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MILLING CUTTERS

Selection of Milling Cutters.—The most suitable type of milling cutter for a particular
milling operation depends on such factors as the kind of cut to be made, the material to be
cut, the number of parts to be machined, and the type of milling machine available. Solid
cutters of small size will usually cost less, initially, than inserted blade types; for long-run
production, inserted-blade cutters will probably have a lower overall cost. Depending on
either the material to be cut or the amount of production involved, the use of carbide-tipped
cutters in preference to high-speed steel or other cutting tool materials may be justified.

Rake angles depend on both the cutter material and the work material. Carbide and ca:s
alloy cutting tool materials generally have smaller rake angles than high-speed steel tool
materials because of their lower edge strength and greater abrasion resistance. Soft wo
materials permit higher radial rake angles than hard materials; thin cutters permit zero or
practically zero axial rake angles; and wide cutters operate smoother with high axial rake
angles. SeRake Angles for Milling Cutteen page 801.

Cutting edge relief or clearance angles are usually from 3 to 6 degrees for hard or tougt
materials, 4 to 7 degrees for average materials, and 6 to 12 degrees for easily machine
materials. Se€learance Angles for Milling Cutter Teeth page 800.

The number of teeth in the milling cutter is also a factor that should be given consider-
ation, as explained in the next paragraph.

Number of Teeth in Milling Cutters.— In determining the number of teeth a milling cut-
ter should have for optimum performance, there is no universal rule.

There are, however, two factors that should be considered in making a choice: 1) The
number of teeth should never be so great as to reduce the chip space between the teeth t
point where a free flow of chips is prevented; and 2) The chip space should be smooth an
without sharp corners that would cause clogging of the chips in the space.

For milling ductile materials that produce a continuous and curled chip, a cutter with
large chip spaces is preferable. Such coarse tooth cutters permit an easier flow of the chip
through the chip space than would be obtained with fine tooth cutters, and help to eliminate
cutter “chatter.” For cutting operations in thin materials, fine tooth cutters reduce cutter
and workpiece vibration and the tendency for the cutter teeth to “straddle” the workpiece
and dig in. For slitting copper and other soft nonferrous materials, teeth that are either
chamfered or alternately flat and V-shaped are best.

As a general rule, to give satisfactory performance the number of teeth in milling cutters
should be such thab more than two teeth at a time are engaged in thdased on this
rule, the following formulas are recommended:

For face milling cutters,

_ 6.3
T=F &)
For peripheral milling cutters,
_ 12.6DcosA
"= "b+ad @

whereT = number of teeth in cutteld, = cutter diameter in inche®/ = width of cut in
inchesd = depth of cut in inches; ard= helix angle of cutter.

To find the number of teeth that a cutter should have when other than two teeth in the cu
at the same time is desirédyrmulas (1and(2) should be divided by 2 and the result mul-
tiplied by the number of teeth desired in the cut.
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ExampleDetermine the required number of teeth in a face mill wberé inches and
W= 4 inches. Usingormula (1)

6.3% 6
4

T= = 10 teeth, approximately
ExampleDetermine the required number of teeth in a plain milling cutter wherd
inches andl =%, inch. Using=ormula (2)

_ 12.6% 4x cos0’
4+(4xY)

In high speed millingvith sintered carbide, high-speed steel, and cast non-ferrous cut-
ting tool materials, a formula that permits full use of the power available at the cutter but
prevents overloading of the motor driving the milling machine is:

_ KxH
7= ExNxdxw @)
whereT = number of cutter teeth] = horsepower available at the cutters feed per
tooth in inches = revolutions per minute of cuttetr= depth of cut in inchedy = width
of cut in inches; anl = a constant which may be taken as 0.65 for average steel, 1.5 for
castiron, and 2.5 for aluminum. These values are conservative and take into account dull
ing of the cutter in service.

= 10 teeth, approximately

ExampleDetermine the required number of teeth in a sintered carbide tipped face mill
for high speed milling of 200 Brinell hardness alloy stell# 10 horsepowef; = 0.008
inch; N =272 rpmd = 0.125 inchW = 6 inches; an# for alloy steel is 0.65. Usingor-
mula (3)

0.65x 10

= m =4 teeth, apprOXImater

American National Standard Milling Cutters.—According to American National
Standard ANSI/ASME B94.19-1997 milling cutters may be classified in two general
ways, which are given as follows:

By Type of Relief on Cutting Edgé4illing cutters may be described on the basis of one
of two methods of providing relief for the cutting edgesofile sharpenedutters are
those on which relief is obtained and which are resharpened by grinding a narrow land
back of the cutting edges. Profile sharpened cutters may produce flat, curved, or irregular
surfacesForm relievedcutters are those which are so relieved that by grinding only the
faces of the teeth the original form is maintained throughout the life of the cutters. Form
relieved cutters may produce flat, curved or irregular surfaces.

By Method of Mounting¥lilling cutters may be described by one of two methods used to
mount the cutteArbor typecutters are those which have a hole for mounting on an arbor
and usually have a keyway to receive a driving key. These are sometimeShallégpe.
Shank typeutters are those which have a straight or tapered shank to fit the machine tool
spindle or adapter.

Explanation of the “Hand” of Milling Cutters.— In the ANSI Standard the terms “right
hand” and “left hand” are used to describe hand of rotation, hand of cutter and hand of flute
helix.

Hand of Rotation or Hand of Cus described as either “right hand” if the cutter
revolves counterclockwise as it cuts when viewed from a position in front of a horizontal
milling machine and facing the spindle or “left hand” if the cutter revolves clockwise as it
cuts when viewed from the same position.
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American National Standard Plain Milling Cutters ANSI/ASME B94.19-1997

Cutter Diameter Range of Hole Diameter
- Face Widths -
Nom. ‘ Max. ‘ Min. Noma Nom. ‘ Max. ‘ Min.
Light-duty Cutter8
2%, 2515 2.485 %.%.%. 1%, 1 1.00075 1.0000
2and3
3 3015 | 2985 Yo T s T 1 1.00075|  1.0000
%.%. and %
3 3.015 2.985 1,1, 1%,2 1, 1.2510 | 1.2500
and 3
4 4.015 3.985 ¥, %e and% 1 1.00075 1.0000
4 4.015 3.985 1,1%,2,3 17, 1.2510 | 1.2500
and 4
Heavy-duty Cuttefs
2%, 2.515 2.485 2 1 1.0007p  1.000
2% 2.515 2.485 4 1 1.0010 1.000
3 3.015 2.985 2,%,3,4and 6 A 1.2510 1.2500
4 4.015 3.985 2,3,4and 6 1% 1.5010 1.5000
High-helix Cutter$
3 3.015 2.985 4 and 6 17, 1.2510 1.2500
4 4.015 3.985 8 1% 1.5010 1.5000

aTolerances on Face Widthefp to 1 inch, inclusivet 0.001 inch; over 1 to 2 inches, inclusive,
+0.010,-0.000 inch; over 2 inche$0.020,-0.000 inch.

bLight-duty plain milling cutters with face widths undgiinch have straight teeth. Cutters wigh
inch face and wider have helix angles of not less than 15 degrees nor greater than 25 degrees.

¢Heavy-duty plain milling cutters have a helix angle of not less than 25 degrees nor greater than 45
degrees.

dHigh-helix plain milling cutters have a helix angle of not less than 45 degrees nor greater than 52
degrees.

All dimensions are in inches. All cutters are high-speed steel. Plain milling cutters are of cylindri-
cal shape, having teeth on the peripheral surface only.

Hand of CutterSome types of cutters require special consideration when referring to
their hand. These are principally cutters with unsymmetrical forms, face type cutters, or
cutters with threaded holeéSymmetricatutters may be reversed on the arbor in the same
axial position and rotated in the cutting direction without altering the contour produced on
the work-piece, and may be considered as either right or left Hasgmmetricatutters
reverse the contour produced on the work-piece when reversed on the arbor in the sam
axial position and rotated in the cutting directiorsifigle-anglecutter is considered to be
aright-hand cutter if it revolves counterclockwise, or a left-hand cutter if it revolves clock-
wise, when cutting as viewed from the side of the larger diametehaFtueof rotatiorof
a single angle milling cutter need not necessarily be the sambasdtsf cutterA single
corner roundingecutter is considered to be a right-hand cutter if it revolves counterclock-
wise, or a left-hand cutter if it revolves clockwise, when cutting as viewed from the side of
the smaller diameter.
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American National Standard Side Milling Cutters ANSI/ASME B94.19-1997

Cutter Diameter Range of Hole Diameter
. Face Widths -
Nom. | Max. | Min. Nom? Nom. | Max. | Min.
Side Cutters
2 2.015 1.985 A % 0.62575 0.6250
2%, 2515 2.485 Y% %% % 0.87575 0.8750
3 3.015 2.985 % %6, % he 1 1.00075 1.0000
4 4,015 3.985 %% %.% %% 1 1.00075 1.0000
4 4.015 3.985 %.%.% 1, 1.2510 1.2500
5 5.015 4.985 %.%.% 1 1.00075 1.0000
5 5.015 4.985 ¥%.%.%.1 ¥, 1.2510 1.2500
6 6.015 5.985 ¥ 1 1.00075 1.0000
6 6.015 5.985 ¥%.%.%.1 1, 1.2510 1.2500
7 7.015 6.985 A 1, 1.2510 1.2500
7 7.015 6.985 % 1% 1.5010 1.5000
8 8.015 7.985 %, 1 v, 1.2510 1.2500
8 8.015 7.985 %, 1 o, 1.5010 1.5000
Staggered-tooth Side Cuttérs
2%, 2515 2.485 Y Y6 %, 5 % 0.87575 0.8750
3 3.015 2.985 V60 %, %6, % 1 1.00075 1.0000
3 3.015 2.985 %.%.% 1, 1.2510 1.2500
4 4.015 3.985 TP %o Tis B 1, 1.2510 1.2500
%.% andy,
5 5.015 4.985 %, %.% 1, 1.2510 1.2500
6 6.015 5.985 %.%.%.%. %, 1 o, 1.2510 1.2500
8 8.015 7.985 %.%.%.%,1 , 1.5010 1.5000
Half Side Cutter$
4 4.015 3.985 A 1, 1.2510 1.2500
5 5.015 4.985 % 1, 1.2510 1.2500
6 6.015 5.985 % 1, 1.2510 1.2500

aTolerances on Face WidthBor side cutters;0.002,-0.001 inch; for staggered-tooth side cutters
up to, inch face width, inclusive;0.000-0.0005 inch, and ové, to 1 inch, inclusive+0.000~
0.0010 inch; and for half side cutter§,015,~0.000 inch.

bSide milling cutters have straight peripheral teeth and side teeth on both sides.

¢Staggered-tooth side milling cutters have peripheral teeth of alternate right- and left-hand helix and
alternate side teeth.

dHalf side milling cutters have side teeth on one side only. The peripheral teeth are helical of the
same hand as the cut. Made either with right-hand or left-hand cut.

All dimensions are in inches. All cutters are high-speed steel. Side milling cutters are of cylindrical
shape, having teeth on the periphery and on one or both sides.

Hand of Flute HelixMilling cutters may havsetraight flutesvhich means that their cut-
ting edges are in planes parallel to the cutter axis. Milling cutters with flute helix in one
direction only are described as having a right-hand helix if the flutes twist away from the
observer in a clockwise direction when viewed from either end of the cutter or as having a
left-hand helix if the flutes twist away from the observer in a counterclockwise direction
when viewed from either end of the cut@taggered tooth cutteese milling cutters with
every other flute of opposite (right and left hand) helix.

An illustration describing the various milling cutter elements of both a profile cutter and
a form-relieved cutter is given on pages.
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American National Standard Staggered Teeth, T-Slot Milling Cutters with
Brown & Sharpe Taper and Weldon ShanksANSI/ASME B94.19-1997

e

s T b gy-
T
With B. & S. With Weldon
Cutter Face Neck Tapef Shank

Bolt Dia., Width, Dia., Length, Taper Length, Dia.,
Size D w N L No. L S
A %6 A A 29 A
6 £ Tes g - o 2% %
% £ £ £ 3 %
% P Fes Ve 5 7 s %
% 1%, £ % 5%, 7 3% 1
% 1, % %, &% 9 I 1
1 120, Fea 1, , 9 4% 1

aFor dimensions of Brown & Sharpe taper shanks, see information given o@Jfage

bBrown & Sharpe taper shanks have been removed from ANSI/ASME B94.19 they are included for
reference only.

All dimensions are in inches. All cutters are high-speed steel and only right-hand cutters are stan-

dard.
TolerancesOnD, +0.000,-0.010 inch; oW, +0.000,-0.005 inch; oM, +0.000,-0.005 inch; on

L, £ % inch; onS, -00001 to-0.0005 inch.

American National Standard Form Relieved Corner Rounding Cutters
with Weldon Shanks ANSI/ASME B94.19-1997

Rad., Dia., Dia., Rad., Dia., Dia.,

R D d S L R D d S L
¥s s % B 2% % Y % % %%
% % % % | 2 % % i %ol %
% % % % |3 % 1 % %o | oo
Y2 % %5 B o| 3 %5 Y % % %
% % i % | s % W, % %o | %
% 1 % A 3 %e 1% % 1 4

%5 Y% % ho| % Y % 1 4%

All dimensions are in inches. All cutters are high-speed steel. Right-hand cutters are standard.
TolerancesOnD, +0.010 inch; on diameter of circleR2:0.001 inch for cutters up to and includ-
ing %-inch radius#+0.002,-0.001 inch for cutters ovég-inch radius; o, ~0.0001 to-0.0005 inch;

and orL, + ¥ inch.



776

MILLING CUTTERS

American National Standard Metal Slitting Saws ANSI/ASME B94.19-1997

Cutter Diameter Range of Hole Diameter
Nom. Max. Min. Fai‘eonl;d[hs Nom. Max. Min.
Plain Metal Slitting Saws
2%, 2515 2.485 Voo Tonr Vior Y00 %o % 0.87575 0.8750
3 3.015 2.985 Yo Yo So T 1 1.00075 1.0000
% and%,
4 4.015 3.985 Yo Torr s T T, 1 1.00075 1.0000
Y anddyg
5 5.015 4.985 Yo Y. % 1 1.00075 1.0000
5 5.015 4.985 A 1, 1.2510 1.2500
6 6.015 5.985 Yo 0. % 1 1.00075 1.0000
6 6.015 5.985 %, %6 1, 1.2510 1.2500
8 8.015 7.985 % 1 1.00075 1.0000
8 8.015 7.985 % 1, 1.2510 1.2500
Metal Slitting Saws with Side Teéth
2%, 2515 2.485 Vo Y20r %8 A 0.87575 0.8750
3 3.015 2.985 Yo Y0 %0 70 1 1.00075 1.0000
4 4.015 3.985 Yior Y00 %, %0, s 1 1.00075 1.0000
5 5.015 4,985 Yior Yoo %, Y0, His 1 1.00075 1.0000
5 5.015 4.985 A 1, 1.2510 1.2500
6 6.015 5.985 Yior Yo0s %, s 1 1.00075 1.0000
6 6.015 5.985 % %6 1, 1.2510 1.2500
8 8.015 7.985 % 1 1.00075 1.0000
8 8.015 7.985 %, %6 1, 1.2510 1.2500
Metal Slitting Saws with Staggered Peripheral and Side Teeth
3 3.015 2.985 6 1 1.00075 1.0000
4 4.015 3.985 H6 1 1.00075 1.0000
5 5.015 4.985 EARA 1 1.00075 1.0000
6 6.015 5.985 A 1 1.00075 1.0000
6 6.015 5.985 Y6 Y 1, 1.2510 1.2500
8 8.015 7.985 Y6, % 1, 1.2510 1.2500
10 10.015 9.985 Ve, % 13, 1.2510 1.2500
12 12.015 11.985 %, % 1, 1.5010 1.5000

aTolerances on face widths are plus or minus 0.001 inch.

bPlain metal slitting saws are relatively thin plain milling cutters having peripheral teeth only. They
are furnished with or without hub and their sides are concaved to the arbor hole or hub.

cMetal slitting saws with side teeth are relatively thin side milling cutters having both peripheral and
side teeth.

dMetal slitting saws with staggered peripheral and side teeth are relatively thin staggered tooth mill-
ing cutters having peripheral teeth of alternate right- and left-hand helix and alternate side teeth.

All dimensions are in inches. All saws are high-speed steel. Metal slitting saws are similar to plain
or side milling cutters but are relatively thin.

Milling Cutter Terms

Face Width

= _—

Helical Teeth

Helical Rake Angle
L.H. Helix Shown




MILLING CUTTERS 777

Radial Rake Angle
(Positive Shown)

Tooth Face

Axial Relief

Radial Relief Angle Peripheral Cutting
1 Edge
4 =1 Tooth Face
Clearance Surface Tooth Face
Land [«— Axial Relief
Heel Clearance Angle

Surface

Radial Rake Angle
(Positive Shown)

Offset

Tooth

Concavity —]

Fillet Lip Lip Angle

American National Standard Single- and Double-Angle
Milling Cutters  ANSI/ASME B94.19-1997

Cutter Diameter Hole Diameter
Nom. | Max. Min. Nominal Face Width Nom. | Max. Min.
Single-angle Cuttebs
%-24 UNF-2B RH
c1y, 1.265 1.235 T
%-24 UNF-2B LH
°1%; 1.640 1.610 %o %-20 UNF-2B RH
23 2.765 2.735 ¥ 1 1.00075 1.0000
3 3.015 2.985 ¥ 1, 1.2510 1.2500
Double-angle Cuttefs
23 | 2.765 | 2.735 | ¥ | 1 | 1.00075 | 1.0000

aFace width tolerances are plus or minus 0.015 inch.

bSingle-angle milling cutters have peripheral teeth, one cutting edge of which lies in a conical sur-
face and the other in the plane perpendicular to the cutter axis. There are two types: one has a plair
keywayed hole and has an included tooth angle of either 45 or 60 degrees plus or minus 10 minutes; the
other has a threaded hole and has an included tooth angle of 60 degrees plus or minus 10 minutes. Cu
ters with a right-hand threaded hole have a right-hand hand of rotation and a right-hand hand of cutter.
Cutters with a left-hand threaded hole have a left-hand hand of rotation and a left-hand hand of cutter.

Cutters with plain keywayed holes are standard as either right-hand or left-hand cutters.
¢These cutters have threaded holes, the sizes of which are given under “Hole Diameter.”

dDouble-angle milling cutters have symmetrical peripheral teeth both sides of which lie in conical
surfaces. They are designated by the included angle, which may be 45, 60 or 90 degrees. Tolerance:

are plus or minus 10 minutes for the half angle on each side of the center.

All dimensions are in inches. All cutters are high-speed steel.
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American National Standard Shell Mills ANSI/ASME B94.19-1997
il
L
P
N
D J KA ——— c _
1] H
N
y————
== F
B-—
w
Dia., Width, Dia., Length, Width, Depth, Radius, Dia., Dia., Angle,
D w H B [} E F J K L
inches inches inches inches| inche: inchgs inches inches degrees i
, 1 % % 1 % Yo A % 0
1 % % % % % Yo Y % 0
7 A % % 6 kN Yo e % 0
2 T, % % %6 i Yo e 3 0
2 2 1 % % T2 3 A Bie 0
2 i 1 3, % T % 2 % 0
», % 1 % % T Yo m o 5
3 1% 1, % % Yo Yo 1%, 1% 5
3% T v, % % % Y e ) 5
4 2 2 1 % % Ys 2 Vg 5
A A 1% 1 % % Y e 1% 10
5 2 m 1 % % Y B 7 10
6 %, 2 1 % 7 Y 2% 2 15

All cutters are high-speed steel. Right-hand cutters with right-hand helix and square corners are
standard.
TolerancesOnD, +%, inch; onW, %, inch; onH, +0.0005 inch; orB, +%, inch; onC, at least
+0.008 but not more tha0.012 inch; orE, +%, inch; ond, +%, inch; onK, %, inch.

Radial Relief Angle

End Mill Terms

Radial Land —*1 r

Enlarged Section of End Mill Tooth

Radial Clearance Angle
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End Cutting Edge Radial Rake Angle
Concavity Angle (Positive Shown)
Tooth Face

End Clearance Tooth Face

Axial Relief Radial
| Angle — Cutting
Edge
End Gash

Helix Angle |

Enlarged Section of End Mill

American National Standard Multiple- and Two-Flute Single-End Helical End Mills
with Plain Straight and Weldon Shanks ANSI/ASME B94.19-1997

L | L
v -
4 L |
S + —- D - — S ﬂ - - D-()-
1 T \v o
b P
Cutter Diameter, Shank Diameter, Length Length
D S of Cut, Overall,
Nom. | Max. Min. Max. Min. w L
Multiple-flute with Plain Straight Shanks
% 130 125 125 1245 R 7,
s 11925 1875 .1875 .1870 A 1%
%, .255 .250 250 .2495 % W
% .380 375 .375 .3745 A 16
% 505 .500 .500 4995 Bis 2%,
% 755 750 750 7495 1, 2%
Two-flute for Keyway Cutting with Weldon Shanks
A 125 1235 375 3745 % 2
Y6 1875 .1860 375 3745 e P
%, .250 2485 375 .3745 A P46
%s 3125 .3110 375 3745 %6 P16
% 375 3735 375 3745 %6 Phe
A .500 .4985 .500 .4995 1 3
% 625 6235 625 6245 1% s
% 750 7485 750 7495 1% s
% 875 8735 875 8745 1% %,
1 1.000 .9985 1.000 .9995 1% A
1, 1.250 1.2485 1.250 12495 1% A
1% 1.500 1.4985 1.250 12495 1% A

All dimensions are in inches. All cutters are high-speed steel. Right-hand cutters with right-hand
helix are standard.

The helix angle is not less than 10 degrees for multiple-flute cutters with plain straight shanks; the
helix angle is optional with the manufacturer for two-flute cutters with Weldon shanks.

TolerancesOnW, +%, inch; onL, +¥% inch.
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ANSI Regular-, Long-, and Extra Long-Length, Multiple-Flute Medium
Helix Single-End End Mills with Weldon Shanks ANSI/ASME B94.19-1997

L
r—w
—é_
T &S
As Indicated By The Dimensions Given Below, Shank Diameter S May Be Larger, Smaller, Or The
Same As The Cutter Diameter D

Cutter Regular Mills Long Mills Extra Long Mills
s s w L | e s w L | e s w L
%® %| % | | 4

2 % ¥ 2% 4 . U
%o Bl % | | 4| % | | M| 4| % | B| M| o4
% Bl ow | m | a| % | m | | 4| % | 2 | w4
wo | w | | | a| % | m| wm | e % | | | o4
e % 1 Y| 4 % 13, 3 4
% % 1 Y| 4 % 2 4 4 % 3 5 4
%o % kEA 3 4

% % % | % | 4 .
% vl B | | a| % | %| | 4| % | 4 | | a
s A % | % | 4
% %ol m | ®m | 4| % |3 | | 4| %| a4 | | a4
%° % | 1% | W% | a

Y % | % | | 4

A % | w%| # | 4

A % 1% 4 6
% % 1% 4 6 % 3% 5%, 4 % 5 7, 4
1 % 1% 4 6 1 4 6% 4 1 8y, 4
% Wil | % | a4

1 % 1% 4y, 4

1% % 2 49, 6 1 4 6% 6

1, % 2 49, 6 1 4 6% 6 1, 6 8%, 6
1 1 2 4%, 4

1% 1 2 4%, 6

1, 1 2 4%, 6

1% 1 2 4Y, 6

1% 1 2 4y, 6 1 4 6% 6

1, 1, 2 4% 6 1, 4 6% 6
1% 1, 2 4%, 6 1, 4 6% 6 1, 8 10% | 6
1, 1, 2 4% 6 1, 4 6% 6

2 1, 2 4%, 8 1, 4 6% 8

aN = Number of flutes.

bIn this size of regular mill a left-hand cutter with left-hand helix is also standard.

All dimensions are in inches. All cutters are high-speed steel. Helix angle is greater than 19 degrees
but not more than 39 degrees. Right-hand cutters with right-hand helix are standard.

TolerancesOnD, +0.003 inch; or§, -0.0001 t0-0.0005 inch; oW, +%, inch; onL, +¥% inch.
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ANSI Two-Flute, High Helix, Regular-, Long-, and Extra Long-Length,
Single-End End Mills with Weldon Shanks ANSI/ASME B94.19-1997

L
" |
 -h-

Cutter Regular Mill Long Mill Extra Long Mill
Dia.,

D S w L S w L S w L

4 % % 2hs % 2 s % By Fs
g % % 2 % % 3% % 2 £
% % % %, % wz ¥, % %, 4,
%o % 1 W |y 3 #,

% % 1, 3, % 2 4 A 3 5
% % 1% », % %, 4, % 4 o%

% % i g % 3 5% % 4 6%

% % 1% 4
1 1 2 4, 1 4 6% 1 6 8%,
1, 1%, 2 4%, 1%, 4 6% 1%, 6 A
1% 1, 2 4%, 1, 4 6% 1, 8 10%
2 1, 2 4, 1, 4 6%

All dimensions are in inches. All cutters are high-speed steel. Right-hand cutters with right-hand
helix are standard. Helix angle is greater than 39 degrees.

TolerancesOnD, +0.003 inch; org, -0.0001 to-0.0005 inch; oW, +%, inch; and o, +% inch.

Combination Shanks for End Mills ANSI/ASME B94.19-1997

RIGHT-HAND CUT LEFT-HAND CUT

,0151 Mp—WITH “K™

M G4
T
/i;_/-'—Lt { lt)~»—
N> 45° Y
KA«E—>t 12K _H_V d
1/2 K f— | — H— JCL- 45
o | HbeSad sy
-t |- o P —
if T & 12° R E
g s
\ ¢ +4L ¢ A NI @Ga,,
> 015X >M b« Central l &
12 With “K”
Dia.,
A La B c D E F G H J K M
1% 2% [ 1 | 515 | 1.408| 1% 515 | 1371 % | 1302 | 377 | 7
2 3%, 12, | 700 | 1.900| 13, 700 | 1.809| % 1772 | 440 | %
2%, 3 1 | 700 | 2.400| 2 700| 2313 % | 2245| 503 | %
aLength of shank.

All dimensions are in inches.
Modified for use as Weldon or Pin Drive shank.
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ANSI Roughing, Single-End End Mills with Weldon Shanks, High-Speed Steel
ANSI/ASME B94.19-1997

L
T— w
_%_ w ' _ ML];L@\J\J\FWX % E
Diameter Length Diameter Length

Cutter Shank Cut Overall Cutter Shank Cut Overall
D S wW L D S W L
A ¥ 1 3 2 2 2 5%,
¥ A 1, 3, 2 2 3 6%,
% A 2 4 2 2 4 KA
% % 1, kA 2 2 5 8%,
% % 1% 3, 2 2 6 9%,
% % 2% %, 2 2 7 109,
% % % 3 2 2 8 113,
% % 1% W 2 2 10 139,
% FA 3 5%, 2 2 12 15%,
1 1 2 4, 2% 2 4 7,
1 1 4 6% 2% 2 6 A
1, 1, 2 4 2%, 2 8 113,
1, 1, 4 6% 2% 2 10 13,
1 ¥, 2 4% 3 2% 4 A
1% 1, 4 6%, 3 2% 6 9%,
17, 1, 2 4, 3 A 8 113,
13, 1, 4 6% 3 2% 10 13,

All dimensions are in inches. Right-hand cutters with right-hand helix are standard.
TolerancesOutside diametet;0.025,-0.005 inch; length of cutY;, %, inch.

American National Standard Heavy Duty, Medium Helix Single-End End Mills,
2%,-inch Combination Shank, High-Speed SteeANSI/ASME B94.19-1997

L
w
= T
2Ot
Dia. of Length Length Dia. of Length Length
Cuitter, No. of of Cut, Overall, Cuitter, No. of of Cut, Overall,
D Flutes w L D Flutes w L
2% 3 8 12 3 3 4 A
2% 3 10 14 3 3 6 9,
2% 6 4 8 3 3 8 113,
2% 6 6 10 3 8 4 7
2% 6 8 12 3 8 6 %,
2% 6 10 14 3 8 8 119,
2% 6 12 16 3 8 10 13,
3 2 4 7 3 8 12 15%
3 2 6 9,

All dimensions are in inches. For shank dimensions seef&ig®ight-hand cutters with right-
hand helix are standard. Helix angle is greater than 19 degrees but not more than 39 degrees.
TolerancesOnD, +0.005 inch; oW, %, inch; onL, +% inch.
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ANSI Stub-, Regular-, and Long-Length, Four-Flute, Medium Helix, Plain-End,
Double-End Miniature End Mills with %-Inch Diameter Straight Shanks
ANSI/ASME B94.19-1997

| L ]
tj B ﬁ] le— B ﬁ
w w
4 *‘ : l* b
STk =
T ' T
Dia. Stub Length Regular Length
D w L w L
Ys ¥ 2 %16 2
Yo Vs 2 I 2,
% A 2 % 2,
) o4 2 s 2,
e %o 2 % 2,
Dia. Long Length
D B w L
e % T 2,
¥ % Y2 %
% % % A
72 % % £
e 1 1 A

All dimensions are in inches. All cutters are high-speed steel. Right-hand cutters with right-hand
helix are standard. Helix angle is greater than 19 degrees but not more than 39 degrees.

TolerancesOnD, +0.003 inch (if the shank is the same diameter as the cutting portion, however,
then the tolerance on the cutting diameter 80025 inch.); oW, + %, , — %, inch; and on_, +¥%

inch.

American National Standard 60-Degree Single-Angle Milling Cutters with Weldon
Shanks ANSI/ASME B94.19-1997

L

60°
W

— &

] b

-
Dia.,D S W L Dia.,D S W L
% % | % | % i % | Y | %
% % | % | % %, SE

All dimensions are in inches. All cutters are high-speed steel. Right-hand cutters are standard.
TolerancesOnD, + 0.015 inch; org, - 0.0001 to- 0.0005 inch; o, + 0.015 inch; and oh, +¥

inch.
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American National Standard Stub-, Regular-, and Long-Length, Two-Flute,
Medium Helix, Plain- and Ball-End, Double-End Miniature End Mills
with %g-Inch Diameter Straight Shanks ANSI/ASME B94.19-1997

k L !
D ﬁ w W D
= e O]
3/16

Dia Stub Length Regular Length

Cand Plain End Ball End Plain End Ball End
D W L W L W L w L
Yo Foa 2 Y 2%,
%o Y 2 % 2,
¥ % 2 % 2 EN A EN A
% % 2 B %,
Yo %o 2 %o 2 %o % %o %
Toa P 2 e 2,
% s 2 s 2 % %, % %,
Y4 Tao 2 N 2,
% Bea 2 Bea 2 % %, % %,
o, % 2 % 2%,
EN % 2 % 2 % 2%, % 2%,

Long Length

Dia., Plain End
D B2 W L
Y % 7 %
¥ % 72 3
% 3, 3, %
% % % ¥,
%5 L 1 P

aBis the length below the shank.

All dimensions are in inches. All cutters are high-speed steel. Right-hand cutters with right-hand
helix are standard. Helix angle is greater than 19 degrees but not more than 39 degrees.

TolerancesOnC andD, - 0.0015 inch for stub and regular lengtt®.003 inch for long length (if
the shank is the same diameter as the cutting portion, however, then the tolerance on the cutting diam-
eter is- 0.0025 inch.); oWV, +%,, - %, inch; and ort., + % inch.

American National Standard Multiple Flute, Helical Series End Mills
with Brown & Sharpe Taper Shanks

Dia.,D w L Taper No. Dia.p w L Taper No.
1 1% 5% 7
1%, 2 7, 9
% 5 a5 7 wz %, ™ M
% T 5 7 2 %, 8 9
All dimensions are in inches. All cutters are high-speed steel. Right-hand cutters with right-hand

helix are standard. Helix angle is not less than 10 degrees.
No. 5 taper is standard without tang; Nos. 7 and 9 are standard with tang only.
TolerancesOnD, +0.005 inch; oW, %, inch; and ot +% inch.
For dimensions of B & S taper shanks, see information given ori&ge
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American National Standard Stub- and Regular-Length, Two-Flute, Medium Helix,
Plain- and Ball-End, Single-End End Mills with Weldon Shanks
ANSI/ASME B94.19-1997

=
== 1
|

b w2 o]

W |

=0

C
Regular Length — Plain End Stub Length — Plain End
Cutter Shank Length Length
Dia., Dia., Dia., of Cut. Overall.
D S W L D S W L
% % % 215 % % 16 2%
s % 76 e %6 % 2 25
% % % #, % % % %,
Z;G ZZ Zﬁ gi: Regular Length — Ball End
. 3;3 gls 2;2 Dia., Shank Length Length
2 s 1 2 Cand Dia., of Cut. Overall.
% % 1 3 D s w L
%5 % Vg %
% % % % % % % Ty
s % s Fs s % % %
% % A e % % % P
% % o s
Y, 5% % T 5 % 3, %
% % s s % % % %
3 5% , % e % 1 3
% % Vs &
1 5% , % % % 1 3
A % % % % % % %
1 % W ¥ % % B %
% % 5 %
Y, % % £ % % B %
1 1 1% P % % oA e
Vg 1 1% L % % % K2
1%, 1 1% 4
1% 1 1% A % % 2 4,
1% 1 1% 4 1 1 2%, 4,
1%, 1 1% ay, 1% 1 2%, A
1% 1%, 1% 4
1% 1%, 1% A 1, 1, 2 5
2 1% 1% a4 1% 1 2% 5

All dimensions are in inches. All cutters are high-speed steel. Right-hand cutters with right-hand
helix are standard. Helix angle is greater than 19 degrees but not more than 39 degrees.
TolerancesOnC andD, -0.0015 inch for stub-length mill$,0.003 inch for regular-length mills;
on§, -0.0001 to-0.0005 inch; oW, + %, inch; and orh., + ¥4 inch.
The following single-end end mills are available in premium high speed steel: ball end, two flute,
with D ranging from¥; to %, inches; ball end, multiple flute, wifh ranging fromd; to 1 inch; and
plain end, two flute, witld ranging fron¥; to 1 inches.
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American National Standard Long-Length Single-End and Stub-, and Regular
Length, Double-End, Plain- and Ball-End, Medium Helix, Two-Flute End Mills with
Weldon Shanks ANSI/ASME B94.19-1997

Single End
Dia., Long Length — Plain End Long Length — Ball End
Cand
D S B W L s B w L
% % s % %
N % 1% % 2%
4 % 1’/2 % e % I % e
s % By % P % 7 % e
% % 1, % P % v % s
% % 7% 1 3%,
¥ % % 1 4 % 2%, 1 4
% % 2, i % % %, % 4%
% % 3% A 5% % F A 5%
1 1 2, 2% 7, 1 5 2% 7,
1, 1, 2y, 3 7,
aBis the length below the shank.
Double End
Dia., Stub Length — Regular Length — Regular Length —
Cand Plain End Plain End Ball End
D S w L S w L S W L
% % 6 2 % % e % % s
2 % Bea %, % % 3%
%6 % % 2 % e % % s %
T % 2%, % % % 3
A % % % % ¥ 3% % ¥ 3%
% % %6 3
%16 % 96 3% % %6 %
Y % 6 %
% % 6 3% % %6 £
3, Y B 3,
s % e < % Y A
5, I B 3,
% % N A % N A
%6 % 1% ay,
% % 1% 4y, % 1% a,
e % 19 5
% % 19 5 % 19 5
% % 19 5%
1 1 1% A 1 1% A
All dimensions are in inches. All cutters are high-speed steel. Right-hand cutters with right-hand

helix are standard. Helix angle is greater than 19 degrees but not more than 39 degrees.
TolerancesOnC andD, + 0.003 inch for single-end mills0.0015 inch for double-end mills; on
S -0.0001 to-0.0005 inch; oW, %, inch; and o, +% inch.
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American National Standard Regular-, Long-, and Extra Long-Length,
Three-and Four-Flute, Medium Helix, Center Cutting, Single-End
End Mills with Weldon Shanks ANSI/ASME B94.19-1997

el FE e —]
—w :
=
i S
o . !
| e
R s, J
s 1 b -S-
4 LN
Four Flute
Dia., Regular Length Long Length Extra Long Length
D S W L S W L S W L
% % % P
%5 % % Dy |-
% % % 2 % , s % W s
%5 % % % % 1 L % 2 %
% % % % % Vs k4 % 2 B
% % Y, ¥, % 2 4 % 3 5
% % % £ % % rA % 4 6%
e % 1% 3%
% % 1% % % 3 A % 4 22
% % 7, % % % 5, % 5 7,
1 1 2 4, 1 4 6% 1 6 8%
1% 1 2 4,
1% 1 2 4y, 1, 4 6% 1 6 8%
1% 1, 2 4y,
Three Flute
Dia.,D s W | T Dia.,D [ s [ w ] T
Regular Length Regular Lengtbant)
% % % s Vg 1 2 L
%o % % % W, 1 2 a,
Y % % i 1, 1 2 &
%5 % % % Y, Y, 2 4
% % 3, % , W, 2 a,
Tis % 1 2 3, , 2 %
% % 1 2% 2 1, 2 4
;; z g; g;:: Long Length
%o % A % 1A % T, 3,
% % % s %5 % T %
9 % 1w, % % % i %,
% % 1% », T % 3, EA
% % % s % % 2 4
% % % 4 % % % L3
1 % 1% 4 A A 3 5%,
% % 1% 3 1 1 4 6%
% % % L Y, Y 4 6%
1 % 1% 4, 1 1 4 6%
1 % 17 4% 13, 1, 4 6%,
1 1 2 4%, 2 1, 4 6%

All dimensions are in inches. All cutters are high-speed steel. Right-hand cutters with right-hand
helix are standard. Helix angle is greater than 19 degrees but not more than 39 degrees.

TolerancesOnD, +0.003 inch; org, -0.0001 to-0.0005 inch; oV, +%, inch; and o, +% inch.

The following center-cutting, single-end end mills are available in premium high speed steel: reg-
ular length, multiple flute, witl ranging from¥; to 14 inches; long length, multiple flute, with
ranging from¥ to 1, inches; and extra long-length, multiple flute, withanging from; to 1,
inches.
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American National Standard Stub- and Regular-length, Four-flute, Medium Helix,
Double-end End Mills with Weldon ShanksANSI/ASME B94.19-1997

L
= -
oSy T T TS,
rw ! e _\
Tl [ s W] % [s] W]
D S w L D S w L D S w L
Stub Length
% | %] % | B % | %] % | % W% | % | %
Y % s 2, T % EN 2% .
Regular Length
%] % | %] % %] % | % % % | D% |5
e | % % | || % | % % | Y % | % | %
R S A - O | S B I R 2 e % |1 | %
T % % | 7s |1 % e Bo| % 6%
I % % F% oo hl1 % % % o| % 6%
% | % | % | J || v | x| |4 |1 1| 1% | e
5 | %l % | m|| % | %|® |

aIn this size of regular mill a left-hand cutter with a left-hand helix is also standard.

All dimensions are in inches. All cutters are high-speed steel. Right-hand cutters with right-hand
helix are standard. Helix angle is greater than 19 degrees but not more than 39 degrees.

TolerancesOnD, +0.003 inch (if the shank is the same diameter as the cutting portion, however,
then the tolerance on the cutting diametefi©025 inch); o1$, —0.0001 to-0.0005 inch; oWV, +%,

inch; and ort, % inch.

American National Standard Stub- and Regular-Length, Four-Flute, Medium
Helix, Double-End End Mills with Weldon Shanks ANSI/ASME B94.19-1997

| L ! L ,
D }~w—»| o | }Ew ! —W 4 |
EreSia IS ®
et Os 10
Dia., | | Dia., | |
D s w L D s w L
Three Flute Four Flute
% % % A % % % 7
% % % ¥, % % % ¥,
% % % % % % % %
% % % % % % % %
% % % 3 % % % 3
e % 1 % % % 1 %
% % 1 % % % % 5
%6 % % 5 % % 1% 5%
% % , 5 % % 7, o
3 3, 2, %, 1 1 v &
1 1 1 &%

All dimensions are in inches. All cutters are hlgh speed steel Right- hand cutters W|th right-hand
helix are standard. Helix angle is greater than 19 degrees but not more than 39 degrees.
TolerancesOnD, +0.0015 inch; or§, ~0.0001 to-0.0005 inch; oW, +¥, inch; and o, +¥

inch.



MILLING CUTTERS 789

American National Standard Plain- and Ball-End, Heavy Duty, Medium Helix,
Single-End End Mills with 2-Inch Diameter Shanks ANSI/ASME B94.19-1997

L
——W
TWO FOUR SIX
o ——— A
|
C
L
w TWO THREE
T y T
T" _ 1 b
Dia., Plain End Ball End
Cand No. of No. of
D w L Flutes w L Flutes
2 2 5%, 2,4,6
2 3 6% 2,3
2 4 A 2,3,4,6 4 7
2 5 8%, 2,4
2 6 9, 2,3,4,6 6 A
2 8 119, 6 8 119, 6
2% 4 KA 2,3,4,6 .
2 5 8%, 4
2% 6 9% 2,4,6
2%, 8 113 6 .

All dimensions are in inches. All cutters are high-speed steel. Right-hand cutters with right-hand
helix are standard. Helix angle is greater than 19 degrees but not more than 39 degrees.
TolerancesOnC andD, +0.005 inch for 2, 3, 4 and 6 flutes:¥h=+ % inch; and ot + % inch.

Dimensions of American National Standard Weldon Shanks
ANSI/ASME B94.19-1997

Shank Flat Shank Flat
Dia. Length X2 Lengtt? Dia. Length Xa Lengtt?
% 1%, 0.325 0.280 1 % 0.925 0.515
% 1%, 0.440 0.330 1, 2% 1.156 0.515
% 1%, 0.560 0.400 1% Y 1.406 0.515
% 2%, 0.675 0.455 2 3y, 1.900 0.700
% 2 0.810 0.455 2% 3 2.400 0.700

aX s distance from bottom of flat to opposite side of shank.

b Minimum.

All dimensions are in inches.

Centerline of flat is at half-length of shank except #gr 12- and 2,-inch shanks where it i,
1%, and 17, from shank end, respectively.

Tolerance on shank diameter).0001 to- 0.0005 inch.
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Amerian National Standard Form Relieved, Concave, Convex, and
Corner-Rounding Arbor-Type Cutters ANSI/ASME B94.19-1997

T |
y 7
w | | £ Jv_ 1 Ik
1 1 | ‘
H—D ‘ H— D | —H— D ‘
Concave Convex Corner-rounding
DiameterC or RadiusR Cutter Width Diameter of HoleH
Dia. w
Nom. Max. | Min. D2 +.010° Nom. Max. | Min.
Concave Cuttefs
% 0.1270 0.1240 2y, A 1 1.00075 1.00000
s 0.1895 0.1865 2% % 1 1.00075 1.00000
Y 0.2520 0.2490 2% Us 1 1.00075 1.00000
R 0.3145 0.3115 2%, %6 1 1.00075 1.00000
% 0.3770 0.3740 2, % 1 1.00075 1.00000
T 0.4395 0.4365 3 A 1 1.00075 1.00000
A 0.5040 0.4980 3 Bie 1 1.00075 1.00000
% 0.6290 0.6230 3% 1 1, 1.251 1.250
% 0.7540 0.7480 3% 1% 1, 1.251 1.250
% 0.8790 0.8730 4 1% 1, 1.251 1.250
1 1.0040 0.9980 4y, 1% 1, 1.251 1.250
Convex Cutters
% 0.1270 0.1230 2, % 1 1.00075 1.00000
s 0.1895 0.1855 2%, s 1 1.00075 1.00000
A 0.2520 0.2480 A A 1 1.00075 1.00000
%16 0.3145 0.3105 %, %6 1 1.00075 1.00000
% 0.3770 0.3730 2%, % 1 1.00075 1.00000
e 0.4395 0.4355 3 s 1 1.00075 1.00000
A 0.5020 0.4980 3 % 1 1.00075 1.00000
% 0.6270 0.6230 3% % 1, 1.251 1.250
% 0.7520 0.7480 3, % 1, 1.251 1.250
% 0.8770 0.8730 4 % 1, 1.251 1.250
1 1.0020 0.9980 4y, 1 1%, 1.251 1.250
Corner-rounding Cuttefs
% 0.1260 0.1240 2% % 1 1.00075 1.00000
A 0.2520 0.2490 3 B 1 1.00075 1.00000
% 0.3770 0.3740 3 %6 1, 1.251 1.250
A 0.5020 0.4990 4, FA 1, 1.251 1.250
% 0.6270 0.6240 4, B 1, 1.251 1.250

aTolerances on cutter diameter &g, - % inch for all sizes.

bTolerance does not apply to convex cutters.

¢Size of cutter is designated by specifying diam@tef circular form.

dSize of cutter is designated by specifying raéas circular form.

All dimensions in inches. All cutters are high-speed steel and are form relieved.

Right-hand corner rounding cutters are standard, but left-hand cutigfifieh size is also stan-
dard.

For key and keyway dimensions for these cutters, seefSege
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American National Standard Roughing and Finishing Gear Milling Cutters for
Gears with 144 -Degree Pressure AngleANSI/ASME B94.19-1997

ROUGHING FINISHING
Dia. of Dia. of Dia. of Dia. of Dia. of Dia. of
Diametral Cutter, Hole, Diametral Cutter, Hole, Diametral Cutter, Hole,
Pitch D H Pitch D H Pitch D H
Roughing Gear Milling Cutters

1 8%, 2 3 5%, A 5 EA T
1, A 2 3 A 17, 6 3 1%
1% 7 19 4 A 13 6 3% 1,
1% 6% 1%, 4 4 1% 6 3% 1

2 6% 1% 4 4, 1 7 3 1
2 59, 1 4 3% 1 7 2% 1
2% 6% 13, 5 4 1% 8 3, 1,
A 57, iEA 5 4, 1% 8 2% 1

3 5% 9, 5 3% 1,

Finishing Gear Milling Cutters

1 8%, 2 6 A A 14 2% A
1% , 2 6 3% 1 16 2% 1
1% 7 1% 6 3% 1 16 2% %
19, 6%, 9, 7 3% 1, 18 A 1
2 6% 1, 7 3% 1 18 2 %
2 5% A 7 2% 1 20 2% 1
2% 6% 1%, 8 3% 1% 20 2 %
2% 5%, 1% 8 3y, 1 22 2%, 1
3 5% 17 8 2% 1 22 2 %
3 5%, 1 9 3% 1 24 2, 1
3 4, 1, 9 2%, 1 24 13 %
4 43, 13, 10 3 1y, 26 1%, %
4 4, A 10 2%, 1 28 1 %
4 4, 1, 10 % % 30 1%, %
4 3% 1 11 2% 1 32 13, %
5 4% 1%, 11 A % 36 1%, %
5 A 1% 12 2% 1 40 1%, %
5 3% 1, 12 2% 1 48 1%, %
5 3% 1 12 2%, %

6 4, 1, 14 2% 1

All dimensions are in inches.

All gear milling cutters are high-speed steel and are form relieved.

For keyway dimensions see pagit

TolerancesOn outside diametet,¥s, =% inch; on hole diameter, through 1-inch hole diameter,
+0.00075 inch, over 1-inch and through 2-inch hole diam&de®010 inch.

For cutter number relative to numbers of gear teeth, see?p@deRoughing cutters are made with
No. 1 cutter form only.
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American National Standard Gear Milling Cutters for Mitre and Bevel
Gears with 144 -Degree Pressure AngleANSI/ASME B94.19-1997

Diameter Diameter Diameter Diameter
Diametral of Cutter, of Hole, Diametral of Cutter, of Hole,
Pitch D H Pitch D H
3 4 3, 10 2% %
4 3% 1, 12 2, %
5 3% 1, 14 2% %
6 3% 1 16 2% %
7 2% 1 20 2 %
8 2% 1 24 1 %

All dimensions are in inches.

All cutters are high-speed steel and are form relieved.

For keyway dimensions see pagt For cutter selection see pa2f@6Q

TolerancesOn outside diametef¥s, =% inch; on hole diameter, through 1-inch hole diameter,
+0.00075 inch, for 4, -inch hole diameter;0.0010 inch.

To select the cutter number for bevel gears with the axis at any angle, double the back cone radius
and multiply the result by the diametral pitch. This procedure gives the number of equivalent spur
gear teeth and is the basis for selecting the cutter number from the table 802&ge

American National Standard Roller Chain Sprocket
Milling Cutters  ANSI/ASME B94.19-1997

Dia. No. of Dia. Width Dia.
Chain of Teeth in of Cutter, of Cutter, of Hole,
Pitch Roll Sprocket D W M
% 0.130 6 2%, %6 1
% 0.130 7-8 2%, 6 1
% 0.130 9-11 2%, R 1
A 0.130 12-17 %, 96 1
A 0.130 18-34 2%, %o 1
% 0.130 35 and over 2, Y2 1
% 0.200 6 2% e 1
% 0.200 7-8 2%, B 1
% 0.200 9-11 %, e 1
% 0.200 12-17 2% e 1
% 0.200 18-34 2%, %o 1
% 0.200 35 and over 2, B 1
¥ 0.313 6 3 % 1
A 0.313 7-8 3 % 1
% 0.313 9-11 3% FA 1
A 0.313 12-17 3% % 1
% 0.313 18-34 3% 2, 1
% 0.313 35 and over 3 Y 1
% 0.400 6 3% % 1
% 0.400 7-8 3% % 1
% 0.400 9-11 3, % 1
% 0.400 12-17 3%, % 1
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American National Standard Roller Chain Sprocket
Milling Cutters ANSI/ASME B94.19-1997

793

Chordal Dia. of No. of Teeth in Dia. of Cutter, Width of Cutter, Dia.of Hole,
Pitch Roll Sprocket D D H
% 0.400 18-34 3%, Z, 1
% 0.400 35 and over 3% Ye 1
% 0.469 6 3, % 1
% 0.469 7-8 3%, 2, 1
% 0.469 9-11 3% 2, 1
% 0.469 12-17 kA % 1
% 0.469 18-34 3% 7, 1
A 0.469 35 and over 3% Bie 1
1 0.625 6 3 1% 1,
1 0.625 7-8 4 1% 1,
1 0.625 9-11 A 15, 1,
1 0.625 18-34 4, 1%, 1
1 0.625 35 and over 4, 1%, 1,
1, 0.750 6 4, 1% 1,
1, 0.750 7-8 43, 1% 1,
1, 0.750 9-11 4y, 1%, 1,
9, 0.750 18-34 43, 1%, 1,
1, 0.750 35 and over 4% 1% 1,
1% 0.875 6 4 154 1,
1% 0.875 7-8 4, 1 1
1% 0.875 9-11 4%, 1%, 1
1, 0.875 12-17 4 3 1,
1 0.875 18-34 43, 1%, 1,
1 0.875 35 and over 43, 1% 1,
13, 1.000 6 5 % 1%
13, 1.000 7-8 5% e 1%
13, 1.000 9-11 5%, Vs 1%
13, 1.000 12-17 5% % 1%
13, 1.000 18-34 5% 1%, 1%
iEA 1.000 35 and over 5% 1% 1%
2 1.125 6 5% 23, 1%
2 1.125 7-8 5% 23, 1%
2 1.125 9-11 59 % 1
2 1.125 12-17 5% P 1%
2 1.125 18-34 5% 2%, 2
2 1.125 35 and over 5% i 1%
2%, 1.406 6 5% 2% 1%
2%, 1.406 7-8 6 2% 1%
2, 1.406 9-11 6% 2, 1%
2, 1.406 12-17 6% 29, 1
2, 1.406 18-34 6% 21, 1
2%, 1.406 35 and over 6% 2%, 1%
2% 1.563 6 6% 3 13,
2% 1.563 7-8 6% 3 1%,
2% 1.563 9-11 6% 25, 1%
% 1563 12-17 A 2, 3,
2 1.563 18-34 7 2%, 13,
2 1.563 35 and over KA 2% 19,
3 1.875 6 7 39, 2
3 1.875 7-8 KA 39, 2
3 1.875 9-11 % 3%, 2
3 1.875 12-17 8 31, 2
3 1.875 18-34 8 3%, 2
3 1.875 35 and over 8%, 3 2

AlTdimensions are in inches.

All cutters are high-speed steel and are form relieved.
For keyway dimensions see pagt

TolerancesOutside diametet¥,s, =¥ inch; hole diameter, through 1-inch diameted,00075
inch, above 1-inch diameter and through 2-inch diame®0010 inch.

For tooth form, see ANSI sprocket tooth form table on (2238



American National Standard Keys and Keyways for Milling Cutters and Arbors ANSI/ASME B94.19-1997

Cor. Rad.

ARBOR AND KEYSEAT CUTTER HOLE AND KEYWAY ARBOR AND KEY
Nom.Arbor Nom. Arbor and Keyseat Hole and Keyway Arbor and Key

and Cutter Size Key A A B B c c D H Corner E E F F

Hole Dia. (Square) Max. Min. Max. Min. Max. Min Min. Nom Radius Max. Min. Max. Min
% Y 0.0947 0.0937 0.4531 0.4481 0.106 0.099 0.5578 Yos 0.020 0.0932 0.0927 0.5468 0.5408
% % 0.1260 0.1250 0.5625 0.5575 0.137 0.130 0.6985 Y Yo 0.1245 0.1240 0.6875 0.6815
% % 0.1260 0.1250 0.6875 0.6825 137 .130 0.8225 Y Yo 0.1245 0.1240 0.8125 0.8065
% % 0.1260 0.1250 0.8125 0.8075 0.137 0.130 0.9475 Yo Yo 0.1245 0.1240 0.9375 0.9315
1 A 0.2510 0.2500 0.8438 0.8388 0.262 0.255 1.1040 Y% Vs 0.2495 0.2490 1.0940 1.0880
1% Y6 03135 03125 1.0630 1.0580 0.343 0318 1.3850 % Yo 03120 03115 1.3750 1.3690
1% % 0.3760 0.3750 1.2810 1.2760 0.410 0.385 1.6660 Y Y 0.3745 0.3740 1.6560 1.6500
1% Ys 0.4385 0.4375 1.5000 1.4950 0.473 0.448 1.9480 Yo Yo 0.4370 0.4365 1.9380 1.9320
2 % 0.5010 0.5000 1.6870 1.6820 0.535 0.510 2.1980 Yo Yo 0.4995 0.4990 2.1880 2.1820
2% % 0.6260 0.6250 2.0940 2.0890 0.660 0.635 27330 T Yo 0.6245 0.6240 2.7180 27120
3 % 0.7510 0.7500 2.5000 2.4950 0.785 0.760 3.2650 % Y% 0.7495 0.7490 3.2500 3.2440
3% % 0.8760 0.8750 3.0000 2.9950 .910 0.885 3.8900 % Y 0.8745 0.8740 3.8750 3.8690
4 1 1.0010 1.0000 3.3750 3.3700 1.035 1.010 4.3900 % Y% 0.9995 0.9990 4.3750 4.3690
4% 1% 1.1260 1.1250 3.8130 3.8080 1.160 1.135 4.9530 Yo % 1.1245 1.1240 4.9380 4.9320
5 1% 1.2510 1.2500 4.2500 4.2450 1.285 1.260 55150 % % 1.2495 1.2490 5.5000 5.4940

2D max. is 0.010 inch larger than D min.

All dimensions given in inches.

Y6L
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American National Standard Woodruff Keyseat Cutters—Shank-Type Straight-
Teeth and Arbor-Type Staggered-TeethANSI/ASME B94.19-1997

— ¥
|}
D
Shank-type Cutters
Nom. | Width | Length Nom. | Width | Length Nom. | Width | Length
Dia.of of Over- Dia. of of Over- Dia.of of Over-
Cutter | Cutter, | Face, | all, Cutter | Cutter, | Face, | all, Cutter | Cutter, | Face, | all,
Number D W L Number D w L Number D W L
202 A Y6 % || 506 % % %, || 809 | 1% A 2y,
202% 6 e 20 606 % %6 2% || 1009 1% s 2%
302% | % i %% || 806 % A 2%, 610 | 1% A 6
203 % Yo % || 507 % o % 710 | 1% T 2y
303 % i %% || 607 % e % || 810 | 1% % 2,
403 % % 2% 707 % oo % || 1010 | 1%, e P16
204 % Yo % || 807 % A 2% || 1210 | 1% % 2%
304 % %o %% || 608 | 1 e % || 811 | 1% % 2%,
404 % % 2% 708 | 1 oo 7 || 1011 | 1% e P16
305 % %o %% || 808 | 1 A 2% || 1211 | 1% % 2%
405 % % 2% || 1008 | 1 6 %6 || 812 | 1% % 2%,
505 % Yo %, || 1208 | 1 % % || 1012 | 13 915 W6
605 % %s e || 609 | 1% s e || 1212 | 13 % %
406 % % 2% 709 | 1% Ty /%
Arbor-type Cutters
Nom. | Width Nom. | Width Nom. | Width
Dia.of of Dia. of Dia.of of Dia. of Dia.of of Dia. of
Cutter | Cutter, | Face, | Hole, || Cutter Cutter, | Face, | Hole, || Cutter ~Cutter, | Face, | Hole,
Number D W H Number D W H Number D W H
617 2% 6 % |[1022 2%, e 1 ||1628 3% % 1
817 2% A % ||1222 2, % 1 ||1828 3% Y6 1
1017 2% %e % ||1422 23, e 1 ||2028 3% % 1
1217 2% % % ||1622 2%, % 1 ||2428 3% A 1
822 2% A 1 1228 3% % 1 .

All dimensions are given in inches. All cutters are high-speed steel.

Shank type cutters are standard with right-hand cut and straight teeth. All sizésinatediam-
eter straight shank.

Arbor type cutters have staggered teeth.

For Woodruff key and key-slot dimensions, see pagdsthrough235Q

TolerancesFace withw for shank type cutter;g- to%,-inch face;+ 0.0000,-0.0005%¢ t0 %,,
-0.0002-0.0007;%,, —0.0003,-0.0008:%, —0.0004,-0.0009;% , — 0.0005,-0.0010 inch. Face
width W for arbor type cuttergs inch face-0.0002,-0.0007;%,, ~0.0003,-0.0008;%, —~0.0004,
-0.0009% and over;-0.0005,-0.0010 inch. Hole size: +0.00075,-0.0000 inch. Diametéd for
shank type cutterd; - through, -inch diameter+0.010,+0.015,% through %;,+0.012,+0.017; %,
through %, +0.015,+0.020 inch. These tolerances include an allowance for sharpening. For arbor
type cutters diameté is furnished, inch larger than listed and a tolerance@f02 inch applies
to the oversize diameter.
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Setting Angles for Milling Straight Teeth of Uniform Land Width in End Mills,

Angular Cutters, and Taper Reamers.—The accompanying tables give setting angles

for the dividing head when straight teeth, having a land of uniform width throughout their
length, are to be milled using single-angle fluting cutters. These setting angles depenc
upon three factors: the number of teeth to be cut; the angle of the blank in which the teett
are to be cut; and the angle of the fluting cutter. Setting angles for various combinations of
these three factors are given in the tables. For example, assume that 12 teeth are to be cut
the end of an end mill using a 60-degree cutter. By following the horizontal line from 12
teeth, read in the column under 60 degrees that the dividing head should be set to an ang
of 70 degrees and 32 minutes.

The following formulas, which were used to compile these tables, may be used to calcu-
late the setting-angles for combinations of number of teeth, blank angle, and cutter angle
not covered by the tables. In these formutas setting-angle for dividing heall = angle
of blank in which teeth are to be cGtr= angle of fluting cuttefN = number of teeth to be
cut, andD andE are angles not shown on the accompanying diagram and which are used
only to simplify calculations.

tanD = cog( 360/ N) x cotB 1)
sinE = tan(360/N) x cotC x sinD 2)
Setting-angleA = D—-E 3

ExampleSuppose 9 teeth are to be cut in a 35-degree blank using a 55-degree single:
angle fluting cutter. ThetN=9,B =35, andC =55'.

tanD = cog(360°/9) x cot35 = 0.76604x 1.4281= 1.0940; and> = 47°34'
tan(360°/9) x cot55 x sin47°34' = 0.83910x 0.7002% 0.73806
0.43365; andE = 25°42'

Setting angleA = 47°34' —25°42' = 21°52

For end mills and side mills the angle of the biBri& 0 degrees and the following sim-
plified formula may be used to find the setting afgle

cosA = tan( 360/N) x cotC 4)

SinE

Exampleif in the previous example the blank angle was 0 degrees,
cosA =tan (360/9) x cot 55
=0.83910x 0.70021 = 0.58755; and setting-angke 54°1'
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Angles of Elevation for Milling Straight Teeth in 0-, 5-, 10-, 15-, 20-, 25-,
30-, and 35-degree Blanks Using Single-Angle Fluting Cutters
":"?- Angle of Fluting Cutter
Teeth o | 80 I 700 | 60° I 500 o I 80° I 700 | 60° I 50°
0° Blank (End Mill) 5 Blank
6 72 13 [50° 55 80° 4 |62 34 [41° 4T
8 79 51 |68 39 | 58 44 |32 57|[82 57 |72 52 | 61 47| 48 0 |25 40
10 82 38 [74 40 | 65 12| 52 26|| 83 50| 76 31 68 35 59 11 46 4
12 84 9 |77 52 |70 32| 61 2 || 84 14| 78 25 72 19 64 5p 55 §
14 85 8 |79 54 | 73 51| 66 10| 84 27| 79 3¢ 74 24 68 2B 60 28
16 85 49 [81 20 | 76 10| 69 40| 84 35 80 2§ 75 5] 70 49 64
18 86 19 (82 23 | 77 52| 72 13|| 84 41| 8L 1| 77 6| 72 3p 66 47
20 86 43 (83 13 | 79 11| 74 11f| 84 45| 8L 29 77 59 73 59 68 §0
22 87 2 |83 52 |80 14| 75 44|| 84 47| 81 50 78 40 75 4 70 2
24 87 18 [84 24 |81 6 | 77 O || 84 49| 82 7| 79 1§ 75 57 71 44
10° Blank 15 Blank
6 70 34 [53 50 [34 & 61° 49 [46° 12 [28° 4 ...
8 76 0 |66 9 |55 19| 41 56 |20° 39([69 15 |59 46 | 49 21| 36 34 |17 34
10 77 42 | 70 31| 62 44| 53 30| 40 42| 71 49 64 4. 57 g 48 12 36 8
12 78 30 | 72 46 | 66 37| 59 26| 49 50| 72 44 67 1B 61 U3 54 14 45 {3
14 78 56 |74 9 | 69 2 | 63 6 | 55 19| 73 26 68 4¢ 63 45 57 g9 50 B8
16 79 12 |75 5 | 70 41| 65 37| 59 1| 73 50 69 49 65 3p 60 33 54 PO
18 79 22 | 75 45| 71 53| 67 27| 61 43| 74 5| 70 3B 66 46 62 26 57 p
20 79 30 | 76 16 | 72 44| 68 52| 63 41| 74 14 71 6 67 4 63 §2 59 B
22 79 35 | 76 40 | 73 33| 69 59| 65 23| 74 24 71 3p 68 29 65 60 40O
24 79 39 | 76 59| 74 9 | 70 54| €6 44| 74 3¢ 71 5B 69 § 65 36 61 59
20° Blank 25 Blank
6 5 57 [3° 39 [23 18 |.. 47 0 [34 6 [19 33 .. .
8 62 46 | 53 45 | 43 53| 3153 |14° 31([56 36 |48 8 | 38 55| 27 47 |11° 33
10 65 47 |59 4 | 51 50| 43 18| 32 1|| 60 2| 53 40 46 47 38 43 27 47
12 67 12 | 61 49| 56 2 | 49 18| 40 4q| 61 44 56 33 51 2 44 38 36 [0
14 68 0 |63 29|58 39| 53 4| 46 0| 62 39 58 19 53 41 48 40 41 P2
16 68 30 | 64 36| 60 26| 55 39| 49 33| 63 13 59 2p 55 29 50 $3 44 b7
18 68 50 | 65 24 | 61 44| 57 32| 52 17| 63 3] 60 1P 56 48 52 46 47 B4
20 69 3 |65 50| 62 43| 58 58| 54 14| 63 5§ 60 56 57 47 54 11 49 B3
22 69 14 | 66 28 | 63 30| 60 7 | 55 54| 64 5| 61 25 58 3P 55 19 51
24 69 21 |66 49| 64 7 | 61 2 | 57 14| 64 14 61 4] 59 1p 56 13 52 P6
30° Blank 35 Blank
6 40 54 [29° 22 [16° 32 35 32 [25° 19 [14° 3
8 50 46 |42 55 | 34 24| 24 12 |10° 14|45 17 |38 5 |30 18 | 2L 4 |8 4
10 54 290 | 48 30 | 42 3 | 34 31| 24 44| 49 7| 43 3§ 37 30 38 21 f0
12 56 18 | 51 26 | 46 14| 40 12| 32 32| 51 3| 46 3p 41 36 28 b5
14 57 21 | 53 15| 48 52| 43 49| 37 21| 52 9| 48 19 44 39 28 33 B3
16 58 0 |54 27|50 39| 46 19| 40 53| 52 5¢ 49 2p 45 41 91 36 #5
18 58 26 | 55 18 | 51 57| 48 7 | 43 2¢| 53 1§ 50 21 47 43 36 39 B
20 58 44 |55 55| 52 56| 49 30| 45 13| 53 3¢ 50 59 48 10 44 §7 40 B7
22 58 57 | 56 24 | 53 42| 50 36| 46 44| 53 51 2p 48 H6 46 42 pa
24 50 8 |56 48 | 54 20| 51 30| 48 Of| 54 4| 51 53 49 3p 46 g2 43 B5
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Angles of Elevation for Milling Straight Teeth in 40-, 45-, 50-, 55-, 60-,
65-, 70-, and 75-degree Blanks Using Single-Angle Fluting Cutters

":"?- Angle of Fluting Cutter
Teeth oo [ sr [ 70 [ e [ 5o o [ sv [ 70 [ 60 | 50
40° Blank 45 Blank
6 30° 48 |21° 48 [11° 58 26° 34 (18 43 |10°0 11 |...
8 40 7 33 36 | 26 33| 18 16 |7° 23 (|35 16 (29 25| 23 8 15 48 |5° 58
10 43 57 |38 51| 33 32| 27 3| 18 54| 38 59 34 21 29 244 23 40 16 [0
12 45 54 | 41 43| 37 14| 32 3 25 3 40 54 37 5 33 0 28 18 22 13
14 47 3 43 29 | 39 41| 35 19( 29 51 42 1 38 4 35 17 31 18 26 P
16 47 45 | 44 39 | 41 21| 37 33| 32 50| 42 44 39 54 36 H2 33 24 28 p7
18 48 14 | 45 29 | 42 34| 39 13| 35 5 43 13 40 4 38 1 34 9 30 [
20 48 35 | 46 7 | 43 30| 40 30| 36 47| 43 34 41 183 38 H; 36 32 B7
22 48 50 | 46 36 | 44 13| 41 30| 38 8 43 49 41 4 39 34 37 34 B3
24 49 1 |46 58 | 44 48| 42 19| 39 19| 44 o 42 7| 40 7| 37 0 35 §5
50° Blank 55 Blank
6 27 45 [15° 58 [8° 38 1 17 [13 30 [7° 15 ..
8 30 41 (25 31| 19 59| ®3 33 (5 20 [[26 21 |21 52 ( 17 3 1130 |4 17
10 34 10 (30 2 25 39| 20 32| 14 9 29 33 25 & 22 3 17 36 11 52
12 36 0 32 34 | 28 53| 24 42| 19 27 31 14 28 1 24 59 21 17 16 B2
14 37 5 34 9 31 1 27 26| 22 59| 32 1§ 29 3 26 58 23 43 19 40
16 37 47 [ 35 13| 32 29| 29 22| 25 3| 32 54 30 3B 28 P 25 26 21 B4
18 38 15 (35 58 | 33 33| 30 46( 27 2 33 2 31 2 29 10 26 43 23 B5
20 38 35 |3 32| 34 21| 31 52 28 4 33 4 31 501 29 54 27 42 24 B3
22 38 50 (36 58| 34 59| 32 44 29 5 33 54 32 1p 30 29 28 28 25 b5
24 39 1 37 19| 35 30| 33 25( 30 53 34 5 32 3 30 57 29 1 26 46
60° Blank 65 Blank
6 16 6 |11° 12 [6° 2 . . 13 7 (90 & 4 53 . -
8 22 13 |18 24 | 14 19| 937 |3 44 (|18 15 (15 6 |11 42| 7 50 |3 I
10 25 2 21 56 | 18 37| 14 49| 10 5 20 49 18 4 15 1p 12 ¢ 8 1
12 26 34 |23 57| 21 10| 17 59| 14 13| 21 59 19 4B 17 d8 14 49 11 B2
14 27 29 (25 14| 22 51| 20 6 16 44 22 44 20 5 18 54 16 37 13 48
16 28 5 (26 7 |24 1 | 21 37| 18 49| 23 19 21 39 19 5B 17 §3 15 P4
18 28 29 (26 44| 24 52| 22 44 20 6 23 4 22 1 20 37 18 %0 16 P7
20 28 46 (27 11| 25 30| 23 35 21 14 23 5§ 22 3 21 10 19 33 17 B4
22 29 0 27 34| 26 2 24 17| 22 8 24 6 22 5 21 3 20 § 18 20
24 29 9 27 50 | 26 26| 24 50| 22 57 24 19 23 8 21 57 20 36 18 b7
70° Blank 75 Blank
6 10 18 |7° 9 3° 48 . 7° 38 (5 19 |2° 50
8 14 26 |11 55| 9 14 | 89 |2 21 (|10 44 |8 51 |6 51 | % 34 |1° 45
10 16 25 (14 21| 12 8 9 37 6 30 12 14 10 4 9 1 7 8 4 49
12 17 30 |15 45| 13 53| 11 45| 9 8 13 4| 11 4§ 10 21 8 494 6 4
14 18 9 |16 38| 15 1 | 13 11| 10 59| 13 34 12 26 11 1B 9 5 8 7
16 18 35 (17 15| 15 50| 14 13 12 1 13 54 12 54 11 50 10 37 9 7
18 18 53 |17 42| 16 26| 14 59| 13 13| 14 8| 13 14 12 W 11 f2 9 st
20 19 6 18 1 16 53| 15 35| 13 59 14 19 13 2 12 11 39 10 p7
22 19 15 |18 16| 17 15| 16 3 | 14 39| 14 2§ 13 41 12 12 10 b4
24 19 22 |18 29| 17 33| 16 25| 15 5|| 14 3] 13 50 13 12 18 11 I8
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Angles of Elevation for Milling Straight Teeth in 80- and 85-degree
Blanks UsingSingle-Angle Fluting Cutters

No.of Angle of Fluting Cutter

Teeth 90 [ s [ 70 [ e [ 50 or [ 80 [ 700 [ 60 50°
80° Blank 85 Blank

6 5 2 [3 30 [1° 52 |.. 2> 30 [1° 44 [0° 55 |..

8 76 |551 |43 [32 |1°08 ([3833 |25 [2 151 290 34

10 |87 |75 |5 59 |4 4|3 11f| 4 3 32| 259 2 2] 1 3

12 8 41 |7 48 |6 52| 5 48| 4 29|/| 4 20| 3 53 3 29 2 5% 2 1f

14 |9 2 |[8 16 |7 28| 6 32| 5 24| 4 30| 4 7| 3 43 3 15 2 4

16 9 15 |8 35 |7 51| 7 3 |6 3|l 437 417/ 3 56 3 3] 31

18 9 24 |8 48 |8 10| 7 26| 6 33|| 4 42| 4 24 4 5| 343 3 1

20 |9 31 |8 58 |8 24| 7 44| 6 56/| 4 46| 4 29/ 4 13 3 52 3 28

22 93 |96 |83 |7 59| 7 15|| 4 48| 4 33 4 18 3 54 3 3]

24 |9 40 |9 13 |8 43| 8 11| 7 30|| 4 50| 4 36 4 2 4 5 3 4

Spline-Shaft Milling Cutter.— The most efficient method of forming splines on shafts is

by hobbing, but special milling cutters may also be used. Since the cutter forms the space
between adjacent splines, it must be made to suit the number of splines and the root diarr
eter of the shaft. The cutter an@equals 360 degrees divided by the number of splines.
The following formulas are for determining the chordal wid#t the root of the splines or

the chordal width across the concave edge of the cutter. In these for&kalasgle
between center line of spline and a radial line passing through the intersection of the roo
circle and one side of the splin®;= width of splined = root diameter of splined sha@;

= chordal width at root circle between adjacent spliNespumber of splines.

W _ . 180
smA—E C—dxstW—/h

Splines of involute form are often used in preference to the straight-sided type. Dimen-
sions of the American Standard involute splines and hobs are given in the section on
splines.

o

Cutter Grinding

Wheels for Sharpening Milling Cutters.—Milling cutters may be sharpened either by

using the periphery of a disk wheel or the face of a cup wheel. The latter grinds the lands of
the teeth flat, whereas the periphery of a disk wheel leaves the teeth slightly concave bacl
of the cutting edges. The concavity produced by disk wheels reduces the effective clear-
ance angle on the teeth, the effect being more pronounced for wheels of small diamete
than for wheels of large diameter. For this reason, large diameter wheels are preferrec
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when sharpening milling cutters with disk type wheels. Irrespective of what type of wheel
is used to sharpen a milling cutter, any burrs resulting from grinding should be carefully
removed by a hand stoning operation. Stoning also helps to reduce the roughness of grinc
ing marks and improves the quality of the finish produced on the surface being machined.
Unless done very carefully, hand stoning may dull the cutting edge. Stoning may be
avoided and a sharper cutting edge produced if the wheel rotates toward the cutting edge
which requires that the operator maintain contact between the tool and the rest while the
wheel rotation is trying to move the tool away from the rest. Though slightly more difficult,
this method will eliminate the burr.

Specifications of Grinding Wheels for Sharpening Milling Cutters

Cutter Grinding Wheel
Material Operation Abrasive Material Grain Size  Grade Bond
Carbon Roughing | Aluminum Oxide 46-60 K Vitrified
Tool Steel Finishing | Aluminum Oxide 100 H Vitrified
High-speed Steel:
18-4-1 { Roughing | Aluminum Oxide 60 K,H Vitrified
Finishing | Aluminum Oxide 100 H Vitrified
18-4-2 { Roughing | Aluminum Oxide 80 F.GH Vitrified
Finishing | Aluminum Oxide 100 H Vitrified
Cast Non-Ferrous| Roughing [ Aluminum Oxide 46 H,K,L,N | Vitrified
Tool Material Finishing | Aluminum Oxide 100-120 H Vitrified
Roughing
) after Silicon Carbide 60 G Vitrified
Sintered Brazing
Carbide . ) L
Roughing | Diamond 100 a Resinoid
Finishing | Diamond Up to 50 a Resinoid
Caaggmg-[ﬁgpzt:gl Roughing | Cubic Boron Nitride 80-100 R,P Resinoid
Steeh Finishing | Cubic Boron Nitride 100-120 ST Resinoid

aNot indicated in diamond wheel markings.
bFor hardnesses above Rockwell C 56.

Wheel Speeds and Feeds for Sharpening Milling Cutters.Relatively low cutting
speeds should be used when sharpening milling cutters to avoid tempering and heat chec}
ing. Dry grinding is recommended in all cases except when diamond wheels are employed
The surface speed of grinding wheels should be in the range of 4500 to 6500 feet pel
minute for grinding milling cutters of high-speed steel or cast non-ferrous tool material.
For sintered carbide cutters, 5000 to 5500 feet per minute should be used.

The maximum stock removed per pass of the grinding wheel should not exceed about
0.0004 inch for sintered carbide cutters; 0.003 inch for large high-speed steel and cast non
ferrous tool material cutters; and 0.0015 inch for narrow saws and slotting cutters of high-
speed steel or cast non-ferrous tool material. The stock removed per pass of the wheel ma
be increased for backing-off operations such as the grinding of secondary clearance behin
the teeth since there is usually a sufficient body of metal to carry off the heat.

Clearance Angles for Milling Cutter Teeth.—The clearance angle provided on the cut-
ting edges of milling cutters has an important bearing on cutter performance, cutting effi-
ciency, and cutter life between sharpenings. It is desirable in all cases to use a clearanc
angle as small as possible so as to leave more metal back of the cutting edges for better he
dissipation and to provide maximum support. Excessive clearance angles not only weaker
the cutting edges, but also increase the likelihood of “chatter” which will result in poor fin-
ish on the machined surface and reduce the life of the cutter. According to The Cincinnati
Milling Machine Co., milling cutters used for general purpose work and having diameters
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from % to 3 inches should have clearance angles from 13 to 5 degrees, respectively,
decreasing proportionately as the diameter increases. General purpose cutters over
inches in diameter should be provided with a clearance angle of 4 to 5 degrees. The lan
width is usually,, %,, and¥ inch, respectively, for small, medium, and large cutters.

The primary clearance or relief angle for best results varies according to the material
being milled about as follows: low carbon, high carbon, and alloy steels, 3 to 5 degrees;
cast iron and medium and hard bronze, 4 to 7 degrees; brass, soft bronze, aluminum, ma
nesium, plastics, etc., 10 to 12 degrees. When milling cutters are resharpened, it is custorr
ary to grind a secondary clearance angle of 3 to 5 degrees behind the primary clearanc
angle to reduce the land width to its original value and thus avoid interference with the sur-
face to be milled. A general formula for plain milling cutters, face mills, and form relieved
cutters which gives the clearance ar@lén degrees, necessitated by the feed per revolu-
tionF, ininches, the width of larld in inches, the depth of aditin inches, the cutter diam-
eterD, in inches, and the Brinell hardness nuntbef the work being cut is:

4586(%1 5L+ —,/d(D df

Rake Angles for Milling Cutters.—In peripheral milling cutters, the rake angle is gener-
ally defined as the angle in degrees that the tooth face deviates from a radial line to the cut
ting edge. In face milling cutters, the teeth are inclined with respect to both the radial and
axial lines. These angles are calladial andaxial rake, respectively. The radial and axial
rake angles may be positive, zero, or negative.

Positive rake angles should be used whenever possible for all types of high-speed stee
milling cutters. For sintered carbide tipped cutters, zero and negative rake angles are fre
quently employed to provide more material back of the cutting edge to resist shock loads.

Rake Angles for High-speed Steel CuttBwssitive rake angles of 10 to 15 degrees are
satisfactory for milling steels of various compositions with plain milling cutters. For softer
materials such as magnesium and aluminum alloys, the rake angle may be 25 degrees «
more. Metal slitting saws for cutting alloy steel usually have rake angles from 5 to 10
degrees, whereas zero and sometimes negative rake angles are used for saws to cut cop|
and other soft non-ferrous metals to reduce the tendency to “hog in.” Form relieved cutters
usually have rake angles of 0, 5, or 10 degrees. Commercial face milling cutters usually
have 10 degrees positive radial and axial rake angles for general use in milling cast iron
forged and alloy steel, brass, and bronze; for milling castings and forgings of magnesium
and free-cutting aluminum and their alloys, the rake angles may be increased to 25 degree
positive or more, depending on the operating conditions; a smaller rake angle is used fol
abrasive or difficult to machine aluminum alloys.

Cast Non-ferrous Tool Material Milling CutterBositive rake angles are generally pro-
vided on milling cutters using cast non-ferrous tool materials although negative rake
angles may be used advantageously for some operations such as those where shock loa
are encountered or where it is necessary to eliminate vibration when milling thin sections.

Sintered Carbide Milling Cutter$2eripheral milling cutters such as slab mills, slotting
cutters, saws, etc., tipped with sintered carbide, generally have negative radial rake angle
of 5 degrees for soft low carbon steel and 10 degrees or more for alloy steels. Positive axia
rake angles of 5 and 10 degrees, respectively, may be provided, and for slotting saws an
cutters, 0 degree axial rake may be used. On soft materials such as free-cutting aluminun
alloys, positive rake angles of 10 to so degrees are used. For milling abrasive or difficult to
machine aluminum alloys, small positive or even negative rake angles are used.
Eccentric Type Radial Relief.—When the radial relief angles on peripheral teeth of mill-
ing cutters are ground with a disc type grinding wheel in the conventional manner the
ground surfaces on the lands are slightly concave, conforming approximately to the radius
of the wheel. A flat land is produced when the radial relief angle is ground with a cup



802

wheel. Another entirely different method of grinding the radial angle is by the eccentric
method, which produces a slightly convex surface on the land. If the radial relief angle at
the cutting edge is equal for all of the three types of land mentioned, it will be found that the
land with the eccentric relief will drop away from the cutting edge a somewhat greater dis-
tance for a given distance around the land than will the others. This is evident from a study
of Table entitled, “Indicator Drops for Checking Radial Relief Angles on Peripheral
Teeth.” This feature is an advantage of the eccentric type relief which also produces an

excellent finish.

CUTTER GRINDING

Indicator Drops for Checking the Radial Relief Angle on Peripheral Teeth

Recom. Indicator Drops, Inches Recom.

Range of For Flat and Concave For Eccentric Max.

Radial Relief Relief Primary

Cutter Relief Checking Land

Diameter, Angles, Distance, Width,

Inch Degrees Inch Min. Max. Min. Max. Inch
Y6 20-25 .005 .0014 .0019 .0020 .0026 .007
Yo 16-20 .005 .0012 .0015 .0015 .0019 .007
% 15-19 .010 .0018 .0026 .0028 .0037 .015
Y 13-17 .010 .0017 .0024 .0024 .0032 .015
EN 12-16 .010 .0016 .0023 .0022 .0030 .015
Yo 11-15 .010 .0015 .0022 .0020 .0028 .015
A 10-14 .015 .0017 .0028 .0027 .0039 .020
Y% 10-14 .015 .0018 .0029 .0027 .0039 .020
%6 10-13 .015 .0019 .0027 .0027 .0035 .020
Y 10-13 .015 .0020 .0028 .0027 .0035 .020
% 10-13 .015 .0020 .0029 .0027 .0035 .020
B 9-12 .020 .0022 .0032 .0032 .0044 .025
T 9-12 .020 .0022 .0033 .0032 .0043 .025
B 9-12 .020 .0023 .0034 .0032 .0043 .025
A 9-12 .020 .0024 .0034 .0032 .0043 .025
9s 9-12 .020 .0024 .0035 .0032 .0043 .025
% 8-11 .020 .0022 .0032 .0028 .0039 .025
Ye 8-11 .030 .0029 .0045 .0043 .0059 .035
% 8-11 .030 .0030 .0046 .0043 .0059 .035
Bie 8-11 .030 .0031 .0047 .0043 .0059 .035
% 8-11 .030 .0032 .0048 .0043 .0059 .035
Bl 7-10 .030 .0027 .0043 .0037 .0054 .035
1 7-10 .030 .0028 .0044 .0037 .0054 .035
1Y 7-10 .030 .0029 .0045 .0037 .0053 .035
1, 6-9 .030 .0024 .0040 .0032 .0048 .035
1% 6-9 .030 .0025 .0041 .0032 .0048 .035
1% 6-9 .030 .0026 .0041 .0032 .0048 .035
1% 6-9 .030 .0026 .0042 .0032 .0048 .035
1%, 6-9 .030 .0026 .0042 .0032 .0048 .035
1% 6-9 .030 .0027 .0043 .0032 .0048 .035
2 6-9 .030 .0027 .0043 .0032 .0048 .035
A 5-8 .030 .0022 .0038 .0026 .0042 .040
2% 5-8 .030 .0023 .0039 .0026 .0042 .040
23, 5-8 .030 .0023 .0039 .0026 .0042 .040
3 5-8 .030 .0023 .0039 .0026 .0042 .040
3% 5-8 .030 .0024 .0040 .0026 .0042 .047
4 5-8 .030 .0024 .0040 .0026 .0042 .047
5 4-7 .030 .0019 .0035 .0021 .0037 .047
6 4-7 .030 .0019 .0035 .0021 .0037 .047
7 4-7 .030 .0020 .0036 .0021 .0037 .060
8 4-7 .030 .0020 .0036 .0021 .0037 .060
10 4-7 .030 .0020 .0036 .0021 .0037 .060
12 4-7 .030 .0020 .0036 .0021 .0037 .060
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The setup for grinding an eccentric relief is showign 2 In this setup the point of con-

tact between the cutter and the tooth rest must be in the same plane as the centers, or ax
of the grinding wheel and the cutter. A wide face is used on the grinding wheel, which is

trued and dressed at an angle with respect to the axis of the cutter. An alternate method is
tilt the wheel at this angle. Then as the cutter is traversed and rotated past the grinding
wheel while in contact with the tooth rest, an eccentric relief will be generated by the angu-
lar face of the wheel. This type of relief can only be ground on the peripheral teeth on mill-

ing cutters having helical flutes because the combination of the angular wheel face and the
twisting motion of the cutter is required to generate the eccentric relief. Therefore, an

eccentric relief cannot be ground on the peripheral teeth of straight fluted cutters.

Table 4is a table of wheel angles for grinding an eccentric relief for different combina-
tions of relief angles and helix angles. When angles are required that cannot be found ir

this table, the wheel ang, can be calculated by using the following formula, in which
Ris the radial relief angle arttiis the helix angle of the flutes on the cutter.

tanW = tanR x tanH

Table 4. Grinding Wheel Angles for Grinding Eccentric Type Radial Relief Angle

Radial Helix Angle of Cutter Flutedl, Degrees

Asgel':;’ 12 | 18 [ 20 [ 30 [ 4 [ 4 | s0 | 52
Degrees Wheel Angle W, Degrees

1 13 0°19 0°22 0°35 0°50 1°00 1°12 1°17
2 0°26 0°39 0°44 1°09 1°41 2°00 2°23 2°34
3 038 0°59 1°06 1°44 2°31 3°00 3°34 3°50
4 o°51 1°18 1°27 2°19 3°21 4°00 4°46 5°07
5 1°04 1°38 1°49 2°53 4°12 5°00 5°57 6°23
6 1°17 1°57 2°11 3°28 5°02 6°00 7°08 7°40
7 1°30 2°17 2°34 4°03 5°53 7°00 8°19 8°56
8 1°43 2°37 2°56 4°38 6°44' 8°00 9°30 10012
9 1°56 2°57 3°18 5°13 7°34 9°00 10°41 11°28
10 209 317 3°40 5°49 8°25 10°00 11°62 12°43
11 222 3°37 4°03 6°24 9°16 11°00 13°03 13°58
12 235 3°57 4°25 7°00 10°07 12°00 14°13 15°13
13 249 417 4°48 7°36 10°58 1300 15°23 16°28
14 02 4°38 5°11 8°11 11°49 14°00 16°33 1742
15 316 4°59 5°34 8°48 12040 15°00 17°43 18°56
16 329 5°19 5°57 9°24 13°32 16°00 18°52 20°09
17 F43 5°40 6°21 10°01 1423 17700 20°01 21°22
18 57 6°02 6°45 10°37 15°15 18°00 21°10 22°35
19 £11 6°23 7°09 11°15 16°07 19°00 22°19 2347
20 £258 6°45 7°33 11°52 16°59 20°00 23°27 24°59
21 £40 7°07 7°57 12°30 1751 21°00 24°35 26°10
22 £55 7°29 8°22 13°08 18°44 22°00 25°43 2721
23 509 7°51 8°47 13°46 19°36 23°00 26°50 28°31
24 524 8°14 9°12 14°25 20°29 24°00 27°57 2941
25 540 8°37 9°38 15°04 21°22 25°00 29°04 30°50
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Indicator Drop Method of Checking Relief and Rake Angles.—F¥he most convenient

and inexpensive method of checking the relief and rake angles on milling cutters is by the
indicator drop method. Three tabl&aples 5and6, of indicator drops are provided in this
section, for checking radial relief angles on the peripheral teeth, relief angles on side anc
end teeth, and rake angles on the tooth faces.

“Radial” Starting
Position

Checking
) Distance

SECTION
A-A

Fig. 2. Setup for Grinding Eccentric Type Radial Relief Angle

Table 5. Indicator Drops for Checking Relief Angles on Side Teeth and End Teeth

Given Relief Angle
gifﬁgﬁicfg 1 | > | 3 | & | 5 | 6 | 7 | 8 | o

Inch Indicator Drop, inch
.005 .00009 .00017 .00026 .00035 .0004 .0005 .00p6 .0qo7 .0po8
.010 .00017 .00034 .0005p .00q7 .000p .0011 .00fL2 .0014 .0p16
.015 .00026 .0005 .00079 .00 .001 .0016 .0018 .0021 .0024
.031 .00054 .0011 .001 .002] .002y .0033 .0038 .0044 .0049
.047 .00082 .0014 .002! .003] .0041 .0049 .00%8 .0066 0074
.062 .00108 .0022 .003: .00 .0054 .0065 .00716 .0087 .0098
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Table 6. Indicator Drops for Checking Rake Angles on Milling Cutter Face

7 , N N \
_£ Indicator Drop
Setindicator to read zero on horizontal plane pas l— Measuring Distance
ing through cutter axis. Zero cutting edge agains.
indicator. Move cutter or indicator measuring distance.
Measuring Distance, inch Measuring Distance, inch
Rate .031 | .062 | .094 | 125 Rate .031 | .062| .o94| .12
Angle, Angle,
Deg. Indicator Drop, inch Deg. Indicator Drop, inch
1 .0005 .0011 .0016 .0022 11 .006 .012 .0183 0243
2 .0011 .0022 .0033 .0044 12 .006 .013 .02¢0 .02p6
3 .0016 .0032 .0049 .0066 13 .007. .014 .0217 .02B9
4 .0022 .0043 .0066 .0087 14 .007 .015 .0234 .03[L2
5 .0027 .0054 .0082 .0109 15 .008 .016 .0282 .03B5
6 .0033 .0065 .0099 .0131 16 .008 .017, .0210 .03p8
7 .0038 .0076 .0115 .0153 17 .009 .019 .02847 .03p2
8 .0044 .0087 .0132 .017q 18 .010 .020 .0305 .04p6
9 .0049 .0098 .0149 .019¢ 19 .010 .021 .0324 .04B0
10 .0055 .0109 .0166 .022( 20 011 .02 .0342 .0455

The setup for checking the radial relief angle is illustratédgnl Two dial test indica-

tors are required, one of which should have a sharp pointed contact point. This indicator is
positioned so that the axis of its spindle is vertical, passing through the axis of the cutter.
The cutter may be held by its shank in the spindle of a tool and cutter grinder workhead, or
between centers while mounted on a mandrel. The cutter is rotated to the position where
the vertical indicator contacts a cutting edge. The second indicator is positioned with its

spindle axis horizontal and with the contact point touching the tool face just below the cut-

ting edge. With both indicators adjusted to read zero, the cutter is rotated a distance eque
to the checking distance, as determined by the reading on the second indicator. Then th
indicator drop is read on the vertical indicator and checked against the values in the tables
The indicator drops for radial relief angles ground by a disc type grinding wheel and those
ground with a cup wheel are so nearly equal that the values are listed together; values fo
the eccentric type relief are listed separately, since they are larger. A similar procedure is
used to check the relief angles on the side and end teeth of milling cutters; however, only
one indicator is used. Also, instead of rotating the cutter, the indicator or the cutter must be
moved a distance equal to the checking distance in a straight line.
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Various Set-ups Used in Grinding the Clearance Angle on Milling Cutter Teeth

Offset Offset Offset
J —+ o +—
Rest Rest Rest
Wheel Above Center Wheel Below Center In-Line Centers Cup Wheel
Distance to Set Center of Wheel Above the Cutter Center (Disk Wheel)
Dia. Desired Clearance Angle, Degrees
W t [ 2] s a[ s e 7] 8] of o] u[ 2
eel,
Inches aDistance to Offset Wheel Center Above Cutter Center, Inches
3 026 | .0s2| .079| .05| 131 157 .18 2 235 260 6 p12
4 035 [ 070 | .105| .140| 174 .20 244 2 313 347 2 $16
5 044 | 087 | .131| .174| 218 261 .30 3 391 .44 7 520
6 052 | 105 | .157| .209| 261 314 .36 4 449 5p1 2 p24
7 061 | 122 | .183| .244| 305 .36 .42 4 547 68 8 28
8 070 | .140 | .200| .279| 349 .41 48 5! 626 695 3 B32
9 079 | 157 | .236| .314| 392 .47 54 6 794 781 859 P36
10 087 | .175| .262| .349| .43 .52 60p 696 742 868 .94 1[040
aCalculated from the formula: Offset = Cutter Diamet#j x Sine of Clearance Angle.
Distance to Set Center of Wheel Below the Cutter Center (Disk Wheel)
Dia. Desired Clearance Angle, Degrees
. of 12 s a] s 6] 7] 8] of o] ul =
utter,
Inches aDistance to Offset Wheel Center Below Cutter Center, Inches
2 017 [ 035 | .052] .070] .087 .09 .12 1 136 174 1 pos
3 026 | .0s2| .079| .05 131 157 .18 2 235 260 6 p12
4 035 | 070 | .105| .140| 174 .20 24 2 313 37 2 $16
5 044 | 087 | .131| .174| 218 261 .30 3 391 .44 7 520
6 052 | 105 | .157| .209| 261 314 .36 41 449 5p1 2 p24
7 061 | 122 | .183| .244| 305 .36 .42 4 547 608 8 28
8 070 | 140 | .209| .279| 349 41§ .48 5 626 695 3 B32
9 079 | 157 | 236 .314| 392 .47 54 6 794 781 859 P36
10 087 | .175| .262| .349| .43¢ .52 60p 696 782 868 954 1[040

Distance to Set Tooth Rest Below Center Line of Wheel and Cutter When  the
clearance angle is ground with a disk type wheel by keeping the center line of the wheel in
line with the center line of the cutter, the tooth rest should be lowered by an amount given
by the following formula:

Wheel Diamx Cutter Diax Sine of One-half the Clearance Angle

Offset = Wheel Dia+ Cutter Dia.

Distance to Set Tooth Rest Below Cutter Center When Cup Wheel is UsedWhen

the clearance is ground with a cup wheel, the tooth rest is set below the center of the cutte
the same amount as given in the table for “Distance to Set Center of Wheel Below the Cut-
ter Center (Disk Wheel).”
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