is used for milling
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out the ends of connecting rods for locomotives. Further reference to
the latter operation will be found in another chapter.
A brief explanation of the method of milling the wide spaced spiral
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cutters may be of value here. A comparison is shown in Figs. 113
and 114 of the settings for the usual cutter and the wide spaced mills
deseribed above. Ifigure 115 shows a machine in operation on a spiral
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cutter. With a radial face tooth as in Fig. 113 the work is adjusted
off center so that when the double angle milling cutter used for the

\,
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F16. 108.—Form cutter.

work is at the correet height for giving the right depth of cut, a
straight-edge placed on the 12-degree side will line up with the center
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- F16. 110.—Angular cutter.

of the dividing head. The cutter is set before the table is swiveled
to the angle of spiral to be cut. When milling the wide spaced cutter
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Figs. 113-114.—Setting the cutter for making spiral mills.
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with undercut face for the tooth two cuts are required as indicated
in Fig. 114. The work is now offset more than in the case shown
in Fig. 113. This offset is such that a straight-edge placed along the
12-degree side of the double angle cutter will form an angle with
a line drawn from the outside diameter of the work to the center of
the headstock of 10 degrees for an undercut face of 10 degrees, or
of 15 degrees if the tooth face is to have an undercut of 15 degrees.
This leaves the tooth tops too wide as already noted and as shown at
a, Fig. 114, so a second cut must be taken in order to mill the teeth to
correct form as at b and ¢, Fig. 114.

The table herewith will be found convenient in connection with
the milling of spiral cutters, this giving the leads, change gears and
angles for setting of table.

TaBLE VI.—Leaps, CHANGE GEARSCAND ANGLES FOR MAKING SPIRAL MILLING
UTTERS

(The Cincinnati Milling Machine Company.)

Angle for
Diameter Lead Gear First Second Gear Setting
of in on Inter- Inter- on Milling
Cutter, Inches Worm mediate | mediate Screw Machine
Inches Gear Gear Table
3.24 28 48 40 72 25
4.17 40 64 48 72 25
4.68 40 64 56 72 25
6.12 56 40 28 64 24
1 6.67 64 56 28 48 25
1 8.33 48 32 40 72 25
1 10.29 72 40 32 56 24
1 11.66 56 32 48 72 25]
2 13.33 64 32 48 72 25
2} 15.24 64 28 48 72 25
2 16.87 72 32 48 64 25
2 18.75 72 32 40 48 25
3 19.69 72 32 56 64 25
3 21.43 72 28 40 48 25
3 23.33 64 48 56 32 25
3 25.57 100 64 72 44 24
4 26.67 64 28 56 48 251
4 28.67 86 48 64 40 25
4 30.71 86 32 64 56 243
4 32.73 72 32 64 4 24}
5 32.73 72 32 64 44 253
5 34.72 100 24 40 48 253
5 37.04 100 24 64 72 25
5% 39.29 100 28 44 40 243
6 39.29 100 28 44 40 253
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LEADS, CHANGE GEARS AND ANGLES FOR MAKING SPIRAL END MiLLS

| .
| Angle for
Diameter Lead Gear First Second Gear  Setting Milling
of in on Inter- Inter- for Machine
Mill, Inches Worm mediate mediate Screw Table
Inches Gear Gear
2.08 24 64 40 72 203
3.24 28 48 40 72 19%
4.17 40 64 48 72 201
5.44 56 40 28 72 20
6.48 40 48 56 72 20
7.41 40 48 64 72 20%
1 8.33 48 32 40 72 203
1 9.70 64 48 32 44 20
1 10.94 56 32 40 64 20
1 11.84 64 24 32 72 20
1 13.12 56 32 48 64 20
1 15.24 64 28 48 72 20
2 17.14 72 56 64 48 20%
2 19.59 64 28 48 56 20
2 21.43 72 28 40 48 201
2 23.33 64 48 56 32 201
3 26.25 72 48 56 32 193
3 28.00 64 40 56 32 20
3 30.86 72 28 48 40 193
3 31.50 72 40 56 32 3
4 34.55 86 56 72 32

DRIVING LARGE CUTTERS

The mecthod of sceuring large face mills to the miller spindle. varies
with different designs of machines. The cutter drive for the Cincinnati
High Power millers, large size cone driven machines and certain other

Fi16. 115—Milling a spiral cutter.
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types of the same make is arranged as in Fig. 116. These machines
have flanged spindles which are fitted with hardened cross kevs and
the regular cutter arbors are of solid
forgings provided with similar flanges
for driving. Face mills are driven
in the same manner. These are
counterbored to fit over the flanges
in order to center them and they are
provided with recesses to suit the
driving keys, as indicated in the en-
graving referred to.
Another form of drive is the
Brown & Sharpe, Fig. 117, where a
large face mill is shown with taper
opening for fitting over the large
spindle nose, while a rectangular cut-
ter driver fits a ecross slot in the
cutter and a recess in the end of Fie. 116.—Cincinnati arbor and cutter
the spindle; the driver being held drive.
in place by a drawing-in bolt and serving as a clutch to form a positive
drive. '

g

Spindle ‘
Nose

F16. 117.—Brown & Sharpe cutter drive.

Methods - of mounting cutters on their arbors and setting them
properly for the work in hand are discussed in another chapter.



CHAPTER VII
SETTING CUTTERS AND WORK

There are certain fundamental details which must be given atten-
tion when work is to be set up on the milling machine. It is of first
importance that the cutters be mounted as rigidly as possible which
means that they be carried on their arbor as closely to the spindle nose
as the work will allow, or if it is necessary to place them at some
distance out on the arbor then the outer supports should be set as
near the cutter as feasible. Similarly, the work itself should be secured
in the vise, in a fixture, or to the table in such manner that spring
and vibration of the work will be reduced to a minimum and the
surface of the piece finished flat and true. The spindle of the machine
and the table, saddle and knee gibs should be kept properly adjusted,
the spindle taper hole and the cutter arbor cleaned thoroughly, the
arbor should be true and the cutter true when running on its arbor.

TT T I] [T

F16. 118.—Improper method of supporting cutter.

If the cutter runs out one or two teeth on one side will form a high
cutting point and the inequality of the action of the various teeth
will lead to chatter and unsatisfactory results. The condition of the
cutter both as to sharpness, clearance angle and truth of rotation,
and the adjustments of the various supporting members, spindle, ete.,
have much to do with the output of the machine and the quality of
the work irrespective of the matter of speeds and feeds; for without
suitable conditions of the nature indicated adequate speeds and feeds
are not applicable and even with low speeds and slow rates of feed
satisfactory results ecannot be expected.

In the illustrations which follow, various methods of supporting
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cutters and work are shown, the views in the half tones representing
several small and medium classes of parts under operation.

The sketch in Fig. 118 shows an improperly supported cutter
carried as indicated at the middle of the length of a long arbor where
spring and chatter are developed to a marked degree. Sometimes

Fi16. 119.—Use of short arbor with support close to cutter.

because of the width or shape of the work a fully satisfactory position
of cutter and arbor supports is impossible and long arbors are then
necessary. But ordinarily it is practicable to set the cutter near the
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16: 120.—Support between cutters.

end of the arbor and support the latter rigidly. Thus in Fig. 119
a short arbor is represented with the same form of cutter as seen
in Fig. 118. Here maximum conditions of rigidity are obtained, with
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F1g. 121.—Cutters well supported on long arbor.

(¢

the arbor support and its properly adjusted bushing close up to the
cutter. The pair of cutters in Fig. 120 are similarly well supported
with the outer end of the arbor carried in its bushing in the outer
support which is secured to rigid braces that tie the overhanging arm
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firmly to the knee of the miller. Between the cutters is located the
intermediate support and its bushing so that both ends of the arbor
and the center are carried under rigid conditions of operation.

F10. 122.—Gang cutters on connecting-rod work.

F1g. 123.—Milling a string of brackets

A set up of this kind is shown in the photograph Fig. 122, the
method of support being a characteristic one for gangs of cutters
where there happens to be sufficient space at the center of the arbor



SETTING CUTTERS AND WORK 171

for a support at this point. The view illustrates a method of facing
the bosses on connecting rods and splitting through for the caps. Two
pairs of straddle mills are used for the facing of the bosses and two
large saws for the splitting cuts. The work itself is secured to the
vertical face of a simple fixture on which there are two locating
plugs for positioning the connecting rod while two clamps are employed
for holding the rod in place.

‘With a single gang of cutters or with two or three mills closely
spaced it is often possible to locate the cutters near the end of the
arbor and use two arbor supports at the outer side as in Fig. 121.
Thus Fig. 123 shows a pair of large inserted tooth mills employed

F16. 124.—Notching a large ring.

in facing both ends of a series of brackets. The cutters are as close
to the machine column as possible and the long arbor is rigidly carried
outside of the cutters by the two supports. In addition to the stiffness
of the cutter drive here obtained there is a further advantage due
to the fact that the work is carried as far back on the table as possible
and the latter with its saddle is close to the column in the most
desirable position for rigidity of machine operation. The work, it will
be noticed, is carried on what is known as a string milling fixture, a
number of parts being placed in a line on the holding device and fed
between the cutters just as a long single piece would be machined.
‘With larger work it is necessary to set the cutters further out on
their arbor in order to clear the face of the column with the inner
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surface of the work. Such a case is illustrated by Fig. 124 which
shows a large ring requiring the milling of a set of notches in its
periphery. The work is placed horizontally on an upright indexing

F1e. 125.—Straddle-milling the ends of a piece to length.

F16. 126.—Milling the ends of thin work.

fixture and the cut taken by using the vertical feed to carry the table
and work up past the cutters. A pair of interlocking mills are used
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as these are readily spaced outwardly in respeet to cach other to
maintain accuracy in the width of opening milled in the ring.

Where work of considerable width requires facing at both ends
this can be done with a pair of straddle mills as in Fig. 125 with the
casting placed crosswise of the table and the cutters spaced at the
necessary distance apart for the length of the work. This job like
the one in Fig. 126 is accomplished with the cutters located as far
in on the arbor as possible. The latter illustration is of a thin piece
of work held directly to the table and finished by the use of a pair
of small cutters which form narrow guide surfaces at the ends of
the work.

Fi1c. 127.—String milling on an indexing fixture.

A string milling job with an indexing fixture is shown by Fig.
127. The studs milled in this are flatted on each end by a pair of
straddle mills and these are carried close up to the inner end of the
arbor with the support close to the face of the outer cutter. After
the first pass of the work between the cutters, the table is run back
and the fixture indexed half way over to bring the other ends of the
work upward into position for the straddle milling cut.

CLAMPS, BLOCKS, ETC.

‘Work which is to be milled in quantities is usually held in fixtures
that are tongued and bolted to the table of the machine but in the
general shop there are many pieces to be milled where the work must
be secured in the vise or directly to the table or to an angle plate
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fastened to the table. Various types of straps and clamps are used
for different classes of work and several types of jacks and step blocks
are employed. A number of clamps plain and offset are shown in
Fig. 128, a jack in Fig. 129, a step block in Fig. 130. The use of the

1 T
F16.129
el e
[ F16.130
| T ‘D ﬁuhz:;tppoa
@ :D sé::cki J—uﬂ Work
Gy &

o iriii?”
F16.131
F1e,128
Fias. 128-131.—Clamps and step blocks.

latter is indicated in Fig. 131. As with planer work, supports required
under the work should be placed directly beneath the point where
the clamp is applied, or rather the clamp should be applied directly
over the point of support. The bolt should be set forward in the clamp
slot and as close to the work as possible as indicated in the sketch
Fig. 131. The clamp should rest squarely across its end on work
and step block. Where it is possible to place the clamp over a portion
of the work which rests directly on the table this should be done.

No attempt will be made here to deseribe in detail the various
types of fixtures used for different classes of milling machine opera-
tions. These fixtures are usually designed specially for the work in
hand and a number of tools of this kind are shown in the next chapter
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which shows a variety of milling operations in different shops. A
great deal of work, particularly of a light character, is held in the
regular vise which is readily set cither parallel to or crosswise of the
arbor. Where the vise has a swivel base it is set directly from the
graduations; with the plain vise the jaws are set to an arbor placed
in the spindle when it is desired to have them crosswise of the table,
or where the jaws are required to be at right angles to the cutter
arbor a square may be placed between their faces and the blade brought
into contact with the side of the arbor.

DIRECTION OF FEED IN RELATION TO CUTTER
It is customary in milling to feed the work in the opposite direction
to the rotation of the cutter, that is the work is fed against the cut
as in Fig. 132. There are exceptions to this practice but it is advan-
tageous in most cases to feed the work as stated. The cutter runs

N <~
o
Work
Feeding Against the Cut Feeding with the Cut
Fia. 132 Fia. 133

F16s. 132-133.—Direction of cutter and work travel.

under the work and has a clean surface free from scale for each tooth
and there is no danger of the cutter drawing the work into the teeth
as is likely to be the case where the work is fed in the same direction
as the cutter rotates as in Fig. 133. There are instances however
where it is preferable to run the cutter on top and feed with the
direction of the cutter Fig. 133, such for example as when cutting very
narrow slots where there is a tendency for the cutter to run off to one
side if it is run under or opposite to the feed of the work. With
the cutter cutting down, that is on top of the work as in Fig. 133
each tooth comes in contact with a fresh portion of the work surface
and the result is that the teeth cut themselves free and have no
tendency to bind and run sidewise as in the former instance. It is
desirable when feeding with the direction of the cutter to keep out
all back lash so far as possible by means of the table gibs so that
the cutter will not pull the work into its teeth, and often when feeding
in this direction some form of counter weight is applied to the table
to hold it back against freedom in the parts and to prevent the cutter
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from drawing the work and table in with the liability of breaking the
teeth of the cutter.

In milling cast iron, compressed air is often employed to clear
the chips and cool the cutters and work. For steel, wrought iron and
tough bronze, oil or soda water mixture should be used.

SPEEDS AND FEEDS IN MILLING

The question of speeds and feeds is one in which many factors
are involved and no absolute rule can be given for speed and feed
rates to cover all conditions. Some of the important factors are the
condition of the miller itself as to power and rigidity, the size of the
work and the amount of metal to be removed, the character of the
material whether cast iron, malleable, machine steel, tool steel, etec.,
the relative degree of hardness of the metal to be cut, the quality
of finish and accuracy desired, the shape of the cut whether broad
slabbing, narrow channeling, side facing or other, the strength of
the work itself toward resisting springing and giving under the action
of the cutter. With precisely the same kind of material work of heavy
section ecan naturally be machined under much heavier rates of feed
than small slender parts which may admit of rapid cutter speeds but
require relatively slow feeds in order to avoid deformation. When
machining material which requires lubricant the manner in which the
oil or other cooling medium is applied to work and cutter has an
important bearing upon the rate at which the cutter may be operated
and the work fed to the cut.

The surface speeds given below for cutters have been recommended
as a guide although these necessarily must be varied appreeiably
under circumstances peculiar to different classes of work. With earbon
steel cutters milling cast iron, 40 to 60 feet surface speed per minute;
for machine steel, 30 to 40 feet per minute; for annealed tool steel,
20 to 30 feet per minute; for brass 80 to 100 feet per minute. With
high speed steel cutters milling cast iron, 80 to 100 feet per minute;
for machine steel, 80 to 100 fect per minute; for annealed tool steel,
60 to 80 feet per minute; for brass, 150 to 200 feet per minute.

In this connection, a table compiled by the Cincinnati Milling
Machine Company includes important data pertaining to both roughing
and finishing cuts in milling. The speceds given below, this company
has found ean be used safely in general practice with modern cutters
and an ample supply of lubricant or coolant for the cutter on such
work as requires coolant.
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Milling cast iron with spiral mills.

Rough Milling ........... ... ..oooiiiiaan. 65 to 75 fect per minuto

Finish Milling .......... ...t 80 to 120 ¢ ‘¢ “
Milling cast iron with face mills.

Rough Milling ........... e 65 o ‘

Finish Milling ............... ... .....oo.. 80 to 110 ‘¢ ¢¢ ‘
Milling machine steel with spiral mills.

Rough Milling .................. ..., 70 to 75 ¢ ¢ “

Finish Milling ..., 100 to 140 ¢« ¢ «¢
Milling machine steel with face mills.

Rough Milling ..., ... 60to 8 ‘¢ ‘¢

Finish Milling ...t 90 to 110 ‘¢ ¢¢ ‘“
Milling tool steel (annealed) with spiral mills.

Rough Milling .............cooiviiiion... 50 o e

Finish Milling ........... oo, 70 to 80 ¢ ¢ ¢
Milling Tobin bronze with spiral mills and lubricant.

Rough Milling ...t 90 o “

Finish Milling .............................. 125 to 150 ¢¢ ¢¢ ‘e
Milling brass .........c.ooviiiiiiiiininiieanaa 200 o e ““
Milling aluminum .............. ..ol 600 to 1000 ¢ ¢¢ “

FEEDS FOR ROUGHING AND FINISHING CUTS

Oftentimes a piece of work is milled in a single cut while with
other jobs two cuts are required so that the question of quality of
finish does not have to be considered in connection with the roughing
operation, and this cut can then be taken at the maximum rate that
the machine and cutter and.strength of the work will permit. But
with a single cut only the matter of finish and character of surface
desired enter into the question, and the rate of fced must be adjusted
accordingly. The above company state that with spiral mills, end
mills or formed mills, a very satisfactory commercial finish is produced
with a feed of from 0.035 to 0.050 inch per revolution of cutter. Such
a feed and often even higher feeds may be used for surfaces which
are bolted together and do not require to be oil tight. For a great
variety of work a finer feed is necessary. Work which must be seraped
or which is finish ground will readily stand a feed of 0.030 inch per
revolution of cutter while work requiring a high finish without subse-
quent operation may require a fced as low as 0.020 inch per revolution.

Before concluding this chapter reference should be made to the
speeds and feeds obtained by the above company in the application
of their system of ‘‘stream lubrication.”” The following data pertain
to the milling of machinery steel .20 carbon, 55,000 to 65,000 Ibs.
tensile strength.
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Cutting speed 458 ft. per min. 314-inch diamcter spiral mill 500 rev. per minute,
30% inches feed per minute, cut 5 inches wide, 1§ inch deep.

Cutting speed 835 feet per min. 6°/i-inch slotting cutter, 510 rev. per min. 30%
inches feed per min. cut 1 inch wide, */,, inch deep.

Cutting speed 200 ft. per min. 7-P gear cutter 218 rev. per min. 112 inches feed
per min. cut full depth of tooth.

A number of examples of work in operation, some with rates of
feed and cutter speed specified, will be found in the following chapter.

The table of cutting speeds included here will be of service as it
will enable one to determine at once the number of revolutions for
a cutter of given diameter which is to be run at a certain peripheral
speed. Thus if it desired say to run a 4-inch mill at 100 fect per
minute, we find opposite 4 (in the first column) and under 100 in
the eighth column the quantity 95.5 which is the number of revolutions
per minute for this cutter for the surface speed required.

The sharpening of cutters is an important operation in connection
with the satisfactory performance of the milling process. Various
details pertaining to this work are given in the volume on Grinding
in this Library and need not be reproduced here.
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TaBLE VIII.—TABLE oF CuTTING SPEEDs—Continucd

Feet per

|
| i
oot DT | 40 5, 50 | 5, 60 6 | 70 75
| I
Diameter, Revolutions per minute
% | 2445 | 2750 | 3056 | 3361 | 3667 | 3973 | 4278 | 4584
§° 1222 |1375 | 1528 | 1681 | 1833 | 1986 | 2130 | 2202
X | 815 017 | 1019 | 1120 |1222 | 1324 | 1426 | 1528
i 611 688 764 840 | 917 993 | 1070 | 1148
% | 480 550 611 672 733 794 856 917
3 407 458 500 560 611 662 713 764
& | 349 393 437 480 524 568 611 655
306 344 382 420 458 497 535 573
244 275 306 336 367 397 428 | 458
204 229 255 280 306 331 357 382
| 175 196 218 240 262 284 306 327
153 172 191 210 229 248 267 | 287
13 136 153 170 187 204 221 238 255
1 122 138 153 168 183 199 214 229
1 111 125 139 153 167 181 194 208
1 102 115 127 140 153 166 178 191
1 94.0 | 106 118 129 141 153 165 176
1 87.3| 98.2| 109 120 131 142 153 164
1 81.5| 91.7| 102 112 122 132 143 153
2 76.4 | 85.9| 95.5| 105 115 124 134 143
2 67.9! 76.4| 84.9| 93.4| 102 110 119 127
2 61.1| 63.8| 76.4| 80| 91.7| 99.3| 107 115
2 55.6 | 62.5| 69.5| 76.4| 83.3| 90.3| 97.2| 104
3 509| 57.3| 63.7| 700| 76.4| 82.8| 8.1 95.5
3 470 529| 58.8| 64.6| 705| 76.4| 82.3| 8.2
3 437| 49.1| 54.6| 60.0| 655| 709| 76.4| 81.9
33 407| 458 50.9| 560! 61.1| 66.2| 71.3| 76.4
4 38.2| 43.0| 47.7| 52.5| 57.3| 62.1| 66.8, 71.6
43 34.0| 382| 42.4| 467| 59| 552| 59.4| 63.6
5 30.6| 34.4| 382| 420 45.8| 49.7| 53.5| 57.3
51 278 31.3| 37| 382| 41.7| 451| 486 | 52.1
6 25.5| 28.6| 31.8| 350| 382| 41.4| 446 | 47.8
61 235| 26.4| 29.4| 323| 353| 382| 41.1| 44.1
7 21.8| 24.5| 27.3| 300| 327| 355| 382| 409
7 204| 220| 255| 280| 306 331| 357| 382
8 191 215| 239| 263| 287| 31.0| 334! 358
81 180| 202| 225| 247| 270! 202| 31.5| 337
9 170 191| 21.2| 233| 255| 276| 207| 318
91 161 181 201 221| 241] 26.1| 282 302
10 1531 172 191| 20| 220| 248| 267! 287
11 139 156| 17.4| 191| 208| 226| 243| 260
12 | 127| 143] 159| 175| 191| 207| 223| 239
13 18| 13.2| 147| 162| 17.6| 19.1| 206 | 22.0
14 | 109| 123| 136| 150| 164! 17.7| 191| 205
15 | 12| 15| 127| 140]| 153]| 166 17.8| 191
16| 95| 1007| 19| 131| 143| 155| 167 17.9
17 90| 1001 112 12.4| 135| 146| 157]| 16.9
18 | 85 95| 106| 11.7] 127] 138 149! 159
40 45 50 55 60 65 70 75
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TaBLE VIII.—TaBLE or CurtiNg SPEEDs—Continued

; 1 , |
Feet per ! i !
Minute 80 i 90 : 100 110 120 130 140 150
Diameter Revolutions per Minute
A | 4889
2445 2750 3056 3361 3667 3973 4278 4584
% 1630 1833 2037 2241 2445 2648 2852 3056
1 1222 1375 1528 1681 1833 1986 2139 2292
5 978 1100 1222 1345 1467 1589 1711 1833
3 815 917 1019 1120 1222 1324 1426 1528
5 698 786 873 960 1048 1135 1222 1310
611 688 764 840 917 993 1070 1146
1 489 550 611 672 733 | 794 856 917
407 458 509 560 611 662 713 764
349 393 437 480 524 568 611 655
1 306 344 382 420 458 497 535 573
13} 272 306 340 373 407 441 475 509
1 244 275 306 336 367 397 428 458
1 222 250 278 306 333 361 389 417
1 204 229 255 280 306 331 357 382
1 188 212 235 259 282 306 329 353
1 175 196, 218 240 262 284 306 327
1 163 183 204 224 244 265 285 306
2 153 172 191 210 229 248 267 287
21 136 153 - 170 187 204 221 238 255
2 122 138 153 168 183 199 214 229
2 111 125. 139 153 167 181 194 208
3 102 115 127 140 153 166 178 191
3 94.0 106 118 129 141 153 165 176
3 87.3 98.2 109 120 131 142 153 164
3 81.5 91.7 102 112 122 132 143 153
4 76.4 85.9 95.5 105 115 124 134 143
43 67.9 76.4 84.9 93.4 102 110 119 127
5 61.1 68.8 76.4 84.0 91.7 99.3 107 115
53 55.6 62.5 69.5 76.4 83.3 90.3 97.2 104
6 50.9 57.3 63.7 70.0 76.4 82.8 89.1 95.5
63 47.0 52.9 58.8 64.6 70.5 76.4 82.3 88.2
7 43.7 49.1 54.6 60.0 65.5 70.9 76.4 81.9
7% 40.7 45.8 50.9 56.0 61.1 66.2 71.3 76.4
8 38.2 43.0 47.7 52.5 57.3 62.1 66.8 71.6
8% 35.0 40.4 44.9 49 .4 53.9 58 4 62.9 67.4
9 34.0 38.2 42 .4 46.7 50.9 55.2 59 .4 63.6
91 32.2 36.2 40.2 44.2 48 .3 52.3 56.3 60.3
10 30.6 34.4 38.2 42.0 45.8 49.7 53.5 57.3
11 27.8 31.3 34.7 38.2 41.7 45.1 48.6 52.1
12 25.5 28.6 31.8 35.0 38.2 41.4 44 .6 47.8
13 i 23.5 26.4 29 .4 32.3 35.3 38.2 41.1 44.1
14 21.8 24.5 27.3 30.0 32.7 35.5 38.2 40.9
15 20.4 22.9 25.5 28.0 30.6 33.1 35.7 38.2
16 19.1 21.5 23.9 26.3 28.7 31.0 33.4 35.8
17 18.0 20.2 22.5 24.7 27.0 29.2 31.5 33.7
18 | 17.0 19.1 21.2 23.3 i 25.5 27.6 29.7 31.8
80 : 90 100 110 120 130 140 150




CHAPTER VIII
TYPICAL MILLING OPERATIONS

The operations illustrated herewith are examples sccured from
shops handling various classes of work on the milling machine.

The view in Fig. 134 illustrates the milling with four inserted tooth
cutters, of cast iron shoes and wedges for locomotives. The total width

F16. 134.—Milling cast-iron shoes and wedges.

of the cut in this operation is 17 inches and the amount of metal
removed from !/, inch to %/, inch. The table travel is at the rate
of 9 inches per minute and one of these shoes is milled in approximately
4 minutes.

Some further operations on locomotive parts are scen below. Figure
135 represents the slab milling of the face of a side rod with a large
inserted tooth mill on a horizontal machine. The cutter is driven at
22 revolutions per minute and fed at the rate of 114 inch per minute.
The depth of mectal removed in the one cut is 34 inch on cach side
of the steel forging. This cutter has a five-inch bore, which conveys
some idea of the dimensions of the carrying and supporting members.

The milling of the edges of these rods is accomplished with the
same type of cutter operating on two rods at onece, or with a pair
of similar cutters machining the edges of four rods simultancously.

182
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The depth of cut along the edge will average from 34 to 14 inch and
at the large end this cut runs up to about 214 inches for a short

F16. 135.—Slabbing the face of a locomotive side rod.

distance. The cutter speed is 22 revolutions per minute or a surface
speed of 60 feet. The rate of feed is 2 inches per minute.

F16. 136.—Slot-milling the side rod.

Milling out of the slot in the large end of the rods is accomplished
with the cutter shown in operation in Fig. 136. This slot is milled
from the solid metal, the width of the end being about 9 inches. The
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“cutter detail, Fig. 137, shows all important dimensions of this tool.
It is a spiral mill with five teeth cut at an angle of 3015, degrees or for

Hdn-Tool Steel
Bearing
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Fi1G6. 137.—Details of cutter.

this size of mill 12-inch lead. The cutter is of high-speed steel and
one cut is sufficient for the slot milling operation. The cutter is run

F16. 138.—Milling channel in connecting rod.

at 148 revolutions per minute or 80 feet per minute surface speed. The

feed is 34 inch per minute.
Figure 138 is a channeling operation in a connceting rod in which
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a 7-inch side cutter is used on the horizontal miller, the cutter having
a face of 2 inches and two cuts being taken from end to end to bring
the channel to desired width. Each cut is made full depth or 134

F16. 139.—Milling the end of the rod.

F16. 140.—Straddle milling small connecting-rod ends.

inches. The length of cut is 65 inches. The feed is 2 inches per minute.
The cutter speed is 50 revolutions per minute or 85 feet surface speed.

The operation in Fig. 139 is the milling of the edge of a side
rod at the rounded end where the forging is about 4 inches in thick-
ness at the broadest part and the amount of metal removed varies
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from 3§ to 55 inch on a side.

MILLING MACHINES
The work is done on the vertical miller

with the eutter running at 45 feet per minute surface speed. The

Fic. 141.—Milling a bracket.
work is fed around by the rotary table at 2 inches per minute while

the round end is being milled, the straight portions permitting of
a higher rate of feed. The surface is finished at the one cut. All of
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I16. 142.—Construction of bracket milling fixture.

the operations on these side rods are accomplished with a liberal supply

of lubricant on cutter and work.
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Some operations on Holt Caterpillar Parts are seen in the views
immediately below. Figure 140 is a straddle milling operation on con-
necting rods where both sides are undergoing facing at one time. The
fixture for this operation is shown distinetly in the view. As indiecated,
the rod rests in V supports under the end and is held in position by
two pivoted clamps over the top which swing down from opposite
ends of the fixture and which carry a pair of V blocks for gripping
the rod tightly when the swinging arms are forced down by two
serews in the locking strap. This strap is slipped into grooves in the
brackets shown at the center of the fixture.

Figure 141 shows a fixture for ecarrying a magnecto bracket on the

F16. 143.—Milling a V-shaped bracket.

table of a miller. This bracket has various lugs and projections and
requires special supporting deviees in the fixture for holding the part
properly. The fixture is shown eclearly in IFig. 142 with the work
in place. The operation is the milling of the bearing surfaces K and L,
Fig. 142, the latter surface being at an angle of 2 degrees from a true
right angle relation with surface K. So the cut in milling out the two
seats at the ends of the bracket is taken with a mill which is tapered
to the above angle and a single cut finishes both surfaces.

The work rests upon four stop screws M, Fig. 142, which are located
under the points to be milled. Behind the work and at the bottom are
stop screws N and at the top there are other stops carried in the swinging
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arms O and P, which are so pivoted as to be hung up out of the way
for the removal of the work. A series of binder handles at the back

F16. 144.—Hand miller with fixture for cam-shaft keyways.

F16. 145.—Finish milling bottom front section of rifle receciver.

operate the clamps on the face of the work and draw it back against
the stops noted. These binders are in the nature of a face cam and
are short enough to prevent undue stress being imposed upon the work.
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Another bracket milling job is illustrated by Fig. 143. This casting
is bored crosswise to form bearing surfaces and the holes are used
here for carrying plugs which hold the work correctly in V blocks
which form part of the milling fixture. There is a third hole at the
closed end of the work and this provides an opening for a third
locating plug which is fitted into a head on the fixture. Quick acting
clamps lock the work in place. Two pairs of cutters are used to mill -
the bearing faces at the side of the bracket. A long arbor is necessary
here to clear the wide work and fixture and the arbor is carried in a
support at the middle as well as at the end.

A hand miller fixture is seen in Fig 144. This holds a cam shaft

Fi16. 146.—Finish milling of receiver bottom, rear end.

while the keyways are cut for the inlet and exhaust cams. There are
eight keyways thus cut for Woodruff keys. The hand miller is fitted
with a special table and fixture for locating all keyways in exact
position in respect to one another and also in relation to the keyways
for the timing gear which is cut in a previous operation. The upper
slide on the fixture carries an index head and two supports for the
long shaft. The work is slipped into a sleeve chuck where it is located
by its main keyway. The angular positions of the cam keyways are
then obtained by the index head which is provided with suitably spaced
holes and index pin. The longitudinal position of the work for the
series of keyways is obtained by a set of index lines and holes and
by a locking plug seen at the front which enters the holes. The
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Fi16. 147.—Finish milling of receiver top.

F16. 148.—Finish milling of side of tang.

-
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F16. 149.—Milling top opening over magazine.

F16. 150.—Milling a machine gun receiver.
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machine once set for a given size of shaft, the operation of the
apparatus consists in sinking the mill into the shaft for the first
keyway, advancing the table to the next longitudinal station and
locking it by the pin, then indexing the head spindle and work by
means of the index plate on the spindle and cutting the next keyway.

GUN SHOP OPERATIONS

A few illustrations are here included to show typical milling opera-
tions on gun parts. Figures 145 to 149 show various cuts taken on the

F16. 151.—Profiling machine on machine-gun work.

Pratt & Whitney manufacturing miller in machining rifle receivers.
These parts are made in large quantities and very accurately. The
holding fixtures are rapid in operation and their general character is
seen in the different views. Figure 145 shows the finish milling of the
bottom front section of the receiver; Fig. 146 the finish milling of
the bottom rear end; Fig. 147 finish milling of the top; Fig. 148 finish
milling left-hand side of tang; Fig. 149 milling of top opening over
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magazine. Another interesting feature of thesc illustrations is the
showing of the manner in which the cutters are ganged to take the
different cuts over the surfaces indicated.

A milling operation on the receiver for a machine gun is shown
by Fig. 150. The gage at the side is a flush pin device in which the
milled part is located in the same way as in its milling fixture while
the accuracy of the cuts is tested by series of flush pins which are

Fi6. 152.—Cutting bevel-gear teeth.

pressed against the milled surface and must then come flush at their
tops with the arms in which they are mounted. The operation illus-
trated is but one of a great number required to mill and otherwise
machine such a part as a receiver for a machine gun.

Another type of machine used extensively on such work is the
profiler which is a special form of milling machine in that it operates
a small cutter in the same way as a regular vertical spindle miller
exeept that the work is kept to the right path for the profiling cut
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by means of a former plate and guide pin. One illustration is included
of this form of machine. See Fig. 151. The gage at the side is a
device for testing the accuracy of the profiling cut taken around the
edge of the receiver.

GEAR CUTTING

Gear cutting is one of the most important operations performed
on the miller. It comprises in its branches a complete line of work

F16. 153.—Cutting a worm wheel.

for the universal milling machine and an extensive treatise ecould be
written on this subject alone. The present section gives little space
to the subject as it is covered in other volumes in this Library. Two
views are however presented herewith showing the universal miller set
up for cutting a bevel gear, Fig. 152 and for cutting a worm wheel,
Fig. 153.
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GEARING FOR CUTTING WORM AND SPIRAL GEARS

Leads from 12.468" to 24.635"
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12.542 | 86 | 40 | 28 | 48 [|15.556 | 64 | 32 | 56 | 72 |[19.502 | 64 | 28 | 48 [ 56
12.571 64 | 56 | 44 | 40 |[15.636 | 86 | 40 | 32 | 44 |{19.636 | 72 | 44 | 48 | 40
12.698 | 64 | 28 [ 40 | 72 |(15.677 | 86 | 64 | 56 | 48 |[19°688 | 72 | 32 | 56 | 64
12.798 | 86 | 56 [ 40 | 48 [|15714 | 64 | 32 | 44 | 56 ||19.708 | 86 | 48 | 44 | 40
12:833 | 56 | 48 | 44 | 40 |[{15.750 | 72 | 64 | 56 | 40 |[19.907 | 86 | 24 | 40 | 72
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F16. 153p.—For leads up to 24.635 in,
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SECTION VI

GEAR CUTTING

CHAPTER I
METHODS OF GEAR CUTTING

There are two methods of cutting gears, by milling and by the
planing processes. The first includes the older method of using a
formed milling cutter which cuts a single tooth as well as the newer
method of hobbing or continuous milling. The second includes the
Fellows gear shaper for spur gears and the Gleason and Bilgram gear
planers for bevel gears. The milling methods use cutters having teeth
formed to the desired shape and the process is that of simple milling,
using an indexing head to move the gear blank the correct amount to
secure the required number of teeth.

There are also other spur gear planing machines, including the
Sunderland and the Maag, but neither are as yet in common use.

In most of the planing processes the tooth is generated, or formed
by the rolling action of the gear blank and the cutting tool, giving a
theoretically perfect tooth. A perfect cutter, ground after hardening
so as to remove the slight distortion due to the heating and cooling of
the cutter, will give practically perfect results by either method.

‘While the actual cutting of gears can be done with no knowledge
of tooth forms it is well to be somewhat familiar with the theory
of gears and the way in which the teeth are laid out. This can be
feund in detail in the ‘“American Machinists’ Gear Book,’’ by Logue,
which forms one of the volumes of this set. It should be referred
to frequently even by those who do not expect or desire to design
gears.

In cutting gears with the formed milling cutter great care must
be taken to have the cutter set exactly in the center of the blank.
This is particularly true with small pinions. If the cutter is exaectly
true to form it is enough to center cutting point with the mandrel
carrying the gear blank. But if the cutter is not exactly symmetrical

203



204

GEAR CUTTING

it is necessary to use the cut and try method until the best results

possible are secured.

One of the first essentials of gear cutting is to have the gear

blanks turned the right size before commencing to cut the teeth.
following tables give the correct diameters.

The

The correct cutters to

TaBLE I. B. & S. INvoLUTE GEAR TooTH CUTTERS

No. 1 will cut gear wheels from 135 teeth to a rack
‘“ 134 teeth

“ 1%
(X4 2
‘e 2%
“ 3
I 3%
g
1% 4%
“ B
1% 5}
(X3 6
“ 6%
K
1 7%
“ 8

[ X3

‘¢ ¢

‘¢ [

‘¢ 6

X3 ‘e

““ “’

“« %

‘¢ ‘

‘¢ X3

¢ ‘¢

‘¢ ‘¢

X3 ‘e

X3 [

“° X3

X1

‘¢

“

X3

e

“

[

‘¢

[

‘¢

“°

[

“l

‘e

80
55
42
35
30

“ 134
X3 54
‘¢ 54
‘¢ 34
X3 34
“« 25
X 25
‘e 20
‘e 20
“16
“ 16
1
‘“é 13

X3

X3

‘¢

X3

X3

X3

[

“°

X3

[

“«

(X3

X

TABLE II. TABLE SHOWING DEPTH OF SPACE AND THICKNEss OoF TooTH IN SPUR
WueeLs, WwHEN CuT witH THESE CUTTERS

Pitch Depth to be | Thickness of Pitch Depth to be | Thickness of
of Cut in Gear, Tooth at of Cut in Gear, Tooth at
Cutter Inches Pitch Line, Cutter Inches Pitch Line,
Inches Inches
1} 1.726 1.257 11 .196 .143
1} 1.438 1.047 12 .180 .131
1% 1.233 .898 14 .154 112
2 1.078 .785 16 .135 .098
2} .958 .697 18 .120 .087
2} .863 .628 20 .108 .079
23 .784 .570 22 .098 .071
3 .719 .523 24 .090 .065
3} .616 .448 26 .083 .060
4 .539 .393 28 .077 .056
5 .431 .314 30 .072 .052
6 .359 .262 32 .067 .049
7 .308 .224 36 .060 .044
8 .270 .196 40 .054 .039
9 .240 .175 48 .045 .033
10 .216 157
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TaBLE III. TABLE FOrR TURNING AND CUTTING GEAR BLANKS FOR STANDARD
LENagTH TooTH

: ! ! ' |
Pitch | 16 | 12 | 10 | 8 !| Pitch | 16 | 12 | 10 ‘ 8
i |
Depth Depth
of 135 180 | .216 | .270 of 135 | .180 | .216 | .270
Tooth Tooth
No. of Outside Diameter No. of . .
Teoth : Teeth Outside Diameter
10 3 1 1% 1 51 3% | 4% | 55 6
11 ? 1 1% 1 52 33 4% | 5% 63 .
12 A 1% 14 1 53 3% 475 5% 6
13 i 1% 18 1 54 31 445 57% 7
14 1 14 1% | 2 55 3% | 4% | 5% 7
15 1{, 15 1% 2 56 3% 4*8 5% 7
16 1 1% 15 | 23 57 313 | 41} | 5% 7
17 1% 1 1% | 2% 58 33 5 6 7
18 11 1% | 2 2 59 33 | 5% | 6% 7
19 15 1% | 2% | 2 60 3% 5% | 67 7
20 1% 1 | 24 | 2 61 318 | 5% | 67 7
21 111, 1H | 25 | 2 62 4 54 | 6% 8
22 1 2% | 3 63 4 55 | 6% 8t
23 1{, 2% | 2% | 3 64 4 5 | 6% 8
24 1 24 | 2% | 3 65 4 50 | 615 8
25 13 | 2& | 2% | 3 66 41 50 | 6% 8
26 1§ 2% | 2% | 3 67 4% | 5% 6% 8
27 13 | 2% | 2% | 3 68 | 45 | 518 | 7 8
28 1} 2% | 3 33 69 4% | 54 T 8
29 13 | 2% | 3& | 3 70 41 6 T4 9
30 2 28 | 33 | 4 71 4;, 6 | 75 9
31 24 | 2% 33 | 4 72 4 6% | 7% 9
32 2 218 | 34 | 4 73 4 | 6 | T 9
33 28 | 2% 35 | 4 74 43 6% | 75 9
34 21 3 3% | 4 75 4 6% | T 9
35 2% | 3% | 3% | 4 76 4] 6% | 75 9
36 28 3% | 355 | 4 77 413 | 6 | 7% 9
37 2% | 33 3% | 4 78 5 6% | 8 10
38 21 34 | 4 5 79 52 | 64 84 | 10
39 2% | 3% | 4% | 5 80 5¢ 6 8+ 10
40 2% 3% | 4% | 5 81 5% | 6} 835 10
41 28 | 3% | 4% | 53 82 5% 7 | 8% 10
42 21 3% | 4% | 5 83 55 | 784 | 8% | 10
43 213 | 3% | 4% | 5% 84 53 75 | 85 10
44 21 318 | 4% | 5 85 5% | 7% | 8% | 10
45 218 | 34 | 4% | 5 86 5} 74 | 8% | 11
46 3 4 4% | 6 87 5% | 7% | 8% 11
47 34 | 4% | 4% | 6 88 53 75 11
48 33 4% | 5 6 89 5 | 74 | 9% | 11
49 3% | 4% | 5% | 6 90 53 74 | 9% | 11
50 31 4% | 5% | 6 91 5 | 7% | 9% 11




206
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TaBLE III. TABLE ror TURNING AND CuTTING GEAR BLANKS
LeNGTH TootH—Continued

Pitch 16 12 10 : 8 Pitch 6 . 12 | 10 8
|
Depth Depth
of .135 .180 .216 .270 ! of .135 .180 .216 .270
Tooth Tooth
No. of Outside Diameter No. of Outside Diameter
Teeth Teeth
92 5% 743 9% 114 133 815 113 135 163
93 51% H 95 113 134 8% 114 13% 17
94 6 8 9% 12 135 8;‘; 114% 1375 17
95 6 845 9% 12 136 8 11% 134 17
96 64 8% 955 12 137 84 1175 138 17
97 | 6% | 8& | 9% | 12 138 8§ | 115% | 14 17
98 631 8% 10 12 139 813 11+ 144 17
99 65 8+ 10+ 12 140 81 1143 143 17
100 63 8% 10:% 12 141 81% 114 143 17{
101 65 85 1035 12 142 9 12 14+ 18
102 63 8% 10+% 13 143 94 1245 145 18%
103 6% 875 10y 13 144 9% 1245 145 18
104 | 6§ | 8% | 10% | 131 145 | 9% | 129 | 145 | 18
105 | 64 | s | 10% | 13 146 oF | 124 | 14% | 18
106 63 9 105 13 147 94 125 14y% 18
107 613 91 103% 13 148 3 125 15 18
108 63 9% 11 13 149 9% 12:5% 1545 18
109 613 9% 113 13 150 91 125 15+ 19
110 7 9% 114 14 151 9% 12+% 153 19:
111 T4 N5 113 14} 152 93 1243 15t% 19
112 7% 9% 114 14 153 o 124 15+ 193
113 74 9% 115% 14 154 94 13 15% 19
114 73 8% 115 14 155 943 1345 15+ 19
115 7 9% 115 14 156 9 13 155 19
116 7 943 115 14 157 913 133 158 19
117 71s 944 113 14 158 10 13+ 16 20
118 7% 10 12 15 159 10 13+% 16+ 20
119 7 1045 1245 15 160 10 135 1655 20
120 | 7 104 | 124 | 154 161 | 108 | 13% | 163 | 20
121 4 1045 125 15 162 101 1355 164 20
122 73 104 12+ 15 163 1045 13+% 165 20
128 | 718 108 | 128 | 15 164 | 10§ | 1312 | 16% | 20
124 73 10:% 12:5% 154 165 1075 134 16 20
125 714 1075 1075 15 166 104 14 165 21
126 8 1035 125 16 167 10+% 1435 165 21
127 84 10+% 125 16} 168 10% 144 17 21
128 | 8 |10 |13 164 160 | 104 | 145 | 174 | 21
120 | 8% |104 | 13% | 16} 170 | 103 | 144 | 174 | 21
130 8% 11 1335 16 171 1043 1445 1755 21
131 | 8% |11k | 13% | 18 172 | 10} | 145 | 178 | 21
132 83 1145 13 % 16 173 104§ 147% 1785 214
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TaBLE IV. INDEX TABLE FOR SPACING IN BLOCKS OF THE BROWN AND
SHARPE GEAR CUTTER
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TaBLE IV. INDEX TABLE FOR SPACING IN BLocks oN THE BROWN AND

GEAR CUTTING

SuARPE GEAR CuTTER —Continued

- Bt g l - 173 g
3|3 5| 5| E|E || © |3 sl 5| E|%
2T | 8| BlE|RIS | 8 |T | 8 |B8|E!lZ|S

sl 2|2 82228224882
31z 8 5 El gl w|Sall ¢ |Bgl A |&|=w|=w]|%e
g =g - - g =] .8 = —g - - =] ] g.g
3 | sO| B Bl 8| 8 En 2 | sOo| B Bl 8| 8 =)
B |z & | &| B & B |a £ 2| & &8
108 | 7 100| 30| 70| 60| 2 152 5 100 60| 90| 76 | 2
10| 7 100 | 50 | 84| 44| 2 153 5 100 | 68| 80| 60| 2
11| 5 100 | 74| 80| 40| 2 154 | 5 100 | 56 | 72| 66 | 2
12| 5 100 | 60| 90 | 56 | 2 155 | 6 100 | 50 | 72| 62 | 2
114 | 7 100 | 30| 84| 76! 2 156 | 5 100 60|90 | 78| 2
115 | 8 100 | 50 | 96 | 46| 2 160 | 7 100 | 50 | 84 | 64 | 2
116 | 5 100 | 60 | 90| 58 | 2 61| 5 100 | 70 { 60 | 46 | 2
117 | 8 100 | 30| 96| 78| 2 162 | 7 100 | 60 | 84 | 52| 2
19| 3 100 70| 72| 68| 2 164 | 5 100 | 60 | 90 | 82| 2
120 7 100 | 50| 70| 40| 2 165 | 7 100 | 50 | 84| 66 | 2
121 | 4 60 | 66| 96 | 44 2 168 | 5 100 | 60 | 90 | 84 | 2
123 | 7 100 | 30| 84| 82| 2 169 | 6 9 | 52 |9 | 78] 2
124 | 5 100 60| 90 | 62| 2 170 | 7 100 | 50 | 84| 681 2
125 | 7 100 | 50 | 84| 50 | 2 171 | 5 70| 428 | 76| 2
126 | 5 100 | 50 | 50 | 42| 2 172 | 5 100 | 60 | 90 | 86 | 2
128 5 100 | 60| 9 | 64| 2 174 | 7 100 | 60 | 84| 58| 2
120 7 100 | 30| 84| 8| 2 175 8 100 | 50 | 96 | 70 | 2
130 | 7 100 | 50 | 84| 52| 2 176 | 5 100 | 60 [ 90 | 88 | 2
132 | 5 100 | 88| 80| 40| 2 18 | 7 100 60| 70| 50| 2
133 | 4 100 | 70| 96| 76 | 2 182 9 90 | 56 | 96 | 52 | 2
134 | 5 100 60| 90| 67| 2 18| 5 100 (60| 9|92 2
135 | 7 100 | 50 | 84 | 54| 2 185 | 6 100 (50 72| 74| 2
136 | 5 100 | 60| 90| 63| 2 186 | 7 100 | 60 | 84 | 62| 2
138 5 100 | 92| 80| 40| 2 187 | 5 100 | 44 | 48 | 68 | 2
140 | 3 50| 50| 9| 70| 2 188 | 5 100 [ 60 [ 90 | 94 | 2
141 5 00| 94| 80| 40| 2 189 | 5 100 | 60 | 80| 84 | 2
143 | 6 90| 66| 96| 52| 2 190 | 7 100 [ 50 | 84 | 76 | 2
144 | 5 00| 60| 9| 72| 2 192 5 100 ([ 60| 90| 96 | 2
145 6 100 50| 72| 58| 2 195 | 7 100 [ 50 | 84 | 78 | 2
147 | 5 100 98| 80| 40| 2 196 | 5 100 | 60 | 90 | 98 | 2
148 5 100 60| 9| 74| 2 198 | 7 100 | 50 | 70| 66 | 2
150 | 7 00| 60| 84| 50| 2 20| 7 60 | 60| 84 | 40| 2
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use for different numbers of teeth are also given as a matter of ready
reference.

BLOCK INDEXING IN CUTTING GEAR TEETH

Block or intermittent indexing is a method to increase the output
of gear cutters by allowing the feed and cutting speed to be increased
without unduly heating the work. This is done by jumping from the
tooth just cut to a tooth far enough away to escape the local heating
and on the following rounds to cut the intermediate teeth. While the
indexing takes a trifle more time, the heat is distributed so that faster
cutting can be done without heating and dulling the cutter.

The preceding table gives the indexing of gears from 25 to 200 teeth
and is worked out for the Brown & Sharpe gear.cutter but can be
modified to suit other machines. '



CHAPTER 1II
HELICAL AND SPIRAL GEARS

In order to secure quiet running it has become rather common
practice to cut angular or helical teeth on gears which run on parallel
shafts. This requires that the cutter be set at the proper angle with
the gear blank and that the blank revolve as it is fed under the cutter.
This is exactly the same as milling a spiral on a reamer and the same
tables for gearing up the milling machine table will answer in this
case.

Spiral gearing is the term applied when gears have angular or
spiral teeth and run on shafts at different angles to each other. Spiral
gears take the place of bevel gears in many instances and are in reality
a form of worm in gearing in which the worm and worm gear are
approximately the same size. They are really helical however.

As the twisting of the teeth affects the width of cut made by the
cutter it is necessary to find the proper cutter to use by considering
the spiral angle and the number of teeth. This can be easily done by
means of the chart shown on page 235; the explanation as to its use
is on page 232.

To find the lead of spiral consult Table XI on page 236, and also the
explanation which follows it. For the real pitches of circular pitch
spiral gears see Table X and the explanation with it.

WORM THREADS AND GEARS

The gear wheels used with worm gearing, usually called worm
gears, are usually cut with a hob or continuous tap, run between
centers in a milling or hobbing machine. The roughing out or gashing
of the wheel is frequently done with a single milling cutter. This
necessitates setting the cutter at an angle with the blank the same
as in helical gearing but the cutter is simply fed down into the work
instead of across the face as in the case of helical gearing.

A little data about worms and worm wheels, showing the width of
face and depth of thread and teeth will be of value, and is given in the
tahles which follow.
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THREADS OF WORMS

Worms are cut with threads having a total angle of 29 degrecs,
similar to the Acme thread. Some uvse the same proportions as for the

pitch

24+ 3.1416 = 7.620 =

3. Then 96 X% = 24.

FIG. I
To FInD THE PrrcH DIAMETER. (Given pitch and number of teeth.)

Fies. 1-2.—Proportions of worm threads and gears.

diameter.
Note.— Diameter of Hob equals diameter of Worm plus twice the clearance “C.?

Rule, — Multiply the number of teeth by the circular pitch and divide by 3.1416.

Example.— Number of teeth g6; Circular pitch,

Acme, but most use a deeper thread such as the Brown & Sharpe, which
is .6866 deep instead of .51 for a one-inch pitch as in the Acme. Fig.
1 shows the proportions used. It is not easy to cut odd fractional
pitches in most lathes, so regular pitches are cut and the circular
pitch of the worm wheel is allowed to come in fractional measurements
for pitch diameters and center distances. Having determined on the
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reduction as 40 to 1, the relative proportions can be considered as
follows:

Assume a thread of 4 to the inch for the worm or a lead of 1 inch.
Then as the reduction of 40 to 1 there must be 40 tceth in the worm
gear, 1, inch from center to center of teeth or 10 inches in circum-
ference on the pitch line or 3.18 inches. If a reduction of 20 to 1 is
wanted we can use the same gear but cut a double thread of 2 per
inch, which will give the same distance between teeth, but the worm
gear will be moved two tecth every revolution of the worm.

Some of the commonly used proportions are:

No. of teeth X piteh in inches
- . N eth eh 1n Inches
Pitch diam. of worm gear =- 31416
3.1416
Linear pitch
Pitch diam. + 2
Throat diam. of worm gear = ! c__lai.-h

Diametral pitch =

Outside diam. of gear for 60° sides = Throat diam. 4 2 (.13397
Throat Radius).

‘Whole depth of tooth of worm or worm gear = .6866 X linear pitch.

‘Width at top of tooth of worm = .335 X linear pitch.

‘Width of bottom of tooth of worm = .31 X linear pitch.

Outside diam. of worm — single thread = 4 X linear pitch.

Outside diam. of worm — double thread = 5 X linear pitch.

Outside diam. of worm — triple thread = 6 X linear pitch.

IFace of worm gear = 14 to 34 outside diameter of worm.

WIDTH OF FACE
A common practice for determining the width of face or thickness
of worm wheels is shown in Fig. 2. Draw the diameter of the worm
and lay off 60 degrees as shown; this gives the width of working
face, the sides being made straight from the bottom of the teeth.
Others make the face equal to 34 the outside diameter of worm, but
15 the diameter of the worm is more common.

To Finp THE PircH DiaMETER (Given pitch and number of teeth).
Rule.—Multiply the number of tecth by the circular pitch and divide
by 3.1416.

Ezample—Number of teeth 96 ; Circular pitch, 1. Then 96 X1,=24.
24-+-3.1416="7.639—=pitch diameter.

Note—Diameter of Hob equals diameter of Worm plus twice the ,
clearance ‘“‘C.”’
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214 GEAR CUTTING

SPEEDS AND FEEDS FOR GEAR CUTTING

Knowing how to set up the machine and the cutters to use it
is also necessary to know the correct speeds and feeds at which the
cutters should be run and the work fed to the cutters. The following
data are from the experience of the Cincinnati Gear Cutting Machine
Company and represent good average practice.

TaABLE VI.—SPEEDS AND FEEDS FOR GEAR TUTTING
(Cincinnati Gear Cutting Machine Co.)
Range of different sizes of machines as follows:

No. 3. Up to and including 4 diametral pitch.
No. 4. Up to and including 3 diametral pitch.
No. 5. Up to and including 2 diametral pitch.
No. 6. Up to and including 1} diametral pitch.
No. 7. Up to and including 1 diametral pitch.

For CarBoN STEEL CUTTERS RUNNING AT A PERIPHERAL SPEED oOF 35 FEET PER
MINUTE oN CasT IroN AND 30 FEET PER MINUTE ON STEEL

Feed in In. per Min.

Feed in In. per Min. for Roughing Cut Feed in In. per Min.
Dia- Finishing in One Cut !| .010 to .030 In. Left for Finishing Cut
metral \ for Finishing Cut -
Pit;’h High I High High
0 igh |Nick- igh |Nick- igh | Nick-
o |Gt | o o
ron | Stee n ron | Steel n ron | Stee n
Steel | Steel Steel | Sl Steel | S%¢!
1 15|13 1 1 2| 13 | 13 | 1
11 13|13 |1 1 24| 18 | 13 | 1
1} 2{, 13|12 |1 21| 28| 2% | 1%
13 | 24| 18| 1% |1 33 | 28| 2% | 2B || 43 | 32 | 24 | 2&
2 23 | 2 143 [ 13 43| 3 23 2 43| 3% | 23 2
23 (28 (2 [ 1H |1} || 4% 38 | 2% |2 44| 33 | 21 | 2
3 3% | 23 | 1} 1} 44| 375 | 23 2 41 | 35| 23 2
4 3| 28 | 2 1} 41 | 34| 23 2 41 | 33| 21 2
5 3% | 23 2 13 41 34| 23 2 41 3| 21 2
6 37| 28 | 2 13 41 | 37| 23 2 41 | 34| 24 2
7 3% | 21 | 2 13 || 41 | 3%| 28 | 2 41 | 3% 23 | 2
8 3| 23 | 2 13 5% | 4% | 3% | 21 54| 41 | 37 | 2%
9 41 | 3% | 2% 2 54| 4% | 3% | 23 l 5% | 41 | 3% | 23
10 41 ! 3% 23 | 2 5% 4 | 3% | 21 | 5%l 41 | 3% | 2%

(Continued on p. 215)
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For Hrga SpEEp STEEL CUTTERS RUNNING AT A PERIPHERAL SPEED OF
55 FEET PER MINUTE ON CAsT IRON AND 80 FEET PER MINUTE ON STEEL

Gould & Eberhardt recommend the following speed for gear cutters:

TasLe VII.—R.P.M. oF CarBoN STEEL CuTTERs FOR CuTTING SPEEDS GIVEN

BeLow
Cast Iron Steel
Diam.
of Feet per Minute Feet per Minute
Cutter
Min. 35 | Average 45| Max. 60 Min. 25 | Average 30| Max. 40
2 67 86 114 48 57 76
2% 54 69 92 38 46 61
3 45 57 76 32 38 51
33 38 49 65 27 33 44
4 33 44 58 24 29 38
43 30 38 51 21 26 34
5 27 34 46 19 24 31
53 24 31 42 17 21 27
6 22 27 38 16 19 25
6% 20 26 35 15 18 23
7 19 25 33 13 16 22
73 18 23 30 12 15 20
8 17 21 29 10 14 19
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TasLe VIII.—R.P.M. oF Hica Speep SteEL CurTErs FOR CUTTING SPEEDS GIVEN

BeLow
Cast Iron ) Steel
Diam.
of Feet per Minute Feet per Minute
Cutter
Min. 50 | Average 60 | Max. 70 Min. 60 | Average 80| Max. 100
2 96 114 134 114 152 193
21 77 92 107 92 122 154
3 64 76 89 76 102 128
33 55 65 76 65 87 110
4 48 58 67 58 76 97
41 43 51 56 51 63 86
5 38 46 53 46 61 77
51 34 42 49 42 56 70
6 32 38 45 38 51 64
63 29 35 41 35 47 58
7 27 33 38 33 44 54
73 25 30 35 30 41 50
8 24 29 31 I 29 38 48
I

These figures are of course only to be used as a guide, to be modified
by judgment and experience. Use minimum speeds for finishing cuts.



CHAPTER III
THE GEAR SHAPER

The method of cutting gears used by the Fellows gear shaper is
entirely different. This machine uses a cutter which is practically
a hardened gear with properly relieved teeth, and which revolves
with the gear blank at the same time it moves past the edge of it.
The cutting gear (if we may call the cutter by that name) is fed

F16. 3.—Fellows gear shaper at work.

straight into the blank until it reaches the full depth of the tooth.
Then the two spindles, one carrying the cutter and the other the
blank to be cut, start to revolve together like a pair of gears at the
same time the cutter is moving back and forth, taking off a chip at
every stroke. The way this works is shown in Fig. 3 where the
cutter is a little over one-quarter way around the blank. It will
be noticed that the first tooth is not to full depth, this being on the
side of the first full depth tooth at the beginning. This will be
finished to full depth as soon as the blank has made a complete
revolution.

One advantage of this method is that one cutter of any pitch is

217



218 GEAR CUTTING

perfectly adapted to cut any number of teeth of that pitch. With
the circular cutter a set of 15 cutters is given and even these are
compromises for all except one or two gears within their range. They

are good enough for most purposes, but not for the finest work where
utmost quietness is desired.

F16. 4.—Gear cutting in close quarters.

The shaper cutter does not require the same accuracy in setting
that is necessary in the milling cutter. Being as it is, simply one
of a pair of gears, it is only necessary to put it in place on its spindle,
just as we would one of a pair of gears.

F16. 5.—Cutting internal helical gear.

In order to become fairly familiar with this type of machine a
special view is shown in which the various parts are named so as to
be easily understandable. In this case the cutter is working on
the up-stroke, the work support holding the edge of the blank against
the upward thrust of the cutter. In many cases it is found more



THE GEAR SHAPER 219

convenient to have the cutter operate on the down stroke as in Fig.
4, which shows incidentally, in what close quarters this type of
machine can be operated. The three cluster gears shown are all solid
on the shaft, the lower pair having just room between them for the
cutter to clear as it passes out of the second gear.

Fi6. 6.—Intermittent gear with cutter.

Another good example of the close quarters in which this type of
machine can work is given in Fig. 5 where it is cutting both an internal
and external helical gear. The cutter is given the proper twisting
motion by a very simple device which will be shown later.

Fi6. 7.—Generating a special, double-lobe cam.

When any deviation from the straight downward stroke is desired,
a simple and rigid helical guide is fastened to the upper end of the
cutter bar so that it must give a certain, definite twist as it moves
up and down. These guides are made for only onc angle and must
be changed whenever a different angle tooth gear is to be cut.
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This generating process makes it possible to do almost any sort
of irregular cutting on these machines. Some of the unusual jobs
which have been handled are shown in Figs. 6, 7 and 8, and in each

F16. 8.—A square hole with a three-cornered cutter.

case the cutter which produces the work is also shown. Figure 8 shows
that in some cases at least this machine is a real rival of the broaching
machine as this is cutting a square hole.

Fi16. 9.—Sharpening the cutter.

At first glance it seems that the cutters used on these shapers were
made tapered or from a coned blank. If this were true they would
change shape with grinding and only be correct when new. In reality
they are made from a cylinder and the teeth relieved in such a way
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that they retain their correct form until entirely used up, if they are
ground on the face only, as they should be.

This is a very simple operation on a small vertical surface grinder,
the correct handling of the cutters being shown in Fig. 9. A little
care in sharpening thesc cutters, and they should be kept sharp as
with all cutters if best results are to be secured, will keep them in
good shape and secure a remarkably long life from them.

As with all machines, the instruction book of the builder should
be always at hand and should be frequently consulted until one is
thoroughly familiar with the machine.



CHAPTER 1V
BEVEL GEARS

Bevel gears are used to transmit power when shafts are not parallel.
They can be made for any angle, but are more often at right angles
than any other. Right angle bevel gears are often called miter gears.
The teeth are or should be radial so that they are longer at the outer

F1c. 10.—Parts of a bevel gear.

end. The names or parts are shown in Fig. 10. These should be noted
carefully, particularly the face angles.

CUTTING BEVEL GEARS

Bevel gears are cut with rotary cutters as are spur gears; they
are also planed to an enlarged form in some machines, and generated
in others. The rotary method uses the regular gear cutting machine
or the milling machine and the machine is set up in the regular way
as in Fig. 11. The cutters must be sclected according to the small
end of the tooth, which makes it more difficult to cut gears with
wide faces. We must also know the pitch of teeth at large end;
number of teeth; whole depth of tooth space at both large and small
ends of teeth; thickness of teeth at both ends; cutting angle for setting
either the work slide or the cutter slide, as the case may be; height
of teeth above pitch line at both ends.

In order to get the wide tooth space at the outer end we must
roll the gear blank as much as nccessary and also shift the cutter

222
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sideways a certain amount. The amount of these adjustments must
generally be determined by trials on the first gear. A central cut
-should be taken from which the amount of roll can be determined.
With a coarse pitch gear it may be best to take this central cut all
the way around for while this necessitates three cuts in all, it leaves
much less stock for the side cuts. On finer pitches only two cuts are
necessary after we find the amount of roll necessary.

As the cutter can be no thicker than the tooth space at the small

High Speed Steel
Gear Cutter

a

: \ L
) e} 1)
i Bevel f‘;:;
Gear Blank C~ &) S
g oo RS ool
‘“\ Ceuter hll'?:x .f-“.!& > D
Ui
~U

Fi16. 11.—Cutting bevel-gears in a milling machine.

end, we must set it off center a little, as well as to roll the gear blank,
in order to get the correct thickness of tceth at outer end. A few
trials will show how much it is necessary to roll the gear and how
much to set the cutter out of center. Make a note of these for use
in completing the gear and be sure to use the same settings both sides
of the center. Unless the gear is of coarse piteh, the teeth can be
completed in two cuts, omitting the central cut.

Some machines are so made that the cutter slide swivels. When
swiveling the slide to the right, shift the cutter sideways to the left
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so that the cutting edge will just graze the left side of the tooth space.
- Reverse this when swiveling to the left.

Accurate gear cutting requires sharp cutters. Should they dull
on one side it tends to crowd to the other side, making uneven teeth.
The rim of gear blanks should be well braced to prevent springing
under the cut. Gear blanks sometimes become quite warm under
continuous cutting.

Some use block or intermittent indexing to avoid this. Block
indexing means to jump several spaces between teeth, moving far
enough to escape the local heat generated by the last tooth. Then
the intermediate teeth are cut in the same way. In case gear blanks
do heat, however, it is better to go on cutting as there is less chance
of serious distortion than if the blank is allowed to cool.

It is good practice to notch the front edge of large gears, perhaps
1% to 34 of depth with the finishing cutter before starting to cut
the gear. Any error in gearing can be detected by counting the
notches and should the work slip you ecan detect it by noting whether
the cutter enters each notch as”it should. This may save spoiling
valuable gears.

LAYING OUT BEVEL GEAR BLANKS

In laying out bevel gears, first decide upon the pitch, and draw the
center lines BB and CC, intersecting at right angles at A as shown in

~. E
K 2 B
-] == \\ _&‘._ ————————— —I-——.l{—h
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Fie. 12.—Laying out bevel gears.

Fig. 12. Then draw the lines DD to EE the same distance each side
of BB and parallel to it; the distance from DD to EE being as many
eighths of an inch—if it be 8 pitch—as there are to be teeth in the gear.
In the example the number of teeth is 24; therefore the distance from
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DD to EE will be 24/, or 11/, inches each side of BB. KK and LL
are similarly drawn, but there being only 16 teeth in the small gear,
the distance from KK to LL will be ¢/ or 1 inch each side of CC.
Then through the intersections of DD and LL, EE and LL, and EE
and KK, draw the diagonals FA. These are the pitch lines. Through
the same point draw lines as GG at right angles to the pitech lines,
forming the backs of the teeth. On these lines lay off 15 of an inch
each side of the pitch lines, and draw MA and NA, forming the faces
and bottoms of the teeth. The lines HH are drawn parallel to GG,
the distance between them being the width of the face.

The face of the larger gear should be turned to the lines M4, and
the small gear to NA. For other pitches the same rules apply. If
4 piteh, use 4ths instead of 8ths; if 3 pitch, 3ds, and so on.

Bevel gears should always be turned to the exact diameters and angles
of the drawings and the teeth cut at the correct angle.

PROPORTIONS OF MITER AND BEVEL GEARS

To Find the Pitch or Center Angle:

Divide the number of teeth in the gear by the number of teeth in
the pinion. This gives the tangent of the pitch angle of the gear. Or
divide the number of teeth in the pinion by the teeth in the gear and
get the tangent of the pitch angle of the pinion. Subtracting either
pitch angle from 90 gives the pitch angle of the other.

To Find the Outside Diameter:

Multiply the cosine of the pitch angle by twice the addendum and
add the pitch diameter.

To find the Outside Cone Radius or Apex Distance:

Multiply the secant of the pitch angle of the pinion by 14 the pitch
diameter of the gear.

To Find the Face and Cutting Angles:

Divide the addendum by the outside cone radius or apex distance.
This gives the tangent of the addendum or outside angle. Subtract
this angle from the pitch angle of the pinion to obtain the cutting angle
of the pinion, and the face angle of the gear. Subtract the same
addendum angle from the center angle of the gear to obtain the cutting
angle of the gear and the face angle of the pinion. This gives a uniform
clearance and is especially for use with rotary cutters.

To Find Height of Addendum at Small End of Tooth:
Divide the addendum at the large end of the tooth by the outside
cone radius. This gives the decrease in height of the addendum for
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each inch of gear face. Multiply this by the length of the gear face
and subtract the result from the addendum of the large end of the
tooth. The difference is the height of the addendam at the small end
of the tooth.

CUTTERS FOR BEVEL GEARS

Lay out the bevel gears as in Fig. 13 and draw lines A and B at
right angles to the center angle line. Extend this to the center lines
and measure A and B. The distance A = the radius of a spur gear
of the same pitch, and finding the number of teeth in such a gear we

./'\ ‘\\J
ed /,
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rd //
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NG=No, of Teeth in Gear
7 NP= No, of Teeth in Pinion
% / CG = Center Angle of Gear

V)1 CP=Center Angle of Pinion

Fie. 13.—Finding the right cutter to use.

have the right cutter for the bevel gear in question. Calling the gears
8 pitch and the distance A = 4 inches. Then 2 X 4 X 8 = 64 teeth, so
that a No. 2 cutter is the one to use. For the pinion, if B is 2 inches,
then 2 X 2 X 8 = 32 or a No. 4 cutter is the one to use. '

HOBBING MACHINES

Cutting gears by the hobbing method dates back many years, but
it was the demand for great quantities of gears by the automobile
builders which brought it into extensive use. The hob, which may be
compared to a worm wheel hob, or special tap, is set so that the angle
of its thread will make the desired angle with the gear blank to be
cut. The hob revolves and at the same time is fed across the face of
the gear blank. The blank also turns on its axis so that the tooth of the
hob is always in the tooth space of the gear. In this way the hob tooth
generates the tooth form.

Each maker of gear hobbing machines supplies a book of instructions
for setting up and operating their machines and these should be care-
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fully studied and followed. Great care must be taken in setting the
machines but when one becomes accustomed to them, this is not difficult.

The accuracy of gears cut by this method depends largely on the
accuracy of the hobs used. Where the greatest accuracy is desired,
the teeth of the hobs are ground after hardening. Inaccuracy also comes
from forcing the machine beyond a reasonable limit. This may cause
variation in the shape of the tooth curve.

On average work the hobbing method will cut gears faster than the
regular method. It is particularly adapted for helical and worm gears.

F16. 14—Names of parts of gear teeth.

The correct angle for setting the cutter head for cutting spur gears
is stamped on the end of the hob in most cases. This setting should
always bring the thread of the hob parallel to the axis of the work
arbor, for spur gears. When cutting helical gears the cutter head is
set at the angle of the gear to be cut, minus the angle of the thread
stamped on the end of the cutter. When the angle of the gear tooth
is more than 45 degrees, some machines provide for swinging the cutter
head and also for reversing the rotation of the cutter arbor. By care-
fully following directions in instruction books, the handling of any
make of machine will not be difficult after the principles are understood.



CHAPTER V

GEAR DATA AND TABLES

GEAR TEETH—SHAPES OF

Cycloidal or Epicycloidal.—A curved tooth generated by the point
of a circle rolling away from the gear wheel or rack.

Involute.—A curved tooth generated by unwinding a tape or string
from a cylinder. The rack tooth has straight sides.

Involute Standard.—The standard gear tooth has a 1414-degree
pressure angle which means that the teeth of a standard rack have
straight sides 1414 degrees from the vertical.

Involute—Stubbed.—A tooth shorter than the standard and usually
with a 20-degree pressure angle.

GEARS—TEETH AND PARTS

Addendum.—Length from pitch line to outside.

Chordal Pitch.—Distance from center to center of teeth in a straight
line.

Circular Pitch.—Distance from center to center of teeth measured
on the pitch cirele.

Clearance.—Extra depth of space between teeth.

Dedendum.—Length from pitch line to base of tooth.

Diametral Pitch—Number of teeth divided by the pitch diameter
or the teeth to each inch of diameter.

Face.—Working surface of tooth outside of pitch line.

Flank.—Working surface of tooth below pitch line.

Outside Diameter—Total diameter over teeth.

Pitch Diameter—Diameter at the piteh line.

Pitch Line.—Line of contact of two e¢ylinders which would have the
same speed ratios as the gears.

Linear Pitch.—Somectimes used in rack measurement. Same as cir-
cular piteh of a gear.

As it is natural to think of gear pitches as the distance between
teeth the same as threads, it is well to fix in the mind the approximate
center distances of the pitches most in use. Or it is easy to remember
that if the diametral pitch be divided by 3!/, we have the teeth per

228
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TaBLE IX.—GEAR WHEELS

TABLE OF TOOTH PARTS—DIAMETRAL PITCH IN FIRST COLUMN

Diam- Thickness of l Addendum | w orking Depth of Whole
etral Circular Tooth on al}}i Depth | Space below| Depth
Pitch |  Pitch Pitch 17 of Pitch of

Line P Tooth Line Tooth

P P’ t s D" s+f D"+f
3 6.2832 3.1416 2.0000 4.0000 2.3142 4.3142

3 4.1888 2.0944 1.3333 2.6666 1.5428 2.8761

1 3.1416 1.5708 1.0000 2.0000 1.1571 2.1571
1} 2.5133 1.2566 .8000 1.6000 .9257 1.7257
13 2.0944 1.0472 .6666 1.3333 L7714 1.4381
13 1.7952 .8976 .5714 1.1429 .6612 1.2326
2 1.5708 .7854 .5000 1.0000 .5785 1.0785
2% 1.3963 .6981 .4444 .8888 .5143 .9587
21 1.2566 .6283 .4000 .8000 .4628 .8628
23 1.1424 L5712 .3636 .7273 .4208 . 7844
3 1.0472 .5236 .3333 .6666 .3857 .7190
33 .8976 .4488 .2857 .5714 .3306 .6163
4 .7854 .3927 .2500 .5000 .2893 .5393
5 .6283 .3142 .2000 .4000 .2314 .4314
6 .5236 .2618 .1666 .3333 .1928 .3595
7 .4488 .2244 .1429 .2857 .1653 .3081
8 .3927 .1963 .1250 .2500 .1446 .2696
9 .3491 .1745 1111 .2222 .1286 .2397
10 .3142 .1571 .1000 .2000 L1157 .2157
11 .2856 .1428 .0909 .1818 .1052 .1961
12 .2618 .1309 .0833 .1666 .0964 .1798
13 .2417 .1208 .0769 .1538 .0890 .1659
14 .2244 L1122 .0714 .1429 .0826 .1541
15 .2094 .1047 .0666 .1333 .0771 .1438
16 .1963 .0982 .0625 .1250 .0723 .1348
17 .1848 .0924 .0588 L1176 .0681 .1269
18 .1745 .0873 .0555 1111 .0643 .1198
19 .1653 .0827 .0526 .1053 .0609 .1135
20 L1571 .0785 .0500 .1000 .0579 .1079
22 .1428 .0714 .0455 .0909 .0526 .0980
24 .1309 .0654 .0417 .0833 .0482 .0898
26 .1208 .0604 .0385 .0769 .0445 .0829
28 L1122 .0561 .0357 .0714 .0413 .0770
30 .1047 .0524 .0333 .0666 .0386 .0719
32 .0982 .0491 .0312 .0625 .0362 .0674
31 .0924 .0462 .0294 .0588 .0340 .0634
36 .0873 .0436 .0278 .0555 .0321 .0599
38 .0827 .0413 .0263 .0526 .0304 .0568
40 .0785 .0393 .0250 .0500 .0289 .0539
42 .0748 .0374 .0238 .0476 .0275 .0514
44 .0714 .0357 .0227 .0455 .0263 .0490
46 .0683 .0341 .0217 .0435 .0252 .0469
48 .0654 .0327 .0208 . .0417 .0241 .0449
50 .0628 .0314 .0200 .0400 .0231 .0431
56 .0561 .0280 .0178 .0357 .0207 .0385
60 .0524 .0262 .0166 .0333 .0193 .0360

To obtain the size of any part of a diametral pitch not given in the table, divide
the corresponding part of 1 diametral pitch by the pitch required.
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inch on the pitch line. By this method we easily see that in a 10
diametral pitch gear there are approximately 3 teeth per inch while
in a 22 diametral pitch there will be just 7 teeth to the inch.

SPUR-GEAR DIAGRAMS

The two diagrams shown in Figs. 15 and 16 are being used con-
siderably in the shops and drafting room of the Wyman-Gordon Co.,
Worcester, Mass., and are much liked by the men.

Figure 15 gives the outside diameters, number of teeth and piteh of
spur gears and was designed to be used mostly in the shop. For instance,
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Qutside Diameters

Fi6. 15.—For finding gear dimensions.

when a gear is broken the machinist has simply to measure the outside
diameter and count the teeth and the pitch is then derived from the
chart. To find the pitch diameter he divides the number of teeth by the
piteh, and he is all equipped to cut a duplicate gear. The actual tooth
outlines are also shown and can be used as a check.

Figure 16 is for use in the drawing room. This chart gives us the
number of teeth for different pitch diameters or vice versa, and also all
other information in regard to spur gears. The chart is also used for

checking.

RFAL PITCHES FOR CIRCULAR PITCH SPIRAL GEARS
The accompanying table will be found convenient in figuring
particulars for spiral gearing, as it eliminates much of the work by
shortening the process, thus making it quite an easy and simple matter
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to find the dimensions for either helical gears with axes parallel to

each other or for gears with right-angle drive.
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Circumference on pitch line divided by the tangent.

Pitch Diameter = Circumference divided by 3.1416.

Formulas for use with the table are as follows: Circumference on

piteh line = real pitch multiplied by number of teeth.

Lead of Spiral
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For whole diameter add the same amount above pitch line as for
spur wheels of the same pitch as the normal pitch.

The following is an example of the use of the table: A pair of wheels
is required to be: Ratio, 6 to 1; normal piteh, 1 in.; driver, 6 teeth;
follower, 36 teeth; angle for driver, 66 degrees; angle for follower, 24
degrees.

Referring to the table we find that the real pitch for the driver is
2.4585.

24585 X 6 (teeth) = 14.751 (circumference on pitch line).

Cir. 14.751 = 2.246 (tangent) = 6.567 (lead of spiral).

Cir. 14.751 =~ 3.1416 = 4.695 (pitch diameter).

For the follower the real pitch is 1.0946.

1.0946 X 36 = 39.4056 (circumference).

Cir. 39.4056 — 0.4452 (tangent) — 88.512 (lead of spiral).

Cir. 39.4056 —- 3.1416 — 12.543 (pitch diameter).

Another method of finding the lead of spiral is to multiply the real
pitch by the number of teeth, but for this purpose take the real pitch
of the mating wheel.

In the above example we should have

Real pitch of follower, 1.0946 X 6 = 6.5676 (lead of spiral).
Real pitch of driver, 2.4585 X 36 = 88.506.

It will be noticed that there is a slight difference in the result but
this is unimportant, as it is only brought about by the dropping of a
few decimal points in the tangent.

SPUR-GEAR CUTTERS FOR SPIRAL GEARS
To find the number of a spur-gear cutter to be used in cutting a given
spiral gear, locate the intersection of lines traced from the points repre-
senting the number of teeth and the spiral angle on the two scales. The
number in the area on the chart within which the intersection falls is

the cutter number of Brown & Sharpe’s involute cutter system required.
This is shown in Fig. 17.

SPIRAL GEAR TABLE

While it is better in every case to understand the principles involved
hefore using a table as this tends to prevent errors, they can be used
with good results by simply following directions carefully. The subject
of spiral gears is so much more complicated than other gears that many
will prefer to depend entirely on tables such as No. XI.
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" This table gives the circular pitch and addendum or the diametral
pitch and lead of spirals for one diametral pitch and with teeth having
angles from 1 to 45 and 45 to 89 degrees. For other pitches divide
the addendum given and the spiral number by the required piteh
and multiply the results by the required number of teeth. This will

Fr1e. 17.—Spur-gear cutters for spiral gears.

give the pitch diameter and lead of spiral for each wheel. For the
outside diameter add two diametral pitches as in spur gearing.
Suppose we want a pair of spiral gears with 10- and 80-degree angles,
8 diametral pitch cutter, with 16 teeth in the small gear, having 10-degree
angle and 10 teeth in the larger gear with its 80-degree angle.
Find the 10-degree angle of spiral and in the third column find
1.0154. Divide by pitch, 8, and get .1269. Multiply this by number
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of teeth — .1269 X 16 = 2.030 = pitch diameter. Add 2 pitches — two
14 =14 and 2.030 4 .25 = 2.28 inches outside diameter.

The lead of spiral for 10 degrees for small wheel is 18.092.
Divide by pitch = 18.092 = 8 = 2.2615. Multiply by number of teeth,
2.2615 X 16 = 36.18, the lead of spiral, which means that it makes one
turn in 36.18 inches.

For the other gear with its 80-degree angle, find the addendum,
5.7587. Divide by pitech, 8 = .7198. Multiply by number of teeth,
10 = 7.198. Add two pitches, or .25, gives 7.448 as outside diameter.

The lead of spiral is 3.1901. Dividing by pitch, 8 = .3988. Multi-
plying by number of teeth = 3.988 the lead of spiral.

‘When racks are to mesh with spiral gears, divide the number in the
circular pitch columns for the given angle by the required diametral
pitch to get the corresponding circular pitch.

If we want to make a rack to mesh with a 40-degree spiral gear
of 8 pitch: Look for circular pitch opposite 40 and find 4.101. Dividing
by 8 gives .512 as the circular pitch for this angle. The greater the
angle the greater the circular or linear pitch, as can be seen by trying
an 80-degree angle. Here the circular piteh is 2.261 inches.






SECTION VII

GRINDING

CHAPTER 1
TYPES OF GRINDING MACHINES

Grinding machines as commonly used in manufacture may be
grouped under the following classifications:

(1) Machines for grinding cylindrical and conical surfaces, both
external and internal. .

(2) Machines for grinding plane surfaces.

(8) Cutter, tool and drill grinders for keeping in order mllhng
cutters and reamers, lathe and planer tools, and twist drills. These
are ordinarily sharpening machines and not for sizing work. In cer-
tain designs, however, the functions of eylindrical and surface grinders
are combined with those of the cutter, reamer and tool grinder.

(4) Center and portable grinders for use in the tool post.

(5) Bench, floor and swing frame grinders for general shop and
foundry purposes, also for polishing and buffing.

GROUP 1
MACHINES FOR GRINDING CYLINDRICAL AND CONICAL SURFACES

In group 1, we have the following types of machines:

(e) Plain grinders, especially adapted for manufacturing purposes
such as the grinding of rolls and shafts, machine spindles, columns,
sleeves, bushings, and a great variety of other work, both cylindrical
and taper. With suitable attachments they are used for grinding
crankshafts, camshafts, ete. A plain grinder, 14 by 96-inch machine, is
shown in Fig. 1.

(¢) Universal grinders, designed for grinding, in addition to the
classes of work noted above, conical and disk-shaped pieces which may
be rotated between centers or upon the face plate, and which require
grinding across the face as well as upon the periphery, as in the case of
a collar, a beveled blank, or a cutter. Such grinders are also used for
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finishing internal surfaces, both straight and taper, as the bore of a
milling cutter, sleeve or ring gage. A universal grinder is illustrated
in Fig. 2.

Some types of universal grinders are arranged for grinding the

¥16. 1.—Norton plain grinder.

teeth of cutters, reamers and tools generally, in addition to accomplish-
ing the operations outlined above. They may also be used for surface
grinding.

(c) Internal grinders, for finishing the inner surfaces of bushings,

F16. 2.—Brown & Sharpe universal grinder.

gears, gages, sleeves, ete. One specialized form of the internal machine
is the cylinder grinder extensively used in automobile factories and in
repair shops. One make of cylinder grinder is shown by Fig. 3.

(d) Bench precision and traverse spindle grinders, small high-speed
machines for extremely accurate operations on light, delieate work, in
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tool rooms, watch shops, and other places. Grinders of this general
nature, but with special features, are used extensively in finishing ball
races, and various other accurate parts required in large quantities.

F16. 3.—Heald cylinder grinder.

F16. 4—Landis crank grinder.

(¢) Miscellaneous, including crankshaft and camshaft grinders
developed particularly for operations on such parts for gasoline engine
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and similar work; roll grinders, for finishing calendar, milling, and
other rolls; chucking grinders, a recent development in which three-
wheel spindles are provided for external and internal operations on all
kinds of cast iron and steel parts; pulley grinders, for finishing pulleys,
flat or crowned, from the rough ; car-wheel grinders for grinding wheels
on their axles, ete. A crank grinder is represented by Fig. 4. The
chucking grinder is shown in Figs. 14 and 15. Automatic and sizing
grinders are shown in Figs. 12 and 13.

GROUP 2
MACHINES FOR GRINDING PLANE SURFACES

Group 2 includes the following machines:
(a) Horizontal surface grinders, equipped with a plain wheel on a
horizontal spindle with the work carried under the edge of the wheel,

F16. 5—Brown & Sharpe surface grinder

usually by a reciprocating table, though in certain types a rotating
table is employed. A well-known machine in this group is the planer
type grinder, so called because of the general resemblance to a planer,
particularly in the case of the platen and cross rail which carries the
horizontal wheel head. Smaller machines of the horizontal spindle
type, like Fig. 5 for example, are commonly used in tool-rooms for
grinding punches, dies and various other tools and accomplishing much
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other work of similar character. In its simplest form, the tool-room
surface grinder has a plain table without power feed across which the
work is moved by hand under the wheel.

(b) Vertical surface grinders, equipped with a cup wheel mounted
on a vertical spindle, under which the work is carried by a recipro-
cating or a rotating table so that the surface is in contact with the end
of the grinding wheel. (See Fig. 34.)

(¢) End, edge, or face grinders, horizontal spindle machines using
a ring wheel which operates with its end against the surface of the

Fi16. 6.—Besly spiral disk grinder.

work. Such machines in one form or another are used for grinding
edges and sides of castings, and for grinding machine knives, ete. The
work is either carried to and fro by a reciprocating table or remains
stationary while the wheel head itself is traversed past the work.
Knife grinders are also adapted for using disk wheels.

(d) Disk grinders, surfacing machines using as an abrading
medium, a metal disk to the face of which a circular abrasive sheet is
fastened. Such grinders are extensively employed in facing all sorts
of castings, and for surfacing material of various kinds that can be
brought into contact with the disks. One design is shown by Fig. 6.
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(e) Belt grinders or grinder belts, these are operated either
vertically or horizontally, and are covered with abrasive material for
finishing flat pieces or work requiring one or more flat faces.

(f) Miscellaneous, including piston ring grinders with rotary table,
for finishing the parallel faces of piston rings; disk grinders for finish-
ing the faces of flat, concave or convex disks. Vertical and horizontal
lapping machines using disks charged with fine abrasive are also made
for finishing flat surfaces smoothly and accurately.

GROUP 3

CUTTER, TOOL AND DRILL GRINDERS

The machines in this group are mainly for keeping tools sharp and
in condition for working properly. Under this classification are
included the following grinders:

F16. 7—Le Blond universal cutter and tool grinder,

(a) Plain cutter grinders, primarily designed for sharpening
milling cutters and similar tools; in some designs the plain machine is



TYPES OF GRINDING MACHINES 245

converted into a universal cutter and tool grinder by the addition of
certain attachments.

(b) Universal cutter and tool grinders, adapted for sharpening all
kinds of milling cutters, reamers, saws, taps, hobs, ete., and, as already
indicated, suited to a variety of eylindrical and surface grinding opera-
tions, such as are necessary in finishing bushings, mandrels, small
shafts, spindles, straight-edges, knives, plates, etc. A machine of this
type is shown in Fig. 7.

Fi6. 8.—Safety Emery Wheel Co.’s wet tool grinder.

(¢) Tool grinders (for lathe and planer tools), consisting in the
simplest form of a wet or dry bench grinder or of a wet grinder stand
and wheel for hand sharpening of cutting tools. For example, see Fig. 8.
A highly developed type of tool grinder receives all kinds of lathe,
planer and shaper tools as they come in the rough and shapes them
accurately to predetermined forms, grinding top, front and sides to the
exact contour and degree of rake and clearance desired.

(d) Drill grinders, designed for sharpening twist drills and for this
purpose provided, as in Fig. 9, with an oscillating holder with V-block
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to receive the drill and allow its lip to be passed across the side of the
wheel with an angular, swinging motion which gives the desired clear-
ance at the point for cutting. Provision is made for securing cquality

Fi16. 9.—American drill-grinding machine—Heald Machine Co.

of length and uniformity of angle and clearance for the two lips of the
drill.

GROUP 4

CENTER GRINDERS AND PORTABLE APPARATUS FOR TOOL POST AND
OTHER OPERATIONS

(a) Center grinders, used in the lathe for grinding the live center
to the correct angle, the wheel spindle being driven from the face plate,
from an overhead drum, or by a small motor. One of these in operation
is represented by Fig. 10.

(b) Portable electrical grinders, portable machines, usually with
motor-driven wheel spindles, for use in the engine lathe tool post for
finishing cylindrical work, and also uscd in the shaper or planer tool
post and on machine tables, for special grinding operations.

(¢) Portable machines, with some form of pulley drive or with
flexible-shaft drive, for grinding drop-forge dies, metal patterns,
irregular blanking dies, and for external and internal operations on
other bench-work,
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F16. 10.—Motor-driven center grinder.

GROUP 5

BENCH, FLOOR AND SWING-FRAME GRINDERS FOR SHOP AND
FOUNDRY

Under this head may be grouped a great variety of simple grinding
apparatus for smoothing castings, surfacing bosses and pads, grinding
off scale and fins, rounding corners and performing an endless number
of similar operations, where the casting, forging, or other piece can be

F16. 11.—Norton floor grinder with protection hoods.
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held in contaet with the wheel without the necessity of mounting it
upon a power actuated table.

(a) Bench and floor grinders are usually made up as in Fig. 11, of
a plain stand with a simple horizontal spindle at the top carrying a
wheel at each end. The spindle may be either belted or direct motor
driven.

Machines of quite similar character, with abrasive and buffing
wheels, are used extensively in polishing and buffing work for plating.
They are commonly known as polishing jacks, polishing stands, buffing
heads, ete.

(b) Swing-frame grinders are suspended in such manner as to
enable the operator to pass the wheel over castings of almost any form
or size.

NOVEL FEATURES IN GRINDING MACHINES

In addition to the grinders shown under the foregoing groups a few
which eontain unusually novel and radical features have been selected
for brief deseription in this chapter.

AUTOMATIC GRINDING MACHINE

Figure 15 shows the automatic grinding machine built by the
Norton Grinding Company for grinding cylindrical work up to 6 inches
in didmeter. The machine shown is fitted for grinding the outside of
ball races. The rings are held in a magazine feed, ready to roll down
and be gripped in the chuck as soon as the retaining plunger is with-
drawn at the proper time. The ring, which is dropped out of the chuck,
falls on the small chain belt conveyor and is carried in a box placed at
the end of the machine. The heavy grinding head is very similar to
that used on the regular Norton machine, but its movement to and
from the work is controlled automatically by a cam on the shaft at the
rear, in such a way as to secure absolute certainty of movement at each
stroke. ‘The grinding wheel is independently driven to secure the cor-
rect speed for the wheel, other movements being timed by gearing from
the pulley at the back through the medium of a positive clutch and
planetary gearing.

AUTOMATIC SIZING GRINDERS
The machine illustrated by Fig. 12 is an automatic sizing grinder
built by the Pratt & Whitney Company for eylindrical and taper work.
This grinder is provided with a sizing device and automatically con-
trolled feed by means of which duplicate parts may be automatically
finished to uniform size regardless of the wear of the wheel during the

a4
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progress of the work. When the mechanism is once set for the first
piece ground, the operator has simply to remove the piece when com-
pleted, place another piece between the centers and start the feeding
mechanism, which continues to advance the wheel to the work until the
latter is ground down to the required size, when the feed is auto-
matically thrown out of action. The ingenious mechanism for accom-
plishing this important operation of bringing the work acecurately to
size, without the necessity upon the part of the operator of calipering
the diameter and feeding the wheel slide to compensate for any wear of
the wheel prior to the final finishing passes, provides for the taking of

F16. 13.—Pratt & Whitney automatic sizing grinder.

coarse feeds until the work is nearly to size, when a very fine feed is
automatically thrown in for the finishing operation.

THE CHUCKING GRINDER

A grinding machine brought out by the Bryant Chucking Grinder
Company of Springfield, Vt., is illustrated in Fig. 13. The principle of
the wheel-slide control of this machine is radically different from that
of any other. This difference lies in the fact that this grinder has no
cross slide. Instead, the head carrying the grinding spindle is sus-
pended on a substantial bar. This bar is held in journals and is free
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to both swing and slide, giving both the cross feed for hole diameter
and the longitudinal feed of the wheel in and out of the work.

This design makes it easy to swing the wheel to the work and to
remove it for gaging. It also permits of a rigid stop to the cross motion
which also acts as a guide or control plate, as the wheel traverses the
work. This guide can in fact, be used to grind special forms or con-
tours, so that the machine is not confined to plain interval grinding.

The grinding spindle is located midway between the overhead bar
and the control plate and so gives a feed serew control over the wheel
of two to one. It also assists in alignment control.

Fi6. 14—Bryant chucking grinder.

The longitudinal movement of the wheel slide is secured by a rack
and pinion from the four spoked pilot wheel shown or by a power feed
as preferred. The rack is formed on the end of the bar, and, being
circular, is in mesh in any position.

In operation, the act of carrying the wheel slide backwards to
clear the work automatically swings the grinding wheel back out of
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line with the work center. This gives ample room for inspection with
plug gages or otherwise and is very quickly operated.

Proper alignment of the machine is easily made by adjusting the
control plate or guide. Or it can readily be shifted for taper work if
desired. This machine is also made with a second wheel spindle for
face grinding. _

One of the essential conditions for successful grinding is the right
wheel for the work, and this machine allows the proper selection in
the same way that a chucking machine has the right tools for every
operation.

Fi6. 15.—A 6-in. automatic grinding machine.

Figure 15 shows very clearly the grinding of a tempered collet,
which is all done at one operation, although four grinding wheel
positions are necessary. The first of these shows the collar held on a
taper draw chuck and the internal grinding wheel at work sizing out
the nose. In the second position the front face is being ground by the
large outside wheel and also being buffed by the wheel on the rear
spindle. In position three, the large wheel is grinding the outside and
the back face, while in the fourth position the work spindle has been
swung to the necessary angle, 15 degrees, and the outside wheel is
grinding the tapered front seat.



CHAPTER II
THE CYLINDRICAL GRINDING FIELD

It is probably true that the majority of engineers do not have a
proper conception of the field of metal grinding. Grinding is a manu-
facturing operation, permitting us to produce certain classes of work
cheaper, faster and better than by any other known method. We need,
however, a more careful study of the combination of lathe work and
grinding to obtain maximum production.

There is no one better qualified by experience to write upon the
subject of the grinding machine and its field than C. H. Norton, of the
Norton Grinding Company, whose numerous articles in the American
Machinist, along with those contributed by other experts in the art of
grinding, have proved of the highest educational value to thousands of
readers of that journal. In defining the field for grinding, we can do
no better than to incorporate in this chapter a portion of a paper
presented by Mr. Norton before the American Society of Mechanical
Engineers and published in slightly condensed form in the American
Machinist.

Grinding in various forms has been known to man from the very
beginning of history, yet it is doubtful if many engineers have a clear
conception of the field for metal grinding.

The intelligent use of the process of grinding yields such large
returns that it warrants careful study by the very best engineering and
scientific minds and a place in the courses of our technical schools. The
field is constantly broadening with each year’s improvements in grind-
ing wheels and grinding machines.

The fact about grinding with the modern grinding machine and
grinding wheel is that it enables us to size all round work cheaper than
by turning and filing, that it takes the place of what we formerly called
the finish cut of the lathe and all filing, giving us not a theoretically
perfect cylinder or perfect finish, but a much nearer perfect eylinder
and finish than we obtained with the lathe. It gives us diameters to
such small limits as to be called exact, but whoever insists that none
but exact work be ground loses the very pith of grinding, which is
economy. Modern grinding means cheaper cost for all work, many
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grades of work to suit many requirements, and cheaper turning than is
possible without the use of the grinding machine.

. TURNING BEFORE GRINDING

As a rule, the coarser the turning the greater the economy of grind-
ing. The greatest economy is obtained by the combination of cheaper
turning and grinding. It is no longer necessary to turn work smooth,
straight or correctly to size and the lathe is no longer necessary as a
precision tool. If it has a carriage traverse of from four to ten threads
per inch, has sufficient power to carry high-speed tool cuts at that feed
and is well supplied with steady rests to prevent springing of the work,
it is ready for codperation with the grinding machine. It is easier with
modern grinding machines and wheels to grind off a given amount of
metal when in the form of erude screw threads than in any other form,
and with long work having several sizes the grinding requires less time
if 1/,, inch to 3/, inch is left on the diameter for grinding than if the
work is turned earefully to within 0.002 inch to 0.005 inch. In-all cases,
accurate turning increases the total cost of production and in some it
makes the grinding very expensive.

The greatest economy is usually obtained by the combination of
grinding with very rough turning. Yet there are cases where the least
expensive way is to grind direet without turning, notably the greater
part of crank shafts of automobiles and small gas engines and very
long and slender work where turning is difficult.

Developments warrant the conclusion that we should no longer
assume that simply because a tool is a grinding wheel it cannot remove
metal and size and shape work as quickly as a steel tool. Rather, we
should use the steel tool when it can be made to remove metal, size and
shape work cheapest, and the grinding wheel when it excels. It is no
longer to be taken as a matter of course that we can turn, plane and
mill faster than we can grind.

The grinding wheel as now made is really a milling cutter with
millions of cutting teeth. Although these teeth are not as large or as
strong as the teeth of a steel cutter and, therefore, cannot cut as deeply,
yet they are capable of cutting at much greater speed. Since there are
so many more of them they are capable of much more work in a given
time when the nature of the work is such that a large number of these
cutting points can be used simultaneously. In some cases we can use as
many as 2 billion cutting points per minute. Eight hundred million
per minute is not uncommon and 400 million per minute is very com-
mon.

The modern grinding wheel, mounted in a good machine, can be
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used at a cutting speed of 6000 or more surface feet per minute and
owing to this high speed it need not cut deeply relative to the rigidity
of the work. Therefore it is able to remove metal from many forms of
work more quickly than the milling cutter or the lathe tool.

AN ILLUSTRATION—GRINDING SMALL CAMS

The accompanying illustrations show a notable example. In Fig.
16, Nos. 1 to 4, inclusive, show the process of making small cams. An
order for a hundred of these cams was received. It is evident that drop
forgings for so few would be out of the question, as the expense of
dies would make the cost of the cams prohibitive. It was, therefore,
necessary to devise means for producing them from the bar stock.
This was done by providing an eccentrie chuck for the automatic screw
machine. To prevent the bar from turning in the chuck while feeding
forward, the spline was made the full length and a mating key was

DD Y

No. 2 , No. 3 No. 4
F16. 16.—Grinding cams for automobile engines.

placed in the chuck. Pieces like No. 1 were made in the automatic
machine at the rate of 10 per hour. A keyway in the hole was made in
the ordinary way, No. 2. These blanks were ground to rough shape,
No. 3, at the rate of 10 per hour. The cams were then hardened and
finished ground to No. 4 at the rate of 40 per hour. It should be clear
that such a cam could not be milled to shape from the blank in nearly
so short a time with the milling eutter. When manufacturing such
cams in large numbers drop forgings would be used, and here again the
grinding wheel is quicker than the milling cutter.

GRINDING PINS AND BEARINGS OF AUTOMOBILE CRANKSHAFTS

Another case where the grinding machine can accomplish the results
desired in less time than the lathe is that of the pins and bearings of
the automobile crankshaft. The results desired are as follows: Five
bearings, all round within 0.00025 inch; the axis of all parallel and
exactly in line; all of the right length within 0.004 inch; distance
between bearings within 0.004 inch; accumulated error not over
0.008 inch. Four crank pins, all round within 0.00025 inch;
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the axis of all exactly parallel; all to length within 0.004 inch;
all parallel with the bearings; all within 0.005 inch of the same plgne;
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Fi6. 17.—Stages in the grinding of an automobile crankshaft.

all of correet throw, within 0.010 inch; overall length, accumulated
error not over 0.008 inch; all fillets correct radius and exactly con-
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centric with the bearings and pins; all bearings and pins straight
within 0.00025 inch; and all a good, smooth surface.
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In the case of cranks designed with clearance for the arms of the
cranks, as shown in Fig. 17, the width of the wheel is identical with
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the required length of the pins and bearings, so that no measuring or
setting of the tool is necessary for cutting to length. The act of
grinding cuts the bearing or pin the right length and forms the fillets.
The location of the pins and bearings within the small limits allowed
is accompanied by a massive index bar, so that the workman does no
measuring whatever for location of bearings or pins. The entire time
of handling and producing these five bearings and four pins from the
rough forging to the nicely sized and finished condition is 85 minutes.
It is clear that when all the conditions of the finished work are con-
sidered the grinding wheel and machine have removed metal faster
than the lathe. Again, it is not simply a case of removing pounds of
metal per hour, but the removal of it in such a manner as to accomplish
certain results in the least time.

The ends of these shafts beyond the bearings are turned before
grinding. The entire list of operations to make a finished shaft from
the forging is as follows:

Minutes
Cut off ends and center................ ..o, 6
Rough grind bearings................. ..o, 15
Turn ends.....oviiun it i i i 8
Rough grind pims......... ..ottt 20
Finish grind pins. ....... ..o 20
Finish grind bearings and ends........................... 25
Square ends..........iiiiiiiii i 6

Total time. ........ccoiiiiiiiiiinnrnenrnenneneennnnn 100

OTHER ILLUSTRATIONS

There are many other cases where the grinding wheel is used to
remove metal in a more economical manner than with steel-cutting
tools, some of which are shown in Fig. 18.

Automatic grinding is a late development in the field. Certain work
of which large numbers of pieces are made is ground by wholly auto-
matic means. The work is conveyed to the machine by gravity in a
hopper or chute and is chucked, ground and delivered to the receptacle.
In a case where formerly, at piece work, 300 per day were ground, the
automatic machine grinds four in a single minute, about 2300 per day.



CHAPTER III
CYLINDRICAL GRINDING DETAILS

THE WORK AND THE TIME

In the examples that follow the turning time is given whenever
possible as it is on the total turning and grinding time that the real
economy depends.

So the first step in using a grinder economically is to learn how to
turn work that is to be finished in that way.

The first example in Fig. 19 is plain grinding from cold-rolled steel
stock where only 0.018 inch was removed so that no turning was
necessary. The wheel used was a 24-inch combination grit of L grade
and 15 pieces were ground in 44 minutes.

The next example, No. 2, was turned to closer limits than is
desirable for economy and as the turning time is not known we cannot
compare the total cost of finishing with the other pieces. The limits
of accuracy are very close on some parts as can be seen from the sketch.
The material is 0.30 carbon steel, stock removed 0.018 inch, the wheel
24-inch combination L, as before and 12 pieces were ground in 150
minutes, or 1215 minutes each, but a single piece is not as good a test
as the average of a lot.

A similar piece is shown in No. 3, which is also a low-carbon steel.
The stock removed was only 0.015 inch in this case. The same wheel
is used. The limit on bearings was 0.0005 inch only; 25 pieces were
ground in 505 minutes or 20'/; minutes each as an average.

The rest of the examples show the turning time, which, it will be
seen, is very low indeed and shows where a decided economy can be
effected over usual practice.

Number 4 was rough turned in one cut (the sketch, not being to
scale, is a little confusing in this, but the diameters given show that
this is easily possible) leaving 3/, inch for grinding. The turning
speed was 60 feet per minute with a feed of */,; inch per revolution and
the turning time was only 20 minutes. Then the ends were squared up,
oil grooves cut and shoulders finished, which took 50 minutes more.
The grinding averaged from 30 to 40 minutes, but a single piece of this
kind has been done in 18 minutes. The total time per piece was 100 to
110 minutes.
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Number 5 is another example of the same kind which was rough
turned in one cut so as to leave 3/, inch of stock for finishing, being
turned at 65 feet per minute with a feed of 14 inch per revolution.
Turning time was 15 minutes. The squaring up of the ends, finishing
of shoulders and cutting of thread took 45 minutes. The grinding
averaged to take 30 to 40 minutes, although a single piece has been
done in 14 minutes. The total time was 90 to 100 minutes.

The last example is somewhat similar to No. 4, but is shorter so that
it takes less time to go over it. This was rough turned in two cuts,
leaving */,; to grind. Turning time 20 minutes. Ends were squared,
shoulders finished and oil grooves cut in 25 minutes. Grinding time 18
to 22 minutes. Here the parts A and C were ground to limits of 0.0005
inch and B and D to 0.001 inch, while all lengths are to gage. The total
time on the piece is from 60 to 70 minutes.

In all grinding it is necessary to use the wheel best suited to the work
to get the best results and in this there seems no better way than to
tell the wheel-maker just what the work is.

The examples shown with this were furnished by the Norton Grind-
ing Company, Worcester, Mass.

LIMITS IN GRINDING—GRINDING ALLOWANCES AND TIMES

As is the case with all other branches of machine work, grinder
practice varies in different shops and the recommendations of grinder
builders themselves show interesting variations in regard to speeds,
feeds, allowances in turning for finishing with the wheel, wheel selec-
tion, ete.

Different firms have compiled much valuable material in the way of
grinding limits and allowances and some very useful data of this
character from the records of the Brown & Sharpe Manufacturing
Company, Providence, R. 1., are presented herewith along with illus-
trations of work of various kinds, and particulars of the time required
for grinding under the conditions specified.

These data were originally presented in a paper read by W. A. Viall
before the American Society of Mechanical Engineers. Mr. Viall’s
paper in substance is as follows:

In considering a piece of work to be ground, first of all the question
arises as to the size and the limits suitable for the purpose for which
it is intended. Table 1 gives the limits used at the Brown & Sharpe
Manufacturing Company’s works for varying conditions. There are
special cases where it may be necessary to increase or to decrease these
limits, and this table is not offered as the final word but as a guide
toward selection.
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TasLe I
GRINDING LIMITS FOR CYLINDRIiCAL PIECES
as adopted by Brown & Sharpe Mfg. Co.

The limits shown below should be followed under ordinary conditions. Special cases
shgluld always be given special.consideration as it may be desirable tc vary slightly from the
tables. .
It is Brown & Sharpe practice to consider the hole as being standard, and the limits
shown below are based on the standard hole. The grinding limits for holes apply to hardened
pieces. The holes in soft pieces are chucked to standard diameter.

RUNNING FITS, ORDINARY SPEEDS

These limits are satisfactory for shafts running under 600 R.P.M. and under ordinary
working conditions. Spindles for all purposes are to be considered as special cases.
To Y%-inch diameter, inclusive . .0005 to .001 Small
To 1 -inch diameter, inclusive .00075 to .0015 Small
To 2 -inch diameter, inclusive .0015 to .0025 Small
To 3%-inch diameter, inclusive .002 to .003 Small
To 6 -inch diameter, inclusive .0025 to .004 Small

RUNNING FITS, HIGH SPEED, HEAVY PRESSURE AND ROCKER SHAFTS

These limits are satisfactory for shafts running more than 600 R.P.M. and where the
working conditions are severe. Spindles for all purposes are to be considered as special eases.
To Y%-inch diameter, inclusive to .001 Small
To 1 -inch diameter, inclusive. to .002 Small
To 2 -inch diameter, inclusive. to 003 Small
To 3%-inch diameter, inclusive. to .004 Small
To 6 -inch diameter, inclusive to .005 Small

SLIDING FITS
These limits are for shafts where & gear, clutch or other similar part slides on it continu-
ously while the machine is in operation. These limits are the same as for “Running Fits,
Ordinary Speeds.”

To Y%-inch diameter, inclusive................. . .0005 to .001 Small
To 1 -inch diameter, inclusive.................. .00075 to .0015 Small
To 2 -inch diameter, inclusive....... e . .0015 to .0025 Small
To 3%-inch diameter, inclusive.................. .002 to .003 Small
To 6 -inch diameter, inclusive.................. .0025 to .004 Small

STANDARD FITS, WHERE THE LOAD IS NOT HEAVY AND WHERE THE PART I8 KEYED TO THE
SHAFT AND CLAMPED ENDWISE WITH A NUT
These limits are suitable for light service only and where no fitting is to be done.
It is possible that where both parts are hardened, closer limits may be necessary, assuming
that the parts are to be assembled without fitting.

To ¥%-inch diameter, inclusive........ e Standard to .00025 Small
To 3%-inch diameter, inclusive. ................. Standard to .0005 Small
To 6 -inch diameter, inclusive.................. Standard to .00075 Small

STANDARD FITS

. These limits are to be used where it is desirable or essential that the parts fit together
without play, and still be put together or taken apart without difficulty. Some fitting may be
required and also some selecting may be necessary to attain the proper results.

. . The Feed and Speed Cases for Milling Machines are good examples of where these limits
might be used.

It is possible that where both parts are hardened, closer limits may be negessary, assuming

the parts are to be assembled without fitting. .

To %-inch diameter, inclusive................. Standard to .00025 Large
To 3%-inch diameter, inclusive. ................. Standard to .0005 Large
To 6 -inch diameter, inclusive.................. Standard to .00075 Large

DRIVING FITS

For use where parts must fit tightly and where the location of the parts is such that they
could not bet put together if the drive was too great. These limits will apply where the assembly
is permanent.

It is possible that where both parts are hardened, closer limits may he necessa assumi
the parts are to be assembled without fitting. y i me

To %-inch diameter, inclusive.................. Standard to .00025 Large
To 1 -inch diameter, inclusive................. .00025 to .0005 Large
To 2 -inch diameter, inclusive................. .0005 to .00075 Large
To 6 -inch diameter, inclusive................. .0005 to .001 Large

ot 4 where th . DRIVING FITS

0 be used where the assembly is permanent and th i
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the parts are to be assembled without‘ fitting. ! ™Y, assuming
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. FORCING FITS
These limits may be used where parts are not expected to be taken apart and where service
is very severe. This assembling is done under the arbor press for the smaller parts and under
the hydraulic press for the larger parts. . .
The methl:)d of forcing the parts together and the length of the parts will have influence
on how large to leave the shaft. O .
It is possible that where both parts are hardened, closer limits may be necessary, assuming
the parts are to be assembled without fitting.
To %-inch diameter, inclusive.................. .00075 to 001 Large
To 1 -inch diameter, inclusive...... .001 to .002 Large
To 2 -inch diameter, inclusive. .002 to .003 Large
To 3%-inch diameter, inclusive .003 to .004 Large
To 6 -inch diameter, inclusive. .004 to .005 Large

SHRINKING FITS, FOR PIECES TO TAKE HARDENED SHELLS 3%-INCH THICK AND LESS

To 1 -inch diameter, inclusive.................. .00025 to .0005 Large
To 2 -inch diameter, inclusive.................. .0005 to .00075 Large
To 3%-inch diameter, inclusive.................. .0005 to .001 Large
To 6 -inch diameter, inclusive.................. .001 to .0015 Large

SHRINKING FITS, FOR PIECES TO TAKE SHELLS, ETC., HAVING A THICKNESS OF MORE THAN % INCH
To ¥%-inch diameter, inclusive. . .0005 to .001 Large
To 1 -inch diameter, inclusive. .001 to .002 Large
To 2 -inch diameter, inclusive. .002 to .003 Large

To 3%-inch diameter, inclusive.................. .003 to .004 Large
To 6 -inch diameter, inclusive.................. .004 to .005 Large
GRINDING LIMITS FOR HOLES
To 2 -inch diameter, inclusive.................. Standard to .0005 Large
To 3%-inch diameter, inclusive. ................. Standard to .00075 Large
To 6 -inch diameter, inclusive.................. Standard to .001 Large

The second necessity is that sizes should be established to which
the work should be rough turned ready for the grinding room. In
the above works, as in all factories, the aim is to produce the desired
results as cheaply as possible. The desired ends have been accuracy
and nicety of finish where the parts ground are for fits, and nicety
of finish where no fit is required. To do this work as cheaply as
possible this company believes that it is economical to turn the pieces
to about the sizes indicated in Table 2. It will be noted that from
0.008 inch to 0.012 inch in diameter is allowed, an amount easily
obtained by the ordinary class of lathe help. In order to make this work
as easy as possible for the lathe department, a plain ‘‘go’’ and ‘‘not go’’
limit gage is furnished. Practice varies on this point, and a thorough
endeavor has been made to try out the plan of allowing correct limits,
but it has been found fully practicable to hold the lathe to the limits
given. By so doing the finished product is obtained free from all tool
marks and at what is believed to be the minimum cost.

EXAMPLES OF COMMERCIAL GRINDING

In Fig. 20, Nos. 1 to 6 show some samples of commerecial grinding
taken from actual practice for the purpose of giving an idea of what
can be done in a commercial way, as well as to give some definite data
as to speeds, feeds, etc. While it is perhaps not possible to give a rule
that will fit all work, these illustrations should suggest ideas that will
help in producing the work as well and as cheaply as this has been done
in the cases shown. When enough pieces of any kind are to be made
it is possible to specialize to a higher degree than can be done in the
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general run of work, and better results may be obtained than are shown
here.

Size Not go on Go on Size Not go on Go on Size Not go on Goon
|
Inches Inches Inches
i 0.383 0.387 13 ©0.9455 ©0.9495 1} 1.508 1.512
18 0.4455 0.4495 1 1.008 1.012 17 1.570§ 1.5745
3 0.508 0.512 % 1.070§ 1.074§ 1§ 1.633 ¥.637
7s o.5705 0.5745 1} 1.133 1.137 113 1.6955 1.699s
[ 0.633 0.637 1 1.1955 1.1995 1} 1.758 1.762
i 0.695s 0.699s 1} 1.258 1.262 113 1.8208 1.824%
3 0.758 0.762 1 1.3208 1.3245 1% 1.883 1.887
il 0.8205 0.8245 13 1.383 1.387 11§ 1.9455 1.9495
b4 0.883 0.887 17 1.4455 1.4495 2 2.008 2.012

TaABLE 2.—LiMIiT GAGES FOR LATHE WORK WHICH IS TO BE FINISHED BY GRINDING.

The examples of commercial grinding given in Nos. 1 to 6 illustrate
what is being done under actual working conditions in commerecial
work on the variety of pieces indicated, which are of various materials,
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F16. 20.—Examples of commercial grinding.

both soft and hard. A reversal of the usual rule, where economy is
gained by having one man operate more than one machine, is shown in
No. 6, where work is most economically produced by using two men to
run one machine, that is, having one man to operate it and a helper to
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