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‘WORKING CHILLED IRON.,

TURNING CHILLED ROLLS.

\

PARALLEL ROLLS.

1. General Consideration.—In working chilled iron,
good results are only possible from good castings; it is
necessary, therefore, to see that the castings are free from
cracks, blowholes, and dirt, and that the chill is deep enough
so that the metal turned off will be of even hardness. In
turning any chilled-iron rolls it is necessary to employ
special lathes, and a few general rules must be observed in
order that the work may be successful: First, the cutting
speed must be so slow that the tool will hold its edge until
it has done a reasonable amount of work; second, the tools
and machine must be of very rigid construction and have a
large amount of power, as the working of chilled iron pro-
duces severe strains on the machine; third, the tool steel
employed must be a high-carbon steel tempered as hard as
fire and salt water can make it; fourth, the operator must
be patient and be content to turn off fine chips that very
much resemble gray hair.

2. Lathes for Turning Parallel Rolls.—Rolls for
flouring mills, calendering rolls for paper mills, and rolls for
similar purposes, in which a broad flat surface is required,
are frequently turned in a special type of lathe, the roll
being cast as a hollow cylinder chilled on the outside. This

7
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§ 7 WORKING CHILLED IRON. 3

cylinder is turned in the lathe and the ends cut off, after
which it is bored and fitted on a center carrying the neces-
sary shaft and journals. Then, in the case of flouring-mill
and calender rolls, it is ground to a perfect finish while run-
ning on its own bearings. Fig. 1 illustrates a common type of
roli-turning lathe with the roll in place. In this style, both
spindles are made hollow and the roll is introduced through
the spindles and held by setscrews & passing through the
collars @. In the style of lathe shown, both spindles are
fitted with gears, and the roll is driven from both ends, thus
relieving the strain on the lathe.

It will be noticed that this style of lathe is not provided
with a carriage having a feed parallel to the length of the
lathe, but simply with a broad tool post & fitted upon a
cross-slide ¢ that can be fed along the ways ¢ by means of
the feed-screw £ A\ set of gearing designed to give the
proper speed reduction is placed on the end of the lathe at /.

3. Lathes driven from one end only are also made for
this work; in this case, the tailstock end of the lathe is made
with a hollow spindle through which the roll can be intro-
duced. Some classes of rolls have narrow necks cast on
them, and in this case the rolls are held during turning in
bearings fitting on the necks in the same manner that the
rolling-mill rolls are turned. This will be taken up in con-
nection with the description of the turning of rolling-mill
rolls.

4. Holding and Driving the Work.—Ordinarily, in
turning 10- or 12-inch rolls that are to be bored and mounted
subsequently, the roll is held by means of eight setscrews at
each end, these setscrews also acting as drivers. Fig. 2
illustrates the general method of driving. In Fig. 1 can
be seen the collar @ through which the setscrews & are
passed to hold the work. The same letters have been used
for referring to these parts in Fig. 2. The roll 7 is centered
and held by means of the setscrews 4. This method of ad-
justing and driving the roll enables the workman to center
the chilled part very carefully, so that the amount of turning
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required will be as little as possible. There is generally
about } to {% inch of stock to be turned off from chilled

FiG6. 2.

rolls, and as the turning process is very slow it is important
that the centering be done accurately and carefully.

5. Turning Tools. — The tools commonly employed
for turning parallel rolls are flat broad-nosed or wide-faced
tools. It is probable that " X 5 X 5 is about an average
size for straight work. There are on the market several
brands of steel made especially for turning rolls. In turning
parallel rolls it is common to operate two tools at a time,
thus turning 10 inches of the face of the roll. At first
thought it might seem best to use one tool 10 inches wide,
but it is difficult to harden so wide a tool without its crack-
ing; narrow tools are far less liable to break, and on the
whole there is greater economy of steel and less difficulty
experienced in adjusting tools when the two 5-inch tools are
employed in place of one 10-inch. All tools for turning
chilled iron differ radically from those employed on softer
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metals, and all the turning is of the nature of scraping, the
tools being given but little, if any, clearance. Tools for
turning chilled iron are never fed into the work and then
traversed along the machine, as is done with softer metals,
but are fed straight up to their cut, whether turning a par-
allel face of a roll or the bottom or the side of a groove.

6. Grinding Turning Tools.—In order to insure a
perfectly straight edge on the tool, it should be ground on
a grinding machine provided with a

carriage or special tool holder. The ¢
tool is hardened as hard as fire and
salt water can make it and then
traversed across the face of an emery
wheel to make the face @ 4 of the tool »

concave, as shown in Fig. 3. This
leaves two sharp corners @ and .
The tool is first set to use one corner; when this becomes

F1G. 8.




6 WORKING CHILLED IRON. §17

dull the tool is turned over and the other corner utilized.
Fig. 4 illustrates a wet-grinding emery wheel fitted with a
slide @ upon which the tool can be clamped at 6 and fed back
and forth across the face of the emery wheel, the different
adjustments being obtained by means of hand wheels ¢
and 4. The carriage is traversed across the face of the
emery wheel by means of the hand wheel ¢, which operates
a pinion engaging with the rack / on the bottom of the
carriage a. By means of such a device as this the tools can
be accurately and quickly ground.

7. Cutting-Off Tools.—Special cutting-off tools are
employed for cutting off the ends of the chilled iron rolls
after the bodies have been turned to size.  Fig. 5 illustrates
one of these tools, which is forged from 3" X 1}" steel and
tempered by dipping into salt water. The edge of this tool
is about 1§ inch wide and the corners a and & are cut off at

a
a
o
b
d
[

FIG. 5.

an angle of 45°, as shown. Grinding the corners in this man-
ner prevents the breaking of the sharp corners that would
otherwise occur. The front face of the tool is given a very
little clearance, as shown at ¢. This rarely if ever amounts
to more than 53°.  This form of cutting-off tool is employed
simply for cutting through the chilled iron. After the
softer iron at the center of the roll has been encountered, an
ordinary cutting-off tool may be substituted for the special
one shown.
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8. Holding the Tools.—Owing to the great strain to
which tools employed for working chilled iron are subject, it
is impossible to hold them in any ordinary tool post, and,
hence, they must be clamped to the lathe very rigidly. The
ordinary methods for holding the tools for turning parallel
rolls are clearly shown in Figs. 1 and 2. In Fig. 2 the
tool ¢ is set on the carriage 2 and clamped down by means of
the strap ¢, which is held in position by two bolts £, The
tool is forced against the rolls by means of a series of set-
screws g Care must be taken#®o see that the front face of
the rest is close to the roll, as shown at 7. The closer this
rest is to the roll, the less danger there will be of breaking
the front face of the tool. The flat tools employed for this
work may be originally }in. X 5in. X 5 in., but they are
subsequently ground parallel to one axis only. If the tool
is ground on one face only but two cutting edges can be
-obtained from one grinding. If the tool is ground on both
edges, as, for instance, 7 and £, four cutting edges will be
obtained. When these have been dulled, the tool is ground
again, and each succeeding grinding makes it narrower.
Tools can be used until they become so narrow that they can
no longer be held by the clamps ¢. In Fig. 1, the clamps
can be seen at g; in this case very narrow tools are being
employed and packing pieces /% are placed behind them for the
setscrews 7 to bear against. The upper edge of the tool c,
Fig. 2, is set } inch below the center of the 10-inch roll.
This, together with the concave form of the face, will give
the proper amount of clearance. In setting cutting-off
tools, they are clamped by means of one or more clamps
similar to ¢, Fig. 2, and the back end of the tool is set
against a setscrew or a packing piece held by two or more
setscrews. In the case of cutting-off tools, it is necessary
to have them overhang the front edge of the rest ¢, Fig. 2,
to a greater extent than in the case of turning tools, and,
consequently, it is necessary to have the tool deeper from
the top to the bottom, so that it may be stronger. This is
why the cutting-off tool shown in Fig. 5 is made 1} inches
deep, and as the top face 4 comes above the center of the
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roll, clearance must be allowed on the face ¢, Fig. 5. After
the tools have been clamped in place they are fed to the work
by means of the feed-screw f, Fig. 1, and are kept parallel
with the face of the work by adjusting the setscrewss. The
shavings resemble very fine needles or gray hair.

9. Cutting Speeds. — The cutting speed depends to
some extent on the character of the chilled iron being
turned, the character of the steel employed, and the number
of machines run by one man. In the case of job work, or
where one man has to give all his time to a single machine,
it pays to run at a comparatively high speed and sacrifice
the tools more rapidly, thus gaining a greater showing for
the man’s time; but, where it is possible to have matters so
arranged that one man can operate five or six roll-turning
lathes, a speed of 18 inches per minute is usually considered
best, as at this speed the tools will last long enough to do a
fair amount of work, and as they remain sharp longer they
will produce a better surface. By running a number of
machines, a man is able to turn out a good day’s work. In
some cases, where a limited amount of work is to be done
and time is an important factor, work is run as rapidly as
3 feet per minute, but this is probably the maximum speed
at which good work can be done on chilled iron.

10. Feed.—As has already been stated, in turning
chilled iron a tool is never fed along the length of the work
or at right angles to the face being turned; consequently,
the motion that corresponds to a feed must be at right
angles to the work. When turning rolls, the feeding is
usually done by hand at a rate that rarely if ever exceeds
1} inch per revolution. A portion of the surface of the
roll corresponding to the faces of the tools in action is turned
to the required diameter; the tools are then reset at another
place and another part of the surface equal to that already
turned is finished.

11. Cutting Off the Ends.—After the face of the
roll has been turned to the correct diameter, it is cut off to
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the proper length by means of cutting-off tools. The roll
is never entirely cut off on the lathe, but is cut down until
it has a narrow neck or, in case the roll was cast hollow, a
shell about } inch thick about the core; it is then removed
from the lathe and iron wedges driven into the cut made by
the cutting-off tool to force the end off. In case the roll is
to be bored out and mounted on a bushing, the boring is
done with ordinary tools in another machine, because of the
fact that the central portion is soft.

TURNING ROLLS WITH CONCENTRIC
GROOVES.

12. General Consideration.—Rolling-mill rolls are
practically all turned with concentric grooves or with con-
centric rings about them, these rings being made by turning
away the stock between so as to leave the rings projecting.
Practically all rolling-mill rolls for moderate-sized work are
cast in a parallel chill and are chilled to such a depth that
the grooves will not turn through into the soft metal. Roll-
ing-mill rolls may be divided into three classes: those made
of chilled iron, called chilled rolls; those made simply of
hard iron cast in a sand mold, called sand rolls; and those
made of a mixture of cast iron and steel, called semisteel
rolls. The two latter classes are not so hard as the chilled
rolls, and are, therefore, turned in a manner more nearly
approaching that employed in the turning of hard castings.
We shall here deal simply with the turning of chilled-iron
rolls.

13. The Lathe.—The exact form of lathe employed
must necessarily depend to a large extent on the size of the
rolls operated on. Fig. 6 illustrates a representative type
of roll-turning lathe. It will be noticed that the lathe is
very powerful, and is provided with double helical gears, so
that the pull may be constant and that the teeth of the
gears cannot cause hammering or backlash. Thke lathe is

S. Vol. II.—..
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§7 WORKING CHILLED IRON. 11

provided with a short carriage a for turning the bearings or
for other similar work when it is necessary to traverse the
carriage along the bed. The lathe is also provided with an
ordinary tailstock & having a conical center ¢. This is em-
ployed when turning work between centers. The lathe is
made very rigid and its bed is firmly bolted to the founda-
tion. The supports & that carry the tool rest ¢, together
with the tool rest, are made very rigid and massive, so that
all vibration may be absorbed and there may be no lost
motion whatever.

14. Holding the Work.—When the casting for a roll
first comes from the foundry, it usually has a large riser
head on one end that has to be cut off. This is ordinarily
done in a regular engine lathe, and both ends of the roll
shaft are trded up and centered in the lathe. Care must be
taken to true the roll by the outside of the chill, so that dur-
ing the subsequent turning of the chilled part there will be
the least possible amount of stock to be removed. The
surfaces for the bearings are then turned with the roll sup-
ported on ordinary conical centers in the ends of the roll
shaft. The tailstock & and center ¢, Fig. 6, may be em-
ployed for this purpose, a regular center being introduced
into the face plate f and the bearing turned by means of a
tool or tools supported on a carriage a.

15. After the bearings have been turned either in the
regular turning lathe or in an ordinary engine lathe, the
roll is mounted in spécial housings, as shown at g and /.
The lower half of the bearing g is supported largely on the
bridge & that extends across the lathe and carries the tool
rest ¢, and the upper half of the bearing /% is made adjust-
able, one end of it being secured to the column ¢ by means
of suitable keys s and the other end held in place by the
bolt 4. This affords ample bearing surface for the support
of the roll during turning and insures the turned portion
being concentric with the bearings. The roll must not be
rigidly attached to the face plate /| but is driven by means
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of a universal coupling /. Sometimes, in order to take up
any end motion of the roll, a piece is placed in the center in
the end  of the roll and the other end of the piece placed
against the center ¢, thus forcing the roll toward the bear-
ing g and taking up all end motion.

16. Turning Tools.—The turning tools employed in
turning rolling-mill rolls do not differ greatly in principle
from those employed in turning parallel rolls; but in most
cases the amount of parallel turning is considerably less, and
cheaper tools can be used for the purpose. In turning
rolling-mill rolls, higher and stiffer tools must be used for
the grooving and similar work, and it would not be prac-
ticable, therefore, to use the thin tools ordinarily employed
for turning the surfaces of parallel rolls, as the cutting edges
would be so far below the center of the roll that they would
have an excessive amount of clearance and heunce become
dull very quickly.

17. A good form of tool employed for surfacing rolling-
mill rolls preparatory to grooving them is shown in Fig. 7.
This consists of a bar of steel from § inch to 1} inches
square with four grooves cut the entire length of the bar
along the middle of each face, as shown. The tool is hard-
ened as hard as fire and salt water will make it, and is then

X

ground flat across each face, thus giving four cutting edges,
one at each of the four corners. The grooves along the
sides are made to reduce the amount of grinding necessary
to sharpen the corners. Facing tools are also sometimes
made by welding a piece of flat steel to the face of a piece
of flat iron to bring the thickness up to an inch or more,
then hardening and grinding as in the case of an ordinary
tool; this method of facing cutters, however, is not as

F1G6. 7.



87 WORKING CHILLED IRON. 13

advantageous as the one previously given, as it permits of
only one edge, or, at the most, two edges, of the steel being
employed as cutting edges.

18. Grooving Tools.—For all grooves having a circu-
lar cross-section, very efficient grooving tools may be made
by turning up short cylinders of tool steel to the desired diam-
eter, hardening them, and grinding the ends true. One of
these tools is shown in Fig. 8. When it is desired to turn
a groove to roll ovals, one of these :
circular tools is simply sunk into
the face of the roll a short dis-
tance; when it is desired to turn
grooves for rolling circular rods,
a tool of the proper diameter is Fic. 8.
sunk into the roll to half of its depth. These tools are
ground on both ends and can be used in at least four posi-
tions before they require regrinding; i. e., both the front
and the back edges at the top and the bottom can be used.

19. For turning rectangular grooves whose sides are
either parallel or perpendicular to the length of the roll, a
plain rectangular tool similar to a cutting-off tool is em-
ployed, as shownin Fig. 9. These tools, when narrow, are

I — o
-

PI1G. 9. Fi1G. 10.

made wholly of steel; when wide, they may be made partially
of steel and partially of iron, as shown in Fig. 10. A piece of
wrought iron a is split open and worked out on the end to
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receive the piece of steel 4, which is-welded into the wrought
iron and hardened, after which the tool is ground and used
as though it were a solid steel tool.

20. For turning rectangular or other polygonal grooves
in which some of the faces of the grooves are neither par-
allel nor perpendicular to the axis
of the roll, it becomes necessary
a ® e to employ tools having special
forms. For roughing out grooves
for rolling squares, a tool similar
to that shown in Fig. 11 may be

4 employed, this tool being made of

a ’ ’ a wrought-iron body a with a steel
cutting face 4. It will also be no-

P16 11. ticed that the point ¢ of the tool

has been ground off to reduce the liability of its breaking.
After this tool has been sunk into the groove to such a depth
as to give the groove approximately its right width at the
surface of the roll, another tool having a sharp point is
introduced to remove the stock left by the point .

21. Sometimes it becomes necessary to face up the sides
of grooves, in which case a tool of the style shown in Fig. 12
may be employed. -
This tool may be T ——
made of solid steel, as
shown in the illustra-
tion, or may be made
with a piece of steel
welded to the top, I

)

)

as shown in Figs. 10
and 11. It will be
noticed that the cut- F16. 12.
ting edges a, 4, and ¢ are all given clearance, so that the tool
can cut before itself, or to the right or the left.

In turning irregular grooves, it is frequently necessary to
make formed cutting tools. They may be made from solid
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steel or by welding steel on iron, as shown in Figs. 10 and 11,
and then grinding the cutting edge to the desired form.
Sometimes the cutting edge is formed to approximately the
desired form before hardening the tool. The tool is then
hardened and the cutting edge ground to fit a templet of
the desired form.

22. Clamping and Holding the Tools.—The tools
employed in turning rolling-mill rolls are held in a manner
very similar to those employed in turning parallel rolls, it
always being necessary to clamp the tool as firmly as possi-
ble. The rest ¢of the lathe shown in Fig. 6 is provided with
two T slots # and with rectangular holes in its upper surface,
as shown. These rectangular holes are fitted with dogs o
and p. The dogs o are similar to the ordinary planer plug,
as shown in Fig. 13; the shank « is square or rectangular,
depending on the form of the holes in the rest ¢, Fig. 6. In

F1G. 18. Fi1G. 14.

many cases these holes are rectangular, and, consequently,
the point a is rectangular. The point & of the setscrew is
brought into contact with the tool or the blocking. The
dog p, Fig. 6, is of the general form shown in Fig. 14, and is
arranged to fit into a T slot, as indicated by the dotted lines.
The lug a is sg formed that the dog can be easily removed
from the T slot by simply lifting up on the head of the set-
screw b, and when the point ¢ of the setscrew is brought
against the work, it will cause the lug @ to take hold of the
T slot and hold the work firmly in place. The tools are held
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from behind and at the sides by means of the dogs shown
in Figs. 13 and 14, and are held down by means of the
setscrew or setscrews 7 in the clamp s shown in Fig. 6.

23. When tools of the general form shown in Fig. 8,
intended for turning circular grooves, are to be clamped,
they are held against the work by means of special blocks
provided for the purpose, as shown in Fig. 15, @ being the
block and & the cutting tool. A setscrew is brought to bear

against the end ¢ of

| ‘ the block a to crowd

the edge ¢ of the cut-

ting tool against the

° ° ' >° work, as indicated by

! the dotted lines f g.

!t The tool rest 4 is placed

' ! as far under the block &

i as possible, and in some

cases no clamp is placed

on top of the block 4,

the resistance along the

edge ¢ being depend-

ed on to hold it down

against the rest & and

in the slot in the end of the piece a. The piece a is held by
means of the screw 7 in the clamp s, Fig. 6.

F1G. 15.

24. Allowance for Hot Iron. — In turning grooves
for rolling-mill work, it is necessary to make the grooves
somewhat larger than the standard bars they are intended
to roll. To meet these requirements, an allowance of
#¢ inch per inch is usually considered sufficient. For in-
stance, a tool to cut a groove for rolling a 1-inch round bar
would have to be 13 inch in diameter, and a groove for
rolling a 3" x §” flat bar would have to be 34 inches wide,
and similar allowances would be required for all shapes.
All the tools employed in roll turning may be finished by
grinding after tempering, if so desired.
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GRINDING CHILLED ROLLS.

25. General Consideration.—Chilled rolls intended
for use in flouring mills, calender rolls for paper-making
machinery, and rolls for rolling some classes of sheet metal
are finished by grinding. This is done to give a smooth
surface and to insure the roll being parallel throughout its
length.

26. Grinding Machine.— A machine for grinding
flouring-mill rolls is illustrated in Fig. 16. The roll a is
mounted in bearings & so that it is rigidly supported and
revolved on the bearings on which it will ultimately work,
thus insuring that the ground surface will be true with the
bearings. The roll must be driven by some flexible coupling
so as to allow it to run free in the bearings with no danger
of cramping or displacement. This is accomplished by
means of the universal coupling shown at ¢ and the driving
rod 4. This driving rod &4 extends through the spindle ¢ of
the grinding machine and is secured by means of a universal
joint at the driving-wheel end of the spindle.

The grinding is done by means of two emery wheels
mounted on opposite sides of the roll, so that they act as a
pair of calipers, the roll being ground between them. The
emery wheels are driven by belts f, fand g, & and are ad-
justed by means of hand wheels, one of which is shown at /.
The emery wheels are supported on a carriage ¢, which is
traversed backward and forward on the bed ;so that the
wheels pass over the entire length of the roll. The roll is
revolved by means of the belt 4 running upon a large band
wheel / shown at the end of the machine, and the machine
is arranged with suitable mechanism for traversing the car-
riage automatically, the length of the traverse being ad-
justed by means of stops. The emery wheels are mounted as
shown in detail in Fig. 17. The emery wheel a is supported
on a spindle & provided with conical ends ¢, ¢. These conical
ends are carried in Babbitt bearings &, 4. Mounted on the
spindle & are two pulleys ¢, ¢ on which the driving belts run.
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The emery wheel is surrounded by a suitable hood /. The
Babbitt bearings & are turned on the outside to fit bearings
in the frame, as shown at g, g, and the adjustment in the

direction of the length of the spindle is controlled by means
of the yokes %, /& secured by studs as shown. By properly
adjusting the bearings , all end motion and play in the

Fi0. 16.
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emery-wheel spindle can easily be taken up. In grinding
chilled rolls, it is necessary to be very careful about the
adjustments of the emery wheel in order to be sure that
there is no lost motion. The clamp yoke % in Fig. 17
is shown at =, Fig. 16, and the end of the Babbitt bear-
ing is also shown at », while the guard for the emery wheel

Fi1G. 17,

is shown at o. Rolls of larger diameter, such as large
calender rolls, etc., are frequently ground on heavy machines
especially manufactured for this purpose and so arranged
that the emery wheels are placed in a swinging frame
that constantly calipers the rolls. This is known as the
J. Morton Poole grinding machine, which is described in
Grinding.

27. Grinding Rolls.— For 12-inch rolls, the emery
wheel should be 14 inches in diameter. One firm manufac-
turing a great many flouring-mill rolls employs a No. 2
grade, grain 80, carborundum wheel, though any wheel of
corresponding grade and grain may be employed. If the
14-inch wheel is employed, it should be given about 1,600
revolutions per minute, and a 12-inch roll should be given
about 30 revolutions per minute.

There must be plenty of soda water running on the wheels
and the rolls during grinding, to keep the roll cool and to
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carry off the dust. The operator adjusts the bearings §,
Fig. 16, until the roll is in perfect alinement with the
travel of the carriage 7, and next adjusts the emery wheels
to take equal cuts. The emery wheels are moved up by
hand as the roll is gradually reduced until the desired size
is obtained.

28. Testing Rolls.—If the rolls are properly ground

they should fit perfectly, and in order to test them an

arrangement similar to that

shown in Fig. 18 is employed.

A small carriage a is provided

with carefully planed paral-

lels &4 and ¢. Two rolls are

laid on these parallels, -as shown

at dand ¢. The hose fis con-

nected to a gas fixture and a

series of gas burners are ar-

ranged on the pipe g so that

they furnish a bright light back

of the joint between the rolls.

—— If the work has been properly

_ F1G. 18. done, no light whatever can be

seen between the rolls, as they rest on each other and on the

parallels. This gives an extremely delicate test of the
accuracy of the workmanship on the rolls.

PLANING CHILLED IRON.

CORRUGATING ROLLS.

29. General Consideration.—Some of the rolls em-
ployed in flouring mills have to be corrugated after they are
turned and ground. The corrugations are shallow grooves
planed in the face of the rolls; they are not parallel to the
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length of the roll, but have a slight spiral. These grooves
are found necessary in certain classes of grinding rolls, not
only to cause material to feed properly, but to produce the
desired result upon the material being ground.

30. Corrugating Machine.—The machine employed
for corrugating rolls is similar to a planing machine. One
type of this class of machine is illustrated in Fig. 19, in
which a is the roll being grooved. The weight of the roll
is carried on suitable bearings 4. The tailstock ¢ is provided
with a center that takes up any longitudinal movement of

Fi1G. 19.

the roll, and the headstock & is provided with the necessary
mechanism for rotating the roll through the proper angle
to give the desired spiral. In the type of machine shown this
is accomplished by means of a worm-wheel ¢ and a worm f.
The worm is made long so that it serves as a rack. It is
controiled by the slide g traveling in the slot 2. This slide
carries the worm across the grooving machine as the roll
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advances, and so rotates the worm-wheel ¢ through a por-
tion of a revolution during each stroke of the machine.
The proper number of divisions or teeth are obtained by
means of an automatic spacing device shown at the left-
hand end of the worm-shaft z. This spacing device gives
the shaft 7 a portion of a revolution after each stroke of
the machine, thus advancing the cutting tool to the next
groove.

31. Grooving the Rolls.—In grooving rolls, a wide
tool similar to that shown in Fig. 20 is employed. This
tool is made of §' X 14" steel. The

r tool is milled on the end with the
¢ kind of corrugation wanted, after
which it is hardened. The tool is

so set in the machine that it starts

to cut on one side and each suc-
ceeding tooth takes a deeper cut,

\ until the last one finishes the cut
a to the required depth. This rule
/ holds good if the corrugations are

not so large that considerable
metal must be removed. In such
cases it may be necessary to go
around the roll twice to finish the grooves. In ordinary
practice it is not possible to take a cutof over {}§; inch
in planing chilled iron, and, unless wide tools with a num-
ber of teeth are employed, it will take a very long time to do
the grooving. In Fig. 20 the curved line a & represents the
circumference of the roll, and it will be seen that each suc-
ceeding tooth takes a slightly deeper cut than the preceding,
the tooth ¢ finishing the groove. In grooving rolls, a speed
of approximately 24 inches per minute is usually employed,
and in some cases a speed slightly above this. One reason
why a slightly higher speed can be employed in grooving
than in turning rolls is to be found in the fact that the
grooving tool is cutting during only a portion of the time,
while the turning tool is under a constant strain.

F16. 20.
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PLANING CHILLED-IRON DIES.

32. General Consideration.—It is frequently neces-
sary to plane chilled-iron dies for pressed-brick machines,
swage or anvil blocks, drop-ham-
mer dies, and similar purposes.

This work may be accomplished

by making the speed of the planer ¢ —
sufficiently slow and the tools
sufficiently rigid. In some cases,
dies are planed by feeding a broad, square-nosed planing
tool directly down on the face of the die, a slight amount of
feed being given after each cut. When the width of the
tool has been finished, it is moved along and a correspond-
ing cut taken down to the proper depth. This method of
procedure is exactly like that employed in turning chilled
rolls. In other cases a fairly broad-nosed planing tool is
adjusted so that it will act both as a roughing and a finish-
ing tool and is given a slight feed across the planer after
each cut, the cutting edge of the tool being of the general
form shown somewhat exaggerated in Fig. 21; the por-
tion @ & is parallel to the surface of the work to be planed,
and the portion a ¢ is inclined so that it will act as a rough-
ing tool to prepare the surface for the finishing cut. Sucha
tool as this is given a very slight clearance. It is possible
to follow this practice of feeding sidewise in planing where
it would not be possible to do so in lathe work, on account
of the fact that all the feed occurs at the end of the stroke
before the tool begins to cut, while in lathe work it is neces-
sary to feed the tool sidewise during the cut.

a b
Fi1G. 21,







PLANER, SHAPER, AND
SLOTTER WORK.

(PART 1.)

WORK OF THE PLANER.

THE MACHINE.

1. Action of the Planer.—The natural function of the
planer is to produce a flat surface. This isaccomplished by
causing the work, which is fastened to a table that has a
reciprocating motion, to pass back and forth under a cut-
ting tool; the tool is fed across the work at right angles to
the line of motion of the table.

2. Names of Parts.—A standard type of a modern
planer is shown in Fig. 1. This machine consists of a
platen a, which slides in V-shaped guides on top of the
“bed ¢g. Heavy housings 4, & are securely bolted to the
bed, the movable cross-rail ¢ being bolted to the front
face of the housings. The cross-rail carries one or more
saddles 4, 4 (two in this case); these saddles have the
planer heads ¢, cattached to them. Each head hasa slide
that is operated by the down-feed handle /.  For holding
the tool, each head is provided with suitable tool clamps,
as g, & The saddles can be moved along the cross-rail by

8
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means of feed-screws; for feeding by hand each feed-
screw has a feed-screw handle #. The platen is driven

P16, 1.

by gearing operated by belts placed on the driving pul-
leys / and reversing pulleys 7. The direction in which

r“"\
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the platen moves is changed by tappets /, /, which engage
the reversing lever 7, which is connected in turn to the
belt-shifting levers £, £ The cross-rail may be raised
or lowered by means of screws within the housings; these
screws are operated simultaneously by bevel gears o, o,
one pair of which is fastened to the screws mentioned, while
the other pair is fastened to the shaft ». This shaft is
driven by spur gearing, which, in turn, is driven by a belt
placed on the pulley p.

METHODS OF DRIVING.

3. Two Methods Commonly Used.—There are two
methods of imparting motion to the planer table or platen.
One is by a system of spur gearing, in which the power
is transmitted from the belts to the table by means of
gears. Planers thus driven are called spur-geared planers.
The other method is by means of a spiral gear that en-
gages with a rack on the under side of the platen. The
worm is driven by gears and shafts, which, in turn, are
driven by the belts. From the kind of driving mechanism
used, such planers are called spiral-geared planers.

4. Spur-Geared Planers. —Fig. 2 shows how the
driving gears are arranged on a spur-geared planer.
Three shafts pass through the bed and have their bearings
at the ends. Shaft 1 projects through the front side of
the planer bed sufficiently to receive the driving pulleys /
and s, Figs. 1 and 2. This shaft, near the back side of the
bed, carries the pinion a, Fig. 2, which engages with the
spur gear & on shaft 2. Near the center of shaft 2 is a
pinion ¢, which engages and drives a spur gear ¢ carried on
shaft 8. This gear is the largest and heaviest in the train
of gearing and is sometimes called the bull-wheel. On
the under side of the platen, and between the guides, or
V's, is a rack f, which engages with the bull-wheel ¢,

If we follow the motion of the gears when the bhelt-driven
pulleys are moving in the direction indicated by the arrow 4,
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it will be found that the table will move in the direction of
the arrow n. In order to reverse the direction of motion,
two belts are used; one of these is an open belt and the
other is a crossed belt. It will be seen by reference to
Figs. 1 and 2 that there are two pulleys of each size on
the shaft, one of each set being a loose pulley. When one
belt is rotating the shaft I in one direction, the other belt
runs in an opposite direction on the loose pulley of the other

Fi6. 2.

set. When the reversing occurs, the driving belt is run off
the tight pulley to the loose pulley beside it, while the other
belt is moved from its loose pulley to the fixed pulley beside it.
This at once changes the direction of rotation of the shafts,
and, consequently, the direction of motion of the machine.
When the end of the stroke is reached, the reversing levers
at once change the belts back to the original position and
the planer moves forwards as before. .

5. Quick Return.—It will be noticed in Figs. 1 and 2
that the driving pulley / and the return-stroke pulley m
have different diameters. The pulleys on the counter-
shaft to which these are belted also have different diam-
eters. By this combination, the planer is made to run
backwards on the return stroke at a rate of speed 2, 3, or 4
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times as great as the forward, or cutting, speed. When
planers are thus .designed, they are said to have a quick-
return motion. This method saves considerable time
over the old-style machines, which required as much time
for the return stroke as for the forward stroke.

6. Spiral-Geared Planers.—In the spiral-geared
planers, two driving belts running in opposite directions -

F1G. 8.

on tight and loose pulleys are used, the same as in the
spur-geared planers. Fig. 3 shows a top view of a spiral-
geared planer. The
two driving pulleys
are shown at / and .

It will be noticed that
the shaft that carries
the pulleys is parallel
to the line of motion \

of the platen, while in

the spur-geared planer

shown it was at right

angles to it. On the 0
end of the belt-pulley Flo. 4.
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shaft is a small bevel gear a, which engages with a large
bevel gear ¢ on the shaft ¢. On the other end of the shaft ¢
is a spiral gear, or worm, f, which engages with the rack
on the under side of the platen and is shown in dotted
lines in the illustration. It may be noticed by examining
the threads of a worm or any screw, as, for instance, that
shown in Fig. 4, that the threads are not square with the
axis of the screw, but make some other angle than 90°, as
shown by the line O D); the angle depends on the diameter
of the screw and its pitch. On account of this fact, in"a
spiral-geared planer, the shaft ¢ is set at such an angle that
the line of the threads is at right angles to the line of
motion of the platen, in order to give a direct pull. The
rack on the under side of the table is specially cut, so that
the worm fits it correctly. It is claimed that these spiral-
geared planers are very smooth in their action. -

SIZE OF PLANERS.

7. Definition.—The size of a planerisindicated by the
width and height of the largest piece that will pass through
its housings and the length of the longest piece that can be
planed on its table. Thus, a 40" X 40" X 10’ planer means
that a piece 40 inches square will go through the housings
and the table will take a piece 10 feet long.

8. Planer Heads.—Ordinarily, planers are equipped
with but one head, but when specially ordered for particular
work, two heads may be used on the cross-rail, as shown in
Fig. 1. Large planers are frequently equipped with four
heads, two being placed upon the cross-rail, as shown in
Fig. 1, and the other two, called side heads, on the housings
below the cross-rail. These side heads are used when special
undercuts are being made, or when it is desired to face the
sides at the same time that the top is being finished. There
are some other types of planers used for special kinds of
work, but they are modifications of the standard shape
shown in Fig. 1.
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FASTENING WORK TO THE PLATEN.

THE PLANER CHUCK.

9. When a piece is to be planed, it must be securely fast-

ened to the platen in some

manner. This operation is

called setting the work.

The manner of holding

the work on the platen de-

pends on the shape and

size of the work. It may

be held in a regular planer

chuck or vise, by the use

of bolts and clamps, by

pins and jacks, or by spe- Fie. 5.
cial holding devices designed for the purpose.

10. Description.—Fig. 5 shows a common type of
planer chuck. It is fastened to the platen by bolts that
may be slipped into slots at its sides, one of which is shown
at . The base of the chuck is circular, and is made in two
parts, so that by unclamping the two bolts, one of which is
shown at &, the other being at the opposite side of the
chuck, the top part may be swiveled around in order that
the jaws may be set at any angle. The bottom of the
upper part is graduated to degrees for determining the
angle when setting the jaws. One jaw ¢ is fixed; the other
jaw 4 may be moved to the proper position to hold the work.
When work is to be held in the vise, the jaw & is moved
against the work, and the block ¢ is moved against the rear
of the jaw. The block ¢ is kept from slipping back by
means of the strips f, /, which drop into the notches cut in
the chuck, as shown. The nuts 4, #in the jaw & are now
screwed down, and it is tightened against the work by means
of the setscrews g, g. Finally, the nuts 4, £ are tightened
once more.
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11. Square Planing.—Suppose that a rough cast-
iron block 2% inches square is to be planed square and true.
If it is desired that the block be made with considerable
accuracy, it should be planed all over with roughing cuts
before any finishing cuts are taken. The work is putina
chuck and a cut taken over one side. After the work is
planed on one side, it is given a quarter turn in the chuck,
and is then clamped for planing the second side. Before
taking the cut, it must be known that the finished side of
the work is set perpendicular to the table, so that the cut on
the second side will be square with the one previously fin-
ished. When the planer chuck is true and in good shape,
the jaw ¢ will be square with the bottom of the chuck, so
that if work with a flat face be clamped against it and a cut
is taken, the planed surface will be square with the flat face
in contact with the jaw.

If the work is not true, care must be taken in clamping
it, or the finished face will not be held squarely against the
jaw. Suppose the work w to be tapered, as shown in

] 1 3
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Fig. 6. The face £ of the work is finished, but the face /is
rough. When the jaws are tightened against the work, the
pressure will come against the work at the edges of the
jaws, while, at the bottom, the jaws will not touch the work.
It the jaws are tightened, they will remain in the same posi-
tivn relative to the work, so that even though the face 4
Ras been planed, it wiil not be heid flat against the jaw c.
When a cutis taken with the work thus held, the latter will
cot bte sguare with the finished face. If it is found that
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this condition exists, the work may be made to come flat
against the jaw by putting thin pieces of packing p (strips
of paper or tin) between the jaw dand the lower edge of the
work, as shown. This will cause a pressure against the
lower edge of the work that will hold it squarely against the
jaw c.

12. Instead of putting the packing piecesp between the
jaw & and the work, Fig. 6, a false jaw f with a rounded

7/ w
[
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face, shown in Fig. 7, may be used. This rounded face
will allow the work to turn slightly so as to bring its finished
face squarely against the jaw .

If no false jaw is available, the same end may be attained
by placing a straight piece of copper or iron wire between
the work and the movable jaw. The wire should be about
the length of the work, in case it is shorter than the width
of the jaw; if it is longer, however, the length of the wire
should be equal to the width of the jaw.

F10. 8.

13. Another source of error that must be guarded
against is caused by the jaw d& rising slightly from its seat
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when the screws g are tightened. Fig. 8 shows, some-
what exaggerated, what happens when the screws g are
tightened on the work before the bolts £ are tightened
sufficiently to hold the jaw & to its seat. In this case, the
faces £ and / of the work are parallel, but the lifting of the
jaw & will throw the work out of true with the jaw ¢, and if
a cut is taken over the top, the work will not be square.

14. If the work projects beyond the ends of the vise
jaws, the setting of the finished side may be tested by put-
ting the stock of a try-square # on the platen and pushing
the blade against the finished side 4, as shown in Fig. 9.

T T
o
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If the blade is in contact only at the top, or at the bottom,
of the finished side £, it shows that the piece is not properly
chucked. In order to bring the finished face square, strips
of paper or tin may be put between the work and the jaw ¢
at the top or bottom of the jaw.

15. Making Sides Parallel.—If the work is large
enough to allow it to be set flat on the bottom of the chuck,
as shown in Fig. 6, it will usually be near enough true to
be planed parallel. To make sure that the work is fairly
bedded, that is, in contact with the bottom of the fixed jaw,
it is well, after the jaws are properly tightened, to strike
the top face of the work with a lead or babbitt hammer.

When the work projects beyond the sides of the chuck,
the bottom of the work may be set parallel to the bed by
tapping with a hammer and testing by calipering, as shown
in Fig. 10. If the work is short and cannot be planed on its
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top face when set down on the bottom of the vise, it must
be held up. To set it true so that the top face may be
planed parallel with the bottom face, its setting may be

FiG. 10.

tested by inside calipers, measuring from the bottom of the
chuck to the under finished face, and adjusting the work by
tapping it with a soft hammer until the measurements are
the same at all points.

16. Use of Parallel Strips.—A much quicker way is
to use parallel strips b, 4, Fig. 11, under the work z, and
set the work down on these strips. Parallel strips are thin
pieces of cast iron or steel that have been carefully machined
so that the opposite faces are parallel with each other.

T T
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They are made of various sizes and thicknesses, to be used
for different thicknesses of work, and are usually made in
pairs. After the roughing cut is taken over the top face of
the work, it is well to caliper its thickness at the ends to
make sure that it is being planed parallel.

17. Use of the Surface Gauge.—Suppose that one
side of a tapering piece of work is to be planed. Then a
line is laid out and marked by prick-punch marks to aid in
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setting the work correctly in the vise jaws. For testing the
setting, a surface gauge, one design of which is shown at
Sin Fig. 12, may be used. A surface gauge consists of a
heavy base 4 with a flat face that carries a standard ¢ of
some kind, to which a pointer p is attached by a clamping
device in such a manner that it can be moved along the
standard and clamped anywhere. In addition, the pointer

f
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can be swiveled around the clamping device. In use, the
pointer p is adjusted to one end of the line @ drawn on the
work, which in Fig. 12 is shown held in the planer chuck.
The base resting fairly on the platen, the surface gauge is
now moved to the other end and it is noted if the pointer
coincides again with the line 4. If it does not do so, the
work is shifted by tapping it lightly with a hammer and
the testing and shifting is repeated until the surface gauge
shows the line a to be parallel to the platen.

18. When a number of tapering pieces are to be planed,
tapered strips may be used in the vise to set the work on,
in the same way that parallel strips are used to produce
parallel work. When these tapered strips are used, the
work is bedded fairly on them; thereis then no necessity of
setting each piece separately by the aid of a surface gauge.
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19. Asurfacegauge may not only be used in setting work
to aline, but is also well adapted for testing the parallelism of
surfaces with the platen. For instance, let a piece ¢ having
the profile shown in Fig. 13 be held in the chuck, and let it
be required to adjust it so that its surfaces @ and 4 are both
the same height above the platen. Then the contact point
of the surface gauge is placed on the surface 4, while the
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base rests fairly on the platen; the surface gauge is now
placed on the other side of the work in the position shown in
dotted lines, and it is observed if the contact point touches
the surface a. If it does not do so, the work is moved as
required; the contact point is readjusted, and the setting of
a and & is tested again. This operation is repeated until
the surface gauge shows @ and 4 to be at the same height
above the platen.

20. Special Jaws.—For some classes of work, spe-
cial Jaws may be made and fastened to the regular jaws of
the planer chuck for holding particular shapes of work.
But if many such pieces are to be made, it is better to make
a special jig, or holding device.

21. Trulng the Planer Chuck.—When it is found
that the planer vise is out of square, thus causing the work
to be held untrue, the vise should be trued by taking a very
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fine, smooth cut over the jaw ¢, Fig 5, and also over the
bottom of the jaw on which the work rests. Before this
cut is taken, the chuck should be cleaned thoroughly, and
care should be taken that there are no chips or dirt between
it and the planer platen.

BOLTS AND CLAMPS.

22. Method of Applying.—If the work is large, or for
other reasons cannot be held in the ordinary chuck, it may
be fastened to the platen by bolts and clamps. T slots
are cut in the top of the platen to receive the boltheads, and
holes are provided for pinsto keep the work from slipping.

23. Fig. 14 shows a part of a planer platen with a flat
block a fastened to it by the use of bolts 4, 4 and clamps ¢, ¢

F16. 4.

resting on packing-blocks &, 4. These clamps are pieces of
flat bar iron 2 inches X § inch, or of similar proportion,
with holes drilled near the ends for the bolts to pass
through. When applying clamps to a piece of work, care
should be taken to adjust them so that the bolts come very
near the work, as shown in Fig. 14; also that the packing-
blocks &, 4 are the same height as the work, or slightly
higher. Fig. 14 also shows how stop-pins ¢, ¢ are used to
prevent the work from sliding along the platen while a cut
is being taken. The stop-pins are merely removable pins
inserted in holes drilled in the platen.

24. Imagine that in Fig. 14 the piece a is the pack-
ing-block, and that & is the work. Then, with the bolt &
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close to the packing-block, the tightening of the nut will
cause the clamp to grip the block tightly, while the work
will be left comparatively loose. For this reason, the bolt
should always be placed as close as possible to the work.
Now, if the packing-block is too low, the bolt must bend
when the nut is tightened, owing to the clamp sloping
downwards. Furthermore, the tendency will be for the
clamp to push the work away.

This is shown in Fig. 15 (¢). It will be observed that as
the nut on the bolt is screwed down, the clamp bears only

against the edge of the
work and the packing- i——%
block, and that the pres-

sure is acting not directly
at right angles to the
platen, but at an inclina- (a)

tion to it. In conse-
quence of this, there is a P—@%
tendency for the work to 3 l

slide away from the
clamp. Since the clamp
is in line contact with the )

extreme edge of the work, FIG. 15.

it is very likely to mar the edge badly. For these reasons,
care must always be taken to make the packing-block
high enough to insure a fair bearing of the clamp on the
work. When the packing-block is just the same height
as the work, and the clamp is bent and applied with its
convex side downwards, as shown in Fig. 15 (4), or when
the clamp is so thin as to readily bend when the nut is
tightened, the same effect will be had as if the packing-
block were too low. That is, there will be a tendency to
push the work away and also to mar the edge. Now, if
the packing-block is slightly higher than the work, the edge
of the clamp will be in contact with the surface of the work,
and any tightening of the nut will, by reason of the bending
of the clamp, bring it in more intimate contact with the
surface of the work.
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that the bolt can be moved along the clamp in order to get the
bolt into the most desirable position. Likewise, the clamp
can be moved to suit the work in case the bolt must occupy
a certain position. Taking it all around, this is probably
the most useful form of clamp for general work, since it has
the widest range of application. It is applied in the same
manner as the ordinary flat clamp. Always place a washer
between the clamp and the nut used for tightening it, in
order to have a fair bearing for the nut.

29. Finger Clamps With Bolts.—It often occurs that
some flat face is to be finished all over when the work is of
such a shape that there is
no place to put the clamps
except on the top face. In
that case, the work is often
planed as far as the clamps
allow; the clamps are then
moved to the planed part
and the cut is continued.
Sometimes, however, it is possible to drill holes in the
side of the work and use finger clamps, which save
much time. Fig. 20 shows a side view of a piece of work a
with a finger clamp & in place. The clamp has one end
forged or turned round so that it will fit loosely into the
drilled hole. If these holes are drilled into the solid cast-
ing, they may be filled after the work is finished. The
conditions of each particular case will determine whether
a finger clamp can be used or not. When it is inadvisable
or objectionable to drill holes for them, the work must be
held in some other manner.

F1G. 20.

PLANER PINS.

30. Shape.—A very convenient method of fastening
work to the planer is by the use of planer pins, or screw
plugs, one of which is shown in Fig. 21. One end a is

N\
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a straight clamp are available. It is a rather expensive
clamp to make and does not possess any particular advan-
tages over a straight clamp; for this reason, it is rarely used

Fi1G. 17,

by experienced planer hands, except for work where a
straight clamp will not answer.

27. Whenanumber of pieces of the same thickness are to
be planed, a clamp may be
made as shown in Fig. 18.
This clamp has one end
bent over at a right angle;
the bottom is cut off paral-
lel to the top, so that when
it rests squarely on the
table, the top of the clamp will be level. With this style of
clamp, packing-blocks are unnecessary.

FiG. 18.

28. U Clamps.—Fig. 19 shows a form of clamp that is
very convenient when it is desired to remove the clamp
without removing the nut from
the bolt. This clamp is made
of square iron and is bent into
a U shape, with an opening
sufficiently wide to allow it to

Fic. 19. slide over the shank of a bolt.
It will also be found convenient on account of the fact

S. Vol. I1.—4
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that the bolt can be moved along the clamp in order to get the
bolt into the most desirable position. Likewise, the clamp
can be moved to suit the work in case the bolt must occupy
a certain position. Taking it all around, this is probably
the most useful form of clamp for general work, since it has
the widest range of application. It is applied in the same
manner as the ordinary flat clamp. Always place a washer
between the clamp and the nut used for tightening it, in
order to have a fair bearing for the nut.

29. Finger Clamps With Bolts.—It often occurs that
some flat face is to be finished all over when the work is of
such a shape that there is
no place to put the clamps
except on the top face. In
that case, the work is often
" planed as far as the clamps
/ allow; the clamps are then

moved to the planed part

and the cut is continued.
Sometimes, however, it is possible to drill holes in the
side of the work and use finger clamps, which save
much time. Fig. 20 shows a side view of a piece of work a
with a finger clamp & in place. The clamp has one end
forged or turned round so that it will fit loosely into the
drilled hole. If these holes are drilled into the solid cast-
ing, they may be filled after the work is finished. The
conditions of each particular case will determine whether
a finger clamp can be used or not. When it is inadvisable
or objectionable to drill holes for them, the work must be
held in some other manner.

s

Fi1G. 20.

PLANER PINS.

30. Shape.—A very convenient method of fastening
work to the planer is by the use of planer pins, or screw
plugs, one of which is shown in Fig. 21. One end a is
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turned round to fit the holes in the platen, while the other
is left square and tapped for a steel setscrew 4. Fig. 22

FiG. 1. FiG. 2.

shows the same style of pin made to fit in the T slot of a
planer platen.

31. Method of Using.— Fig. 23 shows one way in
which they may be used. A planer strip @, which has
been previously planed square, is bolted to the platen so
that the edge against which the work bears will be true with

F16. 28.

the line of cut. For this purpose, the planer strip is pro-
vided with a tongue that fits the T slots. The work 4 is put
against the strip, and two pins ¢, ¢ with setscrews are put in
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the holes in the platen and the screws set up against the
work. The screws push the work against the planer strip.
While the friction will be sufficient to hold the work against
a light cut, it would be pretty sure to slip under a moder-
ately heavy one, and hence stop-pins &, & should be placed
in front of the work to prevent any longitudinal move-
ment.

32. Toe Dogs.—Thin work may be fastened to the
platen by screw pins and toe dogs. The toe dogs used for
this class of work are
shown in Fig. 24. They
are usually made of tool
stcel with one end flat-
tened to press against the
work and the other cupped
to receive the end of the
setscrew. The thin end

FiG. 24. may be hardened, so that
its edges @, a will cut into the work and thus be kept from
slipping. Some persons prefer a wedge-shaped edge, like
that of a chisel, on the flattened end. For holding work
that is finished on its edges, it is advisable to make the toe
dogs of soft iron to prevent them from marring the work.

A number of pins and dogs may be put on each side of
the work. It may be seen, by referring to Fig. 25 (a), that

a a
b — a K
a5 af
(a) (®)

F1G. 25.

as the screws a, @ arc tightened, there is a tendency to push
the work & down on the platen, thus holding it securely.

33. The slant of toe dogs must not be so great that the
tightening of the setscrew will tend to turn the outer end



§ 8 PLANER, SHAPER, AND SLOTTER WORK. 21

upwards about the edge in contact with the work. In gen-
eral, the inclination of a line drawn from the point of con-
tact to the point of the setscrew should not exceed 10°.

34. Toe dogs are sometimes applied to work held in the
planer vise. They are then placed between the jaws of the
vise and the work, so that the tightening of the movable
jaw will press the work to the bottom of the vise. In some
cases, toe dogs may be used in connection with a planer
strip; being then placed on one side of the work only, they
will push the work against the planed side of the planer -
strip and down on the platen at the same time.

35. Since toe dogs do not hold the work very tightly in
the direction of the cut, it is always advisable to put stop-
pins in front of the work to keep it from slipping.

A thin strip or straightedge may be used with or in place
of toe dogs for holding work. Fig. 25 (4) shows a piece
of work a held on a planer table by the straightedge & and
the toe dogs ¢. The straightedge rests against a planer
strip & or against two blocks bolted down in the same
manner. The piece & is inclined as shown, so as to keep
the work in contact with the table. A straightedge may
be used in a similar manner for holding work in a planer
chuck.

36. Clamping Round Work.—If a shaft is to have a
keyway or spline cut along its length, it may be clamped to
the table in the manner shown in Fig. 26. Here the shaftais
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held in one of the T slots in the platen, and bent clamps 4, &
are applied to each side. To keep the clamps from slipping
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down on the sides of the shaft, stop-pins p, p are put in
the platen to hold the clamps in place. If one clamp is made
much tighter than the others, there is a tendency to spring
the work, especially if there are many clamps along the
side. The stop-pins may be made with an enlarged cylin-
drical head to prevent their slipping through the platen.
The shoulder at the junction of the head and shank may be
beveled slightly; this allows the point of a screwdriver or
pinch bar to be used for prying them out of the hole.

37. A better method of holding long shafts that are to be
splined is to have a long planer strip a bolted to the platen,
as shown in Fig. 27. This is beveled as shown so that

F16. 27,

when the shaft is pressed against it by the setscrew, it is
held down firmly. By this method the shaft is kept
straight.

To prevent the points of the setscrews from marring the
shaft, a guard piece & should be placed in front of each set-
screw. When the point of the setscrew is much higher
than the axis of the shaft, it may be necessary to put a
packing-block ¢ between the lower end of the pin and the
guard strip. The center of the setscrew should be at least
as high as the axis of the work, or slightly above it; other-
wise, there will be a tendency for the shaft to rise up when
the setscrews are tightened. As the pressure of the cut is
considerable, a stop-pin should be placed in front of the shaft.
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38. V Blocks.—If a shaft has different diameters, it
may not be possible to
hold it by the methods de- (™h
scribed. V blocks may
then be used for support-
" ing the shaft, as shown in
Fig. 28. A number of
these blocks are planed
exactly alike, and have
tongues on the bottom ,
that fit the T slots in the FIG. 28.
platen and insure correct alinement. These blocks are put
on the platen in such positions that the parts of the shaft to
be supported that have equal diameters will rest in them.

PLANER CENTERS.

39. Construction and Use.—Fig. 29 shows a set of
planer centers used for certain classes of work. These
centers are clamped to the platen; tongues on their bottom,
which fit the T slots, insure that they are in line with each
other and with the line of motion of the platen. The work

FIG. 29.

is held between them in the same way that it would be held
between lathe centers. A dog isfastened to the work and the
tailis held in the slot inthe arma. Referring to Fig. 29 (a),
a worm-wheel & is shown. This is rigidly fastened to the
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headstock spindle; by means of a worm engaging the worm-
wheel and a handle ¢ fastened to the worm, the headstock
spindle may be revolved by hand. The worm d is shown
clearly in the end view given at (#). By examining this end
view, it will be noticed that several concentric rows of holes
are drilled into the worm-wheel, the holes in each row being
spaced equidistant. A movable arm ¢ is fastened to the frame
of the headstock in such a manner that it can be rigidly
clamped. This arm carries on one end a latch pin f, which
has a small cylindrical projection that fits the holes in the
worm-wheel. By means of the holes and latch pin, quite a
number of equal divisions of the circle may be obtained.

40. To Find What Divisions Can Be Obtained.—
To find if a given number of equal divisions can be obtained
with the number of holes in the various rows, use the fol-
lowing rule:

Rule.—Divide successively the number of holes in eack row
by the number of parts tnto whick a circle is to be divided.
If the quoticnt is a whole number, the proposcd number of
parts can be obtained. The quotient, at the same time, is the
numbcr of holes of the row found divisible that the worm-
wheel must be rotated for eack part.

ExaMpPLE.—There being 72, 64, and 56 holes in the three rows on
the worm-wheel, can a circle be divided into 14 parts ?

SoLuTioN.—Dividing 72 by 14, we get 5% as the quotient. As this
is not an integral (whole) number, try the row having 64 holes. Divi-
ding 64 by 14 we get 4% as the quotient. Since this is not a whole
number, try the last row. Dividing 56 by 14, we get 4 as the quotient,
which is a whole number. This shows that, by moving the worm-
wheel 4 holes at a time in the row having 56 holes, we can obtain
14 equal divisions. Ans.

ANGLE PLATES.
'41. How Angle Plates Are Used.—For some classes
of work, an angle plate, shown at 4 in Fig. 30, is very
convenient. This angle plate is planed so that the two
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outer surfaces make an angle of 90° with each other. When
used, one face is bolted to the platen, as shown in the illus-
tration, and the work is bolted to the side of the angle plate.

Fi1:G. 80.

When one side of a piece of work has been finished and an-
other side is to be finished square with it, the work is bolted
with its finished surface against the angle plate by boltsand
clamps, used in the same way as when fastening work to the
platen.

42. The angle plate is especially adapted to work where
the surface opposite the side to be finished has such a shape
that it cannot be conveniently bolted directly to the platen,
as occurs, for instance, in the piece shown in the figure. It
will be seen that the under side is a curved surface.

43. Planer Jacks.—When the work projects a con-
siderable distance from the angle plate, it should be sup-
ported near the free end in order to prevent it from springing
away from the cut. Planer jacks are very convenient
for this purpose; one of these is shown applied at & in
Fig. 30.

44. One form of a planer jack is shown in Fig. 31.
It consists of a base @ tapped to receive the screw &,
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through ‘the head of which two holes are drilled at right
g angles with each other, to admit
the adjusting pin shown. A cap
¢ is attached to the head by a
ball-and-socket joint, to allow the
cap to adjust itself to any slight
inclination of the surface to which
it is applied. The cap may be
checkered, as shown, in order to
prevent it from slipping. These
jacks may be made in various
heights to suit conditions.

45. To Keep Work From Slipping.—Under a
heavy cut there is danger, where two planed surfaces are
placed together, that the work will slip. This danger may
be lessened by placing a piece of paper between the sur-
faces before clamping.

CLAMPING BY GLUING.

46. Very thin and flat work that is to be planed all
over its top surface cannot be held very readily by toe
dogs. If straight clamps are put on top, they must be
shifted after part of the surface has been planed. In
many cases, however, such work may be held without any
clamps at all by a method that for want of a better
name may be called gluing. The edges of the work, and
the platen right around the edges of the work, are care-
fully cleaned and made fairly bright with coarse emery
cloth. Melted rosin is then applied around the edges;
this, if the surfaces to which it is applied are absolutely
free from grease, will stick surprisingly well to them, and
will offer enough resistance to hold the work securely
against a light cut. Melted shellac, sealing wax, or pitch
may be used instead of the rosin; the rosin is usually
easier to obtain and is cheaper. This method of fastening
obviates any danger of springing the work in clamping.
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SPRING OF THE WORK IN CLAMPING.

47. Flat Bearings.—So far it has been assumed that
the face of the work is true, so that it has a large flat sur-
face bearing against the jaw of the chuck or on the planer
platen. Such, however, is seldom the case. When the
casting or forging is first put on the platen, it rarely touches
in more than three points, and when the rough piece is cor-
rectly set for the cut, probably not more than one point
actually touches the platen, the other points being supported
by packing or blocking.

48. Packing Under the Work.—When a clamp is
used, there should be a support under the work at that
point to prevent springing it. Suppose the piece shown in
Fig. 32 is to be clamped to the platen. The piece is crooked
on the bottom, so that it touches only at the points @ and 4.
If clamps be applied at the ends of the work and then tight-
ened, the work will spring down at the ends, bending around
its points of support @ and 4. If a cut is taken over the

[T T I T11

FIG. 32,

work while it is thus sprung, it will be found upon releasing
the clamps that it will spring back nearly to its original
shape, and, hence, the planed part will no longer be straight.
When clamping work that does not touch the platen directly
under the clamp, a blocking piece or packing piece should
be put under the work at that point, so that when the
clamp is tightened, the end cannot spring down. Paper or
sheet iron is often used for packing. In many cases, a thin
iron or copper wedge is found convenient for packing up
and also for setting the work.
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CARE IN SETTING THE WORK.

49. Position on the Bed.—When a large piece is to
be planed or finished on a number of surfaces, it should be
so set that all the surfaces can be finished in their proper
relation to each other. The work should be laid out by
drawing lines on the various surfaces to indicate the amount
of metal that is to be removed. The work is then set to
these lines so that all the surfaces can readily be worked
upon.

Suppose a lathe bed is to be planed. In this case, the
top and bottom parts should be planed parallel. It may be
found that the bed is considerably warped and’ twisted.
After the bed is put on the planer, it is leveled up by the
use of shims, or wedges, under the ends and sides until
it has a fair bearing. For testing the top face of the
bed, or the face about to be planed, the surface gauge may
be used at the end and along the sides to see that the work
averages the same height. When the work is adjusted with
the wedges and packing so that the top face appears about
level, the clamps are applied, care being taken that they are
over the packing pieces.

50. Resetting.—If a piece has been planed true and
is turned over on the platen, it may be found that it does
not remain true but is slightly warped, so that there is a
slight amount of rocking motion when the work rests on the
platen. In such cases, the piece should be supported on
thin pieces of paper at the four corners. It will be found by
pulling the pieces of paper that two are tight and two are
loose. More paper should be put under the loose corners
until the papers at the four corners are all pinched with the
same pressure. When care is used, it is possible to give a
very even bearing.

51. Use of a Level.—When a surface that has been
removed from the platen after planing is to be set again, it
may be set level and tested by the use of the surface gauge.
The work is often of such shape that the surface gauge
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cannot be used. Insuch cases, a spirit level may be employed.
When the level is used for setting work, the platen should
first be tested with it to see that the platen itself islevel.
Planers should be set so that the platen is level in the direc-
tion of its length and width. If the platen is set level, the
work may be set by the use of the level.

When the level is not at hand, or cannot be used, a tool
may be clamped in the head and adjusted so as to almost
touch the work at one corner. The work can then be moved
under the tool by moving the machine, preferably by hand,
and if there is any unevenness in height, it will be apparent.

SPECIAL JIGS FOR HOLDING WORK.

52. When there are a number of pieces to be finished, it
is generally preferable to make a special jig for holding the
work. By doing this, much time may be saved. In devi-
sing special jigs for holding work, the aim should be to hold
the work securely and accurately, and at the same time to
have the jig so simple that the work may be changed quickly
and easily.

53. Planing a Number of Pieces at Once.—Much
time can often be saved by setting a number of pieces on
the platen so that they will all be planed at the same time.
This is especially true when much time is required to adjust
the tool to the cut. After it is adjusted to one piece of
work, the tool runs the whole length of the table, cutting
each piece of work to the desired shape.

Fig. 33 shows very clearly how a number of pieces may
be set on the platen at the same time and a number of cuts
taken over all of them. In this case, eleven pump frames
with cylinders cast on their ends are so arranged that they
may all be planed at the same time. Each casting is care-
fully set and clamped in place, care being taken in setting
that the space between them is as small as possible. The
planer used has four heads. The two heads on the cross-rail
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work on the top of the cylinders, planing the valve seats and
the joint for the steam and water chests. On either side,
a head is used for squaring down the end for the cylinder
heads. All the feeds in this case are automatic.

FiG. 8.

54. Special Jacks or Braces for High Work.—
Fig. 34 shows two large pillow-blocks for a steam engine
supported on the planer while a cut is being taken off their
bottom faces. The pieces, being quite high and having
narrow bases, have a tendency to tip when a heavy cut
is being taken. To avoid this, after the work is set, the
special planer jacks shown at @ are employed. This
particular form of jack is very convenient for this and simi-
lar classes of work. The center portion is a piece of steam
pipe with the ends squared. A knuckle joint &, with the
ends of each part turned so that one end will fit the hole in
the planer and the other end fit the inside of the pipe, is used
in one end of the jack, while in the other end the threaded
stem of the V-shaped block ¢ is fitted. The nut & on the
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stem of the V block is used to lengthen the jack by screwing
it against the end of the pipe. The knuckle joint allows the
end of the jack to be attached to almost any place on the

F1G6. 3.

platen, and, hence, is very desirable. By using various
lengths of pipe, the jacks may be used for a wide range of
work.

55. Example of Clamping Heavy Work.—Fig. 35
shows a piece of work that, because of its peculiar shape
and great weight, is difficult to hold on the platen with-
out some special device. The two pieces shown are the
two parts of the frame that supports the cylinder of a ver-
tical engine. A yoke a is here used to support the upper
ends of theframes. This yoke is bolted to the platen and
the end of the casting rests init. The flange on the casting
keeps it from slipping down, while setscrews & at the side of
the yoke are used for adjusting the work. Thelower end of
the casting overhangs the table. It is kept from slipping
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along the platen, when a cut is being taken, by the use of a
heavy bar ¢, which is bolted to the platen. A setscrew 4 in
the end of the bar is used to make slight adjustments when
setting the work true. Planer jacks ¢, ¢ are also used to keep
the work from slipping and tipping. The clamps for holding
the work down are shown at fandg. When such heavy work
as this is securely braced and rests fairly on a special fixture
or special holding device, its weight helps to hold it down,
so that very heavy clamps are not necessary.

TAKING THE CUT.

PLANE SURFACING.

56. The Operation.—When taking a cut over a plane
surface, the tool is rigidly clamped to the tool block so that
the cutting edge projects as little beyond the tool block as
is necessary to reach the work. The cross-rail should be
adjusted so that it is as close as practicable to the work that
passes under it; after adjusting, it should be clamped rig-
idly to the housings. The tool is adjusted by the use of the -
down-feed handle f, Fig. 1, so that it will take the desired
depth of cut. The tool is usually at first fed to the work
by hand, by a feed-screw operated by the handle 4. After
the cut is started by hand, the automatic feed is thrown in.

FEED-MOTION.

K57. Action of the Feed-Motion.—The feed-mo-
tion is operated by the rack #, Fig. 1, at the side of the
housing, which is connected with the disk # at its lower end
by a connecting-rod. This connecting-rod is pivoted to a
block that slides in a slot cut in the disk #; the block is

S. Vol. Il.—5
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operated by the screw handle ». For each stroke of the
planer, the disk makes a partial turn, and the rack will be
alternately moved up and down. When the block in the disk
is moved to the end of the slot, the rack will have its great-
est travel. As the block is moved toward the center of the
disk, the amount of throw decreases until the block reaches
the center, where it is zero. The amount of throw and the
movement of the rack determine the rate of feed.

58. Fig. 36 shows a top view and side view of the
details of the feed-motion at the end of the cross-rail. In
the top view, the rack # is shown in sec-
tion. This engages with the gear 7,
which is fixed to the shaft zo.  This shaft
fits the bearing and passes loosely through
the gear /. The outer end of the shaft
carries the ratchet wheel .r, which, by
reason of being keyed to it, revolves
with the shaft. On the side of the gear?
isa pawl y, which engages the ratchet
wheel x. Gear # meshes with gear s on
the feed-screw. When the rack is moved
down, gear v revolves, carrying with it the
ratchet wheel .r at the same time. When
the pawl y is engaged, the wheel ¢ is car-
ried forwards; this also turns the gear s
and the feed-screw. When the rack »
moves upwards again, it turns the gear ¢
back, but the pawl yslips over the ratchet
wheel r; consequently, the feed-screw
remains at rest. With the next stroke
of the machine, a similar movement oc-
curs. To reverse the direction of the
feed-motion, the pawl is reversed so that
its opposite end catches in the ratchet
wheel . The feed may be stopped entirely by setting the
pawl in mid-position, so that neither end engages the ratchet
wheel.

TN
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PLANER TOOLS.

59. The Cutting Principle.—In the case of planer
tools, the principles underlying the cutting operation do not
differ from those of lathe tools. The shape of the tool varies,
and is determined by the kind of metal being cut, the hard-
ness of the metal, and whether a rough or a finishing cut is
being taken.

60. Angles of Rake and Clearance.—Fig. 37
shows a common form of planer tool. Theangles of rake
and clearance are determined as fol-
lows: Through the point o of the tool,
Fig. 37 (a), draw the line a4 parallel to
the shank of the tool; atodraw the linecd
perpendicular to @ 4. Angle & o f then is
the angle of front rake or clearance. The
line @ 4 in this case coincides with the top
face of the tool; thisshows that it is with-
out top front rake. Fig. 37 (&) shows a
bottom view of the tool. The line g /4 is
drawn at right angles to the line of mo-
tion of the platen, and the line 47 is
drawn tangent to the front face of the
tool; the angle £ v 7, then, is the side rake. A ¢

PO

e——=————d

61. Constant Angles of Clear- |
ance.—It will be seen that the angle of v
front rake or clearance cannot be varied | ™
by setting the tool at different heights ./}
relative to the work, as is the case with
lathe work. With the planer, the shank
of the tool is always in a plane perpendicular to the platen,
and whatever angle of clearance is given the tool in for-
ging or grinding remains constant. The position of the
tool relative to the work corresponds to that of a lathe
tool when the point is set level with the center. Tools
for the planer are therefore forged with from 3° to 5° of
clearance.

F1G. 87.
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62. Keenness and Strength.—The keenness of the
tool depends largely on the angles of top front rake and top
side rake. The strength of the tool de-
pends on its angle of clearance and the

angles of top rake.

63. Tools for Iron and Steel.—
Tools for wrought iron and steel are gen-
erally given more keenness than those used
for cast iron. It will be noticed, by refer-
ring to Fig. 37, that the tool there shown
has no top front rake, the keenness being
given by increasing the angle of top side
rake. This tool is adapted to roughing cuts.
For finishing cuts on cast iron, a broad
square-nosed tool is used, made as shown in Fig. 38. For
wrought iron or steel, the point is flat but much narrower.

Fic. 88.

ROUGHING AND FINISHING CUTS.

64. Depth of Cut.—In planer work, as in lathe work,
roughing and finishing cuts are taken. The first cuts
are made deep, and the feed is consequently fine when
compared with the finishing cut. It should, however, be as
heavy as the tool will stand without heating and as great
as the machine will drive without danger of springing or
bending the work.

65. Feeds for Different Metals. — Finishing cuts
should always be light, but the feed depends on the metal
being cut. Wrought iron and steel usually require narrow
feeds for finishing. Cast iron can be finished with a very
broad tool and, consequently, a feed nearly equal to the
width of the tool.

66. Chipping the Edge of the Work.—When taking
a roughing cut, there is a tendency for the tool to break
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off the edge of the work just as the tool is leaving it. This
breaking of the edge often
runs much below the finished
surface, and causes a bad
appearance of the work. It
may be avoided by beveling
the edge of the work, as
shown at & in Fig. 39. The
bevel starts at the line that
indicates the depth of cut
and runs back at an angle of about 45°. When the tool
comes to the beveled edge, the force of the cut begins to
decrease, so that by the time the tool reaches the edge of
the cut, there is little tendency to break the edge.

FiG. 8.

SIDE CUTS, OR DOWN CUTS.

67. Operation.—Suppose it is desired to finish the
sides of a piece square with the finished top. This may be
done by using a properly shaped tool and feeding it down
over the sides of the work. Fig. 40 shows, fastened to the
platen, a piece of work that has its top face « finished. It
is desired to finish the sides 4 and ¢ square with the finished
face a. A bent, round-nosed tool, shown at 7, may be used
for this purpose. It is set in the tool block so that its edge
extends far enough beyond the tool clamps to pass entirely
over the cut before the tool block reaches the work.

68. The Tool Block.—When a down cut is to be made,
it is necessary to swing the tool block to oneside. It will
be seen, by reference to Fig. 1, that the tool block and
clamps are pivoted on a pin w in the head. A section of
the head is given in Fig. 41. When the tool is cutting,
the pressure of the cut holds the block & in its seat. When
the pressure of the cut is released by the work running
back, the point of the tool is free. Since the tool and the
block move about the pin @, the point of the tool swings in
an arc of a circle, as indicated by the dotted line 4 B. This
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allows the point of the tool to lift from the work when it is
not cutting, thus avoiding the danger of breaking the
point. This applies to finishing plane horizontal surfaces.

69. Swing of the Tool.—When cutting a side face,
the tool tends to rise, the same as when cutting horizontal

3 C\ ==y
o 0 i
F1G. 40.

surfaces; but since the swing of the tool point and the face
of the work are in the same vertical plane, the tool point will
rub against the work instead of swinging away from it. By
loosening the bolts ¢ and f, Fig. 40, and swinging the tool
block so that the pin is inclined, as shown by the line A4 B,
the tool point as it lifts will swing in a plane at right angles
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to the line of the pin 4 B, or in the plane CD. This
plane C D is at an angle to the face & of the work; hence
as soon as the point of

the tool lifts on the !
backward stroke, it S
begins to swing away
from the face of the
work.

70. When planing
a surface on the oppo-
site side of the work,
as the surface ¢, the
tool block must be a
swiveled in a direction [ T B

opposite to that shown 7 - T W
irf)pFig. 4. If a cut /i / _ .
should be attempted
on the surface ¢ with
the block swung as shown in the figure, the result would
be that when the work runs back and the tool begins to
lift, it would swing into the work deeper and deeper as it
lifted, thus catching in the work and doing damage. When
taking a down cut with an ordinary forged tool, there is a
tendency for it to spring away considerably from the cut,
much the same as a long boring tool on a lathe. When-
ever possible, the tool should be made very heavy and rigid
to avoid this.

P1G. 41.

71. Testing the Squareness of the Head.—When
making down cuts that are intended to be square with the
top face of the platen, the down-feed slide of the head should
be examined to see that it is perpendicular with the platen.
This slide, or head, is on a swiveled base clamped to the saddle.
It can usually be swung around to make any angle with a
position perpendicular to the platen. The base is graduated;
when set perpendicular, two zero marks come together. If
the head is not set perpendicular, it may be loosened by
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unclamping the four nuts £, /, m, and », Fig. 40; it is then
adjusted to the correct position and clamped again. The
squareness of the head and the truth of the work are as-
sured by proceeding in the following manner: A finishing
cut is taken over the surface @, Fig. 40, and a side tool sub-
stituted and a finishing cut taken down the face or side 4.
A try square is applied to the two finished surfaces, and
if 4 is not square with @, the vertical slide is adjusted and
trial cuts made until 4 does come square with a.

CUTTING BEVELS.

72. Swinging the Head.—When a beveled cut, that
is, a cut at any other angle to the surface of the platen than
90°, is to be made, the head is swung around so that the

FIG. 42.

line of down feed makes the desired angle with the table.
Suppose it is desired to bevel a piece at an angle of 60° with
the top of the platen. Then, as the zero marks coincide
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when the down feed is at an angle of 90° to the platen, the
head must be set to 90° — 60° = 30° in order to make an angle
of 60° with the surface of the platen, as shown in Fig. 42.

Some planers are graduated with 0° at the sides and 90°
at the top, while others have 0° at the top and 90° at the
sides. On this account, care must be taken to be sure that
the proper angle with the surface of the platen is obtained.

When cutting bevels, the tool block must be swung around,
as shown in Fig 42. A very easy rule to remember as to
the way the tool block should be swung when making side
cuts or under cuts is the following:

Rule.—Always swing the top of the tool block away
Srom the plane of the surface to be plancd.

73. Attention is here called to the fact that in making
down cuts, especially in roughing cuts, the tool should
invariably be fed downwards while cutting, but never
upwards. On a fine finishing cut, this is not so essential.
The reason for this is that when feeding upwards, the tool,
during the backward motion of the work, is liable to catch

°in the work before it has time to swing clear of the latter.

VARIOUS SHAPES OF PLANER TOOLS.

74. Forged Roughing Tool.—The ordinary form of
planer tool is forged from the bar. These tools are given
various degrees of
rake and clearance,
depending on the
hardness of the work
and the nature of the
cut. When the cuts FiG. 48,
to be taken are very heavy, the roughing tool is usually
beveled at the cutting edge, as shown in Fig. 43. Here the
cutting is done entirely along the edge tangent to the
line A B; the edge tangent to C D nearly coincides with
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the shank of the tool. This same style of tool with the
point bent to one side is used for a right-hand or left-hand
side tool, depending on the direction of the bend.

75. Forged Straight-edged Side Tool.—Fig. 44 (@)
shows a form of side tool for heavy work. The tool is
forged thin along its cutting edge A 5 and tapers so that it
is thick at the back, to give it strength. The side face ¢ is
ground straight and with enough clearance so that the tool
can be made to cut along its entire edge. It will be noticed
that the line of the cutting edge A 5 slopes from the shank

[

(a)

Fi6. 4.

of the tool. This is desirable, as it gives less shock to the
tool and the work when starting a cut. When the edge
starts to cut the work, it begins gently near the corner B
and the width of cut gradually increases until a full cut is
being taken. At the end of the stroke, the tool gradually
runs out of the cut with the same ease. Another advantage
of the sloping edge is that the cut has a shearing action that
tends to push the work down on the platen, so that there is
less danger of the work slipping. Fig. 44 () shows a side
tool for finishing work and for planing in confined positions.

76. Tool Holders.—For many classes of planer work,
it is possible to use special tool holders with inserted
blades, which will take the place of the more costly solid
forged tools. The sclf-hardening stcel gives excellent re-
sults on planer work, especially for roughing cuts.
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Various forms of tool holders have been devised. Those
with stiff shanks, which hold the blade very
rigidly, give the best satisfaction. Fig. 45
shows a common form of planer tool holder.
With this style of holder, the blade may be set
in line with the shank for flat surfaces, or it may
be turned to cither side for right-hand or left-
hand side cutting. In many cases, it is well to
reverse the tool, so that the shank is 7n advance
of the blade. This is done to avoid the danger
of the tool springing into the work or chatter-
ing, which is likely to occur when the cutting
edge is in advance of the point of support, or
when the cutting edge is broad.

27. Spring of Planer Tools.—In ordi-
nary planer tools, there is quite a tendency for
the tool to spring more or less into the work as it bends. It
may be seen in Fig. 46 that as the tool bends about the
point @, the point of the tool follows the arc 4 B of a circle

FIG. 45.

A
N
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struck from @ as a center. This arc cuts quite deeply into
the work. Ifthetoolisshaped asin Fig. 46, where the cutting
edge is considerably in advance of the point of support, the
tendency to spring into the work is greatest; it becomes less
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as the cutting edge is brought nearer to the point of sup-
port. This tendency to spring in or chatter is more or less
overcome by the use of underhung tools shown in Fig. 47.
In this tool, the shank is bent sothat the cutting edge comes
nearly under the point of support 2. When this tool bends
or springs, its point follows in the arc 4 B of a circle
struck from a as a center; this circle is tangent to the sur-
face of the work at the point of the tool. Any tendency to

/"’ :
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spring into the work with such a tool as this is due to the
looseness of the saddle on the cross-rail and on the slide.
Such a looseness would cause the whole head to spring about
a center very near the location of point &. When the head
springs about this point as a center, the tool again has a
tendency to spring into the work by following in the arc £ F
of a circle struck from & as a center.

Z8. It is not uncommonto find a tool made in the shape
shown in Fig. 48 for the purpose of extending the good
qualities of the underhung tool sufficiently to overcome all
tendency to spring into the work. As the tool bends about
the point a, it at once springs away from the work, and, by
having the cutting edge so far back that it comes more
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nearly under the point 4, the point of spring of the head, the
tool will not spring into the work. This tool will work
all right on the forward cut, but when the planer is reversed,
the tool and tool block tend to lift and swing about the

Fi1G. 48.

point ¢. This at once gives trouble, since the tool point
must follow the arc C D struck from ¢ as a center, moving
from D toward C and thus pressing the point of the tool
into the work until it is broken off. This difficulty may be
overcome by lifting up the tool block on the return stroke.

79. Special Forms of Finishing Tools.—Fig. 49
shows three forming tools with underhung blades for finishing
cast iron. Fig. 49 (a) is used for finishing a very broad, flat
surface and a rounded corner at the same time; &c¢ is the cut-
ting edge. The large shank 4 is held in the tool clamp; the
blade a is bolted to the shank with capscrews. In Fig. 49 (4)
the blade a4 is fastened by a single capscrew, so that the
blade may be rotated. As soon as one edge becomes dull,
the blade may be given a quarter turn on the holder, thus
presenting a sharp edge to the work, so that, when the tool
is once sharpened, all four edges may be used before re-
sharpening becomes necessary. Fig. 49 (¢) shows the same

/\
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style of tool with a circular cutter used for forming
circular grooves. This cutter may also be rotated on the
clamping bolt, so that after a part of the edge has become
dull, a partial turn of the cutter will present a sharp edge to

(a) )

the work. This form of circular cutter is easily made by
turning it in the lathe. After it is hardencd, it may be
sharpened on the grinding machine, revolving it upon an
arbor.  With this style of tool, cutter blades of any irregular
outline may be used for forming work.

MAKING UNDERCUTS.

80. Spring of the Tool.—When making undercuts,
or when cutting T slots, the results of the springing of the
tool are reversed. In Fig. 46 it was shown that’when the
tool bent, it sprung down into the work, the top of which
is represented by the line w & If this line is assumed to
represent the under surface of a piece of work, it will be
seen that during a cut when the tool springs down in
the arc A 7, it will spring away from the work, and on the
return stroke the tool block will lift and swing the point of
the tool in the arc CD, thus throwing the tool into the
work and causing it to catch and lift the work off the table,
or break the tool.

81. Blocking the Tool.—Whenanordinary bent tool
is used for undercutting, the tool must be blocked so that it
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will not spring back
on the return stroke.
This may be accom-
plished by having the
shank of the tool long
enough that a block
may be driven: be-
tween it and the head;
this will keep the point
from rising.

82. Cutting T
Slots.—\When cutting
T slots, a tool made
as shown in Fig. 50
may be used; the tool
must then be blocked
in some convenient
way to prevent it
from rising during
the backward stroke.
Instead of blocking
the tool, it is better
to make the stroke of
the planer long enough
so that the tool will
pass some distance out
of the slot at each end.
When the machine is
on the return stroke,
the tool may be held
up by swinging the
tool block upwards to
allow the tool to pass
over the work; the
tool is dropped again
at the beginning of
the next stroke.

(‘,8626(‘)
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A simple device to take the place of the hand for holding
the tool up is shown in Fig. 51. Two pieces of sheet metal
are hinged together at a; one piece is fastened to the tool
and the other piece & is left free to swing. When a cut is
being taken, the loose end & drags on the work, as shown in
Fig. 51 (a). As soon as the tool and the hinged part & pass
by the work, the part 4 drops down. On the return stroke,
it strikes the end of the work and lifts the tool up, as
shown in Fig. 51 (4), so that it drags over the top. When
the cut again starts, the tool enters the slot while part &
drags over the work as before.

83. Special Tool for Undercuts.—For some heavy
undercutting, a heavy bar is clamped in the tool clamp.
This bar is fitted with a special tool block at its lower end,
which carries a small tool and is so arranged that, at the
backward stroke of the plauer, it allows the tool to spring
away from the cut. The side heads usually answer much
better for undercutting and also for side facing.



PLANER, SHAPER, AND
SLOTTER WORK.

(PART 2.)

WORK OF THE PLANER.

CUTTING SPEED OF THE PLANER.

1. Limit of Speed.—The cutting speed of planer tools
is governed by the same laws that govern the speed of lathe
tools. The speed must not be so high as to cause the tool to
heat and to become dull too quickly. It should vary with the
hardness of the metal cut, the kind of metal, and with the
kind of cut, that is, it should in general be slower for a
roughing cut than for a finishing cut.

2. Constant Speed.—With the ordinary planer, there
is no way of varying the cutting speed after it has once been
determined and the machine has been erected. In belting
a new planer, a cutting speed is selected that is slow enough
for very hard metals and heavy cuts, and ever after the
planer must run at that same slow spced, whether it be used
for planing steel or for finishing a brass casting. This puts
the planer at a disadvantage. In order to make planers
suitable for hard metal and heavy cuts, they are usually
belted to run at a speed of from 18 to 20 feet per minute,
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3. Variable Speed.—When a variable-speed device
can be applied to the planer, so that the speed may be
readily changed to accommodate the varying conditions, it
causes a very great saving in time on many classes of work.

4. One style of a variable-speed countershaft is shown in
Fig. 1. A rectangular frame supports two parallel shafts
a and 4. Each shaft is fitted with two cones ¢, ¢ and 4, 4,
which are forced to rotate with the shafts, but can be
moved along them. The apexes of the cones are toward
each other. The cones are held in position by means of the

Fi1G. 1.

bars ¢, ¢, which are pivoted to the frame at the points f, f.
When these bars are placed with their ends g, g in the posi-
tion shown in the figure, the two cones ¢, ¢ on the shaft a
are moved together, while the cones d, « on the shaft 4 are
moved apart. An endless belt /4 / runs between these cones
and transmits power from one shaft to the other. This belt
is kept from squeczing down between the cones by blocks
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of wood fastened across the belt. Power from the line shaft
is transmitted by a belt to the pulley p, which drives the
shaft 4 and the cones &, & When in the position shown,
that is, when the cones d, & are far apart on the shaft 4, the
belt /% is quite close to the shaft. Consequently, the belt is
driven at a slow rate of speed, or just as if it were mounted
on a small driving pulley. The conesc, ¢ on the shaft @ are
close together, and the belt % takes a position near their

F1G. 2.

circumference. In consequence of this, the shaft a will be
driven at a lower speed than the shaft 4. Now, let the
cones ¢, ¢ be moved apart. This operation brings the cones
d, d nearer to each other, and the belt /2 will come nearer
the center of the shaft @ and will move farther away from
the center of the shaft 4. This causes the shaft @ to revolve
faster.
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8. A variable-speed countershaft, applied to a planer, is
shown in Fig. 2. The reversing pulley 7, Figs. 1 and 2, is
put on the constant-speed shaft 4, Fig. 1, thus giving a con-
stant-speed return motion to the planer. The driving pul-
ley s, Figs. 1 and 2, for the forward motion of the planer, is
on the variable-speed shaft @, Fig. 1. The sprocket wheel ¢,
which is operated from below with a link chain, is fast-
ened to a right-and-left-hand screw ;, Fig. 1, by means of
which the bars ¢, ¢ are rotated about f, f in order to obtain
any desired rate of speed. With this device, it is possible
to adjust the speed of a planer to suit the conditions of
work, as is done in lathe work. In some cases a planer is
driven by a pair of cone pulleys, which afford several
changes of speed. ‘

ACCURACY OF PLANER WORK.

6. Erecting a Planer.—In erecting a new planer, it
should be set on a brick or stone foundation; the platen
should be removed, and the bed carefully leveled by testing
the V guides. Care should be taken that the ends of the bed
rest fairly on the foundation, so that there will be no tend-
ency to twist the bed or put it in wind, as it is called. If the
planer is well set at first, it will remain true for a long time.

7. Error in the Platen.—When a planer is used,
the platen is, in course of time, sprung more or less out of
true by driving in stop-pins, the careless handling of work,
and the general hammering that the top of a platen will re-
ceive. All these abuses tend to peen the top of the platen;
this tends to stretch it and often causes it to spring up con-
siderably in the middle. When the platen springs up in the
middle, it bears only on its ends, and, when taking a long
cut where the end of the platen runs over the end of the
bed, it allows the ends of the platen to drop down. It
may be seen that when this occurs, it is impossible to plane
work straight and true.

In such a case, the platen should have a light cut taken
over its top surface to make it true. When taking a cut to
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true a platen, the first cut should never be decep enough to
cut its entire length. It is better to take a number of light
cuts for the following reason: If a heavy cut is taken at the
beginning, it will be found, as the cut proceeds, that the
tension in the top of the platen is gradually released and
that the platen will slowly spring back to its natural shape,
so that by the time the cut has been fed across, the platen
has sprung back to its original shape and the front edge,
which was made straight at the beginning, will be found to
be concave. Another light cut will be necessary to finish
the platen straight and true. :

Before taking a cut over a planer table, the cross-rail
should be tested for alinement with the ways, and if not
in perfect condition it should be adjusted to the ways and
not to the table. This always insures the accuracy of
angles and parallelism of work done on the machine.

8. Error in the Cross-Rail.—Before a planer platen
is trued by planing, the cross-rail should be tested to see if
it is level and parallel with the platen. The cross-rail is
raised or lowered, and kept level by the elevating screws in
the housings. These screws have the same pitch, so that
when the cross-rail is moved, each end moves the same
amount; the cross-rail is thus kept parallel with the bed.
It sometimes happens that heavy cuts are taken when the
cross-rail is not securely clamped to the housings; a strain
is then brought upon the elevating screws and the nuts,
which throws the cross-rail out of adjustment. When the
cross-rail is not parallel to the platen, it will cause the work
to be planed thicker at one edge than at the other. The
cross-rail may be easily tested by adjusting a tool in the
head so that the tool just touches the top of the platen
at one edge; by moving the head across the platen, any
lack of parallelism may be detected. In this same way, the
platen may also be tested at various points along its length
by moving it by hand to various positions and running the
tool across. It will be understood that the setting of the
tool must not be disturbed while testing the platen.
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9. Spring of Machine.—In some of the old designs of
planers, the bed and housings were exceedingly light when
compared with the rigidity of design shown in the modern
planer. With the modern planer in good adjustment, there
is little danger of error due to the distortion or spring of
the machine, at least when taking light finishing cuts. If
the cross-rail or the head is loose, there is danger of the tool
springing into the work.

10. Spring of Work Due to Clamping.—The great-
est error is usually due to the spring of the work, which is not
only caused by improper clamping, but also by the releasing
of internal stresses that have been set up in casting or for-
ging. This point is here again emphasized, as a serious
distortion of the work may be produced with very slight
pressure,

11. Spring of Work Due to Its Weight. — The
weight itself of the piece is often sufficient to cause a consider-
abledeflection. Suppose a long cast-iron piece similar in shape
tothe bed of the planer, as, for instance, thatshown in Fig. 3,
is supported only at its two ends. Assume that the clamps
are applied carefully, so that the work is not sprung in clamp-
ing, but that the piece is left unsupported at the center.
Then, the weight of the work in this case will cause it

Dt ssions. "27/////////////////////////
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to bend down considerably in the center. When the tool
presses on the top in taking a cut, the pressure of the tool
will still further press the center of the work downwards.
The result will be that if the piece is turned over on its
side, it will be relieved of the weight that tended to deflect
it; the finished face will then be found to be far from
straight. In such a case as this, jacks or supports should
be put under the work to support it throughout its length.
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12. Internal Stresses.—Another source of error that
prevents a planer from planing a straight surface is that
which arises in cast or forged work from the releasing of
internal stresses; these stresses are created in castings
and forgings by uneven cooling of the pieces. There is a
surface tension in the skin, or scale, of the casting or for-
ging, and usually there also exist local stresses, due to uneven
hammering or cooling of the piece, which tend to warp it out
of shape. These stresses usually act in different directions,
with the result that when one is removed, the remaining
stresses cause the piece to change slightly in shape. The
action of these internal stresses manifests itself very strongly
when finishing a long, thin casting to be straight and par-
allel.

Suppose a casting is straight, so that when it is laid on
the platen it has a fair bearing. Suppose it is clamped care-
fully and a cut is taken over the top so that it is straight.
Upon removing the clamps, the piece may spring up in
the center, as shown somewhat exaggerated in Fig. 4 (a).

- _
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(c)
FIG. 4.
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greater surface tension, the result is a bending of the work,
asshown. If the piece is turned over, as shown in Fig. 4 (4),
and carefully clamped with pieces under the ends, so that
it will not be sprung in clamping, and if a cut is now taken
over the surface a as deep as the cut taken over the sur-
face &, it will be found upon releasing the clamps that the
work will again change its form, this time springing back to
about its normal shape. The face & will again be nearly
straight and the face @ curved, as shown in Fig. 4 (¢). After
the first cuts are taken and the skin is removed, there is less
tendency for the work to change its shape. Because of this
change of form in work, due to the removal of the surface
tension, it is always desirable to take a// the roughing cuts
before any finishing cuts are taken. If the work is very
thick and heavy, and the surfaces are small, there is less
danger of the work changing its shape than on light, thin
work that is machined all over. It is a good rule, however,
whenever it is possible, to rough out the work all over before
any finishing cuts are taken.

SPECIAL PLANER JOBS.

13. Work Too Long for the Platen.—A job oc-
casionally occurs that is too large to be handled upon the
planer in the ordinary way. In such cases, special rigs or
devices must be used in order that the job may be success-
fully carried through. The operation of planing pieces
longer than the stroke of the planer is quite common. When
this is done, one end of the work is clamped to the platen
while the other end extends beyond; it is supported on
bearings or rollers when the free end overhangs very much.
After one end is planed, the work is moved along the platen
so that the finished part projects; the unfinished part is
then planed. In a job of this kind, considerable skill and
care is necessary in resetting the work, so that the two
parts when finished will be as true as though it had been
planed without any resetting.
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14. Work Too Wide for the Housings. — When
work is too wide to pass between the housings and is not
very long, a special extension head may be made as shown
in Fig. 5. Here a bracket 2 has been made and fitted to the
slide of the down feed; the tool block & is then attached to
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the outer end of the extension head. The bracket is made
long enough toreach over the work when the latter is very
close to the housings. The spring of the long arm and the
lack of rigidity in the cross-rail make it rather difficult to
take a heavy cut; the device will do the work, however,
when no better means are at hand.

15. Special Rig for Planing Curved Surfaces.—
For some kinds of work, special devices and rigs may be
devised to save much time. Fig. 6 shows an end view of a
planer fitted with a rig devised for planing a curved surface.
The work there shown at ¢ is the base of a dome, which is to
be planed to fit the cylindrical part of a locomotive boiler.
A special long head a is pivoted above the work at the point 4;
the distance from the point of the tool to the fulcrum & is
made equal to the radius of the boiler. The regular planer
head with the down feed is attached to the lower end of the
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head, which is gibbed to the curved part of the cross-rail
so that it can slide freely as it swings about the center 4.
In operation, the cross-feed motion is used as in ordinary
planing; the tool is adjusted to the work by the regular

-\ &
\
OV
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11

FIG. 6.

down feed. A curved surface having a predetermined ra-
-dius of curvature is produced by this device with the same
ease that a flat surface is planed on an ordinary planer.

16. Special Gauges for Setting Planer Tools.—
When many pieces are to be planed to the same size and
shape on the same planer, and when the faces to be finished
are somewhat complicated, which involves careful adjust-
ment of the tool for each piece, a special gauge may be
used for setting the tool. As anillustration of the application
of such a device, a tool-setting gauge used in planing lathe
beds is here given. When a lot of lathe beds of the same
size are to be made, they are usually required to be planed
alike. The problem of planing the top of a lathe bed with
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four V-shaped ways on it so that the ways are accurately
located in reference to one another, is one that requires
considerable care in the setting of the tool. The prob-
lem naturally becomes more difficult when a number of
lathe beds are to be planed so that the ways are exactly
alike on all of them. It can be solved very readily, how-
ever, by the use of a tool-setting gauge made to the correct
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cross-section of a finished lathe bed. This gauge a, which
may be made of cast iron, is bolted to the platen in line with
the lathe-bed casting, as shown in Fig. 7 (a); space enough
is left between it and the end of the work for the planer to
reverse without the tool touching the gauge. After the
work is roughed out, the platen is run back far enough so
that the tool is brought directly over the gauge.

Suppose it is desired to finish the outer side of one of the
V's. The tool is then adjusted so that it just pinches a
piece of tissue paper placed between it and the gauge, as



12 PLANER, SHAPER, AND SLOTTER WORK. §9

shown in Fig. 7 (4), the head having been previously set to
plane the correct bevel. The tool is now fed up away from
the gauge, and, after the stroke of the platen is adjusted to
cut the correct length, the tool is fed down over the face of
the work in the direction of the arrow in Fig. 7 (4). Ina
similar manner, the tool is set-for each of the other faces,
and the work is thus planed in accordance with the gauge.
By setting the tool with a piece of paper between it and the
gauge, the tool can be carefully adjusted to the gauge; at
the same time, a slight amount is left to be removed in
filing and fitting. It may be seen that, by the use of a tool-
setting gauge, all the beds planed will be alike; furthermore,
the tool can be easily and quickly set.

17. General Remarks.—There are no general rules
applicable to all cases that can be given for setting work on
the platen of the planer and clamping it thereto. A number
of different examples have been given that will be of aid in
selecting a method of setting and clamping work. Con-
siderable ingenuity will often be required in the setting of
complicated work, and much originality is called for, and
can be shown, in the application of clamping devices and
the designing of special devices to aid or facilitate the
planing of the work.

WORK OF THE SHAPER.

THE MACHINE.

18. Similarity to the Planer.—The duty of the
shaper is to produce flat surfaces. It is adapted to about
the same class of work as the planer; in fact, in many
cases, a piece of work can be done with equal ease on either
machine.

The points in which the action of a planer and a shaper
differ are as follows: In the planer, the foo/ is stationary
during the stroke, and the work is moved along under it in
order to take a cut. In the shaper, the wor#k is stationary
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during the cut, while the tool passes overit. In the planer,
the too/ feeds sidewise during the return stroke of the work;
in the column shaper, the work feeds sidewise during the
return stroke of the tool.

The shaper is generally adapted to a lighter class of work
than the planer, or for work that does not require a long
stroke of the tool.

COLUMN SHAPER.

19. The common form of shaper is the column sha-
per, which is driven either by a crank or by gearing.
Fig. 8 shows the typical form of the column shaper. The
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term column is applied to it because the body of the machine
forms a heavy vertical column,
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20. Names of Parts. — A column shaper consists
essentially of a body, or column, J7, which supports the
driving mechanism and the various stationary and movable
parts of the machine; a longitudinally movable ram A,
which carries the cutting tool at one end; and a movable
table £, to which the work is fastened. The ram A slides
in flat bearings formed on top of the column; at its front
end it carries the shaper head G, which gives the down
feed. This shaper head is always so arranged that it can be
swiveled around to make any angle with the top surface of
the table; a suitable locking arrangement is then provided.
In this case, a handle /7 is used for locking the head. The
ram is moved to and fro over the work by the driving mech-
anism within the column; this driving mechanism is oper-
ated by belting from a countershaft to the cone pulley /.
The length of stroke and the position of the ram with refer-
ence to the work are adjustable. The shaper head G carries -
a tool block similar to that of a planer. The table £ is fast-
ened by bolts to a saddle D, which is gibbed to the cross-
rail C and can be moved along it either by hand or by an
automatic feed. The cross-rail can be raised or lowered by
means of a screw on the vertical slide 5, which forms
part of the column, and can be clamped to it at any point.
The table £ usually has a removable vise / fitted to it. In
order to support the table, a screw jack /V is occasionally
attached to the base of the machine. The amount of feed
for each stroke of the ram can be adjusted by varying the
position of a slide that can be locked by the handle L.

THE CRANK SHAPER.

21. Thedriving mechanism of the column shaper shown
in Fig. 8 is illustrated in detail in Fig. 9, which is a vertical
section taken through the ram and column. A forked block a
is clamped in a slot in the ram A by means of the handle /.
A heavy slotted lever & is pivoted at its lower end ¢ to the
column; its upper end engages the forked blocka. The lever
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is vibrated back and forth by means of the crankpin &, which
is carried on the large gear o. This gear o is driven by
the pinion s« keyed to a shaft driven by the cone pulley /,
Figs. 8 and 9. Asthe gearorevolves, the crankpin &, which
carries the block ¢, slides in the slot in the lever 4 and moves
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the lever back and forth. It may be seen that when the
distance of the crankpin & from the center of the gear is
increased, the movement of the upper end of the lever will
become greater and, consequently, the stroke of the ram
will be longer.

Now, if the position of the crankpin & can be varied in
respect to the center of the gear o, it will be seen that the
length of stroke can be varied. For this purpose, the crank-
pin is attached to a quadrant », which can be rotated about
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the center g near the rim of the gear o. The quadrant is
rotated by means of a rack /% and a pinion £; this pinion is
so arranged that it can be rigidly held in any position by
means of the handle X, Fig. 8. In order to change the
length of stroke, the pinion £ is revolved until the quadrant,
and, hence, the crankpin, is in the desired position; the pin-
ion, and, consequently, the quadrant and crankpin, is then
clamped to the gear 0. After setting the crankpin for the
right length of stroke, the position of the ram is adjusted so
that the tool will just pass over the work. Thisis done by un-
clamping the forked block @ from the ram by turning the
handle 7; the lever is then placed in its extreme forward
position by turning the cone pulley / by hand, and finally
the ram is moved by hand until the point of the tool is either
just beyond the work or close up to the shoulder when it is
required to plane up to a shoulder. The block & is then
again clamped to the ram. '

THE GEARED SHAPER.

22. The geared shaper is similar in appearance to
the column crank shaper; it differs from it only in the
method employed for driving the ram. In the geared
shaper a rack is attached to the under side of the ram; the
latter is driven by spur gearing in the same manner as a
spur-geared planer. The motion of the ram may be
reversed by a reversing belt that is alternately shifted, to-
gether with the driving belt, from the tight to the loose
pulleys; this method is similar to that employed for opera-
ting the platen of a spur-geared planer. In some shaper
designs, the reversing is accomplished by friction clutches,
which alternately grip and release the pulleys carrying the
driving and reversing belts. These friction clutches are
operated by tappets attached to the rams; the tappets are
movable and can be clamped anywhere along the ram. They
determine by their position the length of the stroke and the
position of the ram at the beginning and end of the stroke.
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THE TRAVELING-HEAD SHAPER.

23. A style of shaper known as a traveling-head
shaper is used to some extent for work beyond the range
of the column shaper. Such a shaper is shown in Fig. 10.
It has a very rigid box bed «, which carries the ram 4 on
te
n
e
ti
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the ram; the tool is fed across the work by moving the
saddle. The shaper head ¢ is fastened to the end of the
ram in the same manner as in a column shaper. Vertical
slides 2, m, which can be moved along horizontal ways on
the front of the bed and clamped thereto, carry the table ¢
and the vise 4. The table and vise can be moved in a verti-
cal direction by means of screws, and can be rigidly clamped
to the vertical slides in any position. The work when small
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is fastened cither to the table or held in the vise; if large,
both may be used for supporting and holding it.

24. Fig. 11 is a right-hand side view of the machine;
it is partially shown in section. Corresponding parts have
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been lettered alike in TFigs. 10 and 11. Power is trans-
mitted from a line shaft or countershaft by a belt to the
cone pulley p, which is fastened to a splined shaft ; extending
along the back of the bed. The shaft carries a pinion £,
which has a feather fitted to the spline and, consequently,
is free to slide along the shaft, but is forced to rotate with
it. The pinion £ meshes with the gear £ The gear f car-
ries a crankpin £, which is mounted on a slide and can be
clamped to the gear at any distance from the center within
its range. A connecting-rod » is attached to the crankpin
and also at 7' to a block fitted to a slot in the ram §&;
the block can be clamped to the ram in any position within
the range given by the length of the slot. By varying the
position of the crankpin 7, the length of stroke of the ram
can be adjusted; in order to change the position of
the ram so that the tool will pass over the surface to be
machined, the block at #' is loosened and the ram pushed in
or out by hand until it is in the desired position, when the
block is again clamped to the ram.
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With this type of shaper, it is possible to take cuts on
quite heavy work, since the work, on account of being sta-
tionary during machining, may be supported by jacks or
by blocking placed on the floor. This cannot be done very
well with a column shaper, where the work is usually sup-
ported entirely by the table with which it moves. The
column shaper is also open to the objection that heavy
work brings a great stress on the cross-rail that tends to
let the end of the work farthest from the column sag down.
Furthermore, the tendency to sag is increased by the pres-
sure due to the cutting tool forcing its way through the
metal. It is easily seen that, in a shaper, the setting of
the work must not be disturbed before the cut is finished.

25. Quick-Return Motion.—The geared shaper is
frequently provided with a quick-return motion, as shown
in Fig. 11. The gear frevolves on a large pin or hub .
The piece w is secured to # by the eccentric pin 7 and is
provided with a slot in its back in which the driving pin ¢
is free to slide. As frevolves it forces w to revolve about ¢,
but owing to the eccentric position of ¢, the pin 7 makes
one-half revolution while the gear is revolving through the
angle o7/ and the other half while the gear is revolving
through the angle /so. By making the former the return
and the latter the forward stroke, the tool is given a slow
advance and a quick return.

CUTTING SPEEDS.

26. The proper cutting speeds of shaper tools are the
same as those of planer tools. In a crank shaper, the aver-
age speed of the ram varies with the length of the stroke,
since, with the belt on a given step of the cone, the shaper
. will make a constant number of strokes per minute, whether
they be long or short.

Suppose the shaper makes 60 strokes per minute and
the strokes are 1 foot long. Then the tool moves 1 foot
forwards and 1 foot backwards in 1 second, or 2 feet per
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revolution; this is equal to a cutting speed of 120 feet per
minute. Suppose the length of stroke is changed so that it
is 1 inch long, but that the machine continues to make
60 revolutions per minute. Then, in 1 stroke, the tool
moves 2 inches, and in 60 strokes it would move 120 inches,
or 10 feet. Now, in one case, the cutting speed was 120 feet
per minute and in the other case it was 10 feet per minute.
Then, since the average cutting speed depends upon the
length of the stroke, it follows that a constant average cut- .
ting speed can only be kept by varying the number of
strokes per minute. For this reason, crank shapers are
always supplied with a cone pulley for the driving belt.

In geared shapers, the cutting speed does not vary with
the length of stroke, but remains constant, as is the case
in planers. For this reason, geared shapers do not require
cone pulleys in order to keep the cutting speed constant.
They are often supplied with cone pulleys, however, to
allow a cutting speed suitable to the metal operated on to
be selected.

SHAPER TOOLS.

"27. The tools for shaper work are the same as those
used upon the planer, since the cutting action is the same in
each case. In theshaper and in the planer, the shank of the
tool is always in a plane perpendicular to the line of motion
of the tool or the work, so that the angle of clearance always
remains constant. Special tool holders and inserted-blade
tools may be as effectively used in the shaper as upon the
planer.

HOLDING THE WORK.

28. For the greater part of the work done on the shaper,
the shaper vise or chuck is used. The methods employed
for setting the work square and true so that it may be
planed square and parallel are the same as those used in
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setting work in the planer vise. When the work cannot be
clamped in the vise, the vise may be removed and the work
fastened to the table. In this case, the same devices are
used for holding the work that would be employed for
clamping it to the planer platen.

TAKING THE CUT.

29. Range of Utility of the Shaper.—For short
cuts upon pieces of relatively small size, the shaper is usu-
ally better adapted than the planer. For cutting slots or
keyways, or for cuts that terminate close to a shoulder, the
shaper possesses the advantage that it can be more readily
set to take a particular length of stroke, and it will then cut
that exact length of stroke each time. Thisis true partic-
ularly of the crank shapers, but only to a limited extent is
it true of geared shapers. On the planer or geared shaper
the reversing point is not positive, because of the uncer-
tainty in the slip of the belts and the gripping of the pul-
leys by the friction clutches.

30. Cutting a Keyway.—Whenever a cut terminates
in the metal, a notch must be cut at the end so that the
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tool will pass out of the cut each time. Suppose that a key-
way is to be cut in the end of a shaft, as shown in Fig. 12 (a).
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The keyway should first be carefully laid out by scribing
lines to indicate its width and depth. At the place where
the keyway terminates in the shaft, a circle is' described
equal in diameter to the width of the keyway. In this circle
a hole is drilled, as shown in Fig. 12 (4), equal in depth to
that of the keyway. The work is then set in the vise or
clamped to the table, so that the lines on the end that indi-
cate the sides of the finished keyway are perpendicular.
Slots are now cut with a parting tool into the shaft, so that
the outer side of each slot coincides with the lines indicating
the width of the keyway, as shown in Fig. 12 (c). After
these lines are cut, the remaining core a between the slots
is cut out. If an attempt is made to take such a cut as is
shown in Fig. 12 without first drilling or otherwise cutting
out a place for the tool to run into and thus cut off the
shaving, each shaving will clog the slot slightly so that after
a few strokes the tool will strike with great force against
solid metal; if the cut is continued, the tool will break, or
the work will be pushed from the machine.

31. Cutting to a Shoulder.—Suppose that it is nec-
essary to take a cut over the piece of work shown in Fig. 13,
and that the surface ¢ is to be partly removed up to the
line A B, as indicated by the dotted lines. Before this cut
can be taken on the shaper, it will be necessary to cut

a groove at . /5 cqual ‘in depth to the amount to be re-
moved.  This groove can be cut with a cold chisel and a
hammer. It can also be done by first drilling a hole at a
and then planing it in with a parting tool.  The part of the
surface ¢ indicated by dotted lines can then be casily planed
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away. In castings, when it is known that such cuts as
these are to be taken, much work can be saved by coring
out a space where the cut is to terminate. This saves the
time required for cutting a groove with the chisel or by
~ planing.

32. Holding Work to the Saddle.—Fig. 14 shows a
method of holding certain forms of work on the shaper.
The box table and vise having been removed, the work a,
which in this case is a pair of legs for a lathe bed, is
clamped directly to the front of the saddle. It may be
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observed that this method of holding work in the shaper is
analogous to attaching it to an angle plate fastened to the
platen of a planer. It is best adapted for work that is either
too high to be placed on top of the table, or has a shape
that prohibits fastening it there.

33. When work is clamped against the front of the
saddle, its setting cannot be tested with a surface gauge.
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This is also occasionally the case when rather large work is
clamped to the top of the table. Then, the setting of the
work may be tested by means of a pointed wire, a scriber, or
a tool held in the tool post, and moving the ram by hand.
In some instances, the ram can be run out until it extends
clear over the work; a surface gauge can then be inverted and
held up against the bottom of the ram, along which it is
moved in order to test the setting of the work.

34. Rack Cutting.—In some cases the shaper may be
used as a rack cutter. The vise is so set that the jaws
are at right angles to the line of motion of the tool, and the
rack blank is clamped in it. A tool having its cutting edge
formed to give the correct shape of tooth is set in the tool
post, and is fed down into the work, thus cutting out the
space between ‘two teeth of the rack. The work is then
moved sidewise the correct distance to cut the second space
and the tool is again fed into the work to the same depth as
before.

For comparatively rough work, the spacing of the teeth
may be laid out on the face of the rack, and the tool set as
near as can be judged to the marks by moving the saddle by
means of the feed-screw. A better way is to use the feed-
screw as a spacing device; from the pitch of the screw may
be calculated the number of turns and part of a turn the
feed-screw must make in order to move the saddle an amount
equal to the pitch of the rack teeth. The feed-screw is then
turned that amount after each space is cut. In order to
insure a correct rotation of the screw, an index wheel must
be attached to it. In many cases, it will be found that one
of the change gears belonging to an engine lathe can be
temporarily attached to the end of the feced-screw and made
to serve as an index wheel. In that case, the teeth of the
gear-wheel will take the place of the graduations on an
index wheel. In making the calculations, the feed-screw
may be regarded as a micrometer screw, and its rotation
for a given advance is calculated in the same manner as is
done with any micrometer screw.
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SPRING OF MACHINE AND WORK.

35. Spring of the Ram.—The chances that the tool
and the work will spring are greater in the shaper thanin
the planer. In the shaper, there is a tendency for the tool
to spring away from the cut; this is due to the lack of abso-
lute rigidity in the ram, and also to looseness of the guides
in which the ram slides. When the stroke is very long and
the shaper head is far out from the column, the tendency of
the ram to spring is much greater than when the head is
close to the column. It is onaccount of this lack of support
of the cutting tool at the end of a long stroke that the
average shaper rarely exceeds a stroke of 30 inches, although
when built very heavy they are occasionally designed for a
longer stroke.

36. Spring of the Work.—The spring of the work
itself, and also the sagging down of the table on which
it is supported, which is increased by any looseness of the
gibs holding the saddle to the cross-rail, are fruitful sources
of error. Errors due to these causes are made still larger
by the action of the cutting tool, which, in forcing its way
through the work, tends to spring it still farther away from
the machine.

THE DRAW-CUT SHAPER.

37. In order to overcome as far as possible the errors
mentioned in Art. 38, shapers have been designed in which
the cutting is done during what would be termed the rczurn
stroke in the ordinary shaper. In other words, the tool,
instead of being pushed across the work by the ram, is
drawn across. From this fact, machines of this class'derive
the name of draw-cut shapers.

38. Fig. 15 is an illustration of such a machine. It will
be noticed that in general appearance it does not differ from
the ordinary column shaper. Since it is intended to cut
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while the shaper head is moving toward the body of the
machine, the tool block a is reversed on the ram 4 in order
toallow the tool to swing away from the work while the ram
is moving outwards. When the ram draws back into the
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machine, the tool block swings to its seat. As a matter of
course, the tool must be set in the opposite direction from
that which it occupies in the ordinary shaper; that is, its
cutting edge must be zotward the ram.

39. Advantages of the Draw Cut.—For some kinds
of work, a draw cut possesses distinct advantages. When
a cut is being taken, the pressure due to the tool forcing its
way through the metal is exerted toward the machine; espe-
cially in the case of work clamped to the saddle, it tends to
hold the work more securely. Furthermore, in case of work
bolted to the table or held in the vise, this pressure partly
relieves the cross-rail of the stresses to which it is subjected
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by the weight of the table, vise, and work. In many cases,
great rigidity can be secured by putting blocking or jacks
between the work and the face of the machine, thus greatly
reducing the spring of the work and the machine during
the cutting operation.

OPEN-SIDE PLATE PLANER.

40. Fig. 16 shows a modification of a planing machine
specially designed for planing the edges of steel and iron
plates. This machine belongs to a type known as open-
side machines. The planer shown, while commonly called
a ‘‘planer,” is really a modification of the shaper, since the
work remains stationary during the cutting operation, while
the tool moves.

41. Referring to the figure, it will be seen that the
machine is supplied with a stationary table & to which the
work is clamped by means of jacks j, 7, which butt against
the girder 4. The head ¢, which carries the cutting tool, is
gibbed to ways fon top of the base; it is operated by a
screw similar to the leadscrew of a lathe. This screw carries
on one end the gear g, which meshes with gearing driven
from the driving shaft. Power is transmitted to this shaft
by belting it to a line shaft or countershaft. In the machine
shown, the leadscrew is driven from both ends of the machine
by means of the pulleys Zand 7. When the head has reached
the end of its stroke, its motion is automatically reversed by
the tappet /, which is fastened to the head, striking the
lug 72 or n on the reversing rod 4 This shifts the driving
and reversing belts. The length and position of the stroke
may be adjusted by shifting the lugs 7 and # to suitable posi-
tions along the rod 4. In the particular design of machine
shown, the tool may be held in a swivel socket in which it
may be reversed at the end of each stroke in order to cut
during the return stroke. A platform is sometimes bolted
to the head for the operator to stand on, so that he can
always be close to the cutting tool and watch its operation.
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A SPECIAL SHAPER.

42. In manufacturing certain lines of work in quantities,
it often happens that while the work can be done on an ordi-
nary design of machine tool, it can be done more rapidly
and more economically on a machine especially designed
for the purpose.

43. Fig. 17is an illustration of a special shaping machine
with two rams; this machine was designed for planing
certain slots in the sides of segments of large flywheels, and
is adapted for similar work. It naturally has not as wide a
range of application as the ordinary shaper, but is better
suited for its own class of work.

44. Fig. 18 shows two segments of a large flywheel
and the method of joining them together that has been
adopted in the shop where the machine shown in Fig. 17 is
used. The segments are first carefully finished on their

Fic. 18.

faces a, a to the correct angle, so that when placed together
they make a close joint at the hub and rim, as shown at 4 4.
The segments are held together at the rim by steel links
nlaned an anch eida ~f the wheel in a suitable recess. One

in place at . The links are put in
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place while hot on cooling, they shrink and draw the joints
tightly together. The shrinking allowance that is necessary
to hold the segments rigidly together is carefully estimated,
and the links are then carefully made so that the distance ¢
under their two heads is the same in all the links. In
order that the heads of the links will have a fair bearing on
the shoulders ¢, ¢ of the recesses, these must be machined.
Furthermore, the distance of these shoulders from the joint
must not only be correct in order that the proper tension

4 au. ave

may be obtained, but it must also be alike in all segments in
order that any link may be used for any joint.

458. Referring now to Fig. 17, the machine is seen to
have two rams fand g, which are operated independently
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or simultaneously by a suitable device placed within the
base % and driven from the pulley 7 by the intervention of
gearing. Each ram carries a shaper head, shown at £and /.
These shaper heads are arranged for feeding the tool in
a horizontal and vertical direction and are fitted with hand
and automatic feeds.

46. An enlarged view of one head and of the work is
shown in Fig. 19. In this figure, the down-feed screw is
shown at m and the horizontal-feed screw, with its detach-
able handle, at . The tool ¢ is carried by a bracket that
forms the tool block; this tool is made with an inserted
cutter p. The work IV is bolted to the table » and remains
stationary during the cutting operation; the table is adjust-
able in a horizontal direction across the bed for the sake of
convenience and adaptability. To insure that the distance
from the joint to the shoulders ¢, ¢, Fig. 18, is made alike in
all segments, the height of the tool point p, Fig. 19, above
the table is adjusted by means of a gauge that has been made
the correct height. The tools in both heads having been
adjusted properly, the two recesses opposite each other are
finished simultaneously.

WORK OF THE SLOTTING MACHINE.

THE MACHINE.

47. The slotting machine is a modification of the
shaper, and is similar to it in a great many respects. It
differs chiefly from the shaper in that the ram moves in a
vertical instead of a horizontal direction. It is adapted for
the finishing of flat or curved surfaces at right angles to
some other surface of the work. It was originally designed
for the slotting out of keyways in pulleys, but practice soon
demonstrated its adaptability for a large class of work other
than slotting. While the primary purpose of the machine
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has been changed entirely, th: original name of ¢‘slotting
machine ” has been retained ar.d ‘s commonly applied to it.

48. Fig. 20 is an illustration of a typical modz:r.. slot-
ting machine. It consists essentially of a very rigid frame
M, which carries the platen / and theram 4. The machine
is so constructed that the line of motion of the ram is per-
pendicular to the surface of the platen. Power from a line

Fi16. 20.

shaft or countershaft is transmitted by a belt to the driving
pulley £, which carries a pinion that meshes with the gear-
wheel NV on the driving shaft. A crank disk 5 is keyed
to the driving shaft; a crankpin O is movably mounted in a
radial slot in the crank disk and can be rigidly clamped to

S. Vol. I1.-38.
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it. A connecting-rod Cis attached to the crankpin, and also
to a wristpin carried by the ram. This rod transforms the
rotary motion of the crankpin into the rectilinear motion of
the ram. The similarity of the slotter to the crank shaper in
this respect will be noted. The length of the stroke is ad-
justed by moving the crankpin toward or from the center
of the crank disk. In order to allow the ram to be adjusted
in reference to the work, the ram is slotted and the wristpin
mounted in this slot. The wristpin can be clamped to the
ram by means of the bolt . The end of the ram carries
two sets of tool clamps, as shown at Z, so that the cutting
tool can be placed in either one of two positions at right
angles to each other. The weight of the ram is counterbal-
anced by a heavy weight .

49. The platen / is mounted on a carriage similar to a
lathe carriage; it can be moved across the carriage and the
latter can be moved along the bed that forms part of the
frame. It is thus seen that the platen is movable in two
directions at right angles to each other. In addition, the
platen can be rotated around its axis, it being pivoted to the
saddle and provided with a worm-wheel Q, which extends
around its circumference. A worm operated by a handle A/
meshes with the worm-wheel, and, consequently, the platen

Ms rotated by turning the handle. The carriage can be
moved along the bed by the handle /. Automatic feeds for
all directions of motion of the platen are usually provided;
in this case, the feeds are operated by the feed-rods G, G.
The amount of feed per stroke is regulated by varying the
position of a pin in the feed disk A, from which, through
the intervention of a ratchet wheel and gearing, the feed-
screws are driven.

50. Setting the Ram.—When adjusting the slotter
ram for the tool to cut a given piece of work, the ram should
be so adjusted that the edge of the tool will pass by the
lower edge of the work but not touch the platen. To set
the ram, it should be let down so that the tool rests on a thin
piece of metal on the platen. The machine is then turned
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by hand so that the crankpin O is at the lowest part of the
stroke, after which the bolt 7 is tightened. When the
ram is raised, the spacing strip may be removed from under
the tool, and, for each stroke, the tool will stop short of the
platen a distance equal to the height of the spacing strip.

HOLDING THE WORK.

51. Clamping Work to the Platen.—The work to
be operated on is clamped to the platen in the same manner
in which work is clamped to a planer platen or shaper table.
" The same care is necessary in setting the work true and
clamping it so that it will not be sprung out of shape.

The work for the slotter should be laid out with lines to
work to. These lines are essential in setting the work,
since, when a flat surface is to be planed, the horizontal line
indicating the finished edge of that surface must be set
parallel to one of the slides of the table.

52. Setting the Work.—In planer work, a surface
gauge can be used, and the work set so that the line indi-
cating the edge of the surface to be machined is parallel with

F1G. 21.
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the platen. In the slotter, the setting of the work cannot be
tested in this way, since the line of motion of the tool is at
right angles to the surface of the platen instead of parallel
with it. The work must be clamped to the platen so that
the line indicating the edge of the surface to be cut, shown
by the dotted line A B, Fig. 21, is perpendicular to the
platen. This may be tested with a square. Parallel strips,
or blocks, ¢, ¢ must be put under the piece in order to raise
it above the platen, so that the tool may pass entirely over
the surface to be machined. After the work is set true, a
tool is clamped in the ram, and the work is brought under
it, so that the tool point just comes to the line scribed on the
work. The setting of the work is then tested by moving the
platen past the tool point, and noting if the tool point fol-
lows the line. If it fails to do so, the platen and, hence,
the work may be revolved so that the point of the tool will
just follow the line. The work will then be set, and be ready
for the cutting operation.

Bolts, pins, angle plates, and special holding devices may
be used for holding work on the slotter platen in the same
way that they are used on the planer platen or shaper table.

53. Cutting Circular Surfaces.—When cutting cir-
cular surfaces on the slotter, the work must be set so that
its axis coincides with the axis of rotation of the platen. For
instance, if a cylindrical surface having a radius of 10 inches
is to be finished in the slotter, the work must be so set that
the center around which the radius is described is directly
in the axis of rotation of the table, and the platen must then
be adjusted so that the point of the tool is at a distance of
10 inches from the center. The feeding is done by rotating
the platen slightly after each down stroke of the ram.

To aid in setting work having cylindrical surfaces, concen-
tric circles are usually marked on the platen and may be
used as a guide; or, a cylindrical stake may be fitted to the
center hole of the platen and used to measure from. In either
case, after the work is set, it is best to revolve it past the point
of the tool to be sure that it is correctly set. This applies
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to internal as well as external cylindrical surfaces. Loco-
motive axle boxes that are fitted with semicircular brasses
represent a type of circular work that is readily performed
on the slotter.

SLOTTER TOOLS.

541. Shape of Tools.—The tools used for the slotter
are different in appearance from those used for either planer
or shaper work. The cutting
edge is formed on the end of the
bar so that it cuts when pushed
endwise, and it is therefore un-
der compression. Fig. 22 (a)
shows a forged roughing tool for
the slotter. The shank is gen-
erally made square, and the end
is forged so that it is about like a
parting tool. The cutting face
that turns the shaving is on the
end.

55, Angles of Rake and
Clearance.—To show the an- (a) @)
gles of rake and clearance in Fie. &
this tool, draw the line A B in Fig. 22 (a) parallel to the top
of the platen; draw C D perpendicular to 4 B at the point O
of the tool; draw £ F parallel to the face of the tool and / X
parallel to the side of the tool. The angle D O K is the
angle of clearance, and theangle B O F theangle of top front
rake. It may be seen from this that these angles are meas-
ured at right angles to the direction in which they are
measured on a planer, shaper, or lathe tool. When the slot-
ter tool is carried at the end of the ram so that its shank is
at right angles to the line of motion, the clearance angle
and the angle of top front rake are measured in the same
way ason a planer tool. When slotter tools are forged from
the bar, they are made with narrow points for roughing cuts,
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and wide points for finishing cuts, as is done in planer work.
It is not possible, however, to use such coarse feeds for finish-
ing work on the slotter as can be done on
the planer.

For the slotter, a good roughing tool
for flat work may be forged with the blade
diagonally across the shank of the tool, as
shown in Fig. 22 (4).

56. Tools for Cutting Keyways.

Y ( — One of the functions of the slotter is to

cut slots or keyways in the hubs of

pulleys or in work of a similar nature.

When the tools for cutting keyways are

forged from the solid bar, they are shaped

as shown in Fig. 23, the cutting edge

being along the line 4 5. If the slots

/j are long, it requires a long, slim blade to

I reach through the work. When such

slim tools are used, they spring away

from the work considerably, and, consequently, considerable
time and care is necessary to complete the cut.

Fi1G. 2.

CUTTER BARS FOR THE SLOTTER.

57. The Bar.—Tools forged from the bar are not always
the best form of tool to be used on the slotter. When the
cuts are to be taken on the outside of a piece, it is much bet-
ter to have a heavy slotter bar that will carry a smaller
blade in the end attached to the head of the ram. Fig. 24
shows a very convenient form of slotter bar. The regular tool
clamps are removed from the head and special clamps B, B,
which are bored to receive the round bar ¢, are put in their
places and held by the bolts 4, 4. These clamps are split at
the outer end and the slotter bar is clamped in them by
tightening the screws @, . By having a round bar thus
held, it can be turned so that the cutter blade may be set
at any angle with the work. This form of bar is very con-
venient for planing slots or keyways, using a broad-nosed
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blade of the desired shape and width. When a square hole
is to be cut in a previously bored or cored piece, the bar
may be turned around so that the blade in the end will come

— r
B
W B
|
" ¢
g
v‘r:_
l'f 1}
|1
Fi6. 4.

from the work and not drag.

at the best angle for reaching
into the corners.

K8. The cutter blades are
rigidly fixed in the bar; con-
sequently, on the return
stroke they slightly drag over
the work. When the tools are
sharp, they cut true enough,
however, not to spring the
bar very much; in practice,
the dragging does not in-
terfere with the successful
carrying on of the work un-
less the tools are given too
much top rake, in which case
they will break. The feeding
of the work does not occur
until the tool has returned to
the top of the stroke and
is therefore away from the
work.

59. Slotter Bars With
Tool Blocks.—Some heavy
slotter bars are made with a
tool block in the lower end
that is pivoted in the same
way that the tool block in the
head of a shaper or planer is
pivoted, so that on the return
stroke the tool will lift away
In such a bar, the weight of

the tool and the block causes the tool to hang away from
the work at all times, so that springs are necessary to hold

the tool up to the work.

These devices require attention,
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or they will give trouble. If the spring should not hold the
block quite up to its seat, or a piece of dirt should get under
the block, as is often the case, the tool would not quite touch
the work, and, when the work is fed close enough to catch
the point of the tool, the tool block would be carried back
at once to its place, which would cause the tool to gouge
into the work.

EXAMPLES IN SLOTTER WORK.

60. Multiple Slotting. — It often happens that a
number of pieces are to be finished to the same shape. If
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these pieces are thin, time may be saved by piling a number
upon one another and clamping them all to the platen and
then taking a cut over them all.

61. Taking Two Cuts at Once.—Fig. 25 shows a
piece of work clamped to the platen and ready for the cut.
The work is a U-shaped forging that is to be finished on its
inside surfaces. The curved part of the piece has been
bored to a diameter equal to the width between the surfaces
when finished. A very heavy slotter bar & is used with a
blade a4, which projects at each side. This blade is made
the correct length, and with cutting points at each end;
when set so that it will just pass through the bored part, it
is correctly set to take the finishing cut, which it does by
cutting both surfaces at the same time.

FiG. 28.

62. Gear Cutting on the Slotter.— The slotting
machine is often used for special kinds of work. It is well
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adapted for cutting internal gears or for cutting very large
spur gears.

Fig. 26 shows a part of a slotter and a large internal gear
that it is cutting. A part of the gear is shown at . This
rests upon a plate ¢, which has been accurately notched
with as many notches in its periphery as there are teeth to
be cut’in the gear. The plate is fastened to the gear, and
is mounted upon the platen of the slotter. Clamps 4, d are
fastened to the platen for clamping this index plate and for
carrying the stop-pin that holds the index plate in place.
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A stop ¢ with check-nuts on either side is used to regu-
late the depth of each tooth. The cutter or tool used for
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this gear is carefully shaped to give the correct outline
to the teeth. This cutter f is carried in a special block
fastened to the end of the ram. A similar tool block g is
seen resting on the gear blank, and also a tool 2. As soon
as one tooth space is cut, the stop-pin in the clamp & is
pulled from the index plate and the blank is revolved until
the stop-pin will slip into the next notch of the index plate.
After clamping, a second notch is cut in the blank, and so
on until all the teeth are finished.

63. Very large gears may be cut in this way when sup-
ported properly on bearings away from the platen, so that
the edge of the blank rests on the platen and is free to slide
on its outer support an amount equal to the depth of the
tooth.

The action of the slotter is in so many respects similar to
that of the shaper and planer that a thorough understand-
ing of these will enable one in a short time to successfully
handle the slotter.

KEYWAY CUTTERS.

64. Another form of machine similar to the
slotter and the draw-cut shaper is the keyway
cutter. This machine is especially designed for
cutting keyways in the hubs of gears, pulleys, or
similar pieces.

Fig. 27 shows a keyway cutter operating on the
hub of a pulley, part of the rim being removed
to show the hub. The cutter bar @ is operated
from beneath by a ramdriven by gearing, in a [Jil§
manner similar to that in which a geared shaper
is driven. A table & supports the work, which is ¢}
fed automatically against the cutter ¢ in the bar. [/
* The overhanging arm &, which is supported on
the column ¢, gives support to the upper end of
the cutter bar. The cutter bar is in two parts,
which may be screwed together. Fig. 28 shows the parts
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unscrewed, and also shows the method of clamping the cut-
ter in the bar. The cutter passes through the slot @ and is
clamped by the setscrew &.
These bars are made in vari-
! I ous sizes to accommodate dif-
ferent sizes of work.

65. Fig. 29 shows a cut-
ter for cutting a keyway. The
shank S fits the cutter bar,
while the part C does the cut-
ting, the cutting edge being

Fic. 26, along the line A4 B. These
cutter blades are accurately made of different widths for

different widths of keyways. When sharpened, the sides are
not ground, the grinding being done upon the bottom face.
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66. While these machines are particularly designed for
a certain line of work, it is possible to do some other kinds
of work with them. Fig. 30 shows how racks may be cut
with the aid of a special fixture. When racks are thus cut,
the cutter blade is carefully shaped to give the desired out-
line to the teeth. The graduated feed-screw a is used to
indicate the distance to be moved for spacing each tooth,
while the cross-feed dial & indicates the depth cut.

By the use of specially formed cutters and special adjust-
ments, some other kinds of work may be performed, but the
machine does its best work when doing that for which it
was designed.
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DRILLING.

HISTORICAL.

BORING.

1. Prehistoric Drill.—The principle of drilling holes
by means of a revolving tool was known in prehistoric time.

The form of machine used was a type
of bow drill, which is still found in
some smaller manufacturing and re-
pair shops. The primitive drill may
still be seen among the Pueblo Indians
in the form shown in Fig. 1. A
round piece of hard wood a is split at
the bottom and a piece of flint or iron &
inserted and bound into place; the
point of the drill is formed with scra-
ping edges. The upper end of the
stick is pointed and, when drilling,
rests against a flat stone or piece of
wood ¢, which has a slight depression
in it to receive this point. The drill

c
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is rotated by means of a bow, the string of which is given
a single turn around the stick, as shown. To operate the
drill, the piece ¢ is held in one hand, thus furnishing the
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necessary pressure and giving the proper direction, while,
with the other hand, the bow is drawn back and forth,
rotating the drill alternately in opposite directions. This
instrument, in hands that are skilled in its use, has pro-
duced marvelous results. Beads, shells, etc. are drilled in
a manner that produces the highest admiration for these
primitive workmen.

DEVELOPMENT FROM THE LATHE.

2. Prehistoric Lathe.—The modern machine-shop
drill has its origin in the lathe, from which all other forms
of machine tools have been developed. '

The lathe, in a very primitive form, was known in prehis-
toric time. Its earliest form consisted of a piece of wood
supported horizontally upon two wooden pillars and rotated
by means of a string. The material to be worked was
attached to this revolving part, which moved in opposite
directions as the string was wound or unwound. As the
tool could cut only while the work was running in one
direction, it had to be withdrawn and brought up alter-
nately as the direction of motion changed.

3. Development of Modern Drill.—While the prin-
ciple of the lathe is very old, it was not until a compar-
atively recent date that power was applied to it, and the
modern shop tool, which rotates continuously in one direc-
tion, was developed. It was some time after the power
lathe had made its appearance that the drilling machine was
brought into use.

The step from the lathe to the drilling machine was
simply a change in the arrangement of the head. In the
lathe, the piece to be worked is usnally rotated with the
spindle, while the cutting is done with a fixed tool. In
boring holes, the tool may be rotated with the spindle, while
the part to be drilled is pressed against it. When used in
this way, the lathe is a drilling machine with a horizontal
spindle, and the only difference between the lathe when
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thus used and the ordinary drilling machine is that, in the
latter, the spindle stands in a vertical position and the work
is supported upon a horizontal table.

ESSENTIAL PARTS OF DRILLING MACHINES.

4. Essential Parts.—The modern drilling machine
consists of a revolving spindle to which a device for holding
the tool is attached, a table upon which the work is sup-
ported, and a device for feeding the tool into the material to
be drilled.

5. Arrangement of Parts.— The arrangement of
these parts is shown in Fig. 2. In this simple drilling ma-
chine, the spindle @ is held in a
vertical position by a frame &
and column ¢. The spindle is
rotated by means of a belt run-
ning on a pulley &, which is con-
nected to the upper end of the
spindle by means of a spline.
The pulley is held vertically be-
tween the two arms ¢ and f|
thus permitting the spindle to
slide in the pulley while turning.
The tool % is held in a chuck or
socket g on the lower end of the
spindle and moves vertically and
rotates with the spindle. The
part to -be drilled is held upon
the table z.

The principal parts of the
drilling machine have been men-
tioned, ‘but it is still necessary to devise some means
for feeding the tool through the material.  This is usually
done by lowering the tool as it cuts its way; although, as
will be seen later, in a few cases the table is raised while

S. Vol. 11.—9.

FiG. 2.
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the tool is held in a fixed position. Fig. 2 shows a very
simple method by which the spindle may be raised or low-
ered by means of a hand lever. The spindle is made to re-
volve in a sleeve 7 and is held vertically in it by means of
the collars £ and /, which are fixed to the spindle. The
sleeve has a rack » upon its outer side, which engages with
a pinion upon the inner end of the shaft ». This shaft has
its bearing in the lower arm of the frame 4, and carries
upon its outer end a hand lever o. The sleeve is free to
move in a vertical direction as the pinion is turned by means
of the lever, but it is kept from rotating by the rack. The
spindle is lowered by moving the lever in the direction of
the arrow p, thus rotating the pinion and carrying down the
rack with which it engages.

The machine receives its power from a belt running from
the pulley & over a pair of idlers ¢ to the pulley ». Attached
to r isanother pulley s, which is belted to a countershaft.
Every part of a drilling machine should be as rigid as pos-
sible, as a very slight spring in any of the parts causes inac-
curacies in the work.

PRINCIPAL FUNCTIONS OF DRILLING
MACHINES.

6. Purpose of Drilling Machines.—The drilling
machine was brought into use primarily for the purpose of
sinking circular holes into a solid body, which is called
drilling ; but with its development it has been found that
it can be used advantageously for other operations, such as
reaming, countersinking, counterboring, spot facing, tapping,
center drilling, etc.

Z. Causes of Irregularity in Drilled Holes.—The
varying hardness of the metal, blow holes in castings, and
slight imperfections in the formation of the tool tend to
make a drilled hole imperfect. Sometimes the hole is not
quite straight, or it may not be quite round, or the surface
may be rough.
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8. Reaming. — In order to overcome these defects
where absolute accuracy is necessary, another tool, called a
reamer, is passed through the hole. This operation is
known as reaming.

9. Countersinking.—In other cases, it is necessary to
enlarge the upper end of the hole, as shown in Fig. 3 (a).
This is known as countersinking.

-
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10. Counterboring.—When the sides of the enlarged
hole are carried down straight and a shoulder is formed at
the bottom, as shown in Fig. 3 (4), the operation is called
counterboring.

11. SpotFacing.—When it isnecessary to finish a body
of metal only a small distance about a drilled hole, to form
a smooth surface for the head or nut of a bolt, or a bearing

FiG. 4. FIG. 5.

for the hub of an adjacent part, it is called spot facing, as,
for instance, the bearings for the nuts 2, @ on the cylinder
head, Fig. 4, are produced by facing the spots &, &.
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12. Facing.—When the ends of hubs are finished with
a revolving cutter, it is simply called facing, as, for instance,
in the case of the rocker-arm in Fig. 5, where the surfaces
a, a are faced to receive the pin 4 and washer c.

13. Tapping.—When internal screw threads are cut
in a piece of metal, the operation is called tapping.
The hardened-steel screw, which is grooved or fluted longi-

F16. 6.

tudinally, as shown in Fig. 6, and with which the thread is
formed, is called a tap.

14. Center Drilling.—When a center in a piece of
lathe work is formed with a drill and reamer, it is called
center drilling.

FORMS OF TOOLS AND THEIR USES.

DRILLING TOOLS.

15. Classes of Drills.—The drill, which is one of the
most largely used tools found in a machine shop, is made in

a number of forms, which may be classified under the two
heads flat drills and twist drills.

16. Common Characteristics. — These different
forms have three essential characteristics that are common
to all. First, there must be one or more cutting edges that
separate the small particles of material from the body either
by scraping or cutting. Second, there must be a central
leading point about which the cutting edges revolve and
which guides the drill through the material. This is ob-
tained by tapering the cutting edges toward the center,

"
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as shown in Fig. 7. The angle @ of this taper varies for
different classes of work, but for ordinary drilling it is
made between 50° and 60°. The Morse Twist
Drill Company recommends 59°, while Wm.
Sellers & Co. recommend 52°. 7Third, there
must be a clearance back of the cutting edge.
Fig. 8 represents the point of ‘a flat drill, in
which & is the clearance angle, sometimes
called the angle of relief. This angle should

PF16G. 8.

be large enough so that the stock back of the cutting edge
will clear at all times,

17. Early Form of Drill.—The earliest form of ma-
chine-shop drill consisted of a flat piece of steel drawn down

-
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flat at one end, as shown in Fig. 9, and ground to the desired
shape. This class of drill is still largely used in various
forms and is known as the flat drill.
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18. Double Scraping Edge.—The form used in the
bow drill is shaped as shown in Fig. 10. The edges are
beveled on both sides, thus permitting the drill to be rotated
in either direction while both edges cut equally well. This
form is still used by watchmakers for drilling small holes
with a drill that runs backwards and forwards alternately.
One great objection to this drill lies in the shape of the cut-
ting edges and the corners at the outer end of the cutting
edges. The metal is removed by scraping rather than by

cutting, and a heavy pressure is required to
make it work satisfactorily. These conditions
wear the scraping edges so that frequent grind-
ing is necessary, and every time the tool is
ground, the width across the flat part is re-
duced, thus reducing the diameter of the hole
it will drill. This difficulty may be overcome
by making the sides parallel for a short dis-
tance above the outer corners, as shown in
Fie.1 Fig. 11. The parallel sides also form guides
for the drill, thus insuring a straighter and better hole.

19. Single Cutting Edge.— Another form of drill
that may be revolved in either direction is shown in Fig. 12.
It is made from a round bar by grinding
one end to a cone of the required taper
and grinding away one side to the center
line, as shown. This drill has the disadvan-
tage of cutting on only one edge at a time,
but the angle of the edge is such that it
cuts more freely than the scraping edges.
The parallel sides guide the drill very
accurately and a fairly straight and round
hole of the same diameter is formed, no
matter how often the drill may be ground.
These two types of drills, however, are F16.12.
seldom used in the modern machine shop, as other types
that will cut when revolving in only one direction have been
found more efficient.
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MACHINE-SHOP DRILLS.

FLAT DRILLS.

20. Form of Drill Point.—The simplest and most
cheaply made machine-shop drill is the ordinary flat drill
shown in Fig. 13. When rightly formed,
this type of drill does very excellent
work. It is, however, a hand-made tool
and is often so poorly formed and so
imperfectly ground that its work is not
satisfactory.

In order that a drill may cut equally
on both sides and form a smooth, round
hole, the point must be in the center,
the cutting edges must make equal
angles with the center line, and must be
of the same length and have equal
clearance angles.

21. Results of Improperly
Formed Drills.—All these require-
ments must be carefully observed. It
is not sufficient to have the point in the
center of the drill, because different
angles of the cutting edges will cause the .
drill to cut on one side only, as shown in Fic. 13.
Fig. 14 (a), thus throwing twice the intended depth of cut
upon the one cutting edge. It also causes a crowding
against one side, and a tendency to throw the center of the
drill out of its correct position. The angles which the cut-
ting edges make with the center line may be equal, but if
the lengths of the cutting edges are not equal, it will result
in the condition shown in Fig. 14 (4). The hole will be
larger than the drill, and the outer end of the long side of
the cutting edge must do double duty, which soon dulls it,
causes crowding, and makes a rough hole.

When both the angles with the center line and the lengths
of the cutting edges are unequal, the hole will be larger
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than the drill, and the effect will be as shown in Fig. 14 ().
All the work will be done by the short side and the outer
end of the long side. Unequal clearance angles will cause
one side to cut more freely than the other, thus distributing
the work unequally. Under a given pressure, the side with

7
.

Fi1G6. 14.

the greater clearance angle tends to take a deeper cut than
the other, while there is less metal to support its cutting
edge. This edge wears away more rapidly than the other,
resulting in unsatisfactory working conditions.

22.' Symmetrical Cutting End.—7/e cutting endof
a drill must be symmetrical in every respect in order to do
accurate work. It should also be as thin at the point as the
~ ~———————— material to be drilled and the size
of the drill will permit. A care-
ful examination of flat-drill points
will show that the cutting edges
a b and ¢ d, Fig. 15, stand on oppo-
site sides of the center line. When
the clearance angles are equal, the
two planes representing the clear-
b o ance angles will intersect in the line

b d perpendicular to the axis of the
FiG. 15. drill.
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23. Advantages of Thin Point.—It will readily be
seen that the cutting edges extend only to 4 and &, and
between these two points the edge has equal clearance on
both sides, producing an edge resembling that of a cold chisel.
When rotated, it is simply a scraping edge, and the pressure
required to force it through the metal at the rate at which the
drill should cut is very great compared with the pressure re-
quired upon the cutting edges proper. This scraping edge
also wears away very quickly, which necessitates additional
pressure. It becomes evident, then, that, in order to do the
work with the least loss of power, the scraping edge &d
must be made as short as possible. This is accomplished
‘when the point is made very thin.

On the other hand, when it is made too thin, the cutting
edges are not supported sufficiently well, and break away,
making frequent dressing and grinding necessary. = No
definite rule for the thickness of the point can be given,
since it depends largely on the grade of steel used in the
tool and the quality of the material to be drilled. Experi-
ence and care in observing the action of the drill and the
working conditions alone will enable one to determine the
correct thickness.

24. Grooved Drill Point.—Sometimes grooves are
formed in the end of the drill, as shown in Fig. 16, thus
providing curved cutting edges, which,
when properly shaped, remove almost
entirely the scraping edges. This prac-
tice, however, tends to weaken the inner
ends of the cutting edges by removing
the supporting metal, and it is generally
thought to be better simply to make the
end of the drill as thin as practicable.

25. Parallel Sides.—Flat drills, to
give the best results, should have the
sides a b, Fig. 17 (a), parallel, } inch or more above the
cutting edges. This parallel portion should be rounded to
fit the circumference of the hole. Drills are often used

F10G. 16.
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with the corners projecting beyond the body, as shown in

Fig. 17 (4), and with the

sides beveled, as shown in

Fig. 17 (¢). Drills formed

in this way make ragged

holes, and when there are

soft or hard spots or blow

holes in the material

drilled, they run off to one

side, making holes that

are neither straight,

round, nor smooth. The

simple precaution of ma-,

[—=— king the sides parallel fora

() short distance and round-

ing the edges to fit the

desired hole, as shown in

F16. 17. Fig. 17 (a), will, when

the point is rightly formed, obviate this difficulty almost
entirely.

26. Drill Shank.—The portion of the drill between
the flattened part and the upper end is called the shank.
It should be somewhat smaller than the hole, in order to
work freely in it. In the case of comparatively shallow holes,
the flat part should extend to a point high enough so that
the cuttings or chips can work out. The shank should be
round. The corners of any angular section draw the chips
under them and clog the drill. Even with a round shank
and a perfectly formed drill, there will be more or less
clogging in a deep hole, and it is often necessary to back out
the drill and remove the cuttings.

27. Lipped Drills.—In the kind of drill just con-
sidered, the front of the cutting edge is either perpendicu-
lar to the direction of travel, as shown in Fig. 18 (a), or, if
the drill is tapered toward the point, it may have a slight
negative front rake, as shown in Fig. 18 (4). In order to
gain the advantage of a better cutting edge, a groove is
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sometimes ground above the cutting edge, as shown in
Fig. 19 (a). A section through ¢ & is shown in Fig. 19 (4).

The same end may be ac-
complished by dressing the
drill with the cutting edge
lipped, as shown in Fig. 19 (¢).
Fig. 19 (d) shows a section //// /4
(%)

through ¢ . In both of these (@)

cases, care must be taken to FiG. 18.

leave enough metal back of the cutting edge to withstand
the cutting strain.

(b)

28. Twisted Flat Drills.—One disadvantage in both
of these drills is that the grinding reduces the lip, and it is
necessary to have them dressed oftener than the ordinary
flat drill. This objection may be overcome by twisting
the end of the drill into a spiral, as shown in Fig. 19 (¢).
In this way, the same angles of the cutting edges may be
obtained, while the shape is not altered by grinding, until
the entire spiral is ground away. The spiral also assists in
carrying the cuttings away from the drill point.

F1G. 19.

TWIST DRILLS.
29. Commercial Twist Drills.—These advantages
have led to an almost universal use of the twist drill,
as the commercial spiral drill is called. Fig. 20 (a)
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illustrates an ordinary commercial drill of this type. It
is made from round stock, the spiral flutes being cut with
a milling cutter. The surface between
the flutes is backed off slightly from near
the cutting edges @, a, Fig. 21 (a), to the
backs 4, & of the other flutes, leaving only
narrow strips @ ¢ the full diameter of the
drill.  This is done to reduce the bearing
surface on the side of the hole, while
enough surface is left to form a perfect
guide, owing to the fact that the bear-
ing ac runs in a spiral around the drill.

In some drills a narrow bearing strip
is left, as shown in Fig. 20 (), the clear-
ance being cut away, concentric with the

)
F16. %20. Fi1G. 21.

bearing surface, as illustrated in Fig. 21 (4). Twist drills
are manufactured in such a large variety of sizes, are found
so efficient, and can be bought at such a small cost that
they are rarely made in the tool room.

30. Precautions in Grinding.—The irregularities
that arise from imperfect grinding, which have been men-
tioned in connection with the treatment of the cutting
edges of flat drills, are applicable to the twist drill as well.
The dangers suggested are, however, almost entirely over-
come by the use of special grinding machines.

STRAIGHT-FLUTED DRILLS.

- - caa e . -
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comes through the plate. This is overcome by having a

drill formed like the twist drill, but with straight
instead of spiral flutes, as shown in Fig. 22.

SLOT AND TEAT DRILLS.

32. Forms of Slot Drills.—In drilling ma-
chines where a feed perpendicular to the center
line of the spindle may be secured, slot, or key-
way, drills are often used. These are made in a
number of different forms. In Fig. 23, (a), (),
(¢), and (4) show four different kinds, all of which
are quite satisfactory in metal of uniform hardness.

33. Advantages of Some Forms. —In
sinking these drills into the metal, holes are
formed as shown in Fig. 23 (¢), (f), (&), and (%).
The central cores in Fig. 23 (¢) and (f) form
guides for the drill, which, in metal of varying
hardness, have been found of great advantage.

Slot drills are used largely in forming keyways,
or slots, in shafts. They are sunk into the metal

Fi1G. 2.

a sufficient depth for a longitudinal cut and are then fed

F1G. 28.

lengthwise along the shaft, thus cutting out the metal to
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this depth throughout the entire length of the slot. The
drill is then lowered enough to furnish another longitudinal
cut and the operation is repeated until the required depth

is obtained.

34. Teat Drills.—The drills shown in Fig. 23 (¢)
and (4) may be used in squaring the bottoms of holes

F1G. #4.

made by an ordinary twist
drill at the ends of keyways
to be planed or chipped. The
teat drill,shown in Fig. 24, is
used for this same purpose,
but may be used for drilling
the entire depth of the holes
required. The teat a is
ground to a point, being ta-
pered in both directions, and
acts as a guiding point for the
drill. The cutting edges are

of the same form as those shown in Fig. 23 (¢) and ().

!

ANNULAR CUTTERS.

35. Single Tool.—An annular cutter that is used
very generally for removing large bodies of metal and cut-
ting large holes in boiler plates, rod ends, etc. is shown in

Fi1G. 2.

©
oQ o

=

i

Fi1G. 26.
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Fig. 25. The tool a is practically a cutting-off tool, with
the proper side rake to clear the circular sides of the hole.
A hole ¢ is first drilled for the guide pin 4, after which the
stock around the hole ¢ is removed as a washer with a hole
in the center.

36. Double Tool.—Sometimes two tools are used, one
on each side of the center, as shown in Fig. 26. This bal-
ances the side thrust upon the center pin 4 and reduces it to
a minimum, besides doubling the capacity of the tool.

37. Spring Center.—In light work, such as cutting
holes in boiler plates, the necessity of drilling the center
hole may be avoided by
using a tool like the one
shown in Fig. 27. The
center pin rests in a

punch mark, thus form-

ing a guide for starting ! o ok

the cutting tools, while ; ""'ﬂ,?‘-& EE4 "“&@
. ' e=3 |

a spring that acts upon : Pyt

the end of the pin per- Lopips

mits it to recede as the

tool travels through the
plate. This device op-
erates very nicely in
comparatively small
holes in light plates, but for large holes or very heavy stock
a solid center pin, running in a drilled hole, is necessary.

FiG. 2.

DRILL SHANKS.

38. Straight Shank.—On ordinary flat drills, the
shanks shown in Fig. 28 () and (4) are most commonly used.
In Fig. 28 (a) the shank is straight and slightly flattened
at g in order to furnish a good bearing for the setscrew.
The end of the screw often cuts a burr at the bearing point,
which prevents the easy removal of the drill, and to avoid
this the shank may be turned down slightly at the bearing
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point of the screw, as shown at «, Fig. 28 (). The shoulder
also prevents the tool from dropping out of the socket when
the screw becomes slightly loose.

Fic. 28.

39. Taper Shank.—Fig. 28 (¢) and (<) shows the
shank tapered. The taper is so made that it will hold the
drill from dropping out of the socket, while the flat end, or
tang, at the top, which fits into the hole in the socket, pre-
vents the drill from turning in the socket. There are sev-
eral tapers used by different makers of drills. The Morse
Twist Drill Company uses a taper of about § inch to the
foot. Some makers have a key inserted in the socket to
assist the tang in preventing the drill from turning. This
calls for a corresponding keyway in the drill as shown at
a, Fig. 28 (d).

LUBRICATION OF DRILLS.
40. Requirements.—Cast iron and brass are drilled
without lubricating the drill point; in fact, in cast iron a
lubricant causes the fine tuttings to cake and choke the
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drill. In drilling wrought iron and steel, on the other hand,
the drill point should be thoroughly lubricated.

41. Application of Lubricants.—The lubricant is
usually applied by dropping it into the hole and permitting
it to run down along the sides of the hole and the drill.
This method has been found rather unsatisfactory, as the
cuttings, in working their way to the surface, tend to
carry the lubricant up, and in some cases
very little, if -any, reaches the drill point
where it is most needed.

Fig. 29 (a) shows a very simple method
by means of which better lubricating con-
ditions are obtained. Two spiral grooves
a, a are cut parallel with the flutes 4, 4,
thus forming separate channels for the
lubricant. There is some danger of these
grooves becoming clogged by fine par-
ticles that work around the drill, and
small brass tubes are brazed into the
grooves as shown, in order to insure an
unobstructed flow. Fig. 29 (&) shows a
drill with holes running through the solid
metal.

42. Provision for Supplying Lu-

N )

NN

S
S

NN

bricants.—The lubricants may be carried

to the holes in the drill through the chuck $
or through a small attachment placed just @ ®
below the chuck. Fig. 30 illustrates an Fic. 2.

attachment that is frequently used. A collar a is fitted to

F1G. 30.

the lower end of the drill socket, as shown, and is kept from
S. Vol. ll.—1o0.
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revolving with the spindle by means of a pipe that rests
against the column of the machine and through which the
oil is conveyed to the collar. Inside of the collar, and
immediately over a pair of holes in the socket that corre-
spond to the upper holes in the drill, a circular groove & is
turned, thus forming a connection between the outer pipe ¢
and the drill. The oil is supplied by means of an oil pump,
under sufficient pressure to insure a steady flow to the drill
point, and is carried to the attachment by means of a flex-
ible tube.

REAMERS.

43. Purpose of Reamers.—Drilled holes are rarely
formed perfectly round or straight, and with each grinding
of the drill, especially when the grinding is done by hand,
the diameter is liable to vary slightly. It is therefore
necessary, in work where accuracy is required, to true the
hole. This is done by passing a tool called a reamer
through it.

44. Flat Reamers.—Reamers are made in various
forms. The simplest of these consists of a flat piece of
steel turned accurately to the diameter of the hole, with
the cutting edges shaped much like those of the ordinary
twist drill, but with a greater
angle between the cutting
edges. Fig. 31 illustrates
this type. It is used fre-
quently because of its cheap-
ness, but despite its cheap-
ness it is not an economical
tool, as it does not produce a hole of sufficient accuracy for
the better grades of machine work.

F1G. 381,

45. Fluted Reamers.—A better type of reamer is
shown in Fig. 32. It consists of a piece of round steel with
flutes cut lengthwise. For the general run of work, the
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flutes are so shaped that the cutting faces lie in radial planes,
as shown in Fig. 33 (a).

Fi1c. 82.

46. Undercut Faces.—Fluted reamers are sometimes
made with the cutting faces cut under, as shown in Fig.33 (8).
This is not right, as the slightest spring causes the cutting
edges to run more deeply into the metal, resulting in an in-
jured or enlarged hole, and sometimes in a broken reamer.

Fi1G. 38.

47. Curved Cutting Faces.—Reamers with curved
cutting faces a, b, illustrated in Fig. 33 (¢), are objection-
able, as they have a negative front rake that is increased by
grinding.

48. Brass Reamer.—Fig. 33 () illustrates a reamer
that is used for brass when a sufficiently large amount of
work is to be done to warrant the expense of a special
reamer. The faces, in sizes of about § inch to 1 inch in
diameter, are set forwards from the radial line about %
inch, and are made parallel to it, thus giving a negative front
rake. For larger sizes, the faces are set forwards a corre-
sponding amount.

49. Number of Cutting Edges.—A reamer should
always have enough cutting edges to guide itself in a straight
line through the hole. There should never be less than
four, and where the diameter is large enough to make it
practicable there should be more. The number of edges
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should be even and not odd, as this makes it possible to
caliper the reamer.

50. Rounded or Tapered Ends.—The ends of the

cutting edges should be rounded slightly, as shown at a,

o Fig. 34. This creates a tendency for the reamer

to keep working toward the center of the hole.

This same advantage is secured by making the

lower end with a slight taper, } inch or more
long, as shown at a 4, Fig. 35.

51. Depth of Cut.—In all classes of ream-
ing, the holes should be drilled as nearly to the
finished size as possible, so that the reamer need
take only a light finishing cut. This preserves
the edges, avoids frequent grinding, and length-
ens the life of the reamer. An allowance of
#¢ inch of stock is sufficient for the reamer in
holes having a diameter of 1 inch or less, while
in holes having diameters between 1 and 2 inches,
v inch is enough. For sizes above 2 inches in diameter it is
usually considered best to finish the hole with a boring bar
and cutter, except in cases where the hole passes through

FiG6. 4.

F1cG. 85,

two adjoining parts. In such cases, a long reamer may be
used for finishing. Holes above 2 inches are sometimes
finished with large shell reamers.

: TAPER REAMERS.

52. Solid Taper Reamers. — Tapered holes for
dowel pins and various other purposes have brought taper
reamers into very general use, They are fluted and made
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like a straight reamer, except that the sides are tapered.
Fig. 36 (a) illustrates a reamer of this type.

(a)

(b
F16. 86.

53. Heavy Duty of Taper Reamer.—The duty of a
taper reamer is heavier than that of a straight reamer,
since it must remove a larger body of metal. The drilled
hole is straight and must be a little smaller than the small
end of the reamed hole. The amount of metal that must
be removed is represented by the part ac¢ & in Fig. 37, and
depends on the taper required.

54. Roughing Reamer.—Where the taper is great,
a roughing reamer, Fig. 36 (4), is first used to remove
the excess of metal. This is followed by a finishing reamer,

Fr16. 87. FiG. 8.

Fig. 36 (a), which should take only a very light finishing cut.
In some shops, it is customary to relieve the reamer in
heavy work by counterboring steps, as shown in Fig. 38.
This is a rather dangerous proceeding, as the cutting edges
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of the reamer are liable to be injured in removing the heavy
metal on the corners of the steps, and the varying depth of
cut causes uneven wear of the cutting edges, resulting in
unsatisfactory working conditions and imperfect holes.
There is also danger of the counterbore being made too
deep and extending beyond the limits of the metal to be re-

, moved. Itisbetterto
g o A Ao, e, s e
-g-'_-f-'-'-__'-"'-"'""‘-"" have a third reamer,

N e e e e o o o]
‘ll-l-l-l-'-l-‘-'-'-‘-’-" * with coarse teeth and

deep grooves running

in a left-hand spiral
across the cutting edges, as represented in Fig. 39. This
should be followed by the roughing reamer mentioned above,
to take out the coarse tool marks and to enlarge the hole so
that only enough stock is left to allow a light finishing
cut to be taken with a smooth finishing reamer. In holes
of very slight taper, the roughing reamer is usually not
used, but even here, when a large number of holes are to be

.reamed, it is advisable to use it, as it preserves the cutting
edges and the accuracy of the finishing reamer.

Fic. 89,

55. Care of Reamers.—The most serious difficulty
met with in reaming is the maintenance of the full diameter
of the cutting edges, and in order to keep them in good
condition as long as possible, the greatest care should be
taken in their use. This is especially necessary with
finishing reamers, which may be rendered useless by a very
little wear or a slight injury. Reamers should never be
pounded or jerked sidewise when in a hole, and when not in
use, they should always be kept on wooden shelves, or on a
wooden board, or other support, if at the machine.

56. Inserted Blades. — A form of reamer that is
gradually growing in favor is illustrated in Fig. 40. The
cutters, which are made of steel, are dovetailed into a solid
body. In reamers of 5or 6 inches diameter, the body is
sometimes made of cast iron. The special advantage of
this form lies in the ease with which an injured blade may
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be renewed. In the solid reamer, a cracked or broken cut-
ting edge, or any slight warping, throws the whole reamer
out of use. In this form, the injured part is simply driven
out of the dovetail, a new one is inserted, and the reamer is

Fi1G. 40.

as good as when it was new. This is especially advan-
tageous in the larger sizes, which are very expensive.

Inserted blades are, however, not practicable in the
smaller sizes, as there is not stock enough to support the
blades properly. Opinion as to the minimum size in which
they can safely be used varies; ordinarily, they are not used
in reamers less than 1} inches in diameter.

ADJUSTABLE REAMERS.

57. Advantages of Adjustable Reamers.—When
solid reamers are used, it is customary to make the diameter
as much larger than the desired diameter as the limit of
error in the working fit will permit, and to use it until the
diameter has been reduced to the inside limit of error, after
which it must be worked over or discarded. For the best
grades of machine work, where the permissible variation is
reduced to a minimum, the life of such a reamer is very
short.

58. A Simple Adjustable Reamer.—For this reason,
reamers with adjustable cutting edges have been found

¢ b

FiG. 41,

much more satisfactory than the solid type. Fig. 41 shows
one type of adjustable reamer. The reamer is adjusted
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to the desired size by means of a ground tapered plug that
acts upon the blades a, and is locked by the locknut & when
the adjustment has been made. With this type, a limited
amount of wear or the reduction of diameter due to grind-
ing can readily be taken up.

59. Adjustable Reamer for Different Sized
Holes.—An adjustable reamer so constructed that all the
cutting edges are adjusted uniformly throughout their
entire length, and in which the adjustment is easily made,
may take the place of a number of solid reamers that would
otherwise be necessary for different fits of the same nominal
diameter. Fig. 42 (@) and (4) shows a reamer especially

e
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FiG. 42.

made for this purpose. The bladesaare held in the body &
by dovetails, which taper toward one end, and as the blades
are carried along longitudinally, they are moved out and
the diameter isenlarged. A collar ¢ determines the position
at which the blades stand and fixes the diameter. By hav-
ing different sets of blades, and collars of different lengths,
such a reamer may be used for a number of sizes and will
do fairly accurate work. Fig. 42 (4) shows a section through
deof Fig. 42 (a). For extreme accuracy the solid reamer
is best. Sometimes adjustable reamers are so arranged
that forcing the blades toward the point expands them, the
nut being placed back of the blades.

60. Expansion Reamer.—Another adjustable form
of reamer, known as the expansion reamer, is shown in
Fig. 43. The reamer is drilled for a taper plug in the
lower end, and the sides are slotted, as shown. The plug
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is threaded, and, when screwed into the end of the reamer,
expands it. Reamers of this kind are made as small as
} inch in diameter, while the reamer illustrated in Fig. 41
is not made smaller than § inch. The adjustment also
is very easily made, and, by taking a number of cuts, a
large amount of metal may be removed. The hole is not,
however, very accurate. The expanding plug enlarges the

Fi1G. 48.

middle of the reamer most, and the cutting edges taper
toward the ends, resulting in curved cutting edges with-
out a straight portion to guide them. Any unevenness
in the structure of the metal causes the reamer to run
out of its true course. Where accuracy is essential, this
kind of reamer should never be used for the finishing cut,
but should be followed by a finishing reamer.

SHELL AND ROSE REAMERS.

61. Fig. 44 (a) shows an ordinary shell reamer, and
Fig. 44 (4) a rose shell reamer. Both of these have
already been described in Art. 31, Lathe Work, Part 2.

() ®)
Fi16. 4.

They are sometimes fitted to shanks, which in turn fit drill
sockets, and are used in drilling machines. The rose reamer
is especially well adapted to removing a large amount of
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metal in this way, but usually does not leave the hole
smooth, and should therefore be followed by a finishing
reamer.

The rose reamer shown in Fig. 44 (4) has a flute for every
second cutting edge. Many persons prefer to have a flute
for each cutting edge, claiming that it adds to the efficiency
of the reamer. Rose recamers are therefore often made this
way. If the rose reamer is used for horizontal work, as
in a horizontal drill or lathe, the chips will clog in the short
flutes; hence, each cutting edge should have a flute.

COUNTERSINK.

62. Definition.—It is frequently necessary to enlarge
the end of a drilled hole to take the taper head of a bolt or
other machine part, as shown in Fig. 3 (¢). This operation
is known as countersinking.

63. Drill as a Countersink. — The tools used in
countersinking resemble very closely the various forms of
drills. In some shops and for some classes of work, the
point of a drill is simply ground to the desired taper.
When the cutting edges are properly formed, the metal
uniform, and the surface smooth, very good results are
obtained in this way, but for general use it is better to
have a countersink that is guided by a center pin.

64. Pin Countersink.—A flat countersink provided
with a pin @, which fits the hole and holds the tool perfectly
central under all conditions, is illustrated in Fig. 45. This
same style of tool is sometimes made with four cutting
edges, as illustrated in Fig. 46.

65. Pin and Collar Countersinking. — Where a
countersink of the same taper is occasionally required in
holes of different diamecters, a tool as shown in Fig. 47 is
found very serviceable. The pin a, instead of fitting the
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hole, becomes the bearing of a set of collars ¢, which are
turned on the outside to fit the different holes in which
the tool is ta be used. The collars in this form of tool

Fi1G. 45, FicG. 46. F16. 47.

are secured by a screw 4 and washer &. The cutting edges
may be made of any type desired, but four edges, as shown

FI1G. 48. FI1G. 49.

in the illustration, are perhaps the most desirable, there
being enough cutting edges to guide properly, while the
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construction is very simple. Turning the cutting edges
back, as shown, forms a bearing for the top of the collar and
facilitates the grinding. In some cases, collars are simply
slipped over the pin of an ordinary countersink.

66. Combined Reamer and Countersink.— In
plate work, reaming and countersinking may be done at the
same time with the combination tool shown in Fig. 48. The
lower end @ is made like an ordinary fluted reamer, while
the countersink & is formed with four cutting edges ground
to the desired angle.

67. Center Countersinks.—Milled and half-round
countersinks, as shown in Fig. 49 («), (4), and (¢), are used
almost entirely in enlarging centers in lathe work, but these
styles may be used for ordinary countersinking as well.

COUNTERBORE.

68. Ordinary Types.—Counterboring consists of
enlarging a hole at one end so that the enlarged part has
parallel sides and a flat bottom, as illus-
trated in Fig. 3 (4). For small counter-
bores, any of the pin countersinks already
described, with the cutting faces ground
at right angles to the center line, as in
Fig. 50, are frequently used.

69. Double-End Cutter. — A better
counterbore, Fig. 51, is made from a round
bar of stecl with a rectangular hole cut
through it, into which a flat cutter a is
inserted and held by means of a key 4.
The lower end of the bar is made to fit the
hole without any play, while the length of
the cutter represents the diameter of the
counterbore. This cutter cuts on both sides of the bar,

F1G. 50.
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and great care must be taken to have it project the same
distance on each side, and to

have the cutting edges ground 2 Z
so that both sides will take an
equal cut.

70. Single-End Cutter.—
This style of counterbore is
sometimes made with the cutter
projecting on one side only.

The latter tool is used very gen- | I £ 1.4
erally in boring holes in horizon- [ j
tal drilling and boring machines, [ i
and is usually called a boring bar

and cutter. FIG. 51.

Z1. Milled End of Bar.—Sometimes the lower end of
the boring bar and of the pin on the pin counterbore is made
with the corners slightly rounded and serrated. This is
especially useful when the hole is drilled slightly under size
or is not perfectly round, as it enables the boring bar to cut
away enough metal to permit it to turn freely.

72. Counterbore¢ for Light Work.—A very useful
tool for counterboring isillustrated in Fig. 52 (). A circu-
lar hole a is drilled in the bar 4, in which a circular piece of
tool steel ¢ isinserted and held in place by a pin &. The bar
is then put in a lathe and the ends of the tool ¢ turned up to
the desired diameter. The ends are backed off and the cut-
ting edges ground as shown. The lower end of the bar is
turned to the diameter of the hole below the counterbore, to
form a guide for the tool.

This tool gives very good results when operated with care
and on light cuts, but the cutter is not heavy enough to
stand a very heavy strain. The breaking of the cutter is,
however, not a serious matter, as it can be replaced with
very little loss of time and at small expense.

73. Counterbore With Changeable Tool.— This
same style of cutter may be used with the devicg shown
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in Fig. 52 (4) without danger of breaking under ordinary
usage. The bar b hasa hole a drilled into it as in Fig. 52 (a),
and immediately above this a slot ¢ is formed. The tool &
is made with an angle on top, as shown, and a support ¢ for
the cutter is shaped to fit this angle and the slot ¢ when the
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tool stands in its proper position. A wedge f holds the tool
and its supporting piece rigidly in place, while the pin g
prevents any end motion of the cutter. The piece ¢ should
run the entire length of the cutter, in order to furnish as
much support for the ends of the tool as possible.

A set of cutters and supports of different lengths may be
made for use in the same bar, thus providing counterbores
of a number of sizes at a very small cost. A set of collars
for the bar end that will fit various holes will render this tool
available for alarge range of work.

74. Special Counterbore.— Another tool that is
sometimes used in counterboring, and is available for a broad
range of work, is shewn in Fig. 53. The body a has grooves &
running lengthwise, into which blades ¢, with side projec-
tions d, are fitted. The blades are held in place longitudi-
nally by the hooked ends ¢, which fit a corresponding groove
in the nut /. An opening ¢ at the end of the nut permits
the blades to enter when the nut is turned to the right
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position. When the blades are all in place, they are moved
to the right location on the body by screwing up the nut f,
and are locked in place by the locknut Z.

It will be seen that by making sets of blades of different
sizes and providing center pins 7 of corresponding sizes, a
set of counterbores covering a wide range of work may be
provided. While this tool is more expensive than the one

F1G. 53.

shown in Fig. 52 (), it has the advantage of being available
for smaller holes, since the size of the center pin may be
made much smaller. This tool will therefore cover a broader
range of work, and, when once constructed, can be used
until the greater part of the blades is worn away, thus
avoiding the expense of frequent renewals.

SPOT FACING.

75. Definition. — A very common drilling-machine
operation is the facing of spots about drilled holes, to form
smooth surfaces for the heads or nuts of bolts or other ma-
chine parts. When the faced area is quite small and the
facing is done with a rotating cutter, the operation is called
spot facing.

76. Forms of Cutters.—The cutters are the same as
those used for counterboring, and the only difference in the



34 DRILLING AND BORING. § 10

operation lies in the depth of the cut. A counterbore may
be of any depth, but the spot facing is only carried deep
enough to form a smooth bearing surface. The bar with
inserted cutter is especially well adapted to spot facing
flanges of cylinders, cast-iron pipe flanges, etc.

77. Spot Facing Lower Side of Flange.—Fig. 54
shows a piece of pipe on which the flanges must be spot
faced on the lower
T side. The flanges
are drilled in the
ordinary way, after
which the drill is
removed from the
socket and the cut-
ter bar put in its
place. The cutter
is then removed
from the bar, the
bar passed through
the hole, and the cutter again put back into its place in the
bar with its cutting edges toward the flange. The facing is
done by feeding the drill spindle backwards.

|
C
T

F1G. 54.

CENTER DRILLS.

78. Although center drilling is essentially a drilling-
machine operation, it is so closely associated with lathe work
that it has been discussed under that head, and descriptions
of tools and their various uses are found in Art. 23, Latke
Work, Part 1.

TAPS.

79. The forms of taps used in drilling machines re-
semble those employed with the lathe. In holesthat do not
run through the material, a taper and plug tap, Fig. 55,
are required, the former to start the thread and the latter
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to complete it to near the bottom. When a full thread
must be run all the way to the bottom of the hole, the plug
tap is followed by a bottoming tap, shown in Fig. 55.
In the case of holes that pass through the material, the taper
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Bottoming.

tap alone may be used. In high-speed machines, such as
pneumatic drills, a long taper tap gives the best results, on
account of the fact that less material is removed by each
tooth, the work being distributed along the length of thetap.

The shanks of taps that are to be employed in the drilling
machine exclusively may be made to fit the spindle or a
collet of the machine for which they are intended. When
they are required for general use, special sockets are needed
to receive the square shank of the tap.

DEVICES FOR HOLDING TOOLS.

80. Straight Socket With Setscrew. — Various
devices for holding tools in drilling-machine spindles have
been brought into use. One of the earliest of these—still
found in some shops—consists of a hole drilled in the bot-
tom of the spindle, with a setscrew holding the drill, as
shown in Fig. 56. This device has several disadvantages.
The drill may press on one side of the screw and in a

S. Vol. Il.—11,
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direction that tends to loosen it. To prevent this, the screw
is jammed upon the drill, causing a burred shank that it is
difficult to remove. When the shank
does not fit the socket exactly, the
pressure of the screw on one side
throws the drill off the center of the
spindle and results in the cramping
of the drill and a poorly formed hole,
and often in an injured or broken drill.

81. Taper Shank.—A very sim-
ple and efficient means of holding the
drill, known as the taper shank, is
shown in Fig. 57. The drill spindle @ is made with a tapered
hole & at the lowerend. At the upper end, the hole is made

F1G. 56.
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flat on two sides to receive a tang or flattened projection on
the upper end of the drill shank.
The taper that is in most common use for drill shanks is

e "N
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known as the Morse taper and is about § inch per foot. This
taper is just great enough to hold the drill when put into
place with a quick motion of the hand or under slight
pressure. The drill shank must, of course, be made with
precisely the same taper as that in the spindle, so that the
entire surface will be in contact. The tang at thetop of
the drill shank must also fit snugly, as it takes practically
all the torsional strain that comes upon the drill when
cutting, the tapered surface taking only a very small part.
The drill is removed by driving a taper key ¢ into the slot &
in the spindle. The slot & is so located that the point of
the key just passes over the end of the tang, but when the
body of the key is driven in, it forces the drill out.

82. Drill Sockets or Collets.—All sizes of drills can-
not be made with the same size
of shank; consequently, it is
necessary to have a number of
drill sockets or collets,
Fig. 58 (a) and (), to take the
sizes of drills that do not fit
the spindle. The upper end
of the socket is made to fit the
spindle, or the next larger size
of socket, while the lower end
is made to fit the desired drill.

Collets are also found very
serviceable where it is desir-
able to use a drill with one
kind of shank in a spindle in-
tended for another. Fig. 58 (¢)
illustrates a collet for a taper-
shank drill and a straight
spindle. FIG. 5.

)

83. Pin-Grip Socket.—A form of drill socket that
permits the drill to be changed while the spindle is running
is shown in Fig. 59. The shank of the socket @ is made to
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fit the taper of the spindle 4. A collet ¢ is made to fit over
the shank of the drill &. The body of the socket ¢ is bored
out straight to receive the collet, which is held in place by
two pins that enter the groove f and are controlled by the
collar g&.  To remove the collet, the collar g is raised with
one hand, while the drill is in motion, and the collet is re-
moved with the other hand.

F1G. 59. F16. 60.

Fig. 60 shows a partial section of the socket. The collar g
is bored out to form an internal cam. When the collar is in
its lowest position, it holds the pins £, £ in, as shown, their
points entering the groove fin the collet. When gis raised
to the position 7 indicated by the dotted lines, the centrifu-
gal force tends to throw the pins out, thus relieving the
collet.  The ends of the pins are tapered, so that the weight
of the collet or drill will assist in moving them out when the
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machine is running at a slow spced and the centrifugal
force alone is not sufficient. The collar is brought back by
its own weight when relieved by the hand. The collet ¢ is
made with a tang 7, which stands between the two pins £, 4,
thus causing it to rotate with the spindle.

81. Key-Grip Socket.—In very heavy work, the tang
sometimes yields to the torsional strain and is twisted.
Fig. 61 illustrates a device that grips the body of the shank
as well as the end. The illustration shows the grip socket

F1G. 61.

with a part cut away, thus exposing all the working parts.
The shank and tang are of the ordinary tapertype. A key-
way a is cut into the shank of the drill with a circular cut-
ter, thus making the bottom the arc of a circle. Thekey &,
which fits the bottom of the keyway and also a slot in the
socket, is held in place by a collar ¢, which is bored eccen-
trically, and which, when in the position shown, causes the
key to grip the shank with a tendency to keep it from work-
ing out, as well as preventing it from

turning in the socket. To remove

the drill, the collar is turned to a

position where the key is free to

move out of the drill shank, and the

drill is driven out in the usual way.

This device can be used with any of

the standard taper-shank drills by

simply milling in the keyway.

85. Light Drill Chuck.—Sep-
arate chucks that grip the drill on
two or more sides are found very FiG. 62.
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satisfactory for the lighter grades of work, and a large
number of different kinds have been made. Fig. 62 repre-
sents a type that is largely used for small drills. The body
of the chuck a is attached to the drill spindle either by
means of a screw Or a taper shank, as described above. In
three holes 4 converging toward the center line, as shown,
are three jaws d, which, when forced forwards by the
nut ¢, close in upon the drill shank and grip it firmly. The
jaws are so formed that the parts that grip the drill are
always parallel and therefore grip various sizes equally well.
The nut is held in and turned with the collare¢, which is
nurled on the outside to furnish a better grip for the hand.

86. Heavy Drill Chuck.—Another form of chuck
that has given excellent satisfaction and is used for heavier
work than the one just described, is shown in Fig. 63. The

body of the chuck has a

slot @ cut across the lower

end, in which two jaws 4,

are free to move toward

and away from the center.

These jaws are controlled

by means of a screw ¢, one

end of which has a right-

hand thread and engages

with the thread on one jaw,

while the other end has a

left-hand thread that en-

gages with the other jaw.

FIG. 63. The jaws are so guided that

the faces are always parallel, and drills of any diameter that

will enter the chuck are gripped equally well. A holein the

plate ¢, which is screwed to the bottom of the body, is large

enough to take only the largest diameter of drill for which

the chuck is designed. A plate f immediately above the

jaws contains a slot g made to fit the tang on the upper end

of the drill shank, thus preventing the drill from slipping in
the chuck. ’
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87. Safety Drilling and Tapping Device.—A very
efficient safety device for drilling and tapping is illustrated
in Fig. 64. A shank a, which
is tapered to fit the spindle
with which it is to be used,
has upon its lower end an
enlarged part that is threaded
on the outside and bored out
to form a friction seat for a
socket 4. A cap ¢, which has
an internal thread to fit the
external thread on «, clamps &
between itself and @, form- o
ing another friction surface
between 4 and ¢. Two fiber
washers & and ¢ are placed be-
tween @ and 6 and 4 and ¢,
respectively. The cap ¢ is
tightened on the washers until
the friction obtained is suffi-
cient to drive the drill or tap,
and is held in adjustment by
the check-nut 4.

Two spanner wrenches are required to make the adjust-
ment. Drill and tap sockets that fit the required drills or
taps are made to fit the socket & and are kept from dropping
out by the catch pin /, which enters the grooves » and # in
the drill and tap sockets, and is held in place by a spring
and retaining screw. The sockets are driven by means of
two feathers. The tap shank is made about 1} inch smaller
in diameter than the tap socket £, thus allowing the tap to
take its own feed without injury to the thread, and to
center itself with the hole without binding, while a catch
pin o0, held in place by a flat spring, engages with a groove
in the tap and keeps it from dropping out until a force
greater than its own weight is applied. A specimen of
the taps used, marked 7, shows how the shank is con-
structed, p being the groove for the catch pin. The drill

FI1G. 64.
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sockets g, which are made in various sizes to take different
sized drills, have a standard taper and a slot ; at the upper
end to receive the tang.

88. Automatic Reverse Tapping Chucks.—Where
a large amount of tapping is done, much time may be saved
by the use of a device that will reverse the tap and back
it out, either when the tap bottoms or sticks, or when it
has run the required depth. Several such devices are on
the market and many of them give very good results. In
one class, the mechanism is so designed that the tap travels
with the spindle while running forwards, but as soon as it
meets with more than a certain amount of resistance, a
reversing gear, or set of gears, is thrown into action and
the tap is backed out at an increased speed. In another
class, th= tap is also reversed and backed out when it has
run a stated depth. Such a device, it will be seen, is a safety
provision as well as a means of saving a large amount of time.

SECURING WORK ON THE TABLE OF THE
SIMPLE DRILLING MACHINE.

89. Securing the work properly on the table of a drill-
ing machine is one of the important parts of drilling. A
piece that is not properly set or not well secured will not
be well drilled, although all other conditions may be perfect.

90. The Table.—The table of the ordinary drill
press should furnish a perfectly plane surface standing at
right angles to the center line of the spindle. It should
also be provided either with holes through which bolts
may be passed or radial slots for T-headed bolts, so that
work may be clamped rigidly upon it.

91. Securing the Work.—A plain piece of work, in
which the holes are to be drilled at right angles to a plane
upon which the piece may rest, may be secured very simply
in the following manner: The piece @, Fig. 65, which is to
be drilled, is laid upon the table 4, with two parallel pieces
of iron ¢, ¢ under it to raise it far enough from the table to
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prevent injuring the latter when the drill emerges from the
piece. Two clamps
d, d are then placed
with one end upon the
piece over the paral-
lels, and the other end
upon blocks or screw
jacks e, ¢ of the same
height as the top of
the piece. Bolts f, f
are then put through
the clamps and the
table, as near to the
work as the holes will
permit, and the nuts
screwed down until the
clamps press firmly up-

on the piece and hold
it rigidly enough to e ¢ e
prevent any slipping _— Le
while the drill is pass- ' b ,
ing through it. d —
F1G. 65.

The above illustra-
tion embodies the essential features of clamping. A piece
must always be set so that the center line of the hole to be
drilled is parallel to the center line of the spindle, and must
be clamped rigidly in that position. Great care must be
taken to have all the supports so adjusted that the piece will
not spring out of shape when the clamps are tightened down.

Irregular parts that have not a plane surface upon which
to rest must be supported with jacks or blocks at different
points. When pieces that are too large to be supported
entirely upon the table are to be drilled, the overhanging
parts must be blocked up, to prevent any undue strain upon
the table or any spring in the piece itself.

92. Plain Clamp.—The clamps are often made by
drilling a hole a little larger than the bolt in a piece of flat
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iron of suitable length. This kind of clamp is sometimes
made with an offset, as shown in Fig. 66 (@), which serves the
double purpose of forming a shoulder to prevent the work
from rotating and of lowering the clamp-bolt nut so that it
does not interfere with other parts.

93. U Clamp.—A more convenient clamp is made of a
piece of square iron bent in the form of a U, as shown in
Fig. 66 (), the inside width being just great enough to take
the bolt freely. Such a clamp can be removed and replaced
without taking the nut off the bolt. In some cases, the
other form is of advantage, however, and both are found
among the accessories of a drilling machine. The U clamp
is often made without the offset at the end, shown in the
illustration.

o}
[ I
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1]
C
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F1G. 66.

94. Screw Jack.— The screw jacks mentioned
above consist of a cast-iron foot @, Fig. 67, which has a
tapped hole running vertically through it and a square-head
bolt &, with a thread cut the entire length of the body,
screwed into it. The top of the bolthead should be faced
to form a good bearing surface, and the corners rounded to
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prevent any digging when adjusting the height. The
bottom of the foot is sometimes left rough, but it is better
to have it finished.

95. Parallels.—The parallels used in blocking up
the work should be care- -

fully planed and should
be made of rectangu-
lar cross-section and in
pairs. Sometimes par-
allels are made with the
width exactly twice the
thickness. It is conve-
nient to have the width
of each pair equal to

J

the thickness of the il
next larger. FIG. 68.

96. V Blocks for Supporting Cylindrical Pieces.
Cylindrical parts are usually supported on V blocks a,
Fig. 68. The V blocks should be made in pairs, so that a
piece resting upon them may be exactly parallel to the drill
table. It is usually of advantage to make the block wide
enough to support short pieces with a single clamp, as shown
in Fig. 68. A hole 4 drilled at the point of the V will form
a clearance in planing. The two sides of the V usually
make an angle of ‘45" with each other.

97. Angle Plates.—Pieces with a plane surface at
right angles to the surface to be drilled are usually attached

—————— -

4
FIG. 69.

to an angle plate by means of clamps, as illustrated in
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Fig. 69. If the overhanging part is too long, it should be
blocked or jacked up and clamped at another point as far
away from the angle plate as possible. The angle must, of
course, be firmly bolted to the table.

98. C Clamps.—The style of clamp shown in Fig. 69
- is known asa C clamp and
is shown on a larger scale

in Fig. 70.

99. Special Angle
Plates. — Angular pieces
are frequently supported
on angle plates of the same
inclination as the piece. For instance, the piece @ in Fig. 71
is clamped to an angle plate & of the same inclination, thus
bringing the surface to be drilled parallel to the table.

F16. 70.

100. Vise.—A vise as shown in Fig. 72 is often used
for supporting the work. It is convenient especially where
the bottom of a piece is irregular and yet has parallel
sides that the vise may grip between the jaws @, a. A lug é
on each side forms a convenient means of clamping the vise
to the table.

101. Universal Vise.—Fig. 73 shows a universal
vise that may be bolted to the table of a drilling machine

(

Fi1G6. 1.

and may be rotated both in a horizontal and in a vertical
plane. The two circles @ and 4 are graduated, as shown.
Such a vise is especially useful where holes must be drilled
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at different angles in the same piece.

The piece can be set

either horizontally or vertically, and, by having the circles

F1G6.72.

graduated, it can be rotated to any desired angle without

resetting.

102. Necessity of Clamping Rigidly. — When a
piece has been set and adjusted in a vise, the jaws and all
parts that are liable to move should be tightened securely.

In a good vise, provision is always
made for clamping every joint. In
the universal vise shown, for instance,
it is not safe to depend on the adjust-
ing screws to hold the work, and the
clamping screws should always be
drawn tight when all adjustments
have been made.

103. Drilling Parts To-
gether.—When two adjoining pieces
are to be drilled so that the holes in
the two are to match perfectly, they
should be drilled together whenever
practicable. This insures a perfectly
continuous hole, and avoids a great
deal of awkward and expensive fitting.

104. Jigs and Fixtures.—In
manufacturing, where pieces are du-

F1G. 78.

Plicated in large numbers, special Jigs and fixtures are

made for holding and drilling the work.
be considered later.

Some of these will






DRILLING AND BORING.

(PART 2.

TYPES OF DRILLING MACHINES
AND THEIR USES.

SIMPLE DRILLING MACHINES.

1. Up to the present time, only the simplest type of
drilling machine has been considered—one that embodies
only the principal features of the elementary drill.

2. Necessity of More Flexible Arrangement.—It
is evident that in our modern practice there is need of a
more flexible machine—one that will accommodate a broader
range of work than the simple machine described.

3. Adjustable Table.—The great difference in the
size of the work, and the various angles at which holes must
be drilled, have demonstrated the need of an adjustable
table that can be moved vertically, swung about the column,
and rotated about its own center, while in some forms of
drills it may be tilted to different angles.

4. Variable Cutting Speed. —It has already been
seen that nearly all materials possess qualities that make it
necessary to use different cutting speeds in order to work
them efficiently. It is obvious also that a drill of large
diameter must run more slowly than a smaller one, the
revolutions per minute being inversely proportional to the

§11
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diameter of the drill. To illustrate: A drill § inch in diam-
eter may make twice as many revolutions per minute as a
drill 1 inch in diameter, and four times as many as one
2 inches in diameter, in the same material. Provision must
therefore be made for a number of different speeds, any one
of which may readily be thrown in by the operator.

5. Variable Feed.—A more flexible means of feeding
must also be provided. It is frequently necessary to havea
greater pressure upon the drill than the hand lever described
will furnish, and power feeds, in which the rate of feed can
be varied, as well as other methods of feeding by hand, have
been brought into use.

6. Movable Spindle.—It is of very great advantage,
too, in some classes of work to be able to move the spindles
to accommodate the work, and this has been accomplished
in several different ways. It is evident, however, that
every machine need not embody all these features, but all
these and others are seen in the various machines found in
well-equipped shops. The peculiar features of each machine
are determined by the class of work it has to perform. It
must always be remembered that the machine is made for
the work and not the work for the machine, and, in distrib-
uting the work to the various machines, whether drilling
machines or other machine tools, the adaptation of the
machine to each piece must be considered.

MEDIUM-CLASS DRILL.

Z. Fig. 1 illustrates a machine that is largely used for
light and medium-class work, and one or more of this gen-
eral type is found in every good machine shop. This
machine differs somewhat from the elementary machine
described, yet it embodies the same essential features.

8. Driving Gear.—The spindle a, Fig. 1, is driven by
means of a pair of bevel gears 4, 4 and a belt running on
a pair of stepped or cone pulleys ¢, ¢. The four steps on



§11 DRILLING AND BORING. 3

the cones furnish four different speeds, any one of which
may be obtained by simply throwing the belt to the desired
step. A belt running from the pulleys & and ¢ to a coun-
tershaft transmits the power to the drill. Either & or ¢

Fi1G. 1.

runs loose upon its shaft. When the belt is on the loose
pulley, the drill stands still. Tostart up the drill, the belt is
shifted from the loose to the tight pulley, which is keyed
rigidly to the shaft, and therefore transmits the power to
the pulley ¢ and to the drill.

S. Vol. 1l.—1e.
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9. Feed.—Inadditiontotheleverfeed already described,
a wheel feed is provided. This consists of a hand wheel f
keyed to a shaft that has its bearing in the hub g, and on
the other end carries a worm /%, which engages with a worm-
gear ¢ mounted on the lever shaft 7. It will be seen that a
much greater pressure can be put upon the drill point with
the hand wheel and worm than with the lever, and it is there-
fore used for the heavier work,
while with small drills and
materials that are easily cut,
the lever is used.

Provision for using either
method at will is made as fol-
lows: An eccentric bushing in
the bearing g, in which the
hand wheel and worm-shaft is
carried, may be rotated by
moving the small hand lever £,
a thus carrying the shaft out
until the worm /% does not en-
gage with the gear 7. Fig. 2
itlustrates how this is done;
a represents the hand wheel
and worm-shaft; &, the bush-

3 ing; ¢, the bearing; and d, the
/C: ~ worm-gear. When 4 is in the
Fic. 2. position shown, the worm and

worm-gear engage with each other, but when 4 is turned to
the position shown by the dotted lines, the shaft @ and the
worm are carried with it and the worm and worm-gear are
out of contact. The shaft ;, Fig. 1, is then free to be
turned by the hand lever. When it is desired to use the
wheel, the lever must be disengaged. In the machine
shown, the hand lever turns the shaft 7 by means of the
spring latch /, which engages with a notched wheel # keyed
to 7. To disengage the lever, it is necessary simply to hold
the latch in its raised position. This is done by means of a
catch at the top of the lever.
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10. Table.—The table z is supported on the arm o
and may be rotated about its center, while both arm and
table revoive about the column p. The table may be raised
and lowered by means of a gear that engages with the rack g,
and is turned through the medium of a worm and worm-gear
with a wrench or crank applied to the square . The drill
foot s is used as an auxiliary table upon which work that is
too large for the table » may be placed.

11. Adjustment and Clamping.—Thisarrangement
will accommodate a wide range of work, while all operations
and adjustments are under the complete control of the oper-
ator. It must be remembered, however, in dealing with
these machines, that as the machine is made more flexible,
so as to accommodate a wider range of work, a larger number
of parts and joints are introduced, and greater care must be
taken to keep every part in perfect adjustment. When a
piece is set, and the table moved so that the drill is exactly
central with the hole to be drilled, the table should be
firmly clamped by tightening the bolts in all its movable
joints.

HEAVY TYPE OF DRILL.

12. A heavier machine of this same type is shown in
Fig. 3. The driving mechanism is furnished with a back
gear at a, in order to supply a greater variety of speeds.
The bevel gears driving the spindle are enclosed at 4.

13. Feed. — This machine is supplied with a rapid
hand-lever feed operated by the lever ¢, a hand-wheel
feed operated by the wheel &, and a power feed operated
by means of a belt running on the cone pulleys ¢ and f, the
latter being keyed to the main driving shaft, thus transmit-
ting the power to a pinion and rack on the spindle, through
the bevel pinion and gear g and / and the worm and worm-
gear 7and . The power feed is thrown in and out by means of
a clutch £, which is controlled by the pin / running up
through the vertical feed-shaft. When both the power and
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hand-wheel feeds are to be thrown out, in order to use the
rapid hand-lever feed, the bearing m is moved out in the
direction of the arrow 7z, by turning the rod o with which

FiG. 8.

the bearing is connected, the bearing p being pivoted so as
to permit the bearing m to swing. A counterweight s bal-
ances the weight of the spindle and reduces the friction of
the feeding device.

14. Table.—The table swings about the column as in
Fig. 1, but, instead of rotating about its own center, it hasa
straight-line adjustment in the direction of the center line
of the arm, which permits a straight line of holes to be
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drilled without moving the arm. The table is raised and
lowered by means of a crank ¢ connecting through gears
with a screw in the column that carries the nut 7 upon
which the arm rests.

SIMPLE RADIAL DRILL.

15. A machine that is designed for a class of work
that cannot well be mounted upon a drill-press table, either
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because of its size or weight, is shown in Fig. 4 and is called
a radial driil.
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16. Driving Gear.—The spindle is carried in a head
that traverses back and forth upon a radial arm «, which is
hinged upon a vertical slide s on the column 4. The spindle
is driven by means of a
belt ¢, which runs over
pulleys 2 on the shaft
and y on the end of the
arm, while an intermediate

F16. &. pulley that travels with
the head, and about which the belt is carried by means of
an idler, transmits the motion to the spindle. The plan of
the belt cis shown in Fig. 5. The driving pulley x is splined
upon the shaft &, while the pulley y is supported on the outer
end of the arm a; s represents the driving pulley on the
drilling head, and = represents the idler. The motion is
transmitted either to the spindle direct or through back
gears shown at f, Fig. 4. A counterweight ¢ balances the
weight of the spindle, thus relieving the feeding device.
The head is traversed by means of a hand wheel v, which
has a worm on the other end of its shaft engaging with the
rack g.

17. Feed.—Both hand feed and power feed are pro-
vided. The former is operated by the hand wheel % on the
oblique shaft ¢, which has a worm ; on its end that engages
with a rack on the upper end of the spindle. The power feed
is obtained by means of a worm on the spindle running in a
worm-gear, and is connected with the oblique shaft 7 by
means of the gears, worm, and worm-gear at 4 The hand
feed or power feed is thrown in as desired by means of the
hand wheels / and » and the pin »n.

In the larger sizes of this type of machine, a power trav-
erse for the head is also furnished, taking its power from
a screw in the radial arm «, which is connected with the
vertical shaft 4 by means of a pair of bevel gears. Thearma
and slide s are raised by means of a screw in the column
that runs in a nut attached to the slide between the guides
of the upright. The power is transmitted to this screw
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through the gearing at o, and is controlled by the handle p
on the lower end of the vertical rod ¢.

18. Foot-Plate and Table.—The work for which this
type of drillis used is usually large and is generally sup-
ported on the foot-plate », which is finished and fitted with
slots for T-head bolts. The table s is, however, provided for
smaller pieces, or pieces that require side support. It is
finished and has slots for supporting work on the top and
sides. For light work, its own weight is sufficient to hold
it in place, but for very heavy cuts, or where there is a
tendency to tip, it should be bolted down.

19. Setting the Work.—The same general rules that
apply to ordinary drill-press work apply to the radial drill.
The work must always be so set that there will be nospring
in the piece when the clamps are tightened, and should be
so placed that as much work as possible may be done with-
out resetting.

GEAR-DRIVEN RADIAL DRILL.

20. The general type of radial drill already described is
often driven by means of gearing and rods instead of the
belts # and ¢. The power is transmitted directly from the
main driving cone to a vertical rod in the center of the col-
umn, then, by means of gears at the top of the column, to a
vertical rod corresponding to &, Fig. 4. Another pair of
bevel gears connect this rod with a horizontal rod on the
arm a, which is geared to the spindle in the drilling head.

RADIAL DRILL WITH OUTER COLUMN.

21. The type of radial drill mentioned above has ac-
quired a large place in drilling operations, and for work
where extreme accuracy is not essential, it has given ex-
cellent satisfaction. There are cases, however, where the
spring of the various overhanging parts causes errors that
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are objectionable, and, to overcome this spring, a supporting
column at the outer end of the radial arm is sometimes
added. Fig. 6 represents such a machine, which is called a
radial drill with outer column. The column a with
the radial arm 4 swings in an arc about the center of the main
column ¢, and, when moved to the right position, it is

k

Fi1G. 6.

clamped to the bed by means of the bolts o, thus forming a
solid support for the arm. A simple device for moving the
outer column consists of a lever ¢ linked to the foot of the
column, as shown. The lower end of the lever enters a series
of holes f in the bed, thus forming a series of fulcrums for
the lever as the column is drawn along.
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Aside from the outer column and the provision for moving
it, this machine is substantially the same as an ordinary gear-
driven radial drill. The power is transmitted to the spindle
. through a pulley that connects with a vertical rod in the
center of the column ¢. This rod is geared to an outer ver-
tical rod that moves with the radial arm through the gears
at £. The power is transmitted to the cone / through a pair
of bevel gears, thence by belt to the cone 7, which is con-
nected either directly or through back gears ¢ to a hori-
zontal shaft p, which is connected through gearing with the
drilling head g¢.

UNIVERSAL TABLE.

22. Itis often necessary to drill holes at an angle in
radial machines. For the
smaller pieces, a universal
table, Fig. 7, may be used,
upon which the piece is set
and tilted to the desired
angle. The table is bolted
to the foot-plate by the lugs
a, a. It may be turned
about its center upon the
circle 4, while the top can be
set at an angle, as shown, by
means of the handle ¢ and a
worm and worm-gear d.
Clamping bolts on eachcircle
hold the table firmly in place FiG. 7.
when it has been adjusted to a desired position.

UNIVERSAR RADIAL DRILL.

23. In large work that cannot be supported upon a uni-
versal table, a radial drill with an arm that can be rotated
about its own center, and equipped with a head that can be
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thrown to any angle, as shown in Fig. 8, has been found very
useful. The rotation of the arm is obtained by pivoting it
upon the center of the shaft ¢. Such a machine is called a
universal radial drill. Thecircle @, upon which the arm.
is rotated, is graduated in degrees, and, as the arm may be
turned through the entire circle, an adjustment to any
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angle may be made very quickly and accurately. The circle &
on the head is also graduated, thus furnishing a ready
means of setting the spindle toalmost any conceivable angle.
This machine, while differing frém the radial drills already
described in some details, maintains the same general con-
struction. A careful inspection of the illustration will
readily explain the utility of all the parts.



§11 DRILLING AND BORING. 13

MULTIPLE-SPINDLE DRILL.

24. Object.—The present tendency toward specializa-
tion has brought about the use of tools especially designed
to save time and prevent error in the duplicating of parts.

FiG. 9.

It has been found that in drilling a large number of holes in

one piece, time may be saved by using multiple-spindle
drilling machines.
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25. Spindles in One Plane.— Fig. 9 illustrates a
machine of this type with six spindles that have their center
lines all in one plane. The spindles are driven from the
same shaft @ by means of worms and worm-gears J, the shaft
a connecting with the driving cone g through the gears %
and 7. The motion for the feed is taken from the shaft ¢,
running in the cross-rail, and is transmitted to each spindle
by gearing and clutches at J, the feed-shaft ¢ being driven
from the shaft a by a belt on the cone pulleys ¢and f, which
also furnish the variable feed.

The table on the machine shown is not movable, and only
work of a moderate depth can be drilled in it. This same
general type of machine is, however, frequently made with
an adjustable table. The spindles can be moved along the
cross-rail and adjusted to any distance apart, within the
range of the machine, while any number of holes from one
to six may be drilled at the same time.

This type of machine is used principally for plate work,
structural iron, and other light work requiring a large
number of holes in a straight line. Modified forms are used
largely for drilling locomotive frames and bridge chords,
and for tapping nuts in large numbers in bolt and nut
factories.

26. Universal Adjustable Spindles. — Multiple-
spindle drills are frequently made with universal adjust-
able spindles. The universal joints allow the spindles to
be moved in and out as well as along the cross-rail. With this
arrangement, holes that are not in line with one another
may be drilled at one setting, or if the holes are to be tapped
or reamed and are far enough apart, half the spindles may
be equipped with drills and the other half with taps or
reamers, so that when the holes are drilled the piece may
be moved to the other set of spindles and finished without
taking it off the machine.

Tigs should always be used in drilling with universal

, since the short lower bearing is liable to
y worn or may not be in perfect adjustment,
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thus introducing inaccuracies. A well-constructed jig guides
the drill perfectly and avoids this danger.

27. Vertical Flange-Drilling Machine.—A very
useful multiple-spindle drill is shown in Fig. 10. Here the
spindles may be adjusted about the center of the main dri-
ving ‘spindle . The drill spindles are all equipped with

Fi1c. 10

universal joints and each one moves independently of the
others. This enables the machine to drill as many holes as
there are spindles in one circle, or the spindles may be
arranged in two or more circlesor set irregularly, as desired.

This machineis designed for drilling engine cylinders, pipe
flanges, valve bodies, etc., but it may be used for almost
any work where such a grouping of drills is desirable. The
illustration shows a piece of pipe clamped upon the drill



16 DRILLING AND BORING. 8§11

table with jig attached and drills inserted, ready for drill-

ing. The power is transmitted to the spindles by a spur

gear on the main spindle @, and a small pinion on the upper

end of eachof the drill spindles enclosed in the upper part of

the head 4. The drill spindles are held vertically in both

the upper and lower bearings.

The feed is obtained by lower-

S ©) ing the entire head 4. This

may be done either by means of

the pilot wheel ¢, or by power

by means of a belt running
on the cone pulleys & and e.

° 28. Horizontal Flange-
Drilling Machine. — Mul-
tiple-spindle drilling machines
with two hcads set horizon-
& - tally upon a long bed, intended
' especially for drilling the two
Y ends of engine cylinders, pipes,
© etc. at the same time, have
recently been placed on the

market. The construction of

the heads is practically the

same as that shown in Fig. 10,

4 the only difference being that
they are placed horizontally on
the bed. The work is held on
a table between the two heads.

SENSITIVE DRILLS.

29. The drilling machines
already described have been
designed for the heavier grades of work. There is, how-
ever, a large amount of light work in a machine shop upon
which drills must be used, and which is too small to stand the
strain of heavy machines. This has led to the development of
a lighter and more sensitive class called sensitive drills.

- (-3

F1G. 11,
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Fig. 11 illustrates a machine of this class. The power is
transmitted directly to the spindle by means of belts, while
the speeds are varied by the use of the ordinary cone pul-
leys. The feed is of the simple, hand-lever, pinion-and-rack
type, already described, which is the most sensitive arrange-
ment in use, any variation in the working conditions of the
drill point being readily felt with the hand upon the lever.
The table @ of the drill shown has no vertical adjustment,
but may be swung about the center of the post, out of the
way of the center line of the spindle, so as to permit long
pieces*to be set upon the lower table 4. The lower table and
the lower spindle bracket ¢ are both adjustable vertically,
thus permitting pieces of greatly varying lengths to be taken
into the machine.

This class of machine is used largely for center drilling in
shops where a special machine for this purpose is not avail-
able. The funnel-shaped piece &, commonly called a cup
center, is a special device for centering the lower end of a
shaft that has been cut off straight. The shank is set in a
hole in the center of the lower table 4, the center line of
which coincides with the center line of the spindle. The
cupped-out top of & is made a perfect internal cone, with its
axis in the center of rotation of the spindle. A shaft that is
set into this cup and is held with its center under the drill
at the upper end will, therefore, have its center line in the
axis of rotation, and a hole drilled into it, when held in this
position, will be concentric with the outside of the shaft
throughout its entire length.

PORTABLE DRILLS.

30. Introductory.—In recent years there has been a
marked development in light, portable machines for drilling
and kindred purposes. The extreme lightness of their con-
struction and the small space that they occupy have made
them available for much of the work that was formerly done
by hanrd, and a large amount of time and hard labor may
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be saved through their use. Most of these machines are
so light that they can be carried about and operated by
one man.

31. Classes of Machines.—These machines may be
classed under three heads, deriving their names from the
manner in which they are driven, viz.: preumatic drills,
electric drills, and flexible-shaft drills.

32. Pneumatic Drills. —Portable pneumatic tools
are made in a large number of different forms. Some are

WAl
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driven by means of oscillating cylinders, others by means of
vanes, acting through gearing that gives the proper reduc-
tion of speed.

Fig. 12 shows one of the oscillating cylinder type set up
for drilling. The cylinders and gearing are enclosed in a
case a. The air, which for this class of work is generally
compressed to about 80 pounds per square inch, is brought
from the air compressor or storage reservoir to the drill
through a rubber tube &, the tube usually being protected
by means of wire wound spirally about it. The drill is

[ XS
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fed by means of a screw ¢ and is operated as indicated in
the illustration. The air is turned on or off and the flow
regulated by means of a valve &, which is controlled by the
hand of the operator. This type of machine will drill and
ream holes up to 3 inches in diameter, and may be used
for various other operations, such as tapping, grinding
steam joints, boring in wood, etc.

33. Electric Drills.— Electric machines that are
used for the same operations embody the same general

/
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features as the pneumatic machines, the difference being
that an electric motor is substituted for the air motor.

S. Vol. I1.—13.
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34. Flexible Shaft.—Fig. 13 illustrates a flexible
shaft and drilling machine set up ready for use. The power
is transmitted to the shaft through a rope drive, the rope run-
ning from the pulley & on the driving end of the shaft, over
a pair of idlers ¢ hung from the ceiling, to a pair of idlers d
attached to the floor, as shown,
thence to the pulley ¢ on the
countershaft. Byeither
lengthening or shortening the
rope attaching the idlers & to
the floor, the pulley # may be
moved to any location within the reach of the driving rope.
A variable speed is obtained by means of the step pulley «.
The shaft is made by winding successive layers of wire in
opposite directions about a center wire, as shown in Fig. 14,
the outside being covered with leather.

FiG. 14

35. Drilling Machine. —The drilling machine
used with the flexible shaft is shown in Fig. 15. It con-
sists of a pair of bevel gears @ and 4 mounted in a frame ¢,
a spindle &, feed-screw ¢, and wheel /. The bevel pinion g,
which is covered by a guard, is attached to the flexible shaft,
while the bevel wheel ¢4 is splined upon the spindle 4. The
drill is held in the spindle in the usual way.

The illustration shows how the machine is set up for
drilling with the flexible shaft, by means of which it may be
operated at any angle. This machine may also be used for
drilling horizontal holes in a vertical drill press, or for drill-
ing vertical holes in a horizontal machine, by attaching it
directly to the drilling-machine spindle instead of the flexible
shaft.

36. Electrically Driven Flexible Shaft. — When
there is no running shaft available, the flexible shaft may
receive its power from any convenient portable source, as
a small electric motor mounted upon a suitable truck. The
shaft is connected to the motor by means of a universal
joint, in order that the arrangement may be as flexible as
possible.

BN
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37. Heavy Portable Machine Tools. — The tend-
ency toward larger units in manufactories of various sorts
has introduced a new phase in machine-tool operations.
Parts that are too heavy to be machined in the ordinary

Fic. 18,

stationary machine tools are now met with quite commonly
in machine shops. This has led to the use of large cast-iron
floors upon which the work is placed, and portable machine
tools, which may be carried to the floor and set up in any
position to accommodate the work.

Fig. 16 illustrates a case where a 135-ton flywheel was
to be drilled at intervals along the rim for the purpose of
joining the sections in which it was cast. The individual
parts were machined and fitted together, but, to make the
joints, several 2-inch holes had to be drilled through 26 inches
of solid metal. An ordinary radial drill was lifted from its
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base and set upon the rim, as shown. When the holes at
one joint were drilled, it was moved to the next jointand the
operation repeated, until all the joints were completed. A

F16. 16.

rope drive was used in transmitting the power to the drill.
The idlers were attached at the center of the wheel, thereby
making it possible to move the machine to any point on the
rim without changing the length of the rope.
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BORING MACHINES.

INTRODUCTORY.

38. It has already been stated that the machine tools
of the present day have their origin in the lathe, which
stands out as the parent machine tool. Some of the differ-
ent machines developed have passed through various stages
and forms in the course of their evolution and have become
distinctive types in themselves, bearing in their general ap-
pearance no resemblance to the machine from which they
were derived.

This is especially noticeable in machines used in boring
operations, these being regarded by the present-day observer
as a distinctive type of machine tool in themselves. Two
subdivisions have even been made, each division represent-
ing a type of boring machine adapted to a certain class of
work. These two types, namely, vertical and lorizontal
boring machines, are so widely different in their construction
that the most careful observation is necessary to establish
their relationship. While they are known as boring ma-
chines, they both perform other operations. The vertical
type is designed for turning as well as boring, and is often
called a boring and turning mill. The horizontal type
usually performs drilling and some classes of milling opera-
tions, as well as boring, hence the name lorizontal boring,
drilling, and milling machines.

VERTICAL BORING MACHINE.

GENERAL DESCRIPTION.

39. Introductory.—Fig. 17 represents the ordinary
vertical boring and turning mill found in up-to-date
machine shops. The work is clamped upon a rotating table
a, which is provided with slots for T-head bolts and a circu-
lar hole in the center, as shown. The cutting is done by
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means of tools in the lower ends of the boring bars 4, 4,
there being on the machine illustrated two of these bars
carried in two saddles upon a cross-rail c.

Fi6. 17.

40. Control of Cutting Tools.—The tools are raised
and lowered by means of the hand wheels &, d, or by power
through the rods ¢, ¢, which are geared to the boring bars
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and connect by means of gearing at f and a friction wheel
and disk at g, through the bed of the machine to the driving
cone .. The tools are fed horizontally by means of the
screws 7, ¢, which traverse the saddles upon the cross-rail.
These screws may be operated either by hand, with the
handles 7, 7, or by power through the gearing at fand fric-
tion wheel and disk at g, already referred to. Reversing
devices are provided, and the whole machine is entirely
under the control of the operator. The cross-rail is raised
and lowered by power through the pulley and gearing at 4.

41. Control of Feed.—The rate of feed is regulated
by the friction wheel and disk at g&. The wheel can be
raised and lowered by turning the hand wheel /, while the
position of the disk does not change. It will be seen that as
the wheel approaches the circumference of the disk, it will
make more revolutions per revolution of the disk than when
near the center. When the wheel is carried below the cen-
ter of the disk, the direction of motion is reversed, while the
same range of speeds is obtained by moving it toward the
circumference. A great variety of both vertical and hori-
zontal feeds in either direction is thus obtained, while
clutches and reversing mechanisms in the saddles place the
tool perfectly under the operator’s control. Counterweights
are provided wherever possible, in order that all parts may
be operated easily.

42. Arrangement of Feed. — The feeds are so ar-
ranged that one tool may be turning the outside of a piece
while the other is boring, or they may both be either boring
or turning on the same or different diameters, or one tool
may be facing the top while the other may be either boring
or turning. When working on different diameters, the tool
on the smaller diameter has a slower cutting speed than
that-cutting on the larger, and the speed must, therefore,
be adjusted for the larger diameter. These operations are
virtually the same as those carried on in the lathe, and the
tools used for these operations in the two machines are
identical.
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43. Table.—The tabie is rotated by means of an in-
ternal gear on its lower side, and a pinion that is connected
through a pair of bevel gears to the driving cone 2. A back
gear like that on a lathe is provided, which, with the differ-
ent steps on the cone, furnishes a wide range of speeds.

The table is supported in the center upon a long vertical
spindle running in a bearing near the top and another bear-
ing at the bottom, while a step bearing at the lower end
takes the thrust. Therim of the table runs in a groove in
the bed, which is flooded with oil, and, when running slowly
on heavy work, the greater part of the weight is taken on
this rim.

Provision is made for raising and lowering the table when
running at high speeds on light work, so that the entire load
is taken by the spindle. A screw sz connects with a wedge
under the thrust bearing by means of a nut and lever, and,
by turning the screw in one direction, the wedge is forced
in, while rotation in the opposite direction withdraws it.
Conical turning or boring may be done by setting the head
at an angle, as shown at the right hand of Fig. 17.

EXTENSION BORING MILL.

44. In shops where there is occasionally a piece of large
diameter to be turned, but where there is not enough of
this class of work to warrant the purchase of a large boring
mill, an extension boring mill may be used to advantage.
On an extension mill, the bed o, Fig. 17, is made with an
extension at the back and ways on top, on which the hous-
ings 7 rest, and on which they may be moved back, so as to
accommodate a larger piece upon the table. The cross-rail
is, of course, carried back with the housings, and, in order
to do boring, it is necessary to use a vertical boring bar sup-
ported from an arm attached to the cross-rail and resting in
the center of the table. As the table revolves, the bar must
stand still. A hub at the center of the work may be faced
by using an ordinary facing head, such as isused in facing
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the ends of cylinders on a horizontal boring mill. This
simple provision in a mill designed for the average work of
a shop will enable larger pieces to be machined at a com-
paratively small increase of cost for machine tools.

BORING AND TURNING OPERATIONS.

45, Setting the Work.—The horizontal table of the
boring mill makes the setting of the piece differ from that
of the lathe and resemble the setting upon the drilling-
machine table. The piece must, of course, be set perfectly
central with the center of rotation as in the lathe, and must
be blocked up and clamped as on a drilling-machine table,
or set in jaws as in corresponding lathe operations. When .
turning and boring a flat part, as an engine-crank disk, for
instance, the part is held in jaws precisely as a piece of
similar form would be held on a lathe face plate. When
the center of such a piece has been bored, the top faced,
and as much of the outside turned as the jaws will permit,
the piece is turned over, trued up with the center, again
gripped in the jaws, and the remaining parts finished.

When a piece is held in this way, it is always well to use
one or more drivers, to prevent the piece from yielding to
the tangential pressure of the tool and slipping in the jaws.
Irregular pieces call for some ingenuity on the part of the
operator, but the principles involved are the same as those
in the case described.

46. The following principles may be taken as a guide in
all emergencies. The piece must always be set with the
circumference to be finished exactly concentric with the
center of rotation, and the center line must be perpendicular
to the plane of the table. If the lower surface is irregular,
it must be blocked up, so that the conditions mentioned
above are true, and must then be either gripped with jaws
or clamped as in the drill press, drivers being provided to
take the twisting strain. The drivers may be simply angles,
orany devices to prevent the part from turning on the table.



28 DRILLING AND BORING. §11

Care must also be taken so that the piece shall not be
sprung out of its true shape when clamped down.

47. Example of Setting.—Fig. 18 illustrates how an
irregular piece may be secured on the table. Before setting
a piece, the table must be carefully cleaned and lowered so
that the weight is taken on the outer rim. When this is
neglected, there is danger of injuring the step bearing and
also of springing the table. The piece is then placed on the
table, set approximately central, and leveled up by blocking
at regular intervals. In Fig. 18, screw jacks @ are used in
leveling up. When the piece is approximately level, a tool

FiG. 18,

is brought very near the circumference to be turned, and
the table is rotated slowly. Careful observation of the dis-
tance between the part and the tool will show in which
direction it must be moved in order to bring it perfectly
central. At the same time, the distance from the tool to
the upper surface may be observed and the piece brought
level as well. Several trials may be necessary before the
correct position is obtained. Jaws &, which are supported
upon extension arms ¢, which in turn are bolted to the
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table &, are used for centering and clamping. The jaws
are equipped with adjusting screws ¢ to control the grip f.
The jaws are also provided with clamping bolts (not shown)
by means of which they are secured after being adju%ed.

48. Alladjustments having been made, two drivers, one
on each side of the center, are set against any available sur-
face. In the illustration, an angle ¢ is set against a lug /£
and is clamped on the table, as shown. The piece having
now been properly secured, it may be well to test the setting
again, and to look over all bolts, so as to be sure that every
part is fastened securely, after which the machine may be
started, the speeds properly adjusted, and the tools fed as
required. The cutting conditions are the same asin a simi-
lar operation in a lathe.

The piece shown is held by three vertical jacks a, three
jaws &, and two drivers g. On pieces where a flange orany
other surface upon which a clamp may secure a hold is avail-
able, clamps are used in preference to the jaws, drivers being
applied to prevent any sliding on the table. In some cases,
the weight of the part, together with the clamp, furnishes
grip enough on the surface of the table to prevent any slip-
ping, but this grip is very uncertain, and it is better not to
depend on it entirely. Other special boring operations are
described in Drilling and Boring, Part 3.

HORIZONTAL DRILLING AND BORING
MACHINES.

49. Introductory.—Horizontal drilling operations are
so closely associated with horizontal boring that they will
be considered together. Nearly all horizontal machines are
designed for drilling, boring, and milling, the spindle being
designed for any of these operations. The economy of such
an arrangement is evident when it is considered that the
boring operation requires that a hole, sufficiently large to
permit a boring bar to be passed through it, be previously
formed, either by coring or drilling.
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Small holes, up to about 2 inches in diameter, are usually
drilled, and a machine that will do both the drilling and boring
with onesetting saves a large amount of time. Resetting, or
moving to another machine, frequently takes more timeand
requires a larger number of men than the drilling or boring,
while in the meantime the machine is standing idle and the
additional service of a power crane is often necessary. For
this same reason, it is an advantage to be able to perform a
milling operation at the same time. It will be observed
that these three operations require practically the same
spindle action, and can, therefore, be carried onin the same
machine. It is economy to have machine tools so arranged
that the greatest possible amount of work may be done with
one setting. This should always be borne in mind when
selecting and arranging machines, as well as in their opera-
tion.

50. Drilling and Boring.—It has already been stated
that drilling consists of sinking circular holes in solid ma-
terial. Boring, as understood in a machine shop, consists
of enlarging and truing a hole that has previously been
made. Thisis done by supporting, independently of the piece
to be bored, a bar that carries one or more cutters. The
center of the bar thus forms the center of the bored hole in-
dependently of the center of the original hole. Where the
center of the new hole does not correspond with the center
of the original hole, the heavy cut on one side will cause the
bar to spring and the hole will neither be perfectly round
nor straight. One or two light cuts after the roughing cut
has been taken usually true it up. When the cutis uneven,
therefore, provision should be made for a finishing cut by
using a cutter slightly smaller than the desired hole for the
first cut.

51. Simple Boring Bar.— There are two different
styles of bars used in this operation. The simplest of these
is used almost entirely for the smaller holes, and resem-
bles, in construction, the counterbore already described in
Art. 69, Drilling and Doring, Part 1.
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Fig. 19 represents this type of bar. The end a is made
to fit either the spindle or some device attached to it. The
bar should be as large as the hole will permit, in order

O -

that the spring may be reduced toa minimum. The mate-
rial for the bar should be selected with a view to its stiff-
ness. For the larger sizes, cast iron is often used because
of its great rigidity.

T
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52. Cutter Siot, Cutter, and Key.—At the middle
of the bar, a rectangular slot is formed to receive the cutter
b and a key ¢, which holds the cutter in place. The back of
the cutter and the front of the key are slightly tapered in
order to wedge the key in the slot, the two ends of which
are parallel and perpendicular to the centerline. When the
cutter has been fitted, it should be turned up in the bar,
making the ends parallel. The cutting should all be done
on the front edges, which are formed with the proper clear-
ance angles. The outer corners are usually rounded
slightly.

When no adjustment of the cutter is required, it is well to
fit it into the slot with a slight taper running from the out-
side of the bar, as shown by the dotted line 4. This enables
it to be removed and replaced, or allows other cutters that
have been similarly fitted to be inserted in its stead. This
will not do for cutters that require adjustment, as the ta-
pered sides hold them firmly in one position. Thisadvantage
is, however, so great that it is generally thought better
practice to have a set of cutters of different sizes properly
fitted to the bar than to use the adjustable form.

53. Location of Cutters.—The cutter is placed at the
middle of the bar, since this type travels through the work.
The work extends its full length beyond the cutter in both
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directions as the latter reaches the ends of the work. A
pair of slots similar to that at the middle are put near the
ends of the bar, where the ends of the piece are to be faced,
and facing cuttersareinserted. Thus,the boring and facing
will be done with the same bar and with a single setting
of the piece.

54. Length of Bar.—This type of bar should be some-
what more than twice the length of the work, in order that
there may be room for

setting the cutter when
a the work stands at either

end.

55. Nut Support
y : for Cutter. — Another
o< boring bar and cutter
of this same class, that
possess some excellent
features, are shown in
Fig. 20. The cutter a is notched with tapered sides to fit
corresponding tapers on the bar, as shown. A nut ¢ and
collar & are used to hold the cutter instead of the ordinary
key. A better support for the cutter is thus provided,
while the danger of injury due to the use of the hammer
in setting the cutter is entirely eliminated.

F1G. 20.

56. Boring Bar With Traveling Head.—Another
form of boring bar that is used in boring holes of compara-
tively large diameter is shown in Fig. 21. The bar « is usu-
ally made of cast iron, cored out so as to furnish the greatest
stiffness with a minimum weight. A head & is bored to fit
the bar and turned on the outside to a diameter somewhat
smaller than the diameter to be bored. One or more boring
tools ¢ are let into the head, as shown, and are held in place
by the straps and tap bolts at 4.

57. Boring Head.—The head istraversed by means of
a screw ¢, which runs in a slot in the side of the bar, and a
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nut on the inside of the head. Theslot is made large enough

e@\
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so that the nut is free to travel
from end to end as the screw
is rotated. The head is rotated
with the bar by means of a key
in the head and a spline that
runs the entire length of the bar,
diametrically opposite the feed-
screw. Bearings f, f support
the screw at each end, while it
is rotated with reference to the
bar by means of a star feed,
acting through the gears at /.

58. Rotation of Bar and
Support of OQuter End.—The
bar is rotated by attaching it to
the spindle of a boring mill, or
by means of special gearing.
The outer end of the bar is sup-
ported by a bearing carried upon
a pedestal that can be moved on
the floor to suit the position of
the head, and adjusted to any
desired height.

59. Facing Head. — This
type of bar is generally equipped
with a facing head, as described
in Art. 70, that is clamped to
the bar, as shown. This head
receives its feed in the direction
of the length of the bar by mov-
ing the whole bar and spindle
endwise. The facing tool is fed
radially by means of a star feed,
as described in the article men-
tioned.
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SIMPLE TYPE OF HORIZONTAL DRILLING AND BORING
MACHINE.

60. Head.—One of the simplest types of drilling and
boring machines is illustrated in Fig. 22. The general ar-
rangement of the head resembles very closely that of a
lathe, the cone pulley and back gear being the same. Instead
of the ordinary face plate, there is an attachment on the

Fi1G. 22.

end of the spindle for supporting either a drill or a boring
bar. The spindle runs through the center of the cone and
is so splined that, while it rotates with the driving gear, it
may be fed through it by mecans of the screw a, which is
turned either by the hand wheel & through the shaft and
gearing shown or by power through the gearing atec.

61. Boring-Bar Support.—An outer bearing & forms
a support for the outer end of the boring bar. Slots ¢ andy
in the head and the side of the table, as shown, permit this
bearing to be moved as near to the work as possible, in order
to prevent any unnecessary spring in the bar.

62. Table.—The table is supported at the outer end
and provision is made for vertical, side, and longitudinal
adjustment by means of the screws ¢, ¢, f, and g, respect-
ively.

63. Setting the Work and Tools. —The work,
which is set upon the table %, can be drilled and bored in
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one position, then moved to another position and the
operation repeated without resetting. The work is fast-
ened on the table precisely as it is on a vertical drill, care
being taken to have the center line of the hole in perfect
line with the center of the spindle. It is well, also, to
guard against the work slipping endwise by setting a dog,
or other support, solidly against each end. The tools used
in this style of drill, aside from the boring bar, are the
same as those used for similar operations in the machines
already considered.

POST DRILL.
64. Another form of machine that isused very largely

in machine shops for work not requiring extreme accu-
racy is shown in Fig. 23. The driving parts are supported

—_— —_—
FIG. 2.
on two posts, which give this class the name of post drill.
The spindle a, with the driving part &, may be adjusted
S. Vol. I.—14.
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vertically by means of a rack ¢ on the post, while the work,
which is set upon a table & equipped with wheels and
mounted upon a track, is adjusted horizontally by moving
the entire carriage along the track. In the machine
shown, the carriage is moved by means of a bar that fits
the holes shown in the hub ¢ of the wheel nearest the post.
The machine is driven by means of a belt f, which runs
over an idler g and a driving pulley on the spindle a, then
over another idler 2, down through the floor, and up again
at 7.

The essential features of the driving mechanism are the
same as in horizontal boring and drilling machines, although
the details are necessarily quite different.

This machine is used very largely for drilling flanges, spot
facing, etc., and is especially useful on parts that are too
high to be drilled in an ordinary machine tool. The posts
are carried high enough to accommodate any work that can
be handled in the shop, the tops being supported by means
of braces carried from the side walls or ceiling.

HORIZONTAL FLOOR MILLS,

65. General Arrangement. — A type of horizontal
boring, drilling, and milling machine that is used quite
extensively in shops doing heavy work is illustrated in
Fig. 24. The boring bar @ and feed mechanism are carried
in a head 4, supported on a column ¢, which, in turn, rests
on the bed 4. The power is transmitted to the machine
through the cone pulley and back gear at ¢, and is carried
by means of shafting and gears to the boring bar. The
machine is so constructed that the head may be moved
vertically on the column, and the column horizontally on
the bed, while the boring bar moves in and out through
the head.

The work is set on a floor /%, which is provided with
T slots, as shown. The outer end of the boring bar is sup-
ported in a bearing f mounted on the column g, which rests
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on the floor. The column and bearing may be moved to
any location on the bed, and adjusted to any desired height.

668. Floor.—The floor of this type of machine is some-
times made very large, so as to accommodate more than
one machine. A good arrangement consists of two ma-
chines set at right angles to each other, the one being of
a heavy class designed principally for boring on large

FI1G. 24,
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diameters, while the other is somewhat lighter and is espe-
cially adapted for drilling operations.

67. Double-Head Machine.—Machines have been
designed with a heavy boring head on one side of the col-
umn and a drilling head on the other, with the driving
mechanism so arranged that either one can be thrown in
at will. With this arrangement, only one head can be op-
erated at a time, and the experience of users of such a
machine seems to indicate that better results are obtained
by mounting the two heads on separate columns, so that
both may be operated at once.

688. Setting and Faatening Work.—The same prin-
ciples that have already been mentioned in connection with
the securing of the work on the tables of other machines
apply to this class of machine as well. It is necessary toset
the work perfectly level, and to line up the center line of
the proposed hole with the center line of the boring bar.
Parallels and blocks, or wedges, are used to raise the work
to a suitable height, and to level it up. When it is properly
set, clamps are applied, as shown in Fig. 25.

69. Example of Setting Up and Fastening Work.
Fig. 25 represents an engine bed set up on a large floor
and being operated on by a boring bar connected with a
large horizontal boring machine. The bed @ is mounted on
parallels 4, & near each end of the bed, which are clamped
to the floor plate by means of the clamp ¢, and the bed is
clamped to the upper parallels with the clamps &, 4. A pair
of pipe jacks ¢, ¢ running out from the corners, as shown,
guard against both side and end motion. A duplicate set
of parallels, clamps, and jacks, at the other end, which is
not shown, hold the bed rigidly in place.

70. Arrangement of Boring Bar and Cutter.— -
The illustration shows the boring bar f, the boring head g
with two tools /%, /2 in position, the traversing screw 7, the
outer bearing 7 with the front of its supporting column £,
the facing head / with the tool 72 clamped on the toolslide #,
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the feed-screw o, the star p, and the star feed-post ¢, the
last being bolted to the floor.

The boring bar is connected to the spindle by means of a
special socket . One end of the socket fits the spindle and
the other end is bored out to receive the boring bar, which
is gripped and held central by means of four setscrews s.
The illustration shows a typical piece of work for this class
of machine, and the usual method of supporting and hold-
ing it.

MILLING OPERATIONS IN BORING MILLS.

Z1. The milling done in horizontal boring machines is
similar to that done in the heavier types of milling machines.
Solid cutters are used for the smaller work, and large
inserted-tooth cutters, resembling the heads used on rotary
planers, are usually employed in facing large surfaces. The
horizontal boring machine is especially well adapted for
facing irregular surfaces, the horizontal and vertical feeds
being so arranged that either one or both may be thrown in
at the same time, thus permitting any path within the range
of the machine to be followed.

CYLINDER BORING.

72. Setting Up Work.— Engine, pump, or other
cylinders in which a reciprocating piston must operate,
should always be bored in the position in which they are to
be used. The cylinder of a vertical engine should be bored
standing on its end, while the cylinder of a horizontal
engine should be bored in a horizontal position. In large
cylinders, especially, there is considerable spring due to
their weight, which will tend to produce an oval shape when
a cylinder that has been bored in a vertical position is laid
on its side, or when a cylinder bored in a horizontal position
is set on end. When the boring is done in its working posi-
tion, this difficulty is practically eliminated.
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73. Tools for Finishing Cut.— The working sur-
face should be very carefully bored in order that there may
be no unevenness or irregularities of any sort. There is
some difference of opinion, however, as to the best course to
pursue to attain this end. Some claim that the finishing
cut should be taken with a square-nosed tool in order that
the surface may be perfectly smooth, while others‘prefer a
rounded diamond point, claiming that the narrow point is
less affected by unevenness in the structure of the metal,
and that the slight ridges formed tend to reduce the amount
of metal in actual contact, and are an advantage rather than
a detriment. The ridges also tend to draw the oil under
the piston, thus affording better lubricating conditions.

74. Continuous Travel on Finishing Cut.— All
shop men agree that whatever tool is used for the finishing
cut, it should run continuously from one end of the cylinder
to the other. The heating due to the action of the tool
causes enough expansion that even a short stop will leave a
noticeable ridge, and long stops often make it necessary
to bore the whole length over again. For this reason,
cylinder-boring machines should be run by an independent
engine or other motor.

75. Machines Employed in Cylinder Boring.—
Cylinders are bored in lathes, vertical and horizontal boring
mills, or special machines built for that purpose, depending
on the amount of this class of work that is to be done. Ex-
cept in shops where a specialty is made of one or more types
of machines, either a lathe or an ordinary vertical or hori-
zontal boring mill is used. .

CORLISS ENGINE CYLINDER-BORING MACHINE.

76. A machine for boring large Corliss engine
cylinders is shown in Fig. 26. Two adjustable boring
bars @ and 4, standing at right angles to the main
spindle ¢, are provided for boring the ports, while the
main spindle ¢ bores the cylinder proper. An outboard
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bearing & for the main boring bar, which is mounted on
a vertical slide on the column ¢, is raised and lowered to
suit the spindle by means of the wheel /. The main spindle

19
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is driven through the
cone and back gear
at g, while the main
head / is raised and
lowered by means of
a belt running on the
pulleys #, which con-
nect with the head by
means of a vertical
shaft through a worm
and worm-gear at ;.
The small heads and
boring bars @ and &
are operated through
the cone and gearing
at £ and shafting and
gears in the bed / and
column 2. The col-
umn 2, with its bear-
ings, forms an outer
support for the two
boring bars @ and .
The cylinder is sup-
ported on the paral-
lels 0 and p.

VERTICAL
CYLINDER-BORING
MACHINE.

Z7. Inshopshav-
ing a large amount
of vertical cylinder
boring to be done,
special machines are
sometimes employed;
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these machines are so constructed that the cylinder stands
on a heavy floor plate, to which it is clamped. The boring
is done by a vertical bar, the upper end of which, together
with the driving mechanism, is carried by heavy columns.
These machines are sometimes so constructed that the bar
and a portion of the driving mechanism may be lifted out of
the way while the cylinder is being placed in the machine.
Such heavy machines are usually run by an independent
engine or other motor.

VERTICAL BORING BAR.

78. In shops where the amount of work does not war-
rant the purchase of an expensive machine, a vertical boring
bar, like the one shown in Fig. 27, may be used. The
cylinder is supported on the stand 4, and is clamped between
it and the four-arm bracket & at the top, which also forms
the guide for the boring bar ¢. The bar is rotated by means
of a large bevel gear 4 and a bevel pinion (not shown) that
connects with a pulley from which the machine receives its
power. The cutter head ¢ is fed by means of the ordinary
feed-screw f and the reduction gearing g and /% shown at the
top of the bar.

BORING SPHERICAL BEARINGS.

79. The boring of internal spherical surfaces is accom-
plished by means of a revolving boring bar that carries a
tool on an arm that moves in an arc about a point in the
center of the bar, the axis of rotation of the arm intersecting
the center line of the bar at right angles.

80. Special Boring Bar.—Fig. 28 illustrates a device
designed for this purpose. A boring bar @ has a double-end
arm & b pivoted on the axis ¢, which stands at right angles
to the center line of the bar. The arm & & carries on its
outer ends two tools d, d, set in and clamped as shown.

It will be seen that if the arm & is turned about its axis ¢
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while the bar @ is rotating, the tool points will bore an
internal spherical surface. In order to secure this motion,
the arm is constructed with the segment of a worm-gear ¢
on one side. A worm f engages with this worm-gear, so
that when the worm is rotated, the arm swings about the
center ¢, causing the tool points to travel in an arc about
the same center. The worm f is revolved by a star g
through the gears Zz and 7. A post on the floor operates the

y
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star in the usual way. The worm f is supported in two
flanged bushings s and 4, while the arm & is pivoted on a
through bolt. The end / of the boring bar is made to fit the
spindle of a large horizontal boring mill in which it is used,
while the end m fits the outer bearing. Narrow round-
nosed tools are usually employed with a fine feed, so as to
form a smooth surface. For the roughing cuts, the two
tools may be used, but for the finishing cut, it is best to use
one tool only.

81. Portable Boring Devices.—When the amount
of spherical boring to be done does not warrant the
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construction of a bar as illustrated in Fig. 28, or in cases
where a portable arrangement is necessary, a boring bar
may be fitted up as shown in Fig. 29. An ordinary boring
bar a, with its feed-screw and gearing 6 and ¢, and boring
head d, is fitted up with a forked arm ¢, which is pivoted
on both sides of the bar, so that the axis of rotation of the
arm and the center line of the bar intersect at right angles.

On
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The arm ¢ carries a tool f and is connected with the head 4
by the link g. The boring bar is rotated by means of the
worm-gear %4 and a worm and pulley that are not shown.
As the screw & is rotated, the head & is moved along the
bar, and the link g causes the arm e to swing about its
axis, and, when both bar and screw are rotated, the tool will
form the desired spherical surface.

The illustration shows the bar mounted on a large engine
bed 7 /, ready to bore the spherical bearing 7 7. The bar is
supported on two brackets £, £ bolted to the ends of the
bearings, and is kept from moving endwise by means of the
worm-gear / on one end and the collar / on the other end.

sk



DRILLING AND BORING.

(PART 3.)

DRILLING-MACHINE OPERATIONS.

DRILLING.

1. Laying Out.—In many modern machine shops, the
laying out of all the work is done in a special department
and the work is sent to the machine tools ready for the
operation. For the drilling machine, the cen-
ter of the required hole is marked; a circle
equal to the diameter is scribed about it and
light prick-punch marks put at the center
and at intervals about the circumference, as
shown in Fig. 1. The diameter and character
of the hole are also marked, usually with Fic. 1.
chalk. The marks on Fig. 1 indicate that a 1}-inch reamed
hole is required.

R

2. Enlarging the Center Mark.—When the work
reaches the drill, the operator enlarges the center a with a
large center punch, to form a guide for the drill point when
beginning the cut. It is practically impossible to start the
drill in the center of the hole without the assistance of this
deep center mark.

§ 12
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3. Adjusting the Work and Table.—The piece is
now ready for the drill, and is mounted and clamped on the
table as already explained. The drill table is then swung
about and adjusted until the center mark stands immediately
under the drill point, the drill having, in the meantime,
been run down to make sure that the point coincides with
the center. The table is then clamped to prevent any
motion while drilling, the machine started, and the drill
fed into the work.

4. Starting the Drill.—When the drill has com-
menced cutting, any unevenness,
or varying hardness of the metal,
or imperfection in the drill point,
tends to carry the point away from

7/ thetrue center of the hole. Asthe

/% drill runs down, making a conical
hole as shown in Fig. 2, any tend-
ency away from the center may

be observed by raising the drill point slightly and blowing or

brushing away the chips. If the outer circle made by the
drill is not concentric

with the circle of punch <; 3]

marks, thedrill has run

off from the desired
center, and must be ¢ — — ]

brought back. Adraw- FIG. 8.

ing chisel, shown in Fig. 3, is used for this purpose. This

is simply a narrow round-nosed chisel with which the metal

is cut away on the side toward which the drill point is to be
drawn, as shown in Fig. 4. The cutting should be done
quite near the center, as a given amount of metal
removed there will draw the drill farther than
when the cutting is done near the circumference.

The drill is again lowered and the result
observed. If the circle should not be concen-
tric, the chisel is again used and the drill tried;
this operation is repeated until the hole coincides exactly

A

Fi1G. 2.

FIG. 4.
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with the circle when the drill has entered to its full diameter.
The punch marks are cut away equally all around the cir-
cumference when the drill has been properly started. The
drill is then fed through the piece, or to the desired depth,
either by hand or by power, and when the cut is finished,
it is backed out by hand.

K. Advantages of Power Feed.—All drill presses of
the heavier types should be so constructed that either hand
or power feed may be used at will. In light work, enough
pressure can be furnished by hand to cause the drill to cut
to its full capacity, but in the heavier work a greater pres-
sure is needed. It is contended by some that the average
workman will accomplish more by feeding by hand than by
using a power feed, since the tendency seems to be to set
the feed at its finest rate, although most drill presses are
provided with gearing that will furnish two or more rates.
This is the fault of the operator and not of the method.
The power feed should be so set that the drill will work up to
its limit, which it is impossible to accomplish with a hand feed
when large drills are used.

The power feed has several advantages over the hand feed
for all sizes of drills. With a hand feed, the drill will leap
forwards as the point emerges from the material, often
causing a rough hole and injury to the drill. The same
is true when it enters a blow hole. In drilling flanges, the
drill frequently breaks through on one side, and, when the
cutting edges stand at a certain angle, the drill runs forwards
easily and the next instant takes a heavy cut on one side
only. It is evident that this condition will sooner or later
result in an injured drill. With the power feed, all this is
avoided, as the drill has a fixed rate of advance. In using
the power feed, care must be taken to see that the drillisin
proper working condition.

6. Lead Holes.—In using large drills, time may be
saved by drilling a small hole at the center for the entire
depth of the hole, the diameter of this small hole being made
at least equal to the length of the scraping edge at the point
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of the large drill. The small center hole is called a lead
hole. This hole will permit all the pressure to come on the
— cutting edges proper, and all the power is
applied directly to removing the metal.
The drill will thus cut more rapidly than
it will when required to remove the metal

from before its center.
When the large drill runs out of center
~—— at the start, it is necessary to draw it over
FiG. 5. with a drawing chisel. In this case, a
groove running the full length of the conical surface should

be cut as shown in Fig. 5.

7. Drilling Deep Holes. — In drilling deep holes
through a piece of work, it may be necessary to go deeper
than the length of the flutes in the drill of
the required size. If the hole is not too
deep, the drill may be backed out and the
hole cleaned at short intervals. When
the hole is very deep, however, time may
be saved by running the drill down as far
as the chips will discharge, then drilling
the remaining depth with a smaller drill,
making a hole as shown in Fig. 6. The
first drill is then put back into the ma- Fio. 6.
chine and the entire hole drilled to the full size.

The second drill must be small enough so that the chips can
work out around it, but must not be so small that the chips
made by the larger drill that follows it cannot drop out freely
at the bottom. In one instance, where a 11§-inch hole was
drilled through 26 inches of solid cast iron, a 1}-inch drill
was employed to drill the small hole and gave good results.

REAMING.

8. Methods of Reaming.—It hasalready been stated
that reaming consists of truing up a hole by means of a
reamer. The hole has been previously drilled or bored, and,
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as it is a matter of economy to do as much work as possible
at the same setting, the reaming is often
done in the same machine that was used
for the drilling or boring. The rough-
ing reamer is usually made with a shank
that can be used in a drill press, and is
run at a slow speed and fed carefully by
hand. For very accurate work, the
reamer should be operated by hand, but
may be guided by a center in the drill
spindle, as shownin Fig. 7. Thereamera
is turned with a wrench and is followed
up by the center 4, which also furnishes
the necessary pressure. FIG. 7.

9. Care Necessary in Reaming.—Reaming should be
done with the greatest care. Undue forcing of the reamer,
any side pressure, or any irregular or jerking motion, tends
to injure both the reamer and the hole. A very steady and -
comparatively slow motion under a light pressure gives the
best results. In some cases, the weight of the reamer and
the wrench is sufficient to furnish the feed, although some
additional pressure is usually necessary.

10. Machine Reaming.—In cases where a large num-
ber of holes are to be reamed, it is done with one reamer,
operated by a drill press and fed with the power feed. This
should, however, be done only in cases where there is enough
work of this kind to enable the operator to know exactly
what speed and feed to use, and to set his machine properly.
The holes, too, must be drilled very carefully, in order that
there may be no great variation in the duty of the reamer. -

TAPPING.

) 11. Forms of Taps Used.—The forms of - taps used

In the drilling machine are the same asthose used in the

lathe, except that in the former the shank is usually made
S. Vol. Il.—15.
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with a standard taper or other form adapted for drill chucks
or sockets, while in the lathe the square-end tap is used.
The devices for holding taps in the drilling machines
are explained in Arts. 87 and 88, Drilling and Boring,
Part 1.

In ordinary machine tapping, a taper tap gives the best
results. When the thread runs through the material, the
tap is run either entirely through or until a thread of the
full diameter is formed. When the hole does not run through
and the thread must run as near the bottom as possible, the
taper tap is used to start the thread, and is followed by a
plug and bottoming tap.

12. Speed of Spindle.—As in reaming, the speed of
the spindle must be slow, and, after the tap is started, no
pressure should be put upon it by the feeding device. The
tap should be perfectly free to take its own feed.

13. Correct Size of Drilled Hole.—1It is a very
important matter in tapping that the hole should be so
drilled that a full thread will be formed without removing
an excessive amount of metal. When the hole is drilled
too small, it is very hard to start the tap, and, when it is
started, the work is so heavy that the tap is frequently in-
jured, while the amount of time and energy required is far
greater than is necessary.

It is claimed by some, however, that the hole should be
drilled larger for cast iron than for wrought iron and steel,
and that a thread about three-quarters full in the case of
cast iron is stronger than a full thread, owing to the danger
. of crushing the points of the thread and perhaps injuring
the tap in case a full thread is attempted.

A hole that is too large is equally objectionable, as the
threads will not be of the full depth, and will, therefore,
be imperfect and weak. The tap runs very easily, how-
ever, when the hole is large, and for this reason there is
a tendency toward making it large, even at some sacrifice
in the strength of the thread. This should, however, never
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be permitted, as the perfect form of the thread should be
maintained under all conditions. Tables Vand VI, Art. 47,
give the sizes of drills to be used for taps of various sizes.

COUNTERSINKING, COUNTERBORING, FACING, AND
CENTER DRILLING.

14. Countersinking, counterboring, and facing
are carried on very much as ordinary drilling. The tool is
inserted in the drill socket, the hole brought central with
the spindle, and the tool is fed down to the desired depth.
The speed should, however, be reduced to a suitable point
for the outside diameter of the cutting edges of the tool
used. Center drilling is fully considered in Art. 23,
Lathe Work, Part 1, and Art. 29, Drilling and Boring,
Part 2.

LUBRICATING.

15. Thesubject of lubrication of drills has already been
considered in Arts. 40 to 42, Drilling and Boring, Part 1.
The same conditions with regard to lubrication that have
been mentioned exist in the use of countersinks, counterbores,
facing tools, and center drills. In working cast iron and
brass with these tools, no lubrication is necessary; in fact,
it retards the work in the case of cast iron. Wrought
iron and steel, however, always require lubrication. In
reaming and tapping, some form of lubricant should be‘used
with all metals.

Usually, the lubricant is dropped on the cutting edges
with an ordinary oil can, but in multiple-spindle machines,
and occasionally in single-spindle machines, a tank, with a
tube leading to the tool, is attached to the machine frame.
The flow is controlled by means of a valve in the tube. A
small pump carries the lubricant from the table of the
machine back to the tank, thus providing a means of using
the same lubricant over and over again, and of flooding
the cutting edges without undue waste of the lubricating
material.
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DRILL GRINDING.

16. Form of Drill Point.—The form of drill point
that will give the best results has already been considered in
Drilling and Boring, Part 1. It is very important that
this form shall be maintained whenever the drill is ground.
The drill point should always be perfectly symmetrical,
and when cutting, should produce similar cuttings on each
side.

17. Hand Grinding.—To grind a drill by hand so that
the above conditions may be fulfilled requires the great-
est skill and care. Hand grinding is usually done by
holding the' tool on the grinder withouyt any gauge, and
depending only on the eye for the correct cutting and
clearance angles. Sometimes a flat drill is tested by press-
ing the one cutting edge against a smooth piece of wood,
while holding the drill in a certain position, then turning
it and pressing the other edge on the same mark, still main-
taining the same position of the shank. If the two marks
coincide, the drill is supposed to be well ground. The accu-
racy of this test depends entirely on the skill of the work-
man, but remarkably good results are often obtained in
this way.

18. Measuring the Cutting and Clearance
Angles of Twist Drills.—The test given above is not a
very sure one, and it is better in the case of a twist drill
to use a gauge, or a protractor, set at the required angle,
as shown in Fig. 8 (¢). By turning the drill so as to bring
the protractor from @ to 4, the clearance angle may be
observed, and in this way the two sides may be compared.

Another method often used is illustrated in Fig. 8 (4).
The point of the drill is set on a plane surface or on a
straightedge, and a scale held against its side, as shown.
The heights of the corners @ from the point are thus meas-
ured. If the two sides are alike, the drill is turned, and the
heights of the corners 4 are measured, thereby determining
whether the clearance angles are equal. The scale is then
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laid along the cutting edges, and if all three correspond-
ing measurements agree on both sides, the point is sym-
metrical.

(d)
FIG. 8.

19. Angle and Length of Scraping Edge.—The
clearance angle determines the angle of the line a §,
Fig. 9 (@), in which the planes of the clearance faces inter-
sect. This illustration shows about the correct angle.
When the angle is too small, as in Fig. 9 (4), or too great,
as in Fig. 9 (¢), the drill will not work well.

& D B

(a) (b) (c)
F1G. 9.

In order to give strength to the drill, the center is made
thicker as it approaches the shank, and it is obvious that as
the cutting edges are ground back, the length of the line a &,
Fig. 9 (@), increases. When this increase becomes objec-
tionable, the flutes should be ground out until the point is
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reduced to its original thickness. In this operation, care
must be taken not to change the shape of the flute.

20. Machine Grinding.—As may be expected from
the methods employed, hand grinding is generally not satis-
factory, and machines that obviate the difficulties met with
in hand grinding have been
brought into very general
use. The machine shown
in Fig. 10 may be taken
as a fair representative of
twist-drill grinding ma-
chines.

21. Twist-Drill
Grinding Machine. —
The grinding wheel a,
which is rotated by means
of a belt, is supported on a
column & at a convenient
height from the floor. The
drillis held on twoV-shaped
supports ¢, ¢ and an end
rest &, all of which are held
on an arm ¢, which is sup-
ported in a bearing £, about
whose axis the arm ¢ is free
to swing. The bearing f
is supported on the end of
the arm g and may be moved nearer or farther away from the
wheel @ by sliding the arm endwise in its bearing, while it
may be clamped at any position.

22. Grinding Twist Drills.—To grind the drill, it is
laid on the V's ¢, ¢ and the end rest 4 is adjusted to hold the
drill near the wheel. The lip of the drill is laid against a
gauge that is hidden behind the upper V, and the arm ¢ is
rotated about the axis /. The drill is fed slowly toward the
wheel by turning the screw / until the drill is ground to the
desired edge.

F1G. 10.
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23. Form of Clearance Face.—Itis evident from
this construction that the metal back of the cutting edge
will be ground away in the form of an arc of a circle, and
not in a plane surface as in hand grinding. This has been
thought objectionable, but the use of these machines has
demonstrated that if the radius is properly adjusted for each
size of drill, the arc immediately back of the cutting edge
will be so flat, and will approximate so closely to a plane, that
the supporting edge is practically not weakened. As the
arc runs farther away from the cutting edge,.it, of course,
deviates more from the true clearance angle, but before any
deviation is noticeable, the arc has run so far back that the
support of the cutting edges is not affected.

24. Length of Radius.—The length of the radius is
adjusted by moving the arm g in or out of the bearing, the
position being determined by a very ingenious little device
shown at z. In order to make the adjustment for the drill,
the arm g is loosened and drawn out a short distance. The
upper V, ¢, is then loosened and moved up until the opening
between the projection 7and the projection jon thearm ¢ just
permits the drill to pass through. The V is clamped in that
position, and the arm g is again moved in until the lip gauge,
already mentioned, just clears the wheel. The end rest &
is then set to the proper position, and the drill laid on the
V's and ground, as explained above.

These adjustments can be made with very little loss of
time, and a perfectly symmetrical drill point is assured. It
is claimed that a machine of this type will grind drills
ranging from § inch to 24 inches in diameter.

DRILLING AND BORING JIGS AND FIXTURES.

DRILLING JIGS.

25. Drilling Duplicate Pieces.— Duplicate pieces
may be drilled by the use of drilling jigs. A drilling
jig is a device or fixture that may be temporarily attached
to the work, and acts as a guide for the drill in any desired
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position. The guiding of the drill is accomplished by means
of steel bushings placed over the positions of the required
holes. It is obvious that in this way a large amount of time
otherwise devoted to laying out may be saved, and, when
the jig is well made, a degree of accuracy may be attained
that is impossible by any other means. The economy of
such a device depends on the number of pieces to be drilled
and the cost of the jig.

26. Construction of Jig.—The body of the jig is

usually mad€ of cast iron, but, in order to prevent undue

wear of the holes, hardened-steel

bushings 4, Fig. 13, which fit

both the jig and thedrill snugly,

areinserted. These bushings are

generally made with a shoulder,

as shown in Fig. 11, and with the

Fic. 11. inner corner slightly rounded, to

avoid injury to the drill when entering. Jigs are frequently

used from both sides, the bushings being set as shown in

Fig. 12, and the inside corners being rounded on both ends.

In drilling two adjacent parts, as,

for instance, the flange and head of

a cylinder, the head may be drilled

first, and may then be used as a jig

for drilling the cylinder, or as a

templet for marking the holes.

When a large number of duplicates

are to be made, however, it is better to use a jig for both
the cylinder and head.

FiG. 12

27. Jig for Drilling Flanges With Regularly
Spaced Holes. — Fig.
y 13 illustrates a flange a
and a jig 6 of the form
that is very generally
used for this class of
work. A lip ¢ on the
Fio. 18, circumference fits the
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flange and holds the jig central. When in the desired posi-
tion, a clamp is applied to keep the jig in place while the
drilling is being done. When the holes are equally spaced
on the same circle, and the adjoining flange or head is of
the same diameter, it may be drilled with the same jig,
thus insuring a continuous hole when the two parts are put
together.

28. Jig for Drilling Flanges With Irregularly
Spaced Holes.—When the holes are not regularly spaced,
it is evident that they
cannot be drilled by r‘f 1
turning the jig over, as Lit a JRE
suggested in Art. 27 ; A : 7
cognsequently, it is l/&@l
necessary to make the T 5
jig with a lip on each
side and with bushings
set in, as shown in
Fig. 14, so that each side of the jig will fit one of the
adjacent flanges. It is evident that when the flange a is

-

F16. 14.

PIG. 15.

drilled with the side a’ of the jig against it, and the flange &
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with the side &' against it, the holes in the two flanges will
meet perfectly, however irregularly they may be located.

29. Example of Drilling With Jig.—Fig. 15 shows,
mounted on a drilling-machine table, a jig for drilling the
hub and hub plate of a locomotive wheel, in which the holes
are not regularly spaced. The plate a is supported on par-
allels & resting on the table ¢. The jig & has a lip ¢ on each
side, to fit the bores of both the plate and the wheel. The
set-in bushings are shown at g. A single clamp f holds both
jig and plate in place.

30. Outside and Inside Jig.—Fig. 16 (a) shows a jig
used in drilling two parts, one of which has a projection a
which must fit into a bored hole 4 on the other. The jig is

I
L8

(-

|_/

Fi1G. 16.

T

(_-_
%

(%)

pomme

(a)

made with a counterbore ¢ on one side, which will fit the
projection a, and a projection & on the other side to fit the
bore 4. This same arrangement may be used in drilling
parts of different sizes, as, for instance, a manhole and its
cover, as shown in Fig. 16 (4).

31. Jigs for Irregular Surfaces.—The jigs shown
thus far are intended for circular pieces, but the principle
involved may be applied to pieces of any form, with either
regular or irregular surfaces. Fig. 17 shows a right-hand
and left-hand jig used in drilling parts of the saddles of a
vertical boring mill. One of the pieces is shown at @, and a
number of them are piled up at 4. Two of these pieces—

-t
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one a right-hand ¢ and one a left-hand d—are bolted on
the floor plate of a radial drill, with the jigs in place ready
for drilling. All the holes in the two pieces are drilled
without moving either piece. The upper surface of the

¥16. 1.

saddle being uneven, several holes are required on the level ¢,
and others on the level f. The illustration shows how the
jig is formed to fit the uneven surfaces.

For holes that are to be reamed, two bushings are pro-
vided, one for the drill and the other for the reamer. The
drilling bushing is made smaller than that for the reamer,
the difference in their diameters being equal to the allow-
ance for reaming.

BORING FIXTURES.

32. Fixture for Boring Duplex Pump Cylinders.
Fig. 18 shows a fixture that produces practically the same
result as a jig. Although it does not form a positive guide
for the boring tool, it so holds the work as to properly locate
the holes. It is a device for holding a pair of pump cylin-
ders while they are being bored in a double-head machine,
which is also double-ended, boring the four cylinders at the
same time. The cutters at the two ends of the machine

3}



16 DRILLING AND BORING. §12

rotate in opposite directions, thus lessening the tendency to
move. In Fig. 18 a shows the device empty, while & shows
a pair of cylinders mounted in the machine. The cylinders
rest on a pair of cross-bars ¢, ¢ supported on four adjusting
screws. The end adjustment is made by means of a screw
at each end, only one of which is seen, while the side adjust-
ment is made by means of the four screwse, ¢, ¢, 2. The
fixture is set on the table, as shown, the two tongues f, f

Fi1G. 18,

fitting into corresponding slots, to prevent any slipping and
to insure perfect alinement on the table. The fixture is
clamped on the table by means of the bolts g, &. When the
cylinders are in place, and the adjusting screws are set up
tightly, the cylinders are held securely by means of the
clamps /%, .. The illustration shows a roughing cutter ¢
just entering the cylinder and a pair of finishing cutters 7,
lying on the top of the machine.

33. Speclal Boring Fixture.—Fig. 19 illustrates a
special fixture for boring the connecting-rod-pin hole of a
gas-engine piston. The piston @ is held between the two
V-shaped castings # andc. The one casting ¢ is bolted firmly
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against the side of the rest, as shown, while the other cast-
ing & is loose. The piston is placed between the V’s, as
shown, and when set in its correct position, & is drawn up
against it by the two end bolts &, and the clamping bolts ¢
are tightened. The boring bar f is then-passed through the

‘

F1G. 19.

V's and the piston, and the holes are bored in the usual way.
This arrangement insures a hole that is perfectly central
and square with the piston. For larger pistons, a single V
is used in a larger lathe, the piston being simply clamped
against it. A fixture like this can be employed on either a
lathe or a boring mill.

DRILLING AND BORING LOCOMOTIVE CONNECTING-RODS.

34. Indrilling and boring the ends of locomotive con-
necting-rods and similar work, a machine with two heads
supported on a common cross-rail, so that the spindles may
be set at any position along the cross-rail, is frequently
employed.

Fig. 20 shows the table of such a machine with a parallel
rod a fastened upon it. In the illustration, the one spindle
is fitted with a drill 4 to form a guide hole for the pin fof
the annular cutter, while the other spindle is equipped with
an annular cutter ¢, as described in Art. 38, Drilling and
Boring, Part 1, with two tools ¢, ¢ to remove the body of
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the metal from the hole, the hole having previously been
formed for the center pin . The hole formed by the annu-
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lar cutter is finished
with the reamer 4,
which is of the in-
serted-tooth type.
The holes in the
reamer are made
simply to reduce the
weight. The piece
is held on the table
by means of two
clamps g and /%, the
end 7 being laid flat
on the surface and
the end s resting on
a parallel £, which
is equal in thickness
to the vertital dis-
tance between the
two lower faces.

35. Circular
parallels / of differ-
ent thicknesses are
often used in block-
ing up the ends of
the rod, each size
of rod having its
own set of parallels.
The inside diameter
of the parallel is
somewhat greater
than the diameter of
the corresponding
hole in the rod, in
order that the sup-

port may not be affected when the block of metal is removed.



§12 DRILLING AND BORING. 19

FIXTURES FOR SUPPORTING AND ROTATING WORK.

36. V Supports.—Fig. 21 shows a very useful device
for drilling cylinders. Two pedestals @ of a suitable height
are placed on the base of the drilling machine at a sufficient
distance apart to accommodate the work to be drilled. Two
V-shaped bearings & are placed on the pedestals, and are so
lined up that the center of a shaft lying on them will lie in

L1 21—

e

—]
—

F1G. 21,

the center lines of the drill spindles. The drills will, there-
fore, always drill radial holes in a cylinder whose shaft rests
on these V's and it is necessary simply to lay out the holes,
drop the cylinder with its shaft in place, adjust the drill
spindles to the right distance apart, and drill in circles
about the cylinder, as indicated by the rows of holes shown,
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the cylinder being turned on the V's until each successive
set of holes comes under the drills. The cylinder is kept
from working endwise by the bar ¢, which is set against the
hub and clamped to the pedestal. The cylinder shown in
this illustration is a crushing roll for anthracite coal.
When the holes are drilled, they must be reamed before the
teeth are inserted.

37. Roller Supports.—Fig. 22 illustrates a roll set up
ready for reaming in a radial drill. It is supported on four
rollers @, held in two frames &, &, one at each end of the roll.
The first row of holes is adjusted vertically above the axis

FI1G. .

of the roll by means of a surface gauge, with which a set of
holes on opposite sides of the center are brought an equal
distance from the floor. When this adjustment has been
made, a pin & is inserted in a hole about the height of the
center line, and a block ¢ is so fitted that the pin rests on it.
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This acts as a stop to prevent the roll from turning. When
one row of holes is reamed, the pin is moved down one row
and then brought up by turning the roll until it again rests
on the block, thus furnishing a very simple means for
adjusting each successive row.

38. Heavy Centers.—Fig. 23 shows a very good device
for holding heavy parts with circular ends, such as pump
chambers, under a radial drill. Two uprights «, a, with
two cones &, 4, provided with roller bearings, support the
work, the cones entering the ends of the work, as shown. A
rod ¢ passing through the center of the cones and the cast-
ing keeps the uprights from spreading. The piece is set in
the correct position for drilling one set of flanges, the tie-
rod ¢ is tightened, and all the holes in this plane are then

FIG. 23.

drilled. The rod is then loosened slightly, and the piece
turned until another set of holes comes into position, when ¢
isagain tightened, and the drilling on this face is performed.
This operation is repeated until all the holes are drilled.
The rollers in the hub & reduce the friction of the bearings
so that heavy pieces may be turned with comparative ease.
When any regular series of spaces is required, a special
index may be attached at one end, to facilitate the setting.

S. Vol. 11.—16.
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39. Double Face Plate.—A double face plate, for the
purpose of supporting work that has faced circular flanges
with regularly spaced bolt
holes, is shown in Fig. 24.
Two face plates @ and &
are supported by means of
a bearing on each side of
the bracket ¢, which may
be clamped on the floor
plate of a drilling machine.
The flanged piece &, which
is to be drilled and faced
at ¢, f, and g, and at corre-
sponding points opposite ¢
and f, is attached to the
face plate by means of
three arms /%, bolted to the plate by bolts 7, and to the
flanges by bolts .

The face plates are rotated to the right position for drilling,
where they are held in place- by the latch 4, which enters
notches in the plates. By placing notches at proper points,
holes may be drilled at any angle. In the piece shown, the
holes are drilled at right angles to each other, and the face
plates are held in position by the notches at £and /. The
plates are rotated by means of bars inserted in a series of
holes 2, n, o, etc. about the circumference.

40. The illustration shows only one piece attached to
the plate . In doing work, ordinarily, another piece is
attached to the plate 4, thereby balancing the device so as
to prevent springing the bracket ¢, or cramping while turn-
ing to a new position. This also permits twice as many
holes to be drilled without moving the face plate as when
only one piece is attached, while the service of the power
crane is required only one-half as often.

The face plates may be made to take pieces of various
sizes by moving the arms / to suitable positions. A series of
holes Afor the bolts 7 are provided in the face plates shown,

!
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to accommodate pieces of different sizes. A large variety
of work may be supported in this way by means of suitable
arms. A key s under each arm, which fits into a corre-
sponding keyway, as shown at /, together with the bolt 7,
locates the arm positively. When the piece is enough out
of balance to prevent turning it, counterweights may be
attached to the face plates, as in balancing work in thelathe.

41. Trunnion Supports.—Fig. 25 shows a fixture of
this class for drilling duplex pump cylinders. The cylinders
a, b are held by means of two plates ¢, which, on one side,
have projections entering the ends of the cylinders, and, on
the other side, trunnions &, which rest on V's on the

F1G. 26.

uprights ¢, ¢ of the frame of the fixture. Bolts £, f hold
the plates ¢ in place and form guides for the jig g, by
means of which holes are drilled in the hubs 2 andz. When
the fixture is in position for drilling, the trunnions are fast-
ened by means of the clamps 7.

The illustration shows the bushmg_; and the drill £ in
place, ready to drill the hole. The hub 7 is supported on the
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lower side by a'piece of pipe /. When both the hubs Zand :
are drilled, the jig ¢ is moved away from the hubs in the
direction of the arrow 7, and the ends of the hubs are faced
by means of a double-end cutter. The clamp = is then
loosened and the cylinders turned on the trunnions & to the
next position to be drilled. The four holes o, 0, 0, 0 are
drilled by means of the jig g, which is lying on the floor,
while the four holes ¢, ¢, ¢, ¢ are drilled with the jig s
attached as shown. These cylinders haye holes to be drilled
on four sides, and must be set in as many positions. When
the piece is once set up for one position, it is a simple
matter to move it to any of the other positions. Screw
jacks r are used in adjusting and holding the work. The
piece may be set in position by means of a’' square or level.

MISCELLANEOUS TOOLS AND FIXTURES.

TREPANNING DRILL.

42. Fig. 26 illustrates a special hollow drill designed for
the purpose of removing test bars from a solid piece. The
drill is run into the metal as far as the central core will
permit, when it is withdrawn and, at a point that will cut off
the core at the bottom, a hole is drilled at right angles to it

Fi1G. %86.

with an ordinary twist drill. The coreis then taken out and
turned up to the proper dimensions for testing purposes.
The point a of this form of trepanning drill can easily be
removed from time to time, at small expense. It is made of
hardened steel and is screwed to a soft-steel body &.
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HUBBING TOOL.

43. A very useful hubbing tool is shown in Fig.27.
A hub @ of the piece & is to be finished as shown at ¢. The
tool with which this is done consists of a center bar &, which
fits the bore of the hub, and a tool ¢ supported on the arm f.

F1G6. 27.

As the tool is rotated about the center of the pin, it cuts a
perfect circle. The device is attached to the spindle j of a
heavy drilling machine, the work being fastened upon the
table. The radius at which the tool cuts is regulated by the
adjusting screw g and a clamp % 7.

SPECIAL EXTENSION ARMS FOR VERTICAL BORING-
MILL TABLE.

44. On a boring mill it is necessary at times to
turn work that is larger in diameter than the boring-mill
table. Fig. 18, Drilling and Boring, Part 2, shows how
such a piece may be carried by means of extension arms.
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" There are, however, cases where the extension arms must
project so far beyond the edge of the table, and where the
weight is concentrated so near the end, that additional sup-
port is needed to prevent objectionable springing. Fig. 28
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suggests a means of providing such support when the center
of the piece is open, as in the case shown. The table a of
the boring mill is of the ordinary type, with radial slots.
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The extension arms & are bolted to the table in the ordinary
way. At the center of the table a pillar ¢, with a flanged
foot that is bolted to the table, furnishes the upper support
for diagonal tie-rods & whose lower ends are bolted to the
arms, thus forming an additional support. Turnbuckles ¢
in the tie-rods permit the arms to be adjusted approxi-
mately level, after which a light surface cut may be taken
to true them up perfectly. The piece may then be fastened
in any convenient way that its shape will permit, and
turned up.

This is a comparatively inexpensive and very efficient shop
expedient, which, however, may or may not be a means of
economy, depending on the number of pieces for which it
can be used and the cost of having the work done in a shop
equipped for it. Shop expedients are frequently resorted to
when the work could have been done outside more cheaply.
Great caution should be exercised in the construction of
shop expedients, in order that true economy may be prac-
ticed. :

FIXTURES FOR TURNING SPHERICAL SURFACE.

45. A special fixture for turning a spherical surface on
a vertical boring mill is shown in Fig. 29, an ordinary verti-
cal boring mill being used. The machine has two saddles.
One of them « has bolted to it a bracket ¢, which carries a
pin 4, around which swings the link e. The saddle is so
clamped to the cross-rail that the point & lies in a vertical
line forming the axis of rotation of the table. The other
saddle & is detached from the cross-feed screw in the cross-
rail, and is free to move. A bracket f, having a roller on
each end that bears on the cross-rail, is attached to the
saddle so as to carry its weight, thus reducing the friction
and providing a free motion along the rail. The boring
bar £ has an arm £ attached near its upper end, which car-
ries the fulcrum ¢ of the link e. The link ¢ continues to a
point 7, where a vertical link £is pivoted. At thelowerend, &
takes hold of the lever / at m. The lever / is pivoted at »
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on an arm o attached to the bottom of the boring bar, and
at its end carries the tool g.

. 46. The piece ¢ to be turned is fastened centrally upon
the table 7 of the boring mill. It will be seen that if the
links are properly proportioned, a parallel motion is ob:
tained, and the tool travels in an arc of a circle about the
center of a sphere, and will turn a true sphere when the
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Fi1G. 29.

table is rotated and the boring bar is fed down. In order
to accomplish this, the length of the link Z and the vertical
distance between the pivots # and #» must both be equal to
the vertical distance between the center of the sphere to be
turned and the pivot &; the distance 47 must be equal to
the distance from the center of the sphere to the pivot 7,

T
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that is, the sum of the radius of the sphere and the distance
of the tool point from its pivot #z, and the distance 77 must
be equal to the distance » »z.

As the bar g is fed up, the saddle & will travel toward
the center when turning the upper half of the sphere, in
" order to permit the point ¢ to swing about its center ,
and the point # travels in an arc of the same radius about
the center of the sphere. As the bar g moves down from
the center of the sphere ¢, the saddle & will again travel
toward the center of rotation.

It is obvious that if the distance & 7 is made equal to the
sum of the required radius of the sphere and the distance
from the tool point to the pivot #, the tool will form a per-
fect sphere of the required radius. It is evident, too, that
the center line of the link 7 s will always point to the
center of the sphere, and the tool will cut at the same point,
asit travels along. In this work, a narrow, round-nosed tool
is used with a comparatively light feed, so as to insure a
smooth surface.

TABLES.

47. The following tables are reprinted from the publi-
cations of the manufacturers whose names appear at the
head of each.

Tables I and II give actual dimensions of Morse tapers
and taper shanks. Table I gives dimensions relating to the
taper of the shank and the thickness of the tang. In
Table II, Figs. (a) and (#) refer to the taper of the socket
alone, while (¢) and (&) refer to the shank, the tang, the
slot, and the key. Dimension C of Table I must not be
confused with & of Table II; C, Table I, is to be used in
forming the taper only, while & is the width of the par-
allel end of the tang, which is somewhat smaller than the
small end of the taper.

Table III deals with the speed of drills of sizes ranging
from % inch to 2 inches in diameter, working in soft
steel, iron, and brass. It will be observed that the speed



30 DRILLING AND BORING. §12

recommended for iron is somewhat higher, and the speed
for brass about twice as high, as that for soft steel.

The data preceding Table III has reference to the feeds of
drills and the necessity of using lubricants when drilling in
steel and wrought and malleable iron.

Table IV shows the number of revolutions necessary to
give a cutting speed of a certain number of feet per minute
for drills of various diameters. This table is applicable to
any tool traveling along a circular path.

Tables V and VI give the diameters of drills for taps of
different diameters for V, U. S. Standard, Whitworth, and
pipe threads.

The decimal equivalents of the numbers of the twist-drill
and steel-wire gauge are given in Table VI of Measuring
Instruments.

TABLE I.

MORSE TAPER SHANKS. .
(From Morse Twist Drill and Machine Company.)

K 2
L
fe—— —4————.J
=
¢ Cly
Taper
No. A B c D FE in
12 Inches.
1| 28 | o .356 475 H .600
2 | 3% | 22 .556 700 | .e02
3 33 3% .159 .938 T .603
4 43 4} L0907 1.231 13 .623
5 6 5% 1.446 1.748 & .630
6 8% 8 2.077 2.494 g .626
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TABLE IIIL.

THE SPEED AND FEED OF DRILLS.
(From Cleveland Twist Drill Company.)

This table has been compiled from memoranda furnished us, at our
request, by about 500 of the best known and most successful manu-
facturers in this country. We believe that these speeds should no/ 6¢
exceeded under ordinary circumstances. A feed of 1 inch in from 85 to
125 revolutions is all that should be required according to the size of
the drill. At these speeds it will be necessary to use plenty of oil, or
a solution of oil, potash, and water, when drilling steel, wrought, or
malleable iron.

It is based on a speed of periphery of the drill of 30 feet per minute
for steel, 85 feet per minute for iron, and 60 feet per minute for brass.
It will be found advisable to vary the speed given in the table some-
what, according as the material to be drilled is more or less refractory.

Diameter | Speed |Speed | Speed ! Diameter | Speed |Speed |Speed
of for Soft| for for of for Soft! for for
Drill. Steel. | Iron. | Brass Drill. Steel. | Iron. | Brass.
T 1,824 2,128 (3,648 14 108 125 | 215
% 912 (1,064 [1,824% 1} 102 118 | 203
o5 608 710 |1,216 13 96 112 192
} 456 532 | 912 1} 91 106 182
5 365 425 | 730 1% 87 101 174
8 304 355 | 608 18 83 97 165
T 260 304 | 520 175 80 93 159
3 228 266 | 456 1% 76 89 | 152
= 203 236 | 405 18 73 85 145
3 182 213 | 365 1§ 70 82 140
o 166 194 | 332 14 68 79 | 135
3 152 177 | 304 1% 65 76 | 130
1 140 164 ¢ 280 11 63 73 125
3 130 | 152 [ 260 || 1% 60 71 | 122
1 122 | 1420 243 ' 14§ 59 69 | 118
1 114 | 133 | 228 | 2 57 67 | 114




TABLE IV.

CUTTING SPEEDS.
(From Beaman & Smith.)
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TABLE V.

TAP DRILLS.
(From New Process Twist Drill Company.)

The followin¥ table shows the different sizes of drills that should
be used when a full thread is to be tapped. The sizes given are prac-
tically correct.

I)'inmeter | Number of Drill for Drill for Drill for Whit-
~f Tan Mhraade ¢ Tnch V Thread. U.S.S. Thread. | worth Thread.
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TABLE VI

TWIST DRILLS FOR PIPE TAPS.
(First three columns from Standard Tool Company.)
The sizes of twist drills to be used in boring holes to be

reamed with pipe reamer and threaded with pipe tap are
as follows:

) Number of . A
Size. Threads Size of Drill. | Size of Drill In

Inches. Per Inch. Nearest g Inch.

% 27 .3281 2 s

} 18 .4531 23

8 18 .5937 23

3 14 L7187

P 3 14 .9375 H

1 114 1.18%5 15

1} 114 1.4687 14§

1% 113 1.7187 1§83

2 114 2.1875 2%

2% 8 2.6875 2H

3 8 3.3125 3%

33 ] 3.8125 313

4 8 4.3125 45

NoTe.—A drill & inch larger than the size given in the table is
sometimes used when one of the given size is not available.






MILLING-MACHINE WORK.

(PART 1.)

INTRODUCTION.

DEFINITIONS.

1. Milling may be defined as the process of removing
metal by a cutting tool that is rotated about its own axis
and has one or more cutting edges that are successively
brought against the work. Any machine in which this
process is performed is called a milling machine.

Milling machines are made in a great variety of forms to
suit different conditions and requirements; they are given
special names in accordance with the class of service for
which they are intended, and also in accordance with their
design.

CLASSIFICATION OF MILLING OPERATIONS.

2. The cutting operations grouped under the general
term of ‘‘milling " are plain milling, side milling, angular
milling, grooving, form milling, profiling, and routing.

The first three operations named are performed on, and
result in the production of, plane surfaces; curved or irreg-
ular surfaces are produced by the last three operations.

3. Plain milling may be defined as the performing of
the cutting operation on a plane surface that is parallel to
the axis of rotation of the cutting tool.

§13
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2 MILLING-MACHINE WORK. §13

4. Side milling is always understood to mean that the
cutting operation is performed on a plane surface that is
perpendicular to the axis of rotation of the cutting tool.

5. Angular milling invariably refers to the machin-
ing of plane surfaces at aninclination to the axis of rotation
of the cutting tool.

6. Grooving, in a certain sense, is a self-explanatory
term that refers to the cutting of grooves, or slots, that
may have any profile and follow a straight, a helical, or an
irregular path. ‘

Z. Form milling is a class of milling in which the
surfaces operated on are not plane, but which have the same
profile throughout the direction in which the work is fed
against the cutter. This is most commonly a horizontal
direction, but may occasionally be a vertical or an inclined
one.

8. Profiling is usually understood to be a milling
operation in which the work is guided in a predetermined
path by a templet having a suitable outline.

9. Routing is a name given to a milling operation
in which the work is presented to the cutter and then
guided by hand, whence it follows that the result depends
entirely on the skill of the operator.

10. The definitions here given are believed to be in
accordance with the most general practice; since there is no
universally accepted agreement in regard to them, it must
be expected that some people will use the terms in a differ-
ent sense.

CLASSIFICATION OF MILLING MACHINES.
11. Milling machines may be classified as plain, vertical,
untversal, multispindle, and special.

12. Plain milling machines are intended for the
finishing of surfaces that require the motion of the work to
be in a straight line during the cutting operation. They
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are so arranged that the work can be fed to the cutting
tool, or wice versa, in a vertical direction, and also in two
horizontal directions at right angles to each other. The
axis of rotation of the cutting tool is normally horizontal.

13. Vertical milling machines derive their name
from the fact that the axis of rotation of the cutting tool is
vertical. They are usually so arranged that the cutting
tool can be fed toward or away from the work in a vertical
direction, while the work can be fed to the cutting tool in
two horizontal directions at right angles to each other. In
some cases the machine is so arranged that the work can be
revolved in a horizontal plane for the purpose of finishing
circular surfaces.

14. Universal milling machines are so called by
virtue of the fact that the numerous attachments furnished
with them adapt these machines to a very wide range of
work; they can be used for almost every conceivable mill-
ing operation within the capacity of the machine. The
axis of rotation of the cutting tool is usually horizontal;
the work can be fed to the cutting tool in a vertical direc-
tion, and also in two horizontal directions; the angle between
the latter can be changed within the limits imposed by the
design of the machine. By means of special devices the
work can be rotated at the same time that it is moved
longitudinally in a horizontal direction; this adapts the
machine for the production of helical and spiral work. The
work can also be rotated in these machines through a
definite part of a revolution for each individual cutting
operation.

The special devices fitted to a universal milling machine
may also be applied to a plain or a vertical milling machine,
which are thus to some extent converted into universal
milling machines. They will rarely have as wide a range of
application, however, as a machine especially designed to be
a universal milling machine.

15. Multispindle milling machines, as implied
by the name, are fitted with two or more spindles that
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carry the cutting tools. Each spindle, and hence each cut-
ting tool, is usually made to be independently adjustable in
relation to the work. In most machines of this class, the
work can be moved in a straight line in one direction only.
Multispindle milling machines are intended for finishing
several surfaces simultaneously, and are usually employed
for heavy work only.

16. Special milling machines may take any con-
ceivable form that will adapt them for the class of work for
which they are designed, but no matter in what manner
they are constructed, the principles of operation will be the
same as those of any regular milling machines. .

CONSTRUCTION OF MACHINE.

ESSENTIAL PARTS.

17Z. A milling machine consists of certain essential
parts, which in some form or other must exist in any of its
numerous modifications. The essential parts are the frasmze,
the spindle, the table, the feed mechanism, and the cutting
tool. The function of the frame is the supporting of the
spindle, table, and feed mechanism. The spindle, which by
suitable means is revolved in bearings provided for it in the
frame, carries the cutting tool. The function of the table
is to serve as a support for the work, which may be attached
either directly to the table or to holding devices carried by
it. The feed mechanism serves to move the work past the
cutting tool; it may operate directly upon the table, or
upon the spindle, or upon both. The function of the cut-
ting tool is self-explanatory.

CONSTRUCTION.
18. The universal milling machine is the most advanced
form for general work, and embodies all the features found
in other types. For this reason it is here selected and
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described. As far as the universal machines of various
makes are concerned, their general arrangement is similar

FiG. 1.

to that of the machine illustrated in Fig. 1; they differ only
in the design of the details, which are modified in accordance
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with the personal experience and judgment of their respect-
ive designers.

19. Referring to the figure, it is seen that the general
form of the frame a is that of a column or pillar. This
frame carries the horizontal spindle & near its top. The
spindle is driven by a belt from a line shaft or countershaft;
the belt is placed on the come pulley ¢. The particular
design of machine shown is back-geared in order to provide
for a larger number of speed changes. The back gearing is
similar to that employed for engine lathes and is operated in
the same manner, in this case by a handle. In the machine
illustrated, the back gears are protected by light metal
guards shown at 4 and ¢. Thespindle is bored out tapering
at the front end to receive the shank of the cutting tool or
an arbor to which the cutting tool is attached. An adjust-
able arm, or outboard bearing sliding in bearings parallel
to the spindle, can be used for supporting the free end of
the arbor when heavy cuts are taken; when not in use it can
be swung out of the way. The arm can be rigidly clamped
in position after it has been adjusted.

20. A vertical slide is formed on the front of the frame a;
a knee g is fitted to this slide, which is in a plane at right
angles to the axis of the spindle. The top of the knee is at
right angles to the surface of the slide on the frame, and
carries the clamp bed %, which can be moved along it in a
straight line parallel to the axis of the spindle by means of the
cross-feed screw 7. Theknee can be raised and lowered by
turning the elevating screw ;; for the sake of convenience,
this is operated from the front of the knee by turning the
shaft 4 which carries a bevel gear that meshes with one on
the elevating screw. A detachable handle / fits the square
end of 7 and £ The cross-feed screws and elevating screws
are supplied with dials graduated to indicate movements by
thousandths of an inch.

21. The clamp bed / carries the saddle », which is
pivoted to it, and which can be rotated through an arc of
about 45°; suitable clamping devices are provided for
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clamping the saddle to the clamp bed in any position to
which it may be swung. The upper part of the saddle
forms a slide that receives the table 7; this slides in a line
parallel to the top surface of the knee. The table can be
moved by meansof the feed-screw o, which is operated by
the handle shown. The top of the clamp bed is graduated
into degrees; a zero mark on the saddle, by its coincidence
with the zero line of the graduation, indicates when the line
of motion of the table is at right angles to the axis of the
spindle, and by its coincidence with the other graduations
shows how many degrees the line of motion differs from its
position at right angles with the axis of the spindle.

22. The table is fitted with a detachable index head p
and a detachable tailstock ¢. The index head and tail-
stock are fitted with centers between which work may be
placed. The spindle of the index head can be rotated by
means of a worm-wheel and worm; it is so arranged that it
can be swung in a vertical plane around the axis of the
worm from slightly below a horizontal position to somewhat
beyond a vertical position. On the bottom of the index
head are tongues that fit a longitudinal T slot in the table;
they insure that the axis of the index-head spindle is always
in the same vertical plane as the line of motion of the table.
The front end of the index-head spindle is often threaded to
receive face plates, chucks, or special devices for holding
work; the spindle is almost invariably made hollow, and is
bored out tapering to receive a live center or arbors.

23. When the character of the work clamped to the index
head requires the axis of its spindle to be at an angle in a
horizontal plane to the line of motion of the table, it is first
detached from the table; a so-called raising block 7 is
then bolted to the table in such a position that one of its
two T slots is at the required angle, and the index head is
attached tothat T slot of the raising block. When the diam-
eter of the work is so large that it cannot be attached to
the index head if the latter is fastened directly to the table,
the index head is raised by means of the raising block.
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When no raising block is available, parallel strips may be
used for the same purpose. The tailstock ¢ has the dead
center mounted in a block fitted to a slot of the tailstock.
This block can be raised or lowered a certain amount in
order to bring the dead center in line with the live center
when tapering work is placed between them.

24. A milling-machine vise s, which can be rotated
and then clamped in any position to the table, is used for
holding work. When comparatively slender work is to be
milled between the centers, it will naturally spring under
the cutting operation. This tendency is counteracted by
placing a center rest or steady rest Z on the table and
adjusting it properly to support the work. An oil tank is
shown at ».

25. The machine shown is provided with an automatic
feed for the table, which, by means of adjustable tappets,
can be made to stop at a predetermined point. A vertical
feed for the knee is also provided. The knee and the clamp
bed may be clamped rigidly to their slides at any point by a
suitable arrangement. Adjustable stops are also provided
for the knee and table; they are used when a number of
duplicate pieces are to be milled, and the feeding is done
by hand.

268. The inside of the frame of universal milling ma-
chines usually serves as a cupboard in which cutters, change
gears, collets, arbors, wrenches, and other small parts may
be conveniently kept.

27. When milling machines of different types are care-
fully examined, they will be found to have some of the
features of the universal milling machine embodied in them
in one form or another. In one case the cutting tool may
be fed to the work, and in another case the work may be fed
to the cutting tool; in one case the feeding may be accom-
plished by a lever operating upon a pinion and rack, and in
another case the feeding may be done by turning a feed-
screw; no matter, however, in what form the essential
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parts appear and what their construction may be, it will be
found that the fundamental principles and the function of
the essential parts are the same in each case.

Furthermore, a person that can operate one type of
machinc successfully can, after getting accustomed to the
methods of adjustment of another type, operate it with
equal ease. As far as special methods of adjustment are
concerned, they can always be readily traced out by a little
intelligent study. For thisreason, no attempt is here made
to describe all the different types and the subclasses of each
type in detail.

ADVANTAGES OF MILLING MACHINES.

28. It was conceded for a long time that milling was
superior to other processes of machining by reason of the
fact that by the use of properly formed cutting tools, pieces
of work having an intricate profile could be duplicated within
such small limits of variation as to be interchangeable.
This could be done at a rate of speed that was not feasible
with any other method of machine work, and consequently
at a lower time cost per piece. The milling machine can
truly be said to have been the most potent factor that made
possible the application of theinterchangeable system to the
economic production of work done in large quantities, as
firearms, sewing machines, typewriters, etc. As a matter
of fact, the milling machine was developed originally in
armories manufacturing small firearms, and for a long time
wasunknown outside of them. Of late years, it is gradually
becoming recognized that the process of milling cannot
only be applied to a great variety of work usually performed
in the planer, shaper, slotter, and lathe, but that also, by
reason of the multiplicity of cutting edges and the continu-
ous cutting operation, the work in many instances can be
machined by milling at a much lower time cost.

29. While intelligent superintendence, i. e., the making
of the tools and special fixtures for the milling machines,
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calls for skill of a very high order, the fact remains that
when the machine operates on work done in large quanti-
ties, the actual placing of the work into it, taking the cut,
and removing the work can be safely entrusted to compara-
tively unskilled labor after the machine has been properly
adjusted by -a skilled workman. In such a case, one
machine tender can often look after several machines with-
out inconvenience. In consequence of this, there will be a
material reduction in the labor cost per piece.

30. When the milling machine is used as a substitute
for other machine tools, on work other than duplicate work,
the machine cannot be placed in the charge of unskilled per-
sons if its production is to compete in cost with that of other
machine tools. In such cases, there is at least as much skill
called for as is required for the successful operation of the
machine tool whose place is taken by the milling machine.

MILLING CUTTERS.

CLASSIFICATION OF CUTTERS.

31. The cutting tool used for milling is known as a
milling cutter. Milling cutters found in practice may
be classified as plain milling cutters, also called common,
axial, and surface milling cutters, side milling cutters, also
called faceor butt mills, angular milling cuttcrs, end milling
cutters, and form cutters. Side mills and end mills are also
called radial mills. Any one of these cutters may be a solid,
an inserted-tooth, a shank, or a shell cutter, and it may be
fastened to the spindle of the milling machine by holding it
in a chuck, by clamping it to an arbor, by screwing it to the
spindle or to a shank fitted to the latter, or, finally, it may
be formed with a shank that fits the spindle.

32. Milling cutters are called right-handed and left-
handed in accordance with their direction of rotation when
cutting. In order to tell whether a cutter is right-handed
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or left-handed, hold it level with the eye and with the side
of the cutter that is toward the spindle toward the cye.
Then if the cutter must revolve in the direction in which
the hands of a watch move, it is right-handed; when it
must revolve in a direction opposite to that in which the
hands of a watch move, it is left-handed.

CONSTRUCTION OF CUTTERS.

PLAIN MILLING CUTTERS.

33. Slitting Saw.—A plain milling cutter may be
defined as one intended for machining surfaces parallel to
the axis of rotation of the ;
cutter. The simplest form ‘
of a plain milling cutter is
the slitting saw shown in
Fig. 2. This saw is clamped
between washers to an arbor;
anumber of cutting edges are
formed on its periphery by
serrating it. These cutting
edges are ground after hard-
ening so that they all are ex-
actly the same distance from
the axis, in order that each cutting edge will do the same
amount of work. Slitting cutters, like the one shown, are
ground with clearance on the sides; that is, they are made
slightly thinner at the center than at the periphery, so that
deep slots can be cut, or stock can be cut off, without having
the sides of the cutter bind in the slot.

FiG. 2.

34. Screw Slotting Cutter.— When shallow slots
are to be cut, as, for instance, the slots in screw heads, the
cutter is made with teeth having a much finer pitch; the
sides are then usually left parallel, in order to save expense
in making the cutter. This kind of a cutter is given the
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name of screw slotting cutter,since it is most frequently
used for that purpose. While used by some for cutting off
stock, it is not as well adapted for this purpose as the slit-
ting cutter, since on thick stock the sides of the cutter,
especially if the teeth are at all dull, will bind in the stock
being sawed.

35. Parts of the Cutter. —The term pitch, when
applied to the teeth of a milling cutter, refers to the dis-
tance between adjacent cutting edges. Since in milling
cutters the teeth are equally spaced, the pitch can be found
by dividing the circumference of the cutter by the number
of teeth. The plane represented by the line @ & is called the
front face of the tooth. In American practice, it is almost
invariably made radial; that is, the front face lies on a
plane that passes through the axis of the cutter. In side
milling cutters, this rule is occasionally departed from for
the purpose of throwing the chips in a certain direction.
The surface a a', Fig. 2, is called the top face of the tooth;
the angle included between a 4 and a a' varies from 85°
to 87°, thus giving a clearance of from 3° to 5°. The edgea
is the cutting edge, and the surface whose edge is a’ ¢ is
the back of the tooth. The cutter, in order to cut, must
rotate so that the front faces of the teeth move foward the
work, or in the direction of the arrow x.

36. Reversible Cutters.—Any milling cutter that is
reversible, i. e., which can be placed with either side toward
the spindle, as is the case with most milling cutters fastened
to an arbor, will serve for a right-handed cutter or a left-
handed cutter, depending on which side of the cutter is
placed toward the spindle. Thus, if the cutter illustrated
in Fig. 2 is placed with the side & toward the spindle, it is a
left-handed cutter; but if the side & is placed away from the
spindle, it is a right-handed cutter.

37. Straight and Helical Cutting Edges. — By
making the slitting cutter wider, it becomes the plain
cutter shown in Fig. 3 (). It seems to be the common
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practice to limit the terms ‘‘slitting” and ‘‘slotting ” cut-
ters to cutters that are narrower than one-quarter inch;
when wider, they are usually called plain cutters, cylin-
drical cutters, or parallel cutters. The cutter shown
in Fig. 3 (a) has straight cutting edges, by which is meant
that they lie in planes passing through the axis. A milling
cutter with straight cutting edges will answer very well for
surfaces that are relatively narrow, say nat over 1 inch
wide; it also has the advantage that straight cutting edges

L]

@

FIG. 8.
are cheaply produced. On the other hand, each cutting
edge, when in contact with the work, will cut at once
across the whole width of the surface operated on; conse-
quently, considerable power will be needed, and as each
cutting edge strikes throughout the whole width of the sur-
face, a distinct blow is struck by it, which will set up
vibrations and prevent, to a large extent, smooth, even
milling, unless the machine is exceptionally rigid and the
work held very securely.

38. The objections to the straight-tooth cutter have led
to the design of cutters with helical cutting edges; such a
cutter is shown in Fig. 3 (). When a surface is being
machined, the teeth will commence cutting at one corner,
and the cut will gradually proceed across the surface. In
consequence of this shaving action, the severity of the blow
struck by each cutting edge on engaging the work is greatly
lessened; experience has also shown that for equal condi-
tions, less power will be required for a cutter with helical
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cutting edges than for one with straight cutting edges.
The lessening of the severity of the blow struck by each
edge on engaging the work means a reduction of vibration,
and, hence, under equal conditions, the cutter with helical
cutting edges will produce a smoother surface.

39. Definitions of Helix and Spiral. — It is to be
regretted that it has become the practice among some
writers, and hence among many mechanics, to use the
terms /lelix and spiral as synonymous, i. e., as having the
same meaning.

In geometry, a helix is a line generated by the rotation
of a point around an axis, the point remaining at the same
distance from the axis but advancing in the direction of its
length. The most familiar examples of helixes are screw
threads and the grooves of twist drills.

A spiral is a line generated by the progressive rotation
of a point around an axis, the point gradually increasing its
distance from the axis. When the point rotates in a plane,
its path is called a plane spiral. The most familiar exam-
ple of a plane spiral is a watch spring, where all convolu-
tions lie in the same plane.

When a point rotates around an axis at a continually
increasing distance from the axis, and at the same time
moves in the direction of the axis, in other words, if the
point follows the surface of a cone, its path is a conical
spiral. Probably the most familiar examples of a conical
spiral are conical bed springs, and the springs used for seat-
ing the water valves in many designs of steam pumps.

40. From the definition it will be seen that a helixisa
particular form of a spiral, and that a spiral becomes a helix
when the path of the point generating it lies on the surface
of a cylinder. In this Course the terms helix and spiral will
be used in their true meaning; that is, in accordance with
the definitions just given.

41. Nicked Teeth.—Experience has shown that the
power required to drive a milling cutter can be greatly
reduced by nicking the teeth of helical milling cutters in
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the manner shown in Fig. 4, where the nicks are soarranged
that a cutting edge will be behind a nick. With such
a cutter, the chips are broken up; that is, instead of one
continuous shaving, a number of separate shavings are
made by each cutting edge. Since it has been shown by
experience that less power is required for a nicked cutter, it
follows that with the same amount of power available and
under equal conditions, a much wider and deeper cut can be

FiG. 4.

taken than is possible with an ordinary helical cutter. For
this reason, cutters with nicked teeth are now very gener-
ally employed for heavy milling where the rapid removal
of superfluous metal is the prime requisite. It is claimed
that a surface cannot be machined as smooth with a nicked
cutter as with a plain cutter; but if the nicked cutter is
carefully made and kept sharp, there seems to be no reason,
however, why it cannot produce as good work on a finishing
cut as a plain cutter.

42. Built-Up Plain Cutters.—The cutters shown in
Figs. 2, 3, and 4 are solid cutters, which means that they are
made from a single piece of steel. Solid cutters can be
obtained as large as 8 inches in diameter and 6 inches wide;
this size is about their commercial limit. When larger cut-
ters are wanted, they are usually made with blades or teeth
of tool steel that are inserted in a body of inexpensive mate-
rial in such a manner that they can be removed and replaced
when worn or broken. There are a great many different
ways in which such cutters may be made.
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43. Fig. 5 shows the construction adopted by the Morse
Twist Drill and Machine Company for cutters of the
inserted-blade type. Referring to the illustration, it will be
seen that the blades @, @ are inserted in rectangular slots
cut into the body 4. A clamp & is placed between each
alternate pair of blades; this clamp can be drawn inwards by

Fi1G. 5.

setting up the screws ¢, ¢, which operation presses the two
blades against opposite sides of their slots and locks them.
The blades themselves are straight, but their cutting edges
are helical, in order that the front face of the blades may be
radial throughout their length. The cutter here shown is
intended for heavy work, and, hence, the cutting edges are
nicked.

44. An entirely different design of a plain milling cutter
is shown in Fig. 6. This cutter belongs to the inserted-
tooth type, and is a logical development of the idea of
nicking the teeth, inasmuch as each separate tooth is the
equivalent of the cuttifif edge between a pair of nicks of an
inserted-blade cutter. The cutter consists of a cast-iron
body a in which rows of cylindrical holes are drilled and
reamed for the reception of the teeth. The holes are so
arranged that a line drawn through the centers of the holes
of each row and along the cylindrical surface of the cutter
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forms a helix. The teeth &, 4 are cylindrical plugs of tool
steel that are simply driven into the holes. A cutting edge
is formed by cutting away one-half of that part of the plug
that projects from the body, and grinding a proper clear-
ance on its top. It will be observed that while the rows of
teethare in the direction of a helix, the cutting edge of each

tooth is in a plane passing through the axis of the milling
cutter. This is done purposelyin order to prevent the teeth
from turning around their own axis under the pressure of
the cutting operation. If the front face of the tooth is
helical, it will commence to cut at one corner; in conse-
quence of this, there will be a tendency to rotate the tooth
around its own axis.

45. Inserted-blade and inserted-tooth milling cutters
are limited as to size only by the capacity of the machine.
In connection with this it is to be observed that as far as
results are concerned, the solid cutter will accomplish the
same thing. For large cutters, however, either the cost of
the solid cutter is such as to be prohibitive, or it is impossi-
ble to obtain steel of sufficient size to make a solid cutter.
Furthermore, in hardening very large pieces of tool steel,
there is considerable danger of losing them by cracking
when they are quenched. It is thus seen that the question
of whether to use a solid or an inserted-tooth cutter is
simply a question of expense, since neither will produce
work that cannot be done as well with the other. When
it comes to a question of maintenance, the inserted-blade

S. Vol. I1.—18.



!
18 MILLING-MACHINE WORK. §13

and inserted-tooth cutter is undoubtedly cheaper in the long
run, since new blades or teeth can be fitted at a fraction of
the expense of a solid cutter, at least as far as large cutters
are concerned.

SIDE MILLING CUTTERS.

46. Solid Side Mill.—Thé most common form of a side
milling cutter for small work is shown in Fig. 7. By exam-
ining the illustration,
it will be seen that itis
a face milling cutter
with additional teeth
cut on its sides. In
order that the sides
may clear the work,
they are recessed be-
low the bottom of the
teeth, as shown at a.

A side milling cutter
may operate on the
sides of work either by cutting with the cutting edges
formed on its periphery or by cutting with the teeth
formed on its sides, depending on which way the work is
fed to the cutter. When the work is fed in a direction at
right angles to the axis of rotation of the cutter, the teeth
on the periphery will do the cutting and the side teeth will
drag against the work; when the feeding is done in a direc-
tion parallel to the axis of rotation, the side teeth will do
all the cutting.

47. Straddle and Gang Mills.— Two side milling
cutters like the one shown in Art. 48 are often placed on
an arbor, with a washer to regulate the distance between
them. In this case two opposite sides of the work are
operated on at onge; such a combination is called a
straddle mill.

A plain cutter may be placed between two side cutters;
this combination will then be spoken of as a gang mill,
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which term is usually applied to any cutter made up of sev-
eral separate cutters. Gang mills are very useful for mill-
ing some simple shapes, if plain cutters of the required
diameter are available, since several surfaces may be oper-
ated on at the same time. For intricate shapes, special
milling cutters are often made as gang mills.

48. Threaded Cutters.—When any milling cutter is
attached by screwing it to a shank or to the spindle, it
is absolutely necessary to revolve the cutter in such a direc-
tion that the cutting operation will tend to lock it more
firmly. From this it follows that any cutter attached by
screwing is not reversible. For instance, consider a plain
side milling cutter that is attached by a left-handed thread.
Then, this cutter must only be attached so that it will run
left-handed. Assume that it is run right-handed. Then,
as soon as the cutter engages the work, the pressure of the
cutting operation will tend to unscrew the cutter; in case
the cutter is actually unscrewed, the work may be spoiled
by the cutter digging into it, or the cutter may be broken.
Particular attention is called to this fact, since a large per-
centage of the accidents to the work and cutters is due
to its not having been taken into account. The foregoing
may be summed up as follows:

Af the thread is left-handed, the cutter must run lcft-

handed ; for a right-handed thread, the cutter must run right-
handed.

49. It has been explained in Art. 32 what is meant by
a right-handed and left-handed cutter; it will be well to
refer again to this article, to make sure that the meaning of
these terms when applied to milling cutters is properly
understood.

50. Inserted-Blade Side Mills.—Small side milling
cutters, say up to 8 inches in diameter, are usually made
solid. Above that size the difficulty of making a solid
cutter makes cutters with inserted blades or inserted teeth
cheaper in first cost and maintenance. Inserted-blade side
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milling cutters may be constructed in a great variety of
ways; for instance, they may be made on the same principle
as the plain milling cutter shown in Fig. 5, or the blades
may be inserted and locked in the manner shown in Fig. 8.
This figure shows the design adopted by the Pratt & Whit-
ney Company. The blades a, a fit rectangular slots cut

into the body 4. A hole is drilled between every alternate
pair of blades; these holes are reamed out tapering, to
receive the taper locking pins ¢, ¢. After reaming, slots
are cut through the reamed holes; the blades are then
locked by driving the taper pins home. The blades are
generally made long enough to allow them to be sharpened
a great number of times.

51. Inserted-Tooth Side Mills.—The designs shown
in Figs. 5 and 8 are used for cutters from 8 to 36 inches in
diameter. Cutters exceeding the latter size are usually
made with inserted teeth, although relatively small cutters
are occasionally made that way on account of low first
cost. There are various ways in which teeth may be
inserted in side milling cutters. Probably the cheapest
construction is to insert cylindrical teeth in the periphery of
a cast-iron body, as shown in FFig. 9. The teeth a, @ have
their ends formed like planer roughing tools; the holes in
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which they are placed are drilled at an angle of about 60° to
the axis, in order that the cutting edges of the teeth may
come in front of the side of the body. The teeth are held
by setscrews &, &; owing to their simple shape, they can be
made quite cheaply, and can be easily replaced.

7, \7
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52. Fig.10showsaradically different construction. The
teeth @ are made of square tool steel and are placed in
rectangular slots in the body ¢; these slots are parallel to
the axis of the cutter. Theteeth are held by setscrews ¢, e.
The particular cutter shown is fastened to the spindle & by
a key f; longitudinal movement on the spindle is prevented
by a screw g, which is placed half into the shaft and half
into the body. This method of fastening a cutter to the
spindle is adapted only to cases where the cutter body is
not intended to be replaced by others of different shape
or size.

53. The particular design of cutter shown is a fine
example of how, by the use of a properly designed tool, a
surface may be roughed out and finished by running
the cutter over it but once. Referring to the illustra-
tion, two flat-nosed tools &, & are seen so placed that their
outer corner is slightly inside of the circle passing through
the teeth. The cutting edges of these two tools are
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adjusted in a plane slightly in front of that in which the
cutting edges of the teeth are placed. In consequence of
this, the teeth will rough out the work in advance of

Fi16. 10.

the tools &, and as the cutter moves past the work, the
tools follow directly behind the teeth and take the finishing
cut. This greatly reduces the time required for the cut-
ting operation.

54. Cutters designed to take a roughing and a finishing
cut at the same time are only applicable to work which isso
rigid that there is no danger of its springing to an appre-
ciable extent by the releasing of the tension existing at the
surface of castings and forgings. Plain milling cutters
cannot very readily be designed to take a roughing and a
finishing cut at the same time.

55, Silotting Cutter.—The T-slot cutter shown in
Fig. 11 is a combination of a side milling cutter and a face
milling cutter, and is intended for cutting out T slots. This
style of cutter is usually made solid, and has a shank a which
is tapered to fit the hole of the milling-machine spindle.
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‘The end of the shank is milled to form a tang that enters a
corresponding recess in the bottom of the hole in the
spindle, in order that the cutter may be positively driven.

- (]

All shank cutters must be driven home quite heavily, using
a lead hammer for this purpose; if this is not done, the
vibrations due to the cutting operation will soon loosen the
cutter and, in consequence, it will dig into the work.

Fic. 11.

ANGULAR MILLING CUTTERS.

58. Classification. —An angular milling cutter
may be defined as a cutter intended for the finishing of
surfaces at an angle to the axis of rotation. Angular
cutters may be constructed in a great variety of ways and
may be solid, or have inserted teeth, or inserted blades.
They may be attached to the spindle by clamping them to
an arbor, by screwing them to a shank, or by screwing
them to the spindle. They may also be made solid and
with a shank that is either tapered to fit the spindle or
that is cylindrical; in the latter case, the shank is held in a
chuck. Angular cutters may be divided into two general
classes, which are single-angle and double-angle cutters,

K57. Single-Angle Cutters.—A single-angle cutter is
one in which one cutting face is at an inclination other than
a right angle to the axis of rotation. Such cutters are
known according to the angle included between the inclined
face and a plane perpendicular to the axis, as 30° cutters,
45° cutters, etc. Angular cutters of the single-angle class
are largely used for cutting the teeth of milling cutters,
counterbores, hollow mills, and similar work having straight

cutting edges.
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58. A single-angle 60° cutter is shown in Fig. 12. As
shown in the illustration, it has teeth cut on its side, as well
as on the angular face.
Such a cutter can oper-
ate on two surfaces at
the same time; that is,
it can cut on a surface
perpendicular to the axis
of rotation and also on
a surface at an inclina-
tion to it. Single-angle
cutters intended only for
finishing a surface at an
inclination to the axis are made without teeth on the side;
such a cutter is considerably cheaper than the one shown in
Fig. 12.

59. Double-Angle Cutters.—A double-angle cutter
has two cutting faces at an angle with each other and the
axis. When both faces make the same angle with the axis,
the cutter is designated by giving the angle included
between the two cutting faces. For instance, if the angle
is 60°, the cutter would be called a ‘‘60° double-angle cutter.”

60. When the two cutting faces do not make the same
angle with the axis, as, for instance, in the cutter shown in
Fig. 13, the cutter
is designated by giv-
ing the angle in-
cluded between each
face and a plane per-
pendicular to the
axis, as the angles
a and 4 in the figure.

For instance, if the

angle a is 12° and

the angle 4 48° the

cutter would be des- Fic. 13,
ignated as a ‘“12° and 48° double-angle cutter.”
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Double-angle cutters are most commonly used for fluting
taps, reamers, milling cutters with helical teeth, and similar
work where it is important that the two surfaces operated
on at the same time be finished equally well.

61. It must not be inferred that a surface at an angle
to another one cannot be finished except with an angular
cutter. In many cases, the work may be chucked in such a
manner that a plain milling cutter or a side milling cutter
may be used, and in other cases, the axis of rotation of the
cutter is adjustable, which allows a plain cutter or side mill
to be used for angular cuts.

END MILLING CUTTERS.

62. Stem Mills.—In its true sense, an end milling
cutter is one in which the cutting is done by the teeth on its
end. In practice, however, the term is usually applied to
shank cutters, often called stem mills, which have teeth
on the periphery as well as on the ends, as, for instance, the
cutter shown in Fig. 14. By examining the cutter illus-
trated, it will be seen that it is a combination of a plain mill-
ing cutter and a side milling cutter, and can be used for
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milling surfaces that are parallel, and also for surfaces per-
pendicular, to the axis of the cutter. When the work is fed
to the cutter in a direction parallel to the axis of the latter,
the teeth on the end will do the cutting, and the cutter will
act as a true end mill. In most cases, however, the work is
fed in a direction perpendicular to the axis of the cutter, and
the cutter will operate in the same manner as a side mill.
The larger sizes of end mills are made as shell mills; that is,
they are in the form of a shell that is fastened to an arbor.
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Smaller sizes are made with a taper shank a, as shown in
Fig. 14, and are driven into a tapering hole in the milling-
machine spindle. The smallest sizes are made with a cylin-
drical shank, or stem, and are held in a self-centering
chuck. While the end mill shown in Fig. 14 has straight
cutting edges, it is often made with helical edges on the
periphery. The teeth on the end are almost invariably
radial.

63. Cotter Mill.—Fig. 15 shows a peculiarly shaped
mill that is usually considered as an end mill, although it is
not very well adapted for cutting with its end. This mill is
known as a cotter mill, and is in reality a face cutter with
two teeth opposite each other. It is particularly adapted

S

for cutting narrow and deep grooves ; it cannot be sunk
endwise into solid metal to any extent, but a hole must be
drilled where the groove is to start. The cutting is done
by the edges on the periphery. As there is considerable
room for the chips, the cutter will not clog very easily.

Fic. 15.

FORM MILLING CUTTERS.

64. Classification.—Any milling cutter intended for
the milling of surfaces that are not plain surfaces may be
called a form milling cutter. Such cutters may be
divided into two general classes, viz.: form cutters and
JSormed cutters. Both classes will accomplish the same re-
sult; they differ from each other only in their construction.

The name form cutter is usually applied to any form
milling cutter that has the teeth constructed in the same
manner as the ordinary milling cutter. Form cutters can
rarely be sharpened without changing their profile to some
extent.
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Formed cutters are milling cutters that have been
made with a forming tool applied in such a manner that the
sharpening of the teeth will not change the profile.

Form milling cutters may have any one of an infinite
variety of profiles and may be made solid or several cutters
may be combined into a gang mill.

65. Fly Cutter.—Thesimplest form milling cutteris the
so-called fly cutter, which is shown in its arbor in Fig. 16.
The cutter @ is set into a rectangular slot in the arbor &,
and is locked by tightening the two setscrews ¢, ¢. The
front face is radial; one end of the cutter is filed or turned
to the profile it is desired to cut. It is seen that the fly
cutter is simply a one-tooth milling cutter. Clearance is
given by setting the cutter farther out from the center than
the position in which it was turned. The fly cutter has the
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advantage of being very cheap in first cost, even when the
profile is quite intricate; for this reason it is well adapted
for such work as the making of forming tools for screw ma-
chines, making a gear with an odd pitch of teeth, and simi-
lar work that does not warrant the expense of a regular
form cutter. Since the cutter has only one cutting edge,
it cannot be expected to last as well or cut as fast as a reg-
ular cutter; it will reproduce its own shape very exactly,
however, and will mill quite smoothly if kept sharp.

66. Interlocking of Teeth.—Fig. 17 shows a form
cutter that is built up of three pieces, thus forming a gang
cutter. In order that the cutter will not make a mark
where the pieces join, the teeth are made to interlock, as
shown at @, a. By examining the cutter, the similarity of its
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teeth to those of the ordinary milling cutter will be noticed.
The difficulty of sharpening the teeth without changing the
profile of the cutter is apparent.

mlfa=—=:lIN
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67. Gear-Tooth Cutter.—The most familiar formed
cutter is the gear milling cutter shown in Fig. 18, which is
used for cutting the teeth of gear-wheels. This cutter, as
are all formed cutters, is sharpened by grinding the front
face of the teeth. If the precaution of grinding the front

faces radially is observed, the profile will not change at all,
since the method by which it is made insures that the pro-
file of all sections taken through a tooth in planes pass-
ing through the axis is exactly the same. The tooth a 4,
Fig. 18, of a formed cutter may be conceived to be built
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up of an infinite number of thin wedge-shaped plates with

radial faces, each of which is placed slightly nearer the axis

of the cutter than the one in front of it. In this manner,

the back of the tooth is made to clear the front, which

forms the cutting edge. Sharpening the tooth may be

likened to the removal of one or more of the plates of which

the real tooth was conceived to be composed, thus leaving
plates that have not worn in readiness to cut.

68. Formed Gang Cutters.—Formed cutters may be
made for an endless variety of profiles ; Fig. 19 will serve
as a suggestion of what can be done. In many cases,
formed cutters may be combined with ordinary cutters or
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with form cutters; the several cutters when assembled to-
gether will form a gang mill. Formed cutters cannot be
made without a special forming machine or device; for this
reason they are usually bought of manufacturers that make
a specialty of them.

69. In practice, a vast variety of milling-machine cut-
ters will be found that at first will appear unlike any that
have been illustrated here. When they are analyzed, how-
ever, they will invariably be found to belong to one of the
several classes enumerated; in many cases the distinctive
features of several classes may be combined in a cutter.
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CARE OF MILLING CUTTERS.

KEEPING CUTTERS SHARP.

Z0. Inorder that a milling cutter may work to the best
advantage, it is absolutely essential that it be kept skarp,
and that all cutting edges be at the same distance from the
axis of rotation of the cutter. It is.not sufficient that the
cutting edges be at the same distance from the axis of the
cutter, for if a true cutter is mounted on an arbor that is
eccentric, i. e., runs out of true, the cutting edges will not
be at the same distance from the axis of rotation. In con-
sequence of this, some edges will have to do more work than
others; experience has shown that if this is the case, the
cutter can neither be pushed to the full limit of its capacity
nor can it produce as smooth work as one ground true in
respect to its axis of rotation. This fact is becoming more
generally realized, as evidenced by the increasing practice
of grinding cutters while in place in the milling machine.

EFFECT OF DULLNESS,

Z1. Milling cutters cannot be ground true enough by
hand to allow the machines to be worked to the best advan-
tage. A cutter-grinding machine is an essential adjunct
of the milling machine, and without it the milling machine
is at a serious disadvantage. A dull cutter is distinctly a
bad cutter; it should never be used in that condition, but
should be sharpened as soon as it shows signs of becoming
dull. A dull cutter will do poor work, will require more
power to drive it, and will wear out faster than one that
is kept sharp. The extra power required to drive a dull
cutter is transformed by friction into heat; this heat tends
to soften the cutting edges and thus tends to make them
wear faster. In formed cutters there is, in addition, a
wearing of the formed surfaces that will shorten the life
of a cutter more than many sharpenings.
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72. As an example of what work can be done by a
cutter that is kept sharp, the Brown & Sharpe Manufac-
turing Company state -
that the worn-out gear-
cutter shown in Fig. 20,
which is 3% inches in di-
ameter, has cut 467 cast-
iron gears, having a face
3 inches wide, with 64
teeth of 4diametral pitch.
This makes a total length
of cut of 7,472 feet. The
teeth were cut from the
solid blank and finished
in one cut. This per-
formance, while good, is
by no means exceptional.

HOLDING CUTTERS.

ARBORS.

73. Construction of Arbor.—The ideal method of
driving the cutter is to make it a part of the spindle, and
this is done to some extent in milling machines designed
especially for side milling. In milling machines intended
for general work, the cutter must be so made that it can be
easily removed, which condition precludes making it a part
of the spindle.

Z4. Cutters are most commonly clamped to an arbor,
which in turn is fitted to the spindle and forced to rotate
with it. A common design of an arbor is shown in Fig. 21.
It has a taper shank a, which fits a corresponding hole bored
in the spindle. The rear end of the shank is flattened to
form the tang f, which enters a corresponding slot at
the bottom of the tapered hole in the spindle, and which
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is expected to drive the arbor in a positive manner. The
part of the arbor that projects from the spindle is made
cylindrical; a nut is placed on the end of the arbor for the
purpose of clamping the cutter, which is placed between
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removable washers, as 4, 6. These washers are made of
different lengths in order to accommodate different widths
of cutters, and also to allow the cutter to be placed in differ-
ent positions along the arbor without the necessity of having
a very large number of washers.

75. Methods of Removing Arbors.—The particular
design of arbor shown is provided with a nut directly in
front of the shank. This nut when screwed against the
front end of the spindle will cause the arbor to be withdrawn
from the spindle. More commonly, however, the arbor is
loosened by driving a tapered key behind the shank; in
some cases the spindle is made hollow and the arbor is then
punched out with a rod.

Z76. Supporting Arbors.—The front end of the arbor
usually has a countersunk center to allow a dead center
to be used for supporting it. Occasionally, a cylindri-
cal teat ¢, Fig. 21, is formed at the front end; this teat is
fitted to a bushing held in the outboard bearing and serves
to support the arbor. When the machine has no outboard
bearing, the cutter should invariably be placed just as
close to the spindle as circumstances permit, since an arbor
is comparatively slender and will spring considerably even
under a moderate cut. When no way of steadying the end
of the arbor is available, then in cases where the cutter
must be placed near the end, the finishing must be done
by light cuts in order to keep the spring of the arbor within
reasonable limits.
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77. Driving the Cutter.—In many cases the cutter
is driven simply by the friction between the sides of the
washers and the sides of the cutter; this friction is created
by screwing up the nut on the end of the arbor. When the
cutter slips in spite of repeated tightening, it may often be
made to hold by placing washers made from ordinary wri-
ting paper between the metallic washers and the cutter.
Thin brass or copper washers will also be found useful for
this purpose. '

For heavy cutting, the cutter should be driven by a key;
a good many arbors have a semicircular groove cut along
the cylindrical part to take a round key, which may be
made by cutting off a piece of drill rod to the right length.
A corresponding semicircular keyway is cut in the bore of
the cutters. In some cases, the driving isdone by a regular
rectangular feather; the arbor is then splined.

78. Precautions to be Taken With Arbors.—
When the end of the arbor is supported either by a bushing
or by a dead center, there is no chance for the arbor to
become loose in the spindle, provided the supports are
properly adjusted. When the end of the arbor is free, how-
ever, it must be driven home in the spindle quite hard, or it
will come loose under the vibrations due to the cutting
operation. Before inserting the arbor, the hole in the
spindle should be thoroughly cleaned of any chips that may
have gotten into it, and it should also be free from grease or
oil. The shank of the arbor must then be cleaned off just
as carefully, and inserted so that the tang enters the corre-
sponding slot in the spindle. It should be driven home by a
fair, quick blow with a heavy lead hammer. In nine cases
out of ten, the coming loose of the arbor, which is here as-
sumed to have been properly fitted, is due to oil or grease
on the shank and in the spindle. Hence, if the arbor per-
sists in coming loose, again clean the shank and spindle
thoroughly. In some cases, the shoulders of the tang may
strike the bottom of the hole in the spindle; this can easily
be discovered by examining the tang. If they do, thearbor

S. Vol. Il.—19.
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cannot be driven home properly, in which case the tang
should be ground off where it dottoms. Chips or dirt be-
tween the collars may bow the arbor and cause it to run out.

79. Arbors of the form shown in Fig. 21 are made with
right-hand and left-hand nuts, and the cutter used on the
arbor should always have a direction of rotation to suit the
direction of the thread. That is, select a cutter that runs
in such a direction that when slipping occurs, the tendency
will be to tig/ten the nut. Hence, for a left-hand thread on
the arbor, the cutter should be left-handed. If the thread
is right-handed, use a cutter that must run right-handed.

80. Shell-Mill Arbor.—Small side mills and end mills
are often so made as to be held in a manner similar to thatin
which a shell reamer is held; the shell-mill arbor shown in
Fig. 22 (a) is then used. This arbor has a taper shank to
fit either the milling-machine spindle or a collet fitted to

=4 ot

(a)

)
FiG. 22.

the spindle. The shoulder at the end of the cylindrical part
a, which forms the seat for the cutter, has two projections
that enter corresponding slots in the cutter and insure posi-
tive driving. The cutter is confined lengthwise by the head
of the screw 4, which enters a recess in the cutter, thus
bringing the head below the face of the cutter; this is nec-
essary for end milling and some kinds of side milling.

81. Screw Arbor.—Small cutters are often made
with a threaded hole and are screwed to a screw arbor made
as shown in Fig. 22 (). The direction of rotation of the
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cutter that can be used with a shell-mill arbor and screw arbor
is.determined by the direction of the thread of the screw 4,
Fig. 22 (a), or the screw at the end of the screw arbor.
That is, for a left-handed thread use a left-handed cutter;
for a right-handed thread use a right-handed cutter.

82. Effect of Vibration.—While it is admitted that
in an arbor driving a cutter by positive means, as by a key,
or by projections on the shoulder, there is no danger of the
nut unscrewing by a slipping of the cutter, experience has
shown that the vibrations due to the cutting operation tend
to unscrew the nut, or the screw &, Fig. 22 (a), unless its
thread is in accordance with the statement made in Art. 81.
If no cutter having the proper direction of rotation is avail-
able, the nut or screw must be screwed home as firmly as
circumstances will permit, and the chance of the cutter
working loose must be taken.

Shell-mill arbors and screw arbors are liable to become
loose for the same reasons as the ordinary arbor; the same
precautions should be used that were explained in Art. 78.

83. Arbor for Use Between Centers.—Fig. 23
shows how a milling arbor may be made if the cutter is to
be driven between centers, as occurs when a lathe is tem-
porarily converted into a milling machine. The arbor is

U
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driven by a dog, the tail of which engages with the face
plate. Such an arbor may occasionally be used for a regular
milling machine having an outboard bearing; a live center
must then be placed in the milling-machine spindle and suit-
able arrangements made for driving the arbor.
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COLLETS.

84. Plain Collet.—A collet is a socket used for bush-
ing down the hole in the milling-machine spindle so that
smaller arbors or shanks can be held. Fig. 24 (a) shows
how such collets are usually made. The outside fits the
milling-machine spindle; the inside is bored out true with
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the outside, so that an arbor inserted in the collet will run
true when the collet is in the machine. The tang of the
arbor or of the cutter shank projects into the slot @ ; the
arbor can be removed from the collet by driving a taper key
into the slot behind the tang.

85. With constant use, a collet will enlarge somewhat
inside, so that the shank of the arbor or cutter will finally
bottom. A thin piece of writing paper may then be
wrapped around the shank; the paper must not be so wide
as to lap, however. While this is a makeshift at best, it is
one that will often prove very handy. The same thing may
be done when the cutter shank or arbor does not bottom in
the hole, but has its tang projecting so far into the slot a
that it will not be possible to get a key in to drive the shank
out after it is driven home. The key is usually made as
shown in Fig. 24 (4); a hole is drilled near the large end so
that a chain can be attached to it and to some stationary
part of the machine. This insures finding the key when
it is wanted.
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86. Chuck Collet.—Small cutters are often made with
a cylindrical shank, and very small cutters are made from
drill rod. Such cut-
ters may be held by
means of the chuck b a -
collet shown in Fig. -
25. The front end of F1G. 25.
the collet is bored out
cylindrically, and so that the axis of the cylindrical hole
coincides with the axis of the shank 2. A nut & having a
plain tapered part is fitted to the front end, which latter
has been split into three parts. By reason of the front end
being tapered on the outside, the screwing up of the nut &
will close the split part on the shank of the cutter, thus
holding it centrally and firmly.

87. The chuck collet shown is open to one objection,
which is that all cutters to be used with it must have the
same diameter of shank. If a chuck collet is intended to
take straight shanks of varying diameter, a high grade drill
chuck of the Almond or Beach type may be attached to a
shank fitting the milling-machine spindle.

CHUCKS AND FACE PLATES.

88. Self-centering lathe chucks may often be fitted to
the spindle for holding cutters having larger shanks than
the drill chuck will receive. For some work a single-tooth
cutter may be mounted in a slot of a face plate fitted to the
spindle. Such a construction does not differ essentially
from that of a fly cutter, being simply a fly cutter on a
larger scale. A cutter attached to a face plate will be
found of great service in finishing a surface to a circular
profile having a given radius. While this can be done to
the best advantage with a regular milling cutter made
especially to the required radius, the fact remains that in
many cases the expense of making such a cutter is not
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warranted by the conditions, and a face-plate cutter will then
prove an excellent inexpensive substitute.

89. Fig. 26 shows the general idea of a face-plate cut-
ter] its similarity to the fly cutter will be apparent. Re-
ferring to the figure, the face plate a4 is seen to be threaded
so as to screw on the spindle. The cutter ¢ is adjustable in

Y

FIG. 26.

the slot 4, and can be clamped by tightening the nut 4.
The shank of the cutter should have a rectangular cross-
section so that the cutter will not turn in the slot.

90. If a circular milling cutter of the right profile, but
of smaller diameter, is available, the expense of making a
single-tooth cutter can often be saved by clamping the
regular cutter to the face plate, passing the clamping bolt
through the slot in the face plate. The cutter is then
placed with one of its cutting edges in the position occupied
by the cutting edge of the fly cutter shown in the illustra-
tion, and after adjusting it to the,required radius, it is
clamped. Any ordinary bolt may be used for clamping.
The setting of the cutter so as to mill a given radius is not



$13 MILLING-MACHINE WORK. 39

a particularly difficult matter. The cutting edge must be
set at a distance from the periphery equal to the difference
in the required radius and the radius of the face plate.
When the cutter projects considerably from the face of the
face plate, the blade of a try square may be placed on the
cutting edge and the stock held against the face plate;
the distance from the edge of the blade to the periphery
may then be measured with a steel rule.

When a regular milling cutter is used as a fly cutter, it is
advisable to drive a dowel-pin into the face plate in such a
position that it will come between two teeth, and thus pre-
vent rotation under the pressure of the cutting operation.

PREPARATION OF STOCK.

91. The term stock, when used in connection with a
milling operation, refers to the work in its rough condition.
The success of the milling operation depends to a large ex-
tent on the condition in which the stock reaches the milling
machine. If the stock is hard, either in spots or all over,
as is the case with unannealed tool steel and often with
forgings, or if the stock has a hard skin, as is usually the
case with iron castings and steel castings, the hardness
will cause the cutter to dull rapidly, which prevents the
machine being worked to the best advantage.

92. In some cases, the stock is as soft as it can be ren-
dered; no further preparation is then feasible or necessary.
In other cases, the stock can readily be softened and thus
be put into a better condition for milling. The softening
may consist of a removal of hard scale by pickling and rat-
tling, or uniform softening by annealing, or maybe a com-
bination of these methods.

93. Iron and steel castings, when they leave the mold,
usually have a hard, glossy skin, or scale, as it is called, in
which sand is frequently embedded. This scale, when the
size of the casting allows it, can be pretty thoroughly
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removed by rattling the castings in a foundry rattler, or
tumbler, as some call it. Castings of a size and shape that
prohibit tumbling may have the scale softened so that it
will crumble easily by pickling. This is done by placing
the castings for from 10 to 15 minutes into an acid bath com-
posed of 1 part of sulphuric acid to 25 parts of boiling water.
After pickling, the castings must be thoroughly washed in
clean boiling water in order to remove all traces of the acid,
which would cause them to rust very rapidly. A hard scale
is often found on forgings. This may also be removed by
rattling or pickling.

94. When castings or forgings are found too hard to
mill easily, even after the scale has been removed, they may
be annealed by heating them very slowly to a dull-red heat,
and allowing them to cool gradually. The annealing will
have the further advantage of releasing, to a large extent,
the internal stresses that have been set up in forging or
casting. This reduces the extent to which the shape of the
work will change after machining.

CUTTING SPEEDS AND FEEDS.

CUTTING SPEEDS.

95. Owing tothe large variety of work that may be done
by milling, no hard and fast rules in regard to proper cut-
ting speed and feed per tooth can be given as applicable to
all cases. When much work of the same kind is to be done,
it is well to experiment a little, starting in with a feed and
speed that judgment indicates to be conservative, and vary-
ing both gradually until the maximum production at the
minimum expense per piece has been obtained.

96. The cutting speed depends on several factors, one
of which is the character of the material to be milled, i. e.,
its resistance to being severed by the milling cutter. It
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may be stated as a general rule that the harder the material
the slower the cutting speed must be. Thus, unannealed
tool steel calls for a low cutting speed, while soft brass
castings can be advantageously milled at a much higher
speed. In order to aid the milling-machine operator in
judging about where to commence to experiment, the
average cutting speeds for different materials are here given.

A peripheral (surface) speed of 15 feet per minute can
rarely be exceeded in unannealed tool steel. If well an-
nealed, the speed may be increased to 25 feet per minute.
Wrought iron, soft machinery steel, and hard white-iron
castings can be successfully machined at a speed of from
30 to 40 feet per minute. Medium-hard iron castings, phos-
phor bronze, tobin bronze, aluminum bronze, and similar
very tough copper alloys may stand a cutting speed of
50 feet per minute, which can be increased to 60 feet for
common, soft gray-iron castings, soft steel castings, and
malleable-iron castings. Red-brass castings, more com-
monly but wrongly designated as gun-metal castings, will
stand a cutting speed of 80 feet per minute; this can be
easily increased to 100 feet for yellow brass.

97. Another factor that enters into the selection of a
proper cutting speed is the presence or absence of provision
for carrying away the heat generated in the cutting opera-
tion. This heat may be carried away by flooding the work
and cutter with oil or soda water during the milling opera-
tion; when this is done while a sharp cutter is used, the
cutting speed may be as much as 50 per cent. in excess of
that possible in dry milling.

98. A sharp cutter will easily stand a higher cutting
speed than a dull one; in this respect a milling cutter is
analogous to a lathe tool. It may be stated that the duller
the cutter the more heat will be generated per revolution;
hence in order to give a chance for this heat to dissipate
into the work and surrounding atmosphere so that the cut-
ting edges will not become overheated, the revolutions per
minute must be lowered.
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FEEDS.

99. The rate of feed depends on the pitch of the teeth,
the provision made for clearing out the chips, the rigidity
of the work and machine, the manner in which the work is
held, and the degree of finish desired.

When milling cutters were first made, they were con-
structed with teeth having a very fine pitch. Experience
quickly showed that the chips would clog up the spaces be-
tween the teeth, packing in so closely that the cutter would
refuse to cut at all except when a very fine feed was em-
ployed. Such cutters, instead of cutting, really nibbled away
little crumbs of metal, as it might be expressed for want of
a better term. It became gradually understood that by
making the pitch of the teeth coarser, a distinct chip could
be taken, whose size, so far as the cutter was concerned,
was limited only by the size of the space between the teeth
and the provision made for clearing out this space. From
this the conclusion may be drawn that, other conditions per-
mitting, the rate of feed per tooth can be greater as the
pitch of the teeth is made larger. The rate of feed obvi-
ously must never be so large as to break the tooth.

100. The rigidity of the work, that is, its resistance
to a change of form under the pressure of the cutting oper-
ation, exercises a powerful influence over the rate of feed.
Therefore, if the work will spring easily, a fine feed must
be employed; when it is very rigid the feed can be increased
up to the limit. Likewise, if the work is substantially
held, a coarser feed is permissible than when it is lightly
held.

As stated in Art. 99, the permissible feed is influenced
largely by the space available between the teeth for the re-
ception of the chip. Evidently, this space can be filled
either by a heavy and short chip or a fine and long chip of
equal volume. From this the conclusion may be drawn
that for a shallow roughing cut the feed may be coarse, and
that increasing the depth of the cut requires a decrease of
the feed.
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101. The degree of finish desired largely influences the
choice of feed. As a general rule, it may be stated that for
roughing out, a relatively low cutting speed and a heavy
feed will be found advantageous, while for finishing, a
higher cutting speed and fine feed is needed. The only
exception is in the case of side milling with inserted-tooth
or inserted-blade cutters. Here a wide, flat-nosed cutting
edge can be used, and, consequently, a very wide feed is
permissible.

Another point that must be taken into consideration when
experimenting for a proper feed and cutting speed for a
particular job, is the difficulty of resetting some forms of
gang cutters after sharpening so that they will cut exactly
the same shape as before. In such cases, it will occasionally
prove more economical to use a slower speed and lighter feed
in order to make the cutter last longer and thus save the
time required for resetting it after it has been sharpened.

102. The peripheral speed (the cutting speed) of a
milling cutter can readily be found in feet per minute by
multiplying its diameter, in inches, by 3.1416 and by the
number of revolutions per minute, and dividing the product
by 12. The revolutions per minute can be obtained by
using a speed indicator, which is an instrument made for
this purpose.

ExAMPLE.—A cutter 8 inches in diameter makes 120 revolutions per
minute. What is its cutting speed in feet per minute ?

SoLuTioN.—Applying the rule given in Art. 102, we get

8 X 3.1416 x 120

p— s
2 = 94.95 feet. Ans.

103. Tables I and II were calculated by Mr. C. C.
Stutz and first published in ¢ Machinery.” These tables
are very useful for finding the cutting speeds of milling cut-
ters when the diameter of the cutter and the number of
revolutions per minute are known. Likewise, if a cutting
speed has been selected and the diameter of the cutter is
known, the number of revolutions it must make per minute
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can be taken directly from the table. These tables are appli-
cable to lathe work as well, by considering the diameter of
the work instead of the diameter of the milling cutter.

104. Suppose the diameter of the cutter (or work) is
given, and a cutting speed has been selected. To find
the corresponding number of revolutions, look in the first
line at the top for the nearest diameter. Follow down the
column headed by the diameter until a cutting speed nearest
to the one selected is found. In the first column at the
left will be found the corresponding number of revolutions
per minute.

105. When the revolutions per minuteand the diameter
of the cutter (or work) are known, to find the correspond-
ing cutting speed, look in the first column at the left for the
nearest number of revolutions. Follow this line to the
right until the column headed by the diameter is reached.
In this column and on the same line with the number of
revolutions, the corresponding cutting speed will be found.
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MILLING-MACHINE WORK.

(PART 2.)

LUBRICATION.

INTRODUCTION.

1. Purpose of Lubrication.—An ample lubrication
of a milling cutter during the cutting operation not only
decreases the friction and thus lessens the heating of the
work and cutter, but also carries the heat away to an extent
depending on the character, volume, and method of appli-
cation of the lubricant employed.

The carrying away of the heat is probably the chief benefit
derived from an ample application of a lubricant, experience
having shown that keeping the cutting edges cool largely
prevents them from becoming dull. A proper application
of the lubricant will also quite effectively prevent the chips
from filling up the spaces between the teeth of the cutter,
and will consequently permit an increase in the rate of feed.

2. Materials Requiring Lubrication.—Experience
has shown that no lubrication is required for milling ordi-
nary gray cast-iron and yellow-brass castings. For milling
wrought iron, steel, steel castings, malleable-iron castings,
hard cast iron, bronze, copper, and the various tough copper
alloys, lubrication of some sort is usually either necessary
or advisable.
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LUBRICANTS.

3. The lubricant generally used for milling cutters is
either some oil or a mixture of some oil with soda water
and other ingredients. While oil alone is probably the best
lubricant, it is also the most expensive; for this reason, it is
rarely used for any other than small, fine milling, where
ample provision may be made for catching most of the
surplus oil and the chips. A cheap mixture of oil with other
ingredients is usually preferred for cases where the surplus
oil cannot readily be saved.

4. Pure lard oil is by many conceded to be the best
lubricant for milling cutters, since it has sufficient body to
make it adhere well, and, furthermore, it thickens very
slowly from age and use. Its only drawback is the com-
paratively high first cost. Some of the so-called fish oils
are considerably cheaper than a good grade of lard oil, and
are considered by some to be fair substitutes. If most of
the drippings and chips are caught, the oil may be separated
by some form of oil separator, of which a number are in the
market, in which case a high-priced lard oil will often
prove the cheapest in the long run, since its superior lubri-
cating qualities enable more work to be done.

- METHODS OF LUBRICATION.

8. Choice of Method.—The choice of a method of
applying a lubricant naturally depends on the service in
which the machine is engaged. When only a few pieccs
are to be milled, an expensive lubricating system is scarcely
advisable; when the machine is constantly employed on-
duplicate work, an elaborate lubricating system will usually
pay for itself in a short time by reason of the decrease in
cost of maintenance of cutters and increase in production.

The different methods of applying a lubricant to a milling
cutter are by a brush, by a gravity feed, and by a pump.

6. By Brush.—The simplest method of lubrication
consists of applying the lubricant to the cutter with a brush.
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This method is well adapted to delicate work where light
cuts are taken. The oil supply being intermittent in this
case, it must be frequently renewed, the chips at the same
time being cleared out from between the teeth of the cutter.
In applying the brush, care must always be taken to so
apply it that there is no likelihood of the brush being drawn
toward the work by the cutter; that is, apply it to the side
of the cutter that runs away from the work. A stiff, long-
handled, bristle brush is preferable for this work; camel’s-
hair brushes are too soft for an efficient removal of the
chips.

Z. By Gravity.—In general, a constant lubrication is
preferable to an intermittent one. For this purpose a can
or a small tank may be placed at some distance above the
cutter; a bent drip pipe with a stop-cock in it may be used
for conveying the lubricant to the top of the cutter. The
rate of flow is then adjusted by turning the stop-cock.
Such a tank is furnished with most milling machines; many
machines have the table so designed as to catch all the
drippings and chips. The lubricant is then drained off into
a suitable receptacle, and after being strained or otherwise
purified, it may be used again.

8. When no provision has been made for catching the
drippings, a suitable drip pan may be placed under the
work. Such a drip pan may easily be made from a piece of
sheet tin, bent up to form a box. A piece of brass wire
gauze having about 60 meshes to the inch may be soldered
to a frame placed into the drip pan, so that the gauze is
about 1 inch above the bottom of the pan. This will strain
the lubricant automatically to a fairly satisfactory extent;
as soon as the drip pan is full, the strainer with the chips is
lifted off and the strained lubricant poured into the tank.
After the lubricant has been used a number of times, it
requires straining in some more efficient manner.

9. By Pumping.—A constant stream of lubricant will
not only keep the cutter sharp for a greater length of time,
but will also wash the chips out of the cutter. This fact

S. Vol. II.—20.
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has gradually become so well recognized that it is becom-
ing quite universally the practice to pump the lubricant on
the cutter in a constant stream under a light pressure. As
a general rule the pump used is a rotary force pump, which
is driven directly from some rotating part of the machine.

10. Fig. 1 shows the arrangement adopted by one
manufacturer for a machine intended for fairly heavy mill-
ing. In theillustration a rotary pump « is shown attached

ﬂﬁ
to the frame of the machine. This pump is driven by a
belt from the countershaft 4, which is carried by a bracket

bolted to the frame. The suction end of the pump connects
with the tank ¢ holding the lubricant, which is pumped

Fi1G. 1.
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through the pipe system & & and is delivered directly on
the cutter. In order to accommodate different sizes and
positions of the cutter, the upper part of the piping has
swivel joints and, hence, can be arranged to deliver the
lubricant where it will be most effective. The quantity of
lubricant that is discharged can be regulated by the stop-
cock ¢. The pump a runs at a constant speed and conse-
quently delivers a constant volume of lubricant. When
less than this quantity is used, the rising of the pressure in
the pipe system will open the relief valve f, and the excess
will pass back into the tank. In the machine shown, a
gutter extends around the table, from which the lubricant
drains into the trough g, and then through the flexible tu-
bing /% back to the tank. It is thus seen that the lubricant
is used over and over again; the only lubricant lost is that
adhering to the chips, but a large percentage of this can be
recovered if a separator is available.

11. When the lubricant is supplied in a constant
stream, it is well to discharge it as close to the cutter as cir-
cumstances permit, in order to prevent splashing; it should
be delivered preferably in such a direction that the issuing
stream will tend to wash the chips out of the cutter and
away from the cuts.

12. Internally Lubricated Cutter.— The advan-
tages to be derived from a forced system of lubrication so

FIG. 2.

applied as to effectively clear the cutter have led to the
design of internally lubricated cutters. Such a cutter,
patented by the Newton Machine Tool Works, is shown in
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Fig. 2. Referring to the figure, the arbor « is seen to have
a central hole drilled into it; this hole extends nearly to the
plane of the shoulder against which the cutter is clamped.
A number of radial holes, as 4, 4, are drilled through the
arbor, and hence the recess within the cutter ¢ is in com-
munication with the central hole of the arbor. A number of
holes, as &, d, are drilled in the clearance spaces through
the shell of the cutter. The lubricant is pumped through a
tube ¢ into the arbor and issues in fine streams through the
holes d, d, thus effectually clearing the cutter of chips and
applying the lubricant where it is most needed, that is,
directly to the cutting edges. The end of the arbor is
tapering, and fits a tapered hole of the stationary bushing £,
which is placed in the outboard bearing. This construc-
tion allows the arbor to revolve, but prevents any escape of
the lubricant except through the radial holes in the arbor.

SELECTION OF CUTTER.

CONDITIONS GOVERNING THE CHOICE.

13. The selection of a cutter for a job is a matter
that depends not only on the nature of the work, but also
on the construction of the machine, the attachments to
the machine, the rigidity of the work itself, the manner
in which it can be or is held, and the cutters that are avail-
able. For instance, if a large surface of a rather springy
casting is to be finished by milling, it will often be out of
the question to use a wide cylindrical plain cutter, because
the pressure of the cutting operation, even with a very fine
cut, may be sufficient to seriously spring the work. But, if
a small end mill is used, it may be possible to make a very
satisfactory job of machining the casting.

14. Some machines are so constructed that only side
milling cutters can be used, hence the operator has no lati-
tude at all in the choice of a cutter. Other machines have
no outboard bearing to support the arbor; it would be a
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mistake to select a wide cylindrical plain cutter for finish-
ing a wide plane surface in such a machine, since the spring
of the arbor even under a very light cut may be sufficient to
condemn the work. In such a case, a side mill or end mill
would probably prove satisfactory.

15. When surfaces parallel to the line of motion are to
be finished at an angle to each other, it usually becomes a
question of attachments, cutters, and type of machine avail-
able. For instance, in a plain milling machine it may be
possible to do the job only by the use of angular cutters; in
a universal milling machine, when the job may be held
between centers, it might be done by a cylindrical plain
cutter, and so on.

16. When the choice has narrowed down to a certain
type of cutter, the question of which kind of the chosen type
of cutter will remove the most stock at the least expense
often becomes a very pertinent one. Suppose that it has
been determined that a cylindrical plain cutteris to be used.
Then, if the surface is narrow, a straight-tooth cutter should
be selected, and if heavy milling (i. e., the removal of a
large amount of stock) is required, a nicked cutter or its
equivalent (an inserted-tooth cutter) would be selected.

17. When it is a question of whether a plain mill, a side
mill, or an end mill is to be used, it is to be observed that
for side milling and end milling less power is usually re-
quired. Furthermore, when the cutter must pass over
slender or pointed parts of the work, there is less springing
and less breaking of the edges with a side cutter or end
cutter than with a plain cutter. On the other hand, the
plain cutter will usually produce the work in less time, and
is the one to use when other circumstances permit it.

18. Considering now the case of grooving, when the
groove is straight, it can usually be cut cheapest by plain
cutters, slitting cutters, or formed cutters, depending on
the profile of the groove. When the groove follows a heli-
cal path, it can be cut by an end mill, a form cutter, a
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formed cutter, or an angular cutter; when the cross-section
of a helical groove is required to be rectangular, a plain mill-
ing cutter or slitting cutter cannot be used, but an end mill
must be employed instead. When grooves following an ir-
regular path are to be cut, an end mill will almost invariably
have to be used, although it may be possible occasionally
to use plain mills or formed mills for part of the groove.

From the foregoing statements it will be seen that the
selection of a cutter is a matter of judgment, which must be
based on practical experience with different milling opera-
tions,

DIAMETER OF CUTTER.

19. The diameter of the cutter has an appreciable
influence over the length of time required to machine a sur-
face. As a general rule, it may be stated that with equal

)
FIG. 3.

feeds per minute, a small cutter will pass over a surface in
less time than a large cutter. In order to show the reason
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for this statement, Fig. 3 has been drawn; it shows in dia-
grammatic form the positions occupied by cutters of differ-
ent diameters when they begin and ceasetocut. Referring
to Fig. 3 (a), let a be the surface that is to be machined by
an end mill. Let the circle 4 represent the diameter of one
of the two cutters that are available, and let ¢ be the diam-
eter of the other. Then, at the beginning of the cut the
cutters will be in the positions shown, and their axes will be
at dand ¢. Now, in order to pass clear across the surface a,
the cutter 4 must advance to 4, and its axis will then be
at d'. It is seen that the length of the path of 4 is equal to
the distance ¢ d’, while the length of the path of ¢ is equal
to e¢’. But, e¢¢ is much greater than 4dd’, which shows
that a small cutter will travel over a shorter distance than a
large cutter in order to pass over the same surface. The
same statement applies to plain cutters, angular cutters,
formed cutters, etc.

20. Referring to Fig. 3 (4), assume that the work a is
to be milled down to the dotted line a y, and that 4 and ¢
show the diameter of two plain mills when set to begin cut-
ting. Then, in order to pass across the work, the cutter &
must travel the distance dd’, while the cutter ¢ must travel
the distance ¢ ¢', which is greater.

21. A person must not fall into the error of assuming
from the foregoing that the mere fact of one cutter being
smaller than the other means in itself that the work can be
machined quicker in every case by using the smaller cutter,
since it is only when circumstances permit equal, or nearly
equal, rates of feed per minute that the smaller cutter will
have the advantage. Under these conditions, on some
classes of work a saving as high as 10 per cent. may be ef-
fected in the time cost by the difference of only 4 inch in the
diameters of the cutters. It is well to bear in mind that
the saving effected by the use of the smaller cutter is pro-
portionally greater for short work than for long work. Re-
ferring to Fig. 3 (a), the distance saved by the use of the
smaller cutter is ed+4 &'¢. Evidently, this saving for the
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given difference in diameters remains constant, no matter
what the length of the work, and it follows from this that
the ratio between the saving effected and the total distance
traveled by the larger cutter becomes less as the total dis-
tance becomes greater.

22. The minimum size of cutter that can be used is
naturally governed by practical considerations. Thus, in
the case of an end mill, it must be sufficiently stiff to stand
a fair cut without bending; in the case of a plain mill, the
advisability of leaving sufficient stock around the hole of
the cutter governs its smallest permissible size. Again, a
short cutter can usually be smaller than a very wide cutter,
since the stresses to which the cutter is subjected by the cut-
ting operation will, as a general rule, be less severe with a
narrow than with a wide cutter.

LIMITATIONS AND ERRORS.

23. The limits within which work can be milled to a
given size largely depend on the construction of the machine
and the character of the workmanship, also on its condition
and the nature of the work. With a high-grade machine in
first-class condition, and using skarp cutters on work that is
rigidly held, many jobs can readily be milled within a very
small limit of variation, say y¢&3 inch. In fact, on many
classes of duplicate work done in large quantities, all fitting
can be entirely done away with, since it is practicable to
mill the work close enough for a fair fit. With a springy
machine in poor condition, and dull cutters, such results
cannot be obtained, and work done on them will usually call
for considerable hand fitting, not only on account of the
greater variation in the size but also on account of the poor
quality of the surfaces produced under such conditions.

24. Itis not possible to state definitely what the limit
should be within which work should be milled to a given
size. This limit naturally depends on the purpose of the
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work; forcomparatively rough work, as milling nuts, bolt-

heads, the squares on the ends of taps and reamers, etc., a
limit of ;&7 inch may usually be considered as allowable.

Work that is milled only for finish can often vary consider-

ably from its true size; the amount allowable must obvi-

ously be determined on the merits of each case. Parts of
sewing machines, typewriters, firearms, and similar fine,

small work are usually finished within a limit of §#¢ inch,

although some parts require to be, and can be, finished within .
a smaller limit.

25. When milling large work, or finishing a rather wide
surface with a plain mill, it is not always possible to obtain as
close an approach to a plain surface as the planer tool with
its single cutting edge will produce. One reason for this is
a lack of rigidity of the machine used; another reason may
be found in the fact that with a milling cutter, the pressure
on the work during the cutting operation is many times
greater than in the case of the planer tool, and, hence,
there will be more springing of the work. Furthermore,
when a plain cutter is beginning to take a chip while the
work is fed against the cutter, the pressure is at first in line,
or nearly so, with the surface of the work. Now, as the
tooth doing the cutting advances upwards, the direction of
the pressure changes, and, being upwards, tends to lift the
work from its fastenings. This change in the direction of
the pressure is naturally most marked in deep cuts, and if
the work yields to a sensible extent, will result in an uneven
surface.

26. In a planer, shaper, or slotter, however, the direc-
tion of the pressure never changes, and since its intensity is
much less than with a milling machine, it follows that as
far as large plane surfaces are concerned, the machine tools
first mentioned can, in general, be better relied on to pro-
duce them. As a matter of course, with a very rigid
machine especially designed for surface milling, and with
work so rigid that deflection will be so small as to be insen-
sible, a very close approach to a plane surface can be
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obtained by milling; in general, however, it will be found
that the planer hasslightly the advantage. For this reason,
it is customary in some places to rough out the surfaces of
heavy work on some suitable form of a milling machine,
and then to transfer the work to a planer, where it is finished
by planing. This will, in many cases, be more economical
than planing the whole job, since with a properly designed
and handled milling machine, the roughing out can usually
be done at a fraction of the cost of planing. While it must
be conceded that at present the planer has slightly the
advantage so far as truth of large surfaces is concerned, it
can be confidently predicted that in the course of time, by
the advent of more rigid milling machines, its superiority
will not only disappear, but be surpassed. There are many
heavy milling machines built today that under favorable
conditions will produce true plane surfaces as well as the
planer.

27.