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Automatic Screw Machine Practice for the Brown & Sharpe auto-
matic screw machines is covered in eight Reference Books, Nos. 99 to
106, inclusive. Reference Book No. 99, “Operation of the Brown &
Sharpe Automatic Screw Machines,” deals with the construction of
these machines and the setting-up of the tools. No. 100, “Designing and
Cutting Cams for Automatic Screw Machines,” gives detailed instruction
on cam design, and describes a simplified method for milling cams.
No. 101, “Circular Form and Cut-off Tools for the Automatic Screw
Machine,” deals with the general arrangement and the calculations of
these tools, and describes the different methods employed in their
making. No. 102, “External Cutting Tools for the Automatic Screw
Machine,” deals with the design and construction of box-tools, taper
turning tools, hollow mills, and shaving tools. No. 103, “Internal Cut-
ting Tools for the Automatic Screw Machine,” deals with centering
tools, cross-slide drilling. attachments, counterbores, reamers, and re-
cessing tools. No. 104, “Threading Operations on the Automatic Screw
Machine,” treats on cam design for threading operations, threading
dies, taps and tap drills, die and tap holders, and thread rolling. No.
105, “Knurling Operations on the Automatic Screw Machine,” describes
the construction of knurling holders, and gives directions for the mak-
ing of knurls and the design of tools and cams used in connection witih
knurling operations. No. 106, “Milling, Cross-drilling and Burring
Operations on the Automatic Screw Machine,” describes screw-slotting
attachments, index drilling attachments, and burring attachments, giv-
ing directions for their use and for the design of cams for them.



CHAPTER 1

CENTERING AND DRILLING OPERATIONS

The conditions met with on the Brown & Sharpe automatic screw
machines are such that, for general work, the simpler the design of
the tool used, the more efficient the results obtained. Of course, in
some cases it is necessary, where difficult shapes are to be formed, to
make the tools somewhat complicated, but even then the simplest de-
sign possible should be adopted. It is obvious that in internal cuytting
there is more chance of the tool sticking and breaking, due to the clog-
ging of chips and improper lubrication, than on external work. It is
therefore necessary to make all cutting tools for internal work with as
much chip space as possble, and also to provide means for proper lubri-
cation. The periphery clearance given to the tools also has an impor-
tant bearing on their efficiency. Where there is too much cutting
surface in contact with the work, the tendency is to produce rough
work and also to break the tool, ‘as heating is developed at the point
of contact, thus causing the tool and work to seize.

In making complicated tools for internal work the excessive use of
springs, especially when flat, is objectionable, for if the spring fails
to work, the cutting tool is generally broken. If a spring is necessary,
a coil spring should be used, and provision should be made to have it
long enough so that it will retain, as much as possible, its initial ten-
sion. Springs for internal cutting tools, as well as for other tools of
a similar character, should always be tempered in oil, as this increases
their life. The design of an internal cutting tool is largely governed
by the material which it is to cut and the amount of material it is
required to remove. . »

Centering and Centering Tools

When drilling holes which are less than 3/16 inch in diameter it is
always advisable, especially when the hole passes through the work, to
use a starting or centering tool.’ At A in Fig. 1 is shown a centering
tool which is used for brass work, and at B one which is used for steel
and soft iron. This latter tool is similar to the ordinary twist drill,
except that the flutes are shorter. A worn-out twist drill is sometimes
used for this purpose, with the point ground thin, as shown at a, which
reduces the pressure and allows the drill to start easier. This tool also
makes a better center than would a drill with a thicker point. The
included angle of the cutting edges on a centering tool should be less
than the drill which is to follow. If this is not the case, the point
of the drill will start to cut before the body of the drill is properly
supported; consequently, an imperfect center will be formed. If an
imperfect center has been formed, the drill will run out, as is clearly
" shown at € in Fig. 1. It can be seen that it is practically impossible
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for a drill to start concentric with the center of the work when a
small teat, as shown, has been left by the centering tool. Using a
centering tool with a more acute angle obviates this trouble, as the
body of the drill is well supported before the point of the drill starts
to cut. This is clearly shown at D in Fig. 1. The included angle of
the point which has been found most suitable for centering tools
varies from 90 to 100 degrees; 90 degrees should 'be used, preferably,
for brass, and 100 degrees for steel. The included angle of the point
of the drill varies from 118 to 120 degrees, 118 degrees being generally
used for the drill, as it has been found to give the best results. In
Table I is given the length of the point for centering tools and twist
drills, having included angles of 90 and 118 degrees, respectively. The
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Fig. 1. Centering Tools—Starting the Drill Concentric

formulas for finding the length of point for the various angles are as
follows (see Fig. 2):

For 90 degrees b—0.5d. where b=—depth of centered hole,
For 100 degrees b —0.42d. c ='diameter of drill,

For 118 degrees e—20.3c. d = diameter of centered hole,
For 120 degrees e=0.29c. e —length of drill point.

Cam Rise for Centering

When the length of the point of the centering tool is known, it is
an easy matter to find the rise on the cam required for centering.
There are four different conditions governing the amount of rise re-
quired for centering, which are as follows:

First: When the drill does not pass through the work and a stop
for gaging the stock to length is used.

Second: When the drill passes through the work and a stop for
gaging the stock to length is used. *

Third: When the drill does not pass through the work and a stop
for gaging the stock to length is not used. :

Fourth: When the drill passes through the work and a stop for
gaging the stock to length is not used.

The rises on the cam for centering as governed by the previous con-
ditions are as follows (see Fig. 2):

First: R=—0b 4 0.010 inch;
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6 No. 103—SCREW MACHINE PRACTICE

Second: R=b—e + 0.010 inch;
vhere R=rise on cam for centering, '
—depth of centered hole,
e=1length of point on drill.

It will be noted that when using the second method, the rise on the
cam would not be sufficient, on starting a new rod, to allow the cen-
tering tool to travel the full distance; or, in other words, would not
be equal to the length of the point of the centering tool used. The
correct way to start a new bar, however, is to throw over the oper-
ating lever, thus stopping the operation of the machine; then open the
chuck by hand and feed the stock out just past the cutting-off tool, so
as to allow it to face off from 1/16 to 1/8 inch from the end of the

FACE OF CHUCK

Machinery.N.Y.

Fig. 2. Diag 11 ting Method of Finding Cam Rise for
Drilling and Centering

bar. Then the stock is fed out by hand, and the centering tool also
operated by the hand lever, after which the machine can be started.

Third: The rise for the various machines is as follows:

For the No. 00, R=2> + 0.020 inch.

For the No. 0, R=1"> + 0.028 inch.

For the No. 2, R=1»> + 0.035 inch.

The values which are added to b are for facing, and the feeds should
be decreased for this. A dwell should also be allowed on the cam
varying from 2 to 5 revolutions, the number of revolutions necessary
being governed by the material to be cut. The dwell should be longer
for steel than for brass stock. The feed for facing brass should be
from 0.0015 to 0.002 inch per revolution, and for steel from 0.001 to
0.0012 inch per revolution.

Fourth: The rise for the various machines is as follows:

For the No. 00, R=0b— e + 0.020 inch.

For the No. 0, R—=0b—e + 0.028 inch.

For the No. 2, R=0b—e + 0.035 inch.

The feed should be decreased for facing, and a dwell of from 2 to 5
revolutions allowed. The suggestions previously given for starting a
new bar should also be remembered. The time for starting a new bar
in the manner given is practically negligible, as the machine anyway
should always be stopped when a new bar is being inserted.



CENTERING AND DRILLING 1

Special Centering Tool for Hard Material

The included angle of the point on the centering tools shown at A
and B in Fig. 1 gives satisfactory results when used on soft material,
such as brass or soft steel; but when the material is of a harder na-
ture, trouble is sometimes encountered with the point of the center-
ing tool breaking. This can be obviated by making a centering tool
as shown in Fig. 3. This tool has a double angle, the extreme point
being made to an included angle of 118 degrees, while the remaining
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Fig. 8. Double-angle Centering Tool

part of the cutting edgé is made to an included angle of 90 degrees.
This strengthens the point of the tool, while at the same time it per-

mits the drill to be supported by the center before the point starts
to cut.

The following formulas are used for finding the dimensions (see
Fig. 3) -

A
B=—; C=B X 03; D=A X 0.25;
2

E=A X 04; R=EFE 4 0.010.

TABLE II. FEEDS FOR CENTERING TOOLS

Feed in Inches per Revolution
Diameter in Inches  Brass Rod Machine Steel Tool Steel
1/4 0.004 0.003 0.002
5/16 0.004 0.004 0.003
3/8 0.005 0.0045 0 004
1/2 0.0055 0.005 0.0045
3/4 0.006 0.005 0.005
1 0.0065 0 005 0 0055

in which A —diameter of center in the work,
B — diameter of point where the 118-degree angle termin-
ates,
C = length of point with 118-degree included angle.
D —length of part with 90-degree included angle.
E —total depth of centered hole,
R —=rise on cam for centering (first condition).

Speeds and Feeds for Centering

The surface speeds for centering tools should be the same as for
drills, a table for which will be given later. Th=z feed for centering



8 No. 103—SCREW MACHINE PRACTICE

tools (as they are generally large enough to stand a heavy feed) is
also the same in most cases. Table II gives the feeds for centering
tools having diameters as specified. These feeds have been found
satisfactory for general work.
Centering Tool Holders

The manner in whi¢h a centering tool is held when applied to the
work governs to a considerable extent the results obtained. The tool
should be held rigidly and concentric with the center of the work if
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Fig. 4. Various Types of Centering Tool Holders .

an imperfect center. as shown at C in Fig. 1, is to be avoided. At A
in Fig. 4 is shown a common form of centering tool holder. This
holder has been found very successful for general conditions when the
work has been gaged to length by a stop, thus obviating the necessity
of using a facing tool. It is provided with a split bushing a, as shown
in the end view, or is made without the bushing, the hole for the cen-
tering tool simply passing through the body and the shank, and being
of the same diameter as the centering tool. In most cases the holder
with the split bushing is preferable, as the tool is more easily set con-
centric with the center of the work. At B in Fig. 4 is shown a com-
bination centering and facing tool holder. This holder is used when
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the stop for gaging the work to length has been dispensed with, the
tool b being used for facing the work to the required length. This is
found to be a very suitable holder when the work does not project
more than 214 times its diameter from the face of the chuck. At C in
Fig. 4 is shown a combination centering and facing tool holder with
a supporting bushing c¢, which is held in the body of the tool by two
headless screws d, shown in the end view. The centering tool is held
in a split bushing by set-screw k. The turning or facing tool e is
adjusted to cut the required diameter by set-screw f and headless
screws ¢, the block & acting as a fulecrum. This holder is used when
the work has been turned before centering, and it is also found con-
venient for centering long and slender work. A Brown & Sharpe float-
ing holder is used for holding the centering tool when the turret and
spindle are not concentric, or when extreme accuracy is desired.

Drills and Drilling

For general work commercial drills of the two-fluted type are used
exclusively on the Brown & Sharpe automatic screw machines for
drilling cylindrical holes. The spiral fluted drill is used for drilling
machine steel, Norway iron, ete.,, and also for shallow holes in brass;
but when deep holes are to be drilled in brass, a straight-fluted drill
should be used in preference to a spiral drill, as it breaks up the
chips, allowing them to be removed with greater ease. The grinding
of the lips on the cutting edge of the drill has a considerable bearing
on the shape of the chips produced and also on the amount of power
required to force the drill into the work. If the angle as previously
given is used, and if the point of the twist drill is ground thin, it will
produce a long, curling chip, and will not require much power for
drilling. When drilling, if the edges of the drill burn, it is an indi-
cation that the surface speed is too high; if the drill chips, the feed
is too great; and if the drill splits at the point, that the proper clear-
ance has not been given at the cutting edges. If the centering tool
and drill have been ground to the correct included point-angle there
is no reason why the drill should not produce a straight and cylin-
drical hole, provided the feed is not too heavy.

Cam Rise for Drilling

There are three general conditions which govern the amount of rise
required for drilling. They are as follows:

First: When the drill does not pass through the work and a cen-
tering tool is not used.

Second: When the drill does not pass through the work and a cen-
tering tool is used.

Third: When the drill passes through the work and a centering
tool is used.

There is also another condition, viz., when the drill passes through
the work and a centering tool is not used; but as this is not a com-
mendable method, it is not here considered.
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The rise on the cam for drilling as governed by the previous con-
ditions is as follows:

First: R=—g 4 e 4 0.010 inch (see B in Fig. 2).
Second: R=g—a + 0.010 inch (see B in Fig. 2).
Third: R=h + k—a + 0.010 inch (see C in Fig. 2).
where R=rise on cam for drilling, )
g —depth of hole to be drilled,
e=Ilength of point on the drill (see Table I),
h =overall length of the work,
k=thickness of the cut-off tool,
a=distance that the straight part of the drill projects from
the face of the work into the centered hole before starting
to cut (see A in Fig. 2). v
The values of a for centering tools having 90- and 100-degree point-
angles are as follows: . ’
For 90 degrees, a—= (d —c) X 0.5 inch.
For 100 degrees, a= (d —c¢) X 0.43 inch.
where d —diameter of centered hole,
¢ =diameter of drill.

Deep-hole Drilling

The automatic screw machine lends itself to the production of straight
holes, but when producing deep holes there are a number of difficul-
ties to overcome: In the first place, the drill is not at the will of the
operator, and cannot be withdrawn from the work when it begins to
seize or plug up with chips; in the second place, keeping the point
of the drill cool and removing the chips is a difficult proposition; and,
in the third place, the feed of the drill is governed automatically. It
is, therefore, necessary to have the drill well lubricated and the feed
moderate.

For shallow holes the best results are obtained by giving a rotary
motion to the work and a feeding motion to the drill, but when drill-
ing deep holes, the drill and the work should both be given a rotary
motion. This helps to clear the chips from the hole and also allows
0il to penetrate to the cutting point of the drill.

When drilling deep holes the drill should not penetrate into the
work more than two and one-half times the diameter of the drill be-
fore being withdrawn from the work. For drilling deep holes in tool
and machine steel, the spiral fluted drill is generally used with good
results, but for drilling deep holes in brass, the straight-fluted drill
gives better satisfaction, as it does not produce a long, curling chip,
which is generally objectionable. Further information on the subject
of deep hole drilling can be obtained from MacHINERY'S Reference
Book No. 25, “Deep Hole Drilling.” ‘

' Designing Cams for Deep-hole Drilling

As was previously mentioned. the drill should be dropped back clear
of the drilled hole, so that the chips can be removed from the flutes
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and the drill cooled and lubricated. To accomplish this the lead cam
is laid out as shown in Fig. 5; to explain the method used for laying
out the cam, we will take a practical example: Assume that a hole
14 inch in diameter and 74 inch long is to be drilled in a piece of
brass rod. Now, it can be seen.that this will require three distinct
lobes on the cam, as it will be necessary to drop the drill back twice
in producing the hole. The rises for the various lobes can be found
with the aid of the following formulas:

Rise on first lobe - =—=23; X D + 0.005 inch.

Rise on second lobe =23 X D + 0.003 inch.

Rise on third lobe —2 X D + 0.003 inch.
where D = diameter of drill in inches.

e

Fig. 6. Method of Laying out Cams for Deep-hole Drilling

The amount for each successive rise should be decreased in about
the same proportion, and the feed on the drill should also be decreased
slightly for each additional lobe when cutting machine and tool steel;
but when cutting brass the feed can generally be uniform for each
lobe. The rise on the various lobes would then be as follows:

Rise on first lobe =23% X 1% + 0.005=10.349 inch.
Rise on second lobe =23 X 1% -4 0.003==10.300 inch.
Rise on third lobe =2 X 1§ 4 0.003 —=0.253 inch.

The depth to which the drill can be fed into the work before with-
drawing can sometimes be increased, especially when a turret drilling
attachment is used and the drill is greater than 14 inch in diameter.

The space on the cam surface necessary for dropping the drill back
is generally equal to the space necessary for revolving the turret. It
is, therefore, advisable to use more than one drill when there is a
sufficient number of empty holes in the turret, as it will not be nec-
essary to resharpen the drills so frequently, and they will also be kept
cooler.
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Oil-pump Attachment for Turret Tools

When a good supply of oil to the cutting edge of the tool is neces-
sary for drilling deep holes, the attachment A shown in Fig. 6 is
used. To the right of the engraving the attachment is shown inserted
in the turret, and to the left it is shown removed. In explaining how
this attachment works we will refer to the line engraving, Fig. 8.
The oil is brought through the pipe a, as shown, up into the tube c,

Fig. 6 No.OO Brown & S8harpe Automatic Screw Machine equipped
with Oil-pumping Attachment for Turret Tools

Fig. 7. No. 2 Brown & Sharpe Automatic S8crew Machine equipped
with Drilling Attachment
which is held in the split elbow b. The pipe ¢ passes through the
bronze bearing in the turret spindle to the oiling attachment e. This
pipe has a slot f, 3/4 inch long by 3/32 inch wide, cut in the end fac-
ing the chuck. It is, therefore, obvious that oil can flow from this
pipe only through the tools which are facing the chuck and in oper-
ation on the work. If any of the holes in the turret are not in use,
a plug is inserted as shown at g. A clearer view of this plug is shown
at A. The oiling attachment e is fastened to the turret by two small
screws i. Thus the attachment rotates with the turret. bringing each
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hole successively into line with slot f, where the oil can flow through. .
The outer shell of this oiling attachment is shown at B. Slots 1/2
inch long by 3/32 inch wide are cut in the hexagonal surfaces as
shown, allowing the oil to pass through. The idea of having these
slots elongated is to provide oil to the tools where it is impossible to
have the oil pass through the hole in the center of the tool. A hole
can be drilled close to the outside of the shank, and passing through
the body, thus allowing the oil to penetrate to the cutting point of
the tool.
Turret Drilling Attachment

In Fig. 7 is shown a No. 2 Brown & Sharpe automatic screw ma-
chine equipped with a turret-drilling attachment, two drill holders
A and B being shown in position in the turret. This attachment is

FACE OF CHUCK

Machinery,N.Y.

Fig. 8. 8ectional View showing O tion of Oil-p ng
Attachment for Turret Tools

driven from the overhead works by the -inch twisted belt C, the
shaft passing through the turret connecting the pulley D with the
bevel gears E. The manner in which this attachment is located and
held in the turret is clearly shown in the sectional view Fig. 9. The
pulley D is keyed to the shaft F and is also held in position with the
nut a. Shaft F and bevel gear E, are made in one piece. The spindle
of the drill holder is made of steel, hardened and ground, and runs in
phosphor-bronze bearings. .

The grooved pulley on the countershaft can be changed to increase
or decrease the speed of the drill, as may be desired. The drill is
revolved in the opposite direction to that in which the spindle and
work are rotating, thus increasing the speed of the drill relative to
the speed of the other tools. It is, therefore, obvious that the lobe
on the cam for the drilling operation cannot be calculated from the
speed of the spindle alone, but must also take into consideration the
speed of the drilling attachment. To illustrate clearly the method of
finding the number of revolutions required for drilling we will take a




14 No. 103—SCREW MACHINE PRACTICE

practical example. Before proceeding with the calculation we will
assume the following values for speeds, depth of hole, time, etc.:
Let speed of spindle—=1200 R.P.M.,

speed of drilling attachment =900 R.P.M.,,

numbér of seconds to make one piece = 20, .

total number of revolutions to complete one piece =400,

depth of hole plus amount to approach = 3% inch,

diameter of drill =14 inch,

feed on drill =0.0032 inch per revolution.

The total number of revolutions required for drilling, if the drilling

attachment were not used, would be—=

=117 revolutions.
032

Machinery,N. Y.

Fig. 8. Bectional View showing Construction ot Drilling Attachment

The actual number of revolutions required for drilling when using

1200
the drilling attachment —=————— X 117=66.85, or approximately,
1200 + 900
67 revolutions.

Advantages of Turret Drilling Attachment

The following are three of the many advantages gained by using this
attachment: First, the drili and the work are both given a rotary
motion, which tends to produce a hole more straight than if the work
alone were rotated; second, rotating the drill facilitates the removal
of the chips from the hole and also allows the lubricant to penetrate
to the cutting point; third, a suitable surface speed for the drill is
obtained without increasing the cutting speed of the other tools in the
turret.

It may also be mentioned that a spiral-fluted drill gives satisfactory
results for drilling machine steel and brass when using this attach-
ment; but for drilling brass where a long, curling chip is objection-
able, the lips of the twist drill can be ground in, making the drill
similar to a flat drill.
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cmss-qlide Drilling Attachment

It is sometimes found necessary to drill holes in a piece of work at
right angles to the center line, or, in other words, across the piece.
For this kind of work the cross-slide drilling attachment shown at A
in Fig. 10 is found very serviceable. To apply this attachment to the
cross-slide, the toolpost which carries the circular tool is removed and
the attachment located in its place. The attachment is then held to
the cross-slide by means of screw and nut a. The drill is held in a
bushing in the spindle b by means of the headless screw shown. The
two screws c are provided for taking up the wear in the bronze bear-
ing. The small grooved pulley d is keyed to the spindle b and held
by the nut and washer shown. The large grooved pulley B is located
on the countershaft and drives the cross-slide drilling attachment
through the medium of a %- or l-inch twisted belt, the size of the

Fig. 10. Brown & Sharpe Cross-slide Drilling Attachment

belt depending on the machine to which the attachment is to be fitted.
In eross-drilling it is necessary to stop the spindle and to hold it
rigidly before the drill can operate. A brake shown at C for holding
the spindle when drilling is used for this purpose. The brake proper
is made from soft iron and has a strip of leather g attached to its inner
surface, which grips the spindle firmly, preventing it from slipping.
The cap-screw e is used for tightening the clamp on the pulley.. The
ltg f is located on the pin which acts as a stop for the cross-slide
tools.

It is obvious that when using a cross-slide drilling attachment,
threading operations cannot be performed without the aid of a die
and tap revolving attachment, as the spindle can rotate in one direc-
tion only. When using a revolving attachment in connection with the
cross-drilling attachment, the threading attachment rotates the tap in
the proper direction to release it from the work when the spindle is
stopped. The tap is operated at one-half the spindle speed. Hence,
for example, if a right-hand thread is being cut, the tap is rotated
left-hand, advancing in the work when the spindle is running and re-
treating when the spindle is stopped. An opening die-holder is also
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sometimes used for cutting external threads when a cross-drilling
attachment is used.

The method of fitting up this attachment is as follows: The belt
is removed from the pulley nearest the collet, and the band C ex-
panded over the pulley. It is then fastened to the pin which acts as
a stop for the cross-slide, and clamped to the pulley by cap-screw e.
The dogs on the drum are then set to throw the clutch onto the pul-
ley, which is clamped just before the drilling attachment advances
toward the work. After the drilling operation has been completed and
the drill retreats from the work, the clutch is thrown out and onto
the other pulley and the other operations continued. The spindle is
started and stopped practically instantaneously, but it is advisable to
allow a moment’s time, equivalent to about five revolutions, before and

(iRl

© 6 O

T

c
Machinery,N.Y.

Fig. 11. Various Types of Drill Holders

after the drilling operation, for clearance. The drill should be ground
with a more acute point-angle than for ordinary work, and should also
be ground thin at the point to facilitate its starting into the work.
‘The rise on the cam is similar to the rise for ordinary drilling, but
the feed should be less. In most cases, for cross-drilling operations,
it is an advantage to carry a guide bushing in the turret for locating
the drill. Under this condition it is obvious that the work is drilled
as if it were held in a jig. as the bushing is held in a floating holder
that can be adjusted to produce the desired relation between the cross-
hole and the outside diameter of the work.

Drill Holders

There are various types of drill holders used in the automatic screw
machine, some of them being more complicated and expensive than is
really necessary. The alignment of the turret holes with the spindle
is nearly always perfect, and it is not necessary to have floating hold-
ers for holding a drill. At A4 in Fig. 11 is shown a common form of
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being in one piece, a separate bushing is used. This holder is easier
to set concentric with the work, but the extra cost prohibits its use
to a great extent. The bushing as used in this holder is sliown at c.
For ordinary work the holder shown at A is recommended.

Drilling Speeds and Feeds

‘When drilling in the Brown & Sharpe automatic screw machines, the
best results are generally obtained by giving the drills light feeds and
high peripheral velocities. High-speed steel drills are commendable
for drilling Norway iron, machine steel, tool steel, etc., but the ordi-
nary carbon steel drills are suitable for brass and similar materials
when the surface speed does not exceed that given in the following.
The surface speeds here given for carbon and high-speed steel drills
have been found satisfactory for the materials specified:

SPEEDS FOR ORDINARY CARBON STHEL DRILLS

e Surface Speed in Feet
Material per Minute
Brass (ordinary quality)........cooviiiiiiiiininns 160—180
GUD-SCTEW IFON .....ivrinrenrnrnennsssosocnsnssoanns 60— 70
Norway iron and machine steel................o0tn. 50— 60
Drill rod and tool steel................ Cheeseecanaan 30— 40

SPEEDS FOR HIGH-SPEED STEEL DRILLS

Surface Speed in Feet
Material per Minute
GUD-SCrew iron ........cociiiiiiiitniitriirernnnaaans 100—125
Norway iron and machine steel...........coovvutts 80—100
Drill rod and tool steel..........couiiieiiennnennn. 50— 60

Feeds for high-speed and ordinary carbon steel twist drills are given
in Table III. The feeds given are for general work, but when the
surface speed is not high the feed on the drill can be increased scme-
what. It is found to be more satisfactory in general practice to keep
the feed down, as a more straight hole can be produced than if the
drill is forced.

Drills from 1/8 inch to 3/16 inch are capable of standing the heav-
iest feeds in proportion to their diameter, and when a hole does not
pass through the work a l4-inch drill has been found to stand a feed
of 0.016 inch per revolution when drilling brass. Feeds as heavy as
this are not recommended, because concentric holes cannot be produced
when the drill is forced to such an extent.



CHAPTER II

COUN’TERBORING AND REAMING OPERATIONS

As a rule, more trouble is experienced in applying counterbores to
the work on automatic machines than is experienced with any other
cutting tool. This is probably due to the fact that counterbores are
generally improperly made for the work on which they are to operate.
Generally speaking, there are several reasons for the unsuccessful
working of counterbores, some of which may be summed up as
follows:

1. Too many cutting edges, not allowing enough chip space and
also not providing for sufficient lubrication.

Too much cutting surface in contact with the work,

Insufficient clearance on the periphery of the teeth.

Improper location of the cutting edges relative to the center.
Improper method of holding the counterbore.

Improper grinding of the cutting edges.

Too weak a cross-section.

The use of a feed and speed in excess of what the tool will stand.

For general work, and especially for automatic work where the
counterbore cannot be withdrawn when it plugs up with chips and
seizes in the work, this tool should not have more than three.cutting
teeth. The periphery of the teeth should be backed off eccentrically,
and the body of the counterbore should taper towards the back. The
amount of taper generally varies from 0.020 to 0.040 inch per foot.
The relation of the cutting edge to the center has an important bear-
ing on the efficiency of the tool. For deep counterboring, where the
difference between the diameter of the teat and the body of the coun-
terbore is great, the cutting edge should never be located ahead of
the center; in fact, if it is located a little below the center far better
results are obtained. This rule is only general, of course, as the
material to a considerable extent governs the lecation of the cutting
edges.

%@ oo

Location of the Cutting Edges

At A in Fig. 12 is shown a three-tooth counterbore with its cutting
edges located ahead of the center. Locating the cutting edge ahead
of the center is advisable when the counterbore is to be used as a
facing tool, or used for counterboring brass, and it is not required to
extend into the work to a depth greater than its diameter, but it
- should preferably be used for facing operations only. If the counter-
bore is made in this manner and used on steel, the cutting teeth have
a tendency to force the chips against the surface of the work. Con-
sequently, when it is not properly lubricated, the work and counter-
bore become heated, and. cause the chips to seize, thus producing poor
work and, generally, a broken counterbore.
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At B are shown the teeth cut radially to the center. For general
work this is the best location for the cutting edges relative to the
center. There is not the same tendency to force the chips against the
surface of the work. Teeth cut radially to the center are suitable for

" either brass or steel work, but when used on steel, it is preferable to
have the teeth cut spirally. A spiral which will give a rake of from
10 to 15 degrees generally gives the best results.

At C are shown the teeth cut below the center. This is the proper
location for the cutting edges of the teeth where the difference be-
tween the diameter of the teat and the body of the counterbore is not
very great, and where the counterbore is to extend into the work to
a depth greater than its diameter. This, as can be seen, gives a lip
to the counterbore which has a tendency to lift the chips from the
cutting surface of the work, thus preventing them from seizing.

Various Types of Counterbores

‘When counterboring a hole where a large amount of material is to
be removed, and where the counterbore is to extend into the work to

N

AN

CUTTING EDGE IN ADVANCE CUTTING EDGE RADIAL CUTTING EDGE
OF CENTER BELOW CENTER

Fig. 12. Location of the Cutting Bdges for Various Conditions
a depth greater than its diameter, it is generally advisable to rough
out the hole to the diameter of the body of the counterbore with a
three-fluted drill, such as shown at A, Fig. 13. Then the counterbore
is used only for squaring up the shoulder at the bottom of the hole.
This method is especially advisable when counterboring machine or
tool steel.

At B is shown a counterbore which can sometimes be used to advan-
tage on brass work, but which is not recommended for steel. It is
made on the same principle as a flat drill with the exception that the
teat has no cutting edges. At C is shown another counterbore for
brass work, which has three cutting edges, and at D is shown a coun-
terbore for steel work, having its teeth cut spirally. Teeth cut on a
spiral which will produce a rake angle of 10 to 15 degrees are gen-
erally found suitable for machine or tool steel. Counterbores of the
type shown at C and D should have inserted leaders or teats to facili-
tate their re-sharpening.

At E is shown a counterbore which is recommended for work hav-
ing complicated shapes, or requiring to have two or more diameters
finished with the same tool. This tool is backed off helically as shown,

SR
)
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thus allowing it to be ground and still retain its initial shape and size.
The baeking off is accomplished on the lathe in the following manner:
The lathe is geared up to cut six or eight threads per inch, depending
on the diameter of the counterbore and the amount of clearance re-
quired. The counterbore, after being turned to the required dimen-
sions, is milled as shown at b. It is then placed on the centers of the
lathe, being driven by a dog, and a facing tool used for backing it off.
The backing off is accomplished by pulling on the belt for each cut,

1 3 °
TAPER FROM 3 TO oy N FroM £°T0 10
INCH PER FOOT
. .

FROM 10 TO 15 DEGREES

——

Machinery,N.Y.

Fig. 18. Various Types of Counterbores

starting and finishing at the groove b until the backing off is com-
pleted. Where a backing-off attachment which is operated by a remov-
able cam is available, this tedious operation can be done with greater
ease and rapidity.

The counterbores described are for making pieces in which the hole
extends through the work or to a depth which permits using a leader
or teat; but for work in which the hole bottoms, that is, does not ex-
tend far enough into or through the work, these counterbores could
not be used. The ordinary method used in producing holes which bot-
tom is to use flat drills and combination counterbores and facing tools.
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Flat Drills and Combination Cqunterbores

At A in Fig. 14 is shown a flat drill which is used for roughing out
a hole having one diameter, and at B is shown the counterbore or
facing tool which is used for squaring it up. The cutting edge e on
the tool should be set about 0.1 times the diameter ahead of the
center, and the thickness of the blade b should be about one-eighth of
the diameter. At C is shown a flat drill or counterbore for producing

Machinery,N. Y.

Fig. 14. Flat Drills and Combination Counterbores

a hole having two diameters, and at D is shown the combination coun-
terbore and facing tool for squaring it up. This counterbore is adjust-
able, the part e being adjusted with relation to part b by means of
the headless screw ¢, thus governing the distance between the
shoulders, the headless screw d being used to prevent the part a from
rotating. When the part a projects out from the part b a distance
greater than one-half its diameter, care should be taken to have the
shank a good fit in part b. These counterbores can be used for either
brass or steel work, but for steel work it is preferable to use a spiral-
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filuted drill for roughing out the hole, instead of a flat drill, as the
material can be removed with greater ease and rapidity.

Speeds for Counterbores

The surface speed at which a counterbore can be worked is slightly
less than the surface speed used for drilling. The surface speeds given
below are recommended for counterbores made from carbon and high-
speed steel.

SPEEDS FOR COUNTERBORES MADE FROM CARBON STEEL
Surface Speed in Feet

Material per Minute
Brass (ordinary quality).......ccieeeeiinnnvenrennn. 150-160
GUD-SCTEW frOM ......cvvivernnenrenensncnsasnionanns 50-60
Norway iron and machine steel...................... 40-50
Drill rod and tool steel........ccieeeenievenrncannans 30-35

SPEEDS FOR COUNTERBORES MADE FROM HIGH-SPEED STEEL
Surface Speed in Feet

Material per Minute
Brass (ordinary quality)..........ccoivveiiinnennn.. 180-200
Gun-screw iron ..........c000icierticcitaeecnnee.... 80-90
Norway iron and machine steel...................... 70-80
Drill rod and tool steel...... et erertae et ans 45-50

.
Feeds for Counterbores

The method of holding a counterbore when applying it to the work,
and the strength of the cross-section in proportion to the width of the
chip being removed, governs to a considerable extent the amount of
feed to be given. The material being cut and the depth to which the
counterbore penetrates into the work, also have an important bearing
on the rate of feed. These conditions should be taken into consider-
ation when using the feeds given in Table IV. These feeds are for
counterbores having three cutting edges, but for counterbores having
one cutting edge the feed should be decreased from 40 to 50 per cent,
and for two cutting edges, from 15 to 20 per cent. It is obvious that
no definite rule can be laid down in regard to the exact feed to ‘use,
on account of the number of conditions which govern the rate of feed.
The feeds given in Table IV should be used only when the counterbore
penetrates from one-half to three-quarters of its diameter into the
work. When the counterbore penetrates to a greater distance the feed
should be decreased from 15 to 25 per cent. It is good practice to
always drop the counterbore back after it has penetrated to a depth
equal to half its diameter, to remove the chips, and to cool and lubri-
cate it. The same method can be used for dropping back the counter-
bore as was described in connection with deep-hole drilling in the.
preceding chapter.

Holders for Counterbores

For counterbores having leaders, a rigid holder should not be used,
as the leader will follow the hole previously drilled or redmed, and if
the counterbore is not allowed to float, it will produce poor work, and
a broken tool will sometimes be the result. At 4 in Fig. 15 is shown



No. 103—SCREW MACHINE PRACTICE

24

S1 31 ‘Sujuin} moJgy Q xapioy 3y dsay o} djay osye L9y, ‘9107
POI{IIP 9Y3 03Ul A[IS®9 J93Ua [[{M 3! IBU) OS 310QI33UN0I 3Y}
Surisnfpe I10] Pasn aIe P SMIIOS SSI[peIY oM} Y], 2 uld a8y}
ugy} JoSue[ I9jawre[P Ul your gg¢/1 Inoqe oq pinoys » jled 3yl
uj 9[oy 9y, ‘v jaed 9y} Ul jy 9s00] ® pue q jxed sy} uj Y Iur

-ATIp B 9pew SI YoIym ‘0 uid SujAlIp 9Y) £Aq Sujuin) wody }doy
ST Q I9p[0Y 9YJ, °qQ JI3p[0Y 3Y]} JO YUBYS 3[} UeY) JId3}d3urelp ut
Ja3a8[ Youl 91/T 0} gg/T WOIJ Jno paloq SI pue jalIn} 3yl Iy
0} 9pew S§I D JUBYS JO 9AJI[S dYJ, °PIUOIIUdW ISnf SUOIIIPUOD
9Y) J0J 3[qBIVTAIIS AJ9A PUNOJ Oq [[IM [IIUM Japioy Suljeoy e

TEELS NQEYVO ANV AHEdf-HDIH NOYd HAVN SIYOLYHTLNNOD d4Od SaEdd ‘Al T1avy



COUNTERBORING AND REAMING 25

good practice, when possible, to chamfer the hole so that the leader will
enter easily. The counterbore is held by the split bushing e and set-
screw f. If this holder is properly made and set it will be found to
give good results for general work.

At B in Fig. 15 is shown a “floating” holder for holding the flat coun-
terbore shown. This holder is not an actual floating holder, but would
be better named an adjustable holder. It is made adjustable so that
the tQol can be set concentric with the center of the work. After
adjusting, the part e¢ is held tightly against the part b by the cap-
screws c. The clearance holes in the part e for the cap-screws c are
made about 1/16 inch in diameter larger than the body of the screw.
The counterbore is held in the part a by set-screw d. This holder is

\ rA 275525 FE R T I

Machinery,N.Y.

Fig. 16. Method of Holding Counterbores for Various Conditions

also found very serviceable for holding a counterbore when the hole to
be counterbored penetrates into the work to a distance greater than
its diameter and a chucking drill has been used to rough it out.

Reaming and Reamers

When it is necessary to make a perfectly round and accurate hole in
the work, a reamer is used, the drilled hole being left slightly smaller
to allow enough material for the reamer to true it up and bring it to
the desired size. It is always advisable not to leave any more ma-
terial to be removed by the reamer than is absolutely necessary. For
general work the amounts given in the following list will give good
results for reamers ranging in diameter from 1/8 to 3/8 inch. For
reamers over 3/8 inch diameter, a drill 1/64 inch less in diameter is
generally used, and this would leave from 0.012 to 0.015 inch to remove
on the diameter, as it is obvious that a drill will cut slightly larger

than its nominal size.
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TABLE OF DIAMETERS OF HOLES DRILLED PREVIOUS TO REAMING

Diameter of Hole pre-
Diameter of Reamer vious to Reaming,
in Inches in Inches
1/8 0.120
3/16 0.182
1/4 0.242
5/16 0.302
3/8 0.368

There are various reasons for the inefficient working of a reamer,
some of which are the following:

1. Chattering, which results when the teeth are evenly spaced.

2. Chips clinging to the teeth, which action results when high peri-
phery velocities are used, with insufficient clearance.

TABLE V. FEEDS FOR REAMERS MADE FPROM HIGH-SPEED
AND CARBON STEBL

Diameter
erof Br;“’;ed Rod, Ml!‘::d Steel, To%! ei‘lteel,
in Inches per Revolution | per Revolution per Revolution

-.t 0.007 0.004 0.002
0.008 0.004 0.008

} 0.009 0.005 0.004
o 0.010 0.008 0.005

i 0.011 0.007 0.006

L 0.012 0.008 0.007

3 0.013 0.009 0.008

i 0.014 -0.010 0.009

) 0.0156 0.011 0.010

1 0.016 0.012 0.011

) 0.017 0.013 0.011

4 0.018 0.014 0.012

% 0.020 0.015 0.012

3. Expanding and contracting of the hole, which is caused by too
heavy feed and insufficient clearance on the cutting edges.

4, Enlarged and tapered holes, due to holding the reamer rigid
instead of floating.

There are various methods adopted to prevent reamers from chatter-
ing, but the unequal spacing of the teeth has been found the most
satisfactory and inexpensive. For machine reamers varying from 1/8
to 1/4 inch, three cutting edges are sometimes used, but the difficulty
encountered in measuring their diameter with micrometers limits their
use to a certain extent. As a general rule, therefore, four and six cut-
ting edges are used on reamers varying from 1/8 inch to 3/8 inch,
and 8 to 12 cutting edges on reamers varying from 3/8 inch to 7/8
inch.

The clinging of cnips to the teeth is generally due to high periphery
velocities and improper lubrication. Insufficient clearance of the cut-
ting edges also heats the work to a considerable extent, which causes
the chips to cling. The clinging of the chips is more noticeable on
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steel containing a small percentage of carbon than it is on brass or
steels which contain a high percentage of carbon.

Reamers are generally made slightly tapering towards the back; a
taper varying from 0.002 to 0.005 inch per foot is generally used, and
a less taper should be used for brass than steel, as brass work, espe-
cially thin tubing, contracts and expands more readily than steel, so
that, if a perfect hole is desired, the reamer should be tapered buf.
slightly. For reaming machine steel a rose reamer is generally used,
as it has been found satisfactory for producing straight and perfect
holes. This reamer tapers towards the back ahd is not relieved on the
periphery of the cutting edges, the end of the reamer only being
backed off.

The cutting edges of reamers are generally cut on the center
(radial) for steel, but for brass work they are sometimes cut slightly
ahead of the center, which produces a scraping action, and makes a
smooth cut.

Reaming Feeds and Speeds

The surface speeds used for reaming should be slightly less than
those used for counterboring, as the reamer generally penetrates to a
greater depth and has more cutting surface in contact with the work,
which tends to produce excessive heating of the work and reamer, re-
sulting in chips clinging to the cutting edges, with rough and inaccu-
rate work as a consequence. When a good supply of lard oil is used,
the following surface speeds will be found satisfactory.

SPEEDS FOR REAMERS MADE FROM CARBON STEEL
Surface Speed in Feet

Material per Minute
Brass (ordinary quality)..............cciiiiiiiin.t. 120-125
GUN-SCTEW IION . ...iiiniiiinienrerrnonsoasoennnnsas 35-40
Norway iron and machine steel...................... 30-35
Drill rod and tool steel...........ccoiiiiiiiiiiiinnnns 20-25

SPEEDS FOR REAMERS MADE FROM HIGH-SPEED STEEL

Surface Speed in Feet

Material per Minute
Brass (ordinary quality)........coieiiivennnnnnnnnnns 150-160
GUD-BCTEW IION ....iiviiiiieiiiinennensnenennennsas 65-75
Norway iron and machine steel...................... 50-60

Drill rod and tool steel.......ccvvuieriiniiivennenans 30-40

The feeds for reamers given in Table V will be found suitable for
general work, when no more material is removed on the diameter than
previously stated. When reaming thin tubing, especially’ brass, the
feed should be decreased somewhat.

The method used for holding a reamer when applying it to the work
governs to a considerable extent the quality of the hole produced.
When reaming a deep hole, if the reamer is held rigidly, it will nearly
always produce a hole which will be tapered and large in diameter.

At A in Fig. 16 is shown a floating holder which is sometimes used.
This holder is cheaply made, but is not a commendable holder for auto-
matic screw machine work, although it can sometimes be used to ad-
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good practice, when possible, to chamfer the hole so that the leader will
enter easily. The counterbore is held by the split bushing e and set-
screw f. If this holder is properly made and set it will be found to
give good results for general work.

At B in Fig. 15 is shown a “floating” holder for holding the flat coun-
terbore shown. This holder is not an actual floating holder, but would
be better named an adjustable holder. It is made adjustable so that
the tQol can be set concentric with the center of the work. After
adjusting, the part a is held tightly against the part b by the cap-
screws c. The clearance holes in the part a for the cap-screws c are
made about 1/16 inch in diameter larger than the body of the screw.
The counterbore is held in the part @ by set-screw d. This holder is

Machinery,N.Y,

Fig. 16. Method of Holding Counterbores for Various Conditions

also found very serviceable for holding a counterbore when the hole to
be counterbored penetrates into the work to a distance greater than
its diameter and a chucking drill has been used to rough it out.

Reaming and Reamers

When it is necessary to make a perfectly round and accurate hole in
the work, a reamer is used, the drilled hole being left slightly smaller
to allow enough material for the reamer to true it up and bring it to
the desired size. It is always advisable not to leave any more ma-
terial to be removed by the reamer than is absolutely necessary. For
general work the amounts given in the following list will give good
results for reamers ranging in diameter from 1/8 to 3/8 inch. For
reamers over 3/8 inch diameter, a drill 1/64 inch less in diameter is
generally used, and this would leave from 0.012 to 0.015 inch to remove
on the diameter, as it is obvious that a drill will cut slightly larger

than its nominal size.
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TABLE OF DIAMETERS OF HOLES DRILLED PREVIOUS TO REAMING

Diameter of Hole pre-
Diameter of Reamer vious to Reaming,
in Inches in Inches
1/8 0.120
3/16 0.182
1/4 0.242
5/16 0.302
3/8 0.368

There are various reasons for the inefficlent working of a reamer,
some of which are the following:

1. Chattering, which results when the teeth are evenly spaced.

2. Chips clinging to the teeth, which action results when high peri-
phery velocities are used, with insufficient clearance.

TABLE V. FEEDS FOR REAMERS MADE FROM HIGH-SPEED
AND CARBON STEEL

Diameter of Brass Rod, Machine Steel, Tool Steel,
Reamer Feed Feed Feed
in Inches per Revolution per Revolution per Revolution

j‘ 0.007 0.004 0.002
0.008 0.004 0.003

0.009 0.005 0.004

5 0.010 0.006 0.005

! 0.011 0.007 0.006

1% 0.012 0.008 0.007
0.013 0.009 0.008

i 0.014 -0.010 0.009

) 0.015 0.011 0.010

y! 0.016 0.012 0.011

3 0.017 0.013 0.011

i} 0.018 0.014 0.012

3 0.020 0.015 0.012

3. Expanding and contracting of the hole, which is caused by too
heavy feed and insufficient clearance on the cutting edges.

4. Enlarged and tapered holes, due to holding the reamer rigid
instead of floating.

There are various methods adopted to prevent reamers from chatter-
ing, but the unequal spacing of the teeth has been found the most
satisfactory and inexpensive. For machine reamers varying from 1/8
to 1/4 inch, three cutting edges are sometimes used, but the difficulty
encountered in measuring their diameter with micrometers limits their
use to a certain extent. As a general rule, therefore, four and six cut-
ting edges are used on reamers varying from 1/8 inch to 3/8 inch,
and 8 to 12 cutting edges on reamers varying from 3/8 inch to 7/8
inch,

The clinging of canips to the teeth is generally due to high periphery
velocities and improper lubrication. Insufficient clearance of the cut-
ting edges also heats the work to a considerable extent, which causes
the chips to cling. The clinging of the chips is more noticeable on
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steel containing a small percentage of carbon than it is on brass or
steels which contain a high percentage of carbon.

Reamers are generally made slightly tapering towards the back; a
taper varying from 0.002 to 0.005 inch per foot is generally used, and
a less taper should be used for brass than steel, as brass work, espe-
cially thin tubing, contracts and expands more readily than steel, so
that, if a perfect hole is desired, the reamer should be tapered buf
slightly. For reaming machine steel a rose reamer is generally used,
as it has been found satisfactory for producing straight and perfect
holes. This reamer tapers towards the back and is not relieved on the
periphery of the cutting edges, the end of the reamer only being
backed off.

The cutting edges of reamers are generally cut on the center
(radial) for steel, but for brass work they are sometimes cut slightly
ahead of the center, which produces a scraping action, and makes a
smooth cut. .

Reaming Feeds and Speeds

The surface speeds used for reaming should be slightly less than
those used for counterboring, as the reamer generally penetrates to a

greater depth and has more cutting surface in contact with the work,

which tends to produce excessive heating of the work and reamer, re-
sulting in chips clinging to the cutting edges, with rough and inaccu-
rate work as a consequence. When a good supply of lard oil is used,
the following surface speeds will be found satisfactory.

SPEEDS FOR REAMERS MADH FROM CARBON STEEL

Surface Speed in Feet
© Material per Minute
Brass (ordinary quality)..........ccoivvvvnniinnnnnns 120-125
GUN-SCTEW ITON ...ttt ittt it iineiennennnnnnnas 35-40
Norway iron and machine steel...................... 30-35
Drill rod and tool steel..........c.vviiiiiiiiiiinnnn. 20-25

SPEEDS FOR REAMERS MADE FROM HIGH-SPEED STEEL
Surface Speed in Feet

Material per Minute
Brass (ordinary quality)..........cceiiiveiiennn.n... 150-160
GUD-SCTEW IO ...uiiiiiininennnsonnnenennnnennnns 65-75
Norway iron and machine steel...................... 50-60
Drill rod and tool steel.........covveriiveiivennnnnen 30-40

The feeds for reamers given in Table V will be found suitable for
general work, when no more material is removed on the diameter than
previously stated. When reaming thin tubing, especially’ brass, the
feed should be decreased somewhat.

The method used for holding a reamer when applying it to the work
governs to a considerable extent the quality of the hole produced.
‘When reaming a deep hole, if the reamer is held rigidly, it will nearly
always produce a hole which will be tapered and large in diameter.

At A in Fig. 16 is shown a floating holder which is sometimes used.
This holder is cheaply made, but is not a commendable holder for auto-
matic screw machine work, although it can sometimes be used to ad.
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vantage on the hand screw machine. One of the disadvantages of this
reamer holder is that the reamer drops down as shown at a if much
clearance is allowed between the diameter of the reamer shank and
the diameter of the hole, thus preventing the reamer from entering
easily into the work, which generally results in a broken reamer.

At B is shown a more efficient holder, especially for deep hole ream-
ing. The reamer is guided at the rear by a cone-pointed screw b, and
is kept from rotating and is guided at the same time by the two cone-
pointed screws c. By means of these screws, the reamer can be set so
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Fig. 16. Method of Molding Reamers for Various Conditions

that it will enter the drilled hole easily, and at the same time be
allowed to adjust itself to correspond to the eccentricity of the hole in
the work. The small hole d is drilled through the shank of the
reamer, allowing the cone-pointed screws to enter. This holder will be
found very satisfactory for holding reamers when it is not necessary
to remove an excessive amount of material. At C is shown a floating
holder which is used for reaming shallow holes. The reamer is held
rigidly by a split bushing and set-screw f. The reamer is set con-
centric with the hole in the work by loosening the cap-screws g and
then locating it in the hole by the bevel or rounded corners on the end
of the reamer.



CHAPTER III

RECESSING TOOLS AND OPERATIONS

In this chapter, recessing tools and recessing operations will be
described. The practice outlined is that generally accepted, and when
used with discretion satisfactory results will be obtained. The speeds
and feeds, of course, are liable to some variation on account of the
conditions which govern them, but the feeds given are not exceedingly
high and can be used to advantage in the majority of cases.

Three different types of recessing tool holders, commonly called
swing tools, are described, but it will, of course, be seen that with
slight modifications tool-holders of the description given can be used
for various classes of work. Three types of recessing tools are also
shown. These are suited for three different conditions, namely, for
chamfering operations, for recessing operations, and for special condi-
tions—that is, the third tool is used when the hole in the work is so
small as not to permit the use of either of the other tools. Explicit
instructions are also given for laying out cams for chamfering and
recessing operations. :

Recessing and Recessing Tools

When it is necessary to chamfer a hole in each end of a piece, a
recessing or so-called “internal” chamfering tool is used, which elimi-
nates a second operation. A recessing tool which works on the same
principle as an ordinary boring-tool is used for chambering or reliev-
ing a hole in the center, that is, just leaving a bearing surface at each
end. The recessing or chamfering operation should always precede the
reaming operation, so that all burrs thrown into the hole by the re-
cessing tool will be removed by the reamer. A recessing or chamfering
tool should be operated from the front cross-slide whenever possible,
for the following reasons: In the first place, it is generally more con-
venient to make the necessary adjustments; in the second place, turn-
ing the tool upside down allows the chips to drop to the bottom of
the hole where they are easily removed, thus allowing the tool to work
with less obstruction; and in the third place, the recessing tool can be
more conveniently operated from the front cross-slide, by means of the
rising block used in connection with the forming tool holder. The
. regular rising block, however, is removed and a special rising block
substituted, which has a cam attached, used for operating the recessing
tool holders.

If, on the other hand, the recessing tool holder is operated from the
rear cross-slide, the recessing either must be done when the spindle is
running backwards, or else it will be necessary to make a special cir-
cular tool holder, in which the distance from the hole through which
the screw is inserted to hold the circular tool, to the top face of the
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. cross-slide is of a less height than that ordinarily used on the rear
‘cross-slide.

In cutting the finished piece from the bar after recessing, the feed
should be decreased on the cut-off tool, so that the piece will be sev-
ered without leaving a burr where the two cuts meet. Decreasing the
feed from 0.001 to 0.0005 inch per revolution is generally found
sufficient. .

At A in Fig. 20 is shown a recessing tool which is used for cham-
fering, and at B is shown a tool which is used for chambering. This
latter tool removes the superfluous material in a similar manner to an
ordinary boring-tool. '
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Figs. 17, 18 and 19, Diagrams illustrating the Method of Determining
Proportions for Ch ing and R Tools

The chamfering tool shown at A is not backed off, as it is smaller
in diameter than the hole in the work, which gives it sufficient peri-
phery clearance. For brass work, the cutting edge is cut radial as
shown, or sometimes below the center when less clearance is neces-
sary, as shown by the dotted line a, but for steel work it is cut above
the center a distance equal to 0.1 of the diameter. The included
angle B of the cutting edge is made as required, the angle usually
being about 90 degrees.

The recessing or boring tool shown at B has its sides helically re-
lieved, giving a clearance angle of from 5 to 8 degrees, which is found
satisfactoty for ordinary work. For brass work this tool is cut on the
center or below, as shown by the dotted line b, and for steel work the
same as already stated for chamfering tool A.
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‘Where the hole in the work is of such a diameter that a tool made
similar to those shown at A and B would be too slender to do eficient
work, one similar to that shown at C and D can be used. The diam-
eter of the cutting end of this tool need only be about 0.008 to 0.012
inch smaller than the hole. The distance a should be about 0.015 inch
greater than the depth of the recess, and b, of course, will equal 1% a.
The amount ¢ that the cutting edge is cut below the center, should be
enough to give thé tool sufficient negative rake for brass, but for steel
it should be cut 0.1 of the diameter above the center.

A good method of making this tool is as follows: Take a piece of
drill rod of a diameter equal to the diameéter of the shank required
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Fig. 20. Various Types of Recessing Tools

and insert it in a draw-in chuck held in a bench or other suitable
lathe. Turn down the body of the tool to the diameter required, then
remove the tool from the chuck, and put it back with a narrow strip
of sheet steel or brass placed alongside of it, the thickness of which
will equal the dimension b, Fig. 20. When the tool has been tightened
in the chuck, light cuts can be taken until the desired amount of ma-
terial has been removed. When the tool has been turned eccentric, as
shown at C, a small groove is milled in it as shown at D, and the tool
backed off for clearance. It is then hardened and drawn very care-
fully in oil. If the amount of eccentricity required on the tool is such
that the tool could not be held firmly in a chuck with a piece of sheet
steel inserted alongside of it, a bushing should be made with an eccen-
tric hole, the eccentricity of the hole in the bushing being equal to the
eccentricity required on the tool.

Chamfering and recessing tools should be made slightly smaller
than the diameter of the drilled hole and the body should never. be
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longer than is necessary to clear the work, allow the chips to pass out,
and the oil to penetrate to the cutting edge. For general conditions
the following proportions for chamfering and recessing tools will be

found satisfactory:
Proportions for Chamfering Tools (for Notation see Fig. 17)

A = diameter of hole before reaming, or diameter of drill,
B =—diameter of chamfering tool=—=A4 — 0.025 to 0.030 inch,
C = diameter of chamfered hole,
D =length of work, or distance that tool projects in from the face
of the work,
E = length of body of tool=1.25 D,
F — diameter of body of tool (when included angle =—=90 degrees) —
B — (2H + 0.025 to 0.030inch). .
G = width of blade=10.25 B—2H,
= diameter of shank, as follows:
When A—=from 14 to 1 inch, =1 inch.
A =from 14 to 14 inch, I=1 inch.
A —=from 1 to 7% inch, 7= 1 inch.
- K —total length of tool, as follows:
When I=1 inch, K=E + 7 inch.
I=1 inch, K—=E + 1% inch.
I= 1 inch, K=E + 1% inch.

Proportions for Recessing Tools (for Notation see Fig. 18)

A = diameter of hole before reaming, or diameter of drill,
B =— diameter of recessing tool=—A4 — 0.025 to 0.030 inch,
C = diameter of recessed hole,
D —=distance from face of work to extreme depth of recessed hole,
E =length of body of tool=—=1.25D, '
F = diameter of body of tool—=B — (C — B + 0.020),
@ = width of blade=0.2 B,
H — diameter of shank, as follows:
When A is from 14 to 14 inch, H=14 inch.
A is from 1 to 1% inch, H=1 inch.
A is from % to 7 inch, H= 1 inch.
I —total length of tool, as follows: .
When H=—1 inch, I—=FE 4+ 7% inch.
H=—1% inch, I—=E + 1Y% inch.
H=— 1 inch, I—E + 1% inch.

Proportions for Tools used in Recessing Holes of Small
Diameter (for Notation see Fig. 19)
A — diameter of hole before recessing, or diameter of drill,

B =depth of recess,

C = diameter of cutting portion of recessing tool—A — from 0.010
to 0.020 inch,

D —=diameter of eccentric body of tool—=C— (B + from 0.010 to
0.020 inch),
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E =distance from face of work to extreme depth of recessed hole,

F =1length of body of tool—=1.20 E,

@ = width of blade=10.20C,

H = diameter of shank of tool, which is the same as previously given

for the tools shown in Figs. 18 and 19.
I —total length of tool, as follows:
When H is Y% inch, I=—=F 4 7% inch.
H is % inch, I—=F + 1Y% inch.
H is 1 inch, I=F + 11 inch. .

It will be noted that the lengths of the bodies E and F on chamfer-
ing and recessing tools, respectively, will be governed to a consider-
able extent by the character of the holder used, and the relative posi-
tions of the cross-slide tools during the recessing operation, and also

Fig. 21. B. & 8. Swing Tool-holder and Rising Block for Operating it

by the depth of recessed hole required. Usually the proportions given
will be found satisfactory for general work.

Recessing Tool Holders

In Fig. 21 is shown a recessing tool holder which is commonly called
a swing tool. The swinging member A of this holder is held to the
body B by a stud and screw a. The pin b held in the swinging mem-
ber is kept tight up against the end of the set-screw ¢ by means of a
small coiled spring, not shown, which is held in the member B. The
set-screw c is also used for bringing the tool concentric with the hole in
in the work. The set-screw d holds the recessing tool in the swinging
holder. To operate this tool, the ordinary rising block which is used
under the circular tool holder is removed, as already mentioned, and
the block shown to the right in the illustration is substituted in its
place. This block is intended. only for straight work, the cam E being
adjusted longitudinally in a slot in plate C.

The rising block shown in Fig. 22 is adjustable for taper work.
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Plate C has a longitudinal groove c cut in it, in which the adjusting
arm D can be adjusted in or out, as desired. When the desired posi-
tion is obtained, it is clamped by means of the screws d. On this ad-
justable plate D is fastened a swinging plate which rotates on the
small pin e and is adjusted by the set-screw f. When this plate is set
in the desired position it is locked by means of the screw g. This
rising block can be used for a variety of work, as the. setting and
shape of the plate E will determine the shape .produced on the work.

When it is essential to have a hole in the work concentric with the
external circumference of the work, a block as shown in Fig. 22 can
be used in conjunction with the recessing or swinging tool holder
.shown in Fig. 21, the operation of truing the hole being similar to

Machinery,N.Y.

Fig. 22. Standard Rising Block used for Operating 8wing Tools

boring a hole in an ordinary lathe. For this class of work, of course,
it is usually necessary to take only one cut, so that complicated cams
are avoided, but in special cases the work in hand will decide whether
it would be advisable to take one or more cuts. )
Returning to the swinging tool holder shown in Fig. 21, the set-screw
1 is used for bringing the recessing tool concentric with the hole in
the work. A small clamping nut g is provided for locking it, when in
the desired position. The sizes of the hole A in the holders for the
various machines do not fit the sizes of shanks for recessing tools
recommended above, but are smaller, as follows:
For the No. 00 machine, h=23/16 inch,
No. 0 machine, h=1/4 inch,
No. 2 machine, h=1/2 inch.
For large recessing tools the shank sizes required to fit these hold-
ers are rather too small.
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In Fig. 23 is shown another design of recessing tool holder which
will sometimes be found very comvenient. In the tool-holder shown
the swinging member A is held to the body of the tool-holder B by
means of the screw C. The body of this screw, which passes into the
holder B, is turned eccentric to that part of the screw which works
in the swinging member 4. A detail view of this screw, used in a
holder for a No. 00 machine, is shown to the right in the illustration.
It can be seen that a slight adjustment of this screw will locate the
recessing tool concentric with the hole in the work. This is found to

. be a very practicable addition in some cases, especially when the hole
in the work is extremely Small, not allowing the difference between
the external diameter of the recessing tool and that of the hole to be
very great. This screw also provides for any inaccuracy in the mak-
ing of the holder, as it is usually found a difficult’ proposition to get
these tool-holders to line up exactly.
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Fig. 28. Another Type of SBwing or Recessing Tool Holder

The construction of this holder is somewhat different to that shown
in Fig. 21, especially in the method of holding A to the member B.
A shoulder-screw E is tapped into part B and is made a loose fit in
the swinging part A, the latter having an elongated hole to allow the
holder to swing. The head of the screw E allows the swinging part
of the holder to slide easily underneath it. This holder has an adjust-
able stop F, so that once the holder is set, it will always come back
into the exact position. The set-screw or stop F which bears against
the body of the screw E is locked by means of a nut. @ is the screw
agajnst which the operating cam attached to the rising block bears.
This screw has a shoulder against which a small coiled spring acts,
thus keeping the screw F held in the swinging member A up against
the screw E. Split bushings are used for holdihg the recessing tools
in this holder. This tool can be made very accurately and is used for
fine and delicate work.

Performing Facing Operations with Swing Tools

Swing tools are not only used for recessing and chamfering oper-
ations, but can also be used for straight, taper and irregular turning
operations, and when necessary may be used for facing. It is some-
times found necessary to cup out a piece of work, leaving a very thin
wall. Now, if the ordinary facing tool were used in the turret, the
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cutting pressure would force this thin wall back, and as soon as re-
lieved of the pressure, it would spring back again to its normal posi-
tion, or nearly so, thus making it difficult to produce a perfectly square
face in the work. For this class of work a swing tool as shown in
Fig. 24 is found advisable. When in operation, the facing tool ¢ shown
in the holder is brought up until the cutting edge is in line with the
face of the work. When it is in this position it is fed a slight amount
into the work, equal to the depth of the cut to be taken. Then the
cross-slide advances, forcing the tool forward, thus turning the face
in a manner similar to that of an ordinary facing operation in the
lathe. If one cut is not sufficient to true up the face, of course a sec-
ond cut can be easily taken. This method of turning will be found
satisfactory when all others fail. This swing tool is constructed some-
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Fig. 24. Swing Tool used for Facing Operations

what similarly to those previously described, with a slight modifica-
tion to suit the requirements. The turning tool C is made from a
square section of either carbon or high-speed steel and is adjusted by
means of the two set-screws A. The turning tool rests on the small
pin B which acts as a fulcrum. By means of this pin and the two
set-screws the tool can be set to the correct height.

When making a cup-shaped piece of work similar to that shown in
Fig. 25, usually the best procedure to follow is to first drill, rough
counterbore and form all at the same time. A rough counterbore can
be used similar to that shown at B, Fig. 14. Following the counter-
boring operation, a swing tool similar to that shown in Fig. 24 is used
to square up the inside face which has hecome slightly concave, due
to the fact that the heat generated between the side of the form tool
and the work causes the work to spring away from the tool.

If it is necessary to have the back face of the piece square as well
as the inside face, a revolving support can be used in the turret, fol-
lowing the rough counterboring operation or the first facing operation,
as the case may be; preferably it should follow the facing ‘operation.
This support is used in conjunction with a shaving tool carried on
either cross-slide, as may be necessary, and is brought up against the
inside face of the work. The shaving tool is ;hen fed across the back
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face of the work, taking a light shaving cut. If necessary it can also
take a light cut off the shank, if it is desired to get the diameter closer
than within limits of 0.0015 inch. Care should be taken to have the
spindle adjusted so that there is no end play, and to have the dwell
on the cam uniform, because if the lobe for the revolving support is
not uniform but has slight rises on it, it will produce an uneven finish
on the back face of the work, thus defeating the object of the shaving
operation.

When the wall is very thin, that is when the distance B equals about
ten times the dimension A, two facing cuts should be taken. It is
preferable, when performing facing
operations of this character, to op-
erate the swing tool from the front
cross-slide and start the cut from
the center of the work out to the
full diameter. Operating the swing
tool from the front cross-slide per-
mits the tool to be turned upside
down (when the spindle is running
forward), thus allowing the chips
Machinery.N. Y. to be removed easily. However,

e, 35, Disgram giving Notation used when high periphery velocities are
in the Derivation of Feeds for Facing used on steel, it is generally prac-
Operations ticable to have the swing tool oper-
ated from the rear cross-slide, or else run the spindle backward, so
that a good supply of oil can reach the cutting edge of the tool.
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Feeds for Facing Operations

The feeds and depths of chip for facing operations are given in
Table VI. The values of C in the first column equal B divided by A
(see Fig. 25). For example, assume that B=—=0.25 inch. Then when

0.250
A =0.025 inch, C =

=10, or, in other words, B=—10 times A.
0.0250

It will be noted that the feeds given are approximately the same for
brass rod and machine steel; this has been found satisfactory. When
the distance B is greater than 12 times A, the form tool, or other
means of supporting the thin wall against the pressure of the cut
ghould be provided. Where the form tool is used for this purpose it
should be made perfectly straight, that is, without side clearance, and
it should be ground and lapped. In this operation the form tool is
dropped back from the shank E of the work to a distance about 0.010
inch and allowed to dwell in this position until the facing operation
is completed. A copious supply of good lard oil should be supplied to
the tools. The feeds under these conditions can sometimes exceed
those given in Table VI.

Rise on Cross-slide Cam for Recessing and Chamfering

When using the recessing holders previously described it is obvious
that the rise on the cam will be greater than the distance which the
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v tool is fed into the work. To illustrate the method of finding the rise
on the cam, refer to Fig. 26, where

A = distanee from center of fulcrum to center of the recessing tool,

B — distance from center of fulcrum to point of application of cam -
or center of screw f. (see Fig. 21),

C —diameter of recessing tool, .

D — diameter of drilled hole in the work,

E —diameter of recessed hole,

TABLE V1. FERDS FOR FACING TOOLS MADE FROM !IGB-SPIBD
AND CARBON STEEL

0.002-inch Chip
vamarc | RENE | Melwset | Tmmel
Revolution Rcvoluﬂon Revolution

12.0 0.0008 0.0007 0.0005
11.0 0.0010 0.0009 0.0007
10%0 0.0020 0.0016 0.0010
9.0 0.0080 0.0025 0.0015
8.0 0.0040 0.0080 0.0020

0.005-inch Chip
7.0 0.0040 0.0080 0.0020
6.5 0.0050 0.0088 0.0023
6.0 0.0056 0.0040 0.0026
5.6 0.0060 0.0045 0.0028
5.0 0.0070 0.0060 0.0C30

0.010-inch Chip
4.5 0.0048 0.0080 0.0080
4.0 0.0050 0.0084 0.0084
8.6 0.0055 0.0037 0.0087
8.0 0.0060 0.0040 0.0040

E—C
r =travel of recessing tool = . y

R —rise.on the cam.

Then R:7r::B: A. To illustrate this more clearly we will take a

practical example. Let r equal 0.040 inch; B, 214 inches; A, 11 inch;
0.040 X 214

then R =————=—0.080 inch.

) 114

Care should be taken to set the recessing tool exactly in the center
of the hole, so that it will not strike the side when being forced into
or backed out of the work. If care is not taken in this respect, the
appearance of the work turned out will not be creditable, and the tool
may be broken.
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Cam Lever Templets for Laying out Cams

In Fig. 27 are shown the cam lever templets for the Nos. 00, 0, 1
and 2 Brown & Sharpe automatic screw machines. These templets are
used for laying out cams when it is necessary to have the starting or
finishing points of the lobes on the cross-slide and lead cams in a cer-
tain definite relation to each other.

M OF RECESSING HOLDER,

POINT OF APPUICATION OF CAM

Machinery,N.Y.

Fig. 26. Diagram for finding Rise on Oross-slide Cam for Recessing
and Chamfering Operations

These templets are used as follows: The center A is pivoted at the
" center of the cam drawing by a pin or other pointed instrument which
is inserted in the center hole provided in the lever. The maih body
of the templet B can then be rotated in any desired position so that

CENTER OF FULCRUM

CAM LEVER TEMPLETS ]
FOR NOS.142.8. 48.AUTO. 8,M FOR NO.0.B.48.AUTO.8.M, A  FOR NO.00.B. 48.AUTO.8. M.

Muchtnery,N.Y.

Fig.27. Nos.00, O, 1 and 2, B. & 8. Automatic S8crew Machine Cam Lever
Templets for finding the Starting and Finishing Points of the Lobes for the
Cross-slide and Lead Cams

the rolls of the cam levers can be set in their respective relations to
each other. In this way the starting or finishing points of the lead
and cross-slide cam lobes can very easily be obtained, as will be fur-
ther explained in the following.

These cam lever templets are made from sheet celluloid, thus mak-
ing them transparent so that any marks placed on the drawing can
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easily be detected, such ag the location of the roll, whether on the top
of the lobe, on the rise of the lobe, or on the drop of it. The templets
are manufactured by the Brown & Sharpe Mfg. Co., Providence, R. I.

Methods of Laying out Cams for Chamfering

In Fig. 28 is shown a method for finding the starting and finishing
points on the lobes of the cross-slide and lead cams for chamfering.
These points can very easily be obtained by means of the cam lever
templets shown in Fig. 27. As was previously explained in regard to
these templets the center A (see Fig. 27) is pivoted at the center of
the cam.

There are two methods used in laying out a set of cams when it is
necessary to obtain clearances or definite starting points for the lead
and cross-slide lobes. The first one is to obtain a rough estimate of
the total number of revolutions required to complete one piece, after
which the revolutions are transferred into hundredths of cam circum-
ference, and the location of the lobes laid out on the cam circles. Then
the rises and drops are constructed and the amount of clearance ob-
tained by the cam lever templets. This method usually requires con-
siderable experience in this line of work. ‘

Another method, and one which the writer considers superior to that
given, is to first find the rise on the cross-slide cam for chamfering
(see Fig. 26). Then draw a diagram as shown in Fig. 28. First draw
circlé8 L and 8, representing the largest diameter of the lead cam and
the largest diameter of the cross-slide cam, respectively. Then draw
another circle H a distance R inside of the circle 8, as shown, the
dimension R being the rise on the cross-slide cam, It is obvoius that
in chamfering operations the tool should have been moved longi-
tudinally the proper distance into the work before the cross-slide cam
starts to operate upon it. Therefore, the lead-cam roll should be on
the highest point of the lobe before the cam on the cross-slide, used
for feeding in the tool, touches the tool holder. In order to accom-
plish this result, proceed as follows. Draw a circle @G, as shown in

1
Fig. 28, which has a radius an amount R + D + — smaller than that
16

of circle §. The value of D is shown in Fig. 17; the 1/16 inch added
to D allows for clearance. After these circles have been drawn, we
can find the starting and finishing points of the lobes.

The cam lever templet is now brought into position, and the lead
cam roll placed so that its circumference touches the lobe on the lead
cam and its center coincides with the line A indicating the completion
of the lead-cam rise. Then the cross-slide lever is swung down so that
the circumference of the roll touches the circle G as shown, and with
a sharp pencil a line is scribed around the circumference of the roll,
which will determine the quick rise of the cam. The compasses are
then set to the desired radius for the quick rise of the cam which is
described so that it will cut the circle H, representing the start of the
rise on the cross-slide cam, and also be tangent to the line which has
been previously marked by scribing around the cross-slide lever roll.
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Where the quick rise of the cam and the circle H meet, will be the
starting point of the rise on the cross-slide cam, indicated by the line
B as shown.

When we have found the starting points, the next thing is to obtain
the ending or “finish” points of the lobe. It is obvious that the lead
cam should hold the tool in position until the cross-slide cam has
dropped back an amount equal to the distance which it has forced the
tool into the work. A line F is taken at any convenient position for
the “finish” of the lead cam, and the cam lever templet is then brought
into position so that the roll of the lead lever touches the circle and
the center coincides with the line F as shown. The cross-slide roll is
then swung down until its circumference touches the circle H and a
line is scribed around the circumference of the roll. Where this line

CENTER OF FULCRUM OF LI EVER
o __\
< CENTER OF FULCRUM OF CROSS-SLIDE LEVER

RADIUS OF CROSS-SLIDE _
CAM LEVER —

ﬁADOUS OF LEAD CAM LEVER

\hpery N.Y.

Fig.28. Diagram for finding the Starting and Finishing Points of the Lobes
of the Cross-slide and Lead Cams for Chamfering Operations

088 SLIDE CAM

intersects the circle representing the largest diameter of the cam. will
be the finishing point of the lobe, provided the distance R is not
greater than the radius of the roll. If distance R is greater than this,
the line representing the drop should be constructed tangent to the
roll circumference, and where the line representing the drop intersects
the outside circle will be the finishing point of the lobe, as indicated
by line C. The space from E to C represents from one to two revolu-
tions for dwell on the cross-slide cam.

Now it can be clearly seen that the advantage of this method is that
the amount of clearance between the starting and finishing points of
the lead and cross-slide cams is known in hundredths of the cam cir-
cle circumference before the cams themselves are laid out, thus
facilitating the operation of laying out the cams.

Methods of Laying out Cams for Recessing

In Fig. 29 a method is shown for finding the starting and finishing
points on the lobes of the cross-slide and lead cams for recessing. To
determine these points the cam lever templets are again brought into
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operation. The starting point, determined by line A, and the circle
representing the dwell on the lead cam are first laid out. A circle is
then drawn, the radius of which is a distance K (see Figs. 18 and 19)
greater than the circle representing the dwell on the lead cam. Before
this is done, of course, a maximum diameter of cam should be decided
upon, which will suit the length of the tool-holder used in the turret.
A circle passing through the starting point of the rise of the cross-
slide cam, as well as a circle representing the dwell on the cross-slide
cam should also be drawn, the difference in radii between these two
circles being the rise R. Now the cam lever templets are placed in
position on the drawing, and the lead roll brought down so that it
touches the lead cam, its center coinciding with line 4. A circle ¥ is

1
next drawn, having a radius L 4+ — inch less than that of the circle
) 16

’

ER
M /A -
eI S csursn OF FULCRUM OF LEAD LEVER
o
o?")“
&
o - MLEVER

N / 0& CENTER OF FULCRUM OF CROSS-SLIDE LEVER
<

; | CROSS: sune/ Fa
a / \\
4/ . N RADIUS OF LEAD LEVER
5 4

) AR

Fig. 29. Diagram for finding the Starting and Finishing Points on the Lobes
of the Cross-slide and Lead Cams for Recessing Operations

passing through the starting point of the rise of the cross-slide cam.
(See Fig. 18 for dimension L). The cross-slide roll is then swung down
until its circumference touches the circle M, as shown, and a line is
drawn around the circumference of the roll. The quick rise line of
the cam is then constructed tangent to the roll, and where this line
intersects the circle previously drawn and which determines the begin-
ning of the slow feeding-in rise of the cross-slide cam, is the starting
point of the slower rise of the cross-slide cam, as shown at B. The
line C, which represents the finishing point'of the rise on the cross-
slide cam for feeding the tool in to take the desired chip, is then laid
off and the cross-slide roll swung into position. The lead roll is then
swung down until it touches the circle representing the dwell on the
lead cam. The starting point of the rise on the lead cam, located on
line D, is slightly in advance of the finishing point on the cross-slide
cam.

The finishing points of the lobes are the next things that require
attention. Any line, as @, is taken at a convenient location, and the
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cam lever templets are then brought into operation. The lead roll is
first brought into position as shown, and then the cross-slide roll is
swung down from the outside diameter of the cam a distance equal to
R, and the drop laid off as before mentioned in regard to chamfering
operations. The finishing point of the cross-slide lobe would then rbe
on the line E. The space from C to E on the cross-slide cam would be -
for dwell, while the space from D to G on the lead cam would be the
rise. The space from F to G is for dwell on the lead cam, which
represents about one or two revolutions.

Speeds for Chamfering and Recessing Tools
The surface speeds used for reeessing tools can be slightly greater
than those used for counterbores on account of the light feeds and

TABLE VII. FEEDS FOR OHAMFERING TOOLS MADE FROM HIGH-
SPEED AND CARBON STEBLS

Diameter of Brass Rod, Machine Steel, Tool Steel,
Chamfering Tool Feed . , Feed
in Inches per Revolution per Revolution per Revolution

3 0.0010 .0008 0.0005
& 0.0015 0.0010 0.0008
1 0.0018 0.0015 0.0010
4 0.0020 0.0020 0.0012

0.0080 0.0022 0.0015
7 0.0040 0.0025 0.0018
3 0.0048 0.0080 0.0020
2 0.0055 0.0035 0.0021
3 00060 0.0038 0.0022
1 0.0065 0.0040 0.0024
2 0.0070 0.0045 0.0026
13 0.0075 0.0048 0.0028
3 0.0080 0.0050 0.0080

small amount of cutting surface in contact with the work. As a rule,
the following surface speeds can be used on the materials specified with
satisfactory results:

SPEEDS FOR RECESSING TOOLS MADE FROM CARBON STEEL
Surface Speed in Feet

Material per Minute
Brass (ordinary quality)..........ccoviiuiiiiinnn. 170-180
GUN-BCTEW 0N . ...cviitiiennnr e enneenneenns 60-70
Norway iron and machine steel...................... 45-55
Drill rod and tool steel..............c.cviiineneennn 35-40

SPEEDS FOR RECESSING TOOLS MADE FROM HIGH-SPEED STEEBL
' Surface Speed in Feet

Material per Minute
Brass (ordinary quality)..............ciiiiiiiinn. 200-225
GUN-SCTEW IFON + ot v vt vin e it ienneeneecnaneanaenans 90-100
Norway iron or machine steel....................... 75-85

Drill rod and tool steel.........cooiiiiniiiiiiiinnnn 50-60
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to 19, it would be advisable in most cases to use a slightly decreased
feed. No definite rule, however, can be given for this, as the conditions
vary so much. Therefore, the feed to be used will practically be a mat-
ter of judgment and can be found in no other way than by experience.

Feeds for Recessing

In Table VIII are given the feeds to be used when a chip from 0.010
to 1/16 inch thick is being removed. The same feeds as given in
Table VII are used for feeding the recessing tool into the depth of
chip required, while the feeds given in Table VIII are used for feed-
ing the tool longitudinally. The same conditions as previously men-
tioned in connection with chamfering tools should be taken into con-
sideration here also. For general conditions and for recessing tools
made to proportions given in Figs. 17 to 19 the feeds in Table VIII
will be found satisfactory. In steel work, especially, it is usually
found advisable to decrease the feed as the tool approaches the end of
its cut, when a chip varying from 1/32 to 1/16 inch thick is taken.
This rule is also followed when a finishing cut is taken with a box-
tool up to a shoulder.



OUTLINE OF A COURSE IN SHOP AND DRAFTING-ROOM
MATHEMATICS, MECHANICS, MACHINE DESIGN
AND' SHOP PRACTICE

Any intelligent man engaged in mechanical work.can acquire a well-rounded
mechanical education by using as a guide in his studies the outline of the
course in mechanical subjects given beiow. The course is laid out so as to
make it possible for a man of little or no education to go ahead, beginning

wherever he finds that his needs begin.

The course is made up of units so that

it may be followed either from beginning to end; or the reader may choose
any specific subject which may be of especial importance to him.

Preliminary Course in Arithmetic

Jic SHEETS 1A TO 5A:—Whole Num-
bers: Addition, Subtraction, Multi-
plication, Division, and Factoring.

Jic SHEETs 6A TOo 15A:—Common
Fractions and Decimil Fractions.

Shop Calculations

Reference Series No. 18. SHop
ARITHMETIC FOR THE MACHINIST.

Reference Series No. 52. ADVANCED
SHOP ARITHMETIC FOR THE MACHINIST.

Reference Series No. 53. UsE OF
LocARiITHMIC TABLES.

Reference Series Nos, 54 and 55.
SOLUTION OF TRIANGLES.

Data Sheet Series No. 16. MATHE-
MATICAL TABLES. A book for general
reference.

Drafting-room Practice

Reference Series No, 2. DRAFTING-
ROOM PRACTICE.
Reference Series No. 8. WORKING

DRAWINGS AND DRAFTING-ROOM KINKS.
Reference Series No. 33. SYSTEMS
ANXD PRACTICE OF THE DRAFTING-ROOM.

General Shop Practice

Reference Series No. 10. EXAMPLES
OoF MACHINE SHOP PRACTICE.

Reference Series No. 7. LATHE AND
PLANER TooLs.

Reference Series No. 25. DEEp HOLE
DRILLING,

Reference Series No. 38. GRINDING
AND GRINDING MACHINES.

Reference Series No. 48. FILES AND
FILING. ’

Reference Series No.
THREAD CUTTING.

Data Sheet Series No. 1. ScrREw
THREADS. Tables relating to all the
standard systems.

Data Sheet Series No. 2. ScCREWS,
BorLTs AND NuTrs, Tables of standards.

Data Sheet Series Nos. 10 and 11.
MACHINE ToorL OPERATION. Tables re-
lating to the operation of lathes, screw
n:achines, milling machines, etec.

Reference Series Nos. 50 and 51.

32.  SCREW

PRINCIPLES AND PRACTICE OF ASSEM-
BLING MACHINE ToOOLS.

Reference Series No. 57.
SPINNING.

Jigs and Fixtures

Reference Series Nos. 41, 42 and 43.
Ji6s AND FIXTURES.

Reference Series No. 3. DRrILL JiGs.

Reference Series No. 4. MiLLING
FIXTURES,

Punch and Die Work

Reference Series No. 6. PUNCH AND
DiE WORK.

Reference Series No. 13. BLANKING
DiEs.

Reference Series No. 26. MODERN
PuUNcH AND DIE CONSTRUCTION.

Tool Making

METAL

Reference Series No 64, GaGE
MAKING AND LAPPING.

Reference Series No. 21. MEASUR-
iNe¢ TooLs.

Reference Series No. 31. ScrRew

THREAD ToOLS AND GAGES.

Data Sheet Series No. 3. Tars AND
THREADING DIES.

Data Sheet Series No. 4. REAMERS,
SoCKETS, DRILLS, AND MILLING CUTTERS.

Hardening and Tempering

Reference Series No. 46, HARDEN-
ING AND TEMPERING.
Reference Series No. 63. HEAT

TREATMENT OF STEEL.
Blacksmith Shop Practice
and Drop Forging
Reference Series No. 44.
BLACKSMITHING.
Reference Series No.
SMITH SHOP PRACTICE.
Reference Series No. 45. Drop FogrG-
ING.

MACHINE

61. BLACE-

Automobile Construction
Reference Series No. 59, MACHINES,
TooLs AND METHODS OF AUTOMOBILE
MANUFACTURE.
Reference Series No. 60. CONSTRUC-
TION AND MANUFACTURE OF AUTOMO-
BILES.



Theoretical Mechanics
Reference Series No. 5. FiBST PRIN-
CIPLES OF THEORETICAL MECHANICS.
Reference Series No. 19. USE oF
FORMULAS IN MECHANICS.

Gearing
Reference Series No. 15. Spur
GEARING.
Reference Series No. 37. BEVEL
GEARING.
Reference Series No. 1. WorM
GEARING.
Reference Series No. 20. SPIRAL
GEARING.
.Data Sheet Series No. 5. Spur

GEARING. General reference book con-
taining tables and formulas.

Data Sheet Series No. 6. BEVEL,
SPIRAL AND WORM GEARING. General
reference book containing tables and
formulas.

General Machine Design

Reference Series No. 9. DESIGNING
AND CurTiNng CaMS.

Reference Series No. 11, BEARINGS.

Reference Series No. 56. BaLL
BEARINGS.

Reference Series No. 58. HELICAL
AND ELLIPTIC SPRINGS.

Reference Series No. 17. STRENGTH
OF CYLINDERS.

Reference Series No. 22. CaLcuLa-

TIONS OF ELEMENTS OF MACHINE DE-
SIGN.

Reference Series No. 24. EXAMPLES
OF CALCULATING DESIGNS,

Reference Series No. 40. FLy-
WHEELS.

Data Sheet Series No. 7. SHAFTING,
KEYS AND KEYways.

Data Sheet Series No. 8. BEARINGS,
CoupLiNGgs, CLUTCHES, CRANE CHAIN
AND HooKks.

Data Sheet Series No. 9.
SLIDES AND MACHINE DETAILS.

SPRINGS,

Data Sheet Series No. 19. BELT,
RoPE AND CHAIN DRIVES.
Machine Tool Design
Reference Series No. 14. DETAILS
OF MACHINE TooL DESIGN.
Reference Series No. 16. MACHINE

TooL DRIVES.

‘ Crane Design
Reference Series No. 23. THEORY OF
CRANE DESIGN.
Reference Series No. 47.
oF ELECTRIC OVERHEAD CRANES.
Reference Series No. 49. GIRDERS
FOR ELECTRIC OVERHEAD CRANES.

DESIGN

. . DT I .« .

- .

Stoam ahd Gas Engine Design

Reference Series Nos. 67 to 72, in-
clusive, STEAM BoOILERS, ENGINES,
TURBINES AND ACCESSORIES.

Data Sheet Series No. 15. HEearT,
STEAM, STEAM AND GAS ENGINES.

Data Sheet Series No. 13. BOILERS
AND CHIMNEYS.

Reference Series No. 65. ForRMULAS

" AND CONSTANTS FOR GAs ENGINE DE-

SIGN.

Special Course in Locomotive Design

Reference Series No. 27. BOILERs,
CYLINDERS, THROTTLE VALVE, PISTON
AND PisToN Rob.

Reference Series No. 28. THEORY
AND DESIGN OF STEPHENSON AND WAL-
SCHAERTS VALVE MOTION.

Reference Series No. 29. SMOKE-
pox, FRAMES AND DRIVING MACHINERY.

Reference Series No. 30. SPRINGS,
TRUCKS, CAB AND TENDER.
Data Sheet Series No. 14. Locoxio-

TIVE AND RAILWAY DATA.

Dynamos and Motors

Reference Series No. 34. CARE AND
REPAIR OF DYNAMOS AND MOTORS,

Data 8heet Series No. 20. WIRING
Di1agraAMS, HEATING AND VENTILATION,
AND MISCELLANEOUS TABLES.

Reference Series Nos. 73 to 78, in-
clusive. PRINCIPLES AND APPLICATIONS
OF ELECTRICITY.

Heating and Ventilation

Reference Series No. 39. IANs,
VENTILATION AND HEATING.
Reference Series No. 66. HEATING

AND VENTILATING SHOPS AND OFFICES.

Data Sheet Series No. 20. WIRING
D1AGRAMS, HEATING AND VENTILATION,
AND MISCELLANEOUS TABLES,

Iron and Steel

Reference Series No. 36. IRON AND
STEEL.
Reference Series No. 62. TESTING

THE HARDNESS AND DURABILITY OF
METALS.
General Reference Books

Reference Series No. 35. TABLES
AND FORMULAS FOQR SHOP AND DERAFT-
ING-ROOM.

Data Sheet Series No. 12. PIPE AND
PipE FITTINGS.

Data Sheet Series No. 17. MECHAN-
ICS AND STRENGTH OF MATERIALS,

Data Sheet Series No. 18. BEeaM
FORMULAS AND STRUCTURAL DESIGN.

Data Sheet Series No. 20. WIRING
DiaGRAMS, HEATING AND VENTILATION
AND MISCELLANEOUS TABLES.
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