meEXE@

MACHINERY'S REFERENCE SERIES

EACH NUMBER IS A UNIT IN A SERIES ON ELECTRICAL AND

STEAM ENGINEERING DRAWING AND MACHINE
DESIGN AND SHOP PRACTICE

NUMBER 101

AUTOMATIC SCREW

MACHINE PRACTICE

Parr III

CIRCULAR FORM AND CUT-OFF TOOLS FOR
THE BROWN & SHARPE AUTOMATIC
SCREW MACHINE

By DoucLas T. HAMILTON

.. CONTENTES',
General Arrangement c.f Circ,ula‘ Form and Cut-off Tools
Calculations for Formmg Tools - - - - .
Speeds and Feeds for Forming Too s - - - -
Making Circular Forming Tools - - - e -
APPENDIX

Calculation of Circular Forming Tools, by WiLLIAM W.
JOHNSON - - - =« = « « - .

Copyright, 1912, The Industrial Press, Publishers of MAGHINERY,
49-55 Lafayette Street, New York City

3

IRE

32




e B

THE NEW YCRK
PUBLIC LIBRAPY

63901

ASTOR, LEN®X AND
TILD®N FOUNDATIONS
R 1914 L

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 tdols. No. 103, “Internal Cut-
ting Tools for the Automatic Screw Machine,” deals with centering
tools, crossslide 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 p.nd tap holders, and thread rolling. No.
105, “Knurling Operation$ .'Lbe &nomzmc w Machine,” describes
the construction of knurM ho'lders, and Eives difections for the mak-
ing of knurls and the design of’ tobls.md scayrs used in connection with
knurling operations. No. 106, “Mﬂﬂxc..Crpss-druung and Burring
Operations on the Automatit Screw, h@;hi‘g,” «escribes screw-slotting
attachments, index drilling sftadhmenta; 4ug | btrring attachments, giv-
ing directions for their use and for the design ‘of cams for them.




CHAPTER 1

GENEI L ARRANGEMENT OF CIRCULAR FORM
AND CUT-OFF TOOLS

When any given plece of work is to be made on the screw -machine,
the methods of arranging the operations and the tools to be used
should be decided upon before designing the cams. One of the first
things to consider is the method of applying the circular form and cut-
off tools. The methods, of course, will vary to a considerable extent,
according to the shape of the plece to be made.

Forming with circular tools as shown in Fig. 1, when the piece per-
mits, is usually the best and quickest method; it {s quicker than using
the turret tools, on account of eliminating the necessity of revolving
the turret. The tools can also be easily and quickly changed when
gsetting up for another piece. This method is recommended when the
length of the work is not more than 214 times the smallest diameter
of the piece when finished. For example, when the smallest diameter
g in Fig. 1 i8 14 inch and dimension b not more than 8§ inch, it is
most economical to use the form and cut-off tool method, The oper-
ations for making the piece would be as follows: The stock is first
fed out to the stop, then the form tool A is brought in, forming the
body a, and just as the tool A 1s finishing, the tool B is brought in
and severs the piece from the bar. Another example is shown in Fig.
2 where a shouldered screw is being made; here the tool C is brought
in and forms the part ¢ and the neck e; then the die threads the
screw, and the tool D is brought in and severs the piece from the bar,
and forms the part d for the next screw at the same time; the stock
is then fed out to the, btop and thg: -operstlons continued. This order
of operations necessftates one’. comblete tévdlution of the turret, for
each screw, and if the time.u¢fHeed by.-the tools ¢ and D is not long
enough to allow the turrét to xe revolv.ed, 80 as to bring the stop into
position for the next plece, nddl;ional, t,ime would have to be allowed
for revolving the turret, :° il

Appnca.tions of ctrcu.lsr Tools

When making short screws similar to that shown at A, Fig. 3, where
the circular form and cut-off tools finish the screw, except for the
threading, it is good practice to apply the circular tools as shown, and
if the time utilized by the tools is not long enough so that the turret
can be revolved to bring the stop into position for the next piece, two
sets of tools, viz., two stops and two die holders, should be used in the
turret. The method shown at B, Fig. 3, is not commendable, inasmuch
as the feeding of the stock varies to such an extent that the form tool
will break off the screw when the latter is much reduced at a, in case
there be an excessive amount to face off the end of the screw. The
turret would also require to be indexed, to clear the slotting arm, so
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that very little time could be saved by adopting a method of this
description, except when the part a is large in diameter and the screw
is short in length.

‘When a box-tool or hollow-mill follows the forming operation, the
forming tool should be beveled, as shown at e in C; this leaves a bev-
eled shoulder on the pieces, so that when the box-tool or hollow-mill
is fed as shown at C,, it completely removes the superfluous material
without leaving the objectionable ring which would be produced if the
tace of the form tool were square, as shown at b in C,. This ring of
metal is shown at c¢ in C,; it prevents the finishing box-tool or die

- from being fed up to the shoulder. It is clearly seen that the ring
would have to be removed in any case. The cut-off tool should bevel
the end of the stock, as shown at d in C, in order to permit the start-
ing of the box-tool on a light cut, until the back rests have a good sup-
port; the bevel also locates the hollow-mill and equalizes thé cutting
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pressure on the teeth. Tbg )tsviouc exam_ples 'ly to the making of
screws, but the principlés’ fnvql\red are also, “d1" ¢ourse, applicable to
the forming of other parts. ° ¢ E{ o
It is obvious that, as the co’ndi-tiwns’«irder Which the work is done
and the limits allowed on It vaty: vy.udel)! "I Wolild be impracticable to
lay down hard and fast ruleg ih:reghri: to-theapplication of circular
tools, but the following suggestions will be found applicable to general
conditions. At D, Fig. 3, is shown a method sometimes used to advan-
tage in making shouldered screws or other pieces of a similar char-
acter. This forming operation is not recommended when the plece to
be made is required to be very accurate, as a slight eccentricity in the
spring collet would cause the part f to be out of true with the part ¢.
In cases where accuracy is required. the part g could be roughed down
with the cut-off tool and a light finishing cut taken with a box-too!. -
At D, is shown an improved method of forming the same plece, as the
form tool here removes the burr from the head.
In applylng circular tools, the question of gaging the pieces must be
7 carefully considered, as in some cases. when difficult shapes are to bc
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formed, it i8 advisable, if possible, to use the forming tool for this
purpose, thus avoiding the making of expensive gages, which is usu-
ally necessary when more than one tool is used. The piece shown at
E, Fig. 3, will require a box-tool, forming tool and cut-off tool; if made
as shown, it will be seen that no gaging is necessary, except for diam-
eters and over-all length, the latter not being required to be very
accurate. At F, a plece of the same shape I8 shown; three tools are
used as before, but the cut-off tool is used to finish part A to the re-
quired length and the box-tool to finish the shoulder k to correct
length. It will readily be seen that a more expensive gage will be

Fig. 4. Holders for Circular Form and Cut-oftf Tools

required for gaging the parts h and %, and considerable time will be
lost in setting up the tools, after grinding, in their correct relation to
each other, so as to insure that the part h of the piece to be made be
formed the correct length.

It is generally necessary to provide means for removing the objec-
tionable burrs thrown up by the forming tools, as shown at @, Fig. 3.
The burrs are caused by the tools becoming dull and by the rubbing
of the forming tools on the sides of the cut, due to lack of side clear-
ance on the side of the forming tools. By adding a beveled edge to
the tools as shown at G,, the burrs are removed; this adds slightly to
the cost of the tools, but in the majority of cases the results produced
warrant the extra expense.
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Holding Circular Form and Cut-off Tools

The method by which circular tools are held should be carefully
considered, otherwise satisfactory results will not be obtained. If, for
instance, the tool-holder is light and improperly supported, chattering
will result when long work is formed. To prevent this, the tool-holder
should be well proportioned and held rigidly upon the cross-slide. The
half-tones A and B, Fig. 4, illustrate a suitable holder for general work,
which is supplied by the Brown & Sharpe Mfg. Co. with their various
types of automatic screw machines. This holder embodies all the
essential features necessary for obtaining good results, viz.: rigidity,
means to prevent the tool from rotating while cutting, suitable adjust-
ment, provision for periphery clearance, means for adjusting the tool
at right angles to the work, and means for the securing of the holder
to the cross-slide.

The form tool is firmly clamped against the face of the holder by
means of cap-screw a and clamping bolt b; the latter is used to keep
the tool from turning while cutting. Care should be taken when

/'I’UMIET

Xachinery,N.Y.

Pig. 5. Method of Bupporting Long Work

designing the circular tools, so that the clamping bolt b gets an ample
bearing on the side of the tool as otherwise the clamping bolt will in
time become bent, as shown by the dotted lines in the half-tone B,
which would impair its eficiency as a clamping device. Plate d and
eccentric bolt e are provided for obtaining a slight adjustment when
setting the cutting-edge of the tool in the correct relation to the center
of the work. The block f is used for raising the tool when the cut-
ting edge is cut below the center. At g are two screws, not shown in
the half-tone, by means of which the tool can be set at right angles
to the work. The holder is clamped to the cross-slide by the bolt h
and nut 2. Numerous types of holders for holding circular tools have
been designed, the principles involved being in most cases similar to
those of the one described.
Supporting Long Work while Forming

It is sometimes found necessary to support long work while forming,
especially when the plece being formed is turned down on both ends.
The work is generally supported by a support held in the turret,
which, in the majority of cases, can also be used as a stop. In Fig. §
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is shown a piece which is being supported in this manner. The part
a is formed by the tool A and the stock is then fed out into the sup-
port which in this case also acts as a stop; the tool B then forms the
part b.: This kind of a support works satisfactorily on work which
is not required to be very accurate and which is left plain, 4. e., not
threaded on part a. In some cases both ends are to be knurled; then
a support of this description cannot be used to advantage. .
In Fig. 6 is shown a method which will work satisfactorily when
the piece is threaded or knurled. The work operated on is shown in
position, supported by a movable slide A held in a holder B; slide A
carries two hardened and ground supporting rollers C. It is forced
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Fig. 6. Improved Method of Supporting Long Work

up against the work by cam D, which in turn is operated by the cam
attachment E. To fasten the cam attachment to the machine, as
shown in Fig. 6, the stop which is used for locating the slotting arm
when it is in position to travel onto the work, is removed, and the
cam attachment is screwed down in its place. Two dowel pins a have
been added to the cam attachment to hold it rigid.

A detailed view of the cam attachment is shown in Fig. 7, from
which the operating parts can be clearly understood; the combination
stop and support is shown in Fig. 8. The operations to produce the
plece F, Fig. 6, would be as follows: The part b is left to project out
of the chuck far enough so as to allow it to be threaded. To start
the operations, the part b is formed and threaded; then, after the die
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leaves the work, the turret is revolved, the support is brought into
position and the stock is fed out and gaged to length by the stop H.
The spindle is left running backwards and the tool G, forms the part
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Machinery,N.Y,
Pig. 7. Cam Attach t used in C tion with the Arrangement

for Bupporting Long Work shown in Pig. 6

c. After the form tool @G, has finished its work, a knurl-holder, not
shown in the illustration, travels over the work and knurls the ends.

The cut-off tool G severs the finished piece from the bi\r, at the same -
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Fig. 8. Combination Stop and Support used in Arrangement for
Supporting Long Work shown in Fig. 6
time forming the part b of the next piece. The support can be with-
drawn after knurling, or left in position until the piece is cut off,
when the turret is revolved and the piece drops out.
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Arrangement of Circular Tools

When applying circular tools to the Brown & Sharpe automatic
screw machines, the arrangement of the tools has an important bear-
ing on the results obtained. The various ways of arranging the cir-
cular tools, with relation to the rotation of the spindle, are shown at
A, B, C, and D, Fig. 9. These diagrammatical views are to be con-
sidered as being seen looking from the turret towards the face of the
chuck. The arrangement at A gives good results for long forming on
brass, steel or gun-screw iron, for the reason that the pressure of th2
cut is downward and hence the work is supported and held more
rigidly than when the form tool is turned upside down oa the front
slide as shown at B; here the stock turning up towards the tool has
a tendency to lift the cross-slide, causing chattering; therefore, the

CUT-OFF

Jlachinﬂ_)\:. Y.

Fig. 8. Difterent Arrangements of Circular Tools

arrangement shown at A is recommended when a high finish is de.
sired. The arrangement at B works satisfactorily when forming short
ateel pleces which do not require a high finish, as it allows the cut-
tings to drop clear of the work, and also allows a good supply of oil
to reach the tools. This arrangement gives good results when mak-
ing screws when the form and cut-off tools operate after the die, as
no time is lost in reversing the spindle. The arrangement at C is
recommended. for heavy cutting on large work, when both tools are
used for forming the piece; a rigid support is then necessary for both
tools and a good supply of oil is also required. The arrangement at
D 18 objectionable, and should be avoided, being used only when a
left-hand thread is cut on the piece, and when the cut-off tool is used
on the front slide, leaving the heavy cutting to be performed from the
rear slide. In all “cross-forming” work, it is essential that the spin-
dle be kept in good condition, and that the collet or chuck have a
parallel contact upon the bar which is being formed.



CHAPTER II

CALCULATIONS FOR FORMING TOOLS

In the making of spherical head screws or other spherical work, the
circular form tool is generally used for forming part of the head, leav-
ing the part attached to the bar to be finished by the cut-off tool.
This method has become general practice on the Brown & Sharpe auto-
matic screw machines and has proved, without a doubt, to be the most
economical and efficient method of performing operations of this
description. In order to produce the best results by the above method,
the radius of the cut-off tool should be struck off in “advance” of the
edge of the tool, as will be described later; otherwise a result will be
produced as shown at @, Fig. 12, a ridge being formed on the head.
The circular form tool should be designed first, and should be made
so that the circular cut-off tool will have as little as possible to form
when cutting the piece from the bar. The amount that the form tool
reduces the bar, as shown at b, Fig. 12, is governed by the operations
following the forming cut. If heavy cuts are taken, the part b should
be strong enough to resist the twisting action produced; therefore, it
is not always advisable to cut a thread (especially if it be of coarse
pitch) atter the piece has been considerably reduced by the form tool.

In designing the form tool, there are certain dimensions which must
be derived by calculation. Referring to Fig. 10:

Let r=radius of stock—=—,
2

R=radlus of head of screw or piece,
D, =distance from axis of head to point of tool,
D =diameter of head of piece,
T —thickness of head,
r,=radius of body of screw or piece,
O =the dimension required to be found by calculation.
Then 0= \/ R—D— (R—T).
For example, let r=—0.176 inch, R=—=0.178 inch, D,==0.062 inch,
T =0.156 inch.
Then O=\/ 0.178* — 0.062° — (0.178 — 0.156) — 0.145 inch.

Assume further that a form tool is to be made to form a piece as
shown in Fig. 10; r=0.175 inch; r,=—0.043 inch; then assume the
largest diameter A of the form tool to be 1.760 inch; the diameter B
will then be:

A — 2(D,~r,) = 1.760 — 2(0.062 —0.043) = 1.712 inch, and the
diameter C will be:

A — 2(r—r,) = 1.750 — 2(0.175 — 0.043) — 1.486 inch.
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In the above calculations the “cut-down” below the horizontal cen-
ter line is not taken into consideration when finding the various diam-
eters, but if the forms produced require to be accurate, the differences
should be calculated. This question will be treated further on in this
chapter.

The feed of the circular cut-off tool should be decreased at the end
of the cut, so as to leave as small a teat as possible on the work., The
teat varies according to the radius of the formed piece, the size of
the plece, and the nature of the material. It is, therefore, impossible
to specify any exact size of teat, but the results of a few experiments
would not be out of place here, as they will give a fair jdea of the
sizes of teats left on various classes of work. The teat left on small
brass screws varies from 0.010 inch to 0.025 inch in diameter; on

T
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Fig. 10. Diagram for Oslculating Di ot Ot

forming SBpherical Sorew H“dl

small screws made from gun-screw iron from 0.012 inch to 0.030 inch;
on small steel screws from 0.015 inch to 0.035 inch. A good method
of overcoming great variations in the size of the teat, is to make the
angle of the cut-off tool similar to the enlarged view shown at b, Fig.
11, where the flat portion should be half the thickness of the cut-off
tool blade. This method tends to decrease the pressure on the plece,
thus preventing it from breaking off too soon.

As previously stated, the radius on the cut-off tool, if not struck oft
in “advance” of the edge of the tool, will give a result as shown at a,
Fig. 12. There will be a mark left on the head where the form tool
finishes cutting, because the screw breaks off from the bar before the
point of the tool has reached the center, and consequently the correct
form on the piece has not been obtained. It is therefore necessary
(especially for small radii) to use the method termed “laying off the
radius in advance” of the cutting edge of the tool. This method is
clearly shown in Fig. 11, where d Is the distance the center i{s in ad-
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vance of the point of the tool. Then, to determine the dimensions of
the tool, take any approximate dimension D -as required, and also take
any angle which will suit the radius of the tool, and cut away that
portion of the tool which is not required for forming. In order to
determine the dimension X (see Fig. 11) it will be necessary to make
the following calculations:

180 deg.—@
Am—m—
2
¢=90 deg.— @
p=A—9¢

Thena=7r X co8 ¢; H=—a X tan 8; B=D—H;
Y=B Xcot ; X=Y4+a—d; C=D—h;

h=r—\/r—da.

P

Machitnery,N.Y.

Pig. 11. Diagram for Determining Dimensions of Otircular Cut-off Tool
which forms Part of & Spherioal Screw Head
Where h works out to less than 0.002 inch, it can be disregarded for
all practical purposes.
For example, let D=0.2343 inch; r==0.175 inch; #=45 deg.; d=
0.021 inch.
180° — 45°
Then A—=————67° 30".
2

= 90° — 9= 45°.

B=67° 30’ — 45° == 22° 3(.

a=10.175 X cos 46° = 0.1237.
=a X tan 22° 30’ =0.0512.

B =0.2343 — 0.0512 = 0.1831.

Y =10.1831 X cot 456°=—0.1831.
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X =0.1831 4 0.1237 — 0.021 — 0.2858.
h=r—/rF—a@=0.175—0.1737 = 0.0013.

Therefore, in this case, for all practical purposes, the dimension C
would equal the dimension D. When the largest diameter of the cir-
cular tool is 2.250 inch, the diameter of the tool at point E will be
2.250 — (0.2858 X 2) ==1.6784 inch.

Angle on Blade for Cutting-off Various Materials

The object of the angle at the point of a cut-off tool (see angle a,
Fig. 13) is to reduce the teat on the end of the work by minimizing
the cutting pressure which becomes greater as the angle that the tool
edge makes with the work decreases. Therefore, as the material be-
comes harder, the angle on the tool may decrease, since the material

tery,N.Y.
S
Pig. 12. Spherical Screw Head Fig. 18. Diagram show-
formed by Combination of Form- ing Dimensions ot Circular
ing and Cus-off Tools Cut-off Tools

will stand more pressure before breaking. It is obvious, therefore,
that certain angles are better suited for the various kinds of materials
than others. The values given in Table I have been found to glve
good results on the materials specified.

Thickness of Blade on Cut-off Tools

The thickness of the blade is an important point in the design of
circular cut-off tools. It is governed by the angle on the edge of the
tool and also by the dlameter and hardness of the material being oper-
ated upon. It is obvious that a circular tool with an acute angle
(about 23 degrees) and a narrow blade would not work satisfactorily
on hard material, as the blade would not stand the cutting pressure
and would bend, producing a concave,surface on one end of the piece
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X 0.14,

D X cota

J

in which T—=thickness of blade in inches,
the angle on the edge of cut-off blade.

the diameter of the stook in .inches,

D
a

This has been thoroughly

is not required to form part of the work, the formula is as

circular cut-off tools, as shown in Fig. 13, where the tool
follows:

experimented with by the writer and an empirical formula
has been derived which has given good results. For standard

and a convex surface on the other.
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The value of r (the radius to obviate cracking in hardening) for
standard circular cut-off tools for cutting off various diameters of
stock is as follows:

From 1/8 to 3/8 inch diameter ==1/32 inch,

From 3/8 to 3/4 inch diameter =1/16 inch,

From 3/4 to 1 inch diameter=—=3/32 inch.

=1

N
F::q'
' ]
t- -
2 r
1
o &
T g -
1 Mackinery,N.Y.

Pig. 14. Diagram showing Dimen- Fig.18. Illustration showing & Case
sions of Circular Cut-off Tool when it where & Cus-off Tool with Increased

is used both for oussing-oft and form- Thickness of Blade is required
ing part of the Work

The actual length of the blade on cut-off tools is found by the
formula: .

L=R+z4r+1/32,
where L =—actual length of blade in inches,

R=radius of stock in inches,

z=dimension as shown in Fig. 13,

r=—radius to obviate cracking while hardening, as shown in

Fig. 13.

For example, let D=3/8 inch; a=20 degrees.

D X oota 0.875 X 2.747 '
Then T = ———;— X 0.14 = P X 0.14 = 0.082 inch.

L=R+ x +r+ 1/83 where R = 0.1875; * = tan 20° X 0.082 =
0.864 X 0.082 = 0.0298; » = 1/82 inch.

Therefore, L =0.1875 4 0.0298 + 0.0312 4 0.0312 = 0.2797 inch.

The thickness of the cut-off tool blade, and the value of z and 2z
are tabulated in Table I. The above formula is applicable when the
cut-off tool does not form the stock. It will be necessary to change
the formula somewhat when calculating the thickness of blade when
the tool is used for partly forming thé work, as shown in Fig. 14.
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When Cut-off Tool Forms 8tock

‘When the cut-off teol is used to form the end of the stock, as shown
at Fig. 14, the following formula is used for finding the thickness of

the blade:
D X cota
T—,|— X 0117,
b

in which 7 =—thickness of blade on cut-off tool in inches,
D =-diameter of end of piece in inches,
a=angle on edge of tool blade (see Fig. 14).
The actual length of the cut-off tool blade—=R + x + 0.005 inch,
in which R=—radius on end of piece in inches,
x=dimension as shown in Fig. 14.

FRONT 8UIDE REAR SUOE
Mochinery.N.Y.

Fig. 16, Olroular Form Tools and Holders showing Looation of Center
of Tool in Relation to Oenter of Pieoce being tormed

The dimension 0.005 inch is the clearance to pass the center.

To find the value of £ mu:tiply T by tan a as before.
For example, let D=10.250 inch, a =20 degrees.

0.250 X oot £0° o
Then T=\l_5— X 0.17 = ¢/ 0.1878 X 0.17 = 0.068

L=R + x + 0.006, where R = 0.125 inch; # == 0.063 X tan 20° =
0.023 inch..

Then L = 0.125 + 0.023 4 0.005 = 0.153 in¢h.

In cases where pieces are being made similar to that shown in Fig.
15, in which the tapped hole @ passes through the piece, the blade on
the cut-oft tool should be of sufficient width to remove the portion
taken up by the chamfer on the tap. Otherwise, if the blade is too
narrow, the hole b will extend part way into the next piece to be made.
Then, if the drill had a tendency to run eccentric, the centering tool
would not remove the eccentric hole thus formed by the drill, which
would result in the drill running out, and finally in the breaking of
the tap before many pieces would be completed.




18 No. 101—SCREW MACHINE PRACTICE

The amount of chamfer required on taps for various pitches is as
follows:

From 14 to 24 threads............ccvviviennnn. 2% threads.
From 26 to 32 threads.............ccivvuennn. 3 threads.
From 36 to 48 threads. ...............ccivvun.. 4 threads.
From 56 to 80 threads..............cccvvunen.. 5 threads.

When the thickness of the blade as derived by the formulas is not
equal to the amount required for the chamfer on the tap, the thick-
ness of the blade must be increased.

Periphery Clearance

To provide for sufficient periphery clearance on circular tools, the
center of the tool is located a certain amount above or below the cut-
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Pig. 17. Diagram showing Principal Dimensions of Circular Form Tools

ting edge, as shown in Fig. 16. The hole b in the tool holders is
raised or lowered, depending on the position of the tools and the direc-
tion in which the spindle is rotating. The block a is provided for
raising or lowering the hole in the tool holder. Raising or lowering
the cutting edge of the tool relative to its center, changes the clear-
ance angle A and also changes the form produced with the same tool.
Clearance angles and the relation of the holes in the toolposts to the
center of the spindle are, therefore, points which require careful con-
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sideration. With a given material, the larger the diameter of the
work, the greater the clearance angle required. With the same dimen-
sion C, Fig. 16, a small tool diameter causes a greater clearance angle
than a large diameter. The maximum diameter, D, the cut-down below
the center, C, the width of the cut-off tool, W, and the size of tapped
hole, B, as shown in Fig. 17, are tabulated in Table II, for the varicus
sizes of Brown & Sharpe automatic screw machines.

Calculating the Diameter of Circular Tools

Locating the cutting edge of the tool below the center changes the
form produced on the work. On account of this, the actual difference
of diameters on the piece of work cannot be used for the measure-
ments on the forming tool. If the dimension A, shown in Fig. 17, on
the piece to be formed, is transferred to the form tool and then the
tool cut below the horizontal center line, as shown at C, it would make
the dimension A on the piece greater than required. Therefore, it is
evident that a certain amount must. be subtracted from the dimension
A on the work to find dimension a on the circular tool. A general

TABLRII. DIMENSIONS REQUIRED FOR DESIGNING FORMING TOOLS FOR
B.& 8. AUTOMATIO SBOCREW MACHINES (See Fig. 17 for Notation Used)

No. of Machine D (o] B w
00 13 3 $-16 'y
0 2¢ Y] i-14 s
2 ] 3 $-12 ¥

formula may be deduced by the aid of geometry, by which the various
diameters on the forming tool can be determined, when the largest or
smallest diameter of the tool, the amount that the cutting edge is
below the center, and the diameter on the piece to be formed, are
known.
Let R=Ilargest radius of tool in inches,
A'=difference in radii of steps on the work,
C =amount cutting edge is below the center in inches,
r—=required radius in inches.

Then:

r=A (VE—0—4) (1)
If the smaller radius r i8 given and the larger radius R is required,
the formula would be:

R=A (Vr—C+4)+0C (2)
Assume that it is required to make a circular form tool to be used
on the No. 0 Brown & Sharpe automatic screw machine for forming
the piece shown in the lower view in Fig. 17, the diameters G and H
to be formed by the tool. By referring to Table II it will be seen
that the largest diameter should be 214 inches, and that the cutting
edge is 5/‘32 inch below the horizontal center line. Half the diameter
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E, Fig. 17 (or radius r), is then found from Formula (1), by insert-
ing the given values.

R=11/8; C=5/32; assume that 4 —=1/8.

Then

r=N (VI =@ -+ ) =

v (Vi85 — 9" + 1iks = 1.0014 inoh.

The value of r is thus found to be 1.0014 inch and diameter E will
then be 2 times this or 2.0028 inches instead of 2 inches exactly, as
would have been the case if the cutting edge had been on the center
line. The formula may seem rather complicated, but when applied to
circular tools used on the Brown & Sharpe automatic screw machines
it can be simplified by inserting the values for R and C, these being
constant for each size of machine. The formula would then take the
following form:

No. 00 Brown & Sharpe automatic screw machine:

r=1/ (0.866 — 4)* + 0.0156 (3)
No. 0 Brown & Sharpe automatic screw machine:
r=4/ (1114 — 4)* + 0.0244 4)
No. 2 Brown & Sharpe automatic screw machine:
r=+/ (1.479 — 4)* 4+ 0.0625 (5)
Top Rake )

Most circular form tools are made without top rake, that is, they
have the cutting edge in a horizontal plane when cutting, as shown
in Fig. 17; tools made in this manner are best suited for cutting
brass, but do not work entirely satisfactorily on tougher and harder
metals, as the chip, instead of being cut away, is scraped off, this
action destroying the cutting edge very fast. Form tools for steel
should, therefore, be provided with top rake, as shown in Fig. 18. The
amount of top rake that should properly be used on circular tools for
different materials varies from 0 to 18 degrees. Under general condi-
tions the following angles are suggested as most suitable:

Material Angle of Top Rake,
Degrees
ROA Drass ......covuiiiiunentennnennsnnnnnnrannnns 0
Drill rod and tool steel..............c.covivunnnn.. 8 to 10
GuUD-BCrew fron .......ciiiiiii it i i et 12
Machine steel ........coiiiiiiiiiiiiiiiiiiiiiia., 16
Norway Iron ........cciiiiiiiiiiiiiiiiiiinennanns 18

When top rake is ground on a circular form tool, as shown in Fig.
18, the calculations for the diameters must be accordingly changed. In
Fig. 18 the case is shown exaggerated in order to be able to show
clearly the various dimensions involved. To find the diameters of a
form tool made in this manner, proceed as follows:

First find radius R, which would be the actual radius if the tool
were merely cut down the required amount C below the center of the
tool, but had no top rake. Then the radius R, of the tool, required
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when top rake is given, must be found. In order to explain the pro-
cedure clearly we will assume a practical example. Let R=1% inch,
C=15/32 inch, D (see Fig. 18) = 9/16 inch, I,=6/16 inch, Then
A=1/8 inch.
First find R, by means of Formula (1) or (4):
R,=+/"(1.114 — 0.125)* + 0.0244 =1.00126 inch.
The next step will be to find dlmenlloh B:
=/ — 0 — A4=1114—0.126 = 0.989 inch.
The next step is to find dimension A and as the tool is to cut ma-
chine steel, angle ¢ is 15 degrees.
Then:

h=A X tan 15 deg.==1% X 0.26794 — 0.03349.

.

—8—
A .
OF CIRCULAR TOOL

\ Machinery,N.Y.

Fig. 18. Diagram for Calculating Form Tools having Top Rake

This gives us the distance from the center of the work to the point
where radius R, intersects the face of the cutting edge. Now R, may
be found:

R,=/B"+ (C + 2)*=1/0.98% + 0.18974! =1.007 inch.

Radius R, would be a fairly approximate dimension for the tool
when the diameters of the tool and work are nearly of the same size,
and when the angle 6 is comparatively small. As the difference be-
tween the diameters of the tool and work increases, the diameter of
the work being small in comparison with the diameter of the tool, it
is necessary to find the theoretically correct radius R,. To do this first
find r,:
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ri=+/ 7" + "= \/(9/32)* + 0.0336°=10.2832 inch.

We have further that ea=r,—r, and b=a X cosd. Also c=a X
sin 6. Then E—=B + b. Having obtained these dimensions we have:
R,=1 ' (C+ h—c) + E
Inserting the actual values in the formulas just given, we have:

9
a =0.2832 — —=10.00195,
32

5 =10.00195 X cos 15° =0.00188,

¢=0.00195 X sin 15° =0.00051,

E =140.989 4 0.00188 — 0.99088,

R,=— v 0.18923% 4 0.99088° —1.0088 inch.

The found value of R, is the required radius of the tool. This
radius is about 0.0075 inch greater than the radius R,. The procedure

Machinery,N.Y.

Fig. 19. Side Olearance on Circular Tools

may appear difficult at first sight, but a few examples in practice will
make the user familiar with it.

While the angle of top rake as given is suitable for cutting the ma-
terial specified, the distance C as given in Table II for the various
machines is only suitable when cutting brass and drill rod and does
- not give sufficient peripheral clearance when cutting Norway iron and
soft machine steel. The arrangement shown at ¢ in Fig. 9 should be
adopted when these materials are cut, as the centers of both the form
and cut-off tools can then be raised as compared with the usual
arrangement. This raising of the center is accomplished by putting
packing strips of the required thickness under the tool-holder blocks.

8ide Clearance on Circular Tools

The question of side clearance is a subject which few authorities
seem to agree upon. Some advocate a great deal of side clearance,
others only a slight amount, and still others, no clearance at all; in
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fact, some go as far as to say that a cut-off tool should be about 0.0015
inch narrower at the point than at the back. The greatest trouble
with tools heating up and welding is not to be attributed to insuffi-
cient side clearance only, but to the quality of oil or other cooling
lubricant used. It has been demonstrated that if a poor grade of oil
is used and the tools made without side clearance, welding will surely
occur; but take the same tools and use a good quality of lard oil, and
the tools will run for days without welding. The writer admits that
there are some cases in which side clearance is necessary, but the
clearance should not be given as shown at a, Fig. 19, as this is not
side clearance, but merely provision for pockets for the fine chips to
lodge in, while the revolving stock forces the chips in and also tries
to draw them out; and when a chip is drawn out, it leaves a rough
finish on the end of the piece, and sometimes breaks the tool.

Machinery,N.Y.

Pig. 20. Cut-off Tool with Side Clearance

When side clearance is necessary, and when the width of the slot
is not important, a tool as shown in Fig. 20, where each section A of
the tool is finished helically on each side, provides for excellent clear-
ance. This tool is specially adapted for cutting vulcanite or fiber. It
can also be used to advantage-in cutting a very soft grade of iron.
All the sections are ground, and when one becomes dull the following
section is brought into position, and so on, until the tool requires
grinding again. When a tool is made without side clearance, it should
be ground smooth on the sides, as any high spots on the face of the
sides would cause heating and welding. A good grade of lard oil
should also be used if good results are to be expected. 'When pieces
as shown at A, Fig. 21, are being made, the tools should be made with-
out side clearance, and the faces ground and lapped as indicated. The
form tool should be made in sections and straddle the thin portion of
the piece; it should remain in position on the work until the angle
on the edge of the cut-off tool is well into the stock as shown at b.



CHAPTER III

SPEEDS AND FEEDS FOR FORMING TOOLS

The conditions under which different classes of work are made and
the kinds of materials used vary to such an extent that it is impos-
sible to give any deflnite rules for the speed of the spindle or the feed
of the tools, and whatever is said here is only by way of suggestion.
The maximum speeds obtajnable on the various Brown & Sharpe auto-
matic screw machines are as follows: On the No. 00 machine the
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Fig. 31, Olroular Form Tool with- Fig. 23. Wire Method employed for Meas-
out 8ide Clearance uring Otroular Form Tools

maximum spindle speed is 2400 R.P.M. and the maximum diameter of
stock that can be turned is 5/16 inch; this gives a maximum surface
speed of 197 -feet per minute. On the No. 0 machine the maximum
spindle speed is 1800 R.P.M. and the maximum diameter that can be
turned is 5 inch, giving a maximum surface speed of 294 feet per
minute. On the No. 2 machine, the maximum spindle speed is 1200
R.P.M. and the maximum diameter that can be turned is 7% inch,
giving a maximum surface speed of 275 feet per minute. It can be
easily seen that the greatest surface speed (294 feet per minute) is
rather high for ordinary carbon steel tools even when working on
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are commonly used for cutting-off purposes) admit of coarser
feeds, as a rule, than either wider or narrower tools. Thus the feed
decreases as the tool decreases in thickness to 1/16 inch, except for
small diameters, and increases from 3/32 to 3/16 inch. From 1/4 inch
up, the feed must again be decreased to give satisfactory results. For
cutting-off purposes the feed varies from 0.0008 to 0.00256 inch, depend-
ing on the nature of the material, the surface speed, and the width of
the tool. The feeds for machine steel, gun-screw iron and Norway iron
should be less than the feed used for brass. The feed used in cutting
off Shelby steel tubing should not exceed 0.001 inch per revolution; a
surface speed as high as 125 feet per minute can be used with good
results, when using tools made from Styrian special steel.

Cooling and Lubricating Mediums

A proper cooling and lubricating medium is essential, if good results
are to be expected. As previously stated, if a proper cooling and
lubricating medium is not used, welding and excessive heating of the
tools and work will result. There are various compounds on the
market, some of them giving good results on certain classes of work,
depending on the conditions under which they are used. Ofil i{s used
to advantage in cutting internal and external threads, where friction
plays a very important part, but when cutting threads at high speeds,
a cooling material largely combosed of water is sometimes used. Oil
will not conduct away the heat generated at high cutting speeds as
rapidly as some of the special cooling compounds, because oil is more
sluggish in penetrating to the point of the tool, where the chip is being
cut or torn from the work. The writer would, however, advise that a
good grade of lard oil be used on screw machines in preference to all
other compounds or other poorer grades of screw cutting ofl for the
following reasons: 1. The speeds used are comparatively low. 2. A
good supply can be furnished to the cutting edges of the tools. 3. Cir-
cular tools can be used without side clearance and yet give satisfactory
results. 4. Good lard oil does not gum up the machines or cause rust-
ing of the operating parts, as would be the case if cooling mediums
composed of water and compounds were used. The lard ofl used
should be thin and not sluggish.




CHAPTER IV

MAKING CIRCULAR FORMING TOOLS

The conditions under which the work is produced should determine
the steel to be used in making the circular tools, i. e., if the piece to be
made {8 of & very difficult shape, requiring sharp or thin projections on
the tool, a grade of steel should be used which would not require a high
heat to harden, as the thin projections are liable to become burnt or
cracked while hardening. A brand of steel which has been found to
give good satisfaction in such cases is Bohler's Gold Label Styrian
steel; this steel holds a fine edge satisfactorily and also gives a very
smooth finish to the work; it is especially adapted -for cutting brass.
Care should be exercised in hardening this steel, as it hardens at a
very low heat. Various other grades of special carbon and high-speed
steel are used on screw machines, among which are the following:
Jessops steel, Novo high-speed steel, Bluechip steel and Saben steel.
Some of these kinds, especially Novo, give good results when high cut-
ting speeds and feeds are used. Novo steel is frequently used for
cutting machine steel and Norway iron, as it will stand a higher speed
and a coarser feed than Styrian steel, but when a high finish is
required, Styrian steel should be used in preference.

Methods of Making Circular Tools

In designing circular tools, the methods of making them should be
carefully considered, and when possible, the contour of the tool should
be as simple as the requirements will permit. There are various
methods employed in making circular tools of irregular shape, among
them being the transfer scheme, the templet system, the use of master
tools, and of individual turning tools. For work requiring a fair
amount of accuracy, the first two methods are not reliable. The master
tool system is sometimes advisable when very difficult shapes ar& to
be produced and when a large number of tools of the same shape are
required. The writer considers that where a few tools are required,
the individual turning-tool method is the cheapest and best, and that
direct measurements are more reliable than efther the transfer scheme
er templet system,

The Transfer Method

To illustrate what is meant by the transfer scheme, refer to Fig. 23;
here a circular tool and setting gage are shown on the arbor 4. The
steps 1, 2, 3, 4, on the setting gage correspond with the various diam-
eters required on the circular tool The setting gage is turned to
micrometer measurements, and then copper plated with blue vitriol.
To transfer the sizes from the setting gage to the circular tool, the
master tools for the various shapes are brought 1n ukitil they touch the
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getting gage, and the reading on the micrometer collar on the feed-
screw is noted. The master tool is then brought into position on the
circular tool and fed in the depth required, as indicated on the
micrometer collar. The succeeding operations are continued in like
manner until the desired shape on the tool is obtained. As previously
stated, where a fair amount of accuracy is required, this scheme is
not advisable, for the reason that if the feed-screw or slide has any .
lost motion, as is generally the case, the same pressure could not be
brought to bear on the gage, when setting the master tool, as would
be exerted on the circular tool when cutting to the indicated depth;
then the circular tool would be larger in diameter than the setting
gage.
Templets

Some authorities advocate making templets which conform to the

contour of the piece to be made. Considerable skill is required to flle
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PFig. 28. Transfer Method for Making Circular Form Tools

complicated templets accurately, as any error which might occur would
be doubled in the diameters of the product. It is just as easy to
measure a circular tool, as it is to measure a templet, and in the first
case the error would be less, as the measurement does not require to
be transferred. The writer considers that when accurate tools are
required, templets should be avoided and direct measurements used
instead.

1

Master Tools

Master tools are unnecessary, unless a large number of circular tools
of the same shape are required. When master tools are being made,
the differences in diameters due to the cutting down below. center
should be calculated, and the tool made so that it can be set on the
center of the work when cutting the circular form tool, instead of
gsetting the master tool below the center the required amount, as is
advocated by some authorities. It is bad practice to set the edge of a
tool much below the center of the work, as it produces chattering, and
the material is remoyed by _a scraping action instead of being cut. In
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the majority of cases, it is preferable to make a circular master tool
rather than a dove-tail tool, as the former is more easily measured
and made. ’
Individual Turning Tools

The individual turning tool method, in conjunction with direct meas-
urements, is preferable to all others, when only a small number of
similar-shaped tools are required. In Fig. 24 is shown a tool-holder A
and tool B for forming the radii for oval head screws and other shapes
of a similar character, special tools being inserted in the tool holder
A, as required. When using this tool for forming circular cut-off tools,
as shown in Fig. 11, the distance a is set equal to the radius of the
tools B, minus the-amount that the center is ahead of the edge of the
circular tool. The radius of the tool B is, of course, made equal to

& 1

Pig. 84. Holder for 8pecial Turning Tools

the radius required on the circular tool. The operating parts of this
tool holder are clearly illustrated in Fig. 24,

The operations for making a circular tool for a round-head screw
are shown at A, B, C, and D, Fig. 26. The first operation A consists
in taking a cut (about 0.005 inch) partly across the circumference,
making the distance a equal to the dimension D, shown in Fig. 11.
Then a light cut is taken along the side as at B, making the distance
b equal to the dimension X. The tool shown in Fig. 24 is then set
square with the face-plate or at right angles to the centers, and the
tool fed in until the gage C touches the largest diameter of the tool,
leaving the shape of the tool as shown at C, Fig. 256. A square nose
tool is then set tangentially to the radius, forming the angle 6, as
shown in Fig. 11. This square nose tool removes the material left
after the operation at C, Fig. 25, and leaves the tool as shown at D.
The individual turning tools used are concave tools, round or convex
tools, square nose tools, and parting tools.

Measuring Difficult S8hapes

When making circular tools of irregular contour, shapes difficult to
measure are sometimes encountered. There are various tools and

665901



o

30 No. r101—SCREW MACHINE PRACTICE

methods employed for this. An appliance to be used in connection
with a micrometer for measuring deep slots and grooves is shown in
Fig. 26. The special measuring pleces A are fitted to the anvil and
spindle of the micrometer, and when the measurement is taken, the
distances B are subtracted, giving the actual diameter of the tool. The
pleces 4 can be made so that tools of very difficult shapes can be
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Fig. 26. Making Cut-off Tools for Spherical Work

measured with accuracy. When a form tool straddles a piece, the
sharp corners produced by the tool rubbing against the sides are fre-
quently objectionable and require to be removed. A form tool similar
to that shown in Fig. 22 is sometimes used for this purpose. Making
a tool of this description produces a form difficult to measure accu-
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Fig. 26. M}

rately, but by adopting the wire method, the measuring of the tool is

somewhat simplified. In Fig. 22,
Let D==the largest diameter of the tool,
a=adistance from outer edge of largest diameter of tool to bot-
tom of chamfer, on the piece,
w==the width of plece to be chamfered,



R = the radius of wiré¢,
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¢ —angle that chamfer makes with vertical line of tool,
b=distance from bottom of chamfer to apex or root of triangle,
C = the root diameter of tool,

A =distance from center of wire to apex or root of triangle,
E =the diameter over wires.

w
Then b=— X cot ¢; C=D—2 (a +b)
2

A=

sin¢

;) B=A+R; E=C+2B.

The dimension E can be calculated when the tool is designed, and
put on the drawing, also giving the size of wire to be used. When the

———
Machinery N.Y.

27.

Forming Tool for

‘Bevel Gear Blanks

wires are below the part e, the pieces 4
shown in Fig. 26 can be used for finding
dimension E.

As an Iinteresting example of the
making of forming tools, the following
case of making forming tools for form-
ing the outside angular surfaces of
small bevel gears on automatic screw
machines may be cited. The forming
tool can best be made as shown in Fig.
27. It consists of two sections A and B,
doweled together. Two flllister head
screws, not shown in the illustration,
are also used for clamping the sections
together. When grinding the two sec-
tions, a slight clearance of about 0.002
inch is allowed between the parallel
faces at b; then, when the tool is fast-
ened in the tool-holder, the clamping
screw will entirely close up any space
at point a. When grinding the inside
face c¢ of section B, the angle should be
somewhat less than the corresponding
angle on part A, so that the sections will
fit very tightly at a. The angular sur-
face at d takes a roughing cut on the
next piece. The face of the section A,
when cut down below the center, would
theoretically be slightly concave, but
the amount would be so slight that

it would be imperceptible, and of no account in practicee. 'When an
absolutely true taper is required, a circular forming togl cut down
below the cerfter should not be used, but instead a taper turning box
tool or a taper turning attachment, operated from the cross-slide. A
so-called dove-tail forming tool is also sometimes found convenient.



APPENDIX

CALCULATION OF CIRCULAR FORMING TOOLS

When a large number of circular forming tools are to be desligned,
it involves a great deal of labor to compute the different diameters
separately. The usual method is as follows (see Fig. 28):

[-]

B e = |

[>] Alq_

< w

Machinery,N.¥.
Fig. 28, Notation used in Pormulas for P Tool Calculat!
First find the value of W in the right-angle triangle BCD:

W=yE—R

in which
R —radius of largest diameter of circular tool,
h —=distance which the center of the tool is set either above or
below the center line of the work,
Now, find the value of r in the right-angled triangle ACD:

r=/W—cr+r
in which

c=one-half the difference between the required diameters of the
work,
r = the required radius of the circular tool.
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This method is quite long and cannot be materially shortened by
using a table of squares. Therefore, anything that can be done to aid
in computing the different diameters of circular forming tools will no
doubt be appreciated. The purpose of this chapter is to show how to
compute tables giving the diameters of circular tools corresponding to

» [ e

8
D j Al rvrrevrery ‘ § 5 ib
) Xaokiwery, N.Y.
Pig. 20. N ion used in F las for Caloulating Table IV

differences of one-thousandth inch in the radius of the work. Such
tables are given on pages 34 to 37, inclusive.

In Table II, Chapter II, are given the dimensions required for de-
signing circular forming tools for Brown & Sharpe automatic screw
machines. (See Fig. 17 for notation used.) For the purpose of illus-
tration, a table of diameters for circular forming tools for the No. 2

TABLRE IV. VALUBS OF r FOR DIFFERENT VALUES OF n

betw Double
n r mei:n mﬁ:znm 2r Difference
forn=60 | forn=1 |- (n=1)

0 ] 1.500000 | 0.04977 (0.0009856 [ 3-900000 | ¢ 091971

: . 0.001960
100 | 1.401498 | 4491489 |0 0009834 | 2-802998 | 4" 51067

150 | 1.852829 2.704658
150 | 1-8538%9 | 0.049105 | 0.0008821 | 2- 192858 | o 001064
0.049085 | 0.00096807 0.001961
1:264189 | O- 2.508218 | 0-001361
800 | 1.206384 | "o40868 |0 0009778 | 2400468 | 4001055
850 | 1.156868 2.812736
0.048765 | 0.0009758 0.001951
400 1 1.107608 | o 44650 |0.0009780 | 2-215208 | 4001040
450 | 1.058958 | O : 2.117906 | -
0.048517 | 0.0009708 0.001941

machine will be computed. The method can be applied universally,
however, provided the tools have no top rake. The conditions of the
problem are shown diagrammatically in Fig. 29. The notation is the
same as that used in Fig. 28.
Let

n=—the numbers 1, 2, 3, 4, etc., successively,

¢=10.001n.
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TABLS V. CALOULATING OIRCULAR FORMING TOOLS

- Number of B. & 8. Auto. Screw
Machine
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TABLES FOR CALCULATIONS

TABLE V1. CALOULATING OIRCULAR FORMING TOOLS

No.8

S e B PR B DELEEEE EERL L

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

ARARARARRRAARRARAXRXRRRAIRRAR sssss8822’2’2833228332252292 s’,

No.0

53x33338088855 wmsmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

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

Number of B. & 8. Auto. Screw
Machine

No. 00

ammmmmmmmmmmmmmammwu“mmmmmmmmmmmmmmm sseeeaess mmummm

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

Length
on
Tool

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

No.3

No.0

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

Numberof B. & 8. Auto. Screw
Machine

Qonsssonasssn llllllllll] R T T T
8 mmu«mwm. WETTRgRY T
m “ s

ll‘l- e e -...ll: T T T T T T

Length ¢
on
Toal
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TABLE VIIL. CALOULATING CIROCULAR FORMING TOOLS

No. 8
B. &8

Machine

%

3

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

No. 8
B. & 8.
Machine

e

801
803
808
804
308
806
807
808
809
810
811
813
Yo
814
815
816
817
818
819
820
83t
82
828
834
335
828
827
G
880
881
839
888
884
835
836
887
888
889
840
841
843
s
845
846
847
848
849
850

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

No.8

LEEHEEEE b e bR EE Rt B R R R L

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

No.0

LR H T e e T EL R FE R

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

No.8

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

222922222*8}2229823222222822992222

No.0

CEEREER PR B B N R S S e

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

81
81

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




TABLES FOR CALCULATIONS 37
TABLE VI, CALOULATING OTRCULAR FORMING TOOLS

Lengthe| No.2 |[1engthe| No.2 | Lengthc| No.2 e| No.2 el No.2
oo | pas ||RT| pds |R5ac| pas. |I'SFa"| Bas. | 'S 245,
0.402 | 2.2118 || 0.422 | 2.1724 || 0.443 |2.1815 || 0.464 | .0007 {%5 2.0506
0.408 | 2 2004 || 0.428 | 3.1704 || 0.444 | 2.1206 || 0.465 | 2.0888 || 0.4 2.0500
0.404 | 2.2074 || 0.424 | 2.1685 || 0.445 | 2.1276 || 0.406 | 2.0868 || 0.486 | 2.043%0
0.4056 | 2.2005 || 0.425 | 2.1666 || 0.446 | 2.1257 || 0.467 | 2.0849 || 0.487 | 2.0461
0.406 | 2.2085 || 0.426 | 2.1646 || 0.447 | 2.1287 || 0.468 | 2.0830 || 0.488 | 2.0441

}’) 23.2080 {| 0.437 | 2.1627 || 0.448 | 2.1218 {4{09 9.0815 || 0.489 | 2.0422
0.407 | 2.2016 || 0.428 | 2.1607 || 0.449 | 2.1199 {| 0. 3.0810 || 0.490 | 2.0408
0.408 | 2.1006 (| 0.429 | 2.1588 || 0.450 | 2.1179 || 0.470 | 2.0791 || 0.491 | 2.0388
0.409 | 2.1977 || ©.480 | 2.1568 || 0.451 | 2.1160 {| 0.471 | 2.0771 || 0.483 | 2.0364
0.410 | 2.1957 || 0.481 | 2.1549 || 0.452 | 2.1140 || 0.4723 | 3.0753 || 0.498 | 2.0844
0.411 | 2.1988 || 0.432 | 2.1520 || 0.458 | 2.1121 || 0.478 | 8.0738 || 0.484 | 2.0825
0.413 | 2.1919 || 0.488 | 2.1510 gz“ 2.1118 || 0.474 | 2.0718 || 0.405 | 2.0800
0.418 .1809 || 0.484 | 2.1490 || 0. 2.1101 || 0.425 | 2.0694 | 0.496 | 2.0288
0.414 | 2.1880 || 0.485 | 2.1471 |[ 0.455 | 2.1082 || 0.476 | 2.0674 || 0.497 | 2.0267
0.415 | 2.1860 || 0.436 | 2.1452 || 0.456 | 2.1083 || 0.477 | 2.0855 || 0.498 | 2.0247
0.416 | 2.1841 || 0.487 | 2.1432 || 0.457 | 2.1048 || 0.478 | 2.0636 || 0.499 | 2.0228
0.417 | 2.1821 r 2.1422 || 0.458 | 2.1024 || 0.47 2.0616 || 0.500 .
0.418 | 2.1803 || 0.488 | 2.1418 || 0.459 | 2.1004 || 0.480 | 3.0597 || .....
0.419 | 2.1782 || 0.439 | 2.1308 || 0.460 | 2.0985 || 0.481 | 2.0577 || -
0.420 | 2.1768 || 0.440 | 2.1874 || 0.461 | 2.0066 || 0.482 | 2.0558
0.421 | 2.1743 || 0.441 | 2.1854 || 0.462 | 2.0046 || 0.488 | 2.0588

33 | 2.1726 | 0.442 | 2.1385 || 0.463 | 2.0927 || 0.484 |2.0519 || ..... .

METHOD OF USING TABLES

The accompanying tables have been
compiled to facilitate the calculation of
circular forming tools for Brown &
Sharpe automatic screw- machines. The
maximum diameter ‘D (see illustration)
.of forming tools for these machines

Machtnery N.Y,
should be: For No. 00 machine, 1%
inch; for No. 0 machine, 2% inches; for
No. 2 machine, 3 inches. To find the oth-
er diameters of the tool for any piece to
be formed, proceed as follows: Subtract
the smallest diameter of the work from
-that diameter of the work which is to be
formed by the required tool-diameter;
divide the remainder by 2; locate the quo-
tient obtained in the column headed

“Length ¢ on Tool,” and opposite the fig-
ure thus located and in the column head-
ed by the number of the machine used,
read off directly the diameter to which
the tool is to be made. (The quotient ob-
tained, and which is located in the col-
umn headed “Length ¢ on Tool” is the
length ¢ as shown in the illustration)..

GENERAL DIMENSIONS OF FORMING TOOLS FOR

B.& 8. AUTOMATIC SCR&W MACHINES
(See illustration for notation.)

Nuufnber . N T

Ml:hlne s w
00 4 ¥ t-16 £
0 2% % {—-14 )
3 3 ) t—12 [}
Ezample: A plece of work is to be

formed on a No. 0 machine to two diam-
eters, one being 3 inch and one 0.550
inch; find the diameters of the tool.

The maximum tool diameter -is 21
inches.. This will be the diameter which
will cut the ¥ inch diameter of the work.
To find the other diameter, proceed ac-
cording to the rule given.

0.550 — 14 = 0.300; 0.300 + 2 =0.150.

In Table 11, opposite 0.160, we find that
the required tool diameter is 1.9534 inch.
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From Fig. 29 we have:

h
sin CBD =—.
R
From Table II we have h=C=1%,and R= % D =1%, and hence:
1
sin CBD =—
-6

- 85
cos CBD = /T —sin*CBD = \l— = 0.9860188
86

From the “law of cosines” fn trigonometry, we obtain:
r=y R+ c—2RcXcos CBD
Substituting the known values, we have:
r=1/2.26 + 0.000001 »* — 0.0029580399 n.

2928197

”

1911

”

21075 -

T r

mll

Fig. 80. Dimensions of Work and Tool in the Practical Bxample Given

To shorten the numerical work we can now calculate r for n =250,
n=100, n =150, etc., which is equivalent to considering the distance
AB, Fig. 29, divided into a number of equal divisions, each 0.001 inch
long, and computing the radius r for AB=—0.050, AB =0.100, etc. By
trial it can be determined that the values of r for other values of n
can be interpolated between those calculated, so that the interpolated
values will be correct to four decimal places. Hence, by computing
the values of r, as stated, by the formula just given, we obtain the
values in Table IV. The fourth column in this table gives the differ-
ences of radii corresponding to a difference of 0.001 inch in the length
of line AB. By multiplying the values of r and the differences for
0.001 inch, by 2, we obtain the diameter and diametral differences
directly, as shown in the last two columns. The tables on pages 34 to
37 are computed by simply subtracting these diametral differences, as
given in Table IV, from each preceding diameter, as indicated below.
For

n=20, 2r=23.000000

n=1, 2r=23.000000— 0.001971 — 2.998029

n=2, 2r==2.998029 — 0.001971 = 2.996058
and so forth to n=—49.

For
n=>50, 2r —2.901446
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n=>51, 2r=—2.901446 — 0.001969 — 2.899477

n=>52, 2r=—2.899477 — 0.001969 — 2.897508
and so forth to n=99. In this way the calculations are continued
until the table is completed.

The following example will {llustrate the practical application of
Tables V to VIII. Assume that we wish to design a circular forming
tool to turn the piece shown in Fig. 30, on a No. 0 Brown & Sharpe
automatic screw machine. Let the largest diameter of the circular tool
correspond with the smallest diameter on the piece. Then find one-
half the difference between the required diameters of the work as
follows:

6
—~—0.137
32 0.156 — 0.137 0.019
= S =0.0095 inch
2 - 2
9
——0.137
32 0.281 —0.137  0.144
= = =0.072 inch
2 2 2
7
— —0.024 §}—0.137
16 0.276

= =0.138 inch

2 2

From Table V, we find opposite 0.0095,* in the column headed No. 0
the value 2.2312, which is the diameter to which to turn the circular
tool to produce the 5/32 inch diameter on the work when the largest
diameter of the circular tool turns the smallest diameter on the work
to 0.137 inclg diameter. The other diameters are found opposite 0.072
and 0.138, in the column headed No. 0; they are 2.1076 inches and
1.9771 inch, respectively.

¢ The table only reads to thousandths of an inch, but values corresponding to
ten-thousandths inch can be found by interpolating.
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