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In the following pages are compiled a number of concise tables

relating to reamers, sockets, drills, and milling cutters, carefully

selected from MACHINERY'S monthly Data Sheets, issued as supplements
to the Engineering and Railway editions of MACHINERY since Septem-

ber, 1898. A number of additional tables are also included which are

published here for the first time.

In order to enhance the value of the tables, brief explanatory notes

have been provided. In these notes a complete list of references is

given to articles which have appeared in MACHINERY, and to matter

published in MACHINERY'S Reference Series, giving additional informa-

tion on the subject. These references will be of considerable value

to readers who wish to make a more thorough study of the subject.

In a note at the foot of each table, reference is made to the page on

which the explanatory note relating to the table appears.
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REAMERS, SOCKETS, DRILLS AND
MILLING CUTTERS

Dimensions of Hand Reamers

On pages 4 and 5 are given dimen-

sions for ordinary hand reamers pro-

vided with a guide of the length (?. All

hand reamers should be provided with

st. guide of this type in order to obtain

a straight reamed hole. This provision

is not generally made in reamers manu-

factured for the market, but it is of

great importance in a tool expected to

produce accurate work. The guide por-

tion G at the end of the reamer is not

relieved, but is left cylindrical; the

flutes, of course, are cut through it in

the usual manner. The amount that this

pilot should be less in diameter than the

reamer itself is determined by the maxi-

mum amount of metal that the reamer

should be expected to remove.

While not so shown in the engraving

on page 4, the diameter of the shank

at the end where the square is milled

should be turned down slightly below

the diameter of the shank proper. The

purpose of this is to prevent any burrs

that may be raised on the edges of the

square by the wrench by which the

reamer is turned from projecting outside

of the diameter of the shank. These

burrs would prevent the reamer from be-

ing drawn clear through the hole ream-

ed, or, at least, would scratch the inside

of the hole when the reamer is pulled

through. As seen from the table, all

the reamers are made with an even

number of flutes in order to facilitate

the measuring of the diameter. The

flutes, however, should be "broken up,"

that is, the cutting edges should not be

equally spaced, but a slight difference

in spacing of all the cutting edges

around the reamer should be introduced.

This ununiformity in spacing need not

be greater than two or at most three de-

grees, which will still permit of meas-

uring the diameter of the reamer over

two opposite cutting edges. This meas-

urement will be nearly correct enough
for all practical purposes.

The relief of the cutting edges

should preferably be eccentric, that is,

the land back of the cutting edge should

be convex rather than flat. This makes

it possible for the reamer to hold its

size longer, but an eccentrically relieved

reamer should be used purely for finish-

ing, as it cannot, with advantage, be

used to remove any considerable amount
of metal; for hand reamers used merely

for removing stock or simply for en-

larging holes, the flat relief is superior.

For straight, smooth and accurate work,

again, the eccentric relief is better.

[MACHINERY, January, 1906, Hand Ream-

ers; August and September, 1907, Ream-

ers; May, 1910, Irregular Spacing of the

Cutting Edges of Reamers.]

Shell Reamers and Arbors

Dimensions of shell reamers and ar-

bors are given on page 6. It will be

seen that one arbor can be used for a

considerable number of sizes of reamers,

and the material that would otherwise

be used in the shank of each individual

reamer is saved. The reamer has a

keyway F, which fits the key on the

arbor with 1/64 inch play. The hole

through the reamer tapers % inch per

foot, as shown. The tapered part of the

arbor as well as the hole in the reamer

must be ground after hardening to in-

Continued on page 16.)
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DIMENSIONS OF HAND REAMERS I
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DIMENSIONS OF HAND REAMERS II
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SETTING OF TOOTH-REST FOR GRINDING CLEARANCE ON REAMERS
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STANDARD TAPER PINS AND REAMERS

Standard Taper Pins.
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DIMENSIONS OF BROWN & SHARPE STANDARD TAPERS

BROWN & SHARPE STANDARD TAPERS.
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REAMERS FOR BROWN & SHARPE STANDARD TAPER SOCKETS
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DIMENSIONS OF MORSE STANDARD TAPERS

No. 4
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DIMENSIONS OF MORSE TAPER SOCKETS
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SQUARES ON SHANKS OF REAMERS AND TAPS
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sure that the reamer will run true. Re-

ferring to the use of the table, it will be

seen that in the second column from the

right a heading "Constant for finding

diameter of recess" is given, the recess

being the portion D at the end of the

reamer which is turned down below the

diameter over the cutting edges. The
diameter H is a certain amount less

than the diameter A of the reamer, ac-

cording to the size, and the amount
which H is less than A is given in the

column referred to. For example, if A
is 1 inch, then, according to the table,

A H is 1/16 inch, and hence H is

15/16 inch. In other words, the con-

stant given in this table is subtracted

from the diameter of the reamer in or-

der to obtain the diameter of the

turned down portion.

The arbor used for driving shell ream-

ers consists of a stem or arbor provided
with a collar which is fastened to the

arbor by means of a taper pin, as shown.

The collar is provided with a key, as al-

ready mentioned, which engages into

the keyway of the reamer. Precaution

must be taken in milling this key or

tongue so that it will be exactly in the

center of the . collar. The same care

must, of course, be used when milling

the keyway in the mill, which must be

exactly in the center in order that the

key and keyway may fit properly to-

gether. When grinding the outside of

the reamer to size it should preferably

be ground on an arbor similar to that

on which it is to be used. At the front

end the corners are slightly rounded as

shown. The arbors and driving collars

should preferably be made of tool steel

and the collars should be hardened. The
end of the arbor is provided with a

small flat milled on the shank for the

set-screws by which It is clamped in a

tool-holder. [MACHINERY, October, 1907,

Reamers.]

Clearance for Reamers

The table on page 7 will be found

useful when grinding the clearance on

hand and chucking reamers of various

sizes. These clearances were decided

upon as giving the best results by ex-

periments extending over a period of

over a year, undertaken by the Cincin-

nati Milling Machine Co., Cincinnati,

Ohio. The clearance is ground with a

cup wheel three inches in diameter. The

figures in the body of the table give the

amount in inches which the work-hold-

ing centers should be above the tooth-

rest.

In the cases marked I, II, and III

the tooth-rest is mounted on the emery
wheel head and should be set centrally

with the emery wheel spindle. In the

case marked IV the tooth-rest is

mounted on the table of the ma-

chine. By setting the tooth-rest

and the work-holding centers as called

for by this table the reamers will

be provided with clearance of such an

amount as to ream the greatest number
of smooth holes with the minimum
amount of wear. It will be seen that

in the table two columns of dimensions

for setting the work-holding centers

above the tooth-rest, are given for each

class of reamer specified, except for the

rose chucking reamers. The first of

these columns is headed "For cutting

clearance," and the second, "For second

clearance." The first clearance is that

on the actual land of the reamer, while

the second clearance is that back of the

cutting land. The chucking reamers

for cast iron or bronze have 23-degree

beveled ends, and are provided with two

clearances along the blades, the same as

the hand reamers, but the beveled ends

have only one clearance, which is

ground by setting the work-holding cen-

ters to the figures in the second column

under III. Chucking reamers for ream-

ing steel are ground circular to the ex-

act size of the hole to be reamed, and

the 45-degree beveled ends only have

clearance, the setting for the grinding

of which is given in the table under IV.

[MACHINERY, June, 1904, Reamer Clear-

ances.]
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DIMENSIONS OF CENTERS FOR REAMERS AND ARBORS

CENTERS FOR REAMERS AND ARBORS.
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DIMENSIONS OF TWIST DRILLS I

No. 4
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Pipe Reamers

Dimensions of pipe reamers are given

on page 8. These reamers are used to

precede pipe taps. They are made of

the same sizes as pipe taps, except

that the dimensions of the pipe reamer

correspond to the root diameter of the

thread of the pipe taps, the taper being,

of course, the same, or % inch per foot.

The small end of pipe reamers is slight-

ly chamfered in order to facilitate the

entering of the reamer in holes which

are of about the same size as the small

diameter of the reamer. [MACHINERY,

December, 1907, Reamers.]

Dimensions of Taper Pin
Reamers

Dimensions of taper pin reamers are

given on page 9. These reamers are

intended for reaming holes for standard

taper pins, the dimensions of which are

given on the same page. These pins are

made of various lengths, and the

length specified in the table is the maxi-

mum length of each size. The pins and

reamers taper one-fourth inch per foot.

The diameter at the small end of the

reamer should be made to such a di-

mension that the reamer will project at

least 1/16 inch, or on the larger sizes

% inch, through the hole reamed for

the longest standard taper pin of the

size to which it corresponds. The length

of the cutting edges should also be

enough longer than the longest pin to

permit the reamer to be ground a num-
ber of times without it becoming too

small in diameter at the upper end of

the flutes for the size of pin for which

it is intended. The length of the

square on the end of the shank should

be about 1% times the diameter of the

shank, and the size of the square should

be % the diameter of the shank. The
exact diameter of the shank portion, of

course, is of little importance, it being

usually turned down a slight amount
below the diameter at the large end of

the fluted portion of the reamer. [MA-

CHINERY, November, 1907, Reamers;

December, 1909, Errors in Grinding

Taper Reamers.]

Sockets and Taper Reamers for Brown &
Sharpe Standard Tapers

On page 10 are given the dimensions

of the various Brown & Sharpe standard

tapers. As will be seen from the table,

the taper is y2 inch per foot in all cases,

except for taper No. 10, which has a

taper of 0.5161 inch per foot. It will be

observed that in certain cases there are

several different lengths corresponding
to the same number of taper, all the

tapers of the same number, however, be-

ing of the same diameter at the small

end. While the lengths of the taper

shanks thus are different, the reamers,
the dimensions for which are specified

on page 11, can all be made the same
for the same number of taper, inasmuch
as the diameter at the small end is the

same. The only thing necessary to con-

sider is to make the length of the cut-

ting edges of the reamers long enough
for the longest or deepest taper socket

of a given size, in which case they, of

course, will be sufficient for the short-

er lengths. The Brown & Sharpe taper

shanks are used mostly on shank end

mills and T-slot cutters, as well as on

several other tools for the machines

manufactured by the Brown & Sharpe

Mfg. Co. The sizes of the taper sockets

have been carried up to No. 12 only,

larger sizes being seldom used. As will

be seen on page 11, dimensions are

given for the diameters at the small end

both for roughing and finishing reamers,

the roughing reamer being in all cases

0.010 inch smaller in diameter than the

finishing reamer. [MACHINERY, Novem-

ber, 1907, Reamers; December, 1909,

Errors in Grinding Taper Reamers.]

Sockets and Taper Reamers for
Morse Standard Tapers

On page 12 dimensions are given for

Morse standard tapers, and on page 14

dimensions for the reamers for reaming
these taper sockets. As shown on page

(Continued on page 26.)
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14, both a finishing reamer and rough-

ing reamer are used, the latter being

provided with a spiral groove cut like

a thread all around the cutting edges,

as shown in the top view. This thread

or groove breaks up the chips in the

same manner as the nicks in the cut-

ting edges of plain "nicked" milling cut-

ters. The thread is cut left-hand with
a tool similar to a square threading

tool, but having the corners slightly

rounded. The width of the tool should

vary from about 1/32 inch for the smal-

lest size reamer for Morse taper sockets

to 3/32 inch for the largest sizes, the

depth of the groove being a little more
than half the width of the tool. The
pitch of the thread should be about 1/5
inch for the smallest size, increasing

up to 1/3 inch for the largest sizes. On
page 13 are given dimensions of Morse
standard taper sockets with a Morse

taper both on the inside and outside.

[MACHINERY, November, 1907, Reamers.]

Taper Reamers for Jarno
Standard Tapers

On page 14 are given dimensions for

the reamers for Jarno tapers. The
Jarno taper was originally proposed by
Mr. Oscar J. Beale of the Brown &
Sharpe Mfg. Co. The taper per foot of

all the Jarno tapers is 0.600 inch on the

diameter. All the dimensions necessary
for Jarno tapers are determined by the

number of the taper. The diameter at

the large end of the taper is as many
eighths, the diameter at the small end
of the taper as many tenths, and the

length of the taper between the large

and small diameter as many half

inches as is expressed by the number of

the taper. For example, the No. 7 Jarno

taper is 7/8 inch in diameter at the large

end, 7/10 or 0.7 inch in diameter at the

small end, and the length is 7/2 inches

or 3^ inches. [MACHINERY, November,
1907, Reamers.]

Squares on Shanks of Reamers and Taps

On page 15 a table is given by means
of which the proper size of square cor-

responding to a given diameter of

shank can be seen at a glance. If the

diameter of the shank D, for example,
is 1 9/64 inch, then we find directly

from the table that the square 8 should

be 55/64 inch across flats. The table,

extending from 1/16 inch up to 4

inches, covers the whole range ordi-

narily met with in the machine shop.

The size of the square is, on an average,

% times the diameter of the shank.

Centers for Reamers and Arbors

On page 17 a table of well propor-

tioned reamer and arbor centers is

given, together with the general formu-

las by means of which the dimensions

are determined. These centers are laid

out so as to be large enough for heavy

duty. Care should be exercised in drill-

ing the hole G so that it is of the full

depth Z>, and when countersinking care

should be taken not to exceed the diam-

eter B.

Dimensions of Twist Drills

On pages 18, 19 and 20 are given di-

mensions for twist drills. The first

table gives the dimensions for drills

from 14 inch up to 3 inches in diameter,

the second for the so-called letter-size

drills, and the third for steel wire gage

drills, from No. 1 down to No. 60 steel

wire gage. Referring first to the table

for drills from %- to 3-inch size, the di-

mensions provided give the total length

and the length of the fluted portion on

straight shank drills, the size of shank

of Morse taper shank drills, and the lead

of spiral of the grooves or flutes. In

order to establish uniformity in regard

to the total lengths, taper shank and

straight shank drills ought to be made

of the same total lengths. As the

length of the taper shank always must

be its regular standard length, dimen-

sions are not given for the lengths of

the grooved parts on taper shank drills,

as these lengths will, when the total

length is given, depend entirely upon
(Continued on page 29.)
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NUMBER OF TEETH AND KEYWAYS IN MILLING CUTTERS
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DIMENSIONS OF END MILLS

No. 4
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the length of the standard taper used.

It is obvious that after the length of

the taper shank is deducted from the

total length and provision has been

made for a short "neck" between the

taper shank and the grooved part, the

remaining portion will be the fluted

length. The lead of the flutes or grooves
is 7 times the diameter of the drill. In

the case of the letter-size and steel wire

gage drills no taper shanks are speci-

fied, as drills of these sizes are almost

exclusively provided with straight

shanks. The letter-size drills over %
inch in diameter, however, may be pro-

vided with a No. 1 Morse taper shank if

required. [MACHINERY, August, 1905,

Proportions of Twist Drills.]

Wire Gages

On page 21 is given a table by means
of which the dimensions in inches may
be found for given wire and plate gage
numbers. The table includes all the

commonly used gages. On pages 23, 24

and 25 a set of tables is given by
means of which the corresponding num-
ber of any wire gage may be easily

found when the dimension in inches is

known. These tables are, in a measure,
a reversal of the table on page 21, and
all the tables may profitably be used in

conjunction with each other. The ex-

planatory note on page 25 illustrates

more fully the use of these tables.

Plain and Side Milling Cutters

On page 27 are given the number of

teeth and the lead of spiral for plain

milling cutters of diameters from 2 to

10 inches. Cutters with the width of

face greater than 4 inches should pre-

ferably be made in two or more inter-

locking sections. Cutters larger than 5

inches in diameter should preferably be
made with inserted teeth, in which case,

of course, the number of teeth cannot be
as large as that given in the table. A
6-inch inserted blade cutter should not
have more than about 12 teeth; an 8-

inch, 16 teeth; and a 10-inch, 18 teeth.

The number of teeth to be used in side

milling cutters is somewhat greater than
that used in plain milling cutters, as

shown in the table to the right on page
27. On the same page tables of stand-

ard keyways to be used in milling cut-

ters, and as adopted by leading milling
cutter manufacturers, are given. In

case of the square keyway shown to the

left, care should be taken to have the

corners at C well rounded to the radius

specified. The half-round keyway is

preferable, as there is less likelihood of

a crack starting, as is often the case at

the corner of the square keyway. [MA-

CHINERY, April, 1906, Milling Cutters.]

Dimensions of End Mills

Dimensions of end mills provided
with a solid taper shank are given on

page 28. The teeth on the cylindrical

surface are usually cut straight, but

may also be cut on a spiral. The
amount of the spiral should not exceed

20 degrees. The direction of spiral

should be left-hand for right-hand end

mills, and vice versa, especially if the

mill is to be used for cutting both with

its end and with its side. If the mill is

to be used exclusively as an end mill,

cutting only with the teeth on its ex-

treme end, then the spiral on a right-

hand end mill should preferably be

right-hand, because in that case it is

possible to give the teeth a positive

front rake. Solid shank end mills are

commonly provided with either Brown
& Sharpe or Morse taper shank. In the

table of these mills, columns are given
for both, and in some cases two numbers
of shanks are specified for the same size

of mill, indicating that in usual practice

the mills in question may be provided
with either of the two shanks. The
numbers of shanks given, and the di-

mensions in general correspond to the

practice of prominent end mill man-
ufacturers. The total length, of course,

differs according to the number of taper

shank used, as indicated.
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DIMENSIONS OF SHELL END MILLS

No. 4
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Explanatory note : Page 38.
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SETTING ANGLES FOR MILLING END MILLS

No. 4

TABLE OF ANCLES FOR HEADSTOCK OF MILLING MACHINE
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SETTING ANGLES FOR MILLING ANGULAR CUTTERS II

ANOLB8 OP EL
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SETTING ANGLES FOR MILLING ANGULAR CUTTERS III

ANGLES OP ELEVATION FOR SO DEGREE BLANK. ANGLES OP ELEVATION FOR 40 DEGREE BLANK.



36 MACHINERY'S DATA SHEETS No. 4

SETTING ANGLES FOR MILLING ANGULAR CUTTERS IV

ANGLES Of ELEVATION FOR 6O DEGREE BLANK. ANGLES OF ELEVATION FOR 75 DEGREE BLANX.
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3 o/ Sholl Bml Mills

Dimensions for shell' end mills are

given on page 30, and for the arbors on

which these mills are mounted when in

use, on page 31. The head of the screw

on the end of the arbor enters into the

recess in the end of the mill. The keys
in the arbor enter into the keyway F
at the upper end of the mill and consti-

tute the drive. It will be seen that the

number of teeth in these mills is greater
for the same diameters than the number
in solid end mills. This is because the

coarser teeth of the latter would require
a deeper flute than would be possible in

the thin shell of the shell end mill.

Milling the Teeth in End Mills
and Angular Cutters

On page 32 is given a table of angles

for setting the dividing head of the mill-

ing machine when cutting teeth in the

end of end mills. The angle to which
the dividing head must be set depends
on two factors, the number of the teeth

in the mill to be cut, and the angle of

the cutter with which the teeth are to

be cut. When the number of teeth in

the cutter and the angle of the cutter

used for milling the teeth are given,

the setting angle of the dividing head is

found in the body of the table. For ex-

ample, assume that 12 teeth are to be

cut in the end of an end mill with a 60-

degree cutter. Then by following the

horizontal line from 12 teeth we read in

the column under 60 degrees that the di-

viding head should be set to an angle of

70 degrees 32 minutes for this job. On
pages 34 to 36 are given similar tables

for milling angular cutters, an explana-
tion of the formulas by which these

angles are obtained being given on page
33. [MACHINERY, April, 1904, To Calcu-

late the Setting of the Dividing Head
when Cutting the Teeth of End Mills;

November, 1908, Setting Angles for

Milling Angular Cutters and Taper
Reamers.]

Dimensions of Plug- and Ring
Gages

On page 37 are given dimensions of

plain plug and ring gages for ordinary

use. These dimensions are based upon
the dimensions used for these gages by
one of the most prominent gage makers
in the country. The proportions will

be found suitable for every-day use, al-

though for special requirements some of

the dimensions may have to be modi-

fied.
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