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CUTTING TOOLS

Tool Contour.— Tools for turning, planing, etc., are made in straight, bent, offset, and
other forms to place the cutting edges in convenicnt positions for operating on differently
located surfaces. The contour or shape of the cutting edge may also be varied to suit differ-
entclasses of work. Tool shapes, however, are not only refated to the kind of operation. but,
in roughing tools particularly, the contour may have a decided effect upon the cutting effi-
ciency of the tool. To illustrate, an increase in the side cutting-edge angle of a roughing
tool, or in the nose radius, tends to permit higher cutting speeds because the chip will be
thinner for a given feed rate. Such changes, however, may resultin chattering or vibrations
unless the work and the machine are rigid; hence, the most desirable contour may be a com-
promise between the ideal form and one that is needed to meet practical requirements.

Terms and Definitians.— The terms and definitions relating to single-point tools vary
somewhat in different plants, but the foflowing are in general use.

Side Rake
Angle
End Cutting
Edge Angle
Back Rake

Angle
Tool Point or
Nose Radius
Side Cutting I f s / )
Edge Angle - End Relief
Angle

Fig. 1, Terms Applied Lo Single-point Turning Tools

Single-point Tool: This term is applied to tools for turning, planing, boring, ete., which
have 2 cutiing edge at one end. This cutting edge may be formed on one end of a solid piece
of steel, or the cutting part of the tool may consist of an insert or tip which is held to the
body of the tool by brazing, welding, or mechamnical means.

Shenk: The shank is the main body of the tool. If the tool is an inserted cutter type, the
shank supports the cutter or bit. (See diagram, Fig. 1)

Nose: A general term sometimes used to designate the cutting end but usually relating
more particularly to the rounded tip of the cutting end.

Fuce: The surface against which the chips bear, as they are severed in turning or planing
operations, is called the face.

Flank: The flank is that end surface adjacent to the cutting edge and below it when the
tool is in a herizontal position as for turning.

Base- The base is the surface of the tool shank that bears against the supporting tool-
helder orblock,

Side Cutring Edge: The side cutting edge is the catting edge on the side of the tool. Tools
such as shown in Fig. 1 do the bulk of the cutting with this cutting edge and are, therefore,
sometimes called side cutting edge tools.

End Cuiting Edge: The end cutting edge is the cutting sdge at the end of the tool.

On side cutting edge tools, the end cutting edge can be used for light plunging and facing
cuts. Cutoff tools and similar tools have only one cutting edge located on the end. These
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tools and other tools that are intended to cot primarily with the end cutting edge are some-
{imes called end cutting edge tools.

Rake: A metal-cutting tool is said to have rake when the tool face or surface against
which the chips bear as they are being severed, is inclined for the purpose of either increas-
ing ordiminishing the keenness or bluntness of the edge. The magnitude of the rake is most
conveniently measured by twa angles called the back rake angle and the side rake angle.
The tool shown in Fig. 1 has rale. If the face of the tool did netincline but was parallel t
the base, there would be no rake; the rake angles would be zero.

Positive Rake: Tf the incHnation of the tool face is such as to make the cutting edge
Keener or more acute than when the rake angle is zero, therake angle is defined as positive.

Negative Rake: If the inclination of the tool face makes the culting edge less keen or
more blunt than when the rake angle is zero, the rake is defined as negative.

Beck Rake: The back rake is the inclination of the face toward or away from the end or
the end cutting adge of the tool. When the inclination is away from the end cutting edge, as
shown in Fig. 1, the back rake is positive, If the inclination is downward toward the end
cutting edge the backrake s negative.

Side Rake: The side rake is the inclination of the face toward or away from the side cut-
ting edge. When the inclination is away from the side cutting edge, as shown in Fig. 1, the
side rake is positive. If the inclination is toward the side cutting edge the side rake is negu-
tive.

Relief: The flanks below the side cutting edge and the end cutting edge must be relieved
to allow these cutting edges (o penetrate into the workpiece when taking a cut. If the flanks
are not provided with relief, the cutting edges wilt rub against the workpiece and be unable
to penetrate in order to form the chip. Relief is also provided below the nose of the tool to
allow it to penetrate into the workpiece. The relief at the nose is usually a blend of the side
relief and the end relief.

End Relief Angle: The end relief angle is a measure of the relief below the ead cutting
edpe.

Side Relief Angle: The side relief angle is a measure of the relief below the side cutting
edge.

Back Rake Angle: The back rake angle is a measure of the back rake. Tt is measured ina
plane that passes through the side cutting edge and is perpendicular to the base. Thus, the
back rake angle can be defined by measuring the inclination of the side cuiting edge with
respect to a line or plane that is parallel to the base. The back rake angle may be positive,
negative, or zero depending apon the magnitude and direction of the back rake.

Side Rake Angle: The side rake angle is a measure of the side rake. This angle is always
measured in a plane that is perpendicular to the side cutting ¢dge and perpendicular to the
base. Thus, the side rake angle is the angle of inclination of the face perpendicular to the
side cutting edge with reference to a line or a plane that is paralle] to the base.

End Cutting Edge Angle: 'The end cutting edge angleis the angle made by the end cutting
edge with respect to a plane perpendicular to the axis of the teol shanl, It is provided to
allow the end cutting edge to clear the finish machined surface on the workpiece.

Side Cutting Edge Angle: The side cutting edge angls is the angle made by the side cut-
ting edge and a plane that is parallel to the side of the shark.

Nose Radins: The noseradius is the radius of the nose of the tool. The performance of the
tool, in part, is influenced by nose radius so that it must be carefully controlled.

Lead Angle: The lead angle, shown in Fig. 2, is not ground on the tool. It is a tool setting
angle which has a greatinfluence on the performance of the tool. The lead angle is bounded
by the side cutting edge and 2 plane perpendicular to the workpiece surface when the tool
is in position to cut; or, more exactly, the lead angle is the angle between the side cufting
edge and 2 plane perpendicular to the direction of the feed travel.
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Lead Angle Lead Angle Faual
to Side Cutting Angle

Side Cutting
Edge Angle

TFig. 2. Lead Angle on Single-poini Turning Tool

Solid Tool: A solid tool is & cutting tool made from one piece of tool material.

Brazed Tool: A brazed tool is a cuiting tool having a blank of cutting-tool material per-
manently brazed to a steel shank.

Blank: A blank is an unground piece of cutting-tool material from which a brazed toolis
made.

Tool Bit: A tool bitis arelatively small cutting tool that is clamped in a holder in such a
way that it can readily be removed and replaced. It is intended primarily to be reground
when dull and notindexed.

Tool-bit Biank: The tool-bit blark is an unground piece of cutting-tool material from
which a tool bit can be made by grinding. It is available in standard sizes and shapes.

Topl-bit Holder: Usually made from forged steel, the tool-bit holder is used to hold the
t00] bit, to act as an extended shank for the tool bit, and to provide a means for clamping in
the tool post.

Straight-shank Tool-bit Holder: A straight-shank tool-bit holder has & straight shank
when viewed from the top. The axis of the tool bit is held parallel to the axis of the shank.

Offser-shank Toal-bit Holder: An offset-shank tool-bit holder has the shank bent to the
right or left, as seen in Fig. 3. The axis of the tool bit is held at an angle with respect to the
axis of the shank.

Side curting Tool: A side cutting tool has its major culting edge on the side of the cutting
part of the tool, The major cutting edge may be parallel or at an angle with respect to the
axis of the toal.

Indexable Inserts: Anindexable insert is a relatively simall piece of cutting-tool materiai
that is geometrically shaped to have twe or several cutting edges that are used until dull.
The insertis then indexed on the helder to apply a sharp cutting edge, When all the coiting
edges have been dulled, the insert is discarded. The insert is held in a pocket o against
other locating surfaces on ar indexable insert holder by means of a mechapical clamping
device that can be tightened or loosened casily.

Indexable insert Holder: Made of steel, an indexable insert holder is used to hold index-
able inserts. It is equipped with a mechanical clamping device that holds the inserts firmly
in 1 pocket or against other seating surfaces.

Straighi-shank Indexable Insert Holder: A straight-shank indexable insert tool-holder
is essentially stzaight when viewed from the top, although the cutting edge of the isert
may be oriented paratlel, or at an angle to, the axis of the holder,

Ofset-shank Indexable Insert Holder: An offset-shank indexable insert holder has the
head end, or the end containing the insert pocket, offset to the right or left, as shown in Fig.
3
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Fig. 3. Top: Right-hand Offsct-shank, Tndexable Insert Holder
Rottom: Right-hand Offsct-shank Tool-bil Holder

End cutting Tool: Anend cuiting tool has its major cutting edge on the end of the cutting
part of the tool. The major cutting edge may be perpendicularor atan angle, with respect to
the axis of the tool.

Cuorved Critting-edge Tool: A curved cutting-cdge too! has a continuously variable side
cutting edge angle. The cutting edge is usually in the form of a smooth, continuous curve
along its entire length, or along 4 large portion of its length.

Right-hand Tool: A right-hand too} has the major, or working, cutting edge on the right-
hand side when viewed fromn the cutting end with the face up. As usedin a lathe, such a tool
is usually fed into the work from right to left, when viewed from the shank end.

Left-hand Tool: A left-hand tool has the major or working cutting edge on the left-hand
side when viewed frem the cutting end with the face up. As used in a lathe, the toclis usu-
ally fed into the work from left to right, when viewed from the shank end.

Newtral-hand Tool: A neutral-hand tool is a tool to cut either left to right or right to left;
o the cut may be parallel (o the axis of the shank as when plunge cutting.

Chipbreaker: A gioove formed in or on a shoulder on the face of & turning tool back of
the cutting edge to break up the chips and prevent the formation of long,continuons chips
which would be dangerous to the operator and also bulky and cumbersome to handle. A
chipbreaker of the shoulder type may be formed directly on the tool face or it may consist
of a separate piece that is held either by brazing or by clamping.

Relief Angles.— The end relief angle and the side relief angle on single-point cutting tools
are usually, though not invariably, made equal to each other. The relief angle under the
nose of the tool 1s a blend of the side and end relief angles.

The size of the relief angles has a pronounced effect on the performance of the culting
tool. If the relief angles are too large, the cuiting edge will be weakened and in danger of
breaking when a heavy cutting load is placed on jt by ahard and tough material. On finish
cuts, rapid wear of the cutiing edge may cause problems with size control on the part.
Reliefangles that are too small will cause the rate of wear on the flank of the tool below the
cutting edge to increase, thereby significantly redueing the tool life. In general, when cut-
ting hard and tough materials, the relief angles should be 6 to § degrees for high-speed steel
tools and 5 to 7 degrees for carbide tools. For medinm steels, mild steels, cast iron, and
other average work the recommended values of the relief angles are 8 to 12 degrees for
high-speed steel tools and 5 to 10 degrees for carbides. Ductile materials having a rela-
tively low modulus of elasticity should be cut using larger relief angles. For example, the
relief angles recommended for turning copper, brass, bronze, aluminum, ferritic matleable
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iron, and similar metals are 12 to 16 degrees for high-speed steel tools and 8 to 14 degrees
for carbides.

Larger relief angles generally tend to produce a better finish on the finish machined sur-
face because less surface of the worn flank of the tool rubs against the workpiece. For this
reasoq, single-point thread-cutting tools should be provided with reliel angles that are as
large as circumstances will permit. Problems encountered when machining stainless steel
may be evercome by increasing the size of the relief angle. The relief angles used should
never be smaller than necessary.

Rake Angles.—Machinability tests have confirmed that when the rake angle along which
the chip slides, called the true rake angle, is made larger in the positive direction, the cut-
ting force and the cutring temperature will decrease. Also, the tool life for a given cufting
speed will increase with increases in the true rake angle up to an optimum value, after
which it will decrease again. For turning tools which cut primarily with the side cutting
edge, the true rake angle carresponds rather closely with the sicle rake angle except when
taking shallow cuts. Increasing the side rake angle in the positive direction lowers the cut-
ting force and the cutting tempcrature, while at the same time it results in a longer tool life
or a higher permissible cutting speed up to an optimum value of the side rake angle. After
tlie optimum value is exceeded, the cutting force and the cuiting temperature will continue
to drop; however, the tool life and the permissible cutting speed will decrease.

As an approximatior, the magnitude of the cutting force will decrease about one per cent
per degree increase in the side rake angle. While not exact, this rule of thumb does corre-
spond approximately to test results and can be used to make rough estimates, Of course, the
cutting force also increases about one per cent per degree decrease in the side rake angle.
The limiting value of the side rake angle for optimum tool life or cutting speed depends
upon the work material and the cutting tool material. In general, lower values can be used
for hard and tough work materials. Cemented carbides are harder and more brittle than
high-speed stecl; therefore, the rake angles usually used for cemented carbides are less
positive than for high-speed steel.

Negativerake angles cause the face of the toal to slope in the opposite direction from pas-
itive reke angles and, as might be expected, they have an opposite effect. For side cutting
edge tools, increasing the side rake angfe ina negative direction will resultin an increase in
the cotting force and an increase in the cutting temperature of approximately one per cent
per degree change in rake angle. For example, if the side rake angle is changed from 5
degrees positive to 5 degrees negative, the cuiting force will be about 10 per cent larger.
Usually the tool life will also dectease when negative side rake angles are used, although
the tool life will sometimes increase when the negative rake angle is not too large and when
a fast cutting speed is used.

Negative siderake angles are usuaily used in combination with negative back rake angles
on single-point cutting tools. The negative rake angles strengthen the cutting edges
enabling them to sustain heavier cutting loads and shock loads. They are recommended for
wrning very hard materials and for heavy interrupted cuts. There is also #n economic
advantage in favor of using negative rake indexable inserts and tool holders inasmuch as
the cutting edges provided on both the top and bottom of the insert can be used.

On turning tools tha cut primarily with the side cutting edge, the effect of the back rake
angle alone is much less than the effect of the side rake angle although the direction of the
change in cutting force, cutting temperature, and tool life is the same. The effect that the
back rake angle has can be ignored unless, of course, extremely large changes in this angle
are made. A positive back rake angle does improve the performance of the nose of the tool
somewhat and is helpful in taking light finishing cuts. A negative backrake angle stren gth-
ens the nose of the tool and is helpful when interrupted cuts are taken, The back rake angle
has a very significant effect on the performance of end cutting edge tools, such as cut-off
tools. For these tools, the effect of the back rake angle is very similar to the effect of the side
rake angle on side cutting edge tools.

10
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Side Cutting Edge and Lead Angles.—These angles are considered together because
the side cutting edge angle is usually designed to provide the desired lead angle when the
tool is being used. The side cutting edge angle and the lead angle witl be aqual when the
shank of the cutting too! is positioned perpendicular to the workpiece, or, more correctly,
perpendicular to the direction of the feed. When the shank is not perpendicular, the lead
angle is determined by the side cutting edge and an imaginary line perpendicular o the
{eed direction.

The flow of the chips over the face of the toel is approximately perpendicutar ta the side
cuiting edge except when shallew cuts are taken. The thickness of the undeformed chip is
meastred perpendicular to the side cutting edge. As the lead angle is increased, the length
of chip in coptact with the side cutting cdge is increased, and the chip will become longer
and thinner. This effect is the same as increasing the depth of cut and decreasing the feed,
although the actua depth of cut and feed remain the same and the same amount of metal is
removed. The effect of lengthening and thinning the chip by increasing the lead angle is
very beneticial as it increases the tool life for a given cutting speed or that speed can be
increased. increasing the cutting speed while the feed and the too] life remain the same
leads to fuster production.

However, an adverse effect must be considered. Chatter can be caused by a cutting edge
{hat is oriented 2t a high lead angle when turning and sometimes, when turning long and
slender shafts, even a smalilead angle can cause chatter. Tn fact, an unsyitable lead angle of
the side cutting cdge is one of the principal causes of chatter. When chatter occurs, often
simply reducing the Jead angle will cure it. Somefimes, very long and slender shafts can'be
turned successfully with a tool having a zero degree lead angle (and having a small nose
radius). Boring bars, being usually somew hat Jong and slender, ate also susceptible to
chalter if alarge lead angle is used. The lead angle for boring bars should be kept small, and
for very long and slender boring bars a zero degree lead angle is recommended. Itis impos-
sible to provide a rule that will determine when chatter caused by a lead angle will occur
and when it wili not. In making a judgment, the first consideration is the length to diameter
ratio of the part to be tarned, or of the boring bar. Then the method of holding the work-
piece must be considered —a part that is firmly heldisless apt to chatter. Finally, the over-
alt condition and rigidity of the machine must be considered because they may be the real
cause of chatter.

Although chatter can be a problem, the advantages gained from high lead angles are such
that the lsad angle should be as large as possible at all times.

Fnd Cutting Edge Angle.—The size of the end cutting edge angle is important when tool
wear by cratering occurs. Frequently, the crater will enlarge until it breaks through the end
cutting edge just behind the nose, and tool failure follows shortly. Reducing the size of the
end catting edge angle tends to delay the time of crater breakthrough. When cratering takes
place, the recommended end cutting edge angle is 8 to 15 degrees. If there is no cratering,
the angle can be made larger. Larger end cutting adge angles may be required to enable
profile turning tools to plunge into the work without interference from the end cotting
edge.

Nose Radios.—The tool nose is a very critical partof the catting edge since it cuts the fin-
ished surface on the workpiece. If the nose is made to a sharp point, the finish machined
surface will usually be unacceptable and the life of the tool will be short. Thus, a nose
radius is required to obtain an zeceptable surface finish and tool life. The surface finish
obtained is determined by the feed rate and by the nose radius if other factors such as the
work material, the cutting speed, and cutting fluids are not considered. A large nose radius
will give a better surface finish and will permit a faster feed rate to be used.

Machinability tests have demonstrated that incre asing the nose radius will also improve
the tool life or allow a faster cutting speed to be used. For example, high-speed steel toals
were used to tumn an alloy steel in one series of tests where complete or catastrophic tool
Failure was used s a criterion for the end of too! life. The cutting s peed for a 60-minute tool

11
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life was found to be 125 [pm when the nose radius was Ysinch and 160 fpm when the nose
radivs was % inch.

A very large rose radius can often be used but a limit is sometimes imposed because the
tendency for chatter to occur is increased as the nose radius is made larger, A nose radius
that is too large can cause chatter and when it does, a smaller nose radius must be used on
the tool. Itis always good practice to make the nose radius as large as is compatible with the
operation being perfermed.

Chipbreakers.—Many sicel turning tools are equipped with chipbreaking devices to pre-
vent the formation of long continuous chips in connection with the turning of steel at the
high speeds made possible by high-speed steel and especially cemented carbide tools.
Long steel chips are dangerous to the operator, and cumbersome to haadle, and they may
twistaround the fool and cause damage. Broken chips not enly oceupy less space, but per-
it a better flow of coolant to the cutting edge. Several difterent forms of chipbreakers are
Hlustrated in Fig. 4.

Angular Shoulder Type: The angular shoulder type shown at A is one of the commonly
used forms. As the enlarged sectional view shows, the chipbreaking shoulder is Jocated
back of the cutting edge. The angle abetween the shoulder and cutting edge may vary from
6 to 15 degrees or more, § degrees being a fafr average. The ideal angle, width Wand depth
(G, depend upon the speed and feed, the depth of cut, and the material. As a general rule,
width W, at the end of the tool, varies from %, to %, inch, and the depth G may range from
1, to ¥, inch. The shoulder radius equals depth G. If the tool has a large nose radius. the
corner of the shoulder at fhe nose end may be beveled off, as illustrated at B, to prevent it
from coming into contact with the work. The width K for type B should equal approxi-
mately 1.5 times the nose radius,

Parallel Shoulder Type: Diagram € shows a design with a chipbreaking shoulder thatis
parallel with the cutting edge. With this form, the chips are likely to come off in short
curled sections. The parallel form may also be applied to straight teols which donothavea
side cutting-edge angle. The tendency with this paraitel shoulder form is to force the chips
against the work and damage it.

x*/a/\ E 8%

SECTION X-X
FNLARGED
A B C D E

X
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Fig. 4. Different Forms of Chipbreakers for Turning Tools
Groove Type: This type (diagram D) has a groove in the face of the tool produced by
grinding. Between the groove and the cutting edge, there is a land L. Under ideal condi-
tions, this width L, the groove width W, and the groove depth G, would be varied to suitthe
feed, depth of cut and material. For averags use, L is about %, inch; G, Y4, inch; and W, 4,
inch. There are differences of opinion concerning the relative merits of the groove type and
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the shoulder type. Both types have proved satisfactory when propesly proportioned for a
given class of work.

Chipbreaker for Light Cuts: Diagram E illustrates a form of chipbreaker that is some-
times used on tools for finishing cuts having a maximum depth of about %, inch. This chip-
breaker is a shoulder type kaving an angle of 45 degrees and a maximum width of about 4
inch. Ttis important in grinding all chipbreakess (o give the chip-bearing surfaces a fine fin-
ish, such as would be obtained by honing, This finish greatly increases the life of the tool.

Planing Fools.—Many of the principles which govern the shape of turning tools also
apply in the grinding of tools for planing. The amount of rake depends upon the hardness of
the material, and the direction of the rake should be away from the working part of the cut-
ting edge. The angle of clearance should be about 4 or 3 degrees for planer tools, which is
less than for lathe tools. This small clearance is allowable because a planer toal is held
about square with the platen, whereas a lathe tool, the height and inclipation of which can
be varied, may not always be clamped in the same position,

Carbide Tools: Carbide tools for planing usually have negative rake. Round-nose and
square-nose end-cutling tools should have a “negative back rake” (or front rake} of 2 or 3
degrees. Side cutting tools may have a negative back rake of 10 degrees, a negative side
rake of 5 degrees, and a side cutting-edge angle of 8 degrees.

Tndexable Inserts.—A large proportion of the cemented carbide, single-point cutting
tools are indexable inserts and indexable insert tool holders. Dimensional specifications
for solid sintered carbide indexable inserts are given inAmerican National Standard ANST
B212.12-1991. Samples of the many insert shapes are shown in Table 3. Most modern,
cemented carbide, fzce milling cutters are of the indexable insert typs. Larger size end
milling cutters, side milling or slotting cuiters, boring tools, and a wide variety of special
tools are made to use indexable inserts. These inserts are primarily made from cemented
carbide, although most of the cemented oxide cutting tools are also indexable inserts.

The ohjsctive of this type of tooling is te provide an insert with several cutting edges.
When an edge is worn, the insert is indexed in the tool holder until all the cutting edges are
used up, after which it {s discarded. The insert is not intended to be reground. The advan-
tages are that the cutting edges on the tool can be rapidly changed without removing the
tool holder from the machine, tocl-grinding costs are eliminated, and the cost of the insert
is less than the cost of a similar, brazed carbide tool. Of course, the cost of the tool holder
must be added to the cost of the insert; however, one tool holder will usvally last for along
time before it, teo, must be replaced.

Indexable inserts and ool holders are made with a negative rake or with a positive rake.
Negative rake inserts bave the advantage of having twice as many culting edges available
as coinparable positive rake inserts, because the cutting edges on hoth the tap and bottom
of negative rake inserts can be used, while only the top cutting edges can be used on posi-
tive rake inserts, Positive rake inserts have a distinct advantage when machining long and
slender parts, thin-walled parts, or other parts that ave subject to bending or chatter when
the cutting load is applied to them, because the cutting force is significantly lower as com-
pared to that for negative rake inserts. Indexable inserts can be obtained in the following
forms: utility ground, or ground on top and bottom only; precision ground, or ground on ail
surfaces; prehoned to produce a slight rounding of the cutting edge; and precision molded,
which are unground. Positive-negative rake insexts also are available. These inserts are
held on a negative-rake tool holder and have a chipbreaker groove that is formed to pro-
duce an effective positive-rake angle while cutting. Cutting edges may be available on the
top surface only, or on hoth top and bettom surfaces, The positive-rake chipbreaker surface
may be ground or precision molded on the insert.

Many materials, such as gray cast iron, form a discontinuous chip. For these materials an
insert that has plain faces without chipbreaker grooves should always be used, Steels and
other ductile materials form a continuous chip that must be broken into small segments

13
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when machined on lathes and planers having single-point, cemented-carbide and
cemented-oxide eutting tools; otherwise, the chips can cause injury to the operator. In this
case a chipbreaker must be used. Some inserts are made with chipbreaker grooves melded
or grovnd directly on the insert. When inserts with plain faces arc used, a cemented-carbide
plate-type chipbreaker is clamped on top of the insert,

Identitication System for Indexable Inserts.—The size of indexable inserts is deter-
mined by the diameter of an inscribed circle (I.C.), except for rectangular and parallelo-
gram inserts where the length and width dimensions are used, To describe an insert in its
entirety, a standard ANSI B212.4-1986 identification system is used where each position
number designates a feature of the insert, The ANSI Standard includes items now com-
monly used and facilitates identification of items not in coramon use. Identification con-
sists of up to fen positions; each position defines a characteristic of the insert as shown
below:

1 2 3 4 5 [ 7 8 92 102
T N M G 5 4 3 A
#Eighth, Ninth, and ‘Tenth Positions are nsed only when required.

1) Shape: The shape of an insert is designated by aletter: R for round; S, square; T, trian-
gle; A, 85° parallelogram; B, 82° parallelogrum; C, 86° diamond; D, 55° diamond; E, 75°
diamond; H, hexagon; K, 55° parailelogram; L., rectangle; M, 86 diamond; 0, octagon;
P, pentagon; V, 35° diamond; and W, 80° trigon.

2) Relief Angle (Clearances): The second position isa letter denoting the relief angles; N
for0% A, 3% B, 5% C, 7% P, 11°; D, 15°, E,20% F, 25, G, 30°, H,0° & | 17%, J,0° & 14°7;
K, 0° & 17°%; L, 0° & 20°%; M, 11° & 14° R, 11° & 17°%; 8, 11° & 20°*, When mounted
on a holder, the actual relief angle may be different irom that on the insert.

3) Tolerances: The third position is a letter and indicates the tolerances which control the
indexability of the insert. Tolerances specified do not imply the method of manufacture,

Telerance Tolerance
(from nominal) {£from nominal)
Inscribed Thicknes, TInscribed Thickness,
Symbol Circle, Inch Inch Symbol Circle, Inch Toch
A 0.001 0.001 H 0.0005 0.001
B 0.001 {.003 J 0.002-0.005 0.001
C 0.001 0.001 K 0.002-0.005 0.001
D 0.001 0.005 L 0.002-0.005 0.001
E 0.001 0.001 M 0.002-0.0047 0.005
¥ 0.0005 0.001 U 0.005-0.0102 0.005
G 0.001 {.005 N 0.002-0,0042 0.001

aFxact tolerance is determined by size of insert. See ANSTB34.25.

£) Type: The type of insert is designated by a letter. A, with hole; B, with hole and coun-
tersink; C, with hole and two countersinks; F, chip groaves both surfaces, no hole; G, same
as F¥ but with hole; B, witk: hole, one countersink, and chip groove on one raks surface; 1,
with hole, two countersinks and chip grooves on two rake surfaces; M, with hole and chip
groove on one rake surface; N, without hole: Q, with hole and two countersinks; B, without
hole but with chip groove on one rake surface; T, with hole, one countersink, and ckip
groove on one rake face; U, with hole, two countersinks, and chip grooves on two rake
faces; and W, with hole and cne countersink. Nofe: a dash may be used after position 4 to

*Second angle is secondary facet angle, which may vacy by +1°,
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separate the shape-describing portion from the following dimensional description of the
insert arid is not to be considered a position in the standard description.

5) Size: The size of the insert is designated by a one- or a two-digit number. For regular
polygons and diamonds, it is the number of eighths of an inch in the nominal size of the
inseribed circle, and will be a one- or two-digit number when the number of eighths is a
whole number. Tt will be a two-digit number, including one decimal place, when itis nota
whole numbes. Rectangular and parallelogram inserts require two digits: the first digit
indicates the number of eighths of an inch width and the second digit, the number of quar-
ters of an inch length.

6) Thickness: The thickness is designated by a one-or two-digit number, which indicates
the number of sixteenthis of an inch in the thickness of the insert. Tt is a one-digit aumber
when the number of sixteenths is a whele nember; it is a two-digit number carried to one
decimal place when the number of sixteenths of an inch is not a whole number.

7) Cunting Point Configuration: The cutting point, or nose tadius, is designated by a
aumber representing Y% ths of an inch; aflat at the cutting point ormose, is designated by a
letter: 0 for sharp commer; 1, ¥, inch radins; 2, 14, inch radius; 3, %,inch radius; 4, Ysinch
Tadius; 5, ¥, inch radius; 6, ¥, inch radius; 7, %, inch radias; 8, 14 inch radius; A, square
insert with 45° chamfer; D, square insert with 30° chamfer; E, square insert with 15° cham-
fer; F, square insert with 3° chamfer; K, square insert with 30° double chamfer; L, square
insert with 15° double chamfer; M, square insert with 3° double chamfer; N, truncated tri-
angle insert; and P, flatted corner triangle insert.

8) Special Cutting Point Definirion: The eighth position, if it follows a letter in the 7th
position, is a number indicating the number of 1 ths of an inch measured parallel © the
edge of the facer.

0) Hand: R, right; L, fef(; to be used when required in ninth positien.

10} Other Conditions: The tenth position defines special conditions {such as edge treat-
ment, surface fimish) as follows: A, honed, 0.0005 inch to less than 0.003 inch; B, honed,
0.003 inch toless than 0.005 inch; C, honed, 0.005 inch to less than 0.007 inch; J, polished,
4 microinch arithmetic average (AA) on rake surtaces only; T, chamfered, manufacturer's
standard negative land, rake face only.

fndexable Insert Tool Holders.—Indexable insert tool holders are made from a good
grade of steel which is beat treated to a hardness of 44 to 48 Re for most normal applica-
tions. Accurate pockets that serve to locaie the insert in position and to provide surfaces
against which the insert can be clamped are machined in the ends of tool holders. A
cemented carbide seat nsually is provided, and is held in the bottom of the pocket by a
screw or by the clamping pin, if one is used. The seat is necessary 1o provide a flat bearing
surface upon which the fnsert can rest and, in so doing, it adds materially to the ability of
the insert to withstand the cutting load, The seating surface of the holder may provide a
positive-, negative-, or a neutral-rake orientation to the insert when it is in position on the
holder. Holders, therefore, are classified as positive, negative, or neutral rake.

Four basic methods are used to ¢clamp the insert on the holder; 1) Clamping, usuaily top
clamping; 2) Pin-lock clamping; 3) Multiple clamping using a clamp, usually a top
clamp, and a pinlock; and 4) Clamping the insert with amachine screw.

All top clamps are actuated by a screw that forces the clamp directly againsi the insert,
When required, a cemented-carbide, plate-type chipbreaker is placed between the clamp
and theinsert. Pin-lock clamps require an insert baving a hole: the pin acts against the walls
of the hole to clamp the insert firmly against the seating surfaces of the holder. Multiple or
combination. clamping, simuitaneously using both a pin-lock and a top clamp, is recom-
mended when taking heavier or interrupted cuts. Holders are available on which all the
above-mentioned methods of clamping may be used, Other holders are made with only a
top clamp or a pinlock. Screw-on type holders use & machine screw to hold theinsertin the
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packet, Most standard indexable insert holders are either straight-shank or offset-shank,
although special holders are made having a wide variety of configurations.

The common shank sizes of indexable insert tool holders ate shown in Tuble 1. Not all
styles are available in every shank size. Positive- and negative-rake tools are also notavail-
able in every style or shank size. Some manufacturers provide additional shank sizes for
certain tool helder styles. For more complete details the manufacturers’ catalogs niust be
consulted.

Table 1. Standard Shank Sizes for Indexable Insert Holders

_[}_
| " |
[ e 1
N ‘Shank Dimensions for Tndexahle Lnsert Holders

S A B c

Sive In. mm In. mm In mm
Hxhx 44 0.500 1270 0,300 1270 4.500 114.30
K x¥xdl 0.625 1587 @625 1587 4500 114.30
Hx Y= 0625 1587 1.230 3175 6000 15240
K hndl 0.750 805 0750 1905 4.500 114.30
Hrlx 0750 19.05 L.o00 2540 6,000 152.a0
Hullxh 0750 1905 1250 375 6.000 15240
1% 1x6 1.000 2540 1.000 2540 6.000 15240
1x1lx6 1.000 2540 1250 3175 6,000 157 40
1= 1‘4 X6 1.000 2540 L1500 3810 000 15240
14x 1Y% 7 1.250 3175 1250 31795 7.000 177.80
g 1% =8 1.250 3175 1,500 38.10 B.000 03.20
133 When 6% 1375 .92 2062 5237 6380 162.05
W BT L.500 3810 1,500 3810 FO00 177.80
1 % gl L7350 4445 1750 44,45 9.500 241.30
22%8 2.000 50.80 2.000 080 8000 24820

aHolder length; may vary by manufacturer. Actuad shank length depends on holder style.
Identification System for Indexahle Insert Holders.—The follow ing identification
system conforms to the American National Standard, ANSIB212.5-1986, Metric Holders
for Indexable Inserts.
Each position in the system designates a feature of the holder in the following sequence:
1 2 3 4 5 — 6 — 7T — & — 9 — I
¢ T NAR — 8 — 28 — P — 16 — Q

1) Method of Holding Horizontally Mounted Insert: The method of holding or clamping
is designated by a letter: C, tap clamping, insert without hole; M, top and hole elamping,
insert with hole; P, kole clamping, insert with hole: S, screw clamping through hole, insert
with hole; W, wedge clamping.

2) Insert Shape: The insert shape is identified by a letter: H, hexagonal;, O, octagonal; P,
pentagonal; §, square; T, triangular; C, rhombic, 80° included angle; T, thombic, 55¢
included angle; E, thombic, 75° included angle; M, thombic, 86° included angle; V,rhom-
bic, 35° included angle; W, hexagonal, 80° included angle; L, rectangular; A, parallelo-
gram, 83 included angle; B, parallelogram, 82° included angle; K, parallelogram, 55°
included angle; R, round. The included angle is always the smaller angle.

3) Holder Style: The holder style designates the shank style and the side cutting edge
angle, or end cutting edge angle, or the purpose for which the helder is used. It is desig-
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nated by a letter: A, for straight shank with 0° side cutting edge angle; B, straight shank
with 15° side cutting edge angte; C, straight-shank end cutting tool with 0° end cutting
edge angle; D, straight shank with 45° side cutting edge angle; E, straight shank with 30°
side cutting edge angle; F, offset shank with 0% end cutting edge angle; G, offset shank
with 6 side cutting edge angle; J, offsetshank with negative 3° side cutting edge angle; K,
offset shank with 15° end cutting edge angle; L, offset shank with negative 5° side cutting
edge angle and 5° end cutting edge angle; M, straight shank with 40° side cutting edge
angle; N, straight shank with 27° side cutting edge angle; R, offset shank with 15° side cat-
ting edge angle; S, offset shank with 45° side cutting edge angle; T, offset shank with 30°
side cufting edge angle; U, offset shank with negative 3° end cutting edge angle; V, straight
shank with 17%° side cutting edge angle; W, offset shank with 30° end cutting edge angle;
Y, offset shank with 5° eng cutting edge angle.

4) Normal Clearances: The norma! clearances of inserts are identified by letters: A, 3%;
B, 5% C,7° D, 15% E,20% F, 25% G, 30° N, 0% P, 11°.

5) Hand of tood: The hand of the tool is designated by a letter: R for right-hand; L, left-
hand; and N, neutral, or either hand.

6) Tool Height for Reciangular Shank Cross Secticns: The tool height for tool halders
with arectangular shank cross section and the height of cutting edge equal to shank height
is given as a two-digit number representing this value in millimeters. For example, a height
of 32 mm would be encoded as 32; 8 mm would be encoded as 08, where the one-digit
value is preceded by a zero,

7) Tool Width for Rectangular Shank Cross Sections: The tool width for tool holders with
arectangular shank cross section is givenas a two-digit number representing this value in
millimeters. For example, a width of 25 mm would be encoded as 25; 8 mm would be
encoded as 08, where the one-digit value is preceded by azero.

8) Tool Length: The tool length is designated by a letter: A, 32 mm; B, 40 mm; C, 50 mm;
D, 60 mm; E, 70 mm; F, 80 mm; G, 90 mm; H, 100 mm; J, 110 mm; K, 125 mm; L, 140
mm; M, 150 mm; N, 160 mm; P, 170 mm; Q, 180 mm; R, 200 mm; 8, 250 mm; T, 300 mm;
U, 350 mm; V, 400 mm; W, 450 mm; X, special length to be specified; ¥, 500 mm.

9) Indexable Insert Size: The size of indexable inserts is encoded as follows: For insert
shapes C,D, E,H.M, O, P, R, S, T, V, the side lengih (the diameter for R inserts) in milli-
rmeters is used as a two-digit number, with decimals being disregarded. For example, the
symbol for a side length 0f 16.5 mm is 16, For insert shapes A, B, K, L, the length of the
main cutting edge or of the longer cutting edge in millimeters is encoded as a two-digit
number, disregarding decimals. If the syibol obtained has only one digit, then it should be
preceded by a zero. For example, the symbol for a main cutting edge of 19.5 mm is 19; for
an edge of 9.5 mm, the symbel is 09.

10} Special Tolerances: Special tolerances are indicated by a letter: @, back and end
qualified tool; F, front and end qualified tool; B, back, front, and end qualified tool, A qual-
ified tool is one that has tolerances of + 0,08 mm for dimensions F, G, and C. (See Table2.)

Table 2. Letter Symbols for Qualification of Tool Holders — Position 10
ANSIB212.5-1986

Letter Symbol
Q F B
P _
5 o A
TR e o .
ERC) - B 0.8 —
EE@ }7(:0%4—4 TR € =0.08————={ . b—ca0
a2
é = Back and end Frontandend Back, front, and end
qualified tool qualified tool qualified tool
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Selecting Indexable Insert Holders.— A guide for selecting indexable insert holders is
provided by Table 3b. Some operations such as deep grooving. cut-off, and threading are
not given in this table. However, tool holders designed specifically for these operations are
available. The boring operations listed in Table 3b refer primarily to larger holes, into
which the helders will fit. Smaller holes are bored using boring bars. An examination of
this table shows that several tool-helder styles can be used and frequently are used for each
operation. Selection of the best holder for a given job depends largely on the job and there
arc certain basic facts that should be considered in making the selection.

Rake Angle: A negative-rake insert has twice as many cutting edges available as a com-
parable positive-rake insert. Sometimes the tool life obtained when using the second face
may be less than that obtained on the first face because the tool wear on the cutting edges of
the first face may reduce the insert strength. Nevertheless, the advantage of negative-rake
inserts and holders is such that they should be considered first in making any choice. Posi-
tive-rake holders should be used where lower cutting forces are required, as when machin-
ing slender or small-diameter parts, when chatter may occur, and for machining some
materials, such as aluminam, copper, and certain grades of stainless steel, when positive-
negative rake inserts can sometimes be used to advantage. These inserts are held on nega-
tive-rake holders that have their rake surfaces ground or molded to form a positive-rake
angle.

Insert Shape: The configuration of the workpiece, the operation to be performed, and the
lead angle required often determine the insert shape. When these factors need not be con-
sidered, the insert shape should be sclected on the basis of insert strength and the maximmm
number of cutting edges available. Thus, around insert is the strongest and kas a maximum
number of available cutting edges. It can be used with heavier feeds while producing a
sood surface finish. Round inserts are limited by their tendency to cause chafter, which
may preclude their use. The square insert is the next most effective shape, providing good
corner strength and more cutting edges than all other inserts except the round insest. The
only limitation of this insert shape is that it must be used with a lead angle. Therefore, the
square insert cannot be used for wrning square shoulders or for back-facing, Triangle
inserts are the most versatile and can be used to perform more operations than any other
insert shape. The 80-degree diamond insert is designed primarily for heavy tuming and
facing operations, using the 100-degree corners, and for turning and back-facing square
shoulders using the 80-degree corners. The 55- and 35-degree diamond inserts are
intended primarily for tracing.

Lead Angle; Tool holders should be selected 1o provide the largest possible lead angle,
although limitations are sometimes imposed by the nature of the job. For example, when
tuming and back-facing a shoulder, a negative lead zngle must be used. Slender or small-
diameter parts may deflect, causing difficulties in holding size, or chatter when the lead
angleis too large.

End Cutting Fdge Angle: When tracing or contour turning, the plunge angle is deter-
mined by the end cutting edge angle. A 2-deg minimum clearance angle should be pro-
vided between the workpiece surface and the end cutting edge of the insert. Table 3a
provides the maximum plunge angle for holders commonly used to plunge when tracing
where insert shape identifiers are S = square; T'=triangle; D = 55-deg diamand, V =35-deg
dizmond. When severe cratering cannot be avoided, an insert having a small, end cutting
edge angle is desirable to delay the crater breukthrough behind the nose. For very heavy
cuts a small, end cutting edge angle will stcrengthen the corner of the tonl. Tool holders for
numerical conirol machines are discussed in the NC section, beginning page 1280,
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Pable 3a. Maximum Plunge Angte for Tracing or Contour Toraing

Tool Maximum Tool Maximum
Holder Insert Plunge Holder Insert Plunge
Style Shape Angle Style Shape Angle
E T 58° T D 30°
D and S S 432 ] v 500
H D 71° N T 55°
I T 25° N D 58°-60°
Table 3b. Indexable Insers Holder Application Guide
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Table 3b. { Continued) Indexable Insert Holder Application Guide
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Fable 3b. (Continued) Endexable Insert Holder Ap plication Guide
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Sintered Carbide Blanks and Cutting Tools—As shown in Table 4, American
Mational Standard ANST B212.1-1984 (R1997) provides standard sizes and desigrations
for eight styles of sintered carbide blanks. These blanks are the unground solid carbide
from which either selid or tipped catting tools are made. Tipped cutting tools are made by
brazing & blark onto a shank to produce the cutting tool; these tools differ from carbide
insert cutting tools which consist of a carbide insert held mechamically in a too! holder. A
typical single-point carbide-tipped cutiing tool is shown in the diagram on page 740.
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Table 4. American National Standard Sizes and Designations for Carbide Blanks
ANS{B212.1-1984 (R1997)

Siyle Sryle
1000 O 0000 1000 3000 4000
T W L Rlank Designation T W L Blank Desiguation
Ve % % 1010 2010 % % P EAEREERED
Yo B Yy 1015 2015 |4 % 1 0360 j 1360 | 3360 | 4360
Yo o Yy 1920 2020 y %o % o370 | 1370 | 3370 | 4370
Y i 4 1025 2075 Y Y % 030 | 1380 | 3380 | 4380
Y % % 1030 2030 Yy % 00 | 180} 3390 | 4390
Y % 3% oao0 | uoe | 3400 | 4400
kS % % 1035 2038 % Y b4 0405 1405 3405 4408
¥, e Y 1040 208 Y 4 1 ong | 1410 | 340 | 40
A ER 3 1050 2050 Y o5 | 15 | 345 | A4S
% % % 100 2060
A % % 1070 2070 35 Yis % 0420 | 1420 | 3420 | 4420
¥ Y s | oo | 1430 | 3430 | as30
i I3 Y o0 | 140 | 3M0 | 4490
¥ e % 1080 2080 A 3 o450 | 1450 ] 3450 | 4450
¥ ¥ % 1080 2050 % | % osen | 160 | 3460 | 4460
% % 3 1o 2100 % | % y | o4 | 1490 | 3430 | 0
¥ e % 105 2105 %o | % 0475 | 1475 | 3475 | 4475
% | % 1y ] 480 | 1480 | 3480 | 4480
't i % o 2110
% y i 1120 2120 % i y | oa0 [ 1200 | a0 | 4as0
% Y % 1130 2130 % I 0s00 | 1300 | asoo | aswo
3 i % 1140 2140 % % 0510 | 1510 | 3510 § 4510
% s | % 1150 2150 % % 1% vsis | 1515 | asis | asis
% % i 1150 2160 % 3 1% os20 | 1520 | 3520 | 450
% % % o528 | 1525 | 35zn | 4528
% 5 % 1170 07 Y % os30 | 1530 | 3m0 | 4530
Y y Y 1180 2180 % ¥ 14 osa | 1540 | 3340 | 4540
13 % % 1190 2190 % E 1 0550 1350 3550 4550
% 3 % 1200 2200
% % % 1210 2210 sote
I3 % % 1215 215
r W L # | 75000 | E000_| 7000 |
£ % e 1220 2220 Ve i (R N 5030
T % b 1730 2230
Y ¥ E4 1240 2240 EN 4% % Y . iy
Y ¥ k1 508 6080 .
kN He s 1250 2250 Y % ¥ 5100 S100 -
En Ys % 1260 2260 kN T Y e 5105 o
ER % ¥ 1210 2270 % EA % % N M
% % % 1280 2280
ER % e 1290 29 % Y % . 5200 | 6200
% % % % -
Mo Y % 1300 2300 EN % % - 5240 6240
% e i 1330 2110
% % 3 1320 2320 w0l % Y - 5340 | 6340 -
EN I % 1330 2330 i % - 5410
e % % 1340 2340
AT diménsions are in inches.
See diagram on page 740.
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Side Reliel Angle f-Side Rake
T End Cutting Edge
i -
Side Clearance W?d th Angle (ECEA)
Angle Tip 1
Nose Radius TSi do Cutting
Edge Angle (SCEA)
QOverall length
Tip length
Tip Thicknes
R Back Rake
Cutting Height
Tip Overhang f{l:“:t
End Relicf Angle ji4
End Clearance Angle

A typical single-point carbide tipped cutting tool. The side rake, side relief, and the clearance angles
ara normal 1o the side-cutting edge, rather than the shank, to facilitate its being ground on 4 tiling-tible
grinder. The end-relief and clearance angles are normal W the end-cutting edge. The back-rake zngle is
parallel to the side-cutting edge. The tip of the trazed carbide blank overhangs the shank of the taol by
cither 4, or Ygincls, depending on the size of the 1ool. Fer toolsin Tables 5,6, 7,8, 1} and 12, the maxi-
mam overhang is Y inch for shank sizes 4, 5, 6,7, 8, 10, 12 and 44; for other shank sizes in these lables,
(he maximum overhang is 4 inch. Tn Tabjcs 9 and 10 all tools have maximum overhang of %, inch.

1 1
T

s ey S - s [ Eg
STYLE 0000 STYLE 1000 STYLE 2000
wer [T & r b 1371
L YL o]l X
4 A4 Ly
Tkl o e
7”:1°\.|\/ LT 21
STYLE 3000 STYLE 4000
407517 T e
. 1 30°£1 +0.000
1& SHARF 10, FLAT SHARP TO-¢; FLAT -F o020
L
w H w H Y
£ J
e e s
40% 217 30°£1° 30° 2 1° SHARP 1O FLAT
STYLE 5000 STVLE 6080
POINT CENTRAT WITHIN 0.015 POINT CENTRAL WIFHIN 0015 STYLE 7000

Tigh styles of sintered carbide blanks. Standard dimen sions for these blanks are given in Table 4.
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CARBIDE TIPS AND TOOLS 741

Tabtle 5. American National Standard Style A Carbide Tipped Tools
ANSIB212.1-1984(R1997}

/1001 DESIGNATION
AND UARBIDE GRADE

1

OYERHANG
1 L
L STYLF AR RIGHT HAND (SHOWN)
107+2 J- RTYLE AL LEFT HAND (NOT SEOWN}

Designasion Sk Dimensions Ty Dimensions
Syle Sole | Wish | Height | Lengh T Trickness | Widdh | Lengh
AR? AL A u C Diasi; i T W L
Sauaze Shank
AR 4 AL4 13 [ 2 2040 ¥ e Ha
ARS | ALS % e 2 2070 % Y Y
ARG ALE ¥ % piis 2070 % % 4
ar7? | AL7 % e 3 2070 %, i y
ARs | aLB Y i , 2170 K e %
ARID | AL % % 4 20 E % 5
AR | AL % ¥ % 10 3, % B
ar1s | anie | 1 i 6 [ B v % 1
Pi3s0
AR20 | AL | 0y 1 7 [ T e % 1
FUETOR VY R T 1y 5 { msm % % 1
PA5I0
Temtanglir T
ARA | AL 3 T 5 PEE0 A % %
ARS4 | ALSH % 1 6 ¢ e Y % 3
ARSS | ALSS % 1y 7 [ e Y % %
ARS4 | ALGH Y L 3 ;T % g Y
380
ARGE | ALGG P 1y 5 [ e % %, i
Pa420
Arss | oaLss o1 % 7 P3d6D % 5 1
L ) *
AR f6 AL 86 1 ]‘4 E P3510 % % 1
O pisio :
ARSE | ALEs | 1 2 10 P % % 1
PaSIO
FUYTIN AR T 2 10 [ e Y % %
§ 454D :

a%A™ js straight shank, § deg., SCEA (side-cutting-edge angle). “R” is right-ent. “L” is left-cut.
‘Where a pair of tip numbers is shown, the upper number applies Lo AR toals, thelawer to AL tools. All
dimensions are1n inches.

Single-Point, Sintered-Carhide-Tipped Tools.—American National Standard ANSL
B212.1-1984 (R19%7) covers eight different styles of sin, gle-point, carbide-tipped general
purpose tools. These styles are designated by the letters A to G inclusive. Styles A, B, F.G,
and E with offset point are either right- or left-hand cutting as indi cated by the letters R or
L. Dimensions of tips and shanks are given in Tables 5 to 11. For dimensions and toler-
ances not shown, and for the identification systeim, dimensions, and tolerances of sintered
carbide boring tools, see the Standard.
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742 CARBIDE TIPS AND TOOLS

Table 6. American National Standard Style B Carbide Tipped Tools
with 15-degree Side-cutting-edge Angle ANS/ 5212.1-1 984 (RI997)

7°£1° 6°£1°
To sharp corner
10°+2>
Overhang 3
¥
15°+ 1"C
Tool designation
and carbide grade
Style GR right hand (shown)
Style GE Teft hand (not shown)
Designation | Shank Dimensions | Tip Dimensions
Style Width Herght Lengds Tip Thickness | Width Length
BR Styls BL A B 4 Designation® T w L
Square Shank
BR4 BL4 v i 2 2015 1 % I
BR> BLS s e 2% 204 % % £
BR6 BL6 % % 2y 2070 ¥, Y A
BR7 BL7 % Vs 3 2070 % ¥ 4
BRE BLE 4 Y 3y 2170 "t Fe S
BR 10 BL 10 % % 4 2130 Y % %
BRI BL12 % % 44 2310 Y Yo B
BR16 BL16 1 1 6 ;a3 % e 1
4350
BR 20 BL20 1Y% 1% 7 | M % % 1
4460
BR24 | BL24 14 1% 8 {10 % % L
4510
Rectangular Shank
TBRA TL T I3 T & 760 ER ER %
BR 54 BL34 % 1 [ I 3 3 A
4360
BR 35 BL5S % 1% 1 [ B A % %
2360
BR 64 BL 64 % 1 [ 3380 % ! ¥
4 { a0 % % %
BRE6 BL 66 % 1 8 3430 %, % 5,
4 * [ T i o
ER.85 BL 85 13 1% 7 [ Hw ER % 1
A460
BR 86 BL 8§ 1 1) 8 3510 1
% v B K %
BR &Y BL A& 1 2 19 PR % % 1
4510
BR S0 EL 90 1 2 10 3540 [ ¥% it
43 1 : % 4

aWhere a pair of tip aumbers is shown, the upper number applies 1o BR icols, the lower o BL tools.
All dimensions are in inches.

A number follows the letters of the tool style and hand designation: and for square shank
tools, represents the aumber of sixteenths of an inch of width, W, and height, H. With rect-
angular shanks, the first digit of the number indicates the number of eighths of an inch in
the shank width, W, znd the second digit the number of quarters of an inch in the shank
height, H. One exception is the 1% x 2-inch size which has been arbitrarily assigned the

puimber 90.
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Table 7. American National Standard Style C Carbide Tipped Tools
ANST B212.1-1984 (R1997)

31
Overhang ¢ 0.015 x 43° Maximum permissible
b FUEC %]
Bath i w1 ‘
ot & :“Zl“ o o T Tool designation
P21y 1 bt [ and carhide grade
At = I

Overhang *'\%7“ +1°
o *
HOEFR

Note - Toal must pass thra
slot of nominal width “A>

Shank Dimensions Tip Dimensions
Width Teight Length Thickness Widih Tength
Designation A & c Designnation T w i
c " i 2 1030 A % e
cs i % 2 108 % % %
s % % £ 1050 % % %
cr % % 3 Lios % % %
cg 3 ¥ 3 1200 % 3 %
clo % EA 4 1240 X E %
cL % % 4% 1340 s % #
cis 1 1 6 1410 Yy 1 Y
] 1% A 7 1480 iR % %
EX) I T & 320 Fie 3 i
cs4 % 1 6 1400 % 5% %
C55 % 14 7 1400 i % %
c6d % 1 6 1405 ¥ ¥ £
CH6 # 1% 13 1470 e ¥ kA
(s} i i3 8 1475 Ve 1 3

‘All dimensions are in inches. Square shanks abeve horizantal line; rectangular below.

Table 8, American National Standard Style I, 80-degree Nose-angle Carbide Tipped

Tools ANSIB212.1-1984(R1997)
10°+2°
Both sides Note = Tool st pass thru
7L slot of nominal width #4*
Overhang

=Y

poaibe
corner

To sharp

1oy T

Tool desi nation

1 It -and carhide grade
ot o150

Shark Duensions “Tip Dimeasions
Wadih Heign Tengih | Tip Designa | Thickness Widih Lenglh
Designation 4 8 c tion T W L
D4 % v 2 5030 Vs A e
D3 e EA 2 5080 % % %
D4 % % 2% S100 % % %
B7 %y %y 3 5105 EA % "
D3 [ ¥ 3% 5200 Y ¥ %
D0 % % 4 5240 %, % %
biz % % a4 5340) ¥ ¥ %
Dl6 1 1 6 3410 Y t 3%

All dimensions are in inches.
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Table 9. American National Standard Style E, 60-degree Nose-angle, Carbide
Tipped Tools ANSI B2i2.1-1984(R1997)

6227 ’
BOTH SIDES .

+0.000
I“ ~0.010

TQOL DESIGNATION

o, T
¥iig L_ﬂ AND CARBIDE GRADE
 ERER H
w | S +0,000
H ¥ l L 3 1“ -0.0L0

OVERHANG AT POINT — 511. MAX »“—— O L O NOMINAL WIDTH 4™
Shark Disensions Tig Dimcrions
W Ploight Tengh Tip Thickness Widlh Tongth
Designation A [ 5 Desigiation i3 [ L
4 Y 5 B 6% % D Yo
B3 % %o 2 5080 % % %
EG # % 2 610 Yo % Y
o3 4 % 3 5200 % ‘4 %
EI0 % % 4 6240 % % %
El2 £ % a4 6340 £ % %

All dimensjons are in inches.

Fable 10, American National Standard Styles ER and EL, 60-degree Nose-angle,
Carbide Tipped Tools with Oftset Point ANST B2/2.1-1984(R1997)

. (7
BOTH SIDES
f F £ 0.010 TO SHARP CORNER

By vl P Toam

L FLUSH 2—30° £’
L) TO0015 .
TOOL DESIGNATION

e ege_ T
0"y l-PLA—' AND CARBIDE GRADE
| £0 FRORE |
o AL comn feeR

OVERHANG AT POINT — ;—2 MAX-—] STYLE ER RIGHT HAND (SHOWN)
STYLE EL LEFT HAND (NOT SHOWN)

Designation Shank Dimensions Tip Tip Dimensions

Style Style Width Height Length Designa- Thick. width Length

ER EL A B c tion T w L
ER 4 FL4 % y 2 1020 Yo e Y,
ERS ELS % E' 2 7060 % y ¥
ER6 ELG& % % b2's 7060 % Y %
ERB ELS i 3 34 7170 y %, %
ER 10 EL 10 % % 4 7170 Y s %
ER1Z | EL12 % A 4l 7230 54, % %

All dimensions are in inches.
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Table 11. American National Standard Style F, Offset, End-cutting
Carbide Tipped Tools ANSIB212.1-1984 (R1997)

fro B aid
OVERHANG 16 G REF
—— R R
021 pun
Wwerd ATer £l
5
-
P w TOOL DESIGNATION
AND CARBIDE GRADE
5 :
-
OYERHANG
A e e hanD o
Designation Shank Dimensions Tip Dimensions
Length
of Thick-

Sglo | Stle | Width | Height | Length | Offset | Offses Tip ness § Width | Length
FR FL A B < <] B Deslgnation T w L
Syuare Shank
TRE FLE | 4 A 3k i A | PT0 % s 3

h b P30
FR10| FL10| % % 4 % 1 | pizmo %, % %
P3230 )
FR12| FL12} % % 4 =% 1% ¢ B30 % s 5
P3310
FRI6, FLI6| 1 1 6 % 1% , P y % 1
P3390
FR20 | FL20 | 1y 1% 7 % 14 [ Ddas0 Ko 5% 1
P60
FR24 | FL24 | 1% 1% 8 ¥ 1 { P4510 % % 1
P3510
Recrangular Shank.
TRH | FL4 | & 1 B I3 % PRERE % A R
P1260
FRSS § FLSS | % 1% 7 4 1% | Baseo i % %
P3360
PRE4 | FLEA | Y 1 6 % 1%, [ Pa3so % % ¥
P3380
PR66 | FLE6 | % 1% 8 % 1% | P40 e % 15
P3430
PR85 | FL8 | 1 i 7 A 1% | pMeo S % 1
P3460
FRES | FL8& | 1 14 8 % 1% | Pasto 3 % 1
P3510
FR90 | EL% | 1Y 2 10 kA 1% { Pasa Y ¥ 1%
£3540

All dimensions are in inches. Where a pair of tip numbers is shown, the upper numberapplies .0 FR
tools, the fower number 1o FL tools.

Single-point Tool Nese Radii.—The tool nose radii recommended in the American
National Standard are as follows: For square-shank tools up to and including #-inch square
tools, %, inch; for those over ¥-inch square through 1%-inches square, %, inch; and for
those above 1%-inches square, /{ginch. For rectangular-shank tools with shank section of Y
1 inch through 1 x 1% inches, the nose radii are %, inch, and for 1 x 2 and 1% 2 inch
shanks, the nese radius is Y ich.
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Single-point Tool Angle Tolerance:

Tables 5 through 11 are general reco

are =1 degree on all angles except end and side clearance angles; for these the tolerance is

+2 degreses.

Table 12. American National Standar
Carbide Tipped Tools ANSI

s—The tool angles shown on the diagrams in the

mendasions, Tolerances applicable to these angles

a Style G, Offset, Side-cutting,
B212,1-1984 (R1997)

11’

TOCL DESIGRATION
AND CARBIDE GRAGE

H
OVERHANG
10° 22" 71 SryLg GRRIGHT RAND SHOWN)
* STYLE GL LEFT HAND (NOT SHOWN)
Designation Shank Dimensions “fip Dimensions
Thick-

Style Siyle | width | Height Tength | Offset | Offset Tip ness Width | Length
GR GL A B C G B Desigpation T w L
Square Shank
GRE | GL8 | % ) 3% y ¥, L oel oy % | %

P4170
GR10] GL10| % % 4 % 1% w0 | %, % %
P4230
Gri1z| GL12| % % 4 % 1% [oEBIO) X e | o
P2310
ori6| GLIs| 1 i 5 I B | PBR % | U
P4390
orao| aL2| 1y 1y 7 3 1wy |, PO | % % 1
P460
GrR24| GL24| 1% 1 8 % A I = L A % 1
P4510
Rectanglar Shank
GRAAToL# | 4 T 3 % Ve N T | %
P4260
GRS55| GL55 3 b4 7 % 1 P3260 L E ¥
% 4 ' % | paseo 4 % 4
GRE4| CLOS | % 1 6 i % ey I %
P4380
ores| oLes | 3 14 8 Y % R %s E
P4430
Grss| GLES | 1 1y 7 A W | g M0 % % 1
P4460
crBel GLE6 | L o |8 s vy | PO K % 1
P4510
GRO0| GL90 | 1% 2 0 % We | Fasw |y % 1%
P4340

Atl dimensions are in inches, Where a pair of ip numbers i

GR tools, the lower number to GL tools.
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CEMENTED CARBIDES AND OTHER HARD MATERIALS 47

CEMENTED CARBIDES
Cemented Carhides and Other Hard Materials

Carbides and Carbenitrides.—Though high-speed steel retains its importance for such
applications as drilling and broaching, most metal cutting is carried out with carbide tools.
For materials that are very difficult to machine, carbide is now being replaced by carboni-
trides, ceramics, and superhard materials. Cemented (or sintered) carbides and carboni-
trides, known collectively in most parts of the world as hard metals, are a range of very
hard, refractory, wear-resistant alloys made by powder metallurgy techniques. The minute
carbide or nitride particles are “cemented” by a binder metal that is liquid at the sintering
tcmperature. Compositions and properties of individual hardmetals can be as different as
those of brass and high-speed steel.

Al hardsmetals are cermets, combining ceramic particles with a meiallic binder. It is
unforfurate that {owing to a mistranslation) the term cermet has come to mean either afl
hardmetals with a titaniom carbide (TiC) base or simply cemented titanium carbonitrides.
Although no single element other than carbon is present in all hard-metals, itis no accident
that the generic term is “tungsten carbice.” The earliest successful grades were based en
carbon, as are the majority of those made today, 2 listed in Table 1.

The outstanding machining capabilities of high-speed steel are due (o the presence of
very hard carbide particles, nolably tungsten carbide, in the iron-rich matrix. Modern
methods of making cutting tools from pure fungsten carbide were based on this knowl-
edge. Early pieces of cemented carbide were much too brittle for industrial use, but it was
soon found that mixing tungsten carbide powder with up to 10 per cent of metals such as
iron, nickel, or cobalt, allowed pressed compacts to be sintered at about 1500°C to give a
product with low porosity, very high hardness, and considerable strength. This combina-
tion of properties made the materials ideally suitable for use as tools for cutting metal.

Cemented carbides for cutting tools were introduced commercially in 1927, and
although the key discoveries were made in Germany, many of the later developments have
taken place in the United States, Au stria, Sweden, and other countries. Recent years have
seen fwo “revolutions” in carbide cutting tools, ane led by the United States and the other
by Burope. These were the change from brazed to clamped carbide inserts and the rapid
development of coating technology.

When indexable tips were first introduced, it was found that so little carbide was wom
away before they were discarded thata minor indusiry began to develop, regrinding the so-
cailed “throwaway” tips and selling them for reuse in adapted toolholders. Hardmetal con-
sumption, which had grown dramatically when indexable inserts were introduced, leveled
off and began to decline. This situation was changed by the advent and rapid acceptance of
carbide, mitride, and oxide coatings. Application of zn even harder, more wear-resistant
surface to a tougher, more shock-resistant substrate allowed production of new genera-
tions of longer-lasting inserts, Regrinding destroyed the enhanced properties of the coat-
ings, so was abandoned for coated tooling.

Brazed tools have the advantage that they can be reground over and over again, antil
almost no carbide is left, but the tools must always be reset after grinding to maintain
machining accuracy. However, all brazed tools suffer to some extent from the stresses left
by the brazing process, whichin unskilled hands or with poor design can shatter the carbide
even before it has been used fo cut metal. In present conditions it is cheaper to use index-
able inserts, which are tool tips of precise size, clamped in similarly precise holders, need-
ing no time-consuming and costy resetting but usable only until each cutting edge or
corner has lost its initial sharpoess (see fndexable Inserrs and related topics starting on
page 730 and Indexable Insert Holders for NC on page 1280, The absence of brazing
strasses and the “one-nse” concept also means that harder, longer-lasting grades can be
used.
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748 CEMENTED CARBIDES AND OTHER HARD MATERIALS

Table 1. Typical Properties of Tungsten-Carbide-Based Cutting-Tool Hardmetals

Composition (%) Trans-
150 verse
Applica- Rupture
tion Strength
Code wC TiIC TaC Co Density | Hardness | (N/mm?)
P01 30 35 7 o 8.5 1900 1160
P03 7% 16 6 114 1820 1300
P10 69 15 8 ] 115 1740 1400
P15 78 12 3 7 11.7 1660 1500
P20 79 8 5 8 12.1 1580 1600
P23 82 6 4 8 129 1530 1700
P30 84 5 2 9 133 1490 1850
P40 85 5 10 i34 1420 1950
J] 78 3 3 16 13.1 1250 2300
Mi0 85 5 4 6 134 1590 1800
M20 82 3 3 8 133 1340 1900
M30 86 4 10 13.6 1440 2000
M40 84 E 2 10 14.0 1380 2100
K01 97 3 15.2 1850 1450
K03 95 1 4 5.0 1790 1550
K10 92 2 6 149 1730 1700
K20 94 ] 148 1650 1950
K30 91 9 144 1400 2250
K40 89 il 141 1320 2500

A complementary development was the introduction of ever-more complex chip-break-
ers, derived from computes-aided design and pressed and sintered Lo precise shapes and
dimensions. Another advance was the application of hot isostatic pressing (HIP}, which
has moved hardmetals into applications that were formerly uneconomic. This method
allows virtually all residual porosity to be squeezed out of the carbide by means of inert gas
at high pressure, applied at about the sintering teruperature. Toughness, rupture strength,
and shock resistance can be doubled or tripled by this method, and the reject rates of very
large sintered components are reduced to a fraction of their previous levels.

Further research has produced a substantial number of excellent cutting-tool materials
based on titanium carbonitride. Generally called “cermets,” as noted previously, carboni-
tride-based cutting inserts offer excellent performance and considerable prospects for the
fature.

Compositions and Structures: Properties of hardmetals are profoundly influenced by
microstructure, The microstructure in turn depends on many factors including basic chem-
jcal composition of the carbide and matrix phases; size, shape, and distribution of carbide
particles; relative proportions of carbide and matrix phases; degree of intersolubility of
carbides; excess or deficiency of carbon; variations in composition and structure caused by
diffusion or segregation; production methods generaily, but especially milling, carburiz-
ing, and sintering methods, and the types of raw materialy; post sintering treatments such
23 hot isostatic pressing; and coatings or diffusion layers appli ed after initial sintering.

Tungsten Carbide/Cobalt (WC/Co): The first commercially available cemented car-
bides consisted of fine angular particles of tungsten carbide bonded with metallic cobait.
Tntended initially for wire-drawing dies, this compasition type is still considered to have
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CEMENTED CARBIDES AND OTHER HARD MATERIALS 749

the greatest resistance to simple abrasive wear and therefore to have many applications in
machining.

For maximum hardness to be obtained from closeness of packing, the tungsten carbide
grains should be as small as possible, preferably below 1 um swaging 0.00004 in.) and
considerably less for special purposes. Hardness and abrasion resistance increase as the
cobalt content is lowered, provided that a minimum of cobalt is present (2 per cent can be
enough, although 3 per cent is the realistic minimum) to cnsure complete sintering. In gen-
eral, as carbide grain size or cobalt content or both are increased—frequently in unison—
tougher and less hard grades are obtained. No porosity should be visible, even under the
highest optical magnification.

WC/Co compositiens used for cutting tools range from about 2to 13 percent cobalt, and
from less than 0.5 to more than 5 pm {0.00002-0.0002 in.) in grain size. For stamping
tools, swaying dics, and other wear applications for parts subjected to moderate or severe
shoels, cobalt content can be as much as 30 per cent, and grain size s maximum of about 1%
um {0.0004 in.). In recent years, “micrograin” carbides, combining submicron (less than
0.00004 in,) carbide grains with relatively high cobalt content have found increasing use
for machining at low speeds and high feed rates. An early use was in high-speed wood-
working cutters such as are used for plening.

For optimum properties, porosity should be at a minimuus, carbide grain size as regular
as possible, and carbor: content of the tungsien carbide phase close to the theoretical (sto-
ichiometric) value. Many tungsten carbide/cobalt compositions are modified by small but
jmportant additions—from 0.5 to perhaps 3 per cent of tantalum, niobium, chromivm,
vanadium, titanium, hafmiuem, or other carbides. The basic purpose of these additions is
generally inhibition of grain growth, sothata consistently fine structure is maintained.

Tungsten— Titanium Carbide/Cobalt (WC/T #C/Co): These grades ars used for tools to
cut steels and other fezrous alloys, the purpose of the TiC content being t0 resist the high-
temperature diffusive attack that causes chemical breakdown and cratering. Tungsten car-
bide diffuses readily into the chip surface, but titanium carbide is extremely resistant to
such diffusion. A solid solution or “mixed crystal” of WC in TiC retains the anticratering
property to a greatextent.

Unfortunately, titanium carbide and TiC-based solid solutions are censiderably more
brittle and less abrasion resistant than tungsten carbide. TiC content, therefore, is kept as
iow as passible, only sufficient TiC being provided to avoid severe cratering wear. Even2
or 3 per cent of titanium carbide has a noticeable effect, and as the relative content is sub-
stantially increased, the cratering tendency becomes more severe.

T the limjting formulation the carbide is tungsten-free and based entirely on TiC, but
generally TiC content extends to no more than about 18 per cent. Above this figure the car-
bide becomes excessively brittle and is very difficult to braze, although this drawback is
not a problem with throwaway inserts.

WC/TiC/Co grades generally have two distinct carbide phases, angular crystals of
almost pure WC and rounded TiC/WC mixed crystals. Among progressive manufactuzers,
although WC/TiC/Co hardmetals are yery widely used, in certain important respects they
are obsclescent, having been superseded by the WC/T: 1C/Ta{NbYC/Co series in the many
applications where higher strength combined with crater resistance is an advantage. TiC,
TiN, and other coatings on tough substrates have also diminished the attractions of high-
TiC grades for high-speed mackining of steels and ferrous alloys.

Tungsten-Titaninm-Tantalun (-Niobium) Curbide/Cobalt: Except for coated carbides,
tungsten-titanium-tantalum (-niobiurm} grades could be the most pepular class of hardmet-
als. Used mainly for cutting steel, they combine and improve upon most of the best features
of the longer-established WC/TiC/Co compositions. These carbides compete directly with
carbonitrides and silicon nitride ceramics, and the ‘best cemented carbides of this class can
undertake very heavy cuts at high speeds on all types of steels, inclading avstenitic stain-
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750 CEMENTED CARBIDES AND OTHER HARD MATERIALS

less varieties. These tools also operate well on ductile cast irons and nickel-base superal-
loys, where great heat and high pressures are generated at the cutting edge. However, they
do not have the resistance to abrasive wear possessed by micrograin straight tungsten car-
bide grades nor the good resistance to cratering of coated grades and titanium carbide-
based cermets.

Titanium Carbide/Molybdenum/Nickel (TiC/Mo/Ni); The extreme indentation hardness
and crater resistance of titanium carbide, allied to the cheapness and availability of its nain
raw material (titanium dioxide, TiO,), provide a strong inducement to use grades based on
this carbide alone, Although developed early in the history of hardmetals, these carbides
were difficult to braze satisfactorily and consequently were little used unfil the advent of
clamped, throwaway inserts. Moreover, the carbides were notoriously brittle and could
take only fine cuts in minimal-shock conditions.

Titanium-carbide-based grades again came into prominence about 1960, when nickel-
molybdenum began to be used as 2 binder instead of nickel. The new grades were able to
perform a wider range of tasks including interrupted eutting and eutting under shock con-
ditions.

The very high indentation hardness values recorded for titanium carbide grades are not
accompanied by comrespondingly greater resistance to abrasive wear, the apparently less
hard tungsten carbide being considerably superior in this property. Moreover, carboni-
trides, advanced tantalum-containing multicarbides, and coated variants generally provide
better all-round cutting performances.

Titanium-Base Carbonitrides: Development of titanjum-carbonitride-based cutting-
tool materials predates the use of coatings of this type on more conventional hardmetals by
many years. Appreciable, though uncentrolled, amounts of carbonitride were often
present, ifonly by accident, when cracked ammonia was used asa less expensive substitute
for hydrogen in some stages of the production process in the 1950's and perhaps for two
decades earlier.

Much of the recent, more scientific development of this class of materials has taken place
in the United States, particularly by Teledyne Firth Sterling with its SD, grade andin Japan
by several companies. Many of the compositions currently in nse are extremely complex,
and their structures—even with appareatly similar compositions—carn vary enormously.
For instance, Mitsubishi characterizes its Himet NX series of cermets as
TiC/ W Ta(Nb)C/Mo,C/TiN/Ni/Co/Al, with a structure comprising both large and
niedivm-size carbide particles (mainly TiC according to the quoted density) in a superal-
loy-type matrix containing an aluminum-bearing intermetallic compound.

Steel- and Alloy-Bonded Titanium Carbide: The class of materizl exemplified by Ferro-
Tic, as it is known, consists primarily of titanivm carbide bonded with heat-treatable steel,
but some grades also contain tungsten carbide or are bonded with nickel- or copper-base
alloys. These cemented carbides are characterized by high binder contents (typically 50-
60 per cent by volume) and lower hardnesses, compared with the more usual hardmetals,
and by the preat variation in properties obtained by heat treatment.

Tn the annealed condition, steel-bonded carbides have a relatively soft matrix and can be
machined with little difficulty, especially by CBIN (superhard cubic boron nitride) tools.
After heat treatment, the degree of hardness and wear resistance achieved is considerably
greater than that of normal tool steels, although understandably much less than that of fra-
ditional sintered carbides. Microstructures are extrernely varied, being composed of 40-50
per cent TiC by volume and a matrix appropriate to the alloy composition and the stage of
heat treatment. Applications include stamping, blanking and drawing dies, machine com-
ponents, and similar items where the ability to machine before hardening reduces produc-
tion costs substantially.

Coating: As a final stage in carbide manufacture, coatings of various kinds are applied
mainly to cutting tools, where for cutting steel in particular it is advantageous to give the
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rank and clearance surfaces characteristics that are quite different from those of the body of
the insert, Coatings of titanium carbide, nitride, or carbonitride; of aluminum oxide; and of
other refractory compounds are applied to a variety of hardmetal subsirates by chernical or
physical vapor deposition (CYD or PVD) or by newer plasma methods.

The mest recent types of coatings include hafnium, santalum, and zirconium carbides
and nitrides; alumina/titanium oxide; and muitiple catbide/carbonitride/nitridefoxide,
oxynitride or oxycarbonitride combinatons. Gireatly improved properties have been
laimed for variants with as many as 13 distinct CVD coatings. A markedly sharper cutting
edge compared with other CVD-coated hardmetals is claimed, permitting finer cuts and
the successful machining of soft but abrasive alloys.

The keenest edges on coated carbides are achieved by the techniques of physical vapor
deposition. In this process, ions are deposited directionally from the electrodes, rather than
evenly on all surfaces, so the sharpness of cutling edges is maintained and may even be
enhanced. PVD coatings currently available include titaniom nitride and carbonitride,
their distinctive gold color having become familiar throughout the world on high-speed
steel tooling. The high temperatures required for normal CVD tends to soften heat-freated
high-speed steel. PYD-coated hardmetals have been produced commercially for several
years, especially for precision milling inserts.

Recent developments in extremely hard coatings, generally involving exotic techniques,
include boron carbide, cubic boron nitride, and pure diamond. Almost the ultimate in wear
resistance, the commercial applications of thin plasma-generated diamond surfaces at
present are mainly in manufacture of semiconductors, where other special properties are
important.

For cutting tools the substrate is of equal importance 1o the coating in many respects, its
critical properties including fracture toughness (resistance to crack propagation), clastic
modulus, resistance to heat and abrasion, and expansion coefficient, Some manutacturers
are now producing inserts with graded compesitior, so that structures and properties are
optimized at both surface and interior, and coatings are less likely to crack or break away.

Specifications: Compared with other standardized materials, the world of sintered hard-
metals is peculiar. For instance, an engineer who seeks a carbide grade for the finish-
machining of a steel component may be told to use ISO Standard Grade P10 or industry
Code C7. If the composition and nominal properties of the designated tool matesial are
then requested, the surprising answer is that, in ‘basic composition alone, the tungsten car-
bide conteat of P10 (or of the now superseded C7) can vary from: zero to about 75, titanium
carbide from 8 to 80, cobalt 0 to 10, and nickel O to 15 per cent. There are other possible
constituents, also, in this so-called standard alloy, and many basic properties can vary as
much as the composition. Allthat these dissimilar materials have in common, and ail that
{he so-called standards mean, is that their suppliers—and sometimes their suppliers
atone—consider them suitable for one particular and ill-defined machining application
(which for P10 or C7 is the finish machining of steel).

This peculiar situation arose because the production of cemented carbides in occupied
Europe during World War [T was controlled by the German Hartmetallzentrale, and no fac-
tory cther than Krupp was permitted to produce more than one grade. By the end of the war,
uli German-controlled producers were equipped to make the G, S, H, and F series to Ger-
man standards. [n the postwar yezrs, this series of carbides fonped the basis of unofficial
Buropean standardization. With the advent of the newer multicarbides, the previous iden-
tities of grades were gradually lost. The applications relating to the old grades were
retained, however, as a new German DTN standard, eventually being adepted, in somewhat
modified form, by the International Standards Organization (ISO) and by ANSI in the
United States.

The American cemented carbides industry developed under diverse ownership and solid
competition. The major companies actively and independently developed new vatieties of
hardmetals. and there was Jittle or no standardization, although there were many atiempts
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to compile equivalent charts as a substitute for troe standardization. Around 1942, the
Buick division of GMC produced a simple classification code that arranged nearly 100
grades derived from 10 manufacturers under only 14 symbols (FC-1 to TC-14). In spite of
serious deficiencies, this system remained in use for many years as an Aerican industry
standard; that is, Buick TC-1 was equivalent to industry code C1. Buick itself went much
further, using the tremendous influence, res carch facilities, and purchasing potential of its
parent company to standasdize the products of each carbide manufactures by properties
that could be tested, rather than by the indeterminate recommended applications. Many
large-scale carbide users have developed similar systems in attempts to exert some degree
of in-house standardization and quality control. Stnall and medium-sized users, however,
still suffer from so-called industry standards, which only provide a starting point for grade
selection.

180 standard 513, summarized in Table 2, divides all machining grades into three coler-
coded groups: straight fungsten carbide grades (letter K, color red) for cutting gray cast
iron, nonferrous metals, and nonmetallics; highly alloyed grades {letter, P. color blue) for
machining steel; and less alloyed grades (letter M, color yellow, generaily with less TiC
than the corresponding P series), which are multipurpose and may be used on steels,
nickel-base superalloys, ductile cast irons, and so on. Each grade within a group is also
given a number to represent its position in a range from maximurm hardness to maximum
toughness (shock resistance). Typical applications are described for grades at more or less
regular numerical intervals. Although coated grades scarcely existed when the ISO stan-
dard was prepared, it is easy to classify coated as uncoated carbides—or carbonitrides,
ceramics, and superhard materials—according to this systen.

Tn this situation, it is easy to see how one plant will prefer one manufacturer's carbide and
a second plant will prefer that of anather. Each has found the carbide most nearly idea! for
the particular conditions invelved. In these circumstances it pays each manufacturer to
make grades that differ in hardness, tou ghness, and crafer resistance, so fhat they can pro-
vide a product that is near the optimum fora specific customer's application.

Although not classified as 2 hard imetal, new particle or powder metallurgical methods of
manufacture, coupled with new coating technology have led in recent years to something
of an upsurgein the use ofhigh speed steel. Lower cost is a big factor, and the development
of such coatings as titanium nitride, cubic boren nitride, and pure diamond, has enabled
some high speed steel tools to rival tools made from tngsten and other carbides in their
ability to maintain cutting accuracy and prolong toof life. Multiple layers may be used to
produce optimum properties in the coating, with adhesive strength where there is contact
with the substrate, comnbined with hardness at the cutting surface to resist abrasion. Total
thickness of such coating, even with multiple layers, is seldom more than 15 microns
(0.0000601in.).

Importance of Correct Grades: A great diversity of hardmetal Lypes is required to cope
with all possible combinations of metals and aljoys, machining operations, and working
conditions. Tough, shock-resistant grades are needed for siow speeds and interrupted cut-
ting, harder grades for high-speed finishing, heatresisting alloyed grades for machining
superalloys, and crater-resistant compositions, including most of the many coated variet-
ies, for machining steels and ductile iron,

Ceramics—Moving up the hardress scale, ceramics provide increasing competition for
cemented carbides, both in performance and in cost-effectiveness, though not yet in reli-
ability. Hardmetals themselves consisi of ceramics—-nonmetallic refractory compeunds,
usually carbides or carb onitrides—with a metallic binder of much lower melting point. In
such systems, densification generally takes place by liguid-phase sintering. Pure ceramics
have no metallic binder, but may contain low! er-melting-point compounds or ceramic mnix-
tures that permit liquid-phase sintering to take place. Where this condition is not possible,
ot pressing of hot isostatic pressing can often be used to make a sirong, relatively pore-

35



133

CEMENTED CARBIDES AND OTHER HARD MATERI-

36

Fsus@no: Sugma aBas| 0
+ iU ojLIaATA oS Tl T Fuwng S SO 'pOOs DI 10 POOARIS L
pasg sopfuw Buiiad o3ic] Jo poom passarduios
4 fqyssod pus ‘sTarmpues opptovyan Fumofs Fuaerd T B | o apEsTneAG] UL 35 SV SSPTI-MOT 01
o g ST eddan 'S[ERw
StoLAION UL ge O dn bai 150 KEiDy oz
TrInd ‘PO qpIED PI0Y A Py
Sonseld “Sfofs 194U PUE 0nummn|y
“[oais powapat *SEl3 LIOUS AL U0
0 A0y MY
SafIeIe0 *p1eDY
g0 preg “spgseid aniSeIge AR s pota 20U YR w-UOL PUE
—ue] ‘sfogle TR UOATIS-HETY A0S £% SR SN0 -0 i mu
Aujdrras 3 13 “Fupgoq *Suing 4 “Fuwan 2 wor 1580 AT pITIL AJIA 19l POYS L STIIRUL SIS b
Sfoy¢ 1431] DUT S[EIALE $192133
SOUTTAR SEKOINT uo Amepnonmd tyo Gumied Fuumy, | W00 A8 apsna-map @S FUINa-03 P fa el
wopes Ao FE L I R U
a0 20 wnypau “spoods Buptins wmpaws Sugueld For) 12 A "29]8 Stsisne ‘S3UIT (99 '[AAIS o814
G 1523 i s
suniga9s dugs pure spseds Bugne cwagpon ‘Sumput Bupuay, | sownBUITE 30 SpOTE ‘siiuians (a8 [Ng 0T J———
GO 150 AO[TE ‘LOTE -1 Wow puw *sdiyp POTE wOTfRR
Suojyas diyo wnrpaw 10 [Jeuls *sparnds Funa S 10 W palt 59 Aerd (2 asownBUTON 'STURSTD (3215 *[901S 011 30 BUO[ L YUV SO0ER W
U1 2 [TEWG IR 110 304 PUE SUDIIIPECD 3|JEIOARIU
o Ay wF apissod Wit "SHUNOSS Ly BRI ‘Speads Fomna SaEAs P WHOTS[AU] PUBE [T WATANS
oy Fupnors ‘Foroo1d Fomny fseproreo o0 A1 Frpuep s QUi AL 30 TAIDaT 0 B3RS TR TS 0cd
STu RS LB
08 PUE SUOM|PUDI SUEND SRITGATIUT “soun Juyne s saissod SBLATD
1 “suonjoss djja 3B spaads Huring o) jo8 “Harcieyd Ao pu suejsmjau, purs Q1L Uy 9918 {215 Ord
o0 AEUHOTE s
gtz "saopo9s dpo S5Tof o Maypa Supeyd 3 Bg01 i nox j5t5 apmanp ‘sfugsea osts [ANg o5z
S017as dyo [[BLs v
ey *suopaes dygo pur spaads Summ wgpost HHupts ul oo Fujuny uo) L L1, 5B 9]AONp NBULISHA |9915 10N otd.
reas EX TR
B 1o s Sspaads Fupana 1y Buypty Suiprai ‘Fudoo Supny, Bupsw (9915 P91S o1d
pauds Soorraado aa-UOLEKLA "tS]UE U “STDISURTUD 1T sy o] oy
1 3w “sunpsoas dug Trowe ‘spaads HTmnG TR Bop0q puy Hupand UL sTupEms 19915 9015 T0q WAL 0L a
opIqmag0 | Mo SUonETn RANE0M DR 98[L PREUT o 91 topuD) PoTEOR O 01 SIERIT | 30100 DU
Ty AugEdS vonmidaq 10 FRLUTATD PLOTE pamhs
SpIT) Ut suopmanddy J0 sdnoin o () 40 SAKL urEp
73t 30 UopRT

woreayddy £q (SIPLYIIOQIE]) PUE SAPIIBT PAUBWa)) SIEIITIPATH JO SUCHEILISSEL) OST ‘T AqEL



754 CEMENTED CARBIDES AND OTHER HARD MATERIALS

free component or cutting insert. This section is restricted to those ceramics that compete
directly with hardmetals, mainly in the cutting-tool category as shown in Table 3.

Ceramics are hard, completely nonmetallic substances that resist heat and abrasive wear.
Increasingly used as clamped indexable toel inserts, ceramics differ significantly from tool
steels, which are completely metallic. Ceramics also differ frons cermets such as cemented
carbides and carbonitrides, which comprise minute ceramic pasticles held together by
metailic binders.

Table 3. Typical Properties of Cutting Tool Ceramics

Group Alumina | Alumina/TiC | Silieon Nimide | PCD | PCBN
TFypical composition types AL,0, or 7030 SiyN/Y,0;
ALDyZ0, ALDYTIC plus

Density (glom™) 10 [55) 337 EX3 31
“Transverse rupture strongth (N/mm?®) T00 750 806 B0
Compressive strength (kN/mm?) 0 45 40 7 33
Hardness (HY) 1750 TEOO T600
Hardness HK (kN/mm?) 30 28
Young's modulus (kKN/mm?) 380 370 300 925 GE0
Modulus of rigidity (KN/fmm?) 50 160 150 30 1280
Poisson s ratio 021 [ 020 005 | 0.2
Thermal expansion coefficicnt (1077) 835 78 32 38 49
Thermal conductvity (W/m K) 23 17 [ 20 00
Fracture toughness( MN/m*?) 23 33 50 79 10

Alymina-based ceramics were introduced as cutting inserts during World War 11, and
were for many years considered too brittle for regular machine-shop use. Tmproved
machine tools and finer-grain, tougher compositions incorperating zirconia or silicon car-
Tbide “whiskers” now permit their nse in a wide range of applications. Silicon nitride, often.
combined with alumina (alominum oxide), yttda (yttrinm oxide), and other oxides and
nitrides, is used for much of the high-speed machining of superalloys, and newer grades
have been formulated specifically for castiron—potentially a far larger market.

In addition to improvements in toolholders, great advances have been made in machine
tools, many of which now feature the higher powers and speeds required for the efficient
use of ceramic tooling. Brittleness at the cutting edge is no longer a disadvantage, with the
improvements made to the ceramics themselves, mainly in toughness, but also in other
critical properties.

Although very large numbers of useful ceramic materials are now available, only a few
combinations have been found to combine such properties as minimum porosity, hardness,
wear resistance, chemical stability, and resistance to shock to the extent necessary for cut-
ting-tocl inserts. Most ceramics used for machining are still based on high-purity, tine-
grained alumina (aluminum oxide), but embody property-enhancing additiens of other
ceramics such as zirconia (zirconinm oxide), titania (fitanium oxide), titanium carbide,
tungsten carbide, and titanium nitride. For commercial purposes, those more commonly
used are ¢ften termed “white” (alumina with or without zirconia) or “black™ (roughly
70/30 aluminy/titanium carbide). More recent developments are the distinctively green
alumina ceramics strengthened with silicon carbide whiskers and the brown-tinged silicon
nitride types.

Ceramics benefit from het isostatic pressing, used to remove the last vestiges of porosity
and raise substantially the material's shock resistance, even more than carbide-based hard-
metals. Significant improvements are derived by even sinall parts such as tool inserts,
atthough, in principle, they should not peed such treatment if raw materials and manufac-
turing methods are properly contralled.

Oxide Cerantics: Alumina cutting tips have extreme hardness—more than HY 2000 or
HRA 94 -and give excellent service in their limited but important range of uses such as
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the machining of chilled iron rolls and brake drums. A substantial family of alumina-based
materials has been developed, and fine-grained alumina-based composites now have suf-
ficient strength for milling cast iron at speeds up to 2500 ft/min (800 m/min). Resistance to
cratering when machining steel is exceptional.

Cride/Carbide Ceramics: A second imnportant class of alamina-based cutting ceramics
combines aluminura oxide or alumina-zirconia with a refractory carbide or carbides,
nearly always 30 pez cent TiC'. The compound is black and normally is hot pressed or hot
isostatically pressed (HIPed). As shown in Table 3, the physical and mechsanical properties
of this material are generally similar to those of the pure alumina ceramics, but strength and
shock resistance are generally higher, being comparable with those of higher-tonghness
simple alumina-zirconia grades. Current commercial grades are even more complex, com-
bining alumina, zircomnia, and titanium carbide with the further addition of titanium nitride.

Silicon Nitride Base: One of the most effective ceramic cutting-tool materials developed
in the UK is Syalon (from SiAION or sii icon-aluminum-oxynitride) thovgh it incorporates
a substantial amount of yitria for efficient liquid-phase sintering). The material combines
high strength with hot hardness, shock resistance, and other vital properties. Syalon catting
inserts are made by Kennametal and Sandvik and sold as Kyor 2000 and CCo80, respec-
tively. The brown Kyon 200 is suitable for machining high-nicke] alloys and cast iron, but
alater development, Kyon 3000 has good potential for machining castiron.

Resistance to thermal stress and thermal shock of Kyon 2000 are comparable to those of
sintered carbides. Toughness is substantially less than that of carbides, but roughly twice
that of oxide-based cutting-tool materials at temperatures up to 850°C. Syon 200 can cutat
high edge temperatures and is harder than carbide and some other ceramics at over 700°C,
although softer than most at room temperature.

Whisker-Reinforced Ceramics; To improve toughness, Greenleaf Corp. has reinforced
alumina cerancs with silicon carbide single-crystal “whiskers” that impart a distinctive
green color to the material, marketed as WG300. Typically as thin as human hairs, the
immensely strong whiskers improve tool life under arduous conditions. Whisker-rein-
forced ceramics and perhaps hardmetals are likely to become increasingly froportant as
culting and wearresistant materials. Their only drawback seems to be the carcinogeric
nature of the included fibers, which requires stringent precautions during manufacture.

Superhard Materials.~—Polycrystalline synthetic diamond (PCD) and cubic boron
nitride (PCBN), in the two columns at the right in Table 3, are almost the only culting-
imsert materials in the “superhard” category. Both PCD and PCBN are usually made with
the highest practicable concentration of the hard constituent, alfhough ceramic or metallic
hinders can be almost equally important in providing overall strength and optimizing other
properties, Variations in grain size are another critical factor in determining cutting char-
acteristics and edge stability. Seme manufacturers treat CBN in similar fashion to tungsten
carbide, varying the composition and amount of binder within exceptionally wide Emits to
influence the physical and mechanical properties of the sintered compact.

Tn comparing these materials, users should note that some ingerts comprise solid poly-
crystalline diamond or CBN and are double-sized to provide twice the number of cutting
edges. Others consist of alayer, from 0.020to 0.040in. (0.5 to 1 mm) thick, on a tough car-
bide backing. A third type is produced with a solid superhard material almost surrounded
by sintered carbide. A fourth type, used mainly for cutting inserts, comprises solid hard
metal with a finy superhard insert at ons or more (usually only one) cutling corners or
edges. Superhard cutting inserts are expensive—up to 30 times the cost of equivalent
shapcs or sizes in ceramic or cemented carbide—but their outstanding properties, excep-
tional performance and extreimely long life can make them by far the mest cost-effective
for certain applications.

Diamond: Diamend is the hardest material found or made. As harder, more abrasive
ceramics and other materials came into widespread use, diamond began to be used for
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grinding-wheel grits. Cemenied carbide tools virtually demanded diamond grinding
wheels for fine edge finishing, Solid single-crystal diamond tools were and are used to a
small extent for special purposes, such as microtomes, for machining of hard materials,
and for exceptionally fine finishes. These diamonds are made from comparatively large,
bigh-quality pem-type diamonds, have isotropic properties, and are very expensive. By
comparison, dizmend abrasive grits cost anly & few dollars a carat.

Synthetic diamonds are produced from graphite using high temperatures and extremely
high pressures. The fine diamond particles produced are sintered together in the presence
of a metal “catalyst” to produce high-efficiency anisotropic cutting tool inserts. These
tools comprise either a solid diamond compact or a layer of sintered diamond on a carbide
backing, and are made under conditions similar to, though less severe than, those used in
diamond synthesis. Both natural and synthetic diamond can be sintered in this way,
although the latter method is the most frequently used.

Polyerystalline diamond (PCD) compacts are immensely hard and can be used to
machine many substances, from highly abrasive hardwoods and glass fiber to norferrous
metals, hardmetals, and tough ceramics. Important classes of tools that are also available
with cubic boron nitride inserts inchude brazed-tip drills, single-point turning tools, and
face-milling cutters.

Boron Nitride: Polycrystalline diamond has one big limitation: it cannot be used to
machine steel or any other ferrous material without rapid chemical breakdown. Boroa
nitride does not have this limitation. Normally soft and slippery like graphite, the soft hex-
agonal crystais (HBN) become cubic boron nitride (CBN) when subjected to ultrahigh
pressures and temperatures, with a structure similar to and hardness second only to dia-
mond. As a solid insert of polycrystalline cubic boron nitride (PCBN), the compound
machines even the hardest steel with relative immunity from chemical breakdown or cra-
tering.

Backed by sintered carbide, ingerts of PCBN can readily be brazed, increasing the useful-
ness of the material and the range of tocling in which it can be used. With great hardness
and abrasion resistance, coupled with extreme chemical stability when in contact with fer-
rous alloys at high temperatures, PCBN has the ability to machine both steels and castirons
at high speeds for long operating cycles, Only its currently high costin relation to hardmet-
als prevents its wides use in mass-production machining,

Similar in general properties to PCBN, the recently developed “Wurbon™ consists of a
mixture of ultrafine (0.02 {um grain size) hexagonal and cubic boron nitride with a “wurtz-
ite” structure, and is produced from soft hexagonal boron nitride in a microsecend by an
explosive shock-wave.

Basic Machining Dara: Most mass-production metalcutting operations are carried out
with carbide-tipped tools but their correct application is not simple. Even apparently simi-
lar batches of the same material vary greatly in their machining characteristics and may
require different tool settings to attain optimum performance, Depth of cut, feed, surface
speed, cufting rate, desired surface finish, and target tool life often need to be modified to
suit the requirements of a particular component,

For the same downtime, the life of 2n insert between indexings can be less than that of an
equivalent brazed tocl between regrinds, so a much higher rate of metal removal is possible
with the indexable or throwaway insert, Itis commonplace for the claims for 2 new coating
to include increases in surface-speed rates of 200-300 per cent, and for a new insert design
to offer similar improvements. Many operations are run at metal removal rates that are far
from optimum for tool life because the rates used maximize productivity and cost-effec-
fiveness.

Thus any recommendations for cutting speeds and feeds must be oversimplitied or
extremely complex, and must be hedged with many provisos, dependent on the technical
and economic conditions in the manufacturing plant concerned. A preliminary grade
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selection should be made from the ISO-based tables and manufzeturers' literature con-
sulted for recommendations on the chosen grades and tool designs. If tool life is much
greater than that desired under the suggested conditions, speeds, fecds, or depths of cut
may be increased. Jf toels fail by edge breakage, a tougher (more shock-resistant) grade
should be selected, with 2 namerically higher 1ISO code.

Alternatively, increasing the surface speed and decreasing the feed may betried. If tools
fail prematurely from what appears to be abrasive wear, a harder grade with numerically
lower ISO designation should be tried. If cratering is severe, use a grade with higher tita-
nium carbide content; thatis, switch from an 15O K to Mor M to P grade, use a P grade with
lower numerical value, change to a coated grade, or use a coated grade with a (claimed)
more-resistant surface layer.

Built-Up Edge and Cratering: The big problem in cutting steel with carbide tools is asso-
ciated with the built-up edge and the familar phenomenon called cratering. Research has
shown that the built-up edge is contintous with the chip itseif during normal cutting. Addi-
tions of titanium, tantalum, and niobium 1o the basic carbide mixture have a remarkable
effect on the nature and degree of cratering, which is related to adhesion between the tool
and the chip.

Hardmetal Tooling for Wood and N onmetallics.—Carbide-tipped circular saws are
now conventional for cutting wood, wood products suck as chipboard, and plastics, and
tipped bandsaws of large size are also gaining in popularity. Tipped handsaws and
mechanical equivalents are seldom needed for wood, but they are extremely uvseful for cut-
ting abrasive building boards, glass-reinforced plastics, and similar material. Like the
hardmetal fips used on most other woedworking tools, saw tips generally make use of
straight (unalleyed) tungsten carbide/cobalt grades. However, where excessive heat is
generated as with the cutting of high-silica hardwoods and patticularly abrasive chip-
boards, the very hard but tough tungsten-titanium-tantalum-nichium carbide solid-solu-
tion grades, normally reserved for steel finishing, may be preferred. Saw tips are usually
brazed and reground 2 number of times during service, so coated grades appear to have lit-
fle immediate potential in this field.

Cutiing Blades and Plane Irons: These tools comprise long, thin, comparatively wide
slabs of carbide on a minimal-thickness steel backing, Compositions are straight tungsten
carbide, preferably micrograin (to maintain z keen cutting edge with an incjuded angle of
30° orless), but with relatively high amounts of cobalt, 11-13 percent, fortoughness. Con-
siderable expertise is necessary to braze and grind these cutters without inducing or failing
to relieve the excessive stresses that cause distortion or cracking.

Orther Woodworking Cutters: Routers and other cutters are generally similar to those
used on metals and include many indexable-insert designs. The main difference with waod
is that rotational and surface speeds can be the maximum available on the machine. High-
speed routing of aluminum and magnesivm alloys was developed largely from machines
and techniques originally designed for work on wood.

Cutting Other Materials: The machining of plastics, fiber-reinforced plastics, graphite,
ashestos, and other hard and abrasive constructional nuterials mainly requires abrasion
resistance. Cutting pressures and power requirements are generally low. With thermoplas-
tics and some other materials, particular attention must be given to cocling because of soft-
ening or degradation of the work material that might be caused by the heat generated in
cutting. An importunt application of cemented carbides is the drilling and routing of
printed cireuit boards. Solid tungsten carbide drills of extremely small sizes are used for
this work.
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FORMING TOOLS

‘When curved surfaces or those of stepped, angular or irregular shape are required in con-
nection with turning cperations, especially on turret lathes and “antomatics,” forming
tools are used. These tools are so made that the contour of the cutting edge comresponds to
the shape required and usually they may be ground repeatedly without changing the shape
of the cutting edge. There are two general classes of forming tools—the straight type and
the circular type. The circular forming tool is generally used on small narrow forms,
whereas the straight type is more suitable for wide forming operatiens. Some straight
forming tools are clamped in a horizontal pesition upon the cut-off shide, whereas the oth-
ers are held in a vertical position in a special holder, A commor form of holder for these
vertical tools is one having a dovetail slot in which the forming tool is clamped; hence they
are often called “dovetail forming tools.” In many cases, two forming tools are used, espe-
cially when a very smooth surface is required, one being employed for roughing and the
other for finishing.

There was an American standard for forming tool blanks which covered both straight or
dovetailed, and circular forms, The formed part of the finished blanks must be shaped to
suit whatever job the tool is to be used for. This former standard includes the important
dimensions of holders for both straight and circular forms.,

Dimensions of Steps on Straight or Dovetail Forming Toeols.— The diagrams at the top
of the accompanying table illustrate a straight or “dovetail” forming tool, The upper or cut-
ting face lies in the same plane as the center of the work and there is no rake, (Many form-
ing tools have rake to increase the cutling efficiency, and this type will be referred to later.)
In making a forming tool, the various steps measured perpendicular to the front face (as at
d) must be proportioned so as to obtain the required radial dimensicns on the work. For
example, if D equals the difference between two radial dimensions on the work, then:

Step d = D x cosine front clearance angle

Angles on Straight Forming Toeols.—In making forming tools to the reguired shape or
contour, any angular surfaces (like the steps referred to in the previcus paragraph) are
affected by (he clearance angle, For example, assume that angle A on the work (see dia-
gram at top of accompanying table) is 20 degrees, The angle on the tookin plane x-x, in that
case, will be slightly less than 20 degrees. In making the tool, this medified or redeced
angle is required because of the convenience In machining and measuring the zngle square
to the front face of the tool or in the plane x—x.

If the angle on the work is measured from a Hne paralle! to (he axis (as st A in diagram),
then the reduced angle on the tool as measured square to the front face {or in plane x-x} is
found as follows:

tan reduced angle on tool = tanA x cos front clearance angle

If angle A on the work is larger than, say, 45 degrees, it may be given on the drawing as
indicated at B. In this case, the angle is measured from a plane perpendicular to the axis of
the work. When the angle is so specified, the angle on the tool in plane x—x may be found as
follows:

tan B

tanreduced angle on tool = —————
cos clearance angle

Table Giving Step Dimensions and Angles on Straight or Dovetailed Forming
Tools.—The accompanying table Dimensions of Steps and Angles on Straight Forming
Tools gives the required dimensions and angles within its range, direct or without calcula-
tion.
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Dimenstons of Steps and Angles on Straight Forming Tools

759

C

.

B

NP

Upper section of table gives depth 4 of step on forming tool for a given dimension £ that
equals the actual depth of the step on the work, measured radially and
of the tool (see diagram at Teft). First, locate depth D required on work; then find depth  on

tool under tool clearance angle €. Depth d is measured perpendicular to front face of took

along the cutting face

Radial Depth d of step on tool Radial Depth d of step on tool
Depth Depth
of Step When ‘When When 1| of Seep When When When
b C=10° | =157 C=20° D C=10° | C=15° Cc=20°
0.001 | 0.00008 | 0.00096 | 0.00094 [| 0.040 | 0.03939 | 0.03863 9.03758
0002 | 000197 | 000193 [ 000187 0.050 | 0.04924 § 004829 | 0.04698
0.003 | 0.00295 | 000289 | 0.00281 0060 | 005908 | 0.05795 | 0.05638
0.004 | 000393 | 0.00386 | 0.00375 0.070 | 0.06893 | 0.06761 | 0.06577
0.005 | 000492 | 0.00483 | 0.00469 008 | 0.07878 | 07727 | 0.07517
0.006 | 000590 | 000379 | 0.00563 il 0.090 | 0.08863 | 0.08693 | 0.08457
0.007 | 000689 | 0.00676 | 0.00657 0.106 | 0.09848 | 0.09659 | 0.093%6
0008 | 0.00787 | 0.00772 | Q00751 0200 | 0.19696 | 019318 | 0.18793
0.000 | 0.00886 | 000869 | 000845 || 0.300 | 029544 | 0.28977 [ 0.28190
0.010 | 0.00984 | 0.00965 | 0.00939 0400 : 0.39392 | 0.38637 § (.37587
0020 | 001969 | 001931 | 0.01879 || 0.500 | 0.49240 | 048256 | 0.46984
0.030 | 0.02954 | 002897 | 0.02819

Section of table below gives angles as measured in plane x—x perpendicular to front face of
forming took (s¢¢ diagram on right). Find in first column the angle A required on work; then

find rednced amgle in plane x-x under given clearance angle €.

Angle A Angle on too} in plane x-x Angle A Angte on tool in plane x-x

in Plane in Plane

of Tool | When When |} 9fTool | When When When

Cutting O=10° ‘When C=20° Cutting C=1Pr C=15° C=20°

Tace C=15° Tace

5° 40 55 40 s0r | 40 4 500 | 49° 3 |4y I |48° 14
10 9 s11 9 40| 9% 24 55 54 35|54 4153 18
15 14 47 |14 31|14 8 60 59 37| 59 58 26
20 9 43|19 2218 53 65 64 40|64 14 | 63 36
25 24 40 [ 24 15| 23 40 70 6 4362 21|68 50
30 26 37023 9 ;28 29 75 T4 47174 3074 5
35 34 35|34 4 [33 20 80 7% 5L (79 39|79 22
40 39 34 ([39 1138 15 85 84 55184 49|84 41
45 4 34|44 0|43 13
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760 FORMING TOOLS

To Find Dimensions of Steps: The upper section of the table is used in determining the
dimensions of sieps. The radial depth of the step or the actual cutting depth D (see left-hand
diagram} is given in the first column of the table. The columns that follow give the corre-
sponding depths d for a frent clearance angle of 10, 15, or 20 degrees. To illustrate the use
of the table, suppose a tool is required for turning the part shown in Fig, 1, which has diam-
eters of 0.75, 1.25, and 1.75 inches, respectively, The difference between the largest and
the smallest radins is 0.5 inch, which is the depth of one step. Assume that the clearance
angle is 15 degress. First, locate 0.5 n the column hexded “Radial Depth of Step D™; then
find depth & in the column hezded “when C = 15°* As will be seen, this depth is 0.48296
inch. Practically the same procedure is followed in determining the depth of the second
step on the tool. The difference in the radii in this case equals0.25. This value is not given
directly in the table, so first find the depth equivalent to 0.200 and add to it the depth equiv-
alent fo 0.050. Thus, we have 0.19318 + 0.04829 = 0.24147. Tn using this table, it is
assumed that the top face of the tool is set at the height of the work axis.

[
134" Iy 1l

Fig. 1.

To Find Angle: The lower section of the table pplies to angles whea they are measured
relative to the axis of the work. The application of the table will again be illustrated by
using the part shown in Fig, 1. The angle used here is 40 degrees (which is also the angle n
the plane of the cutting face of the tool). If the clearance angle is 15 degrees, the angle mea-
sured in plane x—x square to the fuce of the tool is shown by the table to be 39° 1’- areduc-
tion of practically 1 degree.

If a straight forming tool has rake, the depth x of each step (see Fig. 2), measured perpen-
dicular to the front or clearance face, is affected not ortly by the clearance angle, but by the
rake angle F and the radii R and r of the steps on the work. First, itis necessary to find three
angles, designated A, B, and C, that are not shown on the drawing.
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FORMING TOOLS 761

Angle A = 180° - rake angle F

. rsind
sink =
s [{
Angle C = 180°-(A +B)
, _ RsinC
Y= “ina

Angle D of tool = 90°—(E +F)
Depth x = ysinD

1f the work has two or more shoulders, the depth xfor other steps on the tool may be deter-
mined for each radius r. If the work has curved or angular forms, it is more practical to use
atool without rake because its profile, in the plane of the cutting face, duplicates that of the
work.

Exampie: Assume that radius R equals 0,625 inch and radius r equals 0.375 inch, so that
the step on the work has a radial depth of .25 inch. The tool has a rake angle F of 10
degrees and a clearance angle ¥ of 15 degrees. Then angle A =180 — 10 = 170 degrees.

0.375 2 0.17365

sinB = Y= S 0.10419
Angle B = 5°39' nearly. Angle C = 180 (170° +5°59") = 4°17
. . _ 0.625 % 0.07005 _
Dimension y = TeRG 025212

Angle D = 90°—(15+ 10) = 65 degrees
Depth x of step = 0.25212 X 0.90631 = 0.2283 inch

Circular Forming Tools.—To provide sufficient peripheral clearance on circular form-
ing tools, the cutting face is offset with relation to the center of the tool a distance C, as
shown in Fig. 3. Whenever a circular tool has two or more diameters, the difference in the
radii of the steps on the tool will not correspond exactly o the difference in the steps on the
work, The form produced with the tool alse changes, although the change is very slight,
unless the amount of offset C'is considerable. Assume that a circular tool is required to pro-
duce the piece A having two diameters as shown.

Fig. 3.

If the difference D, between the large and small radii of the tool were made equal 1o
dimension D required on the work, D would be a certain amount oversize, depending upon
the offset C of the cuiting edge. The following formulas can be used to determine the radii
of circular forming tools for turniag parts to different diameters;

Let R = largest radius of tool in inches; D = difference in radii of steps on work; C =
amount cutting edge is offset from center of tool; r = required radius in inches; then
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762 FORMING TOOLS

r= WDy e 0

If the small rudius r is given and the large radius R is required, then

R= Jubi- D)+l @)

Toillustrate, if D (Fig. 3) is to be i inch, the large radius R is 1} inches, and Cis %, inch,
what radius r would be required to compensate for the offset C of the cutting edge? Insert-
ing these values in Formula (1):

r = AW = (57— ()P + (%)F = 1.0014 inches

The value of r is thus found to be 1.0014 inches; hence, the diameter = 2 x 1.0014 =
2.0028 inches instead of 2 inches, as it would have been if the cutting edge had been exactly
on the center line. Formulus for eircular tools used on different makes of screw machines
can be simplified when the values R and C are constant for each size of machine. The
accompanying table, “Formulas for Cireular Forming Tools,” gives the sandard values of
R and € for circular tools used on different automatics, The formulas for determining the
radius r (see columm atright-hand side of table) contain a constant that represents the value

of the expression RZ - C’l in Formmla ().

The table “Constants for Determining Diameters of Circular Forming Tools” has been
compiled to facilitate proportioning tools of this type and gives constants for computing
the various diameters of forming touls, when the cutting face of the tool is %, %, %, or ¥,
inch below the horizontal center line. As there is no standard distance for the location of the
cutting face, the table has been: prepared to correspond with distances commonly used. As
an example, suppose the tool is required for a part having three diameters of 1.75,0.75, and
1.25 inches, respectively, as shown in Fig. 1, and that the largest diameter of the tool is 3
inches and the cutting face is % inch below the horizontal center line. The first step would
be to determine approximately the respective diameters of the forming tool and then cor-
tect the diameters by the use of the table. To produce the three diameters shown in Fig. 1,
with a 3-inch forming tool, the tool diameters would be approximately 2, 3, and 2.5 inches,
respectively. The first dimension (2 inches) is 1 inch less in diameter than that of the tool,
and the necessary correction should be given in the column “Correction for Difference In
Diumeter’”; but as the table is only extended to half~inch ditferences, it will be necessary to
obtain this particular correction in two steps. On the line for 3-inch diameter and under cor-
rections for % inch, we find 0.0085; then in line with 2} and under the same heading, we
find 0.0129, hence the total correction would be 0.0085 + 0.0120 = 0.0214 inch. This cor-
rection is added to the approximate diameter, making the exact diameter of the first step 2
+(.0214 = 2.0214 inches. The next step would be computed in the same way, by noting on
the 3-inch line the correction for ¥ inch and adding it to the appzoximate diameter of the
second step, giving an exact diameter of 2.5 +0.0085 +2.53085 inches. Therefore, to pro-
duce the part shown in Fig. 1, the tool should have three steps of 3, 2.0214, and 2.5085
inches, respectively, provided the cutting face is ¥ inch below the center. All diameters are
computed in this way, from the largest dizmeter of the tool,
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Formulas for Circular Forming Tools (For notation, see Fig. 3)

763

T S Stbes
No. 00 0875 0.125 = mm
Ro.0 LB D362 = L1141 DY +0.02¢4

oy

He.2 15 0% r = J(14790_ D) +0.0625
o6 o oAtz = J(1575 - DY 400976
Ho. 51 075 009375 .o J—'—‘—f( T D+ 00088
No. 515 ) 0.00575 b ](0-744] 7[‘))2 + 0.0088
No. 52 10 009375 . ’_——({!,9956 N Py
Acme Mo 53 1.1875 0.125 o J(L,lSOQ—D)z +F156
No. 54 T ez = (L2402 D)0 4 0.0242
No. 55 1250 0.15625 e m
No. 56 150 01875 . Nm
H 0623 s r — 06242 DY + 00010
¥ LOB4375 00625 e m;
S/gN 1.15625 0.0623 ;e ’Jm
W 11875 0.0625 = m
1y 1375 0.0625 .o ‘\m
Cleveland 2" L1375 0.0625 = a\,‘m
A 1625 0.125 . J’(m
ay 1.875 0.15625 e MW
3y 1875 0.15625 e N,m
4 250 0250 e mm
6" 2625 0250 e '\m
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The tables “Corrected Diameters of Circular Fonning Tools™ are especially applicable to
tools used on Brown & Sharpe automatic screw machines, Directions for using these tables
are given at the end of Table 4.

Circular Tools Having Top Rake.—Circular forming tools without top rake are satis-
factory for brass, but tools for steel or other tough metals cut better when there is a rake
angle of 10 or 12 degrees. For such tools, the smallradius r {see Fig. 3) for an outside radius
R may be found by the formula

r= AP +R -2PRcosB

Tao find the value of P, proceed as follows: sin ¢ = small radius on worl x sinrake angle +
large radius on work. Angle = rake angle — §. £ = large radius on work x sin 3 + sin rake
angle. Angle 6 = rake angle + 8. Sin § = vertical height C from center of tool to center of
work+ R. Tt is assumed that the tool point is to be set at the same height as the work center.

Dimensions for Circular Cut-Off Tools

Soft Brass, Norway Lron, Diill Rod, Tool
Copper Machine Steel Stesl
biz. a=23Deg. a=15Deg. 2=12Deg.
of
Stock T X T x T x
Yo 0031 0.013 0.039 0.010 0.043 0.009
x
N E— 5
7 1 % 0044 0.019 0035 05 0.062 0.013
ci% -1
_ \ kN 0.052 0022 0068 0018 0076 0.016
14 0.062 0026 Q078 6021 0.088 0.0
s 0.065 0029 0.087 0.023 0.098 0.021
L{__ j_ % oore | 0032 | omes | 0025 | 0107 | 0023
s 0.082 0.035 0.103 0028 0.116 0025
1" 4 0088 0.037 0.110 0.029 0.124 0.026
2
‘ r s 0.093 0.039 0117 0031 0.131 0.028
1')’ r ir % 0,098 0.042 0123 | 0033 0137 | 002
— -
Ly 0103 0.034 0129 0033 0.145 0031
kA 0.107 0045 0.134 0.036 0.152 0.032
e o1z 0.047 0141 0.038 0.158% 0033
% 0.116 0.049 0.146 0.039 0.164 0.035
Bl 0.120 0.051 0.151 0.040 0.170 0.036
1 0124 0033 0.156 0.042 0.175 0.037

The length of the blade equals radius of stock R+ +r+ Y inch (for notation, see illustration
above); r=Y;inch for % to ¥rinch stock, and %, inch for %10 L-inch stock.
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Corrected Diameters of Ciccular Forming Tools—I1

Nursber of B. & S. Awtomatic Number of B, & S, Avtomatie
Lengtt ¢ Serew Mhclsine Fengthe Serew Machine
on Tool No. 00 No.0 .2 on Toot No. 06 No.G No.2
0.001 17480 23430 29980 158 16353 21352 28857
0,002 L7460 22460 25961 0058 16333 21332 2.8837
G003 L7341 23441 2994) 0,060 16313 21312 25818
004 17421 22421 29921 0.061 1.62%4 21293 2.8798
0.005 17401 22401 25901 0.062 1.6274 21273 28778
©.006 L7381 23381 29882 Yo 16264 21263 28768
0.007 1.7362 22361 20862 0.063 16254 24253 28759
0.008 17342 22341 25842 0.064 16234 21233 28739
0.008 17322 27321 2.9823 0.065 16215 21213 28719
0.010 1.7302 22302 25803 0.066 16195 21194 25699
0.0t 1.7282 22282 29783 0.067 16175 21174 25630
0012 L7263 22262 20763 0.068 16155 21154 2.8660
0013 L7243 143 29744 0.069 L6136 21134 28640
00H L7223 22 29724 0.07%0 16116 21115 28621
0.015 17203 22203 29704 007t 16096 21005 25601
A L7101 22151 29692 0.072 1676 21075 28581
0016 17184 22183 29685 0.073 16057 21085 28561
0017 17162 22463 29665 0.0 16037 21035 28542
0018 17184 12143 29545 0.075 15017 21016 28522
0018 17124 22123 29625 0.076 1.5097 20996 2.8503
0020 L7104 22104 2.9606 w077 15978 2.09% 2.8483
0021 17085 22084 29586 73 15958 2.0956 2.8463
002 17065 22064 29566 A 15955 20954 28461
0023 L7035 22045 29547 0.079 15938 20037 28443
0.024 17025 2025 29527 0.080 15918 20017 28424
v025 1.7005 22005 249507 0.08L 15809 2.0897 2.8404
0.6 1.6986 21985 23485 0.082 15879 20877 2.8384
0027 L6968 21965 2.9468 0.083 1.555% 2.0857 28363
0028 16946 21945 29448 0.084 15830 20838 28345
0029 16926 21925 29428 0.085 13820 20818 28325
0.030 1.6907 2.1906 29409 0,086 15800 20098 28306
0.031 16487 2.1886 2.9389 Q087 15780 20778 28246
J{u 16882 2.1881 29384 Q.U88 1.5760 20738 2.8266
0032 1.6867 2.1866 29369 0.089 L5740 20739 2R47
0093 16847 21847 29350 0.000 15721 20718 28227
0.034 16827 21827 29330 0.091 15701 20899 2.8207
0435 L6808 21807 29310 0.092 15681 20679 2.8187
0.6 1.6788 21787 29290 0,093 15661 2.0660 28168
0.037 L6768 21767 29271 % 15647 2.0645 28153
0038 1.6748 24747 29251 0.094 15642 2.0640 2§18
0039 16729 21727 29231 0.008 15622 2.0620 28128
0.040 L6709 21708 29211 0.096 15602 2.0800 28109
0081 16689 21688 29192 0.097 15582 24581 2.8089
0042 16669 2.1668 29172 0,098 15563 20561 28068
0043 16642 21649 29152 0,099 15543 20541 28050
0.044 L6630 21629 29133 0.100 15513 20521 28030
0.045 1.6610 2.1609 29113 0,101 15503 28000
0046 16590 2.1589 29003 0.102 15484 240482 27991
% 16573 24572 2.9076 R 20462 22971
0047 1.8570 21569 29073 0004 20442 27951
0.048 16350 21549 29054 0005 20422 27932
0.049 1.6531 2.1529 29034 1106 210403 27912
0.050 L6311 21510 29014 0.107 24383 27892
0051 1648} 2.1490 25905 0.108 2.0363
0052 16471 2140 28975 0109 24343
0.053 16452 21451 28955 % 20336
0.054 16432 21431 2.89% 0110 20324
0055 L6412 21411 28916 o111 20304
2056 16282 21391 28596 01z 20254
0057 L6373 21372 28877 0.113 20264
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Corrected Diameters of Circular Forming Tools—1 (Continued)
Nanier of B. & S. Aulomatic ‘Numher of B. & 5, Automatic
Longgh ¢ Serew Machine Lengeh ¢ Scrcw Machine

on Tool No. 00 No. 0 No.2 on Tool No. 00 No.G No.2
0.3 1.5267 2.0264 2774 0171 L4124 19119 L.6634
[INDES L5247 20245 27755 e, 14107 19103 26617
a.s 15227 20225 27735 6172 14104 19089 26614
.lie 15208 20205 29715 0173 14084 1.9080 2.6595
0.117 15188 20385 27696 0114 L4065 19060 26575
0118 1.3168 2.0166 27676 0173 14045 19040 26556
0512 15148 2.0146 2.7656 0.176 1.4025 10021 26536
0.120 15128 20126 27637 0.7 14006 59001 26516
0121 15109 20106 27617 0.178 13986 18981 2.6497
0122 15089 2.0087 27597 0179 13966 L8961 2.6477
0123 1.5070 2.0067 27578 0.130 13947 1 5942 2.6457
0124 15050 20047 27558 0,181 13927 15932 2648
0.125 15030 20027 27538 0152 13507 1.8902 26418
0.126 L5010 20008 27519 0183 13888 18852 26308
0127 14991 19988 27499 0184 13868 18867 2637
0.128 14971 15968 27479 0.185 13348 1.8843 26159
0.129 14951 19948 27450 0185 13829 18823 26339
0.130 1403 19929 27440 0.87 L3809 18804 246320
0.131 14912 1.9909 27420 En 13799 18794 26310
0.492 14892 19889 27401 0.158 13789 18784 26300
0133 14872 19869 27381 0.189 13770 19764 26281
012 14853 19850 2731 0199 13750 18744 2.6261
0135 14833 1.9830 27342 0.191 13730 18725 26341
0.136 14813 L9810 27322 0102 13711 1.8705 76222
0137 14794 59790 27302 0.193 13691 18683 26202
0.138 14774 LS7T1 27282 0194 13671 1.8665 26182
0.139 14754 14751 27263 0.195 13652 18546 26163
0.140 14734 1973 27243 0.196 13632 18626 26143

% 14722 19719 27231 0197 13612 1.8606 26123
0141 14715 19711 27224 0198 ) 3592 L8587 26104
0.142 1.4695 19692 27304 0.199 13573 18567 26054
0.143 14675 1.9672 27184 0.200 1.355' 1.8547 2.6064
0,544 1.4655 19652 27163 0201 1.8527 2.6045
G145 1.4636 19632 27145 0.262 1.8508 2.6025
0.146 14616 1.9613 27125 0203 - 1.8488 2.6006
0.147 14596 19593 27106 %, " 18486 2,603
0.148 L4577 19573 27086 0.204 1.8468 2.5986
0.140 14557 19553 27066 0.205 - 1848 25966
0.150 14537 19534 27047 0206 18420 23947
0,151 14517 19514 27027 0207 18409 23007
0152 14498 19494 27007 0.208 18390 2.3908
0,93 14478 1.9474 26988 0.200 . 18370 288
0134 14458 19455 2.6968 0.21¢ . 18350 25868
0155 14438 19435 26948 oz 18330 2.5849
0.156 14119 19415 26929 oz - 18311 25329

% 14414 13410 26924 0213 . 1E291 2.5800
0157 14399 19395 26909 0214 B L8271 2.5750
0,158 14380 19376 26889 0215 18232 25770
0359 L4360 19356 16870 6216 1.8232 25751
1160 14340 19336 246850 0217 18212 25731
0.16F 14321 19317 26830 0.218 . 18193 2571
0162 14301 15297 26811 % L8178 25697
0.163 14281 19277 2671 0212 L8173 2.5692
0.164 14262 1.9257 26712 0.220 . 18153 25672
0.165 14242 19238 26752 0221 18133 25653
0.166 14022 18218 26732 0222 18114 25633
0167 L4203 19198 26713 023 19094 2.5613
0.16% 14183 10178 2.6603 0224 18074 25594
0,169 14163 19159 26673 0223 1.8055 25574
om0 L4144 19139 26684 0226 15035 25535
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Corrected Diameters of Circular Forming Tools—2

Nember of B. & 5. Number of B. & 5.
Scrcy Machine Serow Michine
Lengthc Lengih ¢ Length e
on "fool No.O No.2 on Tool No.0 No.2 on Tool
0227 15015 5 254 L6894 A8 0341
0228 17996 25515 0,265 6874 24398 0342
0.229 17976 2.5496 0286 L6854 24378 0343
0230 17936 25476 0,287 1.6835 24359 5,
0231 17936 2.5455 0,288 L6815 24340 0244
0.232 17917 2.5437 0289 6705 2.4320 0.345
0.233 L7897 25417 0.290 16776 24300 0.348
0.234 LIETT 2.539% 0.291 16756 24281 0347
5, L7870 2,539 0292 16736 24261 0348
0.235 L7858 25378 0293 L6717 24242 0349
0.236 L7838 25358 0.294 LGEIT 24222 0.350
0237 L7818 25739 0205 16677 24203 03351
238 L7759 25319 0286 16658 24183 0352
0.239 1779 25300 1, 1641 24166 0.353
0.240 L7759 2.5280 0.297 16638 24163 0354
0241 17730 2.5260 0,298 L6618 24144 0355
0242 17720 25241 0,294 16598 24124 0336
0243 L7700 25221 0,300 16579 24105 9357
0.244 17650 2.5201 308 - 24085 0358
0.245 17661 25182 0,302 24068 0330
0,246 17641 2.5162 0,303 . 24046 %,
0.247 17621 25043 0304 . 24026 0360
0.248 L7602 25123 0.305 22007 0.36]
0.249 1.7582 25104 0306 23987 0362
0250 17562 25084 0307 23968 0.363
0.251 1.7543 25064 0308 23948 0364
0.252 L7523 25045 0.309 23929 0363
0.253 17503 25025 0310 23900 0366
02354 17484 25005 031 2380 0367
0355 17464 24986 0312 23870 0368
0256 17444 24966 e 23860 0369
0257 17425 24047 0313 23851 0370
0,258 17405 24927 0314 . 23831 6371
0259 17385 24308 0315 - 2381 0372
0,260 17366 24888 0316 o 23790 0373
0261 19346 24368 0317 23 0374
0262 17326 24849 0318 23753 0375
0263 17306 2482 031% . 23733 0376
0264 17287 24810 0320 . 23714 0377
0.265 17267 24790 0. 23694 0378
%, 17255 2478 0322 23675 0.379
0.266 17248 24770 0323 . 2.3655 0.380
0.267 17228 24751 0.324 234636 0381
0.268 17208 24731 0325 23516 0.382
0.260 17389 24712 0326 . 23566 0.383
0.1%0 17169 24692 0327 23577 0.384
.27 17149 24673 0328 23557 0.38%
622 17130 , 23555 0.386
0273 17110 24633 022 23538 0387
0274 LI090 24614 023 23518 0388
0275 17671 24594 0.331 23499 0389
0276 17051 24575 052 - 2547 0390
6277 L7031 24355 0,333 23460 z,
6278 L7012 24535 0334 23449 0391
0279 1.6992 24516 0335 23421 0392
0.280 16972 24496 0336 2.3401 0393
0.281 16953 24477 0337 23381 0394
% 16948 24472 0338 23362 0395
0.282 16933 24457 1339 . 23342 0396
0.283 16913 24438 0340 - 2333 0397

Number2
B. &S,
Machins
23308
22284
23264
23230
23245
23225
23206
23186
23166
23147
23127
23108
23088
23069
23049
2.303%
23010
22991
2.2471
2.2852
22045
22432
2.2913
22493
22874
2.2854
22835
22813
22796
22776
22757
22737
22718
22698
22679
22659
22640
22620
22601
22581
2.2362
22542
2.2523
22503
2.2484
2.2464
2.2445
22425
2.2406
22386
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FORMING TOOLS 769
Corrected Diameters of Circular Forming Tools—3
Number 2 Namnber 2. Nomber 2 Number 2

Length ¢ B.&S. Lenglhe B.&S. Length e B.&S. Length ¢ B.&S.
an Tool Machiac on Tool Muching on Tool Machine ou Tool Machine
0.298 22191 0423 21704 0.449 21199 0.474 20713
G398 22172 0424 21685 0.450 21179 0475 20604
0.400 22152 0.425 21686 0458 21160 0476 20674
0.401 22133 a6 21646 0452 21140 0.477 2.0655
0402 22413 0427 21627 0.453 21021 0.478 20636
0403 22004 0428 21607 %, 21118 0479 20616
0.404 22074 0429 21588 0454 20101 0480 20597
0405 22055 0430 21568 0.455 2.1082 0481 20577
0406 2205 0431 21549 0436 2.1063 0.482 20558
L' 2,208 0432 21529 0457 21043 0483 20538
0407 22016 0433 21510 0458 2.1024 0484 20519
0408 2.1996 (434 21490 0459 21004 0.485 2.0500
0409 21977 0,435 24471 0460 20945 0.486 2,040
0410 21957 0.436 21452 G461 20966 0457 20964
0411 21928 0437 21432 0462 2.0046 0.488 20441
0412 21919 Y 21422 0.463 20027 0.489 20422
0413 21899 0.438 21413 0464 20007 0490 20403
0414 21880 0439 21303 0463 2.0888 0491 20383
0415 21860 0440 21374 0466 20868 0492 20364
0416 21841 0441 2.1354 0467 20819 0.493 20344
0417 21821 0442 2. = 0.468 2.0830 494 20325
0418 2.1802 0443 21315 W 20815 0495 240306
0419 21782 0442 21395 0462 2.0810 0496 20285
0420 21763 0445 21776 0470 20791 0.497 20267
0421 29743 G446 21257 0471 20771 0.498 20247
7, 21726 0447 21237 0472 20752 0499 20228
0422 21724 0.448 21218 0473 20733 0.500 2,0209

Methed of Using Tables for “Corrected Diameters of Circular Forming Tools™.—

These tables are especially applicable to Brown & Sharpe antomatic screw machines.
The maximum diameter D of forming tools for these machines should be as follows: For
No. 00 machine, 1% inches; for No. 0 machine, 2'/4inches; for No. 2 machine, 3 iaches. To
find the other diameters of the tool for any piece to be formed, proceed as follows: Subtract
the smallest diameter of the work from the diameter of the work that s to be formed by the
required tool diameter; divide the remainder by 2; locate the quotient obtained in the col-
umn headed “Length ¢ on Too),” and opposite the figure thus located and in the column
headed by the number of the machine used, read off directly the diameter to which the tool
is to be made. The quotient obtained, which is located in the column headed “Length ¢ on
Tool,” is the length ¢, as shown in the following table.

Dimensions of Forming Tools for B. & S. Automatic Screw Machines

Max.
No. of Dia.,
Machine D 13 T W
00 1% Y ¥-16 Y
0 2% ho| WM | %
2 3 A #-12 %
6 4 oo | B2 ] %
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710 FORMING TOOLS

Exarple: A piece of work is to be formed on a No. () machine to two diameters, one being
Lz inch and one 0.550 inch; find the diameters of the toal. The maximum tool diameter is 2
inches, or the diameter that will cut the Y%-inch diameter of the work. To find the other
diameter, proceed according to the rule given; 0.530 — 4 = 0.300; 0.300 + 2 = 0.130. In
Tzble 2, epposite 0.150, we find that the required tool diameter is 1.9534 inches. These
tables are for tools withont rakes.

Arrangement of Circular Tools.—When applying circular tools to automatic screw
machines, their arrangement has an important bearing on the results obtained. The various
ways of arranging the circular tools, with relation to the rotation of the spindle, are shown
at A, B, C, and D in the illustration. These diagrams represent the view obtained when
looking toward the chuck. The arrangement shown at A gives good results on long forming
operations on brass and steel because the pressure of the cut on the front toolis downward;
the support is more rigid than when the forming tool is turned vpside down on the front
slide, as shown at B; here the stock, turning up toward the tool, has a tendency to lift the
cross-slide, causing chattering; therefore, the arrangement shown at A is recommended
when a high-quality finish is desired. The arrangement at B works satisfactorily for short
steel pieces that do not require a high finish; it allows the chips to drop clear of the work,
and 1s especially ad vantageous when making screws, when the forming and cut-off tools
operate after the die, as no time Is lost in reversing the spindle. The arrangement at C is rec-
ommended for heavy cutting on large work, when both tools are used for forming the
piece; a rigid support is then necessary for both tools and a good supply of oil is also
required. The arrangement at D is objectionable and should be avoided; it is used only
when a left-hand thread is cut on the piece and when the cut-off tool is used on the front
slide, leaving the heavy cutting to be performed from the rear slide. In all “cross-forming™
work, it is essential that the spindle bearings be kept in good cendition, and that the collet
or chuck has a parallel contact upon the bar that is being formed.

Back

Cut-Off

Back

Form

Feeds and Speeds for Forming Tools.—Approximate feeds and speeds for forming
tools are given in the table beginning on page 1095. The feeds and speeds are average val-
ues, and if the job at hand has any features out of the ordinary, the figures given should be
altered accordingly.
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MILLING CUTTERS

Selection of Milling Cutters,—The most suitable type of milling cutter for a purticular
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 costless, initially, than inserted blade types; for long-run
preduction, inserted-biade cutters wilt probably have alower 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 cuiting (ool materials may be justified.

Rake angles depend on both the cutter material and the work material. Carbide and cast
allay cufting ol materials generally have smaller rake angles than high-speed steel tool
materials because of their lower edge strength and greater abrasion resistance. Soft work
materials permit higher radial rake angles than hard materials; thin cutters penmit zero or
practically zero axial rake angles; and wide catters operate smoother with high axial rake
angles. See Rake Angles for Milling Cutrers on page 801.

Cuiting edge relief or clearance angles are usually from 3 to 6 degrees for hard or tough
materials, 4 to 7 degrees for zverage materials, and 6 to 12 degrees for easily machined
materials. See Clegrance Angles for Milling Cuiter Teeth on page 800,

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

Number of Teeth in Milting 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 testh to a
point where a free flow of chips is prevented; and 2) The chip space should be sinooth and
witheut sharp corners that would cause clogging of the chips in the space.

For milling ductile materials that produce a continuons and curled chip, a cutter with
large chip spaces is preferable. Such coarse tooth cutters permitan easier flow of the chips
through the chip space than would be obtained with fine tooth cutters, and help to eliminate
cuiter “chatter.” For cutting aperations in thin materials, fine tooth cutters reduce cuiter
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.

Asa general rule, to give satisfactory performance the number of teeth in milling cutters
should be such that no more than two teeth at a time are engaged in the cut. Based on this
tule, the following formulas are recommended:

For face milling cutters,
6.3D
== o
For peripherai milling cutters,
12.6DcosA
T= D+4d @

where T = number of teeth in cutter; D = cutter diameter in inches; W = widsh of cut in
inches; d = depth of cut in inches; and A = helix angle of cutter.

To find the number of teeth that a cutter should have when other than two teeth in the cut
at the same time is desired, Formulas (1) and (2) shouold be divided by 2 and the resul mul-
tiplied by the pumber of teeth desired in the cot.
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772 MILLING CUTTERS

Example: Determine the required number of teeth in a face mill where D = 6 inches and
W =4 inches, Using Formula (1),
_03x6
T A

T = 10 teeth, approximately

Example: Determine the required number of teeth in a plain milling cutter where D = 4
inchesand d =Y inch. Using Formula (2),

T= 126x4x0080 10 teeth, approximately
4+4x5
In high speed milling with 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:

, K=xH

T FRNAARW &

where T = number of cutter teeth; H = horsepower available at the cutter; F = feed per
tooth in inches; N = revolutions per minute of cutter; 4 = depth of cut ininches; W= width
of cut in inches; and K = a constant whick 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,

Example; Determine the required number of teeth in a sintered carbide tipped face mill
for high speed milling of 200 Brinell hardness alloy steel if # = 10 horsepower; F = 0.008
inch; N =272 rpm; d =0.125 inch; W= 6 inches; and X for alloy steel is 0.65. Using For-
mula (3),

0.65 x 10

T = OB X T2 013558 = 4 teeth, appreximately

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 Edges: Milling cutters may be described on the basis of one
of two methods of providing relief for the cutting edges. Profile sharpened culters are
those on which relief is obtained and whick are resharpened by grinding a narrow land
back of the cutting edges. Profile shaipened eutters may produce flat, curved, or irregular
surfaces. Form relieved cutters 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 orirregular surfaces,

By Method of Mounting: Milling cutters may be described by one of two methads used to
mount the cutter. Arbor type cutters are those which have a hole for mounting on an arbor
and usvally have a keyway to receive a driving key, These are sometimes called Sheil fype.
Shank type cutters 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 nsed to describe kand of rotatien, hand of cutter and hand of flute
helix.

Hand of Retation or Hand of Cuz: is described as either “right hand” if the cutter
tevolves counterclockwise as it cuts when viewed from a position in front of a horizental
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 ANSVASME B94.19-1997

Culler Diameter Range of Hole Diameter
Face Widths
Nom. | Max. [ . Nom.: Mo, | M | v
Light-duty Cutters?
He Yo Yoo %o
2% 2515 2.485 Y. %.%. 1,14, 1 100075 | L0000
2and3
He» 50 Yoo %
3 3.015 2,985 h 1 100075 | 1.0000
% %, and 14
%.%. %,
3 3.015 2.985 1L1Y,1%,2 31 12510 | 1.2500
and 3
4 4015 3985 Y, ¥ and % 1 1.00075 | 10000
% 8% %
4 4.015 3985 1,1%,2,3 1% 12510 | 1.2500
and 4
Heavy-duty Culters®
2l 2515 2.485 2 1 100075 | 1.0000
2% 2515 2485 4 1 1.0010 1.0000
3.015 2,985 2,2%,3,4and 6 1% 1.2510 | 12500
4 4.015 3.085 2,3, 4md 6 1% 15010 | 15000
High-helix Cutters®
3 3.015 2985 4and § 1% 12510 [ 1.2500
4 4,015 3,983 8 1% 1.5010 1.5000

s Thlerances ort Face Widths: Up (o 1 inch, inclusive, £0.001 inch; over T 1o 2 inches, inclusive,
+0,010,—0.000 inch; over Z inches, +0.020, (000 inch.

L ight-duty plain milling cutters with face widths under %, inch have smraight tocth. Cutters with % -
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 notless than 25 degrees nor greater than 45
degrees.

‘?Hi ah-helix plain milling culters have a helix angle of not less than 45 degrees nor greater than 52
degrees.

Ali dimensions are in inches. All cutters are high-speed stech. Plais milling curiers are of cylindri-
cal shape, having teeth on the peripheral surface only.

Hand of Cutter: Some types of cutters require speeial consideration when referring to
their hand. These are principally cutters with unsymmetrical forms, face type cutters, or
cutters with threaded holes. Symmerrical catters may be reversed on the arbor in the same
uxial 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 hand. Unsymmetrical cuiters
reverse the contour produced on the work-piece when reversed on the arbor in the same
axial position «nd rotated in the cutting direction. A single-angle cutteris considered o be
aright-hand cutter if it revolves counterclockwise, or a left-hand cutter if it revolves cleck-
wise, when cutting as viewed from the side of the larger diameter. The hand of rotation of
asingle angle milling cutter need not necessarily be the same as its hand of cutter. A single
corner rounding cutter 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 ANSIYASME B94.19-1997

Cutter Diameter Range of Hole Diroieter
Face Widths
Rom. | Max. i Min. Nom.® Nom. | Max. ‘ Min,
Side Catters®
2 2015 1.985 Yo % % 0.62575 0.6250
2% 2515 2485 Y% % % 6.87575 0.8730
3 3.015 2485 Yo ¥ X Yiee Y 1 1.00075 1.0000
4 4.015 3.985 B %% 1 100075 1.0000
4 4015 3.985 %.%.% 14 1.2510 12500
5 5015 4985 Kol % 1 100075 L0000
5 5015 4.985 %% %.1 1Y 12510 12560
6 6015 5.985 % 1 1.00075 1.0000
[ 6.015 5985 B.%.%. 1 114 12510 12500
7 1015 6.945 % 1 1.2510 12500
7 7005 6.985 % 1 15010 15000
8 3015 7.983 %.1 14 12510 1.2500
g 8015 7985 %.1 1% 15010 1.5000
Staggered-toath Sids Cutters®
75 2315 2.483 YT %% % 0.§7573 05750
3 3015 2.985 Fo 0 Ve % 1 1.00073 1.0000
3 3015 2.985 %.%.% 1Y 12510 1.2500
4 4015 3985 % ':/J” e Yo 1% 1.2510 1.2500
%W and %
5 5.015 4985 Yo% 1% 1.2510 12500
[ 6015 5.085 %% %% 1% 1.2510 1.2500
8 8015 7.98% %% % %.1 1% 1.5010 1.5000
Half Side Cotters?
4 4015 3985 % A 12510 12300
5 5.015 4.985 % 14 1.2510 12500
6 6015 5.985 % 1Y 1.2510 1.2500

" Toleranees on Face Widrhs: For side cutters, +0.002,—0.001 inch; for staggered-tooth side cutters
up to ¥ inch face width, inclusive, +0.000 ~0.0005 inch, and over ¥ 1o 1 inch, inclusive, +0.000 -
0.0010 inch; and for half side cutters, +0.015, -0.000 inch.

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

£ Staggered-tooth side milling cutters have peripheral teeth of alternate right- and Jeft-hand helix and
altermale side teeth.

< Half side milling cutters have side teeth on one side only. The peripkeral teeth are helical of the
same hand as the cul. Made either with righi-hand or lefi-hand cul.

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

Hand of Flute Helix: Milling catters may have straight flutes which 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 xight-hand helix if the fiuzes twist away from the
observer in a clockwise direction when viewed frons either end of the cutter or as having a
Jeft-hund helix if the flutes twist away from the observer in a counterclockwise direction
when viewed from either end of the cutter. Staggered rooth custers are 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 cutier and
aform-relieved cutter is given on page 776.

57



MILLING CUTTERS 715

American National Standard Staggered Teeth, T-Slot Milling Cutters with
Brown & Sharpe Taper and Weldon Shanks ANSIASME B94.19-1997

i L
_..l W “
= ,
-———v g o443
[R= i <>
|
L ——‘-““I‘7
s g 0 80
— = i N
' 1
Wilh B. & 5. VAl Woldow
Cuder Fuce Nock Tagor-® Shank

Balt Dia, Widh, Dia., Lengih, Taper Longth, Di,
Size ] W W L Mo I B
% % 2 ] 2% %
o RS s K - 2, %
¥ =, %, 1, 3 %
% Ya s k2 5 7 g 4
5 " % ¥, s 7 ¥, i
% i % e 6% e g i
1 17, A 1% T 9 [ 1

2For dimensions of Brown & Sharpe taper shanks, see information given on page 916.

YBrown & 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,
Folerances: On ,+0.000,~0.010 inch; on W, +0.000, -0.003 inch; on N, +0.000, =0.005 inch; on

L,V inch; on §, ~0(0G1 10 —0.0005 inch.

American National Standard Form Relieved Corner Rovnding Cutters
with Weldon Shanks ANSVASME B94.19-1997

L
L
s b—F -
1
Rad., Dia,, Dia,, Rad,, Dia,, Dia,,
R b d 5 L R D d § L
Y% k7 % % 2 % g % 4 3%
% % Y ¥ |2 Y % % %] %
% % 4 L % 1 % EA A
% % s % a ) T % % k2
% % e hola % 14 % ¥ oW
% 1 % bo|a e 1% % L 4
% % % ] 4 1% % ! #

All dimensions are in inches. All cutlers are high-speed steel. Right-hand cutters are standard.
Tolerances: On D, 20.010 inch; on diameter of circle, 2R, 0.001 irch for cutters up to and inclod-
ing %-inch radius, +0.002, -0.001 inch for cutters over 44-inch radius; on $, 0.0001 to ~0.0005 inch;

andon Z,+ Y inch.
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American National Standard Metal Stitting Saws ANSVASME B94.19-1997

Currer Dipneter | Range of | Hele Diameter
Nom. ‘ Max. | Min. t P““;xfms | Hom. | M. | Min.
Plain Metal Sliting Saws?
7% 2515 P T % Y T % 0E757S [XFE]
3 3015 2985 VIIZ“‘MZS& ' 1 1.00075 1.0000
Yo% Vs Y %
4 405 3985 5 and %, 1 1.00075 10000
5 5015 4.985 YooY X 1 1.00075 10000
3 5015 4.085 % 1 12510 1.2500
6 6015 5985 Yo 1 LOG0TS 1.0000
6 6015 5.985 % % 1% 1.2510 1.2500
8 8015 7.985 1 1 1.00075 1.0000
3 8015 7.985 1% 1% 12510 1.2500
Mictal SJiing Saws with 8106 Teeiy
7% 3313 P Voo % % (XA TET30
3 3015 2983 VoY % Yo 1 1.00073 1.0000
4 4015 3.985 YorFo K% Y 1 100075 10000
3 5.015 4985 Vo Tar %% % 1 100075 1.0000
5 5015 4985 5 1% 1.2510 1.2500
6 6015 5985 Yo% ¥ H 1.00075 LOGOO
6 5015 5985 %o s 1% 1.2510 1.2500
8 8015 7985 % 1 1.00075 1.0000
8 8.015 7.985 %, % i 1.2510 1.2500
‘Metal Shitting Saws with Staggered Poripheral and Side Teeth®
3 3015 2985 ¥s T 100073 TH00
4 4015 3985 %s i 100075 10008
5 5.015 4.085 Keo % 1 100075 10000
6 6015 5.985 Yisa Y 1 L00075 L00%0
6 6.015 5585 YooY 1% 1.2510 12500
1 2015 7985 Yoo Y 1% 1.2510 1.2560
10 10.015 9.985 E 1y 12510 1.2500
12 12.015 11.985 Y% 1% 1.5010 1.5000

2Tplerances on face widths are plus or minus 0.004 inch.

b Plain metat slitting saws are elatively thin plain milling cutters having peripheral teeth only. They
are Lurnished with or without hub and their sides are concaved to the arbos hale or hub,

cMetal slitting saws with side teeth are relatively thin side milling cutlers havingboth peripheral and
side reeth.

aMetal slitting saws with staggered peripheral and side teeth are relatively (hin staggered (ooth mill-
ing culters having peripheral tecth of alternate right- and left-hand helix and altemate side teeth.

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

Milling Cutter Terms

h
=

Face Width 7ﬂ

Helical Teeth

Helicat Rake Angle
L.H. Helix Shown

\
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Radial Rake Angle
(Positive Shown)

Tooth Face
Radial Relief

Tooth
Flute

Fillet \

Offset

Axial Relief

Radial Relief Angle
Tooth Face

Axial Relief
Angle

(Positive Shown)
Offset

Fillet  Lip

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

Cuer Digmeter Hole Diameter

Nom. 1 Max, l Min. Nominal Face Widih? Nom I M. | Min.

Singls-engle Cutters®

%-24 UNF-2B RH
£l 1.265 1.235 %
¥-24 UNE-2B LH
1% 1.640 1610 s ¥ .20 UNE-2T RH
2% 2765 2735 Y 1 100075 10000
3 2015 2985 I3 14 1.2510 1.2500

Doulle-angle Cutters'

Jx

&

| 2765 ‘ 2.735 I P | 1 ‘ L0075 | LoD

#Face width tolerances are plus or minus 0,015 inch.

bSingle-angle milling cutlers have peripheral ieeth, one cutting edgs of which lies in 2 conical sur-
face and the other in the plane perpendicular to the cutter axis. Thers are two types: one has a plain
keywayedholeand has an included tooth angleof either45 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. Cut-
ters with aight-hand threaded hole have atight-hand hand of ro {ation and a right-hand hand of cutier.
Cutters with a lefi-hand threaded hole have a left-hand hand of rotation and aleft-hand hand of cutter.
Cutters with plain keywayed holes are standard as either i ght-hand or lefi-hand cntters.

“These cullers have threaded holes, the sizes of which are given under “Hole Diameter.”

4Double-angle milling cutters have symmetrical peripheral teeth both sides of which lie in conical
surfaces. They arc designated by the included angle, which may be 43, 60 or 90 degrees. Tolerances
are plus or minus 10 minutes for the half angle on each sids of the center.

All dimensions are in inches. All cutters are high-speed steel.
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778 MILLING CUTTERS

American National Standard Shell Mills ANSFASME B94.19-1997

E—+

.

Y
)

K c
= | _/
- L X’
N N
f+—B —
W
Dia., ‘Widdh, Din, Lenygth, Widih, Depth, Radius, Dia, Dia, Angle,
1A w H 8 [ £ F J K L
inehes inches inches inches inches inches. inches ioches degrees jnches
1y 1 3 % A % % W, % [
1 % % % 1 % Yo W % 0
1% 14 % % o %o Yo e % o
2 ¥ % % e %e % e % a
24 1% 1 % % e % 1% g 0
B 1% 1 b4 % % ¥ % 1 ¢
2% 1% 1 % % B 3 14 L 3
3 1" 1 % % % ' JE 5
£ % 1 % % % % Ut IH3 s
4 21 1y 1 % % Ys W % 5
£ 2 % 1 % % Yo W Y 10
5 2% 1% 1 % % Hs s 1y 10
5 2 2 1 % % Y P 2 is

Al cutters ave high-speed steel. Right-hand cutlers with right-hand helix and square comers are
standa

Tolerances: On D, +¥ inch: on W, +4, inch; on H, +0.0005 inch; on B, +%, inch; on C, at least
+0.008 but net more than+0.012 inch; en &, +4, inch; onJ, £}, inch;en X, +if, inch.

End Mill Terms

Radial Relief Angle Radial Clearance Angle

Radial Land 4*1 |47

Enlarged Section of End Mill Tooth
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MILLING CUTTERS 779

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

End Clearance

|+— Axial Relief
Angle

End Gash

Helix Angle

Enlarged Section of End Mill

American National Standard Mulkiiple- and Two-Flote Single-End Helical End Mills
with Plain Straight and Weldon Shanks ANSIASME B94.19-1997

L E
T-——W — W
N o
! et 2
T B
Cutter Diameter, Shank Diameter, Length Length
L4 s of Cut, Overall,
Nom | Max. Min. Max. | Mia W L
Multiple-flute with Plain Straight Shanks
7 “130 125 135 1245 A 1%
Hs (1925 1875 1875 1870 % 1%
4 255 250 250 2495 % 1
% 380 375 375 37145 % 1%
% 508 500 500 4955 A 2y
% 155 750 50 7493 1Y 2%
Two-flute for Keyway Cufting with Weldon Shanks
3 125 1235 375 3745 % j2
He 1875 1860 378 3745 Yo 2%
A 250 2485 375 3745 % 2%,
W L3125 3110 375 345 Ys 25
% 375 3735 78 345 s 2%y
% 500 4985 500 4995 1 3
% 625 6235 623 L6245 1%; 3,
% 750 78S 750 7495 1% ¥y
% 475 8735 573 8745 % kX
1 1.000 5085 1.000 9995 % 4k
1% 1250 1.2485 1.250 1.2495 1% 4
1% 1.500 1.4985 1250 1,495 1% 4y

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 curers with Weldon shanks.

Tolerances: On W, £4, inch; on L, =¥ inch.
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780 MILLING CUTTERS

ANSI Regular-, Long-, and Extra Leng-Length, Multiple-Flute Medium
Helix Single-End End Mills with Weldon Shanks ANSVASME B94.19-1997

4

As Indicated By The Dimensions Given Below, Shank Diameter S May Be Larger, Smaller, Or The
Same As The Culler Diameler D

%u_ner Rogular Mills Tong Mills Extra Long Mills

2l s | w | iw] s w | o | »]| s w | lw
kN % % g | 4

Y % I 2% 4 . OV O

i % % s i 4 % Yol 3% e % % s
kS % EA A % Bl 3| 2 % 2 # | 4
b % % w14 % 'S - S % 25 44 1 4
¥ % 1 Mt 4 ¥ 1% 3% 4

¥ E 1 Mt 4 Y 2 4 4 i 3 5

ue % N A

Ys |3 %[ x| 4

% % % | 3% | 4 % 2 | x| 2 % 4 6l | 4
e 4 3 | % | 4

% ! 1% | 3% | 4 % 3 sy | o+ % @ 6 i 4
%° % W[ 3% | o4

s % %[ 3% | 4

%P % % | 3% | 4

A % 1% 4 6

% % % | 4 6 % 3 | o5y | 4 % 5 o] o4
i % % 4 6 1 4 6% 4 i 6 8l 4
% % W[ +% | 4

1 % | a4 | 4

% % 2 |6 s 4 6% 6 B
1y % 2 4| e 1 4 8 | 6 1% 3 g 16
1 1 2 | 4

1% 1 2 4 | 6

1y 1 2 44 6

1% 1 2 4% | o

14 1 2 4| 6 1 4 6 | 6

1% 1| 2 & | 6 1| 4 6 | 6 I R
1% 1 | 2 4% | 8 1 | 4 6 | 6 1 8 wsi 6
% 1| oz 4 | 8 1| 4 6 | 6

2 | 2 ak | 8 | o4 g | 8

=N =Number of flutes.

In this size of regular mill alefi-hand cutter with left-hand helix is also standard.

Alldimensions arc in inches. Allcutters are high-speed steel. Helix angle is greater than 19 degrees
but not more than 39 degrees. Right-hand cutiers with right-hand helix are standard,

Talerances: On 1D, +0.003 inch; on 5, ~0.0001 t0—0.0005 inch; on W, £4, inch; on L, +¥ inch.
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ANSI Two-Flute, High Helix, Regular-, Long-, and Extra Long-Length,

MILLING CUTTERS

Single-End End Mills with Weldon Shanks ANSIASME B94.19-1997

731

1

Catter Regudar Mill Tong ML Exctra Long Mill
s s W L s W L 5 W L
s % % s % % s % £ s
EY * % 2 % % 3% % 2 Eid
% % % 2% % 1k 3% % 2% 4%
Y % 1 2, Y 1% 3
Y 13 1% 3% ¥ 2 4 13 3 3
% % 1% 3% % 2% % 4 %
% % 1% 3% % 3 5% % 4 6%
% % 1% 4
1 1 2 % H 4 13 i 6 8%
17 1% 2 4y i 4 6% 3 3 3
1% 1Y% 2 44 1% 4 64 1% 8 104
2 4 2 4% 1Y 4 8%

Al dimensions are in inches. All cullers are high-speed steel. Right-hand

helix gre standard. Helix angle is greater than 39 degrees.
Folerances: OnD, +0.003 inch; on 5,—0.0001 to—0.0003 inch; on W, 1Y, inch; and on L, ¥ inch.

Combination Shanks for End Mills ANSFASME B94.19-1997

cutters with right-hand

RIGHT-HAND CUT

LEFTHAND CUT

CENTRAL

015 "lM WITH “K'"
T

With “E”
Di.,
A L0 8 [ D E F G H i K M
1% o | 1%, | 515§ l4o6 | V4 | 515§ 1a3m % + 1302 | 377 A
2 34 1%, | 700 | Tom % 700 | 1809 % L772 | 440 S
24 3% 1% | 700 | 2400 2 J0 | 2312 % 2.245 | 503 N
=Length of shank.

All dimensions are in inches.
Modified foruse as Weldon or Pin Drive shank.
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782 MILLING CUTTERS

ANSI Roughing, Single-End End Miils with Weldon Shanks, High-Speed Steel
ANSI/ASMF B94,19-1997

L
1
| w
N W
_%_ _ WM%E
Dismcer Tength Diumeter Tongih
Catter Shank it Overall Cutter Shunk Cut Overall
n 5 W L D 5 W L
% £ 1 3 2 2 2 5%
% % 1y 3% 2 2 3 31
% % 2 4 2 2 4 kA
% % 1 3% 2 2 5 sy
% % 1% 3% 2 2 & oy
E % 2y 4% 2 2 7 103
e kA % 3% 2 z 8 EH
3 % 1% 3% 2 2 10 13
% % 3 st 2 2 12 15%
1 1 2 4 2k 2 A
1 1 4 6% b3 2 & A
1 1% 2 % 2% 2 8 1%
LY 1% 4 33 2% z 0 13%
1% % 2 44 3 2 4 7
i 1% 4 6% 3 2 6 9%
% iy 2 a4 3 2 5 1%
1% 1% 4 21 E) 2% 10 13%

All dimensions are in inches. Right-hand catters with right-hand helix are standard.
Tolerances: Outside diameter, +0.025, —=0.005 inch; length of cut, +15, —Y%, inch.

American National Standard Heavy Duty, Medium Helix Single-End End Mills,
2 -inch Combination Shank, High-Speed Steel ANSVASME B94.19-1997

L Y
— ]
i
Aeffl-o——— »

Diar o Length Lengh Dia of Temth TLength
Cuteer, Nao. ef of Cur, Orverall, Cutex, No. of of Cut, Orverall,
B Flues w L 2 Tlutes W L
2% 3 8 12 3 3 1 7Y%
2l 3 i0 14 3 3 & 2%
2% s 4 8 3 3 8 14
2y 6 3 10 3 H 4 ki
2l 3 8 12 3 $ 6 9%
24 I3 10 14 1 8 3 1
2l 6 12 16 3 8 10 13%
3 2 4 % 3 8 12 15%

3 2 6 9 .

Al dimensions are in inches. For shank dimensions see page 781. Right-haad culters with right-
hand helix are standard. Helix angle is greater than 19 degrees but not more than 3% degrees.
Tolerances: On D, +0.005 inch; on W, 14, inch: on £, ¥ inch.
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MILLING CUTTERS 783

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 1

bBT i

w w
s [
g Emn e oo

Dia. Stub Length Regular Length
D w L w L
Y Y 2 Y 2
% Y 2 % 2%
% s 2 % 2
% %% i s 2%
¥ % 2 % 2%
Dia. Loag Length
D B W L
Yo % % 2%
b % % 2%
% % % 3
% % % 3%
i 1 1 3%

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

Tolerances: On D, + 0,003 inch (il the shank is the same diameter as the cutting portion, however,
then the tolerance on the eutting diameter is — 0.0023 inch.); on W, + %, , — %, inch; and on L, ¥
inch.

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

e

L

t
5 b
I E—
Dia., D g W L Dia., 1 N w L
% % | % | % 1% % % | %
% BERE 4 mENE

Alldimensions are in inches. Alt cutters are high-speed steel. Right-hand cutters are standard.
Tolerances: On D, +0.015 inch; on 5, — 0.0001 10— 0.0003 inch; on W, £0.015 inch; and on L, +4
inch.
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784 MILLING CUTTERS

American National Standard Stub-, Regnlar-, and Long-Length, Two-Flute,
Medium Helix, Plain- and Ball-End, Double-End Miniature End Mills
with %, -Inch Diameter Straight Shanks ANSVASME B94.19-1997

‘ .
L P
e e O
316

Dia. Stub Length Recgular Lengih

Cand Pluin End Ball End PlaieTnd Bull End
D W L Lid L w L W L
Y, % 2 b 24
b Hs 2 % Y
Ye ) 2 % 2 % 24 s 2%
Y % 2 W4 2
% % 2 % 2 % 24 % %
% %, 2 T 24
4 2 % 2 % 2 % e
% % 2 e %
% % 2 EA 2 % 2% 3 24
U, A 2 % 24
¥ % 2 % 2 % 2% 4 2%

Tong Lenght

Dia. Plain Bud
b 42 W L
% % % 2%
% % E k%
% % % ki
Y ! ! 3%

28 is the length below the shank.

All dimensions are in inches. All cutters are high-speed sieel. Right-hand cutters with tight-hand
helix are standard. Helix angle is greater than 19 degrees but not more than 3% degrees.

Tolerances; On Cand D, ~0.0015 inch for stish and regular length; + 0,803 inch for long length Gf
the shank is the same diameter as the cutting portion, however, then the tolerance on the cutling dixm-
eleris—0.0025 inch.); on W, + Vn: — Vﬂ, inch; and on L, & ¥ inch.

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

Tia, D L Taper No.
5% 7
- 14 2 7Y ]
% R %, 7 e piA 7% 2
y A s 7 2 2% 8 L4
All dimensions are in inches. All cutlers are high-speed steel, Right-hand cutters with right-hand

helix are standard. Helix angle is not less than 10 degrees.
No. 5 taperis standard without tang: Nos. 7 and 9 are standard with tang only.
Tolerances: On D, +0.005 inch; on W, £%, inch; and on L+¥%, inch.
For dimensions of B & $ taper shanks, see information given on page 916.
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MILLING CUTTERS

785

American National Standard Stub- and Regular-Length, Two-Flnte, Medium Helix,

Plain- and Ball-End, Single-End End Mills with Weldon Shanks

ANSIASME B94.19-1997

hwg" |
— @
- - D — _
] i
< 1
Regulur Length— Pluin Ead Stuh Leagth —Plain End
Curer Shark Tength Tetgh

Dia., Dbia, Dis., of Cat. Overall

o 5 W L n H W 3
% # # 2% % # Ha 2%
%ie Ed %o 2Hs He % 2 2o
% # k3 s Y % % 24

p

;“ ;ﬁ {/:: EZ:Z Regulas Length — Pall End
Hs 3 s 2
¥ % e 25 Dia, Shank Length Leogth
s " | 3 Cuad Dia., of Cur Overall.
;1 2 s B o § w L
% 4 1 3
3 % 1y 34 7 % % 7,
e E i 376 e % 4 24
% 3 1 B % * % 2y
% % L4 e

" 5% W, e Ha % % %
# % s e % % % 2%
s % 1 % He b H 3

% % 14 *
L % A 2% % i 1 3

% % 15 3 e % 1% 3%
1 % 1% % % ! 14 3%
14 % % 3%
1% % % 3% % % 1% 3%
i ! % 4% % h L% 3
% 1 1% 4 % % 1% 3%
1Y L 1% 4%
% 1 % B % % 2 4
1% 1 1% 4y 1 1 2% E
1% 14 1% 4y 1% 1 alg EE
1Y 14 1% 4%
1% 1y i % 1% 1% 2% 5
2 15 1% 4l 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 bul not more than 39 degress.
Tolerances: On € and D, —0.0015 inch for stub-length mills, + 0.003 inch [or re gular-length mills;
on 8, ~0.0001 to—0.0005 incly, on W, £ %, inch; and on £, ¥ inch.
The following single-end end mills are available in premiom high speed steel: ball end, twa flute,
with  ranging from % 1o 1% inches; ball end, multiple flute, with D' ranging from Y% ta linch; and
plain end, Lwo flute, with Dranging from % to | ! inches.
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786 MILLING CUTTERS

American National Standard T.ong-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 Eod

Dia, Tong Leagth — Plain End Tong Lengh — Ball End

Cand
2 35 B W L 5 B w L
% % e % %
% % % b 24
4 % ] % 34 i 1y % g
i % 1% % 3% % 1% % g
% % 1% % B % 13 % 3%
T % 1% | 3l
3 13 2% 1 4 i 28 1 4
% % P 1% & % 2% L 4%
% % L 1% 5% % e 13 L]

1 1 49, 2% 7Y 1 5 2% A

1y 1 JEn 3 1 .

4B is the Jength below the shank.
Double Eed

Dia, Stub Length— TRegular Length — Regalar Length—

Cand Plin End Lain #ind Ball End
P 5 L4 L N W L S W L
% % s 2% % % 345 % % e
# % T 2% % e 3%
¥ % % % % e % L3 3%
% % 2 2% % 3y -
% % % 2% % % 3% i 3%
% % % 3% -
e % % 3% % %a Bk
e % % %
% % % 34 % Ha 34
kS X s ¥4
Ha % kA 34 [ e Ec
Y [ g R
4 h % 3% s s k1
s % 1% 44
% % 1% 45 % 1 4%
e B % 13 5 -
K % Ly 3 % s 5
% % 1%, 54
1 e L 1% L1 1 1% 5%

All dimensions are in inches. All cutters zre high-speed steel. Right-hand cuttess with right-hand

helix are standard. Helix angle is greater than 19 degrees but notmore than 39 degrees.
Tolerances: Ou € and 2, + 0.003 inch [or single-end mills, —0.0015 inch oz double-end mills: on
5, —0.0001 1o —0.0003 inch;: on W, +}%, inch; and on L, +%g inch.
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MILLING CUTTERS 787
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
Four Flute
Dia., Regvlar Length Tong Length T Long Lengdn
2l Bl W L 5 w L 5 W L

% % % 25

e ] L B |- .

% i % e % 1% Fhe % 1% g
% % % 2k % % 2% % 2 i
% % % 24 i 1% 3 % % an
% % 1 3 % 2 4 % 3 s
% % 1% A % % 4% % 4 %
e % % 3%
% % 1% 3 % 3 54 % 4 A
% % 1 % % 3% 5% % s 7
: 1 2 4% 1 4 sl 1 6 8l
1% 1 2 4
1 1% 2 4 1% 4 6% % § 3
1 i3 2 44

Three Flats
Dia., £ i 3 | | L Dia, D 1 K I W ] L
Regulir Lenpih Regular Leng (conl.)

% % % 2 % 1 2 44
s % % 2% A 1 2 4%

% % % 2 1% L 2 4%
¥ % % 2% 1 i 2 L

% % % 2% 1 1 2 a4l
s * i 2ty % L 2 4%

% % 1 M 2 M 2 i

B ! 1% 3

% £ i3 4 LozglLensth

s 5 % K % £ % B

% % % 3% % % e 3%

% 3 1% 3% % % L B
% % % 3% Y % 1 %

% % 1% 3% Y % 2 4

% % % 4 % % 2% %
i % % + % % 3 4

% % 1% 3% 1 ' 4 %

% % 1% 4% 1 1 4 6%
1 % 4 4 1% 1 4 6%
1 % % E i 15 4 A
1 1 2 4, 2 iy 4 [

‘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.

Tolerances: On D, +0.003 inch: on §,~0.0001 to~0.0003 inch; on W, #}4 inch; andon £, g inch,

The following center-cutting, single-end end mills are available in pram inm high speed steel: reg-
ular length, multiple fute, with D ranging from Y% to 1% inches; long length, muliple {lute, with £
ranging from % to 13 tnches; and extra fong-length, multiple flute, with D tanging from % to 1%

inches.
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MILLING CUTTERS

American National Standard Stub- and Regular-length, Four-flute, Medium Helix,
Double-end End Mills with Weldon Shanks ANSI/ASME B%4.19-1997

f L
W W—s]
ST T asd
m\‘.. -
Blslw [ W] %
D A w L D ) W L
Stub Length
% ‘x’v.slz%” % o[ %] [ Ha |*/g % ’zx
% ol %| % | o™ L% Y% | .
N egular Length
UTETY ) % W 1% % | % % % | % |5
%l % | % | %% % ob % % | Ye | % [ % | %
%0l % | % | % S 4% o[y | om | sy
W% | % | 3% Y %] 4% S| % | | ey
ol x| % | % oy 4% % % | % | o
%ol % | | % ye | %] a1 Lo | ey
%W | %] % | o % x| [s

2Tn this size of regular mill a left-hand cutier 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.
Tolerances: On D, +0.003 inch (if the shank is the same diameter as the cutting portion, however,
thenthe telerance on the cutting diameter is =0.0025 inch); on §,~0.0001 to—0.0005 inch; or W, Y,

inch; and on £, £% nch.

American National Standard Stub- and Regular-Length, Four-Flute, Medinm
Helix, Double-End End Mills with Weldon Shanks ANSIASME 594.19-1997

L [ L
DFwﬂ s Wi | w— W] .
eIl iIBESSESTH ¢
= Al A\
Dix., | | | Dis., i |
I 5 W L 1) § w L
Three Flute Four Flate
i % % EX % % % K
Ho % % 3 ¥ % % 3
% % % £ % % * £
s % % 3% s % % 3
% % ] ki ¥ % % k2
e K 1 4% I3 4 L n
i A 1 E % % % 5
e % % 5 A % 1% 55
E % % 5 % % g 6%
¥ % 1% 5% 1 1 1% &%
1 1 1% &%

All dimensions are in inches. All cutters are high-sp:

helix are siandard. Helix angle is greater than 19 degrees but not more than 39 degrees.
Tolerances: On D, +0.0015 inch; on 8, ~.0001 to —0.0005 inch; on W, 34, inch; and on L, £,

inch.
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MILLING CUTTERS 789

American National Standard Plzin- and Ball-End, Heavy Duty, Medium Helix,
Single-End End Mills with 2-Inch Diameter Shanks ANSIASME B94.19-1997

1 H

TWO FOUR SIX

®
®
£

TWO THREE

v -~ —

F i

Dia., Plain End Ball Eod
Cand No. of No. of
D W i Flues W L Fhites
2 2 5% 2,4,6

2 3 [ 2,3
2 4 KA 23,46 4 7% 6

2 3 8% 34

2 3 5% 2,3,4,6 5 9% 5

2 s pEEA 6 H 13 6

2 4 % 2,3,4,6

% - 5 B2 4

2% 6 % 2,46

2% 8 1y s

AL dimensions are in inches. All cutters are high-speed steel. Right-hand cutlers with right-hand
helix are standard, Helix angle is greater than 19 degrees but not more than 39 degrees.
Tolerances: On Cand D, + 0,005 inch for 2, 3, 4 and 6 flutes: on W, £ Y5 inch; andon L, + ¥ inch.

Dimensions of American National Standard Weldon Shanks
ANSIASME B94.19-1997

Shank. Flat Shunk Flat
Dia. Leogth ¥ Tengih* Dia, Length X Tengdh
% 1%, 0325 0.250 1 2% 0.925 0515
3 1, 0440 0.230 % 2% 1156 0.515
5% 12, 0560 0.400 1% 2 1.406 0515
% oy 0673 0455 2 3y 1.900 0.700
% 2% 0810 0435 24 3% 2400 0700

a¥is distance from bottom of flat to opposite side of shank.

bMinimum.

All dimensions are in inches.

Centerline of flat is at hall-length of shank except [or 1%-, 2- and 2} -inch shanks where il is ¥,
174, and 14 from shank end, respectively.

Tolerance on shank diameter, —0.0001 1o —0.0005 inch.
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790 MILLENG CUTTERS

Amerian National Standard Form Relieved, Concave, Convex, and
Corner-Rounding Arbor-Type Cutters ANSVASME B94.19-1997

|
| 7

[

i L w ‘ : < i K
| w
R i
) L
—D —D —-—D
Concave Convex Corner-rounding
Dinmeter C or Radhus & | Cuver Widdh | Diameter of Hole
Dia w
Num. | Max. | Mie. ‘ D +.0100 | Nom. | Max. t Min.
Concave Cutters®
] 0.1270 0.1240 HA % 1 100075 100000
Yo 01805 0.1855 2% % 1 100075 1.00000
% 02520 02490 2% T 1 100075 100000
e 03143 03115 2% % 1 100075 1.00000
% 03770 03740 2% % 1 100075 100000
Y 04393 0.4365 3 4% 1 100075 1.00000
P 05040 04980 3 W 1 100075 100000
% 0.6200 0.6230 k1 1 1 1.251 1250
% 07540 07480 3y %, 1% 1251 1250
% 0.8790 08730 4 1% % 1351 1250
1 10040 09980 4% 1% 1% 1251 1250
Convex Curters®
P 0.1270 0.1230 A [ B 100075 L0000
e 0.1895 0.185% 2% EA 1 100075 100000
% 02520 02480 2% I 1 L00075 100000
e 03145 03105 % EA 1 100075 100000
% 03770 03730 2% % 1 LUouTs 150000
e 04395 04353 3 % 1 100075 160000
1 0.5020 04980 3 1 1 100073 100000
% 0.6270 06230 34 % 1% 1251 1.250
% 0.7520 0.7480 3% ¥ 1% £251 1.250
% 08770 08730 4 % 1% 1251 1250
1 1.0020 09980 4y 1 1 1251 1250
Corner rounding Cutterst
[ 0.1260 0.1240 2% 14 1 1.00075 100000
% 92520 02490 3 A 1 100075 1O00
% 03770 03740 33 % 1y 1351 1250
% 05020 04990 ay % i 1251 1.250
% 06270 06240 4 ey 1 1251 1250

Tolerances on cuter diameter are + ¥, — ¥ inch for all sizes.

bTolerance does not apply fo convex cutlers.

©Size of cutter is designated by specifying diameter C of circular form.

dSize of cutter is designated by specifying radius R of cireular 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 cutter for ¥ -inch size is also stan-
dard.

For key and keyway dimensions for Ihese cutters, see page 794.
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American National Standard Roughing and Finishing Gear Milling Cutters for
Gears with 14 -Degree Pressure Angles ANSVASME B94.19-1997

ROUGHING FINISHING
Diat of Dia. of Dia. of Dia. of Dix of ‘ Dia. o
Dismewad | Cuner, Hole, Dimnetrnl | Corer, Hale, Diamersd | Cutter, Hole,
Pirch D 41 Pitch P H Pitch D H
Roughing Gear Milling Cutiers
1 23 2 3 BA I3 3 % [
% ™ 2 3 a3 1w 6 3% 1y
14 7 % 4 4+ 13 6 3 1%
1 [ 1% 4 4% t2 6 3% 1
2 6% 1% 4 4% I3 7 3% 1%
2 5% e 4 3% 1 7 2% 1
% % % 5 e 15 & Iy %
2 N 1y 3 a% LTM E] 2% 1
3 5% 1% 5 EA 1%
Fimering Gear Mmg COtets
[ B3 3 3 3% 1 14 % %
b % 3 [ 3k i 16 £ 1
1% 1 1% [ £ 1 16 2 %
iy 6% % 7 3% 1% 13 b1 1
2 ok 1% 7 3% 1% 13 2 %
z 5% 1% 7 2% L % % 1
2% 6% 1% 3 3l % 20 2 %
Y 5% it 3 3 i 22 2 i
3 5% 1% ] 2% ] 22 2 %
3 Y % 9 3y 1% 24 2% 1
3 a3 1% 9 kA 1 R 1% %
4 4% ¥ 10 3 1% 26 1% %
4 4l 1% 10 2% 1 28 jt4 %
4 44 % 10 2% % 30 i34 %
4 3% 1 1 H 1 2 1% %
5 4% 1% 11 % % 6 13 %
5 4l 13 12 2% 1y 40 1% %
5 3% 1% 12 2% 1 45 54 %
5 3% 1 ) i %
3 4l 1% 4 % 1

All dimensions are in inches.

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

For keyway dimensions see page 794,

Tolerances: On outside diameter, + ¥, =Y inch; on hole diameter, throagh 1-inch hole diameter,
~0.00075 inch, over 1-inch and through 2-inch hole diameter, +0.0010 inch.

Forcutter numberrelaiive to numbers of gear teeth, see page 2021. Roughing cutlers aremade with
Neo. 1 cutter form only.
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American National Standard Gear Milling Cutters for Mitre and Bevel
Gears with 14% -Degree Pressure Angles ANSUASME B94.19-1997

Dlameter Diameter Diameter Diamzter
Diametral of Catter, of Hole, Diametral of Catier, of Hole,
Pitch n H Pilch n H

3 4 I 10 23 %

4 3% 1 12 2 %

3 3 1l 14 2k %

6 3l 1 16 24 %

7 % I 0 2 %

8 2% 1 24 1% %
All dimensions are in inches.

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

For keyway dimensions sce page 754. For cutter selection see page 2060.

Tolerances: On outside diameter, +¥g, —Yg inch; on hole diameter, through I-inch hole diameter,
+0.00075 inch, for | Z—inch hole diameler, +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 catter number from the table on page 2023,

American National Standard Roller Chain Sprocket
Milling Cutters ANSVASME B94.19-1997

Diz. No.of Diz. Width, Dia.
Chain of Teeth in of Cutter, of Cumier, of Hole,
Pitch Roll Sprocket D W il

% 0130 4 2% A 1
% 0.130 78 2% i 1
% 0.130 9-11 24 % 1
% 0.130 1217 2% Ha 1
% 0.130 18-34 2% % 1
% 0130 33 and over 2% % 1

0.200 6 2% % i
% 0.200 7-8 2% B 1
% 0.200 o-11 2 %, 1
% 6200 12-17 2% o 1
% 0.200 18-34 24 Y6 1
% 0.200 35 and aver k27 3, 1
'Y 3 3 3 % 1
% 0.313 7-8 3 % 1
I 0313 9-n k1 % 1
% 0313 12-17 3y % 1
4 0.313 18-34 3 =, 1
% 0313 35 and over 3y LA 1
% 0400 6 3 1
% 040D 7-4 3 ¥ 1
% 0400 9-11 3% % 1
% 0.400 12-17 3% % 1
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MILLING CUTTERS 793
American National Standard Roller Chain Sprocket
Milling Cutters ANSI/ASME B94.19-1997
Chorkl The of o, of Teeth In D of Camar, | Widdh of Cunter, Diaal Holc,
Pirch Rell Sprocket P ) H
% 0400 18-34 EA EA 1
% 0400 35 and over 3% Ui 1
¥ 0469 3y EA 1
% 0.469 78 3l £ 1
% 0469 911 3% A L
¥ 0469 12-17 3% % 1
¥ 0469 18-34 3% B H
% 0459 38 and over 3% S i
1 0625 5 3% 1 B
1 0.625 78 4 iy i
1 0.625 911 ay 13, 1
1 0.625 18-34 4l 1'% I
1 0.625 35 a0d over a 1% 14
% 0.750 6 41 1'% 1y
% 0.750 -8 4% 1'% A
14 0.750 9-11 4% 15, 1%
|11 0.750 18-34 4% 1% 14
A 750 35 and over 4% % 14
1% 0475 3 4% 1%, 1y
1 0475 8 4 % |t
1 0875 o1 4% 1% 1
1% 0.875 12-17 ¥ 1% 1
1y 0.875 i8-34 4 1k 1
1% 0.875 35 and over 4 1% 1
1% 1009 6 5 2% 1%
1 1000 78 5% 2% 1%
I 1000 9-11 5y Y, 15
1% LoD 12-17 5% 24 1l
% 1000 1834 s% 1, 1
1% 1.000 35 and over 5% 1% 1%
2 1125 % 28, 1%
2 1125 78 Sk 28, 1%
2 1125 911 5% 2% 1%
2 1125 12-17 4 2T 1%
2 LE2S 18-34 5% 2y 1
2 Li2s 35 and over 5% 2%, 1%
' 1.406 3 % 2%, 1%
21 1.406 78 6 2 1%
2 1406 911 % % 1%
2y 1408 1217 6% 25, 1%
2 1405 1834 6% 249 1%
2 1406 35 and over 6% 2 1%
2% 1.563 8 &% 3 1%
24 1.563 7-8 &% 3 1%
2% 1.563 9-11 6% 2% 1%
2% 1.563 12=17 6% L 1y
2l 1.563 18-34 7 2 1%
2 1.563 35 and over 7 2ty 13
3 1875 6 7 kLA z
3 1875 78 7% 39, 2
3 1875 9-11 % 3%, 2
3 1875 1217 8 34, 2
3 1875 18-34 8 EL 2
3 1875 35 and over 8l 3%, 2

Alldimensions are n inches.

All cutters are high-speed steel and are form relieved.
Forkeyway dimensions sce page 794,

Tolerances: Outside diameler, -+, =¥, inch; bole diameter, through 1-inch diameter, + 0.00475
inch, above 1-inch diameter and through 2-inch diameter, + 0.0010 inch.

For tooth form, see ANSI sprocket tooth form table on page 2438,
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American National Standard Woodruff Keyseat Cutters—Shank-Type Straight-
Tecth and Arbor-Type Staggered-Tecth ANSI/ASME B94.19-1997

Nom. | Width | Lesgth Nom. | Width | Length Nom, [ Widih | Lengdh
Diaof | of | Over Diaof | of | Over- Diaof | of | Ove-
Cutter | Cutter, | Facs, all, Cutter | Cutter, | Face, all, | Catter | Cutter, | Fuce, all,
Number | D w L |MNumber| D W L |Number| D W L
202 ' Yis 245 [ 506 % £ 284, 809 1y A 2y
02| % Ya 24 1| 606 % #s || 1009 | 1% s 2%
024 | ¥ b 2% || 06 % % 24 010 | 1% F 2,
203 % % 2% 507 % Yo 2% 710 1Yy Y% A
303 % % ¥ || 607 % Yo | 2% || s0 | 1% Y 2y
403 % % 2y || 707 % T | T [[ 1000 | 1% EA b
204 3 Y e || w07 % % 2 {1210 | 1% % 7%
304 I3 % 2% || s08 |1 % | 2% b su 1% Y 24
404 I3 % g i oe | % | 2% || 1011 | 1% ) 2%,
305 % % % §| o8 §1 1% 2% || 120 1% % 2%
405 % 1 2% || 1008 1 %e b2 13 812 14 |4 2
505 % ES 2% || 1208 | 1 % 2% |joz | 1% ER 3%,
605 % Us P | ] i Y 2 (11212 1 % %
406 £ % 2% 09 14 T 2%
Asbor-type Cutters
Nom. | Width Nom. | Width Now. | Width
Diaof | of | Div off Diaof | of | Dia of] Diaof | of | Diaof
Cutter | Cutter, | Face, | Hole, }{ Cutter  Cutter, | Face, | Hole, || Curtter  Cutter, { Face, | Hole,
Number[ D w A ]{Number D w 4 ||Number D W H
617 24 £ % 1022 2% B 1 1628 34 % 1
817 24 % % 1222 2% % 1 1828 3y Y 1
1017 2% % % {22 2% % 1 |f2028 3% % 1
1217 2% % % 1622 2% 4 1 2428 3% % 1
822 2% 4 1 1228 3k * 1

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

Shank type cutters are standard with right-hand cut and straight teeth, All sizes have % -inch diam-
eler strafght shanic.

Arbor type cutters have staggered tecth.

For Woodruff key and key-stot dimaensions, see pages 2348 through 2330,

Tolerances: Face with Wor shank Lype cutters: Y- to %, -inch face, +0.0000,—0.0005; ¥ to %,
—0.0002,—0.0007; %, —0.0003, —0.0008; %, ~0.0004, —0.0009; %, — 0.0005, ~0.0010 inch. Face
width W for arbor type cutters; ¥, inch face, ~0.0002,-0.0007; Y, —0.0003, ~0.0008; %, , —0.0004,
-0.0009; % and over, 00005, —0.0010 inch. Hole size H: +0.00075,~0.0000 inch. Diameter D for
shank fype cutters: %- through 4 -inch diameter, +0.010, +0.015, % through 14, +0.0£2,+0.017; 1%
through 1%, +0.015, +0.020 inch. These tolerances include an altowance for sharpening. For arbor
type cutters diameter P is furnished ¥, inch larger than listed and a tolerance of 20,002 inch applies
1o 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 depend
upon three factors: the number of teeth to be cut; the angle of the blank in which ithe teeth
ate (o be cut; and the angle of the fluting cutter. Setting angles for various combinations of
these thres factors are given in the tables. For example, assume that 12 teeth are to be cuton
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 angle
of 70 degrees and 32 minutes,

The following formolas, which were used to compile these tables, may be used to calcu-
late the sefting-angles for combinations of aumber of teeth, blank angle, and cutter angle
not covered by the tables, In these formulas, A= setting-angle for dividing head, B= angle
of blank in which teeth are to be cut, € = angle of fluting cutter, N = number of teeth to be
cut, and D and E are angles not shown en the accompanying diagram and which are used
only to simplify calculations.

tanD = cos(360°/N) X cotB (€8]
sinE = tan(360°/N) x cotCx sinD 2)
Setting-angle A = D—E (3)

Fxample: Suppose 9 teeth are to be cut in a 35-degree blank using a 55-degree single-
angle fluting cutter. Then, N=9,B= 35%and €=355°

tanD = cos(360°/9) X cot35° = 0.76604 x 14281 = 1.0940; and D = 47°34’
sinE = tan(360°/9) % cot35% X sind7°34” = 0.83910 x 0.70021 x 0.73806
0.43365; and £ = 25°42°

n

Setting angle A = 47°34’ -25°42" = 21°527

For end mills and side mills the angle of the blank B is 0 degrees and the following sim-~
plified formula may be used to find the setting angle A

cosd = tan(360°/N) X cotC (4)
Example: If in the previous exampte the blank angle was 0 degrees,
cos A = tan (360°/9) x cot 55°
=0.83910 % 0.70021 = 0.58755; and setting-angle A= 54°1°
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MILLING CUTTERS 797
Angles of Elevation for Milling Straight Teeth in 0-, 5-,10-, 15+, 2(0~, 25-,
30-, and 35-degree Blanks Using Single-Angle Fluting Cutters
1‘;‘; Angle of Fluting Cutter
Touhs w | s [ e | s [ s ERIENEEERE:
0° Blank (End Mill) 5 Blunk
6 [ s 55 .. 505 4 |6 3[4 AT |- -
8 79 51 68 39 540 44 [320 57|82 57 |72 52 61 47 (48> o 250 40
10 Lo |82 3 |74 40 les 12 |52 26 ||s2 om0 | 31 a8 35 |50 11 45 4
12 oo |se |77 sz doos2 |61 2 || ous |7 25 |72 10 &4 52 |ss s
14 85 & 1o 54 735 &6 10 54 27 |79 36 74 24 |68 23 60 W
16 85 49 |81 20 f76 10 o9 a0 ||s4 95 |s0 25 |95 57 |70 4v (64 7
8 86 19 |82 23 f7v sz |72 a3 |[s4 o4 st o1 |77 6 |72 36 (66 47
) 8 43 |8 13 [ 11 |74 1 |[s4 45 |31 20 |77 59 |13 ose les s
2 s 87 2 83 52 8O 14 |75 @ 84 47 |81 50 |78 40 (V5 4 70 2
24 87 18 |84 24 81 6 T7 0 54 49 |82 7 79 15 s 57 L
10° Blank 15 Blank
13 e 3[5F 0| F f. 6 45 [ 12 |28 ¥ | .
8 76 0 |66 9 |55 19 ja1e s¢ |0 ax|les 15 [s9 46 |49 21 |36 ae ire a
19 |77 o4z |7 031 |62 44§32 30 [40 42 ([ 40 [ 41 (575 [as 12 {36 18
12 78 30 72 46 |66 37 59 28 |49 S0 72 48 |67 13 6l 13 |54 14 (45 13
W7 ose |9 |eo 2 ez 6 [ss 1 (i3 o2 [ a6 |63 a6 |57 59 (50 3
16 | 12 |75 5 | a1 fes a7 |so 1 |3 so |&@ 49 |65 30 |60 33 {54
15 |7 22 |75 45 |7 os3 fer 27 |e1 43 |15 |70 33 |es 46 |62 26 |57 o
0 |7 30 (76 16 |72 a4 fex 52 |e3 47 ||m 16 |m o6 |67 44 |63 52 | 3
2 [19 35 [% a0 [73 33 fe9 52 |65 25 || 24 |7 o3:2 [es 2@ |65 0 {60 40
24 f79 3 [ s e f7o 54 |66 44 [ 0 |7 53 |69 6 |65 56 {81 s
20° Blank 25° Blank.
3 EERNCEN ETRET TN T 57 v 3 & [19° 83| -
8 52 46 (53 45 |43 53 310 sy | av||ss 36 |48 B |38 a5 |2 aw |ue 3w
0 s 47 5904 |5 s {42 18 [3201 [l 2 [s a0 |46 47 [ s [ 47
12 67 12 [e1 4 |56 2 49 18 [40 40 |Jer a2 |56 3 st 2 |41 o3 f3s w0
4 fes 0 &3 2% |ss a9 s34 f46 0 ez 3 [s6 19 |54 [as 20 |4 om
16 |68 30 |64 36 &0 26 |33 32 [40 38 [[e3 13 [s 20 [s5 29 [s0 53 [4e 57
18 68 50 |65 24 |6l 44 |57 32 |s2 17 |63 37 |60 12 |56 48 |52 46 |47 3
20 689 3 65 59 |62 43 58 58 |54 18 ||63 53 60 56 57 47 |3 11 |49 33
2 ey 1 |66 2 [63 30 feo 7 |55 55 |Jet s |1 23 [ss 34 |35 19 [st oo
2 fee o2t fs6 4 [e+ 7 fo1 2 |57 12 ||e4 4 e 47 [s9 12 |56 13 [s2 2
30° Blank 55° Blank
6 ¢ 54 |20 22 [167 32 .. s 327 |25 19 [1F T ]
8 50 46 |42 55 |34 24 {240 12 f100 aw(fes 17 [3w s |30 s [a # s ar
10 |54 20 4w 30 |42 2 {34 31 [2¢ a4 [fe 7 [o oas [37 35 (30 s [21 a0
12 |s6 18 st 26 |46 14 {40 12 [32 32 |fs1 o3 f46 0 |4 o3 (26 2 [as s
Mo 572 |s3 15 |48 sz [z a0 [3 27 [fs2 o f4e 10 |44 12 (39 28 [a3 om
16 58 0 54 27 |50 39 {46 19 |40 52 (|52 50 49 20 |45 56 (41 S1 36 45
18 58 26 |55 18 |51 57 {48 7 43 20 (fs3 18 30021 |47 12 143 36 |39 B
20 58 a4 |55 55 [s2 36 f49 20 |45 15 ||s3 38 50 5o [48 10 |44 57 [eo w7
2 58 57 |56 24 |53 42 30 3¢ |46 48 ||53 53 51 29 [48 56 (46 1 42 24
24 |59 08 |56 48 |34 20 [s1 a0 |48 o |[s4 4 51053 |49 3 la6 s2 [a3 a5
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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

chx. Angle of Fluling Cuter
Toeth v [ s [ o ] e | s s | wr [ e [ e |
407 Blank 45° Blank
3 307 a4y 210 4F |1 5% |- 267 oF [ 4y 10 1T
% 407 |3 36 |26.33 |18 e |7 v (35 16 |29 25 |2 08 [15° 4% |5 s
0 f43 57 [38 51 |33 o2 |27 3 [18 55 ([ s |34 o2 |29 24 (23 40 [ 10
12 45 54 |41 43 37 e 32 3 25 33 46 34 |37 5 3 0 28 18 |22 12
4 |47 3 |43 29 J39 4 |as w | s ([l 1 |3 46 |35 17 {31 18 |26 0
16 |ooas (4t 3 120 |37 1 |3 oso [l ae |30 54 |36 s2 |33 24 |2 sv
45 4 fas 29 a2 30 |3 3 |3 s |l 0 |40 a2 f3s o1 (34 s6 |01
20 48 35 lag 7 43 30 {40 30 |36 47 43 34 |41 18 |38 53 36 8 a2 37
2 s so |46 36 |44 13 |41 20 [ 8 [z 40 |40 46 [30 34 |37 5 ja4 »
24 |1 |45 58 |44 a8 |42 19 {3 15 Moo |42 7 [40 7 |57 30 |35 53
50° Blank 55° Blank
6 2 a4y [15° 5% |80 5% [ - 15 17 |1 30 [T 15 .
8 30 a1 |28 3 [woso |30 av|se a0 e o2 [21 sz 173 |10 s |40 a7
10 310 |30 2 25 39 |w 32 4 9 29 32 [35 55 |22 3 17 36 i 52
12 (o0 [mom |3 |a (wow | o |z |ne |ar e
oo fmmos [se ;o0 |27 26 [moss |2 oas |mow | s (3o 194
16 37 47 |35 13 32 29 |29 22 25 30 |3z sS4 3 38 (28 12 25 26 (2 54
I8 ELIREIES R 33 33 |30 46 (27 2 33 21 31 20 |29 10 326 43 |23 35
00 (38 35 [36 32 |m om {31 s [ o |3 o0 |3 o5t (29 54 [27 42 (4 om
22 {3 50 [a 58 |3 o5 32 o4 (w057 (B3 ose |32 05 j30o2v [2m 25 (a5 s
24 39 1 37 19 35 30 {33 25 0 52 {pd s 32 34 30 57 |20 7 26 48
607 Black 65° Blunk
& 165 6 |L11° 12 |6 2 . JESIE N L 4% 53 |, .
8 2 13 [18 24 |is 19 oo a7 fam s [[s a5 fas 6 0wz [0 s a0 v
w25z zoss fis a7 f4oae {1005 [foose s 4 fisove iz e |8 ous
12 (2 3 |57 f2r a0 17 s [ o |frross |4 172 |4 (nom
14 27029 |25 M4 22 51 206 16 44 |22 & 20 55 18 54 |16 37 13 48
16 s l2s 7 fmr |2 | oa (s ow fuox [1os |17 s |15 ow
18 |28 {26 44 {24 s |22 a4 |20 6 || a0 [22 0 [20 32 |8 50 |16 37
20 28 46 [27 1 fo5s 30 |23 35 |20 14 [z 55 |2 3 |20 o |17 om
22 2 0 27 34 |26 2 407 2 8 24 6 22 53 |21 36 j20 8§ 18 20
4 o9 |27 50 |26 36 24 50 [22 sz |fas as |23 8 Qx5 [0 36 [1s 57
70° Blank 75° Blank
6 TR R A | 19 |2 50 [
8 14026 1033 |oom |60 9 (20 2 [io # [8 51 |6 51 |40 3¢ [0 ey
wo s |2 s (5w dsw (2w iow (s |7 4w
12 w3 15 45 13 53 1 45 9 8 13 4 11 45 w2 i 45 & 47
4 fsoo |68 |15 1 13w [0 || |22 o3| [87
16 f18 35 {17 15 |15 50 14 13 [z oo |5+ |12 5 |u s |woar [¢ o7
18 1853 {17 42 {16 26 |1a 30 |13 3 ([ s |13 1w |12 17 (1112 |o sl
20 19 & w1 16 53 15 35 13 59 14 18 13 29 i2 38 Ilo3e 027
2 19 15 |18 16 (17 15 |16 3 |14 35 [[i4 25 |13 o4 |12 s (o |0
2] 1922 |15 29 [17 33 |16 25 |15 5 [[14 31 |13 s0o 137 {1218 |1 18
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Angles of Elevation for Milling Straight Teeth in 80- and 85-degree
Blanks UsinpSingle-Angle Fluting Cutters

Noof Angle of Fluting Cutter
Tecth So° | s | 700 | 00 | 50° 0w | s0° | 70° 60° 50°
80° Blank $5° Blapk

6 3z | 0|10 52 ). e 30 11° a4 [0 55 .

H 76 550 |43 |3 2 |10y |[F o3 |2 55 |25 [1° 297 )00 3
w g7 |15 (s 5o faoa {3 om fe3 |33 ogzosso|2o21 |13
2 s 41 |7 48 |6 52 |s a8 |4 20 [j¢ 20 |3 53 |3 25 j2 53 (215
W o lo2 Jg1e 17 28 |6 32 |5 24 |le 30 |47 134 |315 |24
6 to 15 |8 35 |7 s |73 e 3 s 37 l4 17 |3 56 [3 30 (51

18 fo 24 ls 48 |3 1w |7 26 |6 3 |+ 42 |4 24 |4 5 |3 43 |3 16
o at |8 58 |8 24 17 4 l6 s6 [j¢ a6 |4 29 J4 12 (3 52 [3 28
2w le oz {06 [g35 |7 m [z 15 ||+ 48 |4 33 [4 18 §3 59 [3F
24 [v 40 Jo 13 ls s |8 1 |7 30 [l# 5o |4 36 1422 a5 |34

Spline-Shaft Milling Cutter.—The most efficient method of forming splines or shafts is
by hobbing, but special milling cutters may also be used. Since the cutter forms the space
hetween adjacent splines, it must be made to suit the number of splines and the root diam-
eter of the shaft. The cutter angle B equals 360 degrees divided by the number of splines.
The following formulas are for determining the chordal width C at the root of the splines or
the chordal width across the concave edge of the cutter. Tn these formulas, A = angle
betwean center line of spline and a radial line passing through the intersection of the root
circle and one side of the spline; W =width of spline; 4 = root diameter of splined shaft; C
— chordal width at oot circle between adjacent splines; N = nurnber of splines.

. w . (180

smA—d C‘—dxsm(N A)

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.

%

|

Cutter Grinding

‘Wheels for Sharpening Milling Cutters,—Milling cutters may be sharpened either by
using the pesiphery of a disk wheel or the face of acup wheel. The Jatter grinds the lands of
the teeth flat, whereas the periphery of a disk wheel leaves the teeth slightly concave back
of the culting 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 diameter
than for wheels of large diameter, For this reason, large diameter wheels are preferred
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800 MILLING CUTTERS

when sharpening milling cutters with disk type wheels. Irespective of what type of wheel
is used to sharpen a milling cuttez, any burrs resulting from grinding shoufd be carefully
removed by a hand stoning operation. Stoning also helps o reduece the roughness of grind-
ng 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 reguires that the operator maintain contact between the tool and the rest while the
wheel rotation is trying to move the tool away from therest. Though skghtly more ditficult,
this method will eliminate the busr.

Specifications of Grinding Wheels for Sharpening Milling Cutters

Cutter Grinding Wheel
Materiat Operation Abrasive Material Grain Size | Grade Bond
Carbon Roughing | Aluminum Oxide 46-60 K Vitrified
Tool Sieel Finishing | Aluminum Oxide 100 H Yitrified
High-speed Steel:
1841 { Roughing | Alumninum Oxide 60 KH Vitrified
Finishing | Aluminum Oxide 100 H Vitrified
1842 { Roughing | Aluminum Oxide 80 EGH | Virified
Finishing | Aluminom Oxide 100 H Vitrified
Cast Non-Ferrous” | Roughing [ Aluminum Oxide 46 HKLN | Vitibed
Tool Material Finishing | Aluminum Oxide 100-120 H Vitrified
Roughing
. after Silicon Carbide 60 G Vitrified
St | i
Roughing | Diamend 100 2 Resinoid
Finishing |Diamond Up to 500 2 Resinoid
C;rgiggg?sl;fgl Roughing | Cubic Boron Nitide 20-100 RP | Resinoid
Stael? Finishing | Cubic Boron Nitride 100-120 ST Resinoid

#Not indicated in diamond wheel markings.
b For hardnesses above Rockwell C 36.

Wheel Speeds and Feeds for Sharpening Milling Cotters.—Relatively low cutting
speeds should be used when sharpening milling cutters to avoid tempering and heat check-
ing. Dry grinding is recommended in all cases except when diamend wheels are emplayed.
The surface speed of grinding wheels should be in the range of 4500 to 6500 fest per
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 steck 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 .0015 inch for narrow saws and slotting cuiters of high-
speed steel or cast non-ferrous tool material. The stock removed per pass of the wheel may
be increased for backing-off operations such as the grinding of secondary clearance behind
the teeth since there is usvally a sutticient body of metal to carry off the heat.

Clearance Angles for Milling Catter 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. Itis desirable in ail cases to use a clearance
angle as small as possible so as 10 leave more metal back of the cutting edges for better heat
dissipation and to provide maximum support. Bxcessive clearance angles not only weaken
the cutting edges, but alse 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 cuiters over 3
inches in diameter should be provided with a clearance angle of 4 to 5 degrees. The land
width is usually ¥, %, , and }4; inch, 1espectively, for smalt, 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 dogrees;
cast iron and medium and hard bronze, 4 to 7 degrees; brass, soft bronze, aluminum, mag-
nesium, plastics, etc., 10to 12 degrees. When milling cutters are resharpened, itis custom-
ary to grind a secondary clearance angle of 3 to 5 degrees behind the primary clearance
angle to reduce the land width to its original value and thus aveid interference with the sur-
fuce to be milled. A general formula for plain milling cutters, face mills, and form relieved
cutters which gives the clearance angle C, in degrees, necessitated by the feed per revolu-
tion F, ininches, the width of land L, in inches, the depth of cut 4, in inches, the cutter diam-
eter D, ininches, and the Brinell hardness number B of the work being cut is:

45860 F
¢ = B2 1L+ I i)
Ralke Angles for Milling Cutters.—In peripheral mifling 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
axiallines. These angles are called radial and axial 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 steel
milling cutters. For sintered carbide tipped cutters, zero and negative rake angles are ire-
quently employed to provide more material back of the culting edge to resist shock loads.

Rake Angles for High-speed Steel Cutters: Positive 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 aloys, the rake angle may be 25 degrees or
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 copper
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. Comunercial face milling cutters usually
have 10 degrees positive radial and axial rake angles for general use in milling cast iren,
forged and alloy steel, brass, and bronze; for milling castings and forgings of magnesium
and free-cuiting aluminum and their alloys; the rake angles may be increased to 25 degrees
positive or more, depending on the operating conditions; a smaller rake angle is used for
abrasive or difficalt to machine aluminum alloys.

Cast Non-ferrous Tool Material Milling Cutters: Positive 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 loads
are encountered or where it is necessary to eliminate vibration when milting thin sections.

Sintered Carbide Milling Cutters: Periphesal milting cutters such as slab mills, slotting
cutters, saws, etc., tipped with sintered carbide, generally have negative radial rake angles
of 5 degrees for soft low carbon steel and 10 degrees or more for alloy steels. Positive axial
rake angles of 5 and 10 degrees, respectively, may be provided, and for slotting saws and
cutters, 0 degree axial rake may ba used. On soft materials such as free-cutting aluminam
alloys, positive rake angles of 1010 0 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 approzimately to the radius
of the wheel. A flat land is produced when the radial relief angle is ground with a cup

84



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 cotting edge is equal for all of the three types of land mentioned, it will ba 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 Dirops, Inches Recom.

Range of Tor Flat and Concave For Becentric Max
Radial Relief Rolief fma

Cutter Relief Checking Tand

Diameter, Angles, Distunce, Width,
inch Degrees. Inch Min. Max. Min. Max. Inch
Yo 20-25 005 0014 0019 0020 0026 007
% 16-20 005 012 0015 015 0019 007
Y% 15-19 010 ong 0026 0028 0037 0135
¥ 1317 Eubj 0017 0024 0id 0032 015
¥, 12-16 010 (L)L) 0023 A2 0030 015
% H-15 010 001 0022 0020 0028 05
Y ie-14 013 0017 0028 27 0039 020
% 10-14 .015 0018 0020 0027 0039 020
Hs 10-13 015 G019 0027 A7 0033 020
B 16-13 015 06020 0028 Ao27 0035 020
% 10-13 015 0020 0029 0027 0035 020
B 912 020 0022 0032 0032 004 025
s 912 20 0022 0033 0032 0043 025
2 912 020 0023 0034 0032 0043 025
4 92 020 0024 0034 0032 0043 025
k1 912 20 0024 0035 0032 0043 {025
% 11 020 0022 0032 A028 0039 D25
W &1 030 4029 0045 0043 0059 033
£ 8-11 030 0030 0046 0043 0059 035
e 8-11 030 031 0047 0043 D059 035
% 811 030 0032 0048 0043 0059 035
s 7-10 030 o027 A3 0037 {054 A3
1 7=10 030 6028 044 0037 0054 035
it 7-10 030 6029 0045 0037 0053 035
14 65 030 0024 0040 0032 £048 035
134 69 Rikli) 6025 0041 0032 0048 0335
% 69 030 0026 0041 0032 D048 035
% 65 030 0026 0042 032 {048 035
1% 6-9 030 0026 A042 0032 048 033
1% 6-9 030 027 0043 0032 0048 035
2 69 030 0027 0043 D032 0048 035
2% 58 030 0022 0038 0026 0042 040
% 5-8 030 0023 0039 0026 0042 040
2% 5-8 {030 0023 0039 0026 0042 040
3 3-8 030 0023 0059 0026 0042 040
34 3-8 030 0024 0040 0026 D042 047
4 S5-8 030 Lu24 0040 0026 0042 047
3 4-7 030 019 0035 0021 0037 047
6 47 030 0019 0035 0021 0037 047
7 47 030 0020 0036 0021 0037 060
8 47 030 0020 0036 0021 0037 060
10 47 030 K020 0036 0021 0037 060
12 47 030 0020 0036 0021 0037 060
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“The setup for grinding an eccentric relicfis shown in Fig. 2. In this setap the point of con-
{act between the cutter and the tooth rest must be in the same plane as the centers, or axXes,
of the grinding wheel and the cutter. A wide face s 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 to
tilt the wheel at this angle. Then as the cutter is traversed and rotated past the grinding
wheel while in contact wich the tooth rest, an eccentric relief will be geperated by the angu-
lar face of the wheel. This type of relief gan ouly be ground onthe peripheral teeth op 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
secentric relief canmot be ground on the peripheral tecth of straight fluted catters.

Tuble 4 is a table of wheel angles for grinding an sccentric relief for different combina-
tions of relief angles and helix angles. When angles are required that cannot be found in
this table, the wheel angle, W, can be caleulated by using the following formula, in which
Ris the radial retief angle and H is the helix angle of the flutes on the cutter.

tan W = tanR % tand

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

Radial Helix Angic of Cutter Flutes, H, Degrees
ARG}H 2 | 8 ] N [ [ o 1 % R
ngio, Ry
Degrees “Wheel Angle, W, Degrees
1 Pl ] e | v | 0 s 1500 12 17
2 e | opay | o 1509’ 14y 2000 poxy 234
3 geay | oeso | 1o0e 1oax =31 00 LT 3°50'
4 oesy | s | o | 2Y 21 40 a8’ 507
5 o |ty | oo | 2oy Pl 500" 5057 &2
6 w1 | v | v | s 502 600" 0% 0
7 ey | 27 | w403 S5y [0 1 8o56°
8 4y | owar | 20 | 43 [Ty 8200’ go30' 10°1Y
g psg | omsr | o | s 7 900 weay | 11028
10 gy | ar | e soa9’ 802" weoy | 105z | 1mew
1 ey} AT | 403§ 624 16 ey ] 13003 | 13°S¥
2 35 | w5 | e |orwr weor | w0 | w4y 18513
13 2ag | aerr | eaw | 7 sy | jwer | 1523 |16
i o | 4w | oS yieagr | v | oaesy | 1y
15 g | a4y | s 8o48’ gy | 100 | oimds | 180560
16 s | s | ssr | o pesy | oaeor | 185z | 2009
17 ey | sy | oear | ey | wen | 17000 | 2000 |2
1 wsr | oguy | gay | oawsy |y | awor ) 2elr o 2ed
19 e | ey | wo | wmy | owwor | oo |2zt 23 g7
b4 vy | ey | v | sy | 1esy | aeop | 327 | MY
21 vy & opor | s |z | oaesy | e G435 267 o
2 wsp | 72w | ey | amew | sy | ozeoon |25 2721
3 oy | wsv | sy | 1wy | I8 | 20T | 26°50° | 28 g
2 wor | gre | sz weas | e [ oeow ozesy ) 20
25 soar | oear | oo | awow | meay | oaseo | 200 30550'J
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Tndicator Drop Method of Checking Relief and Rake Angles.—The most convenient
and inexpensive method of checking the relief and rake angles on milling cutters is by the
indicator drop method. Three tables, Tables , 5 und 6, of indicator dvops are provided in this
section, for checking radiz} relief angles on the peripheral teeth, relief angles on side and
end teeth, and rake angles on the tooth faces.

“Radial” Starting
Position

Indicator Drop

H Distance

SECTION
A-A

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

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

Given Relicf Angle
Cnecking R EN N [ = [ & ] ~=

Inch Tndicator Drop, inch
005 0 | 00017 | 00026 | 00035 | ob0s | 0005 | 06 | 0007 | 0008
00 00017 | o35 | owsz | ooz | oooe | coxr | ez | omia | oots
015 ooozs | ooos | oooro | oot | o013 | o016 § oo | ooz | 0024
03 ooost | oom | outs | ooz | o027 | 0033 | 0038 | 004s | 09
047 ooosy | onte | o025 | 0033 | 0041 | 0049 | 0058 | 6066 | 0074
052 00108 | ooz | o032 | o4 | wosa | o0ss | oo | eos7 | o0se
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Table 6. Indicator Drops for Checking Rake Angles on Milling Cutter Face

Elndicamr Drop

L Measuring Distance

Set indicator to read zero on hortzontal plane pass-
ing through cuiter axis. Zero culting edge against

indicator. Move cutter or indicator measuring distance,
Messuring Distance, inch Measuring Distance, inch
Rae | 031 | 052 | 094 | a5 || Rae | 031 | 082 | 094 | 125
Angle, Angle,
Deg. Indicator Drep, inch Deg. Indicator Drop, inch
1 0003 RiOR Q016 0022 11 0060 0121 {0183 0243
2 o611 0022 0033 0044 12 0066 0132 0200 0266
3 ReHI 0032 0049 0066 13 0072 0143 0217 0289
4 o022 A043 066 0087 14 0077 A15F 0234 0312
5 0027 0054 0082 0109 15 0083 0166 0252 0335
6 0033 0065 009% 0131 16 0083 0178 0270 0358
7 0038 0076 Q15 A£153 17 0095 0190 0287 0382
8 0044 0087 Q132 0176 18 0101 0201 L0305 0406
9 0049 098 0149 0198 19 G107 0213 -0324 0430
10 {0055 0109 Alat 0220 20 L113 0226 0342 0455

The setup for checking the radial relief angle is illustrated in Fig. 1. 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 2 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 toal face just below the cut-
ting edge. With both indicators adjusted to read zero, the cutier is rotated 1 distance equal
to the checking distance, as determined by the reading on the second indicator. Then the
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 dise type grinding wheel and those
ground with a cup wheel are so nearly equal thai the values are listed together; values for
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 & straight line.
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Various Set-ups Used in Grinding the Clearance Angle on Milling Cutter Teeth

Offset

Rest
Wheet Above Center

Offset Offset

Rest
‘Wheel Below Center

Rest

In-Line Cenlers

Cup Wheel

Distance to Set Center of Wheel Ahove the Cutter Center (Disk Wheel}

bia Desired Clesrance Angle, Degrees

W{LL [ s asTs[s[s[s[u[unu]mn

Toches “Distance (o Offtel Wheel Ceater Abave Custer Center, Tnches
3 026 | ©52 | 079 ] 05 | 3L | ast [ ass | 200 [ 2 [ as0 | o2 [ a2
4 035 | o0 | o5 | 4o | ama | aoe | e | o278 | 13 ] 347 o382 | o416
B ot | 087 | a3t | ame | aas | 260 | aos | 3as | 3o §oas | 4w [ s
6 o052 b oa0s | a7 | 200 | 2er | amf oaes | 417 | oase | 52 | s ) en
7 o060 | a2z | asa | 2da | 3us | 3e6 | an7 | 487 | sw | e8| ess | s
8 o0 | a0 | 209 | 2 | a9 | s | ass | ss7 | e | ses | gen | 32
¢ o9 | 457 | 26 | 314 | 302 | avo | sas | e26 | g0 | R1 | kse | 93
10 087 | 175 | 262 | 349 § 4% | 523 | 609 | weos | 72 | mes | 9se | Lok
2Calculated from the formula: Offset = Cntter Diameter X % X Sine of Clearance Angle.

Distance to Set Center of Wheel Below the Cutter Center (Disk Wheel)

i Besired Cloarance Angls, Degroes

E ‘:sufm Lz Ja]s[s[7]s s [wln]mn

Tnches “Distance 1o Offsct Wheel Center Below Cutter Center, Inches

2 017 | 035 | 052 | 070 | 087 | 05 | 422 | 439 | 956 | 7 | .2l | 208
3 0% | os2 | o | aes | | oas7 | oass | 209 [ 235 | e | 286 | 512
4 s | o | aos | a0 | ama | 200 | 2ee | 078 | s | 347 | 3e2 | a6
5 o | o5 | a3 | e | o | 26t | sos | a8 | oL | e | wm | sm
6 es2 | aos | as? | o200 | 26 | awe | e | 17 | aee | s | sm | e
7 o6t | 4z | a2 | 24 | 05 | 366 | 427 | g7 | s | eos | 6as | 78
8 o | ey | 200 | 29 | 39§ s | ass | ss7 | eos | ess | e | sm
E o | a57 | 236 | a4 | 392 | ar0 | 58 | e26 | o4 | vsL | as | s
10 087 | a7s | 262 | a9 | 436 | s: | so0 | o696 | sz | mes | osa | oo

Distance to Set Tooth Rest Below Center Line of Wheel and Cotter—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:

Offset

_ Wheel Diam. x Cutter Dia. X Sine of One-half the Clearance Angle

Wheel Dia. + Cutter Dia.

Iistance to Set Tooth Rest Below Cutter Center When Cup Wheelis Used.—When

the clearance is ground with a cup wheel, the tooth rest is set below the center of the cutter
the same amount as given in the table for “Distance to Set Center of Wheel Betow the Cut-
ter Center (Disk Wheel).”
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Hand Reamers—Hand reamers ae made with both straight and helical flutes. Helical
flutes provide a shearing cut and are especially usefulin reaming holes having keyways or
grooves, as these are bridged over by the helical flutes, thus preventing binding or chatter-
ing. Hand reamers aré made in beth solid and expansion forms. The American standard
gimensions for solid forms are given in the accompanying table. The expanslon typeisuse-
ful whenever, in connection with repair or other work, it is necessary to enlarge a reamed
hole by a few thousandihs of an inch. The expansion forra is split through the fluted section
and a slight amount of expansion is obtained by screwing in 4 tapeding plug. The diameter
increase may vary from 0.005 w0 0.00% inch for reaners up to about 1 inch diameter and
from 0.010 0 0.012 inch for diameters between 1 and 2inches. Hand reamers are tapered
slightly onthe end to facilitate starting them propesly. The actual diameter of the shanks of
comuercial rearpers may be from 0.002 to 0.005 inch under the reamer sizc. That part of
the shank that is squared should be turped smallerin diameter than the shank itself, so that,
when applying a wrench, no burr may be raised that may marthe reamed hole if the reamer
is passed clear through it.

‘When fluting reamers, the cutter is 50 set with relation to the center of the reamer blank
that the tooth gets a shight negative rake; that is, the cufter should be set ghead of the center,
as shown in the illustration accompanying the table giving the amount to set the cutter
ahead of the radial line. The amount is so selected that a tan gent to the circurference of the
reamer at the cutting point makes an angle of approximately 95 degrees with the front face
of the cutting edge.

Amount to Set Cutter Ahead of Radial 1 ine to Obtain Negative Front Rake

Dimen- Dimen- Dimen-
sion sion sion
Sizeof |4, Sizeof |a, Sizeof |a.
Reamer | Inches Reamner | Inches Reamer | Inches
4 0.011 % 0.038 2 0.087
% 0016 1 0.044 24 0.09%
Y 0.022 1% 0.055 2% 0.109
Reamert -
Blank % 0027 1% 0.066 2% 0.120
3% 0.033 1% 0.076 3 0.13ﬂ

When fluting reamers, itis necessary “Break up the flutes”; that is, 10 space the cutting
edges unevenly around the rearmer. The difference in spacing should be very slight and
need niot exceed two degrees one way or the other. The manner in which the breaking up of
the flutes is usually done is to move the index hiead to which the reamer is fixed a certain
amount more or less than it would be moved if the spacing were regular. A table is given
showing the amount of this additional movement of the index crank for reamers with dif-
ferent numbers of flutes. When a reamer is provided with helical flutes, the angle of spiral
should be such that the cuiting edges muke an angle of about 10 or at most 15 degrees with
the axis of thereamer.

The relief of the cutting edges shonld be comparatively slight. An eccentric relief, thatis,
one where the land back of the cutting edge is convex, rather than flat, is used by one or two
manufacturers, and is preferable for finishing reamers, as the reamer will hold iis size
1onger. When hand reamers are used merely for removing stock, or simply for enlarging
holes, the flat reliefis better, because the reamer has a keener cuiting edge. The width ofthe
Jund of the cutting edges should be about Y%, inch for a ¥-inch, ¥, inch for a I-inch, and kS
inch for a 3-inch reamer.
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Irregular Spacing of Teeth in Reamers

Nurpbcr of flutes 4 & 8 10 12 14 16
In reamer
Index circle (o use 39 38 38 39 39 49 20
Before cutting Move Spindle the Number of Holes b‘eiow More or Less
than for Regular Spacing
2d flute 8 less 4less 3less 2 less 4 less 3 fess 2less
3d flute 4more | Smore | 5more 3 more 4 more 2 more 2 more
4th flute Gless 7 less 2 Jess 5less 1less 2less 1 less
5Sth flule 6more | 4more 2 more 3 more 4 more 2 more
6th flute Sless 6 less 2less 4 less 1 less 2 less
Th {lule 2 more 3 more 4 more 3 more 1 more
8th fluts 3 less 2 less 3 less 2less 2 less
Sth flute 3 more 2 more | more 2 more
1¢th fute 1 less 2 Jess 3less 2less
11th flute 3 more 3 more 1 mare
12th flate 4 less 2 less 2less
13th flate 2 more 2 mare
L4th flute 3 less 1 less
15th flute 2 more
16th flute . . " 2 less

Threaded-end Hand Reamers.—Hand reamners are sometimes provided with a thread at
the extreme point in order to give them a npiform feed when reaming. The diameter on the
top of this thread at the point of the reamer is slightly smaller than the reamer itself, and the
thread tapers upward until it reaches a dimension of from 0.003 to 0.008 inch, according to
size, below the size of the reamer; at this point, the thread stops and a short neck about ¥
inch wide separates the threaded portion from the actual reamer, which is provided with a
short taper from ¥to %ginchlong up to where the standard diameter is reached. The length
of the threaded porticn and the number of threads perinch for reamers of this kind are given
in the accompanying tabie. The thread emiploved is a sharp V-thread.

Di ions for Threaded-End Hand R S

Length No. of %i;‘egi Length No. of %‘;‘:ﬂgg

Sizes of of Threads | ‘poay Sizes of of Threads + Point
Reamers | Threaded per f Reamers | Threaded per # (])Cm

Part Inch | oo Part Inch °
amer Reamer
Full Taull

diameier diameter

Y % 3z -0.006 U414 Y 18 —0L.010
Ug Y 28 ~0,006 19,2 Yo 18 -0.012
A ¥ 4 -0.008 228 Ve 18 ~0.015
1 % 18 -0.008 2%3 Y 18 —0.020

Fluted Chucking Reamers.—Reamers of this type are used in turret lathes, screw
machines, etc., for enlarging holes and finishing them smooth and to the required size. The
best results are obtained with a floating type of holder that permits a reamer to align itself
with the hole being reamed. These reamers are intended for removing a small amount of
metal, 0.003 to 0.010 inch being common allowances. Fluted chucking reamners are pro-
vided either with a straight shank or a standard ¢aper shank. (See tabie for standard dimen-
sions.)

Rose Chucking Reamers.— The rose type of reamer is used for enlarging cored or other
holes. The cutting edges at the end are ground to a 45-degree bevel. This type of reamer
will remeve considerable metal in one cut. The cylindrical part of the reamer has no cutting
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edges, but merely grooves cut for the full length of the reamer body, providing a way for
the chips Lo escape and a channel for Tubricant to reach the cutting edges. There is no relicf
on the eylindrical surface of the body part, but it is slightly back-tapered so that the diame-
ter ot the point with the beveled cotting edges is slightly targer than the dizmeter farther
back. The back-taper should not exceed 0.001 inch per inch. This form of reamer usually
preduces holes slightly Targer than its size and it is, therefore, always made from 0.005 to
6.010 inch sinaller than its nominal size, so that it may be followed by a fluted reamer for
finishing. The grooves on the cylindrical portion are cut by a convex cuttet having a width
equal to from ene-fifth to one-fourth the diameter of the rose reameritself. The depth of the
groove should be from one-eighth to one-sixth the diameter of the reamer. The teeth at the
end of the reamer are mifled with a 73-degree angular cutter; the width of the land of the
cutting edge should be about one-{ifth ihe ‘distance from tooth to tooth. If an angular cutter
is preferred to a convex cutter for milling the grooves on the cylindrical portion, because of
the higher cutting speed possibie when milling, an 80-degree angular cutter slightly
rounded at the point may be used.

Fluting Cutters for Reamers
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Dimensions of Formed Reamer Floting Cutters

%

A
B
+ C = - € [ | Themakingund maintenance of cutters of the formed type involves
=] Breater eXpense than the use of angular cutters of which dimensions
N are given on the previons page; but the form of flute produced by the
& formed type of cutter is preferred by many reamer uscrs, The claims
(=] made for the formed type of flute are thar the chips can be more
readily semoved from He reamer, and that the reamer fras greater
sength and is less Tikely to crack ot spring out of shape in hardening,
G,
H
[\ ]
No. of Coter | Cutter | Hole | Bearing | Bevel Tooth | No.of
Reumer “Teath in Dia. Width | Dia. Width | Length | Radivs | Radins | Depth | Cuter
Size Reamer 2 A B < E F F H Teeth
oy, 3 1% % ™ 0125 | o016 | % 021 r
Yt 6 1% % % o152 [ o022 | % | 023 | 13
7 6 1% % % % o178 | o029 | » | 028 | n2
Yylle 6-8 2 e % Y 0205 | 0036 | % | 030 | 12
31 8 2% I3 % T 022 ] 002 | g |0 | 12
1Y% 10 2% s % 5y 0258 | 0.049 Y @38 11
1%-2% 12 2% % % e 0285 { 0056 | % | o0 | 11
23 14 2% e % %, 0332 [ 062 | % o044 | 10

Cutters for Fluting Rose Chucking Reamers.—The cutters used for fluting rose chuck-
ing reamers on the end are 80-degree angular cutters for ¥- and %¢inch diameter reamers;
75-degree angular cuiters for ¥%- and %ginch reamers; and 70-degree angular cutters for all
larger sizes. The grooves on the cylindrical portion are milled with convex catters of
approximately the following sizes for given diameters of reamers: ¥%,-inch convex cutter
for Y-inch reamers; ¥ginch cutter for 1-inch reamers; %-inch cutter for 1%-inch reamers;
1%-inch cutters for 2-inch reamers; and %y-inch cutters for 2'4-inch reamers. The smaller
sizes of reamers, from Y to % inch in diameter, are often milled with regular double-angle
reamer fluting cutters having a radius of ¥, inch for Y4-inch reamer, and %, inch for % and

F-inch sizes.
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Vertical Adjustment of Tooth-rest for Grinding Clearance on Reamers
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Reamer Difficultics.—Certain frequently occurring problems in reaming require remne-
dizl measures. These difficulties include the production of oversize holes, bellmouth
holes, and holes with a poor finish. The following is taken from suggestions for correction

of these difficulties by the National Twist Drill and Tool Co. and Winter Brothers Co.”

Oversize Holes: The cutting of a hole oversize from the start of the reaming operations
wsually indicates a mechanical defect in the setup or reumer, Thus, the wrong reamer for
the workpiece material may have been used or therenay be inadequate workpiece suppert,
inadequate or worn guide bushings, ot misalignment of the spindles, bushings, or work-
piece or runout of the spindle or reamer nolder. The reamer itself may be defective dueto
chamfer runout or runout of the cutting end due toabent ot nonconcentric shank.

When remmers gradually start to cut oversize, itis due to pickup or galling, principally on
{he reamer margins. This conditicn is partly due to the workpiece material. Mild steels, cer-
tain cast irons, and some aluminum alloys are particularly troublesome in this respect.

Clomrective measures include reducing the reamer margin widths to about §.005 to 0.010
inch, use of hard cage surface treatments on high-speed-stec] reamers, either alone or in
combination with black oxide treatments, and the use of a high-grade finish on the reamer
faces, margins, and chamfer relief surfaces.

Belimouth Holes: The cutting of a hole that becomes aversize at the entry end with the
oversize decreasing gradually along its length always refiects misalignment of the cutting
portion of the reamer with respect to {he hole. The obvious solution is to provide improved
guiding of the reamner by the use of accurate bushings and pilot surfaces. Ef this solution is
ot feasible, and the reamer is cutting in a vertical position, a tlexible element may be
employed to hold the reamer in such a way that it has both radizl and axial float, with the
hope that the reamer will follow the original hole and prevent the belhnouth condition.

In horizontal setups where the reamer is held fixed and the workpiece rotated, any mis-
alignment exerts a sideways force on the reamer as it is fed to depth, resulting in the forma-
on of a tapered hole. This type of bel Imouthing can frequently be reduced by shortening
the bearing length of the cutting portion of the reamer. One way to do this is to reduce the
reamer diameter by 0.010 t0 0.030 inch, depending on size and length, behind a short full-
diameter section, ¥ to % inch long according to length and size, following the chamfer. The
second method is to grind a high back taper, 0.008 to (1.015 inch per inch, behind the short
full-diameter section, Bither of these modifications reduces the length of the reamer tooth
that can cause the bellmouth condition.

Poor Finish: The most obvious step toward producing a good finish is to reduce the
reamer feed per revolution. Feeds uslow as 1,0002 to 00005 inch per tooth have been used
successfully, However, reamer life will be better if the maximum feasible feed is vsed.

The niinimum practical amount of reaming stock allowance will often improve finish by
reducing the volume of ¢hips and the resulting heat penerated on the cutting portion of the
chamfer. Too little reamer stock, however, ean be troublesome in that the reamer teeth may
1ot cut freely but will deflect or push the work material out of the way. When this happens,
excessive heat, poor finish, and rapid reamer wear cai accur.

Because of their superior abrasion resistance, carbide reamers are often used when fine
finishes are required. When properly conditioned, carbide rearners can produce a large
number of good-guality heles. Careful honing of the carbide reamer edges is very irapor-
tant.

*ugome Aspects of Reamer Design and Qperation,” Metal Currings, April 1963,
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Dimensions of Centers for Reamers and Arbors
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Straight Shank Center Reamers and Machine Countersinks
ANSIB94.2-1983, RI958
T —
f—s— s
; -A A
Center Reamers (Short Countersinks) Machine Countersinks
ADprox. Length Dia. Approx. Length Dia.
Din. Length of of Dia. Length of of
of Cut Overall Shank Shank of Cut Overall Shank Shank
A s D A s D
% % % Hs % 4 24 %
% R4 % Y% % 4 2% %
% 2 1 % % +4 2 %
% 2% 1 % % R 2y %
% 2% 1% i 1 4% 2 4

All dimensions are given in inches. Material is high-speed sleel. Reamers and couniersinks have 3
or 4 flules. Cener reamers are standard with 60, 82, 90, or 100 degrees included angle. Machine
countersinks are standard with either 63 or &2 degrees included angle.

Tolerances: On overall length A, the tolerance isi‘/s inch for center reamers in a size range of from

3 to % inch, incl., and machine countersinks in a size range of from 3 to % inch. incl.; + ¥, inch for
cenlerreamers, %to ¥ inch, incl.; and machine conntersinks, %to 1 inch, inel, On shank diameter D,
the tolerance is —0.0005 to —0.002 inch. On shank lenglh S, the tolerance is %, inch.
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Expansion Chucking Reamers—Straight and Taper Shanks
ANSI B94.2-1983, R1988
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A
b
Length, Flue Shank Dia., Dia.of Length, Flute Shark Dia..D
A Lengih.B Max. Min. Reamer A Length, B Min.
7 P 03105 | 03095 7 0% % 08730
7 % o3ios | 0395 1% n 1% 05730
7 % o | oamo || 1 1 e 08730
7 % o7 | ommo || 1%, 1 1% 0.9980
3 i 04353 04345 1% n 1% 0.9980
8 1 04355 | 0.4345 14 uy % 09980
8 1y oaass | oass || 1%, 1y 1% 09980
8 1 0a3ss | vass 4| 1y 12 2 0.9950
% 9 [I'4 0.5620 0.5605 e 12 2 1.2480
a, 2 1 0560 | 05605 3| 14 12 24 12450
", 9 1% oseo | oseos i 192 12 23 1.2450
= 9 1% 05620 05605 1% 13 2% 1.2480
3 9 1 o623 | o230 || e 13 2 12480
% 94 13 05245 | 08230 [} 3z 134 % 12480
LA 9 1% oseas | oz (] 1w 131 % 14980
£ o I asus | 5230 || 1y 18 2% 14980
% 10 1 07405 | ozas0 || 15 14 2 L4981}
B 10 it 0.7493 0.7480 2 14 2% 14980
8 10 1% o745 | osas0 || 2 145 2
ey 1 it 0.7495 0.7480 24 144 2
I 10% 1% 08145 | 08730 2 15 3
1 104 % osw4s | osmo || o 15 3
Vg 10k % 0&7as | 08730 || .
“Straight shank only.
bTaper shank only.

All dimensions in inches. Material is high-speed steel. The number of flutes is as follows: %- 10 1%,
inch sizes, 4 10 6 %-to Wrinch sizes, 610 8; 1- to 1Y inch sizes, 810 10; 13- 10 1'% inch sizes, 8 Lo
12; 2 - to 2%inch sizes, 10 to 12; 2%- and 2!%-inch sizes, 10 to 14. The expansion feature of (hese
reamers provides a means of adjustment that is iraportant in reaming holes to close tolerances. When
womn undersize, they may be expanded and reground to the original size.

Telerances: On reamer diameter, % to 1-inch sizes, incl., +H0.0001 to —0.0005 inch; over 1-inch
size, +0.0002 to+0.0006 inch. On Iength A and flute length B, %- to 1-inch sizes, incl., £4ginch; 1%
to 2-fnch sizes, incl., 134, inch; over 2-inch sizes, +¥ inch.

Taper is Morse taper: No. L for sizes % ta 1%, inch, incl.; No. 2 for sizes % to %, incl.; No. 3 for sizes
%50 1%y, nck; No. 4 for sizes 14 to 1%, incl.; and Na. 5 for sizes 1%i0 2%, incl. Foramount of wper,
ses Table Lb onpage 908,

Surting
Neck Taper Neck

A Overall Length e
T Shank Lengih o Pilot —]

Flute Length
I ——Guide—|
=i

o = Axis

Squared Shank  Catter Sweep Actual Size  Cutter Sweep
Straight Flutes

Hand Reamer, Pilot and Guide
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TNustration of Terms Applying to Reamers—1
Relieved Chamfer
Margin land T ezt -
e Cutting, Relie? Fhamier Chansfer i
edee sl angle reliel  Margin Rudict
Flute Hed ralie
Cutting [ Actual angle
Land faee size
Bivel Core dlameter Chamfer
relief angle
Helieal flutes Rodial zero degrees Steaight flutes Fasitive radial ruke
left band. ke ungle and shawn angle and right hand
helix shown ¥ight hand rotation shown roiation shown
Hand Reamer Machine Reamer
Blustration of Terms Applying to Reamers—2
[ Ovenl L e
o~ Shiank Length—] erall Lengrh
ang
w= Flute Length —
9 Chamfer
0 i smgle] N Lot
T e Kewal
Soaight Shank . -—- | I g
Shastk Length 4 Helical Flutes
RH. Hefiy Shown 00
Chucking Reamer, Straight and Taper Shank
American National Standard Fluted Taper Shank Chucking Reamers—
Straight and Helical Flutes, Fractional Sizes ANST B94.2-1683, R1988
h
————y —B— —m —.J
No.of No_of
Lengh Flute Morse No. Length Fl Morse No.
Rowmcr | Overall | Lengh | Taper of Reamer | Overnll | Lenph | Taper of
Dia. A 3 Sienk® | Fluces Dia. A B Shankt | Flues
i 5 1% 1 406 A alg 2% 2 I
Fa 6 1% 1 4106 % i 3% 2 Blo 00
b 7 1% 1 4106 B, 10 % z 81010
kA 7 % 1 o8 g 10 23 3 81w 10
¥ 8 2 1 sw8 L8 n 2% 3 81010
b 8 2 1 S8 1 0% 2% 3 Bto12
%o 8 2 1 Glog i 10% 2% 3 Swiz
% 8 2 1 6B 1% 1 % 3 Sw12
% 9 2% 2 6108 o 11 2% 3 812
£ 9 LA 2 (1033 1% 1Y 3 4 8ia 12
W 9 2% 2 G108 s nk 3 4 81012
2 kS 2% z Gl 1% n 3l 4 101012
% o 24 2 6108 1% 12 3 4 W12
i, 5 2 2 81018 15 124 35 4 10w 12
9% 9% 24 2 81010

= American National Standard self-hotding tapers (see Table 72 onpage 913.)

All dimensions are given in inches. Material is high-speed steel.

Helical [lute reamers with right-hand belical fhnres are standard.

Tolerances: On reamer diameler, Yrinch size, +.0001 16 +.0004 inch; over Y- to 1-inch size, +
0001 10 +.0005 inch; over l-inch size, +.0002 10 +.0006 inch, Onlength overall A and flute length B,
J-to I-inch size, inel., +¥inch; 1410 1%-inch size, inck, ¥ninch.
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Hand Reamers—Straight and Helical Flutes ANST B94.2-1983, R1988

]

: (——— =
T = =i
-c..‘ l———uﬁﬁ

- C—>]
Reamer Diameicr Length Tlute Square
Stright Helical Decimal Overall Length Length Size of No.of
Fluies Flutes Eauivilent A B [ Square Fluics
% 01250 3 14 % 0.095 4106
Y 0.1362 34 1% % 0.115 dtab
% 0.1875 4 1% % 0.140 4106
T 02188 % 1% % 0.165 4106
% 14 0.2500 4 2 % 0183 406
% 0.2812 4l 24 4 0280 4106
e e 03125 4l 2, 7 0.235 4166
B, 0.3438 4 % % 0.255 4106
% % 03750 3 2 % 0.250 406
B, 0.4062 5% % % 0.305 G108
%, A 04375 5% 2 e 0.330 6108
5, . 0.4688 5% % % 0.350 6108
3 3 0.5000 6 3 1 0375 6t08
1%, 05312 6Y W % 0.400 608
e % 05625 8% 3l % 0420 GtoB
, 0.5938 % A % 0.445 31
% % 0.6250 7 3y % 0.470 S8
e 0.6562 I g, 5% 0.490 Gto8
w W, 0.6875 A 7 it 0.513 6108
B, 07188 8% %y 1t 0540 o
3 % 07500 % N Y 0.560 6108
17 08175 o iy B 0610 8010
% % 0.8750 = % % 0.655 St 10
¥ 09375 10% 5% 5 0705 8w 10
1 1 1.0000 10% Yy ] 0.750 81010
1% 14 1.1250 1% 55 1 0.845 8010
1t 1% 1.2500 124 64 1 0933 81012
% % 15750 12% 6% 1 1030 101012
14 14 15000 13 6l 1% E125 10to 14

All dimensions in inches. Matexial is high-speed steel. The no minal shank diameter D is the same
as the reamer diameter. Helical-flute hand reamers with Teft-band helical flutes are standard. Ream-
ers are lapered slightly on the end 1o facititate proper starting.

Tolerances: On diameler of reamer, up to ¥-inch size, inel., 4 0001 10+ 0004 inch; over Yeto1-
inch size, incl., +.0001 to + .0003 inch; over 1-inch size, +.0002 to +0006 inch. On Jength overall A
and flute length B, Y- 10 -inch size, incl., £ ¥ginch; 1 Y- to 154-inch size, incl., £¥5inch, Onlength of
square C, Y%- 1o § inch size, incl., 4 inch; 1410 1% ineh size, incl., 45 inch. On shank diameter D,
% to 14nch size, inel., —001 to—003 inch; 1 Y- to 1¥rinch size, incl.,, —0015 to - 006 inch, Onsize
of square, ¥- ta Yrinch size, incl, —004 ingh; % 1o 1-inch size, incl, —006 inch; 1% to 1¥4-inch
size, incl., - 008 inch.
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REAMERS 817
American N | Standard Exp Hand Reamers—Straight and
Helical Flutes, Squared Shank ANSI B94.2-1983, R1988
T
= ——b——— -
-] S |
A
=-—>D -
o] s _I
A 1
Length Flute Langth
Overull Length of Shank Size Number
Reamer A B Square Dia. aof of
Dia. Max | Min [ Max | Min C n Square Flutes
Straight Flutes
% 4% £ % 1 P Y 0185 6108
Hs 4% 4 1% 14 Ys Vs 0.235 Gtod
% % 44 2 It % % 6.280 609
s 5% 4% 2 % Y K 0330 6o
% 8% s 24 % 4 Y 0.375 6to9
Y 6% % 21 % %e % 0.420 6109
% 7 5% 3 24 % % 0470 6to9
Yo T 6 3 214 W Y 0.515 61010
% 8 o 34 2% Y% £ 0.560 G010
% 9 74 4 3% % % 0655 8t 10
1 10 8% 4k 3% i 1 6750 g0 10
1% 104 9 % 34 1 A 0845 8012
1y 11 9% 5 4y, 1 1 0935 81012
Helical Flutes
i 4% 3% 1% 1% 4 Y 0.185 608
A 4% 4 1% 1% E e 0235 6108
% 6% 4 2 % % % 0.280 6109
K 6% 4% 2 1% T Ys 0330 6109
3 64 H 2 % i % 4.373 6109
% H 6 3 24 % % 0470 6to9
% 8% 6 3y 2% % % 0.560 61010
% 9% 4 4 3% % % 0,655 61010
1 104 8% 4% Y L 1 0750 6o 10
1Y 1% 9% 5 4y 1 1% 0935 Sto12

All dimensions are given ininches. Matetial is carbon steel, Reamers with helical flutes that are lefl
lhand are standard. Expaasion hand reamers are primarily designed for work where itis necessary to
cplarge reamed holes by a few thousandths. The pilots and guides on these reamers are ground under-
size forclearance. The maximum expansion on these reamers is as follows: .006 inch for the % to %

inch sizes. .010 inch for the ¥~ to Y-inch sizes and .012inch for the 1- to 1¥-inch sizes,

Tolerances: Onlength overall A and flute length B, £ inch for ¥~ 10 1-inch sizes, + ¥ inch for 1l
Lo 1¥-inch sizes; on length of square C, +4, inch for % (0 1-inch sizes, & g inch for 1%-to 1%-inch
sizes; on shank diameter 2 —001 to 003 inch for ¥%- to L-inch sives, —.C015 to —.006 inch for 1% to
1 Zr-i.nch sizes; on size of square, —.004 inch for %— to %{,»inch sizes. —.006 inch for 9/,5 to 1-inch sizes,
and — 008 inch for 13 to 1 %-inch sizes.
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Taper Shank Jobbers Reamers—Straight Flutes ANSI B94.2-1983, R1958

|
é R <
‘ <

_umdsﬁu )

s
[ B
i A

Reamer Diameier Length Length of No. of Morse No.af
Fractional Toec, Bquiv. Overall 3 Flute & Taper Shanks Flmes
Y 02500 R 2 I 6L
EN 03125 5% 2 1 608
% 0.3750 ST 2l 1 G108
ER 04375 3 2 1 5108
iy 0.5000 %y 3 1 68
Y 05625 6% EA 1 6108
5 0.6250 T 3% 2 618
We 04375 8 3 2 B0
% 07500 % a3, 2 §1010
S 05125 1% 2%, 2 81010
% 05750 9%, 4% 2 8m 10
e 09375 1 sy 3 81 10
1 1.0000 104 e 3 8to 10
1 10625 10% 5 3 8t 10
1% 1125t 0% 3 3 8w 1)
1% L1875 my § 3 §iol2
1y L2500 12%¢ 6l 4 Bur 12
1% 3750 12%, %, 1 10102
1% 35600 13% 6l 4 10102

# American National Standard sel(-holding tapers (Table 7a on page 913.)
All dimensions in inches. Material is high-speed steel.
Tolerances: On reamer diameler, ¥-inch size, +.0001 t0 +.0004 inch; over ¥- to l-inch size, incl.,

+.0001 to +.0005 inch; over 1-inch size, +.0002 1o +.0006 inch. On overall length A and length of
flute B, ¥- to L-inch size, incl., £¥gincl; and 1¥¢- 1o 14inch size, incl., £%, inch.

American National Standard Driving Slots and Lugs for Shell Reamers or
Shell Reamer Arbors ANSI B94.2-1983, R1988

e =
— M —4

Arbor Fitting Diiying Slot Lug on Arbor Reamer
Size Reamer Width Depih Widih Depth Hole Dia. at
Na. Sizes w J L M Large Fnd

4 % % % % % 0375
5 Heto 1 ¥ 4 /A T 0.500
§ Lgto 1Y ¥ % Y, % 2.625
7 1¥t0 1% % E By, % 0.750
8 Y02 % Hs % ES 1.000
9 Y102 ¥ % e U, 1.250

All dimension are given in inches. The hole in shell reamers has a taper of 4 inch per foot, with
arbors tapered to correspond. Shell reamer arbor tapers are made to permit a driving fit with the
reamer.
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Straight Shank Chucking Reamers—Straight Flutes, Wire Gage Sizes
ANSIB94.2-1983, R1988

EE—————4
——

| A
Reamer [ Shaal Reamer Leth, Shank
Dismeter | Lith, of Dia D No. Diameter | Leth | "2 Dia No.
g o i Piags |17 | v 1 Faes
Goge | TP B | Max M Gape| B B | Max  Min
e |vao | 2 % [ 390 0380 4 a0 | om0 3 | oest 650 4
s |oue | 2k Y| w390 0380 4 48 | 0760 | 3 % | om0 ono 4
55 10420 | 2k 5 | o0 oss0 4 47 | 0785 | 3 % | w2 om0 4
57 Joa0 | 2 % | o om0 4 46 | 0810| 3 ¥% | wme o 4
56 j.0465 | 2l Y| 455 05 4 45 | o8| 3 % | e ot 4
55 {050 | 2y % | msio oso0 4 a4 | oseo| 3 3% | 080 %00 4
54 jesso | 2 % | o510 0500 4 43 | %06 | 3 % | 010 0800 1
53 losos | o4 ¥ | osss 0575 4 2 | 5| 3 ¥ | oss0 0870 4
52 Toess | oy % | osss 0575 4 a1 | o9s0 | 3w % | 028 0918 | 4ws
510670 | 3 % | oss0 0650 4 a0 s | 3y % | 0%28 918 | 4wé
s0 fomg | 3 % | oeso  oss0 4 39 fows | 3y Yo} 0528 098 | 4106
38 jaels | sy % | o950 0040 | sros || 19§ as0 | ap 1 {1595 1585 | 406
a7 |aed0 | 3y % | oes0 0040 | 406 || 18 ] 1695 | a4y 1 ] 1595 1385 | 4106
36 |.1o65 % % 11030 1030 | 4we (17 | a7i0 | sy U {185 1635 | 46
s [.nm 3k % §-1000 1020 | dwog LI IR Vil T | T 1694 F 46
4 | | sy % {055 M5 | 4we j[ 15 | as00 | sy 1 | amss ms ! aws
33 [z 5 % 11055 1045 | dres || 14 | as0 | ay 1 |75 ams | aes
32 sy | 3y %o e | 4w [ 12 | ass0 | sy 1 [ as05 175 | dws
3200 | 3y % | o dws || 12 | asso | ay g | ses 1795 | 416
30 |a2ss | sy % | e s | 4ws || 1 [as0| s 1y |60 L1830 | 4ws
29 | 360 | 4 1 12751365 | 4u06 || 10 | 0935 | 5 1y |60 1850 | 4ms
2% |05 | 4 1 2350 AM0 | 4w || 9 | e | s 14 | 1895 1885 | 4w
27 [0 | 4 1 2350 AM0 | 4w || 8 | ama| s 1 | -1s95 1885 | 4ws
2% [0 | 4 1 430 420 | 4w || 7 | 200 s 1y | 1945 1835 | dws
25 [495 | 4 1 430 140 | 4wes || 6 | 2040 s 1y | .1m45 1935 | 4ws
24 |52 | 4 1 450 1450 | 46 || 5 | s s 1 | 208 2008 | 4w
2% |as40 | 4 1 460 450 | 46 || 4 | 2m0 s 1 | 208 2006 | 4w
2 |as70 ] 4 1 JA510 4500 | dwe || 3 | 30 S 1 | 2075 2085 | awe
21 [.1590 | 4y 14 | 4530 50| 4wé || 2 |20} 6 1 | 2173 2183 | 4we
w0 |ag0 | oay 1 |53 a5 | aws L | 280F 6 1 | 273 2163 | 46

Alldimensions in inches. Material is high-speed steel.

Tolerances: On diameter of reamer, plus .0001 to plus 0004 iach. On overall length A, plus or
minus Yginch. On length of flute B, plus or minus Yginch.
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Straight Shank Chucking Reamers—Straight Flutes, Letter Sizes
ANSI B94.2-1983, R1988

T -y
i - —
| —
T A 1
Reamar | L2 | 5 T To. romer | Lot | V5 o Ne.

Diameter ODE- Flute D H:ft . Diameter ?ﬂ' Flute D H:fc
Torter | _imeh 8§ Max M Loger |_imeh B | Ma M i
& [imau] © | 75 |02265 235 | 4we || N |esom| 6 | 1 [02ie2 0272} 4wd
B lomso| 6 | 1 o 239 [4wsi[ o |omey 6 | 1y [o2me2 02782 dwé
c lomm| 6 | 1 |omm 239 | 4we|f B ojomse| 6 | oy [os omm2] dwé
b foaso| & | v |02 2m9 ) aws|| @ Jese] 6 | 1y jom2 0282 dwd
E lossw| 5 | mg tosws 2305 | sweil R Josme0| s | 1y |82 02782 | 46
P o |oaso| 6 0 owg |ezsss 2as | aws|| s [ozssof 77 ay |35 eswsodw6
o lomio| & | m |oass 21 | 4wsl| T Josssm} 7| 1y |0318 0308 | 46
o |ozeen| & | 1y |o2ss 2475 | dwef) U loseso| 7 1 1y | 03105 03095] A6
1 02720 L 1\4 02485 2475 | 4106 v 0.3770 T l% 03505 0305} 46
v lozmo| 6 | g loasss aem | awe| Wo[vaee] 7 | 1y [03les 03095 do
% |ome| & § oy |oass zars | awe || X Jeaso| 7| g 03105 03W5| dwe
L omw] 6 | m [ozme ome|aws|| v fossw]| 7 | g |00 0505 | Ares
M Jomso| & | g boome 29m2 | 4ws |} z juaso]| 7 1 o1y 03130 0370 Gwd

All dimensions in inches. Material is high-speed steel.

Tolerances: On diameler of reamer, for sizes A to E, incl., phus 0001 to plus .0004 inch and for
sizes FtoZ, incl., plus 0001 wo plus 0005 inch. On overall length A, plus or minus ¥sinch. Onlength
of flute B, plus ox minus ¥ginch.

Straight Shank Chucking Reamers— Straight Flutes, Decimal Sizes
ANSIB94.2-1983, R1988

T e —
A — ———|
—
A
§ [P Shank . gt Shazk
e | 120 1B L s | | |Reamer| 2220 o | pumenen | T
I ) (verall of DD | yveralt of
Dia. T e Fiones || Din Tl e ot
B Max. | Min. o B Mex. | Min | TV
01240 | 3% 7| 01190 | 04180 | 4w [[03135) 6 T | 0.2792 | 02782 | 4w6
01260 | 3% % | 01190 | 01180 | 4t [[o3m0 [ 7 1% | o305 | 03095 | 6o
01863 | 4y 1y | 01803 (01785 | 4wa 030} 7 13 | 03105 | 0.3095 | 6108
01885 | &Y 1y, | 01805 [ 00795 | 4tad i[04365 | 7 1% |oamo 030 6es
02490 | & 1y | 02405 [ 02305 | 4106 |[oasss | 7 13 | 03730 | 03720 | 6108
02510 | 6 1 | 02405 | 02305 | 4we |[oass0 [ s 2 04355 | 04345 | 6108
03s| 6 1y |ozm |02 | 46 (05010 8 2 104355 | 0435 | Gros

All dimensions in inches. Material is high-speed steel.

Tolerarces: On diameterof reamer, for0.124 to 0.249-inch sizes, plus .0001 (o plus 0004 inch and
For 0.251 1o 0.501-inch sizes, plus 8001 to plus 0003 inch. Ga overall length 4, plus or minus K¢
inch. On length of flute 8, plus or minus ¥ginch.
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American National Standard Straig]
Reamers—Siraight and Helical Flutes,

REAMERS

821

ht Shank Rose Chucking and Chucking

Fractional Sizes ANSI B94.2-1983 (RI988)

i —
D I —————
+
= s
A
Rearet Dinneler Tonglh Fiute Shiapk Dis. D No. of
@:} Tiose Chucking Overall A Length 8 X, S Flues
e 25 Y 0.0435 00445 4
Y 2 3 00543 00573 4
£ 3 3 04720 00710 4
Y 0.0850 0.0870 4
T % 0.10%0 01070 1108
Y % 0.119¢ 0.1150 4106
%y 1 01350 01340 awe
% 1 01510 0.1508 406
Y v 01645 0.1635 E3n1
%o 1 0.1808 01795 4106
1, 14 0.9945 0.1935 4106
% 15 02075 0.2063 4106
A 1% 0.2265 02255 46
% 1 02405 02395 4106
A 1% 02485 00475 4106
% % 0.2485 0.2475 4106
Wiy % 02782 02782 406
e 1 02792 02782 4106
Yy 1% 02792 02782 406
W % 02792 02782 4106
A 1% 03105 0.309% 41086
% 3 03105 ¢.3093 4106
A 7 03108 03095 w6
13, A 03105 03093 1106
Ty % 03730 03720 GwR
e 1% 03730 03720 6108
B 1% 03730 03720 33
", 1 0373¢ 03720 608
A, 2 04353 04345 6108
% 2 04353 04345 GioB
B, 2 04335 0.4345 68
e 2 04355 Q4345 608
e 2 04355 04343 68
% 2 ©.5620 (45605 608
£ 24 05620 05608 ot
Yo 24 05620 05603 6108
=, 2l 0.5620 05605 6108
3% 9% 2% 06245 0.6230 6§
N 9y 2 06245 0.6230 3010
A 9% 2 06243 0.6230 200
= - 9l 2 06245 06230 1010
% 10 % 0.7495 0.7450 810 10
£ 10 % 07495 07480 81010
B 0 E 07495 0.7480 w10
gy 10 2% 07495 07480 $1010
i 104 2 0.8743 05730 Sto12
1 108 P21 0.8745 .8730 $1012
1% n 7% 08745 08730 8o 12
Yo 11 Y, 0995 09980 g1012
iR 1% 3 05995 09980 $1012
1% 1% 3 0.9985 05980 101012
% 12 3y 09995 0.99%0 10w 02
e 2 3 1.2495 1.2480 Wiol2
14 3 12495 1.2480 10w 12
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822 REAMERS

2Reamer with straight flutes is standard only.

®Reamer with helical flutes is standard only.

All dimensions are given ininches. Materal is high-speed steel. Chucking reamers are end cutting
on the chamfer and the relief for the outside diameter is ground in back of the margin for the full
Tength of land. Lands of rose chucking reamers are notrelieved on the periphery but have azelatively
large amount of back taper.

Tolerances: On reamer diameter, up to Y-inch size, incl., +.0001 to + .0004 inch; over ¥-to 1-inch
size, incl,, +.0001 to + .0003 inch; over 1-inch size, + 0002 to + .0006 inch. On length overall A and
flute length B, up to 1-inch size, incl., Yginch; 1Y to 1%-inch size, incl., 23, inch,

Helical fules are right- or lefi-hand helix, right-hand cut, except sizes 1%, through 1% inches,
which are right-hand helix only.

Shell Reamers—Straight and Helical Flutes ANSI B94.2-1983, R1988

Dimter Length Tite Hole Diameter Titting
of Orverall Length Large End Arbor Nuraber
Reamer A A H No. of Flucee
Pl A 1y 0373 1 8t 16
% 2% ] 0500 5 81010
e 2% 1% 500 s 810 10
1 2% % 0500 5 1010
1% 2% H 0623 & 8ia 12
1 2% 2 0.625 6 810 12
P 2% 2 0625 6 8012
1% 2 2 0.625 6 8to12
A 3 28 0.750 7 So12
It 3 2% 0750 7 So12
17, 3 2% 0750 7 Swl2
1% 3 2t 0.750 7 10 14
1% 3 24 0750 7 10014
% 3 2y 0750 7 10t 14
T 3y 2K LO00 H 10t 14
% 3% 2% L0 8 12014
1% 3% 2% 1.000 8 12w 14
1% 3y 2 1.000 8 12014
15 3y 2% 1.000 f 12wm18
2z 3% 2 1.000 8 12t i4
i 3% 2% 1250 9 12w 16
2% 3% 2% 1230 9 216
EEs A 2 1230 9 w16
2y Y 2% 1250 9 2oi6
2% A 2% 1250 9 MU is
2l kA % 1250 E} w16
4Helical flutes only.

All dimensions are given in inches. Material is high-speed steel. Ielical flule shell reamers with
left-band helical ffutes are standard. Shell reamers are designed as a sizing or finishing reamer and
are held on an arbor provided with driving Tugs. The holes in these reamers are ground with a taper of
lginch per foot,

Tolerances: On diameter of reamer, % to l-inch size, inel.. + 0801 to+ 0005 inch: over 1-inch
size, +.0002 lo+.0006 inch. On length overall 4 and flute length 8, % 1o 1-inch size, incl, & Y inch;
1% 10 2-inch size, incl., & ¥ inch; 2% (o 2%4-inch size, incl., & % inch.
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American National Standard Arbors for Shell Reamers—
Straight and Taper Shanks ANS{ B94.2-1983, R1983

Arbor ‘ Overll Approximale | Reamer Tapcr Straight Shank
§ize No. Length 4 Length of Taper L Sizg Shank No.* Diz. D
4 9 2l % 2 3
5 9% 2% o] z %
6 10 2 Wgto 1Y% 3 3%
7 n 3 %10 1% 3 %
8 12 ay 1Mo 4 1%
9 13 33 Welo 2% 4 1

a American National Standard self-holding tapers (se¢ Table 7aon page 913.)

AR dimensions are given in inches. These arbors are designed to [it standard shell reamers (see
1able), End which fits reamer has taper of 1 inch per foot.

Stub Screw Machine Reamers—Helical Flutes ANST B94.2-1983 RI388

DH

Length | Length Tength | Die. | Size
Series | Digmerer | Oves | of of of | Flute] |Series | Diameter | Over- 1 of of | of | Fue
No. | Range a1 | Fue | Shenk | Hote | No. [| No. | Range w1 | Flote | Shank | Hole | nyg,

4 B D | # A B v | 1
00 | 2600-066 | 1% AR EEEIEA R R 3
0 | 0881074 | 1% P T U A Yo | 6
1| omose | oy ol ow s | A || e [Amane| g [ k[ % | 6
2 | .0saeossl o1y v | | w | e | |eonasy 2g )y P 7
3 | .oo6L-a26 | 2 wl w | oue | 44| e [soseseT| 3 ol w b w] e
4 | amerass] oy oo [P YA IO [ IR Bt Sl % | w8
5 ].s81-188 | 21 | 1 y | o | 4 s | s0een] 3 wo| %) u| e
6 w22 | o2y )L o W | 6 || e |em-Tss] 3 wo| % | % | ®
7 | awwast| o2y | ot g | % | ol |rssea) 2 ol on | % |8
8 251282 | 2y | 1 % y | s || 2 | sin-ss0| 3 U A A
9 [asra3) o2y )1 w | ow | s [] = |seoreez| 3 U3 B 7
o Jamas| om | | % | w | o6l B o seree 3 w |l % ) W |8
1 | aesms| o2 | 1% % w | 6 . . . . .

‘ATl dimensions in inches, Malerial is high-speed steel.

These reamers are standard with right-hand cut and left-hand helical flutes within the size ranges
shown.

Tolerances: On diameter of Teamer, for sizes 00 to 7, incl., plus 0001 to plus .0004 inch and for
sizes 810 23, incl., plus 0001 1o pius 0005 inch. On overall length A, plus or minus Yginch. Onlength
of flute B, plus or minus Y4ginch. On diameter of shank D, minus .0005 to minus 002 inch.
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American National Standard Morse Taper Finishing Reamers

ANSIB94.2-1983, RI988

CHAMFER
OPTIONAL

{+C -+l

e

s

—

A

Straight Flutes and Squared Shank

Small Large Eength Flue Square Shank
Taper | End Dia. | End Dia. | Overall Length Tength Dia. Square
No® (Ref) (Ref) A B C D Size
] 03503 | 03674 3, 2% s s 0.235
1 0.3674 0.5170 3 3 Ye Y 0330
2 0.5696 0.7444 [ 3k % % 0470
3 0.7748 | 09881 7 4% % % 0.653
4 10167 | 1.2893 &% sk 1 1% 0.443
5 14717 | 18003 5% 3% 1% 14 1125
Squared and
Straight and Spiral Flutes and Taper Shank Taper Shank
Smal) Large
End End Length Flute Taper
Taper Dia. Dia. Overall | Length Shank
No® (Ref) (Ref.) A B No» Number of Flutes
0 02503 | 03674 507, 2% 0 4to 6 incl.
1 03674 | 0.5170 6% 3 1 610 8incl.
2 0.3656 0.7444 % 34 2 6to 8 incl.
3 0.7748 0.9381 8% 44 3 £10 10 dncl.
4 1.0167 1.2893 10% sk 4 810 10 incl.
5 14717 1.8005 13% 5% 5 100 12 incl.

aMorse. Fer amount of taper see Table 1b on page 908,

All dimension are given in inches. Materjal is high-speed steel. The chamfer on the cutting end of
the reamer is oplional. Squared shank reamers are standard with straight flutes. Tapered shank ream-
ers are standard with straight or spiral flutes. Spiral {lute reamers are standard with Teft-had spiral

flates.

Tolerances: On overall length A and flute length £, in taper numbers 0 (o 3, incl., +4, inch, in taper
numbers 4 and 5, +3, inch. On length of square C, in taper numbers O to 3, incl., £%; inch; in taper

numbers 4 and 5

15 inch. On shank diameter 2, — 0005 to — 002 inch. On size of square, in taper

numbers Dand 1, - .004 inch; in taper numbers 2 and 3, — 006 inch; in taper numbers 4 and 5, - 008

inch.

107




REAMERS 825

Taper Pipe Reamers—Spiral Flutes ANSI 594.2-1983, R1988

E .y
el B
A
Diameter Length Flute Squarc | Shank Sire
Nom. | Lage | Small | Overall | Lemgth | Length Dis- of
Sizc End End A B [ cler Square No. of Flutes
i 0362 | 0316 2% % % 04375 0328 406
y 0472 | 0406 e 1%, % 0.5625 0421 4106
% 0606 | 0540 W 14 4 07000 0.531 4106
i 0751 | 04665 3K 1% % 0.6875 0515 4106
H 0962 | 0876 3y 13 We 0.9063 0679 61010
1 1212 | L103 ¥ 1% e £.1250 0843 61010
] 1553 | 1444 4 % 1 13125 084 610 1
W | 1o | Lesd y 1% 1 1.5000 1138 6010
2 2268 | 2159 1k 1% i 1.8750 1406 81012

All dimensions are givea in inches. These reamers are tapered¥, inch per foot and are intended for
rearning holes to be 1apped with American National Standard Taper Pipe Thread taps. Material is
high-speed stecl. Reamers are standard with left-hand spiral flutes,

Tolerances: Onlength overall A and flute length B, Y- to ¥rinch size, incl., +44inch; - to t!4-inch
size, inel., +3%; inch; 2-inch size, £} inch. On length of square €, %- to ¥inch size, incl,, 5, inch; 1-
Lo 2-inch size, incl., +4; nch. On shank diameter D, 4-inch size, — 0015 inch; - to 1-inch size, ingl.,
—.002 inchs 1% 10 2-inch size, incl., ~ .003 inch. On size of square, Yrinch size, —.004 inch; Y- to %
inch size, incl., — 006 inch; L- to 2-inch size, incL, - 008 inch.

B & S Taper Reamers—Straight and Spirat Flutes, Squared Shank

Dia., Dia., Dia. Size Ne.

Taper Small Large Overall | Square Flute of of of
No® End End Length Length Length Shaok Squate. Flutes
1 01574 | 03176 4 3 2% % 0210 4106
2 02474 | 0.3781 sl e 3% 1z, 0255 106
3 03089 | 04510 5% % % %, 0.305 1106
4 03478 | 05017 5% T 3 s 0330 4106
5 04474 0.6145 6% ¥ 4 s 0420 4106
3 04974 | 0.6808 6% 3 P % 0.470 4106
7 05974} 0.8011 7 Yy ay % 0.560 68
§ 07474 | 0.9770 8Y %, 5% By, 0610 Gk
9 08074 | 11530 8% % 6% 1 0750 o8
10 10420 | 13376 9%, 1 [ 1% 0845 Bro8

“Far taper per foot, see Table 10 on page $16.

These reamers are no longer ANSI Standard.

All dimensions are given in inches. Material is high-speed stecl, The chamfer on the cutting end of
the reamer is optional. All reamers are finishing reamers. Spiral flute reamers are standard with left-
hand spiral flutes. (Tapered reamers, especially those with left-hand spirals, should not have circular
lands because cutting must take place on the outer dlameter of the tool.) B & S aper reamers are
designed [or use in reaming cut Brown & Sharpe siandard taper sockets.

Tolerances: On length overall A and [lule lengih B, taper nos. 1 (o 7, incl,, +¥; inch; taper nos, § to
10, inel., &%, inch. Onlength of square C, tapernos. 1 to 9, incl,, #4, inch: taper no, 10, +¥;inch. On
shank diameter D, —.0005 {0 — 002 inch. On size of square, taper 110s. 110 3, incl., — .004 inch; taper
nos. 4to 9, incl., — 006 inch; taper no. 10,— 008 inch.
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826 REAMERS

American National Standard Die-Maker's Reamers ANSI B94.2-1983, RI988

==y
‘ |
B

Diameter Tength Diametcr Tengh Diameter Leny
Loter Lewter Leuer
. Targe : Smal | Lar " Snuall e
sie | Smol|Leee [y 1 p || e [ Smel[Limse |y [ g | e | DN [IEme [, T g
AAA | 0055 | 0070 | 2 | 1% G 0135 | 0138 | 3 1% o 0250 | 0296 | 5 3%
A | ooes | oose | 2y | || BO| 0ass | 0aes | a3y | 1R P 0975 | 0327 | s} | 4
A |oors | ome | 2| || 1 otdo [ oiss | 3 [ 1% || @ fo30| 03 |6 [ ay
B fooss | edod (2| yl| 7 |oars|owe [ sy ||| B }osms | oeser | ey 4y
c Jooos foms |2y | || ® joas|ome |3y [ay|| s o |oas|ey| s
Dofogos [ oaze |25 [ )] L fozos o2 [y oyl T foss|oean |7 | sy
E |05 [ 0136 | 23 | 15 M 0220 | 0252 [ 4 | 2% u G440 | 0511 | 3y | sk
Floms|ods |3 | ugl| ~ jo235 oz |ay| 3 - . .

All dimensions in inches. Material is high-speed steel. These reamers are designed foruse in die-
making, have a taper of % degree included angle or 0.013 inch per inch, and have 2 or 3 flutes. Ream-
ers are standard with left-hand spiral [utes.

Tip of reamer may have conical end.

Tolerances: On length overall A and flule length B, +) inch.

Taper Pin Reamers — Straight and Left-Hand Spiral Flutes, Squared Shank; and
Left-Hand High-Spiral Flutes, Round Shank ANSTB94.2-1983, R1988

1
e

Led 11 —
= o i

To. of Drameiel | Diwmeier Grorall Tength Tengm Diameter e
Taper | atBarpeEnd | acSmall Eod | Lengthof of of of o
Pin of Reamer of Reamer Reamer Flite Seplre Shank Squarer

Reumer (Ref) (Ref) A ] o n qu
B 00514 00331 5 5, T
70 0.0666 00497 113 i % % 0,068
B £.0806 0.0611 1%, [ % % 0070
540 0.0966 00719 A % % Y 0.080
40 0.4142 0.0869 2%, 1%, % % 0,095
30 0.1302 0.1029 2, 1% % %, 0.105
20 G462 0.1137 2, 1%, % % 0.415
0 01638 01287 287, 14, %L W 0.138
3 0.1798 0.1447 2%, 1 % % 0.140
2 ©.2008 0.1605 g 1%, 4% Wy 0.150
3 02204 1813 g 2% Y S 0.475
4 G.2604 02071 kg A % % 0200
5 02994 0409 45, 2%, % e 0235
6 03540 02773 e EU % %, 0270
7 04220 0.3297 5§/'B 4”/m ‘,é ‘?/E 0.305
3 0.5050 0.3971 T 5% A e 0330
9 0.6065 04505 8% 8lig s 3 0420
10 07216 5799 %%, 6% % % 0470

*Not applicable to htgh-spiral flute remmers.

" Not applicable to straight and left-hand spiral fluted, squared shank reamers.

All dimensions in inches. Reamers have a taper of ¥ inch per foot and are made of high-speed steel,
Straight [fule reamers of carbon steel ars also standard. The number of flules is as [ellows; 3 or 4, for
T to 4 sizes; 4 to 6, for 3/0to 0 sizes; 5 or 6, for 1 to 3 sizes; 610 &, for 6 to 9 sizes; 7 or &, for the
10 size in the case of straight- and spirval-flute reamers; and 2 or 3, for 8/0 10 8 sizes; 2to 4, forthe &
and 10 sizes in the case of high-spiral flute reamers.

Tolerances: On length overall A and flute length B, ¥, inch. On length of square C, £¥%inch. On
shank diameter D, —001 to—005 inch for straight- and spiral-lfule reamers and —. 0003 10 —.002 inch
for high-spiral flute reamers. On size ol square, -.004 inch for 740 to 7 sizes and — 006 inch for 8 to
10sizes.
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TWIST DRILLS 827

TWIST DRILLS AND COUNTERBORES

Twist drilfs are rotary end-cutting tools having one or more cutting lips 2nd one or more
straight or helical flutes for the passage of chips and cutting fluids. Twist drills are made
with sirajght o1 tapered shanks, but most have straight shanks. All butthe smaller sizes are
ground with “back taper,” reducing the diameter from the point toward the shank, to pre-
vent binding in the hole when the drillis worm.

Straight Shank Drills: Straight shank drills have cylindrical shanks which may beof the
same or of a different diameter than the body diameter of the drill and may be made withor

* without driving flats, tang, or grooves.

Taper Shark Drills: Taper shauk drills are preferable to the straight shank type for drill-
ing mediwin and large size holes. The taper on the shank conformstoong of the tapers inthe
American Standard (Morse) Series,

American National Standard.— American National Stundard B94.11M-1993 covers
nomenclature, definitions, sizes and tolerances for High Speed Steel Straight and Taper
Shawk Drilis and Combined Drills and Countersinks, Plain and Bell types, It covers both
inch and metric sizes. Dimensional tables from the Standard will be found onthe following
pages.

Definitions of Twist Drill Terms.—The following definitions are includes in the Stan-
dard.

Axis: The imaginary straight line which forms the longitudinal center of the drill.

Back Taper: A slight decrease +n diameter from point to back in the body of the dzill.

Body: Theportion of the drill extending from the shank or neck o the outer corners of the
cutting kips.

Body Digmeter Clearance: Thas portion of the land that has been cut away 50 it will not
rub agaiost the wall of the hole.

Chisel Edge; The edge at the ends of ihe web that connects the cutting Jips.

Chisel Edge Angle: The angle included between the chisel edge and the cutting Iip as
viewed from the end of the drill.

Clearunce Digmeter: The diameter over the cutaway portion of the drill lands.

Drill Diameier: The diameter over the margins of fhe drill neasured at the point.

Fluges: Helical or straight grooves cut or formed in the body of the drill to provide cut-
ting lips, to permit removal of chips, and to allow cutting fluid to reach the catting Lips.

Helix Angle; The angle made by the leading edge of the land with a plane containing the
axis of the drill,

Land: The peripheral portion of the drill body between adjacent flutes.

1.and Widih: The distance between the leading edge and the heel of the land measured at
aright zngle to the leading edge.

Lips—Two Flute Drill: The cutting edges extending from the chisel edge to the periph-
ery.

Lips—Three or Four Flute Drill { Core Drill): The cutting edges extending from the bot-
tom of the chamtfer to the periphery.

Lip Religf: The axial relief on the drill point.

Lip Relief Angle: The axjal relief angle at the outer corner of the lip. It is measured by
projection into a plane fangent to the periphery at the outer corner of the lip. (Lip relief
angle is usually measared across the margin of the twist drdill))

Margin: The eylindrical portion of the Tand which is not cut away to provide cleurance.

Neck: The section of recuced diameter between the body and the shank of a drill.

Overall Lenigth: The length from the extreme end of the shank to the outex comers of the
cutting lips. It does not include the conical shank end often used on straight shank drills,
nor does it include the conical culting point used on both straight and taper shank drills.
(For core drills with an external center on the cutting end it is the same as for two-flute
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828 TWIST BRILLS

driils. For core drills with an internal center on the cutting end, the overall length is to the
extreme ends of the tool.)

Point: The cutting end of a drill made up of the ends of the lands, the web, and the lips. In
form, it resembles a cone, but departs from a true core to furnish clearance behind the cat-
ting lips.

Point Angle: The angle included between the lips projected upon a plane parallel to the
drill axis and paralle] to the cutting lips.

Shank: The part of the drill by which it s held and driven.
Tung: The flattened end of a taper shank, intended to fit into a driving slot in the socket.
Tang Drive: Two opposite parallel driving flats on the end of a straight shank.

Web: The central portion of the body that joins the end of the lands. The end of the web
formis the chisel edge on atwo-flute drill.

Web Thickness: The thickness of the web at the point uniess unother specific location is
indicated.

Web Thinning: The operation of reducing the web thickness at the point to reduce drill-
ing thrust.

Nedk Tha. Point Anale
et [§]]
Jang Dl
Q\E’ Straight Lip Relief Angle Din. Cloarance Dia.
Shank Ruke or Body Dia.
Axis—  Neck Length—» == Helix Angle /'\ Chisel Ed;elearance
L Straight Shank [ -] SIS Angle
Flutes
Shankt:ﬂ wLengthst || —
Dia. <" Dody Length ~Flute Length o o
Over-All Leagth ———— Margin
Lip
ﬂm} Wb
be— Shank Length Flute Length ———} Chisel Edge

ANSI Standard Twist Drill No it

Types of Drill.—Drills may be classified based on the type of shank, number of flutes or
hand ef cut.

Straight Shank Dyiils: Those having cylindrical shanks which may be the same or differ-
ent diameter than the body of the drill. The shank may be with or without driving flats,
tang, grooves, or threads.

Taper Shank Drills: Those having conical shanks suitable for direct fitting into tapered
heles in machine spindles, driving sleeves, or sockets. Tapered shanks generally have a
driving tang.

Two-Flute Drills: The convertional type of drill used for originating holes.

Three-Fiure Driils (Core Drills): Drill commonly used for enlarging and finishing
drilted, cast or punched holes. They will not produce original holes.

Four-Flute Drills (Core Drills): Used interchangeably with three-flute drills. They are
of similar construction except for the number of flutes.

Right-Hand Cut: When viewed from the cutting point, the counterclockwise rotation of
a drill in order to cut.

Left-Hand Cut; When viewed from the cutting point, the clockwise rotation of a drillin
order to cut.

111



TWIST DRILLS

829

:
—

e

nical Point Optional with Manufacturer

L |
- 5 |
S

T@
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Table 7. (Continied) ANSIL Straight Shank Twist Drills — Jobbers Length through
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90| o370 | us00 3y | 95 | Sy [ ok e | ko Ve[ B | B
oqo| oame | ool sy | es yap || | | BB
ogo| o3sse | osoo sy | vs | spimoqay [pu|7 |y | a8 Iy | 8
W paseo | osod| sy | e sy ool | o | ] ey B
9,40 | 03898 9u00| 3y [ 95 | s% | 130 PR [NV SRR IO I I 83
e 0.3006 g921| A | 95 | sk | 130 4 || 7 | 1 48 |34 83
1000} 03037 | 100o0| 3y | o5 | s |0 [ay [l 7w AT s 9 (G ) 8
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Table 7. (Continted) ANSI Straight Shank Twist Drills — Tobbers Length through
17.5 mm, Taper Length through 12.7 mm, and Screw Machine
Length through 25.4 mmDiameter ANSIASME B94.1IM-1 993

Drill Diatster, 7 Tabbers Lengh Taper Leng Serew Macline Longlh

- Equivaient Fute Trvczall Tl Cverali Tiote Overal
ogi Decimal £ L il £ Ll L

Lte. T In mm In. mm | In jms | In mm In, mm | In mm In mm

X oamn | o] | 5 | 5% | 50| | | o | - | 1| S [ | B

1020 | canis | toac0l g | o | sy | s lay L7 | sl ae e | 8

¥ oanio | wozea| 3y [ ow | ay [ e | | | e b || e | | 8+

g avez | 10m17| Ay | v [ sy [ ey |17 | 0| 0% a9 % | B4

z om0 | toaeo) g joes [ syl o) | - 2 )51 [y | ss

j050 | oata | 10500| 33 | o5 | sy |z ey |7l praefa | s (w8

% vazte | 1076|300l s [ a7 [ | w7 g {tea |2 | oan sy [ ose

tos0 | oazs2 | 1omon) g | 103 | sy {0 | vz |y | 28] 2| 52 ek | @7

1100 oas1 | 1wooo| my | 103 | sy | w0 | an | 07w | s | e | 52 |en | 97

%, oams | | ag L vos | sy | wo [y Lo | ey e | 2y a2l @

120 | o440 | 11200] s | 105 | 5% j s | ey [ | g Loso ooy [ se [ | oo

110 04z | 1isoo| ag | 108 | sy | s | g |12l |0 | oy [ ose 3% | %0

=, oamt | psoe| ey | s ) sy | wen | ey j o2 | g [ 1m0 ] 2 ) s e %0

Do | odess | 10e00| a | o | sy [resjay | | Laso oy | s |3 | o2

i vagss | 11908| ax | 110 | sy | Ms ey |1z g [1sof 2y | 54 fag | o2

1200 | oarza | r2oonl ay Jun] sy | a0 | ey um | g | wer | 2| s e | 4

1220 | oasns | 12z00| any | | sm | v Ay |z ] my e | an | s | | o

En oasas | 1230af ay i | sy | vae [y | s | | o7 | g | oss [aug ] es

1250 | eas2n | szseo| ay | e | 6 fasz ey e o | a7 |y | 57T | s

% osooo | 1z700| ag [ e | 6 sy | | jrer oy | o sy |

1280 | osme | resoo| g el s | 1m2 o 1 o0 |ay | oss

oo esng | o] ay | na| & ] . Lo e Jay | o

“Ym 05156 | 13.006| 43 | 122 | a5 | 168 AR E

1320 | os97 | vazoo|am 2y oey | e | |z oo oy | e

% osaiz | 1aa9z] 4, | 122 | an | e ol b s e | | »

1250 05318 | 13500| 4 | 122 | ey | 168 | O I I T A B

13.80 | 0.3433 13.800 A‘%ﬁ 122 | &% 168 . 24 o4 {4 102

W o569 | 1301 any | 122 | 6% | 168 FN R TR IV -0 P I 1)

1aon| ossiz | 1eoon| amg bz | ey | aes | . e [s | e

1425 | 0s610 | 14.250) 4% | 122 | 6% | 168 m |6t ja e

% 05625 | 14288 4%, | 122 | 6% | 168 - L e e |02

a0 | osros | wesoo| am, i1l ooy [ e8] - P N PO T

E oarel | wgsa|aw, | 22 | ey | w8 o | &7 4y | 208

1475 | 0sso7 | 1a7so| sy | w2z | % | R | e ey | s

1500 | vse0s | isoeol sy |2} oy bam | . 2 | & layg | os

7, osers | tsaws| sy || g | am Loy e ey | 0s

1525 | oeoos | 1sam| sy e | g [ | o) v | | 70 ey | es

», os0sd | 154mf sy [ | g e | 2 | 0 ey 1 ocs

1550 | natoz | issoof s | 12| oy | 182 . 2 | 7o |4y | 08

1575 | ne201 | 15750] sy, 132 | vy | 1 oo | e | L0 ey | s

% cexso | 1587s) sy | 132 | vg || § 2 | o Jay |08

1600 vewe | 16ooo| sy | 2|y [mf .| o | | | e

i62s | oeawe | e2sol sy |1t ooy | ] o ) e | e

W, oetos | 16271 sy [ s | g [ | - | 7 Jay | s

1650} o606 | 16300 5% Losz | g [ o | 1 e | e

e oaser | tesen| sy |z ) g s | e | | o | [l [0
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Table 7. (Continied) ANST Straight Shank Twist Drills — Jobbers Length through
17.5 mm, Taper Length through 12.7 mm, and Screw Machine
Length through 25.4 mmDiameter ANS/ASME B94.11M-1 993

0.6693
06719
06791
0.6875
0.6830
0.7031
07087
07188
07283
0.7344
07450
07500
0.7636
07677
07812
0.7879
07969
8071
0.8125
0.8268
0.8281
0.3438
0.8460
0.8594
0.8661
(8750
08858
0.8906
0.9055
09062
049219
0.9252
00375
0049
09531
09646
0.8688
09843
09844
100K

Practional inch, namber, letter, and metric sizes.
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Nominal Shank Size is Same as Nominal Drill Size

Dia., Fractional and Metric Sizes ANSI B94.11M-1993

Table 8. ANSI Straight Shank Twist Drills — Taper Length — Over % in. (12.7 mm)

Fluic Overail Tength of Mimsmum Maximum

Diameter of Drill Length Length Body Lengdh of Shk. | Lenpth ofNeck

Decimal | Millineter 7 L B 5 N

Frac. | sm | InchBaquiv. | Equi¥. {Ioch [ mm | Inck | mun | Inch [Tmm | inch | mm | Inch |
1280 | 0.5039 12800 | o4y [ 120 | 8 | 203 4y | 124 | 2% [ 66 3 i3
13.00 | 05117 1Boo o4y | ze | 8 | 203 f a4y | 124 | o2y | 66 I3 13
B, 0.5156 1Bogs | o4z | 120 ) 8 | 205 f ay | 124 | 2% | 66 % th
1320 | 05197 13200 | 4y | 120 F 8 | 203 | 4y | 124 | 25 | 66 3 13
%, 0.5312 Bag2 |4y [ 120) 8 |23 | 4y | 124 | 2% | 68 % 13
1350 | 05315 13500 | 4y | 121 | 8 |23 | sy | 124 | 2% | 66 % I3
1340 | 0.5433 13800 | 4% | 124 | gy | 20| 5 27| 2 | W % 13
B 0.5419 1B80L | 4y | 124 | sy [ 20 s 7| ooy | W ) 13
1400 | 03512 dood | 4% | 124 | 8y | 20 | 5 127 | 2y | W I 13
1425 | 03610 14250 | 4% | 124 | sy |20 | 5 17| 2 | 70 y | 13
Y 0.5625 14288 | 4y |4 | sy |20 | 5 27| 3 | W | 13
1450 | 05709 14500 | 4% | 124 | 8y | 222 | s [0 IV I R (A 16
E 0.5781 14688 | gy | 124 | gy | 22| 5 7| sy | % 16
1435 | 0.5807 14750 | 4% | 124 | sy | 22| 5 27| 3y | 7 % 16
1500 [ 0.5006 15000 | 4% | 124 | gy | 222 | 5 2r| o3y | n % 16
¥, 0.5938 15083 | 4y | 124 | sy | 22| 5 127 | 3y | n % 16
1525 | 0.6004 15250 | 4y | 128 | sy | 22| s ey oAy | % 16
=, 0.6094 154719 | 4y | 24 | sy | 22| S wr|oay | ™o 16
1550 | 06102 15500 | 4y | 124 | sy | 22| s 7oAy | e g 16
1575 | 0.6200 15750 | 4% | 124 | sy | 22| 5 wr|osy | M % 16
% 0.6250 15875 | 4y | 124 | sy |22 | 5 2 A ] % 16
1600 | 06299 16000 | sy | 130 | 9 |2 | sy} 13 o3y | 7 % 16
1625 | 0.630% w250 | sy [ 10| 9 |28 | sy 3 oay | M % 16
kA 0.6406 16270 | s [ 130 | 9 | 28| sy foan ] oag | 7 % 16
1650 | 0.6436 16500 | sg | mo | 9 s | sy i) oag | | % 16
e 0.6562 6667 | s [ 130 | 9o 28 | sy i) oag | oo 0% 16
1675 | 0.6594 6750 | sy | 137 | 9y | 23 | sy domM0 | o3y | 9| 0§ 16
17.00 | 0.6693 viom | sy | 137 [ oy [ 235 | sy imod oy ] oo g 18
By 0.6719 1066 | sy | 137 | ey |25 | syl e s ] ow % 16
17.25 | o6l mese | sy |17 | ey |ws | sy lMe| oo % 16
LA 0.6875 17462 | sy | 137 [ ey | 285 | sy | 0| 3y | o % 16
1750 | 0.6890 17500 | g | 143 | e |20 | sy | we | g ] ow | % 16
5, 07031 17859 | 5% | 143 | eu |2 | sy | M6 sy | o | % 16
1800 | 07087 om0 | 5y | 143 | eg | 240 | sy | e | 3y | T | % 16
2, 07158 18358 | sy | 143 | ok |24 | sy | 146 ax | | % 16
1850 | 07243 Bsge | 5y [ =0 | oy for | o6 s oo o[ g 16
By 0.7344 Base | o5 | 40| ey o | 6 s ] oag | B | oy 16
1900 | 07450 o0 | sy | 4e | ey f 7| o |2 o | om0y 15
% 07500 19050 | sy | w49 | oy | M7 | 6 w s | | % 16
o 0.7656 19446 | & 152 | ey jast | ey | e sy | | o5 16
1950 {07677 10500 | 6 152 | o 251 | ey |16 ] sy [ | g 16
B, 0812 10882 | 6 152 | oy 250 | ey | s | sy | oo | g 16
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Table 8., (Continued) ANSLStraight Shank Twist Drills — Taper Length — Over %in.
(¥2.7 mm) Dia., Fractional and Metric Sizes ANSI BO4.11M-1993

Flelc Ohverall Length of Mimimum Masimum
Diameter of Drill Length Length Body Length of Shk. | Lengih ofNeck
Decimal | Millimeter F 7 B 3 N

Froc. | mm | TochEquiv. | Equiv. | Tnch | mm [ Tnch [ mm [ Tnch | mm [ Inch | mm | Inch { mm
2000 07874 20.000 B 156 | 10 24 &Y 159 3% il % 16

Yy 0.7969 20241 | e | 156 |10 | 254 | 6% |19 { 3y | 7 % 16
20.50 8071 20,500 6l 156 | 10 254 64 129 34 il % 16

A 08125 20638 | gy 156 |10 | 254 | gy | 159 ] 3y | T % 16
21.00 0.8268 21.000 % 156 | 10 254 1A 159 3% 7 kA 16

= 08281 .03 ol 156 | 10 254 & 159 3k 79 % 16
b 0.8438 2433 | gy [ 156 |10 | 254 | ey [uso | 3y | | % | 6
2050 | 08465 2500 | gl | 156 [ 100 [ 254 ) gl | 450 | 3y | ™Y % 16

B 0.8534 210828 | gy | 156 [ 1o | asa | ey [wse | sy [ | % | 6
22.00 0.8661 22.000 o 156 ¢ 10 254 124 159 3% 79 % 16

% 0.8750 22225 4 156 § 10 254 6l 159 3 79 % 16
22.50 0.8858 22500 6% 156 | 10 254 & 159 3l ¢ % 16

sy, 0.8906 2621 | gy | 156 |10 | 254 ey [ 159 | 3 | | % | 16
23.00 09055 23,000 6% 156 | 10 254 (4 159 3k i % 16

A 05062 oy | ey | 156 |10 | 254 | gy | 159 | sy | % 16
£ 09219 23416 | oy | 156 |10y | 273 | ey | 159 | 3% | 98 % | 16
350 0.9252 23,500 6k 156 | 10% 3 (24 159 3% a% % 16

B 0.3375 23812 &l 156 | 10% | 273 &Y 159 3% 9% % 16
2400 | 0.9449 24000 | g% [ 162 [ 11 ) 279 | e | 165 | 3% & 98 3 16

E 09331 24200 | e | 162 |11 |27 | ek | 165 | 3 | 98 ] oy | 18
2450 [ 09846 24500 | ey | 162 |11 12w | s | o165 | 3y [ s % 16

M 09688 24.608 5% 162 | 11 27 6l 165 3 93 % 16
2500 | 09833 25000 | 6% |62 | 11 279 | ey | o1es | ay | 9 % 16

e, 09844 aso0d | ey | 162 | 11 7 | ey |5 | sy | s | % 16
1 1.OGHK 25400 &% 162 | 11 279 [23 165 % 9% £ 16
2550 | L0039 25500 | e | 165 |11y | 22 | e [ 168 | 3y [ 08 | % 16

1% [HIEY 25796 | g | 165 |11y | 282 | 6% | se8 | a3y | 98 % 16
26.00 10236 26.000 8l 165 | 1l 282 % 168 3% 48 # 15

1% 1oa12 | 26102 | sl | 185 [y | 282 | ey | 188 4 3y | 8 | % | 16
2650 | 10433 26360 | &% | U6 | 11y | 286 | ey | 172§ 3% | 48 % 16

13y 10469 26,591 ay | 168 |y | 286 | ey | 172 | a3y | ss % 16
1 10625 26988 | ey | te8 any | 286 | ey [ 172 | sy | s | % | )6
2700 § 10630 27000 | 6% | 168 {11y | 286 | &% | 172 | 3% | S8 % 16

13y 10781 27384 6% W5 gy [ 282 7 178 kA 3 % 16
27.50 Los27 27.500 &% 195 § ulk | 292 7 178 3% 9% % 16

o 10958 ey | ey | s iy | sl o7 [ | oy | s | 4 | s
2800 | Lo 28000 | 7y | st |y | 2084 o7y | s | s | s | % | 18

1% 1.1004 28179 | g | o181 | gy | o298 ] o7y | ime | Ay | 8 % 1%
28.50 11220 28.500 ™ 181 | 113 | 298 % 184 3% 98 % 16

1% 11250 2575 | o7 | asn [y | ws | o7y | s | 3n | 8 % | e
% 11406 2807 ke 184 | 1% | 3 TH 187 3% o8 % 16
00 | L1417 29000 | 7ty orasa |y | son | 7y | w7 | 3y | e | % | 16

1% L1562 0367 | 7y P o1s4 [y L aon [ vy | 187 | 3% f 98 | % | 16
o950 [ p1614 29500 | 73 | 187 [ 12 305 | 7y | 191 | a% | 98 % 16

1, 11718 2976 | 7y | 187 |12 pa0s [ mg | 9| % foos [ x| 18
3000 | 11811 30600 | 7% | 187 | 12 305 | 7y basn | 3y | o8 % 15

o 11875 swae | op | w2z | as | ows | sy | oo ] ox | 16
3050 12008 30.500 7 190 | 12y | 308 T 194 % 98 4 16

1%, 12031 30559 | 7y | o0 |12y | 308 | 7 [ 1w | 3y | 98 % | l&
1% 12188 30.958 7y | oo |12k | 308 | 7 [ 1ea | 3y | o8 % 16
3L00 1.2205 31000 T 00 [ azk | 37 8 203 ah 98 % 16

1% 12344 31354 | 7 | 200 |z | 317 | 8 | 203 3 | 98 % 16
3150 1.2402 31500 | 200 |12y | 317 g 203 a5 98 % 16
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Table 8. { Continied) ANST Straight Shank Tvwist Drills — Tapur Length— Over in.
(12.7 mm) Dia., Fractional and Metric Sizes ANSIB94.11M-1993

Tiute Overall Tengtof i Wizmem
Diameter of Drll Length Lenglh Body T.ength of Shk. | Length ofNeck
Decimal | Millimeter r L B 5 N

Frae. ] mm | Inch Bquiv. Cquiv. Inch | mm | Wch | mm [ Inch | mm | Tnch | mm Inch j mm
14 1.2500 eREAEIEIENEREIEN A
o0 | 12598 s2000 | s 1 o216 |ray |30 | ey | om0 o4y | 12} % [ 16

3250 1.2795 32.500 gl | 216 1 dl 339 8% | 219 4% i EA 15

1% 12812 w5 | s | 216 | ey | 350 | sy | aw loag | 24| % 16
33.00 12092 33.000 % 29 | 14y | o362 8% | 222 4% 124 % 16

Ef 13125 33338 8% 219 | 144 | 362 &y 1 222 4% 124 % 16
1350 | L3S mst0 | sy |22 [aey |36 | wy | ms | o4 | 124 oy 16

00 | 123386 o0 | gy | 222 ey | s | i |o2zs | oy | a2 % |16

11, 12438 34033 gl | 222 | 14% | 365 g% | 228 4% 124 % 16
3430 1.3583 34500 gy | 225 | ray | 368 a 229 Ee 124 % 16

1% 13730 34925 g% | 225 |14 | 368 a 229 A 174 % 16
3500 1.3780 33.000 9 229 | 1a% | 372 al 232 Al 124 % 16

3550 13976 35.500 El 29 | 14% | 372 9y | 232 4% 124 % 18

1% LAGE2 8T 9 229 | 4% | 372 9k 232 4% 124 % 16
36.00 14173 36.000 al 232 3 14y 395 oy | 235 4% 124 % 16

36.50 14370 36500 o 1 232 | 14y | 39 g% | 235 4% 2] % 16

% vaars | osesiz | ooy |mmz [y lams ey | ms ) ey qaa g o B8
37.00 [ 1.4567 37000 | oy | o235 |uay | 8 | oy j s | o4y | 1[0 % 16

15, 1.4688 s7a0s | oy | s |y | Ty ey | 2| 4y} A 16
a7s0 | 14764 ars00 | o | 238 |15 | 3L [ oy Lodl | g | a2 | R o) 10

3R00 14961 38.000 g 238 | 15 381 gl | 241 4% 124 % 16

1% tso00 | 3sao0 | ey | 238 |15 | [ oey [om ey opa) % o) o16
% 15625 wems | oy |ost [usy | ser boey | awy oA | | % 16
¥ 1eso | mms ooy | zstlusy |7 [0 | ase | o4y ) R4 % L9
iy 17500 aaasn | 1oy | o267 | ey | 43 | aoy ) 270 4 124 % 9

“Table 9. American National Standard Tangs for Straight Shank Drills
ANSHASME B94.11M-1993

—»l]r—

LAJ

2
s

N

Nominal Dizmeter af Drill Shank Thicksess of Tang
A 7
Tches Millimerers
Inches Millimelcss Mar. | M. | Max. | 3 Inches
o thra % FIBud 76 Gosd | 00% 239 229 | % 70
over Ygthm 4 over 4.76 thru 6.35 g1z | 0118 310 300 | B 80
over Y thru %g over 633 thru 7.94 oxgz | 0158 411 400 | 85
aver %gthru % over 7.94 thru 9.53 0203 | 049 516 506 | % 95
over Yt B over 9,53 theu 1181 0243 | o2 67 607 | % ne
over B4 then % over 1191 e 1439 | 0303 | 0.297 70 755 | % 125
over Y, thre %y over 29 b 1667 | 03713 | 0367 947 X s
over 3, lrn ¥ over 1667t 19.05 | 0443 | 0437 [ na2s | oo o 16.0
over Hahn% over 1905 thm 2223 | 0514 ] S0 | 13ps | 1290 | 175
over Tythru | over 223t 2540 | 0608 | 0601 | 1547 ) 1527 3 19.0
over L thr 1% over 25403046 | 0700 | ooz | 17w | 1958 | B 05
over 1§, thru 13 o 3006 3493 | 0817 | 08w | 2095 | 2055 | % 20

To fiit split sleeve collet type drill drivers. Ses page 850,
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Table 10¢. American National Standard Straight Shank Twist Drills — Serew
Machine Length — Over 1in. (25.4 mm) Dia. ANSVASME B94.11M-1993

N

oSS -
L |
Flute Overall
Diameter of Drill Lengih Lengh Shank Diamewr
P2 Decimal F A A
Inch Millimeter

Frac. mm Tauivalent Tquivalent Inch mm Tnch mm Tnch mm
2550 1.0032 23.300 4 102 4 152 0.9843 23.00

26.00 10236 26.000 4 102 3 152 09843 25.00

g 1.0625 26,988 4 2 [} 132 1.0000 2540
28.00 11024 28.000 4 102 6 152 0.9843 2500

1% 11250 28575 4 102 3 152 1.0000 2540
3000 11811 30000 a4l 108 &% 168 0.984% 25400

e 11875 30162 4l 108 8% 168 1.0000 2540
1y 12500 31750 A% m 6% 71 L0060 | 2540
32.00 12598 32.000 4% oty 7 178 12402 3150

1% 13128 33338 4% il 7 178 1.2500 3175
34.00 13386 34.000 4y 14 kA 181 12402 | 3150

1 L3750 34925 4% 113 ki 181 1.251H) s
36,00 14173 36,000 4% 121 kit 187 1.2402 3130

1% 14375 36512 4% 121 T 187 1.2500 3175
38.00 L49a1 3B.000 4% 124 T 190 L2402 3150

1% ) IBI0 4% 124 | 196 Lzsw | 3L75
1%, 15625 39.688 g 124 7 197 15000 | 3810
40.00 E5T8 40.000 4 124 H 97 14861 38.00

1% 1.6250 41.275 4% 124 % 197 15000 38.10
4200 16535 42.000 Y 130 8 263 14961 38.00

1% L6875 42.862 kN 130 8 2 15000 | 3810
4400 1731 44.000 3 130 2 203 14961 38.00

1% 17500 44,450 sk 130 8 203 1.5000 38.10
46.00 L8110 40.000 5% 137 Bl 210 14961 38.00

13 1.812% 46088 4 137 84 240 13000 380
1% L8750 47.625 % 137 8l 210 1.5000 38.10
48,00 16898 48.000 5% 143 8% 216 Lagal 3800

1% 1.9375 49212 5 13| 8k 216 13000 | 3810
5000 19685 50000 5% 143 8% 216 14961 3800

2 2.0000 50.800 5% 143 84 216 15000 | 3810
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Table11. American National Taper Shank Twist Drills — Fractional
and Metric Sizes ANSVASME 594,11M-1993

Drill Diametez, D Regular Shank Larger or Smaller Shunk
Egivalens |y T Tluie Lengit | GvoraB Tength | "] Tlue Longin | Overall Length
[rac- Deci. Taper £ L Taper £ L
ton_{mm Inch | om | Yo [Tach | mm | Inch } mm | No. | Tnch | mm | Ioch | mm
00| amsl ] 3000 1 | 1% a8 | sy 130 | .
5 01250 | stis| 1 | 1y a8 | sy 1 wo | .
320 | 01260 32| 1 | 2 L0 RET L 2
350 | 01378 § 3300 1 | 2y sé | sy [T | U -
% 01406 § 3571 1 2% 4 sy |
3580 01496 1 3800 1 | 24 se sy 7] e | |
kS 11562 3.967 1 2% 54 k28 137
400 01575 | ago0| 1 2k [0 4 146
4205 00654 | 4200 | 1 | oy | 6t | sy | 148
B 0.1719 4.366 1 2% (53 5 146 e
450) 012§ 4300 1 | oy 64 | sy | s
Ye 01875 | 4762 | 1 2% 6 | 5 | M6
4§0% 01890 [ 4s00| 1 | 2% |6 152
500§ 00069 | seoe| 1 |2 | 0 |6 152
£ L2031 5159 1 2 70 6 2
5208 02047 | s200| 1 | 2y |6 152
5501 02165 | ss00| 1 | 3y |6 152
Y 02183 | ssss| 1 | 2y |6 152
s80] 02es | ossoe | 1 | ox 71| oy | 158
iy oz [ s9s4| 1 | 2y 73| 6% | 156
600] 02362 | soob| 1 | 2% 7| ey | 156
620 sa00 [ 1 | 2% 7| ey | 156 . . "
Yy saso| 1 | 2% 7| ey | 156
650 ssoo| 1 |3 % | ey | 1| .
%, 65| 1 |3 7| ey | e | ..
680 6300 1 |3 7 | ey | 15 .
00 7.000 1 3 78 &% 159 . -
%, Mzl 1 |3 7| ey | e )
7.20 7200 1 SV” ¥E] 6}/3 162 .
750 a5 | 1 3% 7% | % 162 .
ey 7541 1 | 3y 7 | ey | 182 .
T80 7800 | 1 | oay | e | w2 - .
Y 793 | 1 | 3% 7 | ew | 2| . .
200 soon| 1 | 3y 8 | ey | 165
820 8.200 1 3k 83 3 163 .
7, gam| 1 |5y 83 | ey | 85
8BS0 8.500 1 3% 83 6Y 1685 N -
W 873 1 | 3y 83 | 6y | 165 .
B0 Bao0| 1 | 3k 8 | e [ 171 . .
9.00 9.000 1 3k 89 3 171 . .
%, oaz | 1§ sk 8 | ey | 11 . )
9.20 9.200 13 3 89 & 17 . .
9.5¢ 9500 : | 3% 8o | ey | 17 .
% 9525 | 1 ak 89 | g% | 171 2 3 L0 I CT T
980 gs00 | 1 | 3y 2 |7 178 | S .
=, 9921 1 [ 3% | e |7 178 2 3% 92 | o1 190
10.00 10.000 1 3% o2 7 178
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Table 11. (Continued) American National Taper Shank Twist Drills — Fractional
and Metric Sizes ANS/ASME B94.1 1M-1993

Lasger or Smuller Shank*

o L | — T T oogh [ Overdi s

e S 0 M R
S e T T

IJNNNMNNHHMNNNNMZ-‘INMNNMN
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Table 11. (Conzinued) American National Taper Shank Twist Drills — Fractional
and Metric Sizes ANSVASME B94.115-1993

Drill Dinmeier, D Regutar Shank Larper or Smaller Shank®
Equivalent | o T Fimc Longh_| Oversll Length | 0T Tluie Lougth_| Overall Lenglh
Frac- Deci. Taper £ L Tuper [ L
tion |y Tnch | mm | No. [Inch [ mm | Inch | mm | No. [ Inch | mm | iach | mm
[CACIN JOR: s TN T) I I I T A 2 e o
£ 07500 | 19050 2 5% 149 9 248 3 S% 149 10 267
Wy 07656 § 1246| 2 | 6 2 0 ey | 2m 3 § 152 1wy | 270
19.50 | 07677 § 19.300¢ 2 6 is2 9% k=1
2 07812 | 19843 2 | & 152 | oy | 29 3 6 152 | 10y | 20
000 [ 0.7821 00001 3 4 156 0% | 273 2 (3 156 10 234
ey o7a6e | 20241 3 &% 156 0y | 2 2 (24 156 | 10 254
2050 | 08071 | 20500 3 | &y | 16 | wy | 1 2 & | 156 | 1o 254
Yo 08125 | 20638 3 % 156 6y | 273 2 6 156 10 54
. 2100 | 08268 | 21000 3 | ey § o156 | 1wy | 2 2 6% | 158 | w 254
%, oaasl | 21034| 3 | ey | s | ey | 2 2 oy | s | 10 254
T, 0.8438 | 21433 3 &% 156 oy, | 273 2 6l 136 [t 234
© | 2rs0| osses | msm| 3 [ e | o1se | oy | 2 2 6 | 156 | 10 254
By 08594 | 21828 3 6% 156 wy | 273 2 6% 156 10 254
2200 08661 | 220000 3 | ey | 156 | w3 | 273 2 & | 1s6 | 10 254
% 08750 | 22.225 3 6% 156 oy | 273 4 14 156 ju 254
2250 | 0.8858 § 22300 3 6% 156 wy | 273 2 6l 1568 m 254
Ty 8906 | 22621 3 bl 156 Wy | In 2 ok 156 10 254
23.00 | 09055 | 23.000 3 6l 156 10 73 2 6% 156 10 254
25 oon62 | 23017 3 34 156 wy | 2B 2 6l 156 10 254
ey 09219 | 2346 3 6l 156 wy | 273 -
2350 | voasz | 7as00| 3 | ek | 158 | ey | 27
5 09375 | 23813| 3 | ey o156 | 1oy | 2
2400 | 05449 | 24.000 3 &% 162 I} v - - . .
%, 09531 | 24200 3 | & | w2 | 11 2% . . .
W50 | 0.9646 [ 2450 3 &% 162 1 Pyl e . -
B’ 00688 | 24.608 3 % 162 11 279
2500 09843 | sooof 3 [ ey | 2 | 11 278
@, 098as | 2004 3 | ey | ez | 11 | 2 | L.
i L0000 | 25400| 3 | ey | 2 | n 279 4 6% | 162 | 12 305
2550 | L0038 | 25500 3 14 165 1l 1 283 . B - .
1, 1.0156 | 25796 3 4 165 | 11y § 283 - -
2600 | L0236 | 2000( 3 [:13 165 1y | 283
14 iosiz | 26092 3 | ek | 165 | ng [ 283 4 6 | 185 | iz | 308
2650 | 10433 | 26500 3 | &y | 168 | 1y | 286 . e |
V¥ L0469 | 2a591 3 | ex | 168 | my | 286 | ..
1%, Los2s | 26088 3 | ey | 168 | wniy | 288 4 6% | 168 | 12y 1 3N
2700 | LOS30 | 2700 3 6% 168 L1y 286 -
1% sl | zasd| o4 | ey | 195 | 12y | 218 3 e | s | g | 29
27504 1om27 | 2asen| 4 | ey | 175 | 12 | 38 3 & | s | uy | 222
6 Lovss | 2n7ss| 4 | 6% | 193 | 12y | dus 3 6% | 175 | ng | 202
2800 | L1024 § 28000 4 e 181 12y | 324 3 % 181 It 298
Y L1094 | 28179 4 % 181 12% 324 3 ¥ 8 1% 298
2850 | 11220 | 283007 4 % 181 12% 324 3 7% 181 1 298
1 L1250 | 285751 4 ™ 1 12y § 324 3 % 81 1% 298
1%, 1406 | 2397 4 k4 14 12% | 327 3 7% 134 1% 302
2900 | v1arr | 20000 4 | 7 | ousd |y | 27| 3 7y | 184 | g | 302
1% LIs62 | 29.367| 4 A 184 12% 37 3 7 184 1% il
2050 | Ll6l4 | 29500 4 i 187 13 330 3 % 187 12 305
1, L7 | 29797 4 [y [ w7 | 13 330 3 7% | 187 | 2 305
3000 LIsL 300K 4 ™ 187 12 330 3 TH 187 2 305
1%, 11875 | 30062 4 T 187 13 330 3 TH 187 12 305
30507 12008 | 30500 4 ™ 190 13% 333 3 74 190 125 308
13 12031 3 30,559 4 b 150 13 333 3 7Y 190 2% 308
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Table 11. (Continued) American

TWIST DRILLS

National Taper Shank Twist Drills — Fractional

and Metric Sizes ANSI/ASMEB94.11 M-1993
Drill Diameter, D Regular Shank Larger or Smaller Shark!
Ecivalent Morse Fluie Lengh | Gerdli Leogth | 4y o Fluie Lengs | Overall Lengeh
Deci. Taper F L Taper F L
Inch mm | No, | ch [ mm | Inch | mm Go. | Iach [ mum | Inch [ mm
g eS| 4 | 7% | 190 | 0% | 3B £ T 10| 12§ | %
12205 | oaLoool 4 T UK 130 | M3 3 T 200 124 318
12344 | 21354 4 % 200 13 | 343 3 kA 200 124 318
12402 | 315007 4 % 200 | 13k | 343 3 7 | a0 4oz )38
12500 | 1550 4 ¥ 200 13% 1 33 3 7% 200 12 318
12508 | a200m] 4 | sy | 218 | ey | 3P . -
12656 | 320460 4 s 218 Wy | 3% . B .
12705 | 32s00| 4 | sy | 26 | 14 | 3O - -
52812 | 32542 4 8% 216 1y | 3 -
12969 | 320411 4 8% 218 | 14 36 -
12052 | msemo| 4 | sy | 219 | sy | 362 - . .
1125 | sa3| 4 | ey | e | ey | 362 . S
jiso| Laise | wmsoo| 4 | osy |2} w3 )
& 1azal | wmaae| s | ey | 222 | ey | 265 . I
3400 | 1ses | aeoo0) 4 ) sy | 22 owag ) 365 "
s vaqzs | s o4 | ey | 22 | | 385 . "
24501 13583 | 34500 4 8% 225 14y | 368 - - "
1% 1ason | sasa| 4§ Ry | 225 ] ouey | 368 -
% 13750 | meas| 4 | sy | 225 | ek | 368 - .-
3500 13780 | 35000 4 | 9 229 | 14% | 31 S
1 13906 | 33321 4 9 229 143 | L = -
4550 | 13976 | 35500 4 9 229 4% | - - o
13, 140z | 3577y 4 ) 9 229 | oy | am "
3600 | 14173 | 36000 4 a4 232 1y | 37 P
12, 1210 | ems| 4 ooy | 2| ) TS N .
3650 | 14370 | 36.500) 4 9k 232 4 | 318 - .
1%, 14375 | 36512 4 oy | w2 | ouy | 2 . -
1% 14531 | 36909 4 ay 235 14% L 378
700 | 14567 | 3T0M) 4 ol 233 14% 378 .
15, 1acss | 37308 a4 | ooy | 235 | uag | 378} -
3750 | 14764 [ 37500 4 ¥4 238 5 381 -
1%, 14844 | 377040 4 2 238 15 381 . .
3800 | 14961 | 38000 4 9% 238 13 381 -
1Y% 15000 | 38000 4 o 238 15 381 - .
18, 15156 | 384961 .. .- - 4 ;| 28 13
1%, 15312 | 34892 5 % 238 163 | 416 4 9 | 238 15
3000 | 15354 | 30000) 5 | sy | 24 | ey | 22 + gy | M4 | 1Y
= 15460 1 39251 .. 4 o | 244 15%
1% 1aeas | amsss| s loey [ o2M §oaen | 422 4 oy | 244 | 15k
a0 | 1smas | avomo) s | o | 28t | 1s% | 4 4 gy o251 ) 18y
1%, 15781 | 40084 .. ) ES o | 250 | 15%
14, 1o | soasa| 5 | ooy | 25t | ey | 4@ 4 oy ] 251 | sy
1%, 16094 | 40879} .. . 4 10 254 13%
4100 ] 16142 | 4L000 5 10 254 17 432 4 0 254 15%
E4 16250 | 41275 3 10 254 17 432 4 iy 254 15%
1 16406 | 416710 .. - - = 4 1wl | 257 15%
sl 1ess | moon| s ooy | 287 L oamy | 433 4 wy | 287 | 15y
1%, 16362 | 42007) 3 wy | 257 | k| 5 4 wy 1257 15%
18 o7 | 42466 o | - - - - 4 wy | 257 | g
10, wegrs | o42gea| 3| ooy | 287 | g | 48 4 oy | o287 | 15y
a0 | 1esm0 | asowol s | aoy | 287 | ) 43S 4 w0y | 257 | sk
4%, 17031 | 43259 N - - 4 Wy | 257 | 1%
%, 17188 | 43658 1oy | 287 | umg | 435 + wi | 257 | 15%
L 400 | 17323 | 44000 oy o257 | 1y | %5 4 1wy | 262 | ek
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Table 11. (Continued) American National Taper Shank Twist Drills — Fractional
and Metric Sizes ANSVASME B94.11M-1993

Drifi Diameter, 1 Regular Shank Larger or Smaller Shunfe
Equivalent [ o T TluteTeupth | Overdll Length [ g ] Flute Longth [ Gverall Longth
Frac- Teci, Taper £ L Taper £ L
top |mm Inck | mm | No. [Tmch [ mm | nch | mn | No. [ Inch [ rom | Ineh [ mwm
% A TETET | = ) 0y [ 18y | A3
1% 17500 | 44430 5 10y | 257 | 17 g 45 4 wy | 24 | aey o4
4500 | L7717 | 45000 5 wy | 287 | ary | 5 4 0% o6 | sy | 43
2% L7812 | 45242 5 10y | 257 | 7y | 435 4 o | 264 | 1 | 43
4600 | 18110 | 46009 S 10k | 257 17% | 435 4 10% | 264 | 16l 413
1 18125 | 46028) 5 wy | 257 | 17y | 48 4 0% | 284 | ey | 413
%, 46833 5 wy | 237 | 1y | 438 4 0% | 264 | 16y | 413
47.00 47.000| 5 109 | 264 | 7y | 4 4 0% | 267 | 16k | 419
47.625] 5 10% | 264 | a7y | 4l 4 Yy | 267 | 16 | 49
43,00 48000| 3 0y | 264 oy | 4 10y | 267 | ey | 419
£ aga7| 5 | 0 g s [y | 4 ok | 267 | ey | 49
4900 49000 5 10% 264 | a7y L 4 10% | 270 | 16y | 42
1% 49212 5 0% | 284 | 7% | 4 4 Jo% ] 20| ey | o422
5000 50000 5 ey | w4 | oumyg [ e | a4 | ogog | 20 | ey | a2
19, 50.008) 5 10y | 264 | a7y | 441 4 0% | 270 | ey | 422
2 50.8001 5 108 | 264 | 17 | 441 4 % | 270 16% 422
L0 510001 3 10y | 264 | a7k | 41
28, sisoa| s | rey | 26e | umy | 44
5200 520000 35 Wy | 260 | 17y | 4L .
2%, 523881 5 wY | 260§ a7y [ 44 . . -
5300 53000 5 104 | 260 | 1Ry | 4 . -
2% 51183 5 wl b o260 [ | 44 .
21 53975 5 w0y | 260 | 1wy ] ML .
54.00 MK0| 5 0% | 260 | g | #L .
2% 54761 5 wy | 260 | arx | 441 -
5500 ssour| S wy | 260 | 1mg | 44 . . . "
e S3563| 5 wy | 260 | vy | 4L - - -
5600 56000| S5 wy | 257 | o | 44t - - .
% 56358 5 1wy | =7 | 1 | 44l . P .
57.00 STy S wy | 257 | e | 44
2y sT1s0| 5 10% | 257 | oamyg | s
58.00 ssom| s 10% 1 257 | 1y | 4w . . .
2%, s8rg| S 0% 1 257 | 1y ot - . .
53.00 ECTC0] B 0% | 257 [ a7 | 40 . .
80.00 60000| 5 w0 | 257 | amy | a4t - . N
2% 6.325| 5 109 | 257 [ a7 | 441
6100 L000|  5 1l | 286 | way | 476
2y sLoiz 5 1y | 286 | sy | 478
62,00 szo06] 5 g | 236 | 18y | 476 .
6300 630001 5 1y | 286 | 18% | 476 -
2% 63.500| 5 1wy | 286 | 18y | 476 - .
64.00 64000 5 0y § sz | gy | o4 w“
65.00 65.000| s 1% | 302 | 19y § 4s -
s 654088| 8 11% | 302 | 19k | 495 -
GE00 65000 S 1% | 302 | 19k [ 495 - . .
2% 66675 S 1% | 302 | 1% | 495 . . .
700 67.000( 5 12y | 324 | 20% | s . -
6EU0 68.000| 5 125 | 324 | 20 | s . . .
2% 68.2621 3 123 | 324 | ooy | S8 .
69.00 69.000| 5 12 | s | ey | 518
2% 69.850| 5 1% | 324 § 29 | SIS . .
0.0 00| 5 13 | M0 | 2y | 5w -
710 | 5 13% | 340 | 21y | 537 . . .
2%, T1438| 5 13% | 340 | 2wy § s - . .
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TWIST DRILLS

. Table 11. (Continued) American National Taper Shank Twist Drills — Fractional
and Metric Sizes ANSUASME B94, [ IM-1993

Drill Diateter, B Regular Sharlk Targer or Smallsr Shauke
Byuivalont | oo T T Longth | Ovordll Longah | 4,0 | Tlite Lengthi | Gvemall Teogh
Trae- Decl. Taper £ L Taper [ L
Hon |mm inch | wm | No. [ Ich | mm | Ioch | mm | No. [Tach | mm | Inch | mm
OO 286 | TIOW| 3 | 3% | 0 [ 2% | 55
T3.00 | 28740 T3.000 5 13 340 21% 537
% 28750 | 73025 5 | 13y | sa0 | 29y | 537 -
7400 | 29134 [ 74000 5 | 4 f 386 | 21y | 82 [
24, 29375 | Ta62| s | 4§ 35 | 213 | s:2 | .. .
7500 20528 | 75000 5 | 14 | 356 | 21% | -
T6.00 § 29921 76.000 5 14 356 21% 552 -
3 30000 | 76200) s | 14 | 356 | my | ss2 | ..
77004 30815 [ T7000( 6 | 14 | 370 | 24y | e22 s 1 | sz | 22 | ss0
7800 { 30709 [ Teoon| & | w4y | 370§ 24y | 622 5 w4y | 362 | 2z | sy
3% 3250 | T35 6 | 1a% | 3TV | 2uy | a2 3 4l | 362 | 22 | as9
3% 32500 BLSS0H & 15% 394 25 648 3 154 387 23 S84
3y 35000 | ssoon| .. | .. s 18 | 43 | 24 | 610

“Larger or smaller than regular shank.
Table 12. American National Standavd Combined Drills and Countersinks —

Plain and Bell Types ANSKASME B94.11M-1993

PLAIN TYPE

BELL TYPE

Plain Type
Body Dianmeter Drill Diameter Drilf Length Overail Length
Size A D c L
Designation Inches Millimeters Inches Millimeters Tuches Millimciers TInches | Millimeters
14} % AL 025 0.64 030 076 1% 29
9 % 218 % 079 038 0.97 3 9
1 P 118 % L1y % 119 1% 32
2 ¥ 476 N 198 % 198 1% 48
3 y 635 T 278 % 274 2 51
4 ¥, 794 % 318 % 3.18 2% 54
3 e 111 e 476 ¥ A76 2% il
6 L4 1270 ES 356 kS 556 3 76
7 % 1588 5 635 A 835 W 83
8 3 19.05 E 794 e 7.94 7y 59
Tell Type
Body Biameier Dtk Diameter Beli Diameler Drill Length Overall Length
Size A n £ 9 13
Designation Inches . Ipches mm Tuches i Inches mm TInches o
" % 318 Hy 119 0.10 25 W L19 1% 32
1z E 4761 Y 159 015 38 Yis 139 % 48
13 % 635 %, 238 0.20 5.1 ¥ 238 2 51
14 kA 794 Y 278 025 64 Ty 278 2% 54
15 % [ERTE I 397 035 89 % 387 2% k]
16 4% 130 476 0.40 102 Y 476 3 76
17 % 1588 %, 556 050 127 % 536 kA 83
18 % wos| oy 635 060 | 152 Y 635 3 59
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Table 13. American National Standard Three- and Four-Flute Taper Shank
Core Drills — Fractional Sizes Only ANSVASME B94.11M-1993

PN

=) ES s
h
— ——
F
T L 1
Drill Diameter [1/32" (8,737 ma) and Smaller
A
[ 1= 1w I&—' i
- . Cuger )}
i A F L oo or
. . Drill
H - Diameter
Dyill Diameter 3/8” (9.525 mm) and Larger
Dill Diametor, B “Thieo Fhite Diills Fowr-Flute Drlls
Equivalent Morse | ThutcTengh | Overail Lengih | Morie | Tuie Lenglh | Querall Length
Tuper Taper
Deci. No. ¥ L No. F L
Inch Inch mm A Inch . inch T A Inch mm Inch mm
% ju2500| 6350 1 % 7 o | 156 R -
% oz 7142 1 3 76 0% 152 . - .
% 1075|7938 1 3% 7 6% | 162 . . .
ne o3| 873 1 3y 83 ey | 18 . . .
% Jooase| yszs 1 3 89 6% | 1m . -
B, 104062 | 10319 1 A 92 7 178 . o |
Ve 04375 | 11112 1 % 98 T 184 . .
s 104688 | 11008 1 ay | 108 7 [wef .
¥ | eswe] 700 2 4 | s |ae| 2 a (] sy |20
g 108312 13402 2 a% | 7 | sy |2sf o 2 #% | nr| o8y |2
y, | 0s62s| 14288 2 ay |2 | sy o] 2 g || sy |
B | 03938 | 15.083 2 4% 124 8% 222 2 4% 124 8 222
3 |os2s0| 1ssis 2 4% 124 8y |2z 2 A1 oy | 2
4 | 0es62 | 16668 2 sy | B |9 9 2 s [ wo| 9 |2m
we | eesrs | ez 2 s | ol § 235 2 sy |17 oy |23
2, |emsg| 18258 B sq | 143 sy § 2 2 sy || ey |2
% | 07500 19.050 2 54 149 L2 2 sy | 19| oy |28
%, |omi2| s 2 6 12| ey §2si 2 6 [1:2] oy |on
i, |os12s | 20638 3 6 156 104 § 273 3 el | 156 [ o | 273
7, | obasg | 20433 3 o | 16 w4 | 3 6 |15 | 1oy |23
kA 0.8750| 22225 3 L4 156 L4 273 3 &4 156 10 213
= | eses2 | 23019 3 & | e 0% i3 3 e | 186 | 10% |27
. | 0e3Is ) 2352 3 Gl 156 0% | 273 3 6% | 16| 10y |27
&, | 09688 | 21608 3 e | 2 noiam 3 s || n | 2w
1 Lonue | 25.400 3 & | 12 nof{m 3 e || n | 2w
1e | 1wz} a6us2 3 s | 16 1y | 28 3 6% | 165 | 11y |28
Vi | tos2s | 26088 3 6 | 168 1wy poms | 3 6% | 1e8 | 1y | 26
1% | Los38] 2798 4 & | 1 JEVSR N T 6% | 175 | a2y | 31
1 | L12sod ss7s 4 7% | 12% {34 4 7% | 11| nay |34
1%, | 11562 20367 4 A 184 12% | 327 4 EUR U L I s
1 | 11875 30.62 4 7% | 13| 4 | w3 |0
% | 1288} 30958 1 7y | 190 13% | 383 4 7% |10 | 13y |33
1% 12500 | 31750 4 7 200 135 | 343 4 7% 200 | 13 | 343
1% | 1812 ns42 3 s |26 | 1y | 3%
1% | 13125 ] 33338 . . R 4 gy |29 | 1y | e
g, | 13438 ] 34433 . . 4 8% |2 14y | 365
1 | 1350 34025 . B . . 4 s | 25| 14y | 368
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848 TWIST DRILLS
Drifl Dizmaster, D Three Fluce Drills Four-Flute Deills
Frpuivalent Mome | Platclenpih | OverdllLengh | Mome | FlweLength | Overall Length
Taper Taper
Deci. No. F 3 No. F L

Tnch | Tnch i A mch | mm | Ich | wm A Ilnch § mm | Inch | mm
1, [ La062j 35717 e + 9 29 | ey | a1
1% ) L4375 | 38312 - 4 o | 22| 14y | 375
1%, | 14688 [ 37306 . - - 4 of | 235 1% | 378
| Lsonol 38100 - - 4 oy |28 | 15 351
1, | L5312 | 38892 . 5 9% | 2| ey |46
1%, | 15675 | 39.688 . 5 o | M| e §am2
9y, | 15938 | 40483 . 5 o | 251 | 6% | 429
p | 16250 41275 . 5 10 254 | 17 432
13, | 16562 | 42067 e 3 0% 57 | g L a5
My, | 16875 | 42862 B P . 5 1y 1287 | 17y | 488
1y, | 17188 | 43658 - - 5 iy |2 oy | #3s
1 117500 [ 44450 - s wy |37 ag | 48
2, [ 17e12 | 45244 5 1y | 2871 17% | 435
vy, | 1s12s] ac03s - . s wy | 287 [ g | 435
1, | Ls438 | 46833 . - " 3 wy | 2sT | a7y | 438
1% | LeTse | 47828 - - s ey | 264 | amy |4l
1%, | Lovez | 48417 - - 5 w0y 264}y |4
18, | L8375 ] 49212 - s Wy |26t g | 4L
13, 15688 | 50008 - 5 Wy |26 | amy |4
2 2.0000 | 50500 . . 5 10§24l o7y | L
2 | 2as0§ 33975 B - 3 10y | 260 | a7y | 4L
2 120500 | 57150 . s wy, | 287 | gy |l
2y | 2370 [ 60328 . - - E oy | 257 | 1y 4L
2y | 250001 63500 o 5 Wy | 286 | 8% | 416

Bri;is]l Standard Combi

ned Drills and Countersinks (Center

Drills).—BS 328: Part

2: 1972 (1990) provides dimensions of combined drills and countersinks for center holes.
Three types of drill and countersink combinations are shown in this standard but are not
given here. These three types will produce center holes without protecting chamfers, with
protecting chamfers, and with protecting chamfers of radius form.

American National Standard Drill Drivers — Split-Sleeve, CoHet Type
ANSIB94.35-1972 (R1995)

£

J — Taper pez Foot

_;—44—[
J |

&

K Ll
[ H Dinmeter 4 K Length LDriver
Taper Nomber | Gverall Length at Gage Line Tuper per Feott 10 Gage Line Projeetion
= 238 0356 (62460 222 016
1 262 0475 0.59838 24 019
2 349 0700 059941 284 025
3 384 G938 050225 3,69 0.25
4 500 1231 062326 462 038

*Taper rate in accordance with ANSI/ASME B5.10-1954, Machine Tapers.
bSize (is not an American National Standard but is included here 1o meet special needs.
All dimensions are ininches.
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Table 14. ANSI Three- and Four-Flute Straight Shank
Core Drills — Fractional Sizes Only ANSASME B94.11M-1993

‘P_

—H

.

I
118"

N
D
i

L

Drill Diameter 11/32 (8.733 mm) and Smallex

e

h

tl
Chamfer

A
CF

D
iy S 3

— F \/ 60?!: of
L ] D!’l“
Diameter
Drill Diameter 3/8” (9.525 mm) and Larger
Nominal Shank Size is same as Nominal Drill Size
Drill Diameter, ) Three-Flute Drlls Four-Flute Drills
Bquivaent Fiulc Lenglh Qverall Length Frute Length Overall Length
Do, T 7. G L

Tnch loch mm Tnch | _mm Toch m Tnch i Tnch mm
% 02500 | 6350 3% 95 A 156 -

% oamz | 7142 3% 98 8% 139

e 0315 | 7938 4 102 6% 162 . .
g, 03438 8.733 4y 105 6% 165 . .
% 03750 9.525 Ay, 105 6% 171 - .

S 04052 | 037 | o4y | 1L 7 178 . .
e oa37s | Jnn2 |4 17 ™ 154 -

13, 04688 | 11.908 % 121 A 190 - .
% os000 | 12700 | 4% 121 % 157 a4 121 b 157
% 05312 § 13482 | 4y 121 8 203 A 121 8 203
s 05635 | 14288 | 4% 124 s 210 % 124 By 210
1, 05938 § 15083 | 4% 124 8% n 4% 124 8% 223
% 0650 | 15875 | 4% 124 8% 222 4% 124 5 22
£ o6ser | 16667 | sk 130 9 29 sy 130 9 229
R oes7s | 17462 | 5% 137 9, 235 5% 137 oy 235
% omss | 18238 5% 143 9 241
3 o500 | 19050 | s% 149 A 243 5% 149 9% 248
5, vgsl2 | 19842 . I 6 152 B 251
5 08125 | 20638 . - 6l 156 10 254
%, 08438 | 21433 " : . 6% 156 10 254
% 08750 | 22225 . » 64 156 10 254
0, 09062 | 23.017 . - s 156 10 284
w5, 09375 | 13812 . &% 156 10% 273
s 09688 | 24608 . . 6% 182 ] 11 279
1 10000 | 25400 . &4 62 1L 279
15, 1oz | 2619 8% 165 1% 283
[ 106825 | 26988 . 6% 168 1y 286
1% 10938 | 27783 - 8% 175 1k 292
1% 11250 | 28575 . . 7Y 181 1% 298
1% 12500 | 31750 T3 200 12% 318
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850 DRILL DRIVERS

Drill Drivers—Split-Sleeve, Collet Type.— Amcrican National Standard ANSIB%4.35-
1972 (R1595) covers split-slesve, collet-type drivers for driving straight shank drills,
reamers, and similar tools, without tangs from 0.0390-inch through 0.1220-inch diameter,
and with tangs from 0,1250-inch through 0.7500-Inch diameter, incleding metric sizes.

For sizes 0.0350 through 0,0595 inch, the standard taper number is 1 and the optional
taper number is 0. For sizes 0.0610 through 0.1875 inch, the standard taper number is 1,
first optional taper number is 0, and second optional taper number is 2. For sizes 0.1890
through 0.2520 inch, the standard taper number is 1, first optional taper number is 2, and
second optional taper nurmnber is 0. For sizes 0.2570 through 0.3750 inch, the siandard taper
number is 1 and the opticnal taper mumber is 2. For sizes 0.3860 through 0.5625 inch, the
standard taper number is 2 and the optional taper number is 3. For sizes 0.5781 through
0.7500 inch, the standard taper number is 3 and the optional taper number is 4.

The depth B that the driil enters the driver is 0.44 inch for sizes 0.0390 through 0.0781
inch; 0.50 inch for sizes 0.0785 through 0,0938 inch; 0.56 inch for sizes 0.0960 through
0.1094 inch; 0.62 inch for sizes 0.1100 through 0.1220 inch; 0.75 inch for sizes 0.1250
through 0.1875 inch; 0.88 inch for sizes 0.1890 through 0.2500 inch; 1.00 inch for sizes
0.2520 through ©.3123 inch; 1.12 inches for sizes 0.3160 through 0.3750 inch; 1.25 inches
for sizes 0.3860 through 0.4688 inch; 1.31 inches for sizes 0.4844 through 0.5623 inch;
1.47 inches for sizes 0.578 1 through 0.6562 inch; and 1.62 inches for sizes 0.6719 through
0.7500inch.

British Standard Metric Twist Drills.—BS 328: Part I: 1959 (incorporating amend-
ments issued March 1960 and March 1964) covers twist drills made to inch and metric
dimensions that are intended for gencral engineering purposes. ISO recommendations are
taken into account, The accompanying tables give the standard metric sizes of Morse tuper
shank twist drills and core drills, parallel shank jobbing and long series drills, and stub
drills.

A drills are right-hand cutting unless otherwise specified, and normal, slow, or quick
helix angles may be provided. A “back-taper” is ground on the diameter from point to
shank to provide longitudinal clearance. Core drills may have three or four flutes, and are
ntended for opening up cast holes or enlarging machined holes, for example. The parallel
shank jobber, and long serjes drills, and stub drills are made without driving tenons.

Moarse taper shank drills with oversize dimensions are also listed, and Table 15 shows
metric drill sizes superseding gage and letter size drills, which are now obsolete in Britain.
To meet special requirements, the Standard lists nonstandard sizes for the various types of
drills.

The limits of tolerance on cutting diameters, as measured across the lands at the cuter
corners of a drill, shall be b8, in accordance with BS 1916, Limits and Fits for Enginecting
(Part I, Limits and Tolerances), and Table 3 shows the values common to the different
types of drills mentioned before,

The drills shall be permanently and legibly marked whenever possible, preferably by
rolling, showing the size, and the manufacturer's name or trademark, If they are made from
high-speed steel, they shall be marked with the letters H.8. where practicable,

Drill Elements: The following definitions of drill elements are given.
Axis: The longitudinal center line.

Body: That portion of the drill cxtending from the extreme cutting end to the commence-
ment of the shank.

Shank: That portion of the drill by which it is held and driven.

Flutes: The grooves in the body of the drill that provide Lips and permit the removal of
chips and allow cutting fluid to reach the lips.
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Web (Core): The central portion of the drill situated between the roots of the flutes and
extending from the point end toward the shank; the point end of the web or core forms the
chisel edge.

Lands: The cylindrical-ground surfaces on the leading edges of the drill flutes. The width
of the Iand is measured at right angles to the flute helix.

Body Clearance: The portion of the body surface that is reduced in diameter to provide
diametral clearance.

Heel: The edge formed by the intersection of the flute surface and the body clearance.

Poini: The sharpened end of the drill, consisting of al} that part of the drill that is shaped
to produce lips, faces, flanks, and chisel edge.

Face: That portion of the flute surface adjacent to the lip on which the chip impinges as it
is cutfrom the work.

Flank: The surface on a drill point that extends behind the lip to the following flute.
Lip (Cutting Edge): The edge formed by the intersection of the flank and face.

Relaitve Lip Height: The relative position of the lips measured at the outer corners in a
direction parallel ¢o the drill axis.

Outer Corner: The comner formed by the intersection of the lip and the leading edge of
the land.

Chisel Edge: The edge formed by the intersection of the flunks.
Chisel Edge Corner: The corner formed by the intersection of a lip and the chisel edge.

Table 15, British Standard Prills — Metric Sizes Superseding Gauge and
Letter Sizes BS 328: Parr 1: 1959 Appendix B

Recom- Recom- Recom- Recom- Recom-
Omitiel mended |[O9he® | moncea [JOOSORE | piopgeq | [Ohsodes | ey | Obscler | ey
s MetricSize o Moatric Sive . Metric Size - Metrie Sive - Mewic Size
Size Size Sive Size Sixe
{mm) (noma} {mm) {mm) (mm)
80 033 38 105 36 270 14 1.60 I 690
79 0.38 57 L 13 +.70 I 700
78 040 56 Yein. 35 280 12 430
77 045 34 280 11 450
7 050 k) 285 |4 Yo
55 130 33 285 L T4
54 L40 32 245 10 490 M 750
s 052 53 150 31 300 9 500 N 770
T4 0.58 52 L60 8 510 0 300
73 0,60 3l L0 30 330 7 510
72 0.65 29 150 5 520
71 065 28 %y in.
30 180 27 T P 320
49 185 26 370 5 Q 840
70 0.70 48 195 4 L3 860
a9 7 47 200 25 280 3 5 350
[ Hin, 45 205 24 150 2 T 9.10
67 082 23 290 1
66 0.85 45 210 2 4.00 u 930
44 230 2 400 A hin, ¥ Yin.
65 0.80 43 238 B 6.00 W 9.50
& 0%z 42 Yain. 20 410 C 6.10 X 10,10
£ 095 a1 245 19 220 » 6.20 Y 1030
62 0.98 18 430 E Yin. z 10.50
&1 100 E 250 17 440
39 255 16 4.50 r 650
60 1.00 38 260 [ 650
59 103 a7 2.65 15 460 H i
Crauge and letter size drills are now obsolete in the United Kingdom and should not be used in the
production of new designs. The table is given to assist users in changing over to the ded
standard sizes.
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Table 1. British Standard Mo

TWIST DRILLS

rse Taper Shank

Standard Metric Sizes BS 328: Part I: 1959

wist Drills and Core Drills —

Tiwe | Overall Tine | Ovenll Tioe | Ovorall
iomewr | Lovgn | Loogh || Diomecr | Lengtr | Tengn || wocter | Loogth | Lengh
300 B i 1655 50
320 36 17 1650 29715 75 296
350 39 120 1635 129 = 000
380 17.00 0.2
10 s 123 7 3050
4.20 17.50 30.75
350 7 ¥ 175 130 8 3100 180 3ot
18.00 3125
480 31.50
S0 52 13 1825
320 1850 3L75 135 206
e 155 n
550 19.00 200
580 57 138 3250 .
500 Jo.25 33.00 185 34
1950 . .50
620 @ " 1975 w0 8 =0
530 2000 50 0 "
s priva3 3500
700 2050 25,50
Ly & 150 e 5 23
750 2160 36,00
% 3650
500 s 155 2% 37.00 195 it
220 2150 5750
§.50 2175 150 28
20 1M
590 2205 3850
900 39,00 200 349
970 £l 162 250 39,50
250 275 155 253 000
Py 2300 Ei
1000 =5 4100
1020 87 168 350 3 s 4150 205 %
1030 20
2378 4250
050 2400
11.00 2425 N .00
520 o 175 2450 R =81 4550 2o -
1150 2475 4400
1180 2500 1450
4500
200 2525 E50
1220 2550 4600
1250 5.7 430 215 364
o oL I oot 165 286 p
1300 26.25 4750
1320 26.50
R 4500
13.80 108 139 26,75 48.30
100 7.00 4000 20 )
2735 . 4950
125 2250 1 ! 50.00
frey s 5050 sy T
1475 w 22 %00
1500 pLws 5100
i 2950 5200 25 a2
1550 10 s n3s 175 206 5300
1575 2900 5700 o "
1690 2925 55,00 *
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Table 1. British Standard Morse Taper Shank Twist Drills and Core Drills —
Standard Metric Sizes BS 328. Part 1: 1959
Twe | Overall Fule | Overall Tiwe | Gveril
Diamezer Lengh | Length Dismeter Length | Tongth Dlamcter Length | Length
230 417 1.00 250 437 86.00
T2.00 3700
700 38.00 276 52
2 2
235 422 T4 255 442 £9.00
75.00 H0.00
76,0k ) &1 010G
240 427 9200
00 2300 275 539
7500 260 5u Py
.0 9300
66.00 s e S0.00
67.00 BLOD 96.00
8200 $7.00
68.00 800 265 519 98,00 280 54
60.00 250 437 EEy 9.00
.00 0000
A FMEASIONS ATe IT 21ET TIETARCES On didmeicrs are g- En1n (e 1a01e below.

Table 2, shows twist drills that may be supplied with the shank and length oversize, but they should

be regarded as nonpreferred.

The Morse taper shanks of these twist and core drills are as follows: 3,00 to 14.00 mm diameler,
M.T.No. 1; 14.25 t023.00 mm diameter, M.T. No. 2: 23.2510 31.50 mm diameter, M.T. No. 3; 31.75
0 50,50 mm dismeter, M.T. No. 4; 51.00 to 76.00 mm diameter, M.T. No. 5; 77.00 to 100.00 mm

diameter, M.T. No. 6.

Table 2. British Standard Morse Taper Shank Twist Drills —
Metric Oversize Shank and Length Sevies BS 328: Part 1: 1959

Dia. Overali M T Dia Overall M.T Diw Overall M.T

Range Length | No. Range Lemgh | No. Range Length No.
200w 1320 | 199 2 22501300 || 276 3 1550104750 | 402 5
13500 MO0 | 206 2 2675102500 | 319 4 ago0wso0n | 407 5
182501900 | 236 3 2000103000 | 3% 4 5050 412 5
1925102000 | 251 3 3025103L50 | 38 4 “oosion | 499 3
20.25 to 2100 266 3 435010 42.50 392 5 68.00 to T1.00 504 6
21.25 W 2225 271 3 43,00 10 4300 397 5 72.00 10 75.00 509 &

Diameters and lengths are given in millimelers. For the individual sizes within the diametes ranges

given, see Table 1.

This series of drills should betegarded as non-preferred.

Table 3, British Standard Limits of Toelerance on Diameter for
Twist Drills and Core Drills — Metric Series BS 328: Part 1: 1959

Dill Sz

{(Diarneter measwred acsoss lands al ouler comers)

Tolerance (b8}

010 ] inclusive.

Over 1 103 inclusive
Over 3 to 6 inclusive
Over 6o 10 inclusive
Over 101t 18 inclusive
Over 18 10 30 inclusive
Over 30 10 50 inclasive
Over 50 1o 80 inclusive

Over 80 to 120 inclusive

Plus 04KK) 1o Minus 0,014
Plns 0008 1o Minus 0,044
Plus 0:000 to Minus 0.0 &
Plus 0:000 to Minus 0.022
Plus (000 to Minus 0.027
Plus (000 w Minos 0.033
Plus 0.000 tw Minus 0.039
Plus 0.000 to Minus 0.046
Plus 0.000 to Minus 0.054

All dimensions are given in millimeters,
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Table 4. British Standard Parallel Shank J obber Series Twist Dritls —
Standard Metric Sizes BS 328: Part 1: 1 959

" = = -
3 z|=s|l & s |=s| @ 5|zl & 5
A R R R R
A =3 184 a 3183 g Z3|e3 a =3
720 s 540 .20
P B T | T T R R | B2 10.30
v e e R 5.60 040 | 87 | 13
o | 1.90 s | s | e M om0
oo I | 550 1060
200 |, 590
[7) 205 B # 6.00 1070
p3s | 4 | 19 4] 20 1080
0.8 50 10.90
TAD il ‘ 620 .00
vt | o | g |] 20 630 1110
045 2os 1 o2z | sa |l em | e [ or ) 2o ) g ] e
048 230 5.50 1130
235 6.60 1140
756 ) 670 1150
e N T | 1160
LES 250 330 1170
o | o2 Va2 || 7T o0 1180
0.0 2.60 700
TRz 255 710 TI50
o L T % 2 | 2] 200
058 275 730 1210
610 | g | o || 2 720 1240
012 28 | om | et || 750 1230
075 250 TH6 1240
078 295 7.76 12.50
oso | o b og |l2 7.80 a0 | ML
D82 7.90 1270
0.5 310 800 1280
3.20 * 65 B.10 & 1 1250
OFE 3.30 520 1.00
oo | 1 g |[EEC A e 13.10
092 ; 750 5.40 13.20
095 260 | 3 | 70 |l w50
T8 370 T30
woo | 2| 3¢ |[TFE0 ) 13.40
1.05 390 870 1250
110 so0 | a4 | 75 || se0 13.60
s | ® | %) s 890 B | 1|1
r-_ 420 9.00 12.80
j] aan | B[ ] 13m0
s | 16 | 38 |0 9.20 14,00
130 140 9.30
456 | 47 ] so || oa0 w5
5 460 9.50 1450
o | e | s |22 s | B ®
e 550 1500
490 .70
s | o e || 99 | o | om ([ B2
A .90 1550 | o |1
520 10.00 1575
530 1010 1600

ATl dimensions are in millimeters, Tolerances on diametexs are given in Table 3.
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Table 5. British Standard Parallel Shank Long Series Twist Drills —
Standard Metric Sizes BS 328: Part 1. 1959

N Flute Overall . Flute Qverall . Flure Overall
Diameter Length | Length Dijameter Longth | Length Diameter Length | Length
2.00 650 270
205 56 85 690 1230
210 7.00 1290
par 7.10 - 156 13.00 Rl
220 7.20 1310
225 50 %0 7.30 1520
230 740 330
235 7.50 1340
pE 0 1350
245 770 i 1o
2350 @ o 780 1370 R
255 790 1350
260 500 1390
265 €10 109 165 1200
770 820 =
275 530 1450
280 810 1475 220
285 a 100 550 15.00
290 ) 5
295 570 1550
3.00 550 1575 L9 1
310 590 16.00
320 @ 106 500 TS
330 910 us o 1 16.50 e | s
340 9.20 1675
350 930 17.00
360 7 nz 940 7355
3,70 9.50 1750
] 9.60 1275 138 bt
390 9.70 18.00
400 7% 118 9.80 %
410 9.50 1850
¥ 2.
430 19.00 1875 162 24
1010 21 | s 19.00
1020
1030 1925
w2 126 10.40 19.50
10.50 1875 166 254
1060 20,00
AL v
1080 2050
o . 1050 2075 m 8t
; 11.00 2100
110 I
1120 2150
o 128 195 e s | 268
1140 27400
11.50 22.25
91 159 1160 50
550 170 233
550 1180 7300 1w | s
6.00 TG0 5
10 1200 2350
620 1210 7
630 1220 ) 2400
640 97 148 1230 1320 2425 155 -
630 1240 2450 : 2
660 12.50 275
670 1260 2500

AH dimensions are in millimeters. Tolerances on diameters are given in Tabie 3,
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Table 6. British Standard Stub Drills — Metzic Sizes 85 328: Part 1: 1959

= - = — = — 3 —T_

g al=zs|l 2 g |z5al|| & 2 |zall £ 55

g R85 = B &85 a E5]&a a J185
a0 | 3 B 5® | 55 | @ |20 | % | & || woo | st {m
oso | 5 | 24 | 3w |7 g L e p
e | & | 2 |[FwW 000 | o | g (|5 |
120 | 8 | 30 || ss0 | 28 [ es || 1020 SE R ey R
w0 | s | 2 || em 10:50 1600
180 | 0| 36
200 | 12 | 3 || e 1050 16,50
20 | 13| o [feso | [ || 1500 oo | ® |
250 | 14 | 4 |[5® ww | a | e [T T T
pms mpey e | IS R R | I 18.00 ;
300 720 | ° 11.60 L v
T | 750 T 15,00
ss0 | o | s |TE 1220 530

800 [ a0 | 5 || 1230 | o | o |[200 s | 1

350 820 1230 SANCI I T R
wo | o2z | s 1| sso 1300 nw | o |
<20 Y 1320 ww | 12 | 16
T = || ow | 40 | s |[T330 T .
420 | 26 | e |} 92 s | * ||| sw | B

Alldimensions are given in millimeters. Tolerances on diameters are given in Table 3.

Steels for Twist Drills.—Twist drill steels need good toughness, abrasion resistance, and
ability to resist softening due to heat generated by cutting, The amount of heat generated
indicates the fype of steel that should be used.

Cerbon Tool Steel: may be nsed where little heat is generated during drifling.

High-Speed Steel: is preferred because of its combination of red hardness and wear resis-
tance, which permit higher operating speeds and increased productivity. Optimum proper-
ties can be obtained by selection of alloy analysis and heat ireatment.

Cobalt High-Speed Steel: alloys have higher red hardness thar standard high-speed
steels, permitting drilling of materials such as heat-resistant alloys and materials with
hardness greater than Rockwell 38 C. These high-speed drills can withstand cutting speeds
beyond the range of conventional high-speed-steel drills and have superior resistance to
abrasion but are not equal to tungsten-carbide tipped tools,

Accuracy of Drille¢ Holes.—Normally the diameter of drilled holes is not given a toler-
ance; the size of the hale is expected to be as close to the drill size as can be obtained.

The accuracy of holes drilled with a two-fluted twist drilt is influenced by many factors,
which include: the accuracy of the drill point; the size of the drill; length and shape of the
chisel edge; whether or not a bushing is used te guide the drill; the work material; length
of the drill; runout of the spindle and the chuck; rigidity of the machine tool, workpiece,
and the setup; and also the cutting fluid used, if any.

The diameter of the drilled holes will be oversize in most materials. The table following
provides the results of tests reported by The United States Cutting Tool Institute in which
the diameters of over 2800 holes drilled in steel and cast iron were measured. The valuesin
this table indicate what might be expected under average shop conditions; however, when
the drill point is accurately pround and the other machining conditions are correct, the
resulting hole size is more likely to be betsween the mean and average minimum values
given in this table. If the drillis ground and used incorrectly, holes that are even larger than
the average maximum values can resule,
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Oversize Diameters in Drilling

Dill Div, ‘Amoun: Oversize, lnch Defll Dia,, Aot Oversize, nch
Tnch Avoruge Max, | Sean | Average Min. Tich Average Max, Mean [ Average Min.
Y 000z 00015 0001 i 0008 0005 0B
% CARMS 0.003 0:001 % 0,008 000s Q003
% 00065 0.004 00025 i 0.003 2007 0004

Couriesy of The Unjted States Cutting Tool Tnsliluie

Some conditiens will cause the drilled hole to be undersize. For example, holes drilled in
light metals and in other materials having a high coefficient of thermal expansion such as
plastics, may contract to a size that is smaller than the diameter of the drill as the material
surrounding the hole is cooled after having been heated by the drilling. The elastic action
of the material surrounding the hole may also cause the drilled hole to be undersize when
drilling high strength materials with a drill that is dull at its outer corner,

The accuracy of the drill point has a great effect on the accuracy of the drilled hole. An
inaccurately ground twist drifl will produce holes that are excessively over-size. The driil
point must be symmetrical; i.e., the point angles must be equal, as well as the lip lengths
and the axial height of the Iips. Any alterations to the lips or to the chisel edge, such as thin-
ning the web, must be done carefully to preserve the symmetry of the drill point. Adequate
relief should be provided behind the chisel edge to prevent heel drag. On conventionally
ground drill peints this relief can be estimated by the chisel edge angle.

‘When drilling a hole, as the drill point starts to enter the workpiece, the drill will be vasta-
ble and will tend to wander. Then as the body of the drill enters the hole the drill will tend
to stabilize. The result of this action is a tendency to drill a bellmouth shape in the hole at
the entrance and perhaps beyond. Factors contributing to bellmounthing are: an unsymmet-
rically ground dril point; a large chisel edge length; inadequate relief behind the chisel
edge: runout of the spindle and the chuck; using a slender drill that will bend easily; and
lack of rigidity of the machine tool, workpiece, or the setap. Correcting these conditions as
required will reduce the tendency for bellmouthing to occur and improve the accuracy of
the hole diameter and its straightness. Starting the hole with a short stiff drill, such as acen-
ter drill, will quickly stabilize the drill that follows and reduce or eliminate belimouthing;
this procedure should always be used when drilling in a Jathe, where the work is Totating,
Bellmouthing can also be eliminated almost entirely and the accuracy of the hole improved
by using a close fitting drif jig bushing placed close to the workpiece. Although specific
recommendations cannot be made, many cutting fluids will help to increase the accuracy
of the diameters of drilled holes. Double margin twist drills, available in the smaller sizes,
will drill a more accurate hole than conventional twist drills having only a single margin at
the leading edge of the land, The second land, located on the trailing edge of each land, pro-
vides greater stability in the drill bushing and in the hele. These drills are especially useful
in drilling intersecting off-center holes, Single and double margin step drills, also available
in the smaller sizes, will produce very accurate drilled holes, which are usually less than
0.002 inch larger than the drill size.

Counterboring.~—-Counterboring (called spot-facing if the depth is shallow)is the
enlargement of a previously formed hole. Counterbores for screw holes are generally made
in sets. Bach set contains three counterbores: one with the body of the size of the screw
head and the pilot the size of the hole to admit the body of the screw; one with the body the
size of the head of the screw and the pilot the size of the tap drill; and the third with the
body the size of the body of the screw and the pilot the size of the tap drill. Counterbores are
wsually provided with helical flutes to provide positive effective rake on the cutting edges.
The four flutes are so positioned that the end teeth cat ahead of center to provide a shearing
action and eliminate chatter in the cut. Three designs are most common: solid, two-piece,
and three-piece. Solid designs have the body, cutter, and pilot all in one piece. Two-piece
designs have an integral shank and counterbore cutter, with an interchangeable pilot, and
provide true concentricity of the cutter diameter with the shank, but allowing use of various
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pilot diameters. Three-piece counterbores have separate holder, counterbore cutter, and
pilot, so that a holder will take any size of counterbore cutter. Each counterbore cutter, in
furn, can be fitted with any suitable size diameter of pilot. Counterbores for brass are fluted
straight.

Counterbores with Interchangeable Cutters and Guides

-
Rangoof | Rangeof
No. of Catiter Filot Totl Lengih of Lengih Dia.
Mo.of | Morse Tapes | Dimmeters, | Diameiors, | Lengh, | Cutter Body, I ofPilon of Shank,
Tolder Shank. 4 8 ¢ D E -
L lor2 1% k3 7 L % %
2 2or3 14-1% 1§14 9y 1% % 1%
3 Serd 1%:2%s W% 12 % 1% 1%
4 dors 24 124 15 2% 1% 2%
Solid Counterbores with Integral Pilot
Blio Diamesrs [E—— Crverall Lengd
Coumizrbor: Dismensrs Nominal +Ha o Diameter Short Loug
Yo % N % % 3% s
4 e H Y % ki sk
k3 % ) 5 % + ¢
Vs i T % % 4 &
B % T ks % 5 7
0110 0060 0076 . E 2
013 ] 0489 % 2)
0135 0.086 0.0 5 2l
0176 0.092 0.415 " 2%
1.198 0112 0.128 %o 2
¢20 0123 0.141 . % B
0.241 0.138 0.154 % 2%
0.285 0164 0.180 i 20
0327 0190 0.206 4, 2
0372 0.216 0232 o He k4

All dimensions are ininches.

Small counterbores are often made with three flutes, but should then have the size plainly
stamped on them before fluting, as they cannot afterwards be conveniently measured. The
flutes should be deep encugh to come below the susface of the pilot. The counterbore
should be relieved on the end of the body only, and not on the cylindrical surface. To facit-
itate the relieving process, a small neck is turned between the guide and the body for clear-
ance. The amount of clearance on the cutting edges is, for general work, from 4 t0 5
degrees, The accompanying table gives dimensions for straight shank counterbores.

Three Piece Comnterbores.—Data shown for the first two styles of counterbores are for
straight shank designs. These tools are also available with taper shanks in mosisizes. Sizes
of taper shanks for catter diameters of %10 %sin. are No. 1, for %, ta %in., No. 2; for %sto
1%in., No. 3; for 144 to 2in., No. 4; and for 2% to 2}5in., No. 3.

141



STANDARD CARBIDE BORING TOOLS 859

Table 1. American National Standard Sintered Carbide Boring Tools —
Style Designations ANS! B212.1-1984 (R1997)

Side Cutting Fdge Angle £ Boring Too! Suyles
Sofid Square | Tipped Sears | Solid Rewnd | Tipped Round

Degrees Designadon {S8) (TS) (SR} (TR}
[ A TSA
10 i) TSB
30 < 58C TSC SRC TRC
40 o] TSD
43 o SSE T5E SRE TRE
55 F i
90 (0° Rake) G TRG
90 (10° Rake) H TRH

Table 2. American Naticnal Standard Solid Carbide Square Boring Tools—Style
SSC for 60° Boring Bar and Style SSE for 45° Boring Bar ANSI B212.1-1984 {RI997)

r ]
6°+1°
P
G=1° ,,\\(/\

0.010 R = 0.003

anr\

Ex1°

_[ %:0‘005 to sharp corner

E‘
2
oL

e C=gg
12017

Tool Designation

A 6° % 1° Along angle “G”
and Carbide Grade

+.000
R Zyo0
Boriug Bar Shank Dimcasions, Iches Side Conting End Cutting Shoulder
Toal Angle, Dege Widh | Meigh: | Lengh | EdgeAngle Tdge Angle Angle
Designtion | Erom Axis A B [ EDcg G Deg. F.Deg.
39058 [ B 5 \ 30 38 @0
SSE-58 45 = = 45 53 a5
SSC-610 0 5 30 38 60
SSE-610) 435 % e & 45 5 45
SSC.810 &0 30 38 (4]
SSE-810 45 % K ! ‘/4 45 33 45
S3C-1012 60 5 P . 30 38 )
SSE-1012 45 i %o h a3 53 45

Counterbore Sizes for Hex-head Bolts and Nuts.—Table 2, page 1511, shows the max-
irnum socket wrench dimensions for standard Y-, 1 and %-inch drive socket sets. For a
given socket size (nominal size equals the maximum width across the flats of nut or bolt
head), the dimension K givenin fhe table is the minimum counterbore diameter required to
provide socket wrench clearance for access to the bolt or nut.

Sinteved Carbide Boring Tools.—Industrial experience has shown that the shapes of
tools used for boring operations need to be different from those of single-point tools ordi-
narily used for general applications such as lathe work. Accordingly, Section § of Ameri-
can National Standard ANSI B212.1-1984 (R1997) gives standard sizes, styles and
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860 STANDARD CARBIDE BORING TOOLS

designations for four basic types of sintered carbide boring teols, namely: solid carbide
square; carbide-tipped square; solid carbide round; and carbide-tipped round boring tocls.
In addition to these ready-to-use standard boring tools, solid carbide round and square
unsharpened boring tool bits are provided.

10°£1°
N
G+1° 6°x1°
Shoulder angle Ref F f\ VIV‘TN
& Ref to Sharp Corner

A <IN

3 T.

Ex1° V4
C= 16 \(L 0° £ 1° Afong angle “6”
12°+1° 10°+ 2° Along angle “G™

Tool Designation
and Carbide Grade 000

Table 3. American National Standard Carbide-Tipped Square Boring Tools —
Styles TSA and TSB for $0° Boring Bar, Styles TSC and TSD for 60° Boring Bar, and
Styles TSE and TSF fer 45° Boring Bar ANS{ B212.1-1984 (R1997)

. " Tip Dimensions.
Bor Bar N SidcCut. | End Cor § Shoul-
Tost g Shank Dimensions, Inches e Edge i
Designa- | from Axts, Angle | Augle | Angle | Tip

tion. Deg. A il c R EDcg | 4.0t | ADeg | No. T w| L

TSAS 90 oo | % | 4 Y, 0 8 90 1 2080 | % | % | %
+
TSB-5 %0 % | % | ( + ] 10 8 a0 2040 | % | % | %
0.005
TSCS 60 B | % | 12 30 38 0 W0 | i K W%
TSD-3 60 Y b % 1B 40 38 & 240 | % | K| %
TSE-5 45 % | % | 1% 45 53 45 2000 | ¥ | % | %
TSF5 45 e | ¥ | 1% 55 5 45 2040 | % | % | %
TSA6 90 % | % | W, o 8 9% W0 ) % | K| %
TSB6 50 % % | n * 10 ] 80 2040 | B b W | %
0,005

TSC6 ) ¥ 0% | 30 38 0 2040} 3 | e | He
TSD-6 LY 0 0% | w 40 3 By 40 K | e | W
TSES a5 3% % |1y 43 53 45 2040 | % | % | %
TSEG 45 % % | 55 53 45 2040 | % | ¥t %
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Table 3. (Confinited) American National Standard Carbide-Tipped Square Boring

Tools ——Styles TSA and TSB for 90° Boring Bar, Styles TSC and TSD for 60° Boring

Bar, and Styles TSE and TSF for 45° Boring Bax ANS{B212.

STANDARD CARBIDE BORING TOOLS

1-1984(R1997)

861

) . Tip Dimensions
Bor, Bar - SideCut | End Cut. | Show- ensiont,
S vt Shanik Timensions, Inches e e | der Inches
Designa- | from Axis, Augle | Angle | Angle [ Tip
tion e | 4| 2| C R EDwg | GDeg |EDep| Moo } T | W | £
TSAT 920 %ol % | 2% " 0 8 oo | oooem | 2 | %% o%
g h

TSB-T 90 %o\ Ve | 2% * 10 8 o |20 | w4l oK
0.010

TSCT Ye | He |24 30 38 0 000 | %t % | %

TSD-7 Yo | He |24 10 38 6o | w0 | %1y | %

TSE-T 5 % | % | 24 45 53 45 |20 | % | ow | %

TSF7 45 | % | 2 55 53 as | e | % | 4| %

TSAS o0 % o2y Y, 0 & 90 2150 Ul % | %

TSBS 50 'SR ES * 10 H oo | mso bk | %) %
0.010

TSC-4 60 s 1% | 30 38 o | 250 | % | %t %

TSD-8 60 A AR S 40 kL o |oaso | | % | %

TSE-R 45 i v |2y 45 33 45 2150 % S | %

TSES 45 | B |2y 55 53 as | om0 | %} % | %

Ao | w0 u | % |3 Y o 8 o0 | 20| % | % | %

e s | % | % |3 * 0 5 s | 2o || % | %
0.010,

TSC-10 A ENE 30 23 w0 | 2oy %] k| %

TSD-10 5 0% |3 0 38 6o | ozl | %) %

TSEW| 45 %! % |3 45 53 as | om0l w | oy | %

TSF-10 45 % E3 3 55 a3 45 2220 Yo EA e

TSA-12| 90 A I - 3 y L] 8 90 2300 | % | Ho| %

2

maaz| e | oy | % | & 1 3 o o | %l % | %
0.010

Tscz| 60 PR EY 3 38 6 | o200 | % ) % | %

TSD-12 60 A A 'S 40 38 & mo | ¥ | k] %

TSE12 45 » | % | % 45 53 45 200§ | M| R

TSF12 | 45 P RAE] 55 53 45 | moo | w | %} %
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862 STANDARD CARBIDE BORING TOOLS

Taol Designation

and Carbide Grade — £ Ru’f\ (' FG=1 N
{B Btnos |,~9.010 & 2 0.003
Z00015 q
- ; e 2 0.005 to sharp corner

Tx1?

Ct-ﬁ%—-
H

,5\ 6°21° Along angle “G”

Table4. American National Standard Solid Carbide Round Bering Tools — Style
SRCfor 60° Boring Bar and Style SRE for 45° Boring Bar ANST B212.1-1984 (R1997)

Shunk Dimensions, Inches

Bor, Bar Side Cut. | End Cut.

Angle Dim. Nose Edge Edge } Shoulder

Tool from Axis, | Dia. [Length| Cver Height Angle Angle Angle

Designation | Deg. D ¢ | maz H Exg | 6.Deg | F.Deg
SRC-33 € % | % | 0088 | 0070 +0.00 30 E) 60
SRE-33 43 Y kS 0.088 0.u70 [—0.005 45 53 45
SRC-24 50 Y y 0118 | noss 0000 3¢ 3 0
SRE-44 43 % I G118 | 0094 {—0.005:[ 45 53 45
SRC-55 60 ES % G149 | 0017 HL005 30 khi 60
SRE-F5 43 £ % 0.149 | 0.117 +0.005 45 53 45
SRC-66 60 A * 0177 | 0.140 Hr005 30 s 60
SRE56 45 % | % ol oue 0,005 45 33 45
SRC-88 60 % 1 0.240 | 0187 +0.005 30 38 60
SRE-88 45 % 1 0240 | 0187 HL005 45 53 43
SRC-1010 60 e 1Y% 02300 | 0235 10.005 30 38 GO
SRE-1010 45 % % 0.300 | 0235 H0.005 45 33 45

Style Desigrations for Curbide Boring Tools: Table 1 shows desigrations used to spec-
ify the styles of American Standard sintered carbide boring tools, The first letter denotes
solid (S) or tipped (T). The second letter denotes square (S) or round (R). The side cutting
edge angle is denoted by » third {etter (A through H) to complete the style designation.
Solid square and round bits with the mounting surfaces ground but the cutting edges
unsharpened {Table 7) are designated using the same system except that the third letter
indicating the side cuiting edge angle is omitted.

Size Designation of Carbide Boring Tools: Specific sizes of boring tools are ideatified
by the addition of numbers after the style designation. The first number denotes the diam-
eter or square size in number of }4;nds for types SS and SR and in number of ¥ ghs for types
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STANDARD CARBIDE BORING TOOLS 863

TS and TR. The second namber denotes length in number of 1/8ths for types SS and SR.
For styles TRG and TRH, a letter “U” after the number denotes a semi-finished tool (cut-
ting edges unsharpened). Complete designations for the varions standard sizes of carbide
boring tools are given in Tables 2 through 7. In the diagrams in the tables, angles shown
without tolerance are +1°.

Table 5. Amcrican National Standard Carbide- Tipped Round Boring Teols — Style
TRC for 60° Boring Bar and Style TRE for 45° Boring Bar
ANSIB212.1-1984 (R1997)

Tool Designation

d Carhide Grade —_ F RAf Gzl )2
and Carhide Gra e ( . /{tsetza

) 6°x1°
+0.0003 w i
~09015
L-B Fﬂn\/ LD+ é to sharp corner
1
t —]
c 16
- 0010
‘-‘,' 6°+1° Along angle “G”
Ogptional Design
12°+ 2° Along angle “G”
Bor. Bar Side Cur, | End Cut. | Shoul- Tip Dimensions,
Tool | Angie Shank Dimensions, Inchcs Edge | Bdge | der Inches
Desig- | from Axis, Angle | Angle | Angle [ Tip
ntion | Deg | D|¢| B | H| R § EDeg |GDeg [FDeg| Mo | T W] L
TRC-5 60 [ %, 30 38 60
T I I w20 | K| % | 4
TRE-5 15 £005 =005 | 45 53 45
TRC-6 50 5 | g, . Y 30 £ 60 12040 | % | % | %
TRES | 45 *l o0 | T |zo0s| 45 53 ES - T I
TRC-7 60 : % 30 38 60
wlm| By | B e | % |y |y
TRE7 15 £010 £010| 45 53 45
TRC-8 &0 1%, Y% 30 33 g0 Dooeo | % | u | %
Yo 2% N
TRE8 45 1P o [ ¥ | w00 as 53 45 | 280 | w | % | %

Examples of Tool Designeiion: The designation TSC-8 indicates: a carbide-tipped tool
(T); square cross-section (8); 30-degree side cutting edge angle (C); and ¥ or 4 inch
square size (8).

The designation SRE-66 indicates: a solid carbide tool {8); round cross-section (R); 45
degree side cutting edge angle (E); %, or % inch diamster (6); and % or ¥ inch long (6).

The designation $8-610indicates: a solid carbide tool (8); square cross-section (S}; 80r
Hginch square size (6); %or 1% inches long (10).

Tt should be noted in this last example that the absence of a third letter (from A to F) indi-
cates that the tool has its mounting surfaces ground but that the cutting edges are unsharp-
ened.
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864 STANDARD CARBIDE BORING TOOLS

Table 6. American National Standard Carbide-Tipped Round General-Purpose
Square-End Boring Tools — Style TRG with 0° Rake and Style TRH with 10° Rake
ANSIB2i2.1-1984(R1997)

TOOL DESIGNATION
AND CARBIDE GRADE.

b —cx 1———-.

6

30" nﬁrﬂ

RAKE ANGLE £ I

T
H10.010

:\}d’%m" £z’

6" £1°

B

OPTIONAL DESIGN

“Tool Designation ‘Shavk Dimensious, Inches Tip Dimensions, Inches
DimOver | Nose | Set | Reke
Semi- | Die. |Lengi| Flat | Height | back sy Angle | Tip
Finished | fimished® 1 P | € 3 F | oain) | Deg Mo | T | W |
K - Ty 3
;ifiz iﬁiﬁ Bl 14 iﬁﬁs Z: :;,: 13 025 K | 4 K
y v 4 E
TRGT | WGAU || B, i " Lo IS I "
TRH7 | TRHU 2 w010 % 10 °
TRGS | wESU || B, % " LI O R R
TRAS | TRHEU | © " £010 W 10 "

#Semifinished tool will be without Flat (B) and carbide unground on the end.

Table 7. Solid Carbide Square and Round Boring Teol Bits

+0 +0005
T C o 6 I__—_C:
PR — \-A.x
: SOLID CARBIDE SQUARE SCLID CARBIDE ROUND
BORING TOOL BITS BORING TOOL BITS
STYLE S8 STYLESR
Square Bils Round Bils
Taol Tool Tool Tl
Designation | A | # | € || Desgnation | & | € || Dusigneion | D} € Designaion | D | ©
5558 o 1y | 1 || SR % | 4 SR-33 % | % || SR8 % | L
58610 M | % | o] smas n|u SR-64 yo Loy || sRes10 y ooy
55410 oy | ) sRes Kol % SR66 PPN IEAR 12 BUTS I I I
ss102 | H | % | k|| SRe A SR-69 M | 1%
ssozie | % | % | ]| SR 'R SR | | %

All dimensions are in inches.

Telerance on Length: Through 1 inch, + i, —0; over L inch, e =0
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SPADE DRILLS 863

Spade Drills and Drilling

Spade drills are used to produce holes ranging in size from about 1 inch to 6 inches diam-
eter, and even larger. Very deep holes can be drilled and blades are available for core drill-
ing, counterboring, and for battoming to 2 flat or contoured shape. There are two principal
parts to a spade drill, the blade and the holder. The holder has a slot into which the blade
fits; a wide slot at the back of the blade engages with a tongue in the holder slot to locate the
blade accurately. A retaining screw holds the two parts together. The blade is usaally made
from high-speed steel, although cast nonferrous metal and cemented carbide-tipped blades
are also available. Spade drill holders are classified by a letter symbol designating tho
range of blade sizes that can be held and by their length. Standaid stub, short, long, and
extra long holders are available; for very deep holes, special holders having wear strips to
support and guide the drill are often used. Long, extra long, and many short length holders
have coolant holes to direct cutting fluid, under pressure, to the cutting edges. In addition
toits function in cooling and lubricating the tool, the cutting fluid also flushes the chips out
of the hole. The shank of the holder may be straight or tapered: special automotive shanks
are also used. A holder and different shank designs are shown in Fig, 1; Figs. 2u through
Fig. 2f show some typical blades.

Milling machine

. taper shank
Body diameter
Cootant Blade relaining screw
holes Locating flats
Morse taper
Bod;
: v shank
[ S
Seating surface Straight shank
Flute -
Flute length ——————*
Blade slot

Coolant induct

Automative shank
{special}
Fig. 1. Spade Drill Bfade Holder

Spade Drill Geometry,—Metal separation trom the work is accomplished in a like man-
ner by both twist drilis and spade drills, and the same mechanisis are mvolved for sach,
The two cutting lips separate the metal by a shearing action that is identical to that of chip
formation by a single-point cutting tool. At the chisel edge, a much more complex condi-
tion exists, Here the metal is extruded sideways and at the same time is sheared by the rota-
tion of the biunt wedge-formed chisel edge. This combinaticn accounts for the very high
thrust force required to penetrate the work. The chisel edge of a twist drill is stightly
rounded, but on spade drills, itis a straight edge. Thus, it is likely that itis more difficult for
the extruded metal to escape from the region of the chisel edge with spade drills. However,
the chisel edge is shorter in length than on twist drills and the thrust for spade drilling is
less.

148



866 SPADE DRILLS

'
1
'

Fig. 2b. Standard blade with cor-

Fig. 2a. Standard blade ner chamfer Fig. 2e, Core drilling blade

Typical Spade Drill Blades

1=

Fig. 2d. Center culting facing or  Fig. 2e. Standardbladewithsplit  Fig. 2f, Center cutting radius
bouoming blade pointor crankshaft point blade

Basic spade drill geometryis shown in Fig. 3. Normally, the point angle of a standard tool
is 130 degrees and the lip clearance angle is 18 degrees, resulting in a chisel edge angle of
108 degrees. The web thickness is usually about % to ¥, as thick as the blade thickness,
Usually, the cutting edge angle is selected to provide this web thickness and to provide the
necessary sirength along the entire length of the cutting lip. A further reduction of the
chisel edge length is sometimes desirable te reduce the thrust force in drilling, This reduc-
tion can be accomplished by grinding a secondary rake surface at the center or by grinding
a split point, or crankshaft point, on the point of the drill.

The larger point angle of a standard spade drill—130 degrees as compared with 118
degrees on a twist drill—causes the chips to flow more toward the periphery of the drill,
thereby allowing the chips to enter the flates of the holder more readily. The rake angle
facilitates the formation of the chip along the cutting lips. For driliing materials of average
hardness, the rake angle should be 10 to 12 degrees; for kard or tongh steels, it should be 5
to 7 degrees; and for soft and ductile materials, it can be increased to 15 to 20 degrees. The
rake surface may be flat or rounded, and the latter design is called radial rake. Radial rake
is usually ground so that the rake angle is maximum at the periphery and decreases uni-
formly toward the center to provide greater cutting edge strength ut the center. A fiat rake
surface is recommended for drilling hard and tough materfals in order to reduce the ten-
dency to chipping and to reduce heat damage.

A most important feature of the cutting edge is the chip splitters, which are alyo called
chip breaker grooves. Functionally, these grooves are chip dividers; instead of forming a
single wide chip along the entire length of the cutiing edge, these grooves cause formation
of several chips that can be readily disposed of through the flutes of the holder. Chip split-
ters must be carefully ground to prevent the chips from packing in the grooves, which
greatly reduces their effectiveness. Splitters should be ground perpendicular to the cutting
lip and parallel to the surface formed by the clearance angle. The grooves on the two cut-

149



SPADE DRILLING 867

ting lips must net overlap when measured radially along the cutting lip. Fig. 4 and the
accompanying table show the groove form and dimensions.

$ %% ;R
z<Radial rake

Front lip clearance angle

/\X‘ Chip splitters
0.D. clearance angle Q Seating pad
O, Tand (circular) ,< Flat
rake
Blade diameter —>/
l ﬁ‘ 7
7
Weh 7
Rake surface \

Rake angle

Chisel edge Locating
angle slot
Cutting 1j t
Chisel edge i

Blade thickness \‘/ Culting edge Back mpcrﬁ
angle

0.031 Typ. Poini angle
?47 Stepped O.D. clearance
; GOSIRTye ﬂﬂﬂﬂr":t:t:‘::]
LU T

O.D. clearance

angle

‘Wedge angle
{optional)
Fig. 3. Spade Drill Blade

On spade drills, the front lip clearance angle provides the relief. 1t may be ground on a
drill grinding machine but usually it is ground flat. The norm al front lip clearance angle is
8 degrees: in some instances, 2 secondary relief angle of about 14 degrees is ground below
{he primary clearance. The wedge angle on the blade is optional. 1t is generally ground on
thicker blades having a larger diameter to prevent heel dragging below the cutting lip and
to reduce the chisel edge length, The outside-diameter land is circolar, serving to support
and guide the blade in the hole. Usually it is ground to have a hack taper of 6.001 to 0.002
inch per inch per side. The width of the land is approximately 20 to 25 per cent of the blade
thickness. Normaliy, the outside-diameter clearance angle behind the land is 7 te 10
degrees. On many spade drill blades, the outside-diameter clearance surface is stepped
about 0.030 inch below the land.

Elade dia. A (Max.)
A 45° Max 1 1.00-231  0.050
60° Min TP 232-3.00  0.070
l 3.01-4.00  0.090
0.023 4.00 ~ UP 0.120
0050 Eplarged view and
0.030 R. Typ- dimensions of chip splitier

Fig. 4. Spade Dril] Chip Splitter Dimensions

Spade Drilling—Spade drilis are used on drilling machines and other machine tools
where the cutting tool rotates; they are also used on turning machines where the work
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868 SPADE DRILLING

rotaies and the tool is stationary. Although there are some slight operational differences,
the methods of using spade drills are basically the same. An zdequate supply of cutting
fluid must be used, which serves to ceol and lubricate the cutting edges; to cool the chips,
thus making them britile and more easily broken; and to flush chips out of the hole. Flood
cooling from outside the hole can be used for drilling relatively shallow holes, of about cne
to two and one-half times the diameter in depth. For deeper heles, the cutting fluid should
be injected through the hales in the drili, When drilling very deep hales, itis often helpful
to blow compressed air through the drill in addition to the cutting fluid to facilitate ejection
of the chips. Air at full shop pressure is throttled down to a pressure that provides the most
efficient ejection. The cutting fluids used are ight and medium cutting oils, water-soluble
oils, and synthetics, and the type selected depends on the work material.

Starting a spade drillin the workpiece needs special attention. The straight chisel edge on
the spade drill has 2 tendency to wander as it starts to enter the work, especially if the feed
is too light. This wander can result in a mispositiconed hole and possible breakage of the
drill point. The best method of starting the hele is to use a stub or short-length spade drill
holder and a blade of full size that should penetrate at least ! inch at full diameter. The
nolder is then changed for alonger one as required to complete the hole to depth. Ditficul-
ties can be encountered if spotting with a center drill or starting drill is employed because
the angles on these drills do not match the 130-degrez point angle of the spade drill. Longer
spade drills can be started without this starting procedure if the drill is guided by a jig bush-
ing and if the holder is provided with wear strips.

Chip formation warrants the most careful attention as success in spade drifling is depen-
dent on producing short, well-broken chips that can be easily ejected from the hole.
Straight, stringy chips or chips that are wound like a clock spring cannot be ejected prop-
erly; they tend (o pack around the blade, which may result in blade failure, The chip split-
ters must be functioning to produce a series of narrow chips along each cutting edge. Each
chip must be broken, and for drilling ductile materials they should be formed into a “C"or
“figure 9" shape. Such chips will readily enter the flutes on the holder and flow out of the
hole.

Proper chip formation is dependent on the work material, the spade drill geometry, and
the cutting conditions. Brittle materials such as gray cast iron seldom pose a problem
because they produce a discontinuous chip, but austenitic stainless steels and very softand
ductile materials require much attention to obtain satisfactory chip control. Thinning the
web or grinding a split point on the blade will sometimes be helpful in obtaining befter chip
control, as these modifications allow use of a heavier feed. Reducing the rake angle to
obtain a tighter curl on the chip and grinding a comer chamfer on the tool will sometimes
help to produce more manageable chips.

In most inslances, it is notnecessary to experiment with the spade drill blade geometry to
obtain satisfactory chip control. Control usually can be accomplished by adjusting the cut-
ting conditions; i.e., the cutting speed and the feed rate,

Normally, the cutting speed for spade drilling should be 10 to 15 per cent lower than that
for an equivalent twist drill, although the same speed can be used if a lower tool life is
acceptable. The recommended cutting speeds for twist drills on Tables §7 through 23,
starting on page 1030, can be used as a starting pojnt; however, they should be decreased
by the percestage just given. Itis essential to use a heavy feed rate when spade drilling to
produce athick chip. and to foree the chisel edge into the work. In ductile materials, a light
feed will produce a thin chip that is very difficult to break. The thick chip on the other hand,
which often contains many rupture planes, will curl and break readily. Table 1 gives sug-
gested feed rates for different spade drill sizes and matcrials. These rates should be used as
a starting point and some adjustments may be necessary as experience is gained.
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Table 1. Feed Rates for Spade Drilling
Feed—Inches per Revolution
Spade Drill Diameter—nches
Hardness,
Material Bhn P-1¥ 2 23 34 435 5-8
100-240 0014 016 a8 0022 G025 0030
Free Machining Steel
240-325 0.010 0014 0.016 0.020 022 0.025
100-225 012 0015 0018 0022 G025 0.030
Plain Carbon Stecls 225275 0.010 0.013 0015 0018 G020 0.025
275-325 0.008 0010 0013 0.015 00mg (XU
150250 | 004 0.016 o018 0.022 0025 0.039
Free Machining Alloy Stecls 250325 0.2 0014 w014 0018 0020 0.07%
325375 0.010 0.010 @04 0016 0018 0.020
125-180 0012 0015 G018 0022 0023 0.030
180-225 0.010 0012 0016 00 ¢.022 0.025
Alloy Sieels
225325 0.003 0010 0.013 0.015 0018 0.020
325-400 0.006 0.008 0.010 0012 0014 20l6
Tool Steels
Water Hardening 150250 { 06012 0014 0016 0.018 ¢.020 002
Shock Resisting 175-225 .0z 0014 0015 0016 @017 0.018
Cold Work 200250 § 0007 0008 0.009 0.010 0018 o012
Hol Work 150250 0.012 0013 aus 0016 0018 0.020
Maold 150-200 0.010 0.012 0014 0016 0018 0018
Special-Porposc. 150-225 0.010 0012 0.014 0018 016 0.018
High-Speed 2K-240 0010 0012 a.013 0.015 0017 o018
130-160 0020 0022 0.026 0.028 0.030 .034
180190 | 005 0018 0020 0.024 0.026 o2
Gray Cast Iron.
190-240 0.012 0014 o016 0018 @020 0.022
240-320 | 0010 0012 001§ 0018 0.018 0018
140-190 0.014 wole a.018 0020 022 0.024
Ductile or Nodulur Iron i90-250 0.012 0014 0016 0018 @018 0.020
250300 0.010 0012 Qo168 0018 QI8 0.018
Matleable Iron
Fermitic 110-160 0.014 0016 0018 0.020 0.022 0.024
- 160-220 0012 001 0016 0018 0.020 0.070
220-2850 0.010 0012 G014 0.016 018 GOIR
Free Machining Stainjess Steel
Feritic - 0.016 0018 0.020 0024 026 0028
Ansteniti 0016 0.018 0.030 0.022 0024 0.026
Martensitic 0.2 D014 0.016 0.016 0018 4020
Stainlass Sweel
Fenitic - 0012 0014 0.018 0.020 0.020 022
Ansizpitic . 0012 00 0018 008 0.020 0020
Martensitic 0o 0012 a2 0.044 @016 0018
Aluminu Alleys 0.020 0oz 0024 0028 ©.030 0040
(Softy 0.016 0.018 [eXixing 0.6 0.028 0,030
Copper Allovs
(Hard) 0010 0012 0.014 0016 0018 0018
Tetawitin Alloys - 0.008 0.010 0.012 0.014 a4 00t
High-Tempesature Alloys 0.008 0010 0.012 0012 0014 Do
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870 SPADE DRILLING

Power Consumption and Thrust far Spade Drilling.—In each individual setup, there
are factors and conditiens influencing power consunption that cannot be accounted for in
a simple equation; however, those given below will enable the user to estimate power con-
sumption and thrust accurately enovgh for most practical purposes. They are based on
experimentally derived values of unit horsepower, as given in Table 2. As a word of cau-
tion, these values are for sharp tools. In spade drilling, itis reasonable to estimate that a dull
tool will increase the power consumption and the thrust by 25 to 5@ per cent. The unit
horsepower values in the table are for the power consumed at the cutting edge, to which
must be added the power required to drive the machine tool itself, in order to obtain the
horsepower required by the machine teol motor. An allowance for power to drive the
machine is provided by dividing the horsepower at the cutter by » mechanical efficiency
factor, e,,. This factor can be estimated to be 0.96 for a direct spindle drive with abelt, 0.75
for a back gear drive, and 0.70 to 0.80 for geared head drives. Thus, for spade drilling the

formulas are
D™ 4
hp, = uhp(T)ﬂV

B = 148,300 uhpfD
ip,

bp,,

where /1p, =horsepower at the cutter
hp,, =horsepower at the motor
B_=thrust for spade driliing in pounds
w#hp =unit horsepower
D =drill diameter in inches
f={feed in inches per revolution
[, =feed ininches per minute
N =spindle speed in revolutions per minute
&,, =mechanical efficiency factor

Table 2. Unit Horsepower for Spade Dryilling

Material Hardness uhp Material Hzrdness uhp
83-200 Bhn 079 Tiftanium Alloys 250375 Bho 0.72
‘ 200-275 0.94 High-Temp Alloys 200-360 Bhn 144
Pain Carbon SKIAROY | 175475 100 | Alminm Alloys 022
° 375425 105 Magnesium Allogs 016
45 52 Ra 144 Copper Alloys 26-80 Rb 043
Gt ltons 110-200 Bhn 05 per Alloy 0-100 Rb 072
200-300 108
) ) 135-275Bhn | 094
Staintess Stocls 1045 Re o8

Example: Estimate the horsepower and thrust required to drive a 2-inch diameter spade
drill in AIST 10435 steel that is quenched and tempered to a hardness of 275 Bhn. From
Table 17 on page 1030, the cutting speed, V, for drilling this material with a twist drillis 50
feet per minute. This value is reduced by 0 per cent for spade drilling and the speed
selected is thus 0.9 x 50 = 45 feet per minute. The feed rate (from Table 1, page 869) is
0.015 in/rev. and the unit horsepower from Tuble 2 above is 0.94. The machine efficiency
factor is estimated to be 0.80 and it will be assumed that 4 50 per cent increase in the unit
horsepower must be allowed for dull tools.
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Step 1. Calculate the spindle speed from the following formula:

12V
N=3Dp
where: N =spindle speed in revolutions per minute
V=cutting speed in feet per minuts
0 =drill dizmeter in inches
12 %45
x2

Step 2. Calculate the horsepower at the cutter:

Thus: N =

= 86 revolutions per minute

2 A
bp, = uhp(%}m = 0,94[%)0.015 %86 = 38

Step 3. Calculate the horsepower at the motor and provide for a 50 per cent power
increase for the dull tool:

hp, = — = Z— = 4.75 horsepower

hp,, (with doll tool) = 1.5 x4.75 = 7.125 horsepower
Step 4. Estimate the spade drill thrust:
B, = 148,500 xuhpxfD = 148,500 x0.94 x 0.0E5 x 2

5
4188 b (for sharp tool)
= 1.5x 4188

6282 Ib (for dull tool)

Trepanning.—Cutting a groove in the form of a circle or boring or cutting a hole by
removing the center or core in one piece is called trepanning. Shallow trepanming, alse
called face grooving, can be performed on a lathe using a single-point tool that 7s similar to
a grooving too] but has a curved blade, Generally, the minimum cutside diameter that can
be cut by this method is about 3 inches and the maximum groove depth is about 2 inches.
Trepanning is probably the most economical method of producing deep holes that are 2
inches, ard larger, in diameter. Fast productionrates can be achieved. The tool consists of
a hollow bar, or stem, and a hollow cylindrical head to which a carbide or high-speed steel,
single-point cutting tool is attached. Usually, only one cutting tool is used although for
some applications a multiple cutter head wust be used; e.g., heads used to start the hole
have multiple tools. In operation, the cutting teol produces a circular groove and 2 residue
core that enters the hollow stem after passing through the head, On outside-diameter
exhaust trepanning tools, the cutting fhoid is applied through the stem and the chips are
flushed around the outside of the tool; inside-diameter exhaust tools flush the chips out
through the stem with the cutting fluid applied from the outside. For starting the cut, a tool
that cuts a starting groove in the work must be used, or the trepanning tool must be guided
by a bushing. For holes less than about five diameters deep, a machine that rotates the
trepunning tool cun be used, Often, an ordinary drill press is satisfactory; deeper holes
should be machined on a lathe with the work rotating. A hole diameter tolerance of +0.010
inch can be obtained easily by trepanning and a tolerance of £0.001 inch has sometimes
been held. Hole runout can be held to+0.003 inch per foot and, at times, to +0.001 inch per
foot. O heat-treated metal, a surface finish of 125 to 150 pm AA can be obtuined and on
armealed metals 100 to 250 um AA is common,

]
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General dimensions and tap markings given in the ASME/ANSI Standard B94.9-1987
for straight fluted taps, spiral pointed taps, spiral pointed only taps, spiral fluted taps, fast
spival fluted taps, thread forming taps, pulley taps, nut taps, and pipe taps are shown in the
tables on the pages that follow. This Standard zlso gives the thread limits for taps with cut
threads and ground threads. The thread limits for cut thread and ground thread taps for
screw threads are given in Tables 3 through 7 and Tables 8a and 8b; thread limits for cut
thread and ground thread taps for pipe threads are given in Tables 9a through 10c, Tapstec-
ommended for various classes of Unified screw threads are givenin Tables ! lathrough 14
in numbered sizes and Table 12 for nuts in fractional sizes.

Types of Taps.— Taps included in ASME/ANSI B94.9-1987 are categorized either by the
style of fluting or by the specific application for which the taps are designed. The following
types 1 through 6 are generally short in length, and were originally called “Hand Taps” but
this design is generaily used in machine applications, The remaining types have special
lengths, which are detailed in the tables.

The thread size specifications for these types may be fractional or machine screw inch
sizes, or metric sizes. The thread form may be ground or cut (unground) as further defined
in each table. Additionally, the cutting chamfer on the thread may be Bottoming (B}, Plug
{P), or Taper (T).

(1) Straight Flute Taps: These taps have straight flutes of a nomber specified as either
standard or optional, and are for general purpose applications.

(2) Spiral Potnted Taps: These taps have straight flutes and the cutting face of the first
few threads is ground at an angle to force the chips ahead and prevent clogging in the flutes.

(3) Spiral Pointed Only Faps: These taps are made with the spiral point feature only
without lengitudinal flutes. These taps are especially suitable for tapping thin materials.

(4} Spiral Fluted Taps: These taps have right-hand helical flutes with a helix angle of 25
1o 35 deg. These features are designed to help draw chips from the hole or to bridge a key-
way.

(3) Fast Spiral Fluted Taps: Theses taps are similar to spiral fluted taps, except the helix
angle is from 45 to 60 deg.

(6) Thread Forming Taps: These taps are fluteless except as optionally designed with
one or more lubricating grooves. The thread form on the tap is lobed, so that there are a
finite number of points contacting the work thread form. The tap does not cut, bat forms the
thread by extrusion.

(7) Pulley Taps: These taps have shanks that are extended in length by a standard amount
for use where added reach is required. The shank is the same nominal &ameter as the
thread.

(8) Nut Taps: These taps are designed for tapping nuts on a low-production basis,
Approximately one-half to three-quarters of the threaded portion has a chamfered section,
which distributes the cutting over many teeth and facilitates entering the hole to be tapped.
The length overall, the length of the thread, and the length of the shank are appreciably
longer than on a regular straight fluted tap.

(9) Pipe T'aps: These taps are used to produce standard straight or tapered pipe threads.
Definitions of Tap Terms.—The definitions that follow are taken from ANSI/ASME
B94.9 but include only the more important terms. Some {ap termns are the same as screw
thread terms; therefore, see Definitions of Screw Threads starting on page 1707.

Back Taper: A gradual decrease in the diameter of the thread form on a tap from the
chamfered end of the land toward the back, which creates a slight radial relief in the
threads.

Base of Thread: Coincides with the cylindrical or conical surface from which the thread
projects.
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Chamyfer: Tapering of the threads at the front end of each land or chaser of a tap by cut-
ting away and relieving the crest of the first few tecth to distribute the cutting action over
several teeth.

Chamfer Angle: Angle formed between the chamfer and the axis of the tap measured in
an axial plane at the cutting edge.

Chamfer Relief Angle: Complement of the angle formed between a tangent to the
relieved surface at the cutting edge and aradial line to the same peint on the cutting edge.

Core Diameter; Diameter of a circle which is tangent to the bottom of the flutes at a
given point on the axis.

First Full Thread: First full thread on the curting edge back of the chamfer. It is at this
peint that rake, hook, and thread elements are measured.

Crest Clearance: Radial distance between the root of the internal thread and the crest of
the external thread of the coaxially asserabled design forms of mating threads.

Class of Thread: Designation of the class that determines the specification of the size,
allowance, and tolerance to which a given threaded productis to be manufactured. Ttis not
applicable to the tools used for threading.

Tap Terms
Overall Length
‘lunre /_Am . L;‘n;{:r

Style T 2 3 R
Shank Dia, — o Chamier

External Cenier

Angle

Thread Lead Angle Internal Center

Pitch
;‘FTap Crest
== Basic Crest
L

Mg T MinT Bogh ?{“fl‘i— Lot ,’ Angle of Thread
ax, Tap in. Tap asic eight o / Flank
Major Major Majer  Thread / / ///v//7
Diu. Dia. Dia. I 'r A0 Basic Minor Dia,
L Base of Thread
Basic Pitch Dia. Basic Raot
: Relieved to
Na Relicf P . -
Cutting Edge Cutting Ldge —ﬂ I-* Concentric Margin
Eccentric
Cutting Face Heel - Relief
Concentric Eceentric Con-Eecentric Relief
Land
V' N il A ~ « ___ Tungential
Measurement
Hook Angle
(Chordal
Negative Zere Rake Positive Measurement)
Rake Angle Rake Angle
Negative Rake Radial Paositive Rake Hook
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Flank Angle: Angle between the individual flank and the perpendicular to the axis of the
thread, measured in an axial plane. A flank angle of a symmetrical thread is commonly
termed the “half angle of thread.”

Flank—Leading: 1) Flank of a thread facing toward the chamfered end of a threading
teol; and 2) The leading flank of a thread is the one which, when the thread is about to be
assembled with a mating thread, faces the mating thread.

Flank—Trailing; The trailing flank of a thread is the one opposite the lzading flank.,

Flutes: Longitudinal channels formed in a tap to create cutting edges on the thread pro-
file and to provide chip spaces and cutting fluid passages. On a parallel or straight thread
tap they may be straight, angular or helical; on a taper thread tap they may be straight,
angular ot spiral.

Flute-Angular: A flute lying in a plane intersecting the tool axis at an angle.

Flute-Helical: A flute with uniform axial lead and constant helix in a helical path around
the axis of a cylindrical tap.

Flute-Spiral: A flute with uniform axial lead in a spiral path around the axis of a conical
tap.
Flute Lead Angle: Angle at which a helical or spiral cutting edge at a given point makes
with an axial plane through the same point.

Flute-Straight: A flute which forms a cutting edge Iying in an axial plane.

Front Taper: A gradual increase in the diameter of the thread form on a tap from the
leading end of the tool toward the back.

Heel: Bdge of the land opposite the cutting edge.

Hook Angle; Inclination of a concave cutting face, usually specified either as Chordal
Hook or Tangential Hook.

Hook-Chordal Angle: Angle between the chord passing through the reot and crest of a
thread form at the cutting face, and a radial line through the crest at the cutting edge.

Hook-Tangential Angle: Angle between a line tangent to a hook cutting face at the cut-
ting edge and a radial line to the same point.

Tnterrupted Thread Tap: A tap having an odd number of lands with altcrnate teeth in the
thread helix removed. In some designs alternate teeth are removed only for a portion of the
thread length.

Land: One of the threaded sections between the flutes of a tap.

Lead: Distance a screw thread advances axially in one complete furn,

Lead Error: Deviation from prescribed limits.

Lead Deviation: Deviation from the basic nominal lead.

Progressive Lead Deviation: (1) On a straight thread the deviation from a true helix
where the thread helix advances uniformly. (2) On a taper thread the deviation from a true
spiral where the thread spiral advances uniformty.

Length of Thread: The length of the thread of the tap includes the chamfered threads and
the full threads but does notinclude an external center. It isindicated by the letter “B” in the
Mustrations at the heads of the tables,

Limits: The limits of size are the applicable maximum and minimum sizes.

Major Diameter: On a straight thread the major diameter is that of the major cylinder.
On a taper thread the major diameter at a given position on the thread axis is that of the
major cone at that position.

Minor Diameter: On a straight thread the minor diameter is that of the minor cylinder.
On 2 taper thread the minor dizmeter at a given position on the thread axis is that of the
minor cone at that position.

Pitch Diameter (Simple Effective Diameter: On a straight thread, the pitch diameter is
the diameter of the imaginary coaxial cylinder, the surface of which would pass through
the thread profiles at such points as to make ¢he width of the groove equal to one-haif the
basic pitch. On a perfectthread this coincidence occurs at the point where the widths ofthe
thread and groove are equal. On a taper thread, the pitch diameter at a given position on the
thread axis is the diameter of the pitch cone as that position,
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Poini Diameter: Diameter at the cutting edge of the leading end of the chamfered sec-
ton.

Rake: Angular relationship of the straight cutting face of & tooth with respect to a radial
line through the crest of the tooth at the cutiing edge. Positive rake means that the erest of
the cutting face is angularly ahead of the balance of the cutting face of the tooth, Negative
rake means that the crest of the cutting face is angularly behind the balance of the cutting
face of the tooth. Zero rake means that the cutting face is directly on aradial line.

Relicf: Removal of metal behind the cutting edge fo provide clearance between the part
being threaded and the threaded land.

Relief-Center: Clearance produced oa a portion of the tap land by reducing the diameter
of the entire thread form between cutting edge and heel.

Relief-Chamfer; Gradual decrease inland height from cutting edge to heel on the cham-
fered portion of the land on a tap to provide radial clearance for the cutting edge.

Relief-Con-eccentric Thread: Radial relief in the thread form starting back of 2 concen-
tric margin.

Relief-Double Eccentric Thread: Combination of a slight radial relief in the thread form
starting at the cutting edge and continuing for a poriion of the land width, and a greater
radial relief for the balance of the land.

Relief-Eccentric Thread: Radial relief in the thread form starting at the cutting edge and
continuing to the heel.

Relief-Flatted Land: Clearance produced on a portion of the tap land by truncating the
thread between cutting edge and heel.

Relief-Grooved Land: Clearance produced on a tap land by forming a longitudinal
groove in the center of the land.

Relief-Radial; Clearance produced by removal of metal from behind the cutting edge.
Taps should have the chamfer relieved and should have back taper, but may or may not
have relief in the angle and on the major diameter of the threads. When the thread angle is
relieved, starting at the cutting edge and continuing to the heel, the tap is said to have
“eccentric” relief. If the thread angle is relieved back of a concentric margin (usually one-
third of land width), the tap is said to have “con-eccentric” relief.

Size-Actual: Measured size of an element on an individual part.

Size-Basic: That size from which the limits of size are derived by the application of
allowances and tolerances.

Size-Functional: The functional diameter of an extemal or internal thread is the pitch
diameter of the enveloping thread of perfect pitch, lead and flank angles, having full depth
of engagement but clear at crests and roots, and of a specified length of engagement. [t may
be derived by adding to the pitch diameter in an external thread, or subtracting from the
pitch diameter in an internal thread, the cumulative effects of deviations from specified
profile, including variations in lead and flank angle over aspecified length of engagement.
The effects of taper, out-of roundness,and surface defects may be positive or negative on
either external or internal threads.

Size-Nominal: Designation used for the purpose of general identification.

Spiral Flute: See Fiutes.

Spiral Point: Angular fluting in the cutting face of the land at the chamfered end. It is
formed at an angle with respect to the tap axis of opposite hand to that oi Totation. Its length
is usually greater than the chamfer length and its angle with respect to the tap axis is usualty
made greatenough to direct the chips ahead of the tap. The tap may or may not have longi-
tudinal flutes.

Thread Lead Angle: On a straight threud, the lead angle is the angle made by the helix of
the thread at the pitch line with a plane perpendicular to (he axis. Ona taper thread, the lead
angle at a given axial position is the angle made by the conical spiral of the thread, with the
planc perpendicular to the axis, at the pitch line.
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Table 3. ANSI Standard Fraction-Size Taps — Cut Thread Limits
ASME/ANSI B94.9-1987

Threads per Inch Major Diameter Pitch Diameter

Tep NC NF NS

Size UNC UNF UNS Basic Min. Max. Basic Min. Maz,
i 40 0.1250 0.1266 0.1286 | 0.1088 0.1090 0.1105
s a2 0.1563 0.1585 0.1605 0.1360 0.1363 0.1389
*s 24 0.1875 0.1903 0.1923 01604 | 01608 0.1624
He 32 0.1875 0.1897 0.1517 | 0.1672 0.1677 0.1692
I 20 0.2500 0.2532 0.2557 0.2175 0.2180 02200
i 28 0.2500 0.2524 0.254% | 0.2268 0.2273 0.2288
Ha 18 0.2125 0.3160 03185 02764 § 02769 0.2788
Y 24 0.3125 0.3153 03178 0.2854 | 02839 0.2874
% 16 0.3750 0.3789 03814 | 03344 | 03349 0.3369
% 24 0.3750 0.3778 0.3803 0.3479 0.3484 0.3499
T i4 04375 04419 04449 | 03911 0.3916 03941
Y6 20 04375 Q4407 04437 | 04050 | 04055 0.4073
3 13 - - ©.5000 0.5047 0.5077 | 04500 | 0.4505 0.4330
14 20 0.5000 0.5032 0.5062 | 04675 Q.4680 0.4700
Y6 12 0.5625 0.5675 0.5705 0.5084 0.5089 0.5114
Y6 18 . 0.5623 0.3660 0.5650 05264 | 0.5269 0.5289
% n . 0.6250 0.6304 0.6334 0.3660 0.5663 0.5690
% 18 0.6250 | 0.6285 0.6315 0.5889 05894 | 0.5914
k1 iy 0.7500 0.7559 0.7599 0.6850 0.6855 06885
# 16 07500 | 07539 0.75719 07094 | 0.7099 0.7124
% 9 0.8750 0.8820 0.8860 0.8028 0.8038 0.8068
% 14 0.8750 | 0.8799 0.8839 0.8286 0.8296 | 0.8321
1 8 1.0600 1.0678 10118 0.9188 0.9198 0.9228
1 12 1.0000 1.0033 1.0095 0.5459 0.9465 0.9494
1 14 1.000¢ 1.0049 1.0089 0.9536 0.9546 0.9571
1% 7 1.1250 1.1337 11382 Lo322 1.0332 1.0367
1% o 12 1.1250 1.1305 1.1350 LOT09 L0718 10748
it 7 1.2500 1.2587 1.2632 L1572 11582 11617
1% 12 1.2500 1.2555 1.2600 L1959 L1969 1.1999
1% 6 1.3750 13850 13895 12667 12677 12712
1% 1 1.3750 1.3805 1.3850 1.3209 13219 1.3249
1% G 1.5000 1.5100 15145 13917 13627 1.3962
1% 12 1.5000 1.5055 1.5100 14459 L4469 L4459
1% 3 1.7500 1.7602 17657 16201 L6216 1.6256
2 4% 2.0000 20111 2.0166 18557 L8572 18612

Adl dimensions are given in inches,

Lead Telerance: Plus or minus 0.003 inch max. per inch of thread,

Angle Tolerance: Plus or minus 35 mie. in hallangle or 53 min. in full angle for 44 to 53 thds. per
in.; 40 min. half angle and 60 min. full angle for 6109 thds ; 45 min. half angle and 68 min. fullangle
for 10 to 28 thds.; 60 min, half angle and 0 min. fulf angle for 30 to 64 thds. per in.
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Table 5. ANSI Standard Fractional -Size Taps—Ground Thread Limits

(ASME/ANSE B94.9--1987)
Theeads per Inch Majer Diameter Pitch Diameter Limits
Basic H4 Limit
NC NE NS Pitch

Size UNC UNF UNS Busie Min. Mai. Dia, Min, Max.
4 7 1.1250 11343 11436 1.0322 1.0332 1.0342
1% 12 1.1250 1.1304 11358 1.0708 10719 L0729
14 7 1.2500 1.2593 1.2686 1.1572 11582 1.1592
iy 12 1.2500 1.2554 1.2608 1.1939 1.1969 11979
1% G - 1.3750 1.3859 1.2967 1.2667 12677 12687
14 12 13750 1.3804 1.3838 13209 13219 1.3229
1% 6 1.5000 15109 1.5217 1.3917 13927 1.3937
1 12 1.5000 1.5054 15108 1.4459 14469 14479

Al Jmensions are grven 1m Mehes.
Lead Talerance: Plus or minus 0.0005 inch within any two Ureads not farther apart than oneinch.

Angle Tolerance: Plus or minus 25 min. in half angle for 6 to 9 threads per inch; plus or minus 3¢
min. in half angle for 1010 28 threads per inch.

For an explanation of the significance of the H4 limit value range see Standard System Tap Thread
Limits and Identification for Unified Inch Screw Threads, Ground Thread slarting on page 896,

‘Table 6, ANSI Standard Machine Screw Taps — Ground Thread Limits
ASME/ANSI B94.9-1987

Threads
per Inch Major Diameter Pirch Diameter Linmits*
Basic HI Limit H2 Limit H3 Limit

8i [ NC NF N§ Piech
zc | UNCY UNF UNS | Basic Min. Max. Diz Min. Max. Min. M. Min. Max.
o] .. B0 0.0500 | 0.0605 | 00616 | 0.0519 | Q.0SI1D | 0.0524 | 00524 | 0.0329
i| ¢ 0,073 | 00736 | 0.0750 | 0.0629 | 0.0629 | 0.0634 | 0.0534 | 0.0639
1] ... 7z 0.0730 | 00736 | 00748 | 0.0640 ; 0.0640 | D.0645 § 0.0645 | 0.0650
] e 0.0860 | 00867 | 0.0883 | 0.0744 | (0744 | 0.0749 | 0.0749 | 00754
] 64 (0860 | 0.0866 | 00880 | 0.0759 - 0.0764 | 0.0769
3} 48 0.0090 | 0.05%% | 0.10£7 | 0.0855 | 0.0855 | 0.0860 | D.0SG0 | 0.0865
3 56 e | 00000 | 0.0957 | G.1013 | U874 | 00874 | 0.0873 | 0.0879 | O.0884
4] .. 36 0.0120 | 0.1135 | 61156 | 0.0940 00945 | 0.0950
41 40 N e U.1120 | 0.1133 { 01152 1 00958 | 0.0958 | 0.0%63 | 0.0963 | 00066
4] .. 48 e 0.1120 | 01129 | 01747 | 00985 | 0.0085 | 0.0990 | 0.0990 | 0.0995
5| 40 0,250 | 0.1263 | 0.1282 | 0.L088 | 11088 { 0.1093 | 0.1093 | 0.1098 -
5f .. “ 0.1250 | 01263 | 0.1280 | 0.1102 01107 | 81112
[ 0.1380 | 01401 | 01421 | 01077 | G377 | 0.1182 | 0.1182 | 1187 | 01187 | 0.1192
] 40 0.1380 | 0.1293 | 03412 | 01218 | 1218 | 0.1223 | 1223 | 01228
8] 32 01640 | 01661 | 0.1681 § 0.1437 | (L1437 | 0.1442 | 01442 | 0.1447 | 0.1447 | 0.1452
B 3% 01840 | 0.1655 | 0.1676 | 0.1460 {4465 | 0.1470
0] 24 0.1900 1 0,5027 | 0.1954 | 01629 | 1629 1 00634 | 0.1634 | 0.1639 § 0.1639 | (Lic44
10 32 0.1900 | 01921 | 0.1941 | 01697 | 01657 | 03702 | 0.1702 | 01707 | 0.1707 | 0.1712
12] 24 0.2160 | 02187 | 0.2214 | 0.1889 01599 | O.1904
12 28 0.2160 | 02183 | 0.2266 | 0.1928 0.1938 | 0.1943

4H7 limits (formerly designated as G) apply to same threads as H3 limits with the exceplion of the
12-24 and 12-28 threads. H7 linits have minimum and maximum major diameters .0020 inch Jarger
than shown and minimuzm and maximum pitch diameters 0.0020 inch larger than shown for H3 limits.
All dimensions are given in inches.
Lead Tolerance: Plus ox minus 00005 inch within any two threads not farther apart than one inch.
Angle Tolerance; Plas or minus 33 min. in half angle for 20 to 80 threads per inch.

For an explanatian of the significance of the limil value ranges sec Standard System Tap Thread
Limits and Identification for Unifted Inch Screw Threads, Ground Thread slarting on page 896,
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Table 7. ANSI Standard Machine Screw Taps — Cut Thyeads Limits
ASME/ANSI B94.9-1987

Threads por Inch Major Diameter Firch Diameter
NC NF NS
Sizz UNC UNF UNS Basic Min. Max, Busic Min. Mux.
0 80 0.0600 0.0609 0.0624 0.0519 0.0521 0.0531
1 o e o 0.0730 0.0748 0.0753 0.0629 0.0631 00643
1 72 e 00730 0.0740 00755 0.0640 LHIVGZES 00052
2z 36 . 00860 0.0872 00887 00744 0.0746 00736
2 64 e 0.0%60 0.0870 Q0885 0.0759 0.0761 00771
3 48 0.0990 0. LRI3 01018 (0855 0.0857 0.0867
3 56 0.0990 0.1002 01057 0.0874 00876 0.0886
4 36 01120 0.1137 01137 0.0940 00942 0.0357
4 40 . 1120 0.1136 01156 0.0958 0.0960 G975
4 48 01170 01133 01153 0985 0.0987 01002
3 40 0.1250 0.1266 0.1286 (L1088 0.1090 01105
6 3z 0.1380 0.1402 01422 077 0.1182 0.1197
8 36 0.1380 0.1397 01417 0.1200 0,202 G217
a 1380 0.13%6 01416 0.1218 01220 0.1235
3 22 - 01640 0.1662 0.1682 0.1437 0.1442 0.1457
8 36 0.1640 01657 0.3677 01460 01462 0.1477
& 40 0.1640 0.]656 0.1676 0.1478 0.1480 01485
10 24 31800 0.1928 01948 0.1629 0.1634 0.1649
10 3 0.1900 0.1922 0.1942 0.1697 0.1702 N7
12 24 BN 12160 0.2188 0.2208 0.1889 0.£894 0.1909
12 28 0.2160 02184 0.2204 0.1628 0.1933 0.1948
14 i 24 0.2420 0.2448 2473 0.2149 02154 02174

All dimensions are given in inches,

Lead Tolerance: Plus or minus ¢.003 inch per inch of thread, Angle Tolerance: Plus or minus 45
min. in half angle and 68 min. in [ull angle for 20 to 28 threads per inch; plus orminus 60 min, in half
angte and 90 min. in fuil angle for 30 or more threads per inch.

Table 8a. ANSI Standard Metric Tap Ground Thread Limits in Inches — M Profile
ASME/ANS] B94.9-1987

; “Mljon Dizneter Fitch Dismeter
N&Tuliﬂl Fich, “{hes) {inches)

mm mm Basic Min Max Basic Wiin Max
16 0.35 0.06209 0.06409 0.06508 005406 0.03500 005559
2 04 007574 0.08000 0.08098 (06850 006945 007004
25 045 008843 000984 0.10083 0.08593 003787 0.08846
3 05 0.11811 011963 012067 0.10531 010626 0.10685
15 [ 0.43780 0.1396% 014067 .14 012370 012449
4 07 015748 0.1596% 0.16130 013957 0.14083 014161
45 075 017717 0.17953 018114 0.15799 0.15925 0.16004
3 08 019685 0.19937 020098 0.1763% 0.17764 017843
6 1 023622 023937 0.24098 0.21063 021220 021313
7 1 027559 027874 0.25035 035000 025157 025256
3 125 031496 031890 032142 028209 0.28433 024555
i0 15 034370 0.39843 040084 035535 035720 0.35843
12 175 047244 047795 0485047 042768 04295 043075
14 2 035118 DS5TA8 0.56000 0.50004 4507011 0.50362
16 2 0.62992 053622 063874 | 057878 058075 0.58236
20 25 WIRMO 079538 0.79780 0.72346 072593 072705
24 3 54488 095433 0:93827 056815 087063 0.§7224
30 35 118110 L18213 119606 109161 109417 109622
36 4 141732 142992 143386 L31504 135760 121965

Basic pitch diameter is the sume as minimum pitch diameter of internal thread, Class 6H as shown
in table starting on page 1769.

Fitch di limirs are designated in the Jard as D3 for 1.6 to 3 mm diameter sizes, incl; D4
for 3.510 3 mm sizes, incl.; D3 for 6 and 8 mm sizes; D for 10 and 12 mm sizes; D7 for 14 (o 20 mm
sizes, incl.; D8 for 24 mm size; and D3 for 30 and 36 mm sizes.

Angle tolerances are plus or minus 30 minutes in half angle for pitches anging from 0.35 through
2.5 mm, inel. and plus or mins 25 minutes in hall angle for pitches ranging from 3 to 4 mmy, incl.

A maximum deviadan of plus or minus 0.0005 inch witkin any two threads not farther apart than
one inch is permitted.
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Table 8b. ANST Standard Metric Tap Ground Thread Limits in Millimeters—
M Profile ASME/ANSI B94.9-1987

~ominal Pitch, Major Diameter imm) Filch Diameter (:0m)

Diam, mm an Brsic Min Max Basic Min Max
16 035 1600 L1628 1653 1373 1397 1412
2 04 2000 2032 2,087 1740 1764 1779
ER 045 2500 2.536 2561 2208 2232 2247
3 0s 3000 3.040 2,065 2675 2699 2714
35 06 3.500 3548 1573 3116 3142 3162
4 o7 4000 4,056 24907 3545 3577 3597
43 u.7s 4500 4560 4601 4013 4045 4,065
5 08 5000 3064 51405 4430 4312 4532
6 1 £.000 608 s.121 5350 5390 5415
7 1 700 7.080 7421 6350 300 6415
8 125 8.000 8.100 8184 7.188 7222 2.253
0 15 10.000 10.120 10184 9.006 2,073 9104
12 175 120 12,340 12204 10.863 L 10.941
14 2 14000 14,160 14224 12761 12751 12792
16 2 16,000 16.160 16224 14.701 14751 14792
20 23 20,000 20.300 0264 18.376 15,426 18467
24 3 24000 24,240 24340 22051 22114 22,055
kD] 35 30,000 30280 30380 27.72% 21792 2784
3 4 36.000 36320 3644 33402 23467 33519

Rasic pitch dinmeter is the same as minimum pitch diameter of internal thread, Class 6H as shown
in table starting on page 1769,

Pitch diameter limits are designaied in the Standard as D3 [or 1.6 to 3 mm diameter sizes, incl.: D4
for 3.5 to 5 mm sizes, incl.; D3 for 6 and 8 mum sizes; D6 for 10 and 12mm sizes; D7 for 1410 20 mm
sizes, incl.; D8 for 24 mm sive; and D9 for 30 and 36 mm sizes.

Angle lolerances are plus or minus 30 minutes in half angle for pitches ranging from 0.35 through
2.5 mm, incl. and plus or minus 23 minutes in half angle for pitches ranging from 3 to 4 mun, incl.

A maximum lead deviation of plus or minus (.013 mm within any two threads not farther apart than
25 mm is permitted.

Table 9a. ANSI Standard Taper Pipe Taps — Cut Thread Tolerances for NPT and
Ground Thread Tolerances for NPT, NPTF, and ANPT ASME/ANSIB94.9-1987

Threads Gage Measwement! “Taper per Foor, Inches
per Inch Tolerance Flus or Mims Cot Thwead Ground Thiend
Neminal | NPRNFTR | propecrion Cat Cromnd

Sizs or ANPT Inches Thread Threxd Min. Niax, Min. Max,
s 2 0.312 Y Yo e o e e
% 27 0312 I Y 7, e 3y P
] 18 0458 Ys Ye % T U K3
% 18 0.454 Y Y a Py e e
3 4 0579 Y Y 3 P Fh o
i 0.565 Yis 5 g3 e g3 %y
1 i 0678 % i S Ve o y
1 14 0.686 %o % =, %s A %
i 1% 0699 BN % 4 E s R
2 1y 0.667 ¥, % E 3 z =,
24 B 0825 ¥y ¥ %, g, e 3,
3 8 0.925 EA % at, R %, =,
3l 8 038 % % N ) s “a
4 8 0950 % % s e T “h

4 Distance that small end of tap projecis through L1 taper ring page (see ANSIB1.20.3).

All dimensions are given in inches.

Lead Tolerance: Plus or minns 0,003 inch per inch of cut thread and plus or minus 0.0005 inch per
inch of ground thread.

Angle Tolerance: Plus or minus 40 mir. in half angle and 60 min. in full angle for 8 cut threads per
inch; plus or minus 435 min. in half angle and 68 min, in full angle for $17% te 27 cul threads per inch;
plus or minus 25 min. in hatf angle for 8 grouad threads per inch; and plus and minas 30 min. in hall
ungle for 114 t0 27 ground threads perinch.
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‘Table 9b. ANSI Standard Taper Pipe Thread — Widths of Flats at Tap Crests and
Roots for Cut Thread NPT and Ground Thread NPT, ANPT, and NPTF
ASME/ANSI 894.9-1987

Colvmn 1 Column 11
Threads NPT—Cut and Ground Thread NPYE—Cut and
per Top Flat Width ANPT—Ground Thread Ground Thread
Tach al Minimum?* Maximum Minimum* Maximum

a7 { Major Diameter 0.0014 0.0041 0.6040 0.0055
{ Winor Diameter 0.0041 0.0040
18 { Major Diameter 0.0021 0.0057 0.0050 0.0065
{ Minor Diameter 0.0057 0.0050
14 { Major Diameter 0.0027 0.0064 0.0050 0.0063
{ Minor Diameter 0.0064 00050
11y { Major Diameter 0.0033 0.0073 0.0050 0.0083
- { Minor Diameter 0.0073 0.0060
g { Major Diameter 0.0048 0.0090 0.0080 0.0103
{ Minor Diameter ... 0.0090 .. 00080

Mininwum minor diameter falts are not specified. May be sharp as practicable.

All dimensions are given in inches.

Nore: Cut Thread taps made to Column T are marked NPT but are not recommended for ANPT
applications. Ground Thread taps made to Column [ are marked NPT and may be used for NPT and
ANPT applications. Ground Thread taps made to Column Il are marked NPTF and used for Dryseal
application.

Table 1{la. ANSI Standard Straight Pipe Taps (NPSF—Dryseal)—Ground Thread
Limits ASME/ANSI B94.9-1987

Major Diameter Pitch Diameter
Llug ar Minor®
Noraimal ‘Threads Gaging Dia.
Size, per Min. Max. Notch Min. Max. Flar,
Inches Tnch G H £ X L Max,
Y 27 0.3008 0.2018 0.2812 G.2772 02777 0.004
'Y 7 3.3932 03942 0.3736 0.3696 0.3701 0004
11 18 0.5239 0.5249 0.4916 0.4859 04864 04005
% 18 0.6593 Q6603 0.6270 0.6213 0.6218 0.005
¥ 14 0.8230 0.8240 0.7784 0.77212 [eisivl 0.005
# 14 1.0333 10345 09889 0.9817 09822 0.005
4 As specified or sharper,
Formulas For American Dryseal (NPSF) Ground Thread Taps
Nominal Major Diameter Mitch Diameter Max.
Size, Min. Max. Min. Max. Minor
lnches G i £ L Bia.
e H - 0.0010 K+ @ - 0.0005 L-0.000% E-F M-g
e H=0.0010 K+ (- 00005 L-00005 E-F M-90
% H-0.0010 K+0-0.0005 £-0.0005 E-F M-0
* H—0.0010 K+ (-~ 0.0003 L—0.0003 E-F M=-90
¥ H-0.000 K+0-00085 £-0.0005 E-F M=
EA H-0.0010 K+0-0.0005 L—0.0003 E-F M-0
Values to Use in Foomulas
Threads per Inch £ F M 2
a7 Pil;l; c}iﬂn:[lcr 33333' Actual measured 0.0251
ii suging ot b7 piteh diameter g: g;gé

All dimensions are given in inches.
Lead Tolerance: Plus or minus 0.0003 inch within any (wo threads not farther apart than one inch.
Angle Tolerance: Ples or minus 30 min. in half angle for 14 10 27 threads per inch,
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Table 10b, ANST Standard Straight Pipe Taps (NPS)—Cut Thread Limits
ASME/ANSI B94.9-1987

Threads Pitch Diameter Values {o Use in Formulas
per Tnch, Size at
Nominal NPS, Gaging
Size NPSC Notch Min. Max, A B s
% 27 0.3736 0.3721 0.3751 0.0267 00296 0.0257
Y 18 0.4916 0.4908 04938 4o 0 o
¥ 18 os70 | o257 | o.eaez | 008 [ 0044 00108
y 14 07784 | 07776 § 07811 .
% 14 oossa | oosre | ngete | 003 | 0OSTL | 00555
1 114 1.2386 1.2372 12412 0.0658 0.0696 0.0647

The Tollowing are approximate formulas, in which M = measured pitch diameter In inches:
Major dia., min. =M + A
Major dia., max. = M + & Minor dia., max. =M - C

All dimensions are given in inches.,
Lead Tolerance: Plus or minus 0 003 inch per inch of thread.

Angle Tolerance: All pitches, plus or minus 43 min. in half angle and 68 min. in fufl angle. Taps
made to these specifications are 10 be marked NPS and used for NPSC thread form,

Table 18c. ANSI Standard Straight Pipe Taps (NPS)—Ground Thread Limits
ASMF/ANSI B94.9-1987

Threads Major Diamater Pilch Diameter
per Inch, Plug at
Neminal NPS, Phug at Gaging
Size, NPSC, Gaging Min. Max, Notch Min. Max.
Tnches NESM Notch &3 H E X L
% 27 0.3983 04022 0.4032 0.3736 0.3746 0.3751
4% 18 05286 0.3347 1.5357 0.4916 0.4933 0.4938
% 18 0.6640 0.6701 0.6711 0.6270 0.6287 0.6292
i 14 0.8260 0.8347 0.8357 0.7784 0.7506 0.7811
% 4 1.0364 1.0447 1.0457 0.9889 0.9906 0.5916
1 11% 1.2966 1.3062 1.3077 1.2386 12402 1.2412
Formulas for NPS Ground Thread Taps®
Minor | Threads
Nominal Major Diameter Dia. per Tnch A B
Size Min. & Max. H Max. 27 0.0296 0.0257
% H-0.0010 (K +A4) = 0.0010 M-B 18 0.0444 0.0401
YooY H—-0.00L0 (K +A)—00020 M-B 14 0.0571 ¢.0525
1 H-0.0015 (K+A)—0.0021 M-B 114 0.06%6 (.0047

The maximum Pitch Diameter of tap is based upon an allowance deducted from the maximum prod-
uct pileh diameter of NPSC or NPSM, whichever is smaller.
The minimum Pitch Diameter of tap is derived by subtracting (he ground thread pitch diameter toler-
ance for aclual equivalent size.

alq the formulas, M equals the actual measured pitch diameter.
All dimensions are given in inches.
Leed tolerance: Plus or minns 0,0005 inch within any two threads not farther apart than one inch,

Angle Tolerance: Al pitches, plus or minus 30 min. in half angle, Taps made to these specifica-
tions are to be marked NPS and used for NPSC and NPSM.
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Table 11a. ANSI Standard Ground Thread Straight Fluted Taps—Machine Serew

Sizes ASME/ANSI B94.9-1987

OFFIONAL NUMBER OF FLUTES

Threads per Inch Pitch Dia Limits end Chamfers o .

Basic No. 2= |2

Major of Leogih |5 B |5

. Diam ¢ NC NE NS | Flute Overafl § E E
Size | erer | UNC | UNF | UNS 5 H1 H2 H3 H? A £
0 |ooer| 80 2 | B | PB 1w | % |4 a0
1 j0873 o4 . 2 TPE P [ Y %, o110
1 |oom| .. ) 2 {18 | B W | % | % 0.110
2 |ogss| 36 » | . PB | % | % jorar|ouo
2 |oosal 56 3 | B | TER ¥ 1% | % |eu]oln
2 |ooss | .. 64 3 B 1| % | % |o4tiono
1 {00 | 48 ™ PB L I I AR REYR GV T
3 Jowy | 48 1 P i TEB Ui | w | % [ow|oie
3 009 56 |3 TPB g | Y | e |04 oo
4 fenz] L % | 2 TPR % | % | % teaar|ollo
4 |onzi 40 2 P 2 1% % | % |0041 010
4 |onz| 4 3 TPB 1% | % b % |oer|ono
4 0112 48 3 TPB 1% T He |0141 10010
5 |owas| 40 2 PB v | % | %[04t joaso
5 fons| @ 3 P ™8 v | % | % |00t [ore
5 |0.125 44 3 TIP3 1%, % Yo {0041 0100
6 [oaas| 2 x| ® B | PR |2 e | w4t oo
6 |138 | 32 TPB TEB TPB B 2 e | e |9141 |00
6 10138 40 * P 2 L 1A TSR L RTL]
6 [o1s| .. 40 3 B TEB | .. z we | %, |04l jone
& |0.164 2 2> P FB rB 2% % I, |068 D131
8 |orer! wm N PR PB B |2 | % [y loassforn
& | 0.064 32 4 TP PR TFB PB 2 % Boo(odes|oan
ERRTACEY 36 4 TPB | .. 2% |y |y |oiss|oin
0 (o190 24 2 7] PB ' % I |eds40a52
10 |oag| 24 Ed P PB 2% % |y |04 foas2
BL I el 32 2 P PB P 2% % 14| 0184 (0152
10 [o190] .. 32 F| . TR PB BB | 2 | % |y |0194|oas2
10 | 0.290 24 32 4 TPB TPE TPB B 2% % 4% |ol94)0.052
12 {0.216 4 4 TPB P2 Bie | % 0220|0185
B |ows 28 4 TPB 2 | w | % [o20|oies

b Optional number of flutes.

All dimensions are giver in inches.
These taps are standard as high-speed stecl Laps with ground tireads, with standard and optienal
number of flutes and pitch diameter Iimils and chamfers as given in the table.

These are style 1 taps and have extzrnal centers on thread and shank ends (may be removed on
thread end of bottoming taps}.

For standard (hread limits see Table 6. For eccentricity tolerances see Table 25.
Telerances: Numbers 0 to 12 size range — A, + %, B, £ 3%, C, 141 D, —0.0015; E,— 0.004.

166

2Chamfer designations are: T =taper, P =plug, and B = bottoming.



884

TAPS AND THREADING DIES

Table 11b. ANST Standard Cut Thread Straight Fluted Taps —Machine Screw Sizes
ASME/ANSI B94.9-1987

L
.
o= D Fos i
—c 1 B w—ﬂ ai C h— ——B—+|
| A } | A |
STYLE 1 STYLE 2
Threads per Inch Dimensions
Basic Carbon Sl HS Stee] Kum- Tength | Length Size
Mrjor Length of of Diameter of
Diame- | NC NF NS NC NF of Overall, | Thread, | Syvare, | of Shank, | Sguare,
Sive fer UNC | UNF | UNS | UNC | UNF | Flotes A B C I £
o |oos [ . 81 2 1% A ¥ 0.141 0.110
1| oom | 6w | 7 2 1, % S ol | oaw
2 | oo | s6 | ew 3 1% P %o 0441 | 0110
3] 0099 § oam | 56 3 15 % He 0.141 0.110
4 to | o4 | 4 a0 3 1% % % 0.141 0.110
5 |os | a0 | 4 3 I % % 0.141 0310
6 |03 | 32 | 4o | 3¢ | 32 3 2z e Yo 0141 0110
g o | 32 | 36 | 4 | 32 4+ 2% % % 0.168 0131
10 | 019 24 32 4 32 4 b2 % % 0.194 0052
2ofoas [ 24 | oas | .. b 2 4 2% 5, % 0220 | 0468
14 | 0o ap 4 2k 1 N 0255 0191
#These Laps are standard with plug chamfer only. All others are standard with taper, plug or bottom-
ing chamfer.
Tolerances for General Diraensicns.
Elcment Rauge Tolerauce: Element Remge Tolerance
i 20 —
Length Overall, 4 gm i; mci Diameter of Shurde, D Uta E‘_l;ncl g.gz
Leugth of Thread, 8 © | 4“'5 -
Size of Sqare, £ Gto 14 focl -0.004
Lot of Squate, © Qo 12 indl 12 OF S o Hhiee
All dimensions are given in inches.
Styles 1 and 2 cul thread taps have optional style centers on thread and shank ends.
For standard thread Emits see Table 7. Fer eccentricity tolerances see Tzble 23,
Table 12, ANSIStandard Nut Taps ASME/ANSI B94.9-1987
D —f I
| Sovmames- g 1 T —'
I —
el C h— L e t—
Dia Threads Number Length Length Lengh Diameter Size
of por Inch of Overall, of Thread, of Square, of Shark, of Square,
Tap NC,UNC Fhutzs A B < D E
% 20 4 5 1% % 0.185 0.139
% i8 4 3% ¥ % 0.240 0.180
% 18 4 § 2 W 0.294 0220
[ J &3 4 7 28 % DA 0.300
Toleranoss for General Dimensions
Elerent Diameter Range Tolerance Elcment Diamelcr Range: Tolcrance
Overall Length, A Tl +hg Shank Dismeter.D Yty —0.005
Thread Lengsh, & TR g Size of Square Gk —D004
Square Lenglh, € ol Ty

All dimensions are given in inches. These ground (hread high-speed steel taps are slandard in H3
Limit enly. Al taps have an internal center in thread end. For standard limits ses Table 4.

Chamfer Jis made ¥ro ¥ the thread length of B.
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Table 13. ANSI Standard Spiral-Pointed Taps—Machine Serew Sizes
ASME/ANSI B94.9-1987
%mﬁ}),, T,
—-} Ch— T IRB——l
t i
STYLE |
High-Speed Stecl Taps with Ground Threads
Basio Threads par No. Pitch Dia. Limils and Longh | Longth | Giame-
Major Inch of Chamferst Leogth | of of | terot | Sizeof
Diam- | NC | NF | NS | Flue Overall | Thread | Square | Shank | Sguare
Size | ceer |UNC|UNF3LUNS| s H1 H2 3 H7 A I [ o £
o [ o060 50 2| e | P8 1% e Y 1 w141 [ oam0
1 |ooa | 61 | 72 2] P I U % Y 1014 | oare
2 |ooss [ 56 | .. 2 | e8| PB 13 Y % | w4 | o
2 | ooss 6 2 P % e % | 0141 | orm0
3ojame ] o | o 2 PB - 4 Y6 141 | 0110
3 | ooy 36 | .} o2 3 P 1%, Y % | 4l | om0
4 |oaz £ I P % e % | 0141 | oo
4 fonz| | . 2| » | EB % % % | 0141 | oo
4 |ouz 43 2|2 | e 1% % % | 0141 | oamo
5 |oaas | a0 | 2 i P | e 18 % Y% | 0141 | oamo
5 |ous 44 E3N . P RO T % Y | 0141 | oamo
6 [eass| 3 [ . 2| 2 [P ie | P |2 L % | 0141 | oam0
6 |ows 40 z .. les | | . 2 1 S | 041 | oaie
& |oled | 32| .. 2| P} PB | PR | PB | 21 % % | odss | 0431
8 [oas | .| 36 2| .. P 2k % % 0168 | 0131
o |00 | 2| .. 21 p [P |PB| P e % % 0194 | 0152
0101903 .. | 32 2| [ FB|PB| P 2% % % 0194 | 0152
2 30216] M 2 PB 2% L %, 102001 0165
12 |06 2 e 2% e % | 0220 § 0165
High-Speed and Carbon Steel Taps with Co Threads
Thareads per lch X -
Basie | _Carbon Steel HS Steel No. | Length Rng'h 1‘3?‘]‘ Dm?rcm Sffe
Mujor | NC NE | NC | NF of | Overall, | Thread, | Squore, | Shunk, | Squarc,
Size | Diamewr| uNC | UNF | une | UNFO] Flutes A B [ ] E
4 [3TH) 40 2 % % % 0141 | 0110
3 0128 40 2 115, % EA 0141 0.110
6 s |32 32 2 2 e A 0141 0110
8 ole | 32 2 - 2 24 Y % 0.168 0131
10§ o0 [ 24 a2 24 kL 2 % % Y 0194 | 0152
12 0216 £ 2 % LA % 0120 | Gdes
Tolerances for Genera] Dimensions
Telerance ‘Tolcrance
Size: Ground Cat Size Ground Cut
Element Runge Thread Thread Elersent Range Thread Threadt
Overall Length, 4| 01512 B i, Shark Diamater, O | 0112 —0.0015 —0.004
Thread Length, 5| 0012 EA EE ,
Size of Squase, £ owi2 —0.00+ ~0.004
Square Lengh, C[ 0w 12 B B

All dimensions are in inches. Chamfer designations are: P = plug and B = botfoming. Cut thread
taps are siandard with plug chiamfer only. Style 1 ground thread taps have extemal cenlers on thread
and shank ends (may be removed on thread end of bottoming taps). Style 1 cul thread Laps have
optional style centers on thread and shank ends. Standard thread limits for gronnd threads are given
in Table 6 and for cot threads in Table 7. For eccentricity tolerances see Table 25,
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Table 14, ANSI Standard Spiral Pointed Only and Regular and Fast
Spiral-Flnted Taps — Machine Screw Sizes ASME/ANSI B94.9-1987

STYLE1
FAST SPIRAL FLUTED TAPS
. Pitch Diz. Limirs
Basic . Length | Lengh | Diameter | Size
Mejor | TRreadspernch | g, & Chamfers® | | pn of of of of
Disme- | NC NP of Qvergll, | Thread, | Squars, Shavk, Square,
Sine er UNC | UNF Fhutes. H2 H3 ES i [ 2 E
| oo | 48 2 PB 14, i Y 0.141 0110
4 ouz | 40 2 PB 1% e % 0.141 0.110
5| eis | 40 2 PB 1% % ¥, 01 | i
6 | 013k 32 2 PB 2 e Y 0.141 0
B[ 06t 32 230 ED 2 % b1 0168 0.131
10| 0190 [ 24 32 223 - PR 2% % i 0.194 0152
10| 0216 | 24 s 7,5 jad 2% B % 0.220 0.165
“Bollom chamfer applies only to regular and fast spiral-fluted machine screw taps.
b Applies only to fast spiral-fluted machine screw Laps.
“Doss not apply to fast spiral-fluted machine screw taps.
4Does not apply 1o regular spiral-fluted machine screw taps,
Tolerances for Generad Dimeasions
Size Size:
Element Range Tolerunce Element Range Tolevance
Overull Shank
312 +¥, >
Length, A © i Diumeter, 31012 ~0.0015
Thread b
Jwliz +%
Lengt, B b St of
Square 1 Square, 312 —0.004
Length, € 3wz ES E

All dimensions are givea in inches. These standard taps are made of high-speed steel with ground
threads. For standard thread limits see Table 6. For eccentricity talerances see Table 25,

Spirai Poinied Only Taps: These taps are standard with plug charnfer only. They are provided with
aspiral point only; the balance of the threaded section is left unfluted. These Siyle 1 taps have exter-
nal centers on thread and shank ends.

Reguiar Spiral fluted Taps: These taps have right-hand spiral [lutes with a helix angle of from 25
t0 35 degrees.

Fast Spival Fluted Taps: These taps have right-hand spiral flutes with a helix angle of from 4510 60
degrees.

Bothregular and fast spiral-fluted Style 1 taps have external centers on thread and shank ends (may
be remaved on thread end of bottoming taps).

Chamfer designations: P =plug and B = bottoming.
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Table 15a. ANSI Standasd Ground Thread Siraight Fhsted Taps—
Fractional Sizes ASMF/ANSI B94.9-1987

i

——D— -]

—{ Cl— 1 o p—r —~Cb 1 B
f A A
STYLE2 STYLE 3
Threads Pitch Diameter
per nch | wo. LimiLs and Chamfors Di

Dia. of Length Length Length Dia.of Sizeof
of NC | NF i Flue Overall, | ofThresd, | of Squarc, | Shank, | Square,
Tp |uNCjUNF| s | HI | Wz | HS | H4 | HS A ] < ) E
Y 0. [ 4 [mB|™e|TER| .. |PB| 2% 1 e 0.255 0191
Y .|| 4 |es| P |TBP[PB| .. 1Y 1 e 0255 0.191
i 18y . ] 4 |PB|PB|TEB] .. | PBj % i% % 0318 0238
% | .| 24| 4 |®B| P |TB By .. | 2% 1% % 0318 0238
% | .| a|e)es|Tn| .. |®B| 2% 14 %o osl | 0286
3% o lz2a§ 4 jeB|PB|TEB{PE| .. | 2 14 s 0381 0.286
v |wla| ] [ 1%, B 0323 | 0242
i B4 |F 0 12, Ye 0367 0275
4 w | 4 §PB e 3% 1%, Yie 0.367 0275
Y | 12 4 P 3%, 13, % 0429 a3
%, 4 3 B A 1, % D429 | 0322
% 1 4 P PB | 31, 1%, % 0.450 0360
% 1B | 4 P FB | 30 % ”, 0480 0.360
L] 1 B A 1%, £ 0.542 0406
% 10 4| .. ]F PR 4 2 e 0.590 0432
% VR TS T O S I I 4 PB Fy 2 e 0,560 0442
e | 9 4 FuA 2y 1 0.697 0523
% | o4 P 41 B 3 0.657 0523
r I I [ % 2% R 0.800 0.600
1 | s 3% 2% A 0.800 0500
I | | 4 s¥ 2% e 0.500 0.600
il 7 bz ) oe ST 2%, % o896 | 0&m2
1% 7| o4 5% Mg L 1021 0766
3 6 [ 12| 4 6 3 1% L10B | 0831
1Y 6 b a | | [TEB] . 34 3 1% 1233 0525

aThis size has 11 or 16 threads per inch NS-UNS.

bThese sizes are also available with plug chamfer in H6 pitch diameter Timits.

cThis size has 14 threads per inch NS-UNS.

4Tn these sizes NF-UNF thread taps have six flutes.

Tolerances for Genera] Di
Element Digmeter Range Tulerance Element Diameter Rungs Tolerance
Langth % 101 incl EA ; . .
) ; Dinmeter of ¥ w incl —0.0015
Qverdl, A 1 to 1% incl £ Shnk, ‘:/m 103114 [ Z0002
ngth of % ol wel i =

Thead, & % 10 1% incl EA - Yo% nd GULC)

Taghor | % o T I ;f;:‘b. %, o L incl —0.006

Square, € 1% to 114 incl E i 1% w 1% incl -0.008

Al dimensions are given in inches.
These taps are standard in igh-speed steel,
Chamfer designations are: T'=taper, P=plug, and B = bottoming.
Style?2 taps, % inch and smaller, have external center on (hread end (may be removed on botloming
taps) and external partial cone center on shank end with Tength of come approximately one-quarter

of diameter of shank.

Style 3 taps, larger than % inch, have jntemal centerin thread and shank ends.
For standared thread limits see Table 4. For eccentricity tolerances see Table 25.
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Table 15b. ANST Standard Cut Thread Straight Fluted Taps—
Fractional Sizes ASME/ANST B94.9-1987

o

—4%% 1 A}»*nw—-l

I d

STYLE2
i b
T —ry - »
<=L 1 T D— - ST
—c— f B —-{ — e =1 —8 ::j
b= A 1 A
STYLE 1 STYLE 3
Threads Por Inch Dimensions
Carbon Steel HS Steel Lengh | Tength | Din | Size
Dia. No. | Lengh of of of of
of NC | nF NS NE NF of | Overall, | Thread, | Square, | Shank. | Square,
Tp | UNC | UNF § UNS | uNC | UNF | Flwwes 4 B c D E
i 0 B 3 15, % Yo | 01 | 0110
[ 2 4 24 A ot el | oam
Y% | O I-ZREF R R 4 2% % yo | vaed | oas2
y 20 28 20 28 4 2% 1 5 | ezs | oast
e 18 24 18 24 4 2%, % % 0318 | 0238
% 16 24 16 4 4 2% 1y ¥ | o381 | oose
e 14 20 14 20 4 3% 1% v | 0323 | 0242
i 13 20 13 20 4 3% 1%, ¥, | 0367 | o2
% 12 18 12 4 3%, P, Y o425 | 0322
% 1 12 1 12 4 Py, 1Y % | oaso | vsee
% 1 16 10 16 4 4y z o | o0 | o2
% Y 14 ¢ 14 a 4%, 2%, Y 0697 | 0523
1 8 8 4 sl 2% o7 0RO | 0600
1'% 7 [ 4 SThe 2%, % 0896 | 0672
1% 7 126 4 £ 2% 1 Lo21 | 0766
% & 1 4 6lfg 3 1w, | s | o83l
1% 6 12 4 6% 3 1y 1233 | 0925
1% & 6 7 3% 1% 1430 L7z
2 452 6 7% 3%, 1% 1644 1.233
2Standard in plug chamfer only.
"n these sizes NF-UNF thread taps have six flutes.
Tolerances for Gronon] Diinensions
Elements Range Tolerance. LElements Runge Tolerance
Leagh Yetol S v
Overall, A 1% o2 e Diasmoier B 10 5 0004
; - o %ol 0005
Yo 1034 i of Shank, gz ~0.007
Length of Kl £
‘Thread, 5 s w1l E='Y ol
" @ 10
s s | o | g3 | 2w
g ot T e Sqare, £ [N —g00%
Square, © 1 w2 A ¢

All dimensions are given in inches.

These taps are standard in carbon steet and high-speed steel.

Except where indicated, these taps are standard with taper, plug, or bottoming chamier.

Curthread Laps, sizes % inch and smaller have optional style center on thread and shank ends; sives
larger than % inch bave interna) centers in Lhread and shank ends.

For standard thread limits ses Table 3. For eccentricity tolerances see Table 25.
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Table 16. ANSI Standard Straight Fluted {Optional Number of Flutes) and Spiral
Pointed Taps—Fractional Sizes ASME/ANSI B94.9-1957

p—y STYLEZ D=, STYLE3
T, e T —
—B Cie B
AB HERE A

STRAIGHT FLUTED TAPS (0PTIONAL N{MBER OF FLUTEN)

b

: P e —
B Tk N ki | et ey

SPIRAN, POINTED TAPS

Pich Diameter
Diz. Limits and Chamfers® Length | Length | Length | Diaof | Siezel
of Overall, § of Threud, | of Square, | Shunk, | Square,
Tap Hi | H2 | H3 | He | H5 A )i c n £
Gronnd Thread High-Spead-Stect Sunight Fhued Taps
A N 2 1 3, 0355 ] 0151
% P | P iPB| .| P | % 1 5 0255 | 0191
I . PR 2% 1 EA 0255 | 0091
EN LT T P 2, 1 % 0318 | 0238
e g | .. |- 21, 1% % 0318 | 0238
i PR 2%, 1% ¥ 0318 | 0238
% FB 2 3 % 0381 | 0286
% FB 25 it %o 0381 | 0286
Y P N T, 1% e 0323 | o242
¥ P I 1%, g, 0323 | 0242
Y PR IRV I c 8 RO O 3% 1l %s 0367 | 0275
I b ]r 3% 12, T 0387 | 0273
Tround Thrcad FEgh- Spoed-Sieel and Cut Thicad High-5peed-sice] Spiral Pointed Taps
3‘ 0 b F 131 I . T T (L5 9T
e 2 3 Pl | P | 2% 3 EA ©255 1 0491
% B | 2 4 PR | P 2 1 % 0.255 | 0491
e 28 3 P P 2% 1 %e 0255 | D91
e 2 PP |PBY .| P | 2% 1% % 0318 | 0238
ER JUVR I T VRN (O I O B I % % 0318 | v238
B a2l ||| ] =% 1% % ©318 | 0.23%
P 24 | 3 f.. bR EL L = 1% % 0318 | 0238
% 6 | . 3 ple|P| .| Pl 2% A %o 0381 | 0286
% FUVE ' - T - - Y T ISP (2 1% The 0381 | 0.286
W M2 |3 | |=]|FP . | o 1% %, 0323 | o
'3 13 low | 3 pleleP 3 17, He 0367 | 0275
e |l s | o | P I A 1%, % 0480 | 0360
%9 wlw |3 | .|l |[r]a 2 A 0500 | 0442
a Applies only to ground thread high-speed-steel taps.
¥ Cur thread high-speed-sieel taps are standard with plug chamfer only.
¢ Applies only to ¥;-14tap.
d Applies only to %-11 tap.
= Applies ony to %-10 tap. For eccentricity tolerances see Table 25.
Tolerauces for Goncral DInensions
Diameter Tuleranes Diameter Talcrance
Element Renge | Ground Thread | Gut Thread Elemeut Range | Grownd Thread | Curihread
Overat- ShankDismeter D} 44 % —DO015 —.005
Lengi, 4 [ %1% o a ‘% 00020
Thiead: TR0 L A SEEOSquETE [T o5 G040 6004
Lengh. B | 540, Hy %ol ~.0060
Sqime Lenah, U 0% I

Al dimensions are given in inches. P = plug and B = bottoming, Ground thread taps — Style 2, %
inch and smalter, have external center on thread end (may be removed on bettoming taps) and exter-
nal partial cone center on shank end, with length of cone approximately 4 of shank diameter, Ground
thread taps—Style 3, larger than % inch, have internal center in thread and shank ends. Cut thread-
taps, % inch and smaller have optional style center on thread and shank ends; sizesJarger than % inch
have internal centers in thread and shank ends. For standard thread Bmits see Tables 3 and 4.
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Table 17. Other Types of ANSI Standard Taps ASME/ANSI B94.9-198

STYLE 2

X
B A, M

STYLE 3

T
e

i

bl

g i 17
g Ly 1] 17

2

Mol

fin 5
C b C ——B—
A |
FAST SPIRAL FLUTED TAPS
Torends Lengh Leogth Dia Size
Dix. per 1 Nember Lengih of of of of
of NC NE of Overall, Thread, Square, Shank, Squarc,
Tap UNC UNF Plutes A B C D E
Y 20 2% P, 3 2% 1 e 0.255 0.191
%, 18 240 28, 3¢ b il £ 0318 0.228
% 16 24e 3 2 1 ¥ 0351 0286
Byt 14 20 3 3%, v 5, 0.323 0.242
¥ 13 211 3 £ 12, W 0367 0.275
aDoes nol apply 1o spiral pointed only taps.
bDoes not apply 1o spiral fluted taps or to spiral [luted taps with 28 threads per inch.
= Applies only Lo spiral pointed only taps.
4 Applies only to fast spiral fluted taps.
Tolerances for General Dl
Diamcter Diameter
Element Range Tolerance. Element Range Tolerance.
Overall ol ! Shark
Lengh, 4 ek o Diameter, Yy —0.0015
Thread B L
Ywh 14,
Length, 3 i . Size ol
Syuare ot ) Square, Yol ~0.004
Tengeh, C %l e £

All dimensions are given in inchies. These standard taps are made of high-speed steel with ground
threads. For standard thraad limits see Tablc 4.

Spiral Pointed Only Taps: These taps are standard with philg chamler only in H3 limil. They are
provided with spiral point only. The balance of the threaded section is left unfluzed.

Spiral Fluted Taps: These taps ave standard with plug or bottoming chamfer in H3 limit and have
right-hand spiral {lutes with a helix angle of from 25 to 35 degrees.

Fast Spirai Fluted Taps: These taps are standard with plug or botloming chamfer in H3 Limit apd
have right-hand spiral flutes with a helix angle of from 45 1o 60 degrees.

Style 2 taps, % inch and smafler, have external center on thread end (may be removed onbottoning
taps) and external partial cone center on shank end with cone length approximately % shank diame-
ter.

Style3 taps farger than % inch have internal center in thread and shank ends.

For standard thread iimits see Table 4. For eccentricity tolerances see Table 25.
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Table 18. ANSI Standard Polley Taps ASME/ANSI B94.9-1587

r_‘i T L 4,1 * _—‘ ’n— K" *
= Houm =
I I Y e
Threads Length
per Length | Length | Dia. | of Close | Size jLength
Dia. Inch |Number| Length of of of Toler- of of
of NC of Overall, | Thread, | Square, | Shank, | ance, | Square, [ Neck,
Tap | UNC | Flutes A B % D ™ E K*
W 20 4 |68 L %o | 0255 | 1% 091 | ¥
% 18 4 |68 14 % |o3s | ay |02 y
% 16 4 leswo 14 % |03 | 1% ] osss | %
% | 14 4 |8 % v | o | oy | 0333 %
y 13 4 | 681012 1%, | % | 0507 | 1 | 0380 |
% 1 4 | 6810 1y 1w | 0633 2 0475 | %
% 10 4 10 2 % 0.735 2% 0.569 kA
27 is minimum length of shank which is held to eccentricity tolerances.
v K neck optional with manufacturer.
Tolerances for General Dimensions
Diameter Diameter
Element Range Tolerance Elemenl Range Tolerance
Overall
o e ok i
Length, A Diameter, IANEA —0.003
Thread o
410 e
Length, Size of
— S12.?0 Yol _0.004
e Y +, e % 0% ~0.006
Length, C -

ATl dimensions are given in inches. These ground thread high-speed steel taps are standard with
plug chames in H3 limit onty. All taps have an internal center in thread end. For standard thread lim-
its see Table 4. For eccentricity lolerances see Table 23

Table 19, ANSI Standard Ground Thread Spark Plug Taps—Metric Sizes

ASME/ANSI B94.9-1987

Overall Thread Square
Tap Number | Length, Length, Length, Shank Square
Diameter, Pitch, of Tn. In. In. Dia., In. Size, In.
™mm mm Tlutes A B C 1 E
1 135 q 3% 13, % 0420 | 03m
18 1.50 4 4% 1%, % 0.542 0.406

These are high-speed steel Style 3 taps and have internal center in thread and shank ends. They are
standard with plug chamfer only, right-hand threads with 60-degree [orm of thread.

Tolerances: Overall length, + %, inch; thread length, & %, inch; square length, £ %, inch; shank
diameter, 14 mm, —=0.0015 inch, 18 mm, —0.0020 inch; and size of square, —0.0040 inch.
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M Profile — Metric Sizes ASME/ANSI B94.9-1987

i

o=

D—

aiclk t

STYL.

=
" B—
A

E2

¢

-— D= - =0 -—D— - -
—fck—1 [ ——1 —~C T L
I 1 A 1
STYLE 1 STYLE 3
Long®h | Length | Diz iz
Nom. e, Fitch Diameter Limils Length of of of of
o | pith | ot and Chamiers Overall | Thread | Square | Square | Squae
mms, | mm | Flues [ D3 [ D¥ | D5 |6 | D7 [ D8 D9 | A I [ ] i
6] 03| 2 |pB 15 e e o1l | 0110
2 | 04 2 [P 1% s £ 01 | oilo
25 | pas | 2 [PB 1%, % A e | o1
3 | oos 3 || . 1% % ¥ ca | el
35 | 08 3 PR 2 e % | e | ol
4 | o7 4 PB 2% % A 0168 | o131
45 | o35 | 4 PB 2% % 1% 0494 § 0152
5 08 4 PB | ... 2% % Y oaa4 | 0a52
5 L 4 PB 2% 1 ' 0255 | 0151
7 1 4 PB 2%, 1% % 0318 | 0238
4 125 | 4 BB | ... 23, il % 031 | 0238
1w | 1s 4 PB 25 i e 0381 | 0288
|72 IS K ] FB | ... 3% ¥, 9 0367 | 0273
1|2 4 PB 3%, 12 Y 0429 | 0322
16 |2 4 PB g 13, % 0480 | 0360
2 | 25 4 PB | .. Ay 2 neo | oes2 | 04w
% |3 4 B | e | o % | oo | osm
0 | 35 4 PR S¥ e 1 2§ 0966
% |4 4 7B | 6y 3 1% 1233 | 0935
Tolorances
Nom. Dis. Teler., Nom. Dia. "Toler..
Element Range, oy Inch Elerent Range, mm Inch
Qverall ML6 to M24, incl. E=Y
Length, & M30 and M36 e M 610 MI4. incl, 040015
W16 to M5, ncl, ) ML16to M36 002
Thoead M6 1o M12 incl.
Length, #
Mid o M36 2% - 1610 VI, mel, o
Squre T 1o T, il 2 sﬁ:}’ﬁ‘:; Ml4toM24, incl. 01006
Lengih, € M30 und M36 he M30 and M26 0008

All dimensions are in inches excepl where otherwise slated.

Chamfer Desigration: P Plug, B — Bottoming. These taps are high-speed sieel.

Style 1 taps, sizes M1.6 through M35, have external center on thread and shank ends (may be
removed on thread end of boitoming faps).
Style 2 taps, sizes M6, M7, M8, and M19, have exiernal center on thread end (may be removed on
bottoming taps) and external partial cone center on shank end with length of cenc approximately %
of diameter of shanic.
Style 3 taps, sizes larger than M 10 have external cenler on thread and shank ends.
For standard (hread limits see Tahles Sa and 8b.
Tor eccentricily tolerances of tap elements see Table 25.
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Table 20h. ANSI Standard Spiral Pointed Ground Thread Taps —
M Profile— Metric Sizes ASME/ANST B94.9-1987

|

|

-——D—-

—chk=1

STYLE2

iHIIHiHHIIHlPE}
|

. F—‘B‘—I‘

% D TG, IU9; I C.:_jl—]_
ek F—p— —ck—T F—p—
b 1 A i
STYLE1 STYLE3
Norm. No. Pitch lfl:dan;?;re:‘lrmts :)&\;:?—_.L:'] L%ﬂ ;l' L:E;?f:r :f ISJjR‘, D}f 2i//.: of
Din. | Pich | of que quare
M. om Flates | D3 | D4 | P5 | Da | D7 A B C D E
o7 aes | 2 |2 [E3 T T oA | 00
2 04 P 2 13 % Y 2141 0.110
25 045 2 P 15 I ¥ D41 0.110
3 05 2 | e 1%, ] % o4 | oaw
35 | os 2 P 2 e A 0141 0130
4 07 2 P I % % oles | 0131
5 08 2 P 2 % Y oot | o01s2
6 1 2 p 2% 1 5 0255 | ois
8 125 2 P = 1% ¥ 0318 0.238
10 13 3 Py | 2%, i Ve 0.381 0286
12 115 3 P .| 3% 1, Ve 0.367 0275
14 2 3 P oy 17, % 0429 | o032
16 2 3 PO osu 1% e nas0 | 0360
20 25 3 a1, 2 W L
‘Tolerances
Nom. Diz. Toler, Nom. Dia. ‘Toler,
Element Range, mm Inch Element Range, mm Inch
Overnlk af 4 |
Length, 4 Lo M'Dt . = ook VLG t0 M4, incl. 00015
MI.6to M5, ncl, = : MI6 .o M0 -0.002
Lg';“l‘,‘]'f'ﬂ MI6 to M2 incl, ity
M14to M20 E
St of MG 0 MI2, incl. 004
Square L6 10 W20 s, Square, £ M14 o M2D, incl. 0,006
Length, ¢ ?

All dimeasions are in inches excepl where otherwise stated.

Chamfer Desigmation; P— Plug. These laps are high-speed steel.

Style 1 taps, sizes M1 6 through M3, have external center en thread and shank ends.

Style 2 taps, sizes M6, M8 and M10, have external center on thread end and external partial cone
center on shank end with length of cone approximately % of diameter of shank.

Style 3 taps, sives larger than M10 have sxternal cenler on thread and shank ends.
For standards thread limits see Table Ba and 8b.

For eccentricity lolerances of tap elements see Table 25.
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‘Table 21, ANSI Standard Taper and Straight Pipe Taps ASME/ANSI B94.9-1957

=3 3
L [
> [ Py SN |
—A A
TAPER PIPE TAP STRAIGHT PIPE TAP
Threads per Inch Nhumber of Flutes Dimensions
Tigh- Lengh | Lemgth | Lengh | Dismewer | Swe
Nomind | Carbon Speed Overall, | of Thread, § of Square, | of Shark, | of Square,
Size Steel Steel Regutar A B [4 o £
“Tupet Pipe Taps
Ve I ] % e [ 032 | oom
% 27 27 4 5 2 % % 03125 0234
% 27 27 4 5 ay EA X 04375 0,328
% 18 18 4 H 24 1Y% T 05625 | 0421
% 18 18 4 5 Mo e ] 07000 0531
|3 4 14 4 5 3 1% % 0.0875 0515
% 14 e 5 5 34 13 e 0.5063 0678
1 1Y 1 3 5 3% % ER 11250 0.843
14 Y 13 5 5 4 B o 13125 | 0984
1% 1Y% Y 7 700 4l » 1 L5000 Liz5
2 1% ny 7 Fhe 44 % 1% L8750 1406
Py 4 8 54 2% 14 2.2500 1.687
3 El g § 2% W% 26250 1.968
Straght Fipe Taps
T 7 T 3% % 7 T35 TI3F
Y 27 4 2% % % 04375 0328
A 1% 4 B 1Y% ¥, 05625 0421
% 1% 4 . W 1% s BI00 03531
A 1 4 3y % % o675 | 0315
% 14 5 3y % e 0.9063 0.679
1 1k 5 % 1% v L1250 | 0843
2Ground thread taps ogly.
b Standard in NPT form of thread anly.
©Cut thread taps only.
Tolerances for General Dimensions
Diameter Tolerance Diameter Telesance
Element Range Cut Thread | Ground Thread| | Element Range Cut Thread | Grovmd Thread
Overdl Y0¥ =y = Yo 10 —0.0015
Lengdi A | 1103 g + 5% Shankc Kok —0.007
A ETR T Dismetes, Bl -0.002
Lgﬁ‘f‘ﬂ loly 3 ) o %03 oo | ..
1403 + + w2 ~0.003
— RS —O00F
usguzfe c i o ij& fiﬁ“ Sséf;f- ‘/}h:: ;‘ i% ~0.006
B o3 s i £ 103 o008 | —0:008
o X 5

Alldimensions are given in inches. These (aps have an internal center in the thread end. Taper Pipe
Threads: The % -inch pipe tap is fumished with large size shank unless the small shank is specified.
These laps have 2 to 3% threads chamfer, The fivst few threads on interropted thread pipe taps are left
[ull. The following styles and sizes ate standard: ¥ 0 2 inches regular ground thread, NPT, NPTF,
and ANPT: Y to 2 inches interrupted ground thread, NPT, NPTF and ANPT: ¥ to 3 inches carbon
sieef regular cut thread, NPT; ¥ to 2 inches high-speed sieel, regular cut thread, NPT; ¥ to 1} incles
high-speed steel interrupted cut thread, NPT. For standard thread limits see Tables 92 and 5b.
Straight Pipe Threads: The '4-inch pipe tap is fumnished with largs size shank unless the small size is
specified. These taps are standard with plug chamfer only. The following styles and sizes are stan-
dard: ground threads — & ta 1 inch, NPSC and NPSM; i 0% inch, NPSF; cut lhreads— % to Linch,
NPSC and NPSM. For standard thread Limits see Tables [0, 10b, and 10c, For eccentricity toler-
ances see Tuble 25,

177



TAPS AND THREADING DIES

895

Table 22. Taps Recommended for Classes 2B and 3B Unified Screw Threads-—
Numbered and Fractional Sizes ASME/ANSI B94.9-1987

“Throads per Tach | Recommended Tap For Cluss of Thiead | Pitch Diameter Limits For Class of Thicd
Nin Al Mux Max
NC NE Class Class Classes Class. Class
Size UNC UNF 2B E {Basic) 2B B
Wachine Screw Numbered Size Taps
o 80 GH2 GH1 0.0519 0.0542 0.0536
1 64 GH2 GH1 00629 00655 10648
1 72 oH2 GHI 0.0640 0.0665 00652
2 S8 - GH2 GHI 110744 00772 0.0765
2 (2] GH2 GHI 0.0758 04786 04779
3 48 GHZ GHI 0.0855 DoBES 00877
3 56 Gnz GHI 0.0874 0.0902 00895
4 40 GH2 GH2 00958 0.0991 0.0982
4 - 43 GH2 GHL 0.0985 01018 0.1008
3 40 GH2 GH2 0.E088 01528 0.1113
5 44 GH2 GHL 01102 01134 0.1126
6 1 GH3 GH2 01177 01214 0120+
& . 40 G H2 GH2 41218 0.1252 0.1243
8 32 GH3 GH2 0.1437 (L1473 0.1485
8 . 36 GH2 GH2 0.1460 01495 11487
10 24 G GH3 0.1629 01672 01661
10 32 GH3 GH2 0.1697 0.1736 0.1726
12 24 GH3 GR3 0,188 0.1933 0.1922
12 26 GH3 GII 0. 1928 0.1970 0.1959
Tiraciional Size Thps

4% 20 . GHS3 GHI 02175 0.2224 0.2211
4% 28 GH4 (o) e} 0.2268 0.2311 0.2300
He 1% e GHS GH3 02764 02817 02803
e o 24 GH4 GH3 D.2854 0.2902 0.2890
% 3 GH5 GH3 03344 03401 03387
% 24 GH4 GH3 0.347% 0.2528 03516
b 4 GHS GH3 0.3911 083972 03957
Y e 20 GHs GH3 0.4050 04104 04091
13 13 . GHS GH3 04500 04565 04548
% 20 GH3 GH {.4675 04731 04717
Ys 12 - GHs GH3 0.5084 0.5152 0.5135
% .- 18 GH3 GH3 05264 5323 0.5308
E 11 GHS GH3 0.5660 05732 0.5714
% o 18 GHS GH3 0.5889 0.5949 05534
¥ iU GHS GH5 0.6830 0.6927 06907
* - 18 GHS GH3 0.7004 a7is% 07143
% 2 G Hat GHd 08110 0.808F
% ar 14 G 6 GH4 08336 0.8339

1 8 . GHE® GH4 09276 09254
1 12 G He GHA 08535 0.9516
1 N5 GHe® GB4 09609 09590
1% 7 G HE? GH4 L0436 10393
1% 1z GHE GHA 10787 1u768
1% 7 G Hav GH4 11663 11644
1% 12 G HE* GH4 1,2039 12019
1% [ .. 4 HEr GH4 12771 1.2745
% 12 G Hg® GH4 132891 1,327
14 5] s G HEr GH4 14022 13996
1% 12 G HE" GH4 14542 14522

aCut (hread taps in all fractional sizes and in numbered sizes 3 1o 12 NC and NF may be used under

normat conditions and in average materials to produce tapped holes in this classification.

bStandard G Hé taps are also suitable for this class of thread.

All dimensions are given in inches.
The above recommended taps normaly produce the class of thread indicated in average materials
when used wilh reasonable care. However, if the 1ap specified does not give a satisfactory gage fitin
the work, a choice of some other limit tap will be necessury.
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Standard System of Tap Marking.—Ground thread taps, inch screw threads, are
marked with the nominal size, number of threads per inch, the proper symbol to identify
the thread form, “HS” for high-speed steel, “G* for ground thread, and designators for tap
pitch diameter and speciai features, such as left-hand and multi-start threads.

Cut thread taps, inch screw threads, are marked with the nominal size, number of threads
per inch, and the proper symbol to identity the thread form. High-speed steel taps are
marked “I1S,” but carbon steel taps need not be marked.

Ground thread taps made with metric screw threads, M profile, are marked with “M,” fol-
lowed by the nominal size and pitch in millimeters, separated by “x.” Marking also
includes “HS™ for high-speed steel, “G” for ground thread, designators for tap pitch diam-
eter and special features, such as left-hand and multi-start threads.

Thread symbol designators are listed in the accompanying table. Tap pitch diameter des-
ignators, systems of limits, speciai features, and examples for ground threads are given in
the following section.

Standard System Tap Thread Limits and Identification for Unified Inch Screw
Tareads, Ground Thread.—H or L Limits: For Unified inch screw threads, when the
maximum tap pitch diameter is over basic piteh diameter by an even multiple of 0.0005 in.
or the minimum tap pitch diameter limit is under basic pitch diameter by an even multiple
of £.0005 in., the taps are marked “H” or “L.” respectively, followed by a limit number,
deterrnined as follows:

H Limit number =Amount maximum tap PD limit is over basic PD divided by 0.0003

L limit number =Amount minimum tap PD limit is under basic PD divided by 0.0003

Table 23. Thread Series Designations

Standard | Product
Tap Thread

Marking | Designation Third Series

M M Metric Screw Threads—M Profile, with busic 1SO 68 profile

M M) Metrie Serew Threads—DM Profile, with rounded root of radius 0.15017 P to 0.18042P

Class 5 inrerference-fic thread

NC NCIF ‘Entire ferrous matecial range

NC NCINF Extire nonferrous material range

NPS NPSC American Standard straight pipe threads in pipe couplings

NPSF NPSF Dry seal American Standard fuel internal straight pipe threads

NPSH | NPSH American Standard strajght hose coupling threads for joining to American Standard taper

pipe threads

NPS1 NPSI Dryseal American Standard intsrmediate internal straight pipe threads

NPSL | NPSL American Standurd struight pipe threads for loose-fitting mechanical joints with locknuts

NPS NPSM American Standard straight pipe threads for free-fitdng mechanical joints for fixtures
NPT NPT American Standard taper pipe threads for gencral use

NPTF | NPIF Dryseal American Standard taper pipe threads

NPTR | NPTR Aserican Standard taper pipe threads for railing joints

Unified Inch Screw Thread

N UN Constant-pitch Series

NC UNC Coarse piteh serics

NF GNE Finc pitch series

NEF UNEF Extru-fine pitch serles

N UN Constant-pitch series, with reunded root of radivs 0.15011P to 0.180427 (ext. thd. enly)
NC UNIC Coarse pitch series, with rounded root of radius 0.150117 t0 0.18042 P (ext. thd. only)
NF UNIF Fine pitch series, with rounded root of radius 0.1501 1P to 0.180427 {ext. thd. only)
NEF UNIEF Exra-fine pitch serics, with rounded root of radins 0.15611P to 0.18042P {ext. thd. oniy}
N UNR Constant-pitch series, with rounded reot of radius not less than 0, 108F fext. thd. only)
NC UNRC Cuarse thread series, with rounded roor of radius not less than 0.108P (ext. thd. only}
NF UNRF Fine pitch serics, with ronnded toot of radius not less than 0.108P (ext. thd. only)

NEF UNREF Extra-fine pitch series, with rounded root of radius not less than 0.108P {ext. thd. only)
NS UNS Speelal diameter pitch, or lergth of cogagement
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The PD limits for various H limit numbers are given in Table 4. The PD limits for L. limit
numbers are determined as follows. The minimum tap PD equals the basic PD minus the
number of half-thousandths (0.0005 in.) represented by the limit number, The maximum
tap PD equals the minimum PD plus the PD tolerance given i Table 24.

Table 24. PD Tolerance for Unified Inch Screw Threads—
Ground Thread ASME/ANSI B94.9-1987

Threads per Inch To | i incL. Dver Linto 1Y in, el | Over 1410 2% in., incl. Over 24 in.
80-28 0.0005 0.0010 00010 00015
2418 0.0005 0.0010 Q0015 00015
618 iZHLIE) Q001G Q0015 0.0020

76 0.0010 0.0010 00020 0.0025
5%-4 0.0010 0.0013 0.0020 0.0025

Examples: ¥%-16 NC HS H1

Max. tap PD = 0.3349

Min. tap PD =0.3344

%-16 NCHSGL2

Min. tap PE = Basic PD —(.0010in. = 0.3344 -~ 0.0010 = 0.3334

Max. tap PD = Min. Tap PD +0.0005 = 0.3334 + 0.0005 = 0.3339

Oversize or Undersize: When the maximum tap PD over basic PD or the minimum tap
FPD under basic PD is not an even multiple of (,0005, the tap PD is usuatly designated as an
amount oversize or undersize. The amount oversize is added to the basic PD (o establish
the minfmumi tap PD, The amount undersize is subtracted from the basic PD to establish the
minimm tap PD. The PD tolerance in Table 24 is added to the minimum tap PD to estab-
lish the maximuom tap PD for both.

Exomple :%5-14 NC plus 0.0017 HS G

Min, tap PD =Basic PD +0.00t7 in,

Mex. tap PD = Min. tap PD +0.0005 in.

‘Whenever possible for oversize or other special tap PD requirements, the maximun and
minimum tap PD requirements should be specified.

Special Tap Pitch Diameter: Taps not made to H or L limit numbers, to Table 25, or to
the formula for oversize orundersize taps, may be marked with the letter “S” enclosed by 2
circle or by some other special identifier. Example: %-16 NCHS G.

Table 25, ANSE Standard Eccentricity Tolerances of Tap Elements When Tested on
Dead Centers ASME/ANST B94.9-1987

Range Sizes are Inclsive Cut Thread Ground Thread
Tand, Mch Eceomiric: Fecenirie-

Elemant Scrow Melsic Pipc ity v ity tiv?
Squarc W | MieMIZ V%" | ves0 | 00080 | 00030 | coos
(at central point) Tyt | M-Mico 7y 00040 | 00080 | 00040 | 00080
Shank #5" | Mreas et 00030 | 00050 | 00005 | ogote

W | MM G 0000 | ooogo | oooos | ooms

o #0%" | MLEMS BT 00025 | o000 | owoos | oomio
Mejor Diamerer 4" MI10-MI100 P 00040 | 00080 | owoor | ooms
Pitch Diameter #ir | MLG-MS Y. 00025 | 60050 | 0000s | vomio
(at firss full thead) foa | M10-MI100 K4 como | oooso | owooos | 000l
wyr | sz ylge | oo | oooede | oovio | oo

Chamfer® ot | Mismio 44" 00030 | 00060 | 00013 | 00030

“1iy =iotat indicator variation. Figures are given for both eccentricity and total indfcator variation to
avoid misunderstanding.

YChamfer should preferably be inspected by light projection to avoid errors due 1o indicator contact
points dropping into the thread groove.

All dimenstons are given in inches.
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Left-Hand Taps: Taps with left-hand threads are marked “LEFT HAND” or “LIH.”
Example:3-16 NC LEHLHS G H3.

Multiple-Start Threads: Taps with multiple-start threads are marked with the lead desig-

nated as a fraction, also “Double,” “Tripte,” ete. The Unified Screw Thread form symbolis
always designated as “NS” for multiple-start threads. Example:¥ -16 NS Double }; Lead
HS GHS.
Standard System of Ground Thread Tap Limits and Identification for Metric Screw
Threads — M Profile,—All calculations for metric taps use millimeter values. When
U.S. customary values are needed, they are translated from the three-place millimeter tap
dizneters only after the calculations are completed.

Table 26. PD Tolerance for Metric Screw Threads—
M Profile—Ground Threads ASME/ANSI B94.9-1987

Fitch, £ (mm} M1LE10M6.3, incl. Over ME.3 (0 M25, incl. | Over M25 1o M30, incl. Over 190
a3 0015 0015 0020 0.030
0.35 0015 0015 w020 0020
04 oms 4015 0,020 0025
045 0015 o020 0.020 0035
05 0015 0020 0025 0025
06 0020 00 0,825 0.025
0.7 0.020 0.020 0025 0.025
015 0.020 0025 0425 0.031
08 0,020 0025 0025 0031
09 0020 0025 00123 0031
1 0825 0.023 0031 0.031
125 01025 0031 0.031 0041
15 0025 0031 0031 0041
175 0031 004 0041
2 0041 0041 0041
25 041 6ol 0.052
3 0041 0052 0052
35 0.041 0052 0052
4 0052 0052 0.064
45 - 0052 0052 0064
5 - u.p64 0064
53 0064 0.064
s 0.064 0.064

D or DU Limits: When the maximum tap pitch diameter is over basic pitch diameter by
an even muliiple of 0.013 mm {0.000512 in. reference}, or the minimum tap pitch diameter
Jimit is under basic pitch diameter by an even multiple of 0.013 mm, the taps are marked
with the lerters “D” or “DU,” respectively, followed by a limit number. The limit number
is determined as follows:

D limit number = Amount maximum tap PD limitis over basic PD divided by 0.013

DU Limit number = Amount minimum tap PD limitis under basic PD divided by 0.013

The PD limits for various D limit mumbers are given in Table 8b. The PD limits for DU
lirit nurmbers are determined as follows. The minimum tap PD equals the basic PD minus
the number of millimeters represented by the limit number (muitiples of 0.013 mm). The
maximum tap PD equals the minimum tap PD plas the PD tolerance givenin Table 26. E
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Table 27. Dimensions of Acme Threads Taps in Sets of Three Taps
—s -
1ST TAP IN SET ;D
ROOT DIA. -0.010"
INDTAPINSEY | o |
ROOT DIA. -0.010
]
K
FINSHING TAP |z, |
Nominal
Dia. A B c D E K G H ! X
% 4y 1% 2% A 1% % 1% % 1y | 05
% 4% 2 2 Y 2% % 2 L 1 | oss2
% 5% % 3% % 24 % 2% % 2 0645
e 8 2% 3% 3% 2% e e 14 2y 0.707
% &% 2o LA W 3y 1 213 3% i | 070
A 111 25 4 % £ e 3 1% | 2% 1 o2
% A 3 4 % Y % 3l 1% 2 | 0895
e %% | 3% 4 e 3y e 2y 1 | 2% | oss7
i % 34 # s s 1% % % 3 1020
1 B | W | 4w |y 1, %, g o[ om | e
1y 9 3% sl LA 4% 1% 3y 1% £ 1270
1% oy 4 34 1 ay 1% 4%, 2 ay 1395
1% 1 a, sy 1 4 1% 4 2y E 1520
% 10% £ 6 1 5 14 44 2% 3% L645
[E4 1 &, 8l % e 1% Frs 2k 4 1770
1% 1% a 64 i S5 1% %, 2 4% 1895
2 13 5 6% 1% 5% 13% sl 2% ay 2020
I 121 5l 7 1y ok 1%, sl 2% g | 22w
2% 13l 5% % % 6% 1% 3% 25 5% 2520
2% 14 5% 8Y % 7 2 74 2% sk 2770
3 15 3 8 1% 7 2 6% 3 s | 3020
Examples:

M1.6x0.35HS GD3

Max.tapPD = 1412
Min. tap PD = 1.397

M6 1 HS GDU4
Min. tap PD = Basic PD—0.052 mmn = 5.350 - 0.052 =5.298

Max. tap PD = Min. tap PD+0.025 mm = 5.323
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Metric oversize or undersize taps, taps with special pitch diameters, and Jeft-hand taps
follow the marking system given for inch taps.
Examples:

Mi2x1.75+0.044HS G
M10x1.5HSG
MI10x 1.5 HHSG D6

Muirtipie-Start Threads: Metric taps with multiple-start threads are marked with the lead
designated in millimeters preceded by the letter “L,” the pitch in millimeters preceded by
the Ietter “P,” and the words (2 starts),” “(3 starts),” etc.

Examples:M16 X L4-P2 (2 starts) HS G D8
M14 x L6-P2 (3 starts) HS G D7

Acme and Square-Threaded Taps.—These taps are usually made in sets, three taps ina
set being the mastcommen. For very fine pitches, two tapsin asel will be found sufficient,
whereas as many as five taps in a set are used for coarse pitches. The table on the next page
gives dimensions for proportioning both Acme and square-threaded taps when made in
sete. In cutting the threads of square-threaded taps, ene leading tap maker uses the follow-
ing rules: The width efthe groove between two threads is made equal to one-half the pitch
of the thread, less 0.004 inch, making the width of the thread itself equal to one-half of the
pitch, plus 0.004 inch. The depth of the thread is made egual to 0.45 times the pitch, plus
00.0025 inch. This latter rule produces a thread that for all the ordinarily used pitches for
square-threaded taps has adepth less than the generally accepted standard depth, this latter
depth being equal to one-half the pitch. The objsct of this shallow thread is to ensure thatif
the fole to be threaded by the tap is not bored out so as to provide clearance at the bottom of
the thread, the tap will cutits own clearance. The hole should, however, always be drilled
out large enough so that the cutting of the clearance is not required of the tap.

The table, Dinensions of Acme Threads Taps in Sets of Three Taps, may also be used for
the length dimensions for Acme taps. The dimensjons in this table apply to single-threaded
taps, For multiple-threaded taps or taps with very coarse pitch, relative to the diameter, the
length of she chamfered part of the thread may be increased. Square-threaded taps are made
t0 the same table as Acme taps, with the exception of the figures in column X, which for
square-threaded taps should be equal to the nominal diameter of the tap, no oversize allow-
ance being customary in these taps. The first tap in a set of Acme taps (not square-threaded
taps) should be tuzned to a taper at the bottom of the thread fora distance of about ene-quar-
ter of the Iength of the threaded part. The taper should be so selected that the root diameter
is about %, inch smaller at the point than the proper root diameter of the tap. The first tap
shauld preferably be provided with a short pilot af the point. For very coarse pitches, the
first tap may be provided with spiral flutes atright angles to the angle of the thread, Acme
and square-threaded taps should be relieved er backed off on the top of the thread of the
chamfered portion on all the taps in the sct. When the taps are used as machine taps, rather
than as hand taps, they should be relisved in the zngle of the thread, as well as on the top,
for the whale lengéh of the chamfered portion. Acme taps should also always be relievedon
the front side of the thread to within ¥, inch of the cutting edge.

Adjustebie Taps: Many adjustablc taps arenow used, esp ecially for accurate work. Some
taps of this class are made of a solid piece of tool steel thatis split and provided with means
of expanding sufficiently to compensate for wear. Most of the larger adjustable taps have
snserted blades or chasers that are held rigidly, but are capable of radial adjustment. The
use of taps of this general class enables standard sizes io be maintained readily.
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Table 28. Proportions of Acme and Square-Threaded Taps Made in Sets
! T
R-0.010" éli j?_
f— c—
L
R = root diameter of thread. D = full diawneter of tap.
T = double depth of full thread.
Kind No. of Taps | Order of Tap
of Tap in Set in Set 4 8 c
Ist &+ 0657 H+ 0010 GLlo¥ L
2 2 D Aon Tstlap — U005 EFACTIA
Tt R+0.45T R+ 0010 WLt yL
3 1] 1+ 0.807 Aon Ist tap— 0.005 Lol
ad n Aon 2dtap - 0.005 HLwL
Ist R~ 040T R+0.010 P
Aeme Thread R Y| R=WT0T Aon Isttap— (005 %L
Taps ad R-0.907T A on 24 p - 0.005 ur
4 ) A on 3d tp ~ 0.005 YLl
T R+ 0317 R—0010 [
2 R+0.63T Aon Isttap~0.005 43
5 3d 2+ 0827 Aon 2d tap — 0.005 %L
4ih R+ 0947 A on 3d tap— 0.005 YL YL
5t o A on dth tap - 0.005 KLwYL
st R+ Q67T R Kiwhe
? 2 D Aon lIsttap = 0,005 GLw'L
T RAUAIT R YLl
3 2 R+ 00807 Aon Istaap—0.003 YLl L
3 » A on 2d ap — 0,005 KL 4L
Tst Rr037 R [
Sequare- 2d R+ 062 Aon Isctap —0.003 YL
Threaded 4
Teps 3d R+080T Aon 2d tap - 0005 %L
4t D A on3d tap = 0.005 YL 4L
Ist R=0.261 K WL
2 R—0507 Aon 15t tzp— 0.005 YL
5 3 R-OT2T Acn2d wp— 0.005 %L
4th R-D.921 Aon3d wp— 0005 Vil
Sth D Aon 4t tap—0.005 KiwHe

Drill Hole Sizes for Acme Threads

Muany tap and die manufacturers and vendors make available to their customers com-
puter programs designed to calculate deill hole sizes for all the Acine threads in their ranges
from the basic dimensions. The large variety and combination of dimensions for such tools
prevent inclusion of a complete set of tables of tap drills for Acme taps in this Handbook.
The following formulas {dimensions in inches) for calculating drill hole sizes for Acme
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threads are derived from the American National Standard, ASME/ANSIB1.5-1988,
Acme Screw Threads.

To select a tap drill size for an Acme thread, first calculate the maximum and minimum
internal product minor diameters for the thread to be produced. (Dimensicns for general
purpose, centralizing, and stab Acme screw threads are given in the Threads and Thread-
ing section, starting on page 1792.) Then select a drill that will yield a finished hole some-
where between the established maximum and minimum product minor diameters.
Consider staying close to the maximum product limit in selecting the hole size, to reduce
the amount of material to be removed when cutting the thread. If there is no standard drill
size that matches the hole diameter selected, it may be necessary to drill and ream, or bore
the hole to size, to achieve the required hole diameter.

Diameters of General- Purpose Acme screw threads of Classes 2G, 3G, and 4G may be
calculated from:
minimum diameter = basic major diameter — pitch
maximum diameter = minimum minor diameter +0.05 % pitch
pitch = Vnumber of threads perinch
For example, %-10 Acme 2G, pitch=1/10=0.1
minimum diameter=0.5-0.1=04
maximum diameter = 0.4 + (0.05 x 0.1)= 0,405
drill selected = letter X or 0.3970 + 0.0046 (probable oversize) = 0.4016

Similarly, diameters of Acme Centralizing screw threads of Classes 2C, 3C, and 4C may
be calculated from:
minimum diameter = basic major diameter —0.9 x pitch
maximam dizmeter = minimum minor diameter +0.05 X pitch
pitch = 1/number of threads per inch

Forexample, %4-10 Acme 2C, pitch = 1/10=0.1:
minimmn diameter =0.5— (0.9 x0.1)= 041
maximurs diameter = 0.41 +(0.05 x 0,1) = 0.415.drill selected =134, or 0.4062 +0.0046
(probable oversize) = 0.4108.

Diameters for Acme Centralizing screw threads of Classes 5C and 6C (notrecommended
for new designs) may be calculated from;
minimum diameter = [basic major diameter - (0.025 + basic major diameter)] — 0.9 X
pitch;
maximum diameter = minimum minor diameter +0.03 X pitch
pitch = Unumber of threads per inch.

Forexample, %-10 Acme 5C, pitch = 1/10=0.1
minimun diameter = [0.5 — (0,025 A 0.9)] -(0.9 x 0.1)=0.3923
maximum dizmeter = 0,3923 + (0.05 > 0.1} = (.3573
drill selected = 2, or 0.3506 + 0.0046 (probable eversize} =0.3952

British Standard Screwing Taps for 1S0 Meitric Threads.—BS 949: Part 1: 1576 pro-
vides dimensions and tolerances for screwing taps for 1SQ metric course-pitch series
threads in accordance with BS 3643; Part 2; and for metric fine-pitch series threads in
accordance with BS 3643; Part 3.

Table 1 provides dimensional data for the cutting portion of cut-thread taps for coarse-
series threads of ISQ metric sizes, The sizes shown were selected from the first-choice
combinations of diameter and pitch listed in BS 3643:Part 1:1981 (1998). Table 16 pro-
vides similar data for ground-thread taps for both coarse- and fine-pitch series threads of
ISO metric sizes.
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‘Fable 1. British Standard Screwing Taps for ISO Metric Threads; Dimensional Lim-
its for the Threaded Portion of Cut Taps—Coarse Pitch Scries BS 949, Part 1. 1976

Major Diameter Pitch Diameter Tolerance an
Thread Angle,
Designatian Pitch Mimimu® Dasic Max, Min. Tegrees
ML 025 1030 0.838 875 0.848 4.0
M2 025 1.230 1038 1077 1048 40
M1.6 035 1.636 1373 1417 1.385 34
M2 040 2036 1740 1,756 1752 32
M2.5 045 2539 2.208 2.25% 2221 30
M3 050 3042 2675 2730 2.689 29
Md .70 4.051 3.545 3,608 3.562 24
MS 0.80 a0 4480 4547 4498 23
Mo 100 6.060 5.250 3424 5370 20
Mg 125 5.066 7188 7270 7210 LE
MO 1.50 10072 Q426 wte 4.050 L&
M1z L75 12078 10.863 10.961 10.888 15
Mle zoo 16.084 14,701 14811 14329 14
M20 250 20093 18.37 18497 18407 1.3
M2 3.00 24.102 22.051 22183 22.085 12
M3 3.50 30.111 27727 21874 17764 1B
M36 4.00 36117 33402 33.563 33441 .0

aSee notes under Table 2,

Table 2. British Standard Screwing Taps for 150 Metric Threads; Dimensional
Limits for the Threaded Portion of Ground Taps——
Coarse-and Fine-Pitch BS 949: Part i: 1976

All Classes \ ‘
Thread of Taps Class | Taps Class 2 Taps Class 3 Taps
Nonsinal Min. | Busic Plich Dizmeror 1;;35:
Major Dia. Major | Fitch anly
(asic) | Puch | Dia. Dia. Thd
Designation d P At | & | dmin | dmex | dmin | dymux Angle
COARSE-PITCH THREAD SERIES
ML 1 035 1022 |os3s [oss4 [osss - =6
M1.2 12 c25 1272 |Leas Lo lioss L +60°
MLS L6 035 [1627 [1373 |1380 |1393 11363 1407 500
M2 2 040 |2028 1740|1747 | 1761 L1761 17% 4y
M25 25 045 (2530 [2208 2216 [221 | 2231 246 38
M3 3 050 §30az lagrs loess |ome  |zewe 2715 | ozT7is ) 2731 ) =36
M4 4 070 |4038 |334s |asss {asr4 |3sm4 13593 | 3583 | 3612 | 4507
M3 5 080 | 5040 [2480 [a400 |amwo (4510 (4530 | 4530 | 4550 | 226
M6 [ 100 |67 |sas0 |masz |53s5 5385 5408 | 5408 | 5433 [ 24
M8 E 125 |soso |7ass [7om |7ae |7z |7o2s0 | 7asL | R27s | L2
MID m 150 | 10056 (o026 jo.M0 9088 (9068  [wo96 § 9096 3 9.124 | =0
M2 12 175 | 12084 | 10863 10879 10911 [10811  §10.043 (10943 | 10975 [ 219
Mi6 16 200 {16068 | 14701 [ 14718 [1a752  j1a7sz | 14786 14786 [ 14820 3 =18
M20 20 2350 |20072 |1gane | 1339 | 18430 [18430 | I8466 [18.466 |18.302 | I
M24 24 300 |z4085 [22051 [22072 [22115 22415 22957 (22157 |22199 | +u4
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Table 2. (Continued) British Standard Screwing Taps for ESO Metric Threads;
Dimensional Limits fer the Threaded Portion of Ground Taps-—
Coarse-and Fine-Pitch BS 949: Part 1: 1976

All Classes ‘
Thread of Taps Cluss 1 Taps. Chass 2 Tups. Class 3 Taps
Toler-
Nominal Min. | Basic Pitch Diameter ance:
Major Dis, Mdor | Bich on¥
(besic) | P | Dia. 1 Din Thd
Desigration d | et 4 | dymin | gmax | damin | dymax ] dmin | dmex | Angle
Mao 30 3350 30090 (27727 (27740 | 27,794 27754 27829 [27.539 |27.884 | 413
M3s 36 400 |36.094 33402 | 33436 | 33473 33473 33520 | 33520 33567 | +12
FINGPITCH THREAD STZES
M1x0.2 1 020 Lo2g| 087 0873 0.385 70
MI2x02 P2 0.20 1220 1070 1073 1.085 =
MIEx02 1.6 0201 L&2l 1.470 1475 1485 S
M2x0.23 2 025 2024 1838 1544 £856 600
M2.5% 035 25 033| 2527) 2273 2280 2293 2293 2.307 . e =507
M3x0.35 3 035] 328| 1773] 2730 2704 2794 2809 50
M4 x05 4 050 4002 3675 3683 3.699 3699 3715 3715] 3731) 38
M5 x 0.5 5 50| 5.032| 4675 4883 4.699 4,692 4715F 4715] 4731 =53¢
Méx Q.75 & 075 6042 53513F 5524 5545 5.545 5.566| 5568 5587 +2¥
MEx | B 10 B047Y 7.350| 7362 7.385 7385 7409 74| 7433 224
MIgx LI 10 1257 10.050] 9.188| 9201 9.226 9226 5251 9251 9276) 22
MIZx 123 12 125 12.056| 11188 11202 11230 11230 | 11258 11258 10286 ( 222
Mlex L5 16 150 160607 15.026] 15.041| 15071 15071 ] 151011 15.100) 15231 =20
M20x 15 20 150% 20060 | 190260 19.041| 19.071 19071 19.100 | 1901 | 19131 30
M24x2 24 200 24072| 22701 [ 22719 22758 158 | 22701 2301 22827 418
M30x2 30 200| 30.072] 28701 28719y 28.753 28755 | 28791 28791y 19527| =IE

«The maximum izp major diameter, d max, is not specified and is left to the manufacturer's discre-
tion.

All dimsnsion are in millimeters. The thread sizes in the table have been selected from the pre-
ferred series shown in BS 3643:Pazt 1:1981 (1998). For other sizes, and [or second and third choice
combinations of diamaters and pitches, see the Standard.

Tolerance Classes of Taps: Three tolerance classes {class 1, class 2, and class 3) are used
for the designation of taps used for the production of nuts of the following classes:

nut classes 4L, SH, 6H, 7H, and 8H, all having zero minimum clearance;

nut classes 4G, 5G, and 6G, all having positive minimum clearance.

The tolerancas for the three classes of taps are stated in terms of a tolerance unit 7, the
value of which is equal to the pitch diameter tolerance, Ty, grade 3, of the nut, Thus, =
Fp. grade 5, of the nut. Taps of the different classes vary in the Himits of size of the tap pitch
diameter. The tolerance on the tap pitch diameter, Ty, is the same for all three classes of
taps (20 percent of 1}, but the position of the tolerance zone with respect to the basic pitch
diameter depends upen the lower deviation value Em which is: for tap class 1, Em=+0.18;
for tap class 2, Em =-+0.3f; and for tap class 3, Em =+0.5¢.
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Nuts
SH

H

Taps

Pitch diameter of
hasic profile

The disposition of the tolerances deseribed is shown in the accompanying illustration of
nut class tolerances compared against tap class tolerances. The distance #] shown in this
illustration is the minwmum clearance, which is zero for A classes and positive for G
classes of nuts.

Choice of Tap Tolerance Class: Unless otherwise specified, class 1 taps are used for nuts
of classes 4H and 5H; class 2 taps for nuts of classes 61, 4G, and 5G; and class 3 taps for
nuts of classes 75, 8H, and 6G. This relationship of tap and nut classes is a general one,
since the accuracy of {apping varies with a number of factors such as the material being
tapped, the condition of the machine tool used, the tapping attachment used, the tapping
speed, and the Jubricant.

Tap Major Diameter: Except when a screwed connection has to be tight against gaseous
or liquid pressure, itis undesirable for the mating threads to bear on the roots and crests. By
avoiding contact in these regions of the threads, the oppesite flunks of the two threads are
allowed to make preper load bearing contact when the connection is tightened. In general,
the desired clearance between crests and roots of mating threads is ehtained by increasing
the major and minor diumeters of the internal thread. Such an increzse in the minor diame-
ter is already provided on threads such as the SO metric thread, in which there is a basic
clearance between the crests of minimum size nuts and the reots of maximuwn size bolts.
For this reason, and the fact that taps are susceptible to wear on the crests of their threads, a
minimum size is specified for the majar diameter of new taps which provides areasonable
margin for the wear of their crests and at the same tire provides the desired clearance at the
major diameter of the hole. These minimum major diameters for taps are shown in Tables
1 and 16. The maximum tap major diameter is not specitied and is left to the manufacturer
to take advantage of this concession te produce taps with as liberal a margin possible for
wear on the major diameter.

Tapping Square Threads,—If it is necessary to tap square threads, (his should be done
by usinga set of taps that will form the thread by a progressive cutting action, the taps vary-
ing in size in order to distribute the work, especially for threads of comparatively coarse
pitch. From three to five taps may be required in a set, depending upon the pitch. Eachtap
should have a pilot to steady it. The pilot of the first tap has a smooth cylindrical end from
0.003 t00.005 inch smaller than the hole, and the pilots of following taps should have teeth.
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STANDARD TAPERS
Standard Tapers

Certain types of small tools and machine parts, such as twist drills, end mills, arbors,
lathe centers, etc., are provided with taper shanks which fitinto spindles or sockets of cor-
respending taper, thus providing not only accurate aligniment between the tool or other part
and its supporting member, but also more or less frictional resistance for driving the tool.
There are several standards for “self-holding™ tapers, but the American National, Morse,
and the Brown & Sharpe are the standards most widely used by American manufacturers.

The name self-holding has been applied to the smaller tapers—like the Morse and the
Brown & Sharpe—because, where the angle of the taperis only 2 or 3 degrees, the shank of
atool is so firmly seated in its socket that there is considerable frictional resistance to any
force tending to turn of rotate the tool relative to the socket. The term “self-holding” is used
to distinguish relatively small tapers from the larger or self-releasing type. A milling
machine spindle having a taper of 3% inches per foot is an example of a self-releasing
taper. The included angle in this case is over 16 degrees and the tocl or arbor requires a pos-
itive locking device to prevent slipping, but the shank may be released or removed more
readily than one having a smaller taper of the self-holding type.

Merse Taper.— Dimensions relating to Merse standard taper shanks and sockets may be
foundin an accompanying table, The taper for different numbers of Morse tapers is slightly
different, but it is approximately % inch per foot in most cases. The table gives the actual
tapers, accurate to tive decimal places, Morse taper shanks are used on a variety of tools,
and exclusively on the shanks of twist drills. Dimensions for Morse Stub Taper Shanks are
given in Table la.

Brown & Sharpe Taper.— This standard taper is used for taper shanks on tools such as
end mills and reamers, the taper being approximately ¥ inch per foot for all sizes except for
taper No, 10, where the taper is 0.5161 inch per foot. Brown & Sharpe taper sockets are
used for many arbors, collets, and machine tool spindles, especially milling machines and
grinding machines. In many cases there are z number of different lengths of sockets corre-
sponding to the same number of taper; all these tapers, however, are of the same diameter
atthe small end.

Jarno Taper.—The Jarno taper was originally proposed by Oscar J. Beale of the Brown &
Sharpe Mfg, Co, This taper is based on such simple formalas that practically no calcula-
tions are required when the number of taper is known. The taper per foot of all Jaro taper
sizes is 0.600 inch on the diameter. The diameter at the large end is as many eighths, the
diameter at the small end is as many tenths, and the length as many half inches as are indi-
cated by the aumber of the taper. For example, a No. 7 Jarno taperis % inch in diameter at
the large end; %, or 0.700 inch at the smal end; and %, or 3!4 inches long; hence, diameter
at large end = No, of taper + 8; diamneter at small end = No. of taper + 10; length of taper =
No. of taper + 2. The Jarno taper is used on various machine tools, especially profiling
machines and die-sinking machines. It has also been used for the headstock and tailstock
spindies of some lathes.

American National Standard Machine Tapers: This standard includes a self-holding
series (Tables 2, 3, 4, 5 and 7a) and a steep taper series, Table 6. The self-holding taper
series consists of 22 sizes which are listed in Table 7a. The reference gage for the self-hold-
ing tapers is a plug gage. Table 7b gives the dimensions and tolerances for both plug and
ring guges applying to this series. Tables 2 through 3 inclusive give the dimensions for self-
holding taper shanks and sockets which are classified as ta (1) means of transmitting
torque from spindle (o the teol shank, and (2) means of retaining the shank in the socket,
The steep machine tapers consist of a preferred series (bold-face type, Table &) and an
intermediate series (light-face type). A self-holding taper is defined as “a taper with an
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angle sthall enough 1o hold a shank in p

(Sometimes referred to as slow taper.)” A steep taper is de

907

{ace ordinarily by friction witheut holding means.
fined as “‘a taper having an angle

sufficiently large to insure the easy or self-releasing feature.” The term “gage line” indi-

cates the basic diameter at or near the large end of the taper.

Table 1a. Morse Stub Taper Shanks

l

TAPER 1 % PER FT

Swmall bia Shank Tang
Nov. Taper Taper ]E;f Blf End of Total
of et per Dg, Socket,* | Length, Depth, | Thickness, § Length,
Taper Foot Inch® B < E F
1 059856 | 0040882 | 04314 0475 1% 1% %, e
2 056041 | 0049951 | 06468 0700 1k 1%, L Yo
3 0.60235 0.050196 08753 0.938 2 1% T Y
4 p62326 | 0051938 | L1563 1231 2% 2%, T, g
5 063151 | 0057626 | 16526 1748 3 2l i B
Tang Socket ‘Tang Slot
Min. Depth of o
Tapered Hole %‘v“;"f‘:
No. Radjus Tang Slot
of of Mill, Diameter, | Ping Depth, | Dedlled Reamed %M B Widih, Length,
“Taper G P X ¥ N (]
1 % g3 % A kS R % £
2 £ kA s 1% Uiy e e s
3 % Vi 1% 1% 1 Vs g 1%
4 % 1% 1% 1% 1% s kS %
3 e 1% 1% 1% 1 1% By 1%

aThese are basic dimensions.

bThese dimensions are calculated for reference only.

Alldimensions in inches.
Radius Jis %4, Y5, Y, ¥p. and % inch respectively for Nos. 1,2, 3, 4, and 3 tapers.
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Table 1b. Morse Standard Taper Shanks

r A 2| %
7 %
il
4 2 7 %
7 A dp %
=0 | 4
H % 2 7
% % ] %
ZILR el
2| 7
% 4 % %
7 % ? %
1A A A
2 % /? HZ
A '/
)
ANGLE OF KEY,
TAPER, L75IN 12
Small Diameter Shank
End of End of Depih
No. of Taper Taper Plug Socker Length Depth of Hole
Taper per Foot | per Inch D A B N H
0 062460 § 0.05205 0.252 0.3561 21 2 2%
1 0.39858 | 0.04988 0.369 0.475 2 2% 2%
2 459541 | 0.04995 0.572 0.700 3% 2% 2%
3 0.60235 | 0.05019 0.778 0.638 3% 3l 3%
4 0.62326 | 0.05193 1.020 1231 4% 4% 41
5 063151 j 0.05262 1475 1.748 6% 5% sk
6 0.62565 | 0.05213 2.116 2.494 8% 8k e,
7 0.62400 | 0.05200 2.75¢ 3.270 11% 1574 10%,
Tang or Tongue Keywa;

Plug £ 8 i Keyway
Depth | Thickness | Length Radivs Width | Length 1o End
P i T R Dia. w L K
2 0.1562 Y Y 0.235 A %e L%,
2% 0.2031 % e 0343 | 0.218 % 2%
2% 0.2500 Y % T 0.266 % 2%
kE: 03125 Ys Yo T 0.328 16 3Ue
Abs 0.4687 % s A 0.434 it 3%
¥ 0.6250 % % 1%, 0.656 ik 454
7Y 0.7500 1% E 2 0781 % 7
10 1.1250 1% ¥ 2% 1.156 2% 94
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Table 2. American National Standard Taper Drive with Tang,
Self-Holding Tapers ANSIASME BS.10-1994

Gage Line Optional

P

== Key Taper I 3/4 in. per ft.

i

I
1|
{
C —-[ p i |F Gage Line—
F B i I‘—G M
Sharik Tang
Diameter Total Gage Line

No, at Gage Length to End Radius

of Line {1) |ofShank| of Shank Thickness | Length | of Anll Diameter
Taper A B [% E F G H

0.239 0.23922 128 1.19 0.125 0.19 19 0.18

0.289 .29968 1.59 1.50 0.156 0.25 ¢.19 022

0.375 0.37525 197 1.88 0.188 031 .19 028

1 0.47500 2.56 244 0.203 0.38 19 0.34

Z 0.70000 3.13 2.94 0,230 044 .25 0.53

3 0.93800 3.88 .69 0312 0.56 022 0.72

4 1.23100 4.88 4.63 0.469 0.63 031 0.97

4 1.50000 J3.38 513 0.562 0.69 .38 1.20

5 1.74800 6.12 5.88 .625 0.75 0.38 1.41

(4 249400 825 825 Q4.750 1.13 0.50 2.00

Socket Tang Slot
Min. Depth of Hole Gage Line Shank End

No. LY o to Back of

of Radius Tang Sot | Width | Length | Tang Slot
Taper I Drilled Reamed M N o P

0239 0.03 106 1.00 0.94 0.141 038 013

0299 0.03 1.31 1.25 1.17 0172 050 0.17

0.375 0.05 163 1.56 147 0.203 0.63 022

I 0.05 2.1% 2.16 2.06 0.218 075 0.38

2 0.06 266 2.61 2.50 0.266 0.88 0.44

3 0.08 3.3% 325 3.06 0.328 119 0.56

4 009 4.1% 4.13 3.88 0.484 125 0.50

4 0.13 152 456 431 0.578 138 0.56

5 013 531 525 494 0.656 1.50 0.56

6 0.16 741 7.33 7.00 0.781 1.75 0.50

All dimensions are in inches. (1) See Table 7k for plug and ring gage dimensions.

Tolerances: For shank diameter A at gage line, -+ 0.002 — ¢.000; for hole diameter 4, + 0.000 —
0.002. For tang thickness £up to No. 5 inclusive, +0.000 — 0.006; No. 6, + 0.000 —0.008. For width
N of tang slotup to No. 5 inclusive, + 0.006; = 0.000; No. 6, + 3,008 - 0.000. For centrality of tang E
with center line of taper, 0.0025 (0.005 {olal indicator variation). These centrality tolerances also
apply to the tang slot V. Cn rate of taper, all sizes 0.002 per fool. This tolerance may be applied on
sharks only in the direction which irncreases the rate of taper and on seckers only in the direction
which decreases the rate of taper. Tolerances for two-decimal dimensions are plus or minus 0.010,
unless otherwise specified.
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Table 3. American National Standard Taper Drive with Keeper Key Slot,
Self-Holding Tapers ANSVASME B5. 10-1994

v I F
Taper
_ 7 % o 1 3/4 in. per ft.
H
\J
; il |
%X Lz
' by
[ R -
Y _L
- Gage Line A Gage Line
Shank Tang Socket
Did.
at Gage Min. Depth Giage
Gage Line Radius of Hoele Line to
MNo. | Line | Totai w0 of K Tang
of (1} | Length | End | Thickness | Lemgth [ Mill [ Dismeter | Radius Slat
Taper A R < E F & J Dridl | Ream M
3 0.938 3.88 369 0.312 0.56 028 0.78 0.08 331 323 306
4 1231 4.88 4.63 0.469 .63 0.3 097 om 419 413 3.88
4k} Ls00 3.38 513 0.562 0.69 0.28 120 0.13 463 456 432
5 1748 6.13 5.88 0.625 0.75 038 141 013 5314 5255 494
[ 2.454 856 8.25 0.750 113 050 200 016 741| 733 .00
7 3270 | 1163 | 1125 1.125 1.38 075 2.63 0.19 10.16 | 10.08| 550
Tang Slot Keeper Slotin Shank. Keeper Slot in Socket
Gage
Shank End Gage Line Linewo
No. to Back of fo Battom. Front
of Width | Length Slot af Slot Length | Width | of Slor | Length | Width
“Taper N 2] P ¥ p:4 ¥ ¥ z N
3 0.328 119 0.56 1.03 113 02686 313 119 0266
4 0.484 123 0.50 141 119 0.391 1.50 125 0.351
41 0578 38 036 172 125 0.453 1.81 138 0453
5 (636 1.50 036 2.00 1.38 0.516 213 130 0.516
6 0.781 175 0.50 213 1.63 0641 225 173 0.641
7 1.156 2.63 .58 2.50 169 0766 2,62 181 0.766

“All dimensions are in inches. (1) See Tahle 7b for plug and ring gage dimensions.

Tolerances: For shank diameter A at gage kne, +0.002, —0; for hiole diametes A, 40, —0.002. For
tang thickness £ up 1o No. 5 inclusive, +0, ~0.006; larger than No. 5,0, —0.008. For width ol slots N
and NV up o No. 5 inclusive, +0.006, -0; larger than No. 5, +0.008, —0. For centrality of tang £ with
center tine of t=per 0.0023 (0005 total indicalor variation). These centrality tolerances also apply 1o
slots M and N, Gn rate of 1aper, see footnote in Table 2. Tolerances for two-decimal dimensions are
20,010 unless otherwise specified.
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Table 4. American National Standard Nose Key Drive with Keeper Key Slot,
Self-Holding Tapers ANSI/ASME BS5.10-1994

;——C RS2

u
LAY T p 2=
A L
I
D D

Gage Line
1
H [}
Taper 1 3/4 in. per ft.

Tepar A I3 c Q r i R s
200 2000 513 025 138 LE3 Lo10 6.562
250 2,500 5.58 025 138 206 1.010 0362
300 3.000 663 Min 025 163 250 2.010 0562
350 3.500 T4 0063 031 260 2.54 2.010 0.562
400 4000 8.19 Max 03l 213 351 2010 o562
450 4.500 200 0.035 0.38 2.38 351 1010 0812
B 5.000 273 for 0.38 230 425 3010 0512
00 6.000 1131 al G4 200 519 3010 0812
300 £.000 14.38 swres 050 350 7.00 4010 1.062

1000 10.000 1744 063 450 875 4010 1062
1200 12000 20,50 075 538 1050 4010 1062

Taper D e W X N R 5 T
R TAT G373 EXT) 136 TEH 1500 50 7S
250 1.66 0375 369 156 0781 1.000 050 550
300 235 0375 406 158 1031 2000 030 625
350 250 0375 488 2.00 1.031 2.000 050 6.94
200 275 0375 531 225 16031 2000 0.50 7.68
450 3.00 0500 538 244 1031 2000 275 838
300 325 0500 644 263 1031 3.000 075 9.13
=) 375 1500 744 3.00 1281 3,500 075 1056
200 475 500 9.56 400 1.781 4000 L0 13.50
1000 1150 435 2031 4000 100 1631
1200 13.75 575 2031 4000 1.00 19.00

Taper U [ 3 N 7 Y z
i 181 TG0 &50 U656 5% i} TR0
250 225 1.00 519 0.781 184 2325 169
300 273 100 594 1031 218 163 169
350 3.9 125 675 1031 239 300 213
00 363 125 730 1031 219 325 238
450 419 150 8.00 1031 275 3.63 236
500 463 150 875 1031 275 400 275
500 550 175 013 1281 3.35 463 325
800 738 200 1288 1781 423 575 425
1000 9.19 2.50 15.75 2031 541 7.00 5.00
1206 11.00 3.00 18.50 2331 64%) 8.25 &.00

“Thread is UNF-2B for hole; UNF-2A for screw. (1) See Table 7h for plug and ring gage dimen-
100§,

All dimensions are in inches. AE1s 0.003 grealer (han one-half of A.

Width of deive key R”is 0.001 Iess than width R” of keywa;

Tolerances: For diameter A of hole at gage line, +0, ~0.002; for diameter 4 of shank at gage Hne,
+0.002, —0: for width of slots N and N, +0.008, —{0; for width of drive keyway R’ in socket, +0, —
0.001; for width of drive keyway Rinshank, 0.0180, =0; for centrality of slots N and &’ with centez line
of spindle, 0.007; for centrality of keyway with spindle center line: for R, 0.004 and for R’ 0.002
T.LV. On rate of taper, see footnote in Table 2, Two-decimal dimensions, +0.010 unless atherwise
specified.
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Fable 3. American National Standard Nose Key Drive with Drawbolt,
Self-Holding Tapers ANSI/ASME B3.10-1994

T— Gage Line l-C ,R2
£ =i v
A
< R
R—§ ” .
S 00 countersink =P AB
b A | e
G [Tap LY
]
Sockets

Drive Key Drive Keyway o

1A,

Dis, Scrow Holos Guge of
at | CenterLine | UNE 2B Lisewo | Div Depth | Deaw
No. Gage to Cenior | Hole UNF Front of of of Bolr
of Line of Serew | 2A Serew | Widhh | Widih Tepth Relicf | Relief | Relief Hole

Teper A o 28 I.e R 5 re U v d
200 2000 141 0.38 0.599 1.000 0.50 475 181 1O 100
250 250 1.66 038 0.999 i.000 0.50 350 225 LAk} 1.00
300 20 225 0.38 199 | 2000 0.50 625 275 100 113
350 3%0 2.50 038 1999 | 2000 0.50 £.94 319 125 113
400 Eli] 275 038 1999 | 2000 0.50 7.69 363 125 163
450 450 3.00 050 2959 | 3000 0.75 838 419 150 1.63
500 S0 315 0.50 2999 | 3.000 0.75 .13 4.63 L50 163
€00 000 375 050 2959 | 3.000 075 1056 5.50 175 225
B0 &m 475 050 3999 | 4000 Lo 13.50 738 | 200 225
1000 1000 . 3990 | 4000 1.00 1631 018 [ 250 225
1200 12000 3960 | 4000 1.00 1900 | 1100 | 300 235

2See Table 7b for plug and ring gage dimensions.
Shanks
Druwhar Hole Drive Keyway

Dia Ga Center
Length Depth | Depth n;' Li’n‘eg?c Line to
from of al Counter Tiest Dcpth Bounm

No. Gage Dia. Dolled § Thread | p 7 | g5 | oferr of
of Line | UNC2B | Hale AP p uo | Cheofer | Width | Depth | Keyway

Taper i AL i J X 5 AE
200 513 %9 244 135 uy 478 w13 100 | ose2 1.005
250 588 %-9 244 L75 051 553 0.13 1010 | 0562 1235
300 663 1% 2,75 2.00 103 6.19 0.19 2010 | 0562 1505
250 744 1~ 275 2.00 103 7.00 0.19 2000 | 0.562 L755
400 519 146 40 300 153 7.50 03l 20010 ] 0562 2.005
450 9.00 146 400 3.00 153 831 031 3010 | 0812 2255
500 875 146 4.00 3.00 153 9.06 031 3010 | 0812 2,508
600 1131 241 531 4.00 203 1038 050 3010 | 0812 3.005
800 1438 2-4Y 531 4.00 203 1344 .50 4010 | 1082 4005
000 17.44 244 531 4,00 203 16.50 0.50 4010 1.062 5.005
1200 2050 | 244 5.21 4.00 203 19.56 0.50 4010 | 1062 6.005

All dimensions in inches.

BExposed length Cis 0,003 minvimum and 0,033 maximum for all sizes,

Drive Key D’ screw sizes are %—-24 UNF-2A up to taper No, 400 inclusive and ¥--20 UNF-2A for
larger tapers.

Tolerances: For diameter A of hole at gage line, +0.000, —0.002 for all sizes; for diameter A of
shank at gage fine, +0,002, ~0.000; for all sizes; for width of drive keyway R” in sockert, +0.000, -
0.001; for widih of diive keyway R in shank, +£.013, —0.000; for centrality of drive keyway &', with
center line of shank, 0.004 tetal indieator varjation, and for drive keyway R, with center line of spin-
dle, 0.002. On rate of taper, see [ootnole in Table 2. Tolerances [or wo-decimal dimensions are
0,010 unless otherwise specified.
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Table 6. ANSI Standard Steep Machine Tapers ANSIASME B5.10-1994
Dia.

Taper at Length Taper Dia.at Length

No. of per Gage Along No. of per Gage Along

Taper Fooi® Line? Axis Taper Tool* Line® Axis
3 3.500 0.500 0.6875 33 3.500 1.500 22500
10 3.560 0,625 1.8750¢ 4¢ 3500 1.75¢ 2.5625
15 3.500 0.750 1.0625 45 3.500 2250 33125
20 3.500 0.875 1.3125 50 3.500 2.750 4.0000
25 3.500 1.000 1.5625 35 3.500 3.500 51875
30 3.500 1.250 1.8750 60 3.500 4.250 6.3750

2This taper corresponds to an included angle of 16%, 35%,39.4”.
bThe basic diameter at gage linc is at large end of taper.

All dimensions given in inches.

The tapers numbered 10, 20,30, 40, 5
asthe “Preferred Series.” The tapers num

type are designated as the “Tniermediate Series.”

0, and 60 that are printed in heavy-faced 1ype are designated
bered 5, 15,25, 33, 45, and 35 that are printedin light-laced

Tabte 7a. American Nafional Standard Self-holding Tapers — Basic
Dimensions ANSI/ASME B5,10-1994

Dia.at

No. Taper Gage Origin

of per Line2 Means of of
Taper Faou A Driving and Holding* Series

239 | 0.50200| 023922

299§ 0,50200( 029968 . . .

375 050200 0.37525 Tang Drive W\ﬂéShar‘Lk H:rld in by Friction Brown &

(See Table 2) Sharpe Taper
1 0.59858| 0.47500 Sotics
2 0.50941] 070000
3 060235 0.93800
4 0623261 1.23100)
4 0.62400| 1.50000)  Tang Drive With Shank Held in by Key Morse
5 0.63151} 1.74800) (See Table 3) Taper
6 0.62565| 249400 Serics
7 0.62400! 327000
200 04750 2.000 Key Drive W(lé::’?ag.}( }“Ie]d in by Key
250 0750 | 2500 abie 4)
300 0750 | 3.000
350 0.750 | 3500
% Tnch

400 0750 | 4.000 per
450 0.750 4300 Key Drive With Shank Heldin by Draw-bolt Fool
500 0750 | 5.000 (See Tuble 5) Taper
600 o750 | 6.000 Series
800 0750 § 8.000
w00 | 0750 [10.000
1200 | 0750 112.000

uSec illustrations above Tables 2 through 5.

All dimensions given ininches.
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Tabie 7b. American National Standard Plug and Ring Gages for the
Self-Holding Taper Series ANSVASME BS.10-1994

P

|
A S
T Cage Line —"

- Tolarances for Dizmieter A Dimer | Lemgn | DSPRGT
. Diameter'at Smalt | GogeLime | CRETE-
K. Tapert G £ Noich,
et i End 10 End
of per Line Class X Class Y Class Z Ao r Plug Gage
Teper Foot A Gage Gage Gage L
023 | OSUMe | 022z | 006004 | 00007 | 000010 | 0.20000 054 0.0%
v2e9 | 050200 | 029063 | Doo0os | Gooow7 | 000010 | 025000 119 0,043
vx7s | oso00 | 037525 | vooons | oooowr | oo | 03i2so 150 0.048
1 059858 | 047500 | 000004 | 000007 | GOOOK | 036900 213 0048
2 osooar | w0008 | oooood | woccor | oooowo | osmeo 255 0010
3 060235 | 093800 | 000006 | 000000 | 00001z | 077800 319 0040
4 06236 | 1omm | ocoeos | ooooe | eoooiz | Lozoco .06 0.038
a oe2d00 | 150000 | 000006 { 00000 | 000012 | L2660 430 0.038
3 063151 | 174800 | 000COS | 000012 | 000016 | L47500 5.1 0.03
6 06255 | 240400 | 000008 | 000012 | 000016 | 201600 725 0,038
7 062400 | aaw000 | wooolo | oooots | ceaozo | 275000 1000 0.038
20 arse | 200000 | oooos | oceot2 | ooomis | 173 475 0,032
250 orseon | 25000 | oooms | coeor2 | osools | 2k 550 001
30 o7s00 | avexd | 00010 | Gooos | eoonxo | 2.0 615 0032
350 075000 | 350000 | ooooto | oboois | ooomo | .63 700 0032
100 075006 | 400000 | ooooie | osoools | oooozo | 351 775 vz
450 075000 | 430000 | 000010 | 000015 | 000020 | 3869 850 0022
500 073000 | st | 000033 | oosote | ooooas | 44z 935 001
800 orsoo0 | soooon | 000013 | ooools | ooozs | 3 1075 ooz
§00 prso00 | soowe | cowie | ooo02¢ | ooz | T 1375 0052
1000 oso00 | 5000000 | oo | 000030 | ooooan | w953 1675 0032
1200 o000 | 1200000 | oowou | ocoos | ocooso |} lndes 1975 0032

*The taper per foot and diameter A at gage line are basic dimensions. Dimensions in Column 4’ are
calculated for reference only.
*Tolerances for diameler A are plus for plug gages and minus for ring gages.

All dimensions are in inches.

The amount of taper deviation for Class X, Class ¥, and Class 2 gages arc the same, respeclively,
as the amounls shown for tolerances on diameter A. Taper deviation is the permissible allowarce
from true taper at any point of diameter in the length of the gage. On taper plug gages, this deviation
may be applied only in the direction which decreases the rate of laper. On taper ring gages, this devi-
ation may be applied only in the direction which frcreases the rate of taper. Tolerances on two-deci-
mal dimensions are H).010.

British Standard Tapers— British Standard 1660: 1972, “Machine Tapers, Reduction
Sleeves, and Extension Sockets,” contains dimensions for self-holding and self-releasing
tapers, reduction sleeves, extension sockets, and turret sockets for tools having Morse and
metric § per cent taper shanks. Adapters for use with %, tapers and dimensions for spindle
noses and tool shanks with self-release tapers and cotter slots are included in this Standard,
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Table 8. Dimensions of Morse Taper Sleeves
A =No. Morse Taper Outside
,ﬁ L K |

4 -+

F

T
A B c 2] E G H I K 3 M
2 L 3%, | o700 | % Y s 2% | 047 | 2Ye % 0213
3 1 3%, | 0938 % s % 2%, | 0473 W ¥ 0213
El 2 4 | 0938 | % % e 2% | oz | 24 % 0260
4 1 4% 1231 ‘(. %, % 2 | 0475 2% % 0.213
4 2 4% 1231 | % 5, % 2% | 00 | 24 % 0.260
4 3 5% 1.231 kA ¥ % 34 0938 3 1% | 0.322
5 1 6% 1.748 % % % W | 0475 b b4 0213
s 2 6% 1748 |4 % % 2% | 0700 | 2% % 0260
5 3 ok 1748 | % % Y 3 | 0s38 | 3 ¥ | 0322
5 4 6% 1.748 % % % 4y 1.231 3% 1 0478
3 1 8% 2494 | % % 1% 2% | 0475 Y 4 0213
6 2 8% 2498 | % % 1% 2% 0700 24 % 0260
6 3 8% 2454 | % % 1% 3 0.938 3l ¥ | 0322
3 4 8% 2494 | % % 1% 4 1231 | 3% 1% 0.478
6 5 8% 2454 | % ¥, 1% AN 7 S 1% | 0.635
7 3 11% 3290 | % 1% j£4 3% | osss o3k ¥ | 0322
7 4 11% 3270 | % 1% 1% 4% 1.231 3% 1% 0.478
7 5 11% 3271 | % 1% 1% sy | 148 1 45 14 | ve3s
7 6 12% 3270 1% 1% 1% 7% | zas | 7 1% ] 0960

Table 9, Morse Taper Sockets — Hole and Shank Sizes
_____ ) —
————— )
_____________ H
Meorse Taper Morse Taper Morsc Taper
Size Hole Shank Size Hole Shank Size Hole Shunk

Thy2 No, 1 Ner. 2 2by S No.2 Ne. 5 4by4 No. 4 No. 4
1by3 No. 1 No.3 3by2 No.3 Ne.2 4y5 No. 4 No.5
1hy s No. No. 4 3by3 No. 3 No.3 Aby6 No. 4 No. 6
Lby3 Na.1 No.5 3by4 No.3 No. 4 Shyd No. 5 No. 4
2by3 No.2 Ne.3 by 5 No.3 No. 5 Shys No.s No.5
2hy4 No.2 No. 4 4by3 No.4 No.3 Sby6 No.§ Ne.6
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Table 10. Brown & Sharpe Taper Shanks

kR n
;] FrCT
| 1
i 8 H
) Plu i
brill P Reamer K 2 Plag
D » Depth Depth
= {Hole)
i i ;
f ? t L l Arbors Coflets
r W 4 an
E] Taper ]'T Fer Ft.
Dia. of Plug Depth, P Keyway Tength | Width | Leng | Diame- | Thick-
T Phagat I from of of of ter of | mossof
P | sman o : Erdof | Shank | Key- | Key | Asbor | Arbor | Arbor
Numo | g | gy |BE S| Mach spindlc | Depth | weye | way | Tomgue | Toogue | Tongue
borof | Fout Stan- | Stmn- 2 4 Y ¥ L] s 2
Taper | (inch) D dard | dard | Miseell | £ 5 L W 3 4 ]
R e %, % 135 ) % ] Am 3
| 50200 7 25000 | 13 [t i 3 168 o[ %
14 % 1% % 197 Ha 282 EA
3 | svaoo| :zs0 % L 1A % 297 | % | 22| %
2 3%, % % 197 A 282 Hs
1 1'% T | % m | % 30 | %
4 | so2a01 33000 * “ = " - =
e | Wy | o3 | % | s | W | | B
13 . e s % 260 % 420 %
s | 50060 45000 ) .. 2 15 | 2% ¥ 20 | % | am 3
2% 2 2%, % 0 | % | A4 %
& | a0329 | so000 | 2% - 2% % % 201 | g | A0 | %
24 My 3% B | a2 | B | 560 | %
7 | s0147 | eeo00 | 2H 2 3l meo | s | om | se0 ) %
3 7 | 3% LRI A - O
B | s0l00 | 75000 | 3% | 4% I 353 A S
4 %, [ T | 285 | % 860
a | .so08s | o010 M y . » %
4% 4 4% i 285 % 860 %
3 - P 55 T | #7 | %% | 100 | T
10 51612 | 104463 5 51 &t 1% | 447 Ug j Lol Yo
% 6¥4g [ e | 47 | e [row } %
5%, 5 B3 T | 47 | & 120 | %
1 | 50100 | 124995 “ 5 = e o o
. 6% 6% T 1 | 487 | B 2o | %
T T 65, 7% 1% | 510§ % 1460 p
12 | as973 | usooro | T " * " N * *
13| 0020 | L7s00s | 7 A R Ty | 310 | % |L7e %
T4 | a0000 | 200000 | 8% 34 S P T | 572 | %% 190 | %
15 S000 | 225000 | 8% RY%, [Ty 1 | sm Ty | 2200 Us
6 | 30000 | 250000 | 9% 9 107, | 635 | ™, [2450 | %
17 | .500m0 | 295600 | %%
18 | 30000 | 300000 | 10%

aSpecial lengihs of keyway are used insiead of standard lengths in

necd not he used when keyway is for driving only and not for admitting key to force out tool.
$]3 & S Standard” Plug Depths are not used in all cases.
© Adopted by American Standards Association.
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Table 11. Jarno Taper Shinks

[T

A
3

I, T
| 1

| SR P
VA A

B
t B

A
D= 0. of taper c= ne. of taper g =% of taper
8 1o 2

Number Length Length Diameter Diameter Taper
of Taper A B c ) per foot
2 il 1 420 0.250 0600
3 1% 1% 0.30 0.375 0.600
4 e 2 040 0500 0.600
5 2l 2l 0.50 0.625 0.600
6 P 3 0.60 0.750 0.600
7 3, 3y 0.70 0.875 0.600
H 4%, 4 0.80 1.000 0.600
9 g 4% 0.90 1.125 0.600
10 5 3 1.00 1230 0.600
11 5% 54 1.10 1.375 0.600
12 Gl L] 1.20 1.500 0.600
13 &% 6% 130 1.625 0.600
4 74 7 146 1.750 0.600
is be4 7Y% 1.50 1875 0.600
18 B 8 160 2.000 0.600
17 813 8% 170 2.125 0.600
18 95 9 1.80 2250 0.600
19 9% 94 1.90 2375 0.600
20 107 10 200 2500 0.600

Tapers for Machine Tool Spindles.— Most lathe spindles have Morse tapers, most mill-
ing machine spindles have American Standard tapers, almost all smaller milling machine
spindles have R tapers, and large vertical milling machine spindles have American Stan-
dard tapers. The spindles of drilling machines and the taper shanks of twist drills are made
to fit the Morse taper, For lathes, the Morse taper is generally used, but lathes may have the
Tarne, Brown & Sharpe, or a special taper. Of 33 lathe manufacturers, 20 use the Morse
taper; 5, the Jarno; 3 use special tapers of their own; 2 use modified Morse (longer than the
standard but the same taper); 2 use Reed {which is a short Jarno); 1 uses the Brown &
Sharpe standard. For grinding machine centers, Jarno, Morse, and Brown & Sharpe tapers
are used. Of ten grinding machine manufacturers, 3 use Brown & Sharpe; 3 use Morse; and
4use Jarno. The Brown & Sharpe taper is used extensively for milling machine and divid-
ing head spindles. The standard milling machine spindle adopted in 1927 by the milling
machine manufacturers of the National Machine Tocl Builders' Association (now The
Association for Manufacturing Technology [AMTY), has a taper of 3% inches per foot.
This comparatively steep taper was adopted to ensure easy release of arbors.
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Table 12. American National Standard Phzg and Ring Gages for Steep Machine
Tapers ANSI/ASME BS.10-1994

Gage Line

Class X Type Gage

)
[

Gage Line

Class Y & Z Type Gage

Tolerances for Diameter A® Diame- Lenpth Qverall
Taper Diameter terat Gage Line Length Din
No. per at Small to of Gage of
of Foot | GageLine® ! ClassX | Class Y | ClassZ | End® Small Had Body | Opening
Taper | {Basic) A Gage Gage Gage A L B C
5 3500 0.500 0.00004 | 0.00007 | 0.00010 | 0.2955 06875 .81 Q.30
10 3.500 0.625 000004 1 0.00007 | 0.00010 | 03698 0.8730 100 0.36
15 3.500 0.750 006004 | 0.00007 1 0.00010 | 04401 1.0623 125 044
20 3.500 0875 0.00006 | 0.00008 | 0.00012 | 0.4922 1.3125 1.50 0.48
25 3.500 1.000 0.00006 | 0.00009 | 0.00012 | 05443 1.5623 L1 0.53
30 3500 1.250 0.00006 | 0.00009 | 0.00012 | 0.7031 1.8750 206 Q70
k=) 3,500 1500 0.00006 | 0.00009 | 0.00012 3 08438 2.2500 244 0.84
40 3.500 1.750 0.00008 | 0.00012 | 000016 | 1.0026 25623 2595 L0O
45 3.500 2250 0.00008 | 0.00012 | 0.00016 | 1.2839 33125 3.50 100
50 3500 2,750 0.00010 | 0.00015 | 0.00020 | 1.5833 4.0000 425 100
55 3.500 3.500 000010 | 0.00015 | 0.00020 | 1.9870 5.1875 5.50 1.06
ad 3.500 4250 0.00010 | 0.00015 | 0.00020 | 2.3906 63750 673 2.00

uThe taper per foot and diameter A al gage line are basic dimensions. Dimensions in Calumn A are

calculated for reference only.

bTglerances for diameter A are plus for plug gages and minus for ring gages.

Alldimensions are in inches.

The amouns of taper deviation for Class X, Class Y, and Class Z gages are the same, respectively,
as (e amounts shown for tolerances on diameter A. Taper deviation is the permissible allowance
[rom true taper at any point of diameler in the length of the gage. On taper plig gages, this deviation
may be applied only in the direction which decreases the rate of taper. On taper ring gages, ihis devi-
ation may be applied only in the direction which fnereases the rate of taper. Tolerancss on two-deci-
mal dimensions are £0.010.
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Table 13. Jacobs Tapers and Threads for Drill Chucks and Spindles
| 1 QT
A — E D G -
1% 1R
S -
American Standard Thread Form
Taper Taper Taper Tuper
Series 4 B c per FL Series A B c perFt
No.0 | 02500 | 022844 | 043750 | 03915 || No.4 Va4 | 10372 16563 | 062886
KNo.l | 03840 | 033340 | 065625 [ 092508 || No.3 14130 | L3161 18750 | €.62010
No.2 | 03300 | 048761 | 0m7s00 | 097861 || No.o 06760 | 06241 10000 § 0.62292
No.» |+ 05488 | 048764 | 075000 | 097861 || Mo.33 | 06240 | 0.5605 10000 | 076194
~No.s | 08110 ) 074610 | 121875 | 063898
#These dimensions are for the No, 2 “short” taper.
Thrcad Diometes 12 Diameter 22 Dimension F
Size Max, Min. Max. Min. Max, Min,
o2t 1531 0516 03245 03195 0.135 0115
Hy-24 0633 0.618 03245 0.3195 0.135 0.1i5
%24 0633 0.6L8 0385 0350 0.135 0135
%20 0.860 0.845 0510 1505 0133 o115
-1 1123 1110 0635 0630 0.166 0.146
%-16 1125 1110 0.635 0630 0166 0.146
-6 1.250 1.235 0713 0708 0.166 0.145
%-16 1250 1235 0.760 0755 0.166 0.145
-8 1437 1422 1036 1026 0.281 0250
1-10 1437 1422 1036 1026 0281 0.250
144 1471 1851 1536 1526 0.343 0312
Thrend 3 Blug Gage Piich Dia. Ring Gege Pitch Dia,
Size ax Min w Go Net Go Go. Not Go
He—24 03114 03042 0437 02854 02902 02843 0.2806
%24 03739 03667 0562 03479 03328 03468 0.3430
4-20 04987 (4906 0562 04675 {4731 04662 04619
=11 0.5234 06113 0.687 05660 0.5732 05644 0.5589
H-16 0.6236 05142 0.687 0.5844 0.5906 05830 0.5782
Ty -i6 02016 06922 D687 0.6623 16687 0.6610 06361
¥-16 0.7485 07391 0.687 07094 07159 0.7073 07029
1-8 100 05848 1.000 09158 09242 09158 09134
1-10 1.000 09872 Looa 09350 09395 0.9350 09305
158 1500 14848 LOW 14188 14242 14188 14134

=Except for 1-8, 110, 1%-8 all threads ars now manufactured to (he Americun National Standard
Unified Screw Thread System, Internal Class 2B, External Class 24 Effective dale 1976,

b Tolerances for dimension ¥ are as follows: 0.030 inch for thread sizes % -24 10 %-16, inclusive
and .125 inch for thread sizes 1-8 1o 1% ~8, inclusive.

eLengh for Jacobs 083/16 chuck is 0.375 inch, length for 185716 chuck is 0.437 iach.

41 ength for Jacobs No. 1BS chuclk is 0.437 inch.

Usual Chuck Capacities for Different Taper Series Numbers: No. 0 taper, drill diameters, 0%,
inch; No. 1, 0-% inch; No, 2, 0= ineh No. 2 “Short,” 0-% inch; No. 3, 0-%, %%, He—H, or Y
By inch; No. 4, %% inch; No. 5, %15 No. 6, 0-Y inch; No. 33,0~ inch.

Usual Chuclk Capacities for Different Thread Sizes: Size ¥;—24, drill diameters - inch; size Y-
24, drill diameters 0-%, Y%, or %y~ inch; size 420, drill diametess 0-%, Yo%, or %Y inch;
size 311, duill diameters 013 inch; size %16, drill diameters 044, Y-~ ar Y55~ inchi size %
_16, drill dinmeters 0-Y inch; size %16, drill diamelers 04 o ¥g—%.
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Table 2. Essential Dimensions of American National Standard Tool Shanks for

Milling Machines ANSI B5.18-1972, R1991

Maximum Variation _d“ b5
American Standazg -, T Goge Line - 015
Taper 3500 Inch End of Spindle ———]
per Pl ;
K r
> (e
%///////_ X
“ﬂl'lﬂﬂﬂ [ - B
RLM r )
L B |||.|ll|J|H.I 1 i Gage |
LR 1‘
s 4.1
T i
z LY ’L 2 Slots
-
z sl s
Sizeof
Tap Drill Theeud Minimum | Minfmum
Size Gage S for For Pravi-in Lenghof | Depthof
¥o. Diz.o Drrwin | Diaof Bol: Pilo Leogh | Usitle | Clearance
Tager Thread Neck | UNC2B Dia. ofBilot | Thread Hole
I 0 » M r s T v
0422 066 0675
) 1250 e o6 usoo3 | G5 051 100 200
. 0531 054 i 0557
40 1750 et o vasat ] 558 100 1iz 225
0655 119 1268
15 2250 Py I o7so0 | 128 100 150 275
0875 150 1550
0 2750 e e 1.000-8 e LoD 175 350
1109 228 2360
& 4250 e fyed 12507 Py 175 225 425
Distapce.
from Distance
Rear of Cloarance from Gage
Flange of Fange | Tool Shank Width of Line to Depth Diameter
tw Cod from Gage Centerline to Driving Bottom of 60° of
Sizo. | ofAbor | Diumeter { Driving Slot Sk of Chare | Cemer Chors
No. v [% X ¥ z L
0045 [T 0625 005 0525
0 w7 QTS 0625 0.645 250 007 0530
0.045 0.890 0635 0.05 0.650
o 37 0075 0575 0645 50 007 0.655
0105 1140 0750 005 0375
45 438 0135 1125 077 e 007 0780
0.105 1390 1010 008 4025
s0 312 0135 1375 1020 47 012 1030
0.105 2400 1010 0.05 1307
0 8.2 0135 22385 Lo 78 01z 1312

All dimensions ate given ininches.

Tolerances: Two digit decimal dimensions = 0.010 inch unless otherwise specified.

AM—Permissible for Class 2B “NoGo” gage to entes five threads hefore interference.

N—Taper tolerance on rate of per to be (001 inch per fool applicd only in direction which

increases rate of taper.

y—Centrality of drive slot with axis of taper shank §.004 inch at maxirom material condition.
(0.004 inch Lotal indicator variation)
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Table 3. American National Standard Draw-in Belt Ends
ANSIBS5.18-1972, Ri981
s
] ILTALLID
.
S B A
Length of
Size Length of Usable Thread § Size of Thread | Size of Thread
N Length of | Usable Thread | on Large Diam- | for Large End | for Small End
o Small End at Small End eter UNC-2A UNC-2A
A B C M 12}
30 1.06 0.75 0.75 0.500-13 0.375-16
40 1.25 1.00 112 0.625-11 0.500-13
43 1.50 1.12 1.23 0.750-10 0.625-11
50 1,50 1.23 1.38 1.000-8 0.625-11
60 1.75 137 2.00 1.250-7 1.000-8

All dimensions are given ininches.

Table 4. American National Standard Pilot Lead on Centering Plugs for Flatback
Milling Cutters ANSIB5.18-1972 (R1998)

- .250
r— 0625

hY

RS, A———
‘wjﬂr

- Lead Dia Pilo

American Standard
Taper 3.500 Inch per Ft

L

t Dia

i Face of Spindle

03128 »l |k

Max Lead Dia = Max Pilot Dia — 003
Min Lead Dia = Min Pilot Dia ~.006
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Table 5. Essential Dimensions for American National Standard Spindle Nose with
Large Flange ANSI B5.18-1972 (R1998)

Slot and key loeation

QI [#:Tad @]

American Standard 2nd Position

Taper 3.500 Inch Per F1
- B,
1
1y
£
Seenoto 2 st Position
Face of
o Column
scetion 2-Z :‘
G, Drive Key
Distance
Clearance Min from
Hole Diw. Height Cenrer o
Size Gage Dia. for Spindlc Width of Depth Diiving
Ne. Dium. of Draw-in End of Driving of Keys
of Spindle | Pilot Bl to Driving Key Kayscal First
Taper Flange Diw Min. Columa Key Max. Min. Pasition
4 B [ n £ F ] G, 1,
87180 | 1568 LK 5410
504 87175 | 1559 105 075 I 030 1404
Radius Depth
of Bult Siz of Fuil of
Cemer to Hole Threads Depth Usable
Driving Circles for of Thread
Keys (See Note 3 Bolt Arbor for .
Size | Second Holes Hole in Bok "‘“}“‘
No. | Position Toner Outer UNC-2B Spindie Holes o
Min. Keyseat
i A 5 K, K, L 1y My 7,
2,420 < 0.999
304 3410 2000 3500 | 0.625-11 | 0.750-10 5.50 100 125 byt

All dimensions are given in inches.

Tolerances: Two-digit decimal dimensions =0.010 unless otherwise specified.

A—Taolerance on rate of taper to be 0.001 inch per foot applied only in direction which decreases
rate of (aper.

F—Centrality of solid key with axis of tapex 0.002 inch total at maxizum material condition,
(0.002 inch Total indicator varjation)

F\—Centrality of keyseat with axis of taper 0.002 inch total at maximum material condition.
(0.002 inch Total indicator variation)

Note !: Maximum runout on test plug:
0.0004 at 1inch projection from gage line.
0.0010 4t 12 inch projection from gage line.

Note 2: Squareness of mounting face measured near mounting bolt hole circle.

Note 3: Hofes located as shown and within 0.010 inch diameier of true position.
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BROACHES AND BROACHING

The Broaching Process,—The broaching process may be applied in machining holes or
other internal surfaces and also to many flat or other external surfaces, Internal broaching
is applied in forming either symmetrical or irregular holes, grooves, or slots in machine
parts, especially when the size or shape of the opening, or its length in proportion to diam-
cter or width, make other machining processes impracticable. Broaching originally was
utilized for such work as cutting keyways, machining round holes into square, hexagonal,
ot other shapes, forming splined holes, and for a large variety of other internal operations.
The development of broaching machines and broaches finally resulted in extensive appli-
cation of the process to external, flat, and other surfaces. Most external or surface broach-
ing is done on machines of vertical design, but horizontal machines are also used for some
classes of work. The broaching process is very rapid, accurate, and it leaves a finish of
good quality, It is employed extensively in automotive and other plants where duplicate
parts must be produced in large quantities and frequently to given dimensions within small
tolerances.

Types of Broaches.— A number of typical broaches and the operations for which they are
intended are showa by the diagrams, Fig. 1. Broach A produces around-cornered, square
hole. Prior to broaching square holes, it is usnally the practice to drill around hole having a
diameter 4 somewhat larger than the width of the square. Hence, the sides are not com-
pletely finished, but this unfinished part is not abjectionable in most cases. In fact, this
clearance space is an advantage during the broaching operation in that it serves as a chan-
nel for the broaching lubricant; moreover, the broach has less metal to remove. Broach Bis
for finishing round holes. Broaching is superior to reaming for some classes of work,
‘because the broach will hold its size for 2 much longer period, thus insuring greater accu-
racy. Broaches C and D are for cutting single and double keyways, respectively. Broach €
is of rectangular section and, when in use, slides through a guiding bushing whick is
inserted in the hole. Broach E is for forming four integral splines in a hub. The broach at 7
is for producing hexagonal holes. Rectangular holes are finished by broach G The teethen
the sides of this broach are inclined in opposite directions, which has the fellowing advan-
tages: The broach is stronger than it would be if the teeth were opposite and parallel to each
other; thin work cannot drop between the inclined teeth, 151t tends to do when the teeth are
atright angles, because at least two teeth are always cutting; the inclination in opposite
directions neutralizes the lateral thrust. The tecth on the edges are staggered, the teeth on
ane side being midway between the teeth on the other edge, as shown by the dotted line. A
double cut broach is shown at H. This type is for finishing, simultznecusly, both sides fof
a slot, and for similar work. Broach Iis the style used for forming the teeth in internal gears.
It is practically a series of gear-shaped cutters, the outside diameters of which gradually
increase toward the finishing end of the broach, Broach Jis for round holes but differs from
style B in that it has a continuous helical cutting edge. Some prefer this form because it
gives 4 shearing cut. Broach K is for cutting a series of helical grooves in a hub or bushing,
Tn helical broaching, either the work or the broach is rotated to form the helical grooves as
the broach is pulled through.

In addition to the typical broaches shown in Fig. 1, many special designs are now in use
for performing more complex operations. Two surfaces on opposite sides of a casting or
forging are sometimes machined simultaneously by twin broaches and, in other cases,
three or four broaches are drawn through a part at the same time, for finishing as many
duplicate holes or surfaces. Notable developments have been made in the design of
broaches for external or “surface” broaching.
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Square Round  Singie Keyway DoubleKeyway 4-Spline
A B C D E

[

Rectangular Double-Cut
G H 1

Helical Groove

K

Fig. 1. Types of Broaches

Pitch of Broach Teeth.—The pitch of broach teeth depends upon the depth of cut or chip
thickness, length of cut, the cutting force required and power of the broaching machine. In
the pitch formulas which follow

L=length, ininches, of layer to be removed by broaching

o =depth of cut per tooth as shawn by Table 1 (For internal broaches, d=depthof
cut as measured on one side of broach or ope-half difference in diameters of
successive teeth in case of a round broach)

F =a factor. {For brittle types of material, ¥ = 3 or 4 for roughing teett;, and 6 tor
finishing teeth, For ductile types of material, F = 4 to 7 for roughing teeth and
8 for finishing teeth.}

b = width of inches, of laver to be removed by broaching

P = pressure required in tons per square inch, of un area equal 1o depth of cul times
width of cut, ininches (Table 2)

T=usable capacity, in tons, of broaching muchine = 70 per cent of maximum ton-
nage
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Table 1. Designing Data for Surtace Broaches

Depth of Cut per Face Clearance Angle,
Tooth, Inch Angle Degrees
or Rake,

Material 1o be Broached Roughing? | Finishi Degrees | Roughing | Finishing
Steel, High Tensile Strength 000150002 | 00005 | 10-12 | 1.5-3 0.5-1
Steel, Medium Tensile Strength 0.0025-0.005 | 0.0005 14-18 1.5-3 ¢.5-1
Cast Steel 0.0025-0.005 | 0,0005 10 1.53 05
Malleable Iron 0.0025-0.003 | ©.0005 7 1.5-3 0.5
Cast Iron, Soft 0.006 0010 | 00005 | 10-15 153 0.5
Cast Iron, Hard 0.003 -0.005 | 0.0005 5 15-3 0.3
Zinc Die Castings 0.005 0010 | G.0010 j2b 5 2
Cast Brouze £0.010 =0.025 | 0.0005 8 0 0
Wrought Aluminum
Alloys 0.005 -0.010 | 0.0010 150 3 1
Cast Aluminum Alloys 0,005 -0.010 | 00010 120 3 1
Magnesium Die Castings 0010 -0.015 | 0010 20" 3 1

aThe lower depth-of-cut values for ronghing are recommended when work is not very rigid, the to}-
erance is small, a good finish is required, or length of cutis camparatively short.

5 Tn broaching these materials, smooth surfaces for tooth and chip spaces are especially recom-
mended.

Table 2. Broaching Pressure P foxr Usein Pitch Formula (2)
Depth d of Cut per Tooth, Inch
0024 | 0.010 [ 0.004 | 0.002 ] 0.001

Pressure P,
Side-cutting

Material to be Broached Pressure P in Tons per Square Inch Broaches
Sieel, High Ten. Strenglh 250 312 200-.004"cut
Steel, Med. Ten, Strength e 158 183 243 143-.006"cut
Cast Steel . 128 158 115-.006" cut
Malleable Tron e - 108 128 - 100-.006" cut
Cast Tron 115 115 143 115-.020" cut
Cast Brass 50 50
Brass, Hot Pressed 85 85
Zinc Die Castings. 70 70
Cast Bronze 35 35
Wrought Afuminum . 70 70
Cast Aluminum o 83 85
Magnesium Alloy 33 35

The minimum pitch shown by Formula (1) is based upon the receiving capacity of the
chip space. The minimum, however, should not be less than 0.2 inch vnless a smaller pitch
is required for exceptionally short cuts to provide at least two teeth in contact simulta-
neously, with the part being broached. A reduction below 0.2 inch iz seldom required in
surface broaching but it may be necessary in connection with internal broaching.

Minimum pitch = 3 J/LdF (1

Whether the minimum pitch may be used or not depends upon the power of the available
machine. The factor F in the formula provides for the increase in volume as the material is
broached into chips. Ifabroach has adjustable inserts for the finishing teeth, the pitch of the
finishing teeth may be smaller than the pitcl: of the ronghing teeth because of the smaller
depth & of the cut. The higher value of Ffor finishing tecth prevents the pitch from becom-
ing too small, 50 that the spirally curled chips will notbe crowded into too sinall a space.
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The pitch of the roughing and finishing teeth should be equal for broaches without separate
inserts (notwithstanding the different vatues of d and F) so that some of the finishing teeth
may be ground into roughing teeth after wear makes this necessary.

Allowable pitch = (03]

dLbP
T

If the pitch obtained by Fornula (2) is larger than the minimum obtained by Formula (1),
this larger value should be used becauss it is based upon the usable power of the machine,
As the notation indicates, 70 per cent of the maximum tonnage 7 is taken as the usable
capacity. The 30 per centreduction is to provide a margin for the increase in broaching lo ad
resulting from the gradual dulling of the cutting edges. The procedure in calcrlating both
minimum and allowable pitches will be illustrated by an example.

Example: Determine pitch of broach for cast iron when L =9inches; d= 0,004, and F'=4.

Minimum pitch = 3./9x0.004 x4 = 114

Next, apply Formula (2). Assume that b =3 and T'= 10; for castiron and depth d of 0.004,
P=115 (Table 2). Ther,

0.004%x9x3%x115 _

Allow itch =
llowable pitc i

1.24

This pitch is safely above the minimum. If in this case the usable tonnage of an available
machine were, say, 8 Lons instead of 10 tons, the pitch as shown by Formuta (2) might be
increased to about 1.5 inches, thus redueing the number of teeth cutting simultancounsly
and, consequently, the load on the machine; or the cut per footh might be reduced instead
of increasing the pitch, especially if only a few teeth are in cutting contact, as might be the
case with a short length of cut. If the usable tonnage in the preceding example were, say,
15, then a pitch of (.84 would be obtained by Formula (2); hence the pitch in this case
shonld not be less than the minimun of approximately 1.14 inches.

Pepth of Cut per Tooth.—The term “depth of cut” as applied to surface or external
broaches means the difference in the heights of successive teeth. This term, as applied to
internal breaches for round, hexagonal or other holes, may indicate the total increase in the
diameter of suceessive teeth; however, to avoid confusion, the tenn as here used means in
all cases and regardless of the type of breach, the depth of cut as measured on one side.

In broaching free cutting steel, the Broaching Toel Institute recommends 0.003 to 0.006
inch depth of cut for surface broaching; 0.002 to 0.003 inch for multispline broaching; and
0.0007 to 0.0015 inch for round hole broaching. The accompanying table contains data
from a German source and apphes specifically to surfacs broaches, All data relating 10
depth of cut are intended as a general guide only. While depth of cut is based primarily
upon the machinability of the material, some reduction from the depth thus established
rmay be required particularly when the work supporting fixture in surface broaching is not
sufficiently rigid to resist the thrust from the broaching operation. In some cases, the pitch
and cutting length may be increased to reduce the thrust force. Another possible remedy In
surface breaching certain classes of work is to use a side-cutting broach instead of the ordi-
pary depth cutting type. A broach designed for side cutting takes relatively deep narrow
cuts which extend nearly to the full depth required. The side cutting section is followed by
teeth arranged for depth catting to obtain the required size and surface finish on the work.
In general, small tolerances in surface broaching require a reduced cut per tooth to mini-
mize work deflection resulting from the pressure of the cul, See Criting Speed for Broach-
ing starling on page 1043 for broaching speeds.
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Yace | Land Clearance
Angle Angle

Depth

Radios

Terms Commonly Used in Broach Design

Face Angle or Rake.—The face angle (sce diagram) of broach teeth affects the chip flow
and varies considerably for different materials. While there are some variations in practice,
even for the same material, the angles given in the accompanying table are believed torep-
resent commonly used values. Some broach designers increase the rake angle for finishing
teeth in order to improve the finish on the work.

Clearance Angle—The clearance angle (see illustration} for roughing steel varies from
1.5 to 3 degrees and for finishing steel from 0.5 to 1 degree. Some recommend the saine
clearance angles for cast iron and others, larger clearance angles varying from 2 to 4 or 5
degrees. Additional data will be found in Table 1.

Land Width.—The width of the land usually is about 0.25 X pitch. It varies, however,
from about one-fourth ta one-third of the pitch. The land width is selected 5o 28 to obtain
the proper balance between tooth strength and chip space.

Depth of Broach Teeth.—The tooth depth as established experimentally and on the basis
of experience, usually varies from about 0.37 to 0.40 of the pitch. This depth is measured
radially from the cutting edge to the bottom of the tooth fillet.

Radius of Tooth Fillet,--The “gullet” or bottom of the chip space between the teeth
should have a rounded fillet to strengthen the broach, facilitate curling of the chips, and
safeguard against cracking in connection with the hardening operation. One rule is to make
the radius equal to one-fourth the pitch. Another is to make it equal 0.4 to 0.6 the tooth
depth. A third method preferred by some broach designers is to make the radius equal one-
third of the sum obtained by adding together the land width, one-half the tooth depth, and
one-feurth of the pitch.

Totzl Length of Breach.— After the depth of cut per tooth has been determined, the total
amount of material to be removed by a broach is divided by this decimal to ascertain the
number of cutting tecth required. This number of teeth multiplied by the pitch gives the
length of the active portion of the broach. By adding to this dimension the distance over
three or four straight teeth, the length of a pilot to be provided at the finishing end of the .
broach, and the length of a shank which must project through the work and the faceplate of
the machine to the draw-head, the overall length of the broach is found. This calculated
length is often greater than the stroke of the machine, or greater than is practical for a
broach of the diameter required. In such cases, 2 set of broaches must be used.

Chip Breakers.—The teeth of broaches frequently have rounded chip-breaking grooves
located atintervals along the cutting cdges. These grooves break up wide curling chips and
prevent them from clogging the chip spaces, thus reducing the cutting pressure and strain
on the broach. These chip-breaking grooves are on the roughing teeth only. They are stag-
gered and applied to both round and $lat or surface broaches. The grooves are formed by a
round edged grinding wheel and usually vary in width from about 4,10 %, inch depending
upon the size of broach. The more ductile the material, the wider the chip breaker grooves
should be and the smaller the distance between them. Narrow slotting broaches may have
the right- and left-hand corners of alternate teeth beveled to obtain chip-breaking action.
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Shear Angle.—The teeth of surface broaches erdinarily are inclined so they are not at
right angles to the breaching movement. The ebject of this Inclination 1s to obtain a shear-
ing cut which results in smoother cutting action and an improvement in surface finish. The
shearing cut also tends to eliminate troublesome vibration. Shear angles for surface
broaches are not suitable for broaching slots or any profiles that resist the outward move-
ment of the chips. When the teeth are inclined, the fixture should be designed to resist the
resulting thrasts unless it is practicable to incline the testh of right- and left-hand sections
in opposite directions to neutralize the thrust, The shear angle usually varies from 10 to 25
degrees.

Types of Broaching Machines.—Broaching machines may be divided into herizontal
and vertical designs, and they may be classified further according to the method of opera-
tion, as, for example, whether a broach in a vertical machine is pulled up or pulled down in
forcing it through the work. Horizontal imachines usually pull the broach through the work
in internal broaching but short rigid broaches way be pushed throngh. External surface
broaching is also dose on some machines of horizontal design, but usually vertical
machines are employed for flat or other external broaching. Althongh parts usually are
broached by traversing the broach itself, some machines are designed to hold the broach or
broaches stationary Juring the actual broaching operation. This principle has beer applied
both to internal and surface broaching.

Vertical Duplex Type: The vertical duplex type of surface broaching machine has two
slides or rams which move in opposite directions and operate alternately. While the broach
connected to one slide is moving downward on the cutting stroke, the other broach and
slide is retuming to the starting position, and this returning time is utilized for reloading the
fixture on that side; consequently, the broaching operation js practically continuous. Each
ram or slide may be equipped to perform a separate operation on the same part when two
operations are required,

Pull-up Type: Vertical hydraulically operated machines which pull the broach or
broaches ap through the work are used for internal broaching of holes of various shapes,
for broaching bushings, splined holes, small internal gears, etc. A typical machine of this
kind is so designed that all broach handling is dene automatically.

Pull-down Type: The various movements in the operating cycle of a hydraulic pull-
down type of machine equipped with an aufomatic broach-handling slide, are the reverse
of the pull-up type. The broaches for a pull-down type of machine have shanks on eachend,
there being an upper one for the broach-handling slide and a lower one for pulling through
the work,

Hydraulic Operation: Modern broaching machines, as a general ule, are operated
hydranlically rather than by mechanical means. Hydraulic operation is efficient, flexible in
the matter of speed adjustments, low in maintenance cost, and the “smooth” action
required for fine precision finishing may be obtained. The hydraulic pressures required,
which frequently are 800 to 1000 pounds persquare inch, are obtained from a motor-driven
pump forming part of the machine. The cutting speeds of broaching machines frequently
are hetween 20 and 30 feet per minute, and the return speeds often are double the cutting
speed, or higher, to reduce the idle period.

Broaching Difficulties.—The accompanying table has been compiled from information

supplied by the National Broach and Machine Co. and presents some of the common
broaching difficulties, their causes and means of correction.
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Causes of Broaching Difficnlties

Broaching
Difficulty

Possible Causes

Stuck broach

Tnsufficient machine capacity; dulled teeth; clogged chip gullets; failure of
power during cotting stroke.

To remove a stuck broach, workpiece and broach are removed from the
machine as a unit; never iry 10 back out broach by reversing machine. IF
broach does not loosen by tapping workpiece lightly and irying to slide it off
its starting end, mount workpiece and broach in a lathe and tura down work-
piece (o the too] surface. Workpiece may be sawed longitudinally inta sev-
eral sections in order to free the broach.

Check broach design, perhaps tooth relief (back off) angle fs tos smallf or
depth of cut per tooth is loo great.

Galling and
pickup

Lack of homogeneity of material being broached—uneven hardness,
porosity; impreper or insulficient coolant; poer broach design, mutilated
broach; dull broach; improperly sharpened broach; impreperly designed or
ovtworn fixtures.

Good broach design will do away with pessible chip build-up on tooth
faces and excessive heating. Grinding of teeth should be accurale so that the
correct gullet contour is maintained. Contoar should be fair and smooth.

Broach breakage

Qverloading; broach dullness; improper sharpening; mterrupled cutting
streke; backing up broach with workpiece i fixture; allowing broach to pass
entirely (hrough guide hole; ill fitting and/or sharp edged key: crooked
foles; nntrze localing surface; excessive hardness of workpiece; insufficient
clearance angle; sharp comers on pull end of broach.

When grinding bevels on pull end of broach use wheel that is not too
pointed.

Chatter

Too few teeth in cutting contact sinul 1ys ive hard of
imaterial being broached; loose or poorly constructed tooling; surging of ram
due 1o load variaticns.

Chatler can be alleviated by changing the broaching speed, by using shear
cutting teeth instead of right angle teeth, and by changing the coolant and the
[ace and relief angles of the teeth.

Drifting or
misalignment of
(ool during
cutting stroke

Lack of proper aligament when broach is sharpened in grinding machine,
which may be caused by dirt in the female center of the broach; inadequate
supporl of broach during the culling stioke, on a horizontal machine espe-
cially; body diameter oo small; cuiting resistance varjable around LD. of
hole due to tack of symmelry of surfaces to be cut; variations in hardness
argund 1.D. of hole; too few teeth in cutling contact,

Streaks in
broached surface

Lands too wide; presence of forging, casting or annealing scale; metal
piclap; presence of grinding burrs and grinding and cleaning abrasives.

Rings in the
broached hole

Dhue to surging resulting from uniform piteh of teeth; presence of sharpen-
ing burrs on. broach; toolh cleazance angle-too large; locating face not
smooth or square; broach not supported for all cutting teeth passing through
the work. The use of dilferential tooth spacing or shear cutting teeth helps in
preventing surging. Sharpening burrs on a broach may be removed with a
wood block,
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Tool Wear

Metal cutting tools wear constantly when they are being used. A normal amount of wear
should not be a cause Tor copcern until the size of the worn region has reached the point
where the tool should be replaced. Normal wear cannot be avoided and should be differen-
tiated from abnormat tool breakage or excessively fast wear. Tool breakage and an exces-
sive rate of wear indicate that the teol is not operating correctly and steps should be taken
to correct this situation,

There are several basic mechanisms that cause tcol wear. [tis generally understood that
taols wear as aresult of abrasion which is caused by hard particles of work material plow-
ing over the surface of the tool. Wear is also caused by diffusion or alloying between the
work material and the tool material. In regions where the conditions of contact are favor-
able, the work material reacts with the tool material causing an attrition of the tool material.
The rate of this attrition is dependent upen the temperature in the region of contactand the
reactivity of the (ool and the work materials with each other. Diffusion or alloying also
acours where particles of the work material are welded to the surface of the tool. These
welded deposits are often quite visible in the form of a built-up edge, as particles ora layer
of work material inside a crater or as small mounds attached to the face of the tool, The dif-
fusion or alloying occurring between these depesits and the tool weakens the tool material
below the weld. Frequently these deposits are again rejoined to the chip by welding or they
are simply broken away by the force of collision with the passing chip. When this happens,
asmall amount of the tool material may remain attached to the deposit and be plucked from
the surface of the tool, t be carried away with the chip. This mechanism can cause chips to
be broken from the cutting edge and the formation of small craters on the tool face called
pull-cuts. It can also contribute to the enlargement of the larger crater that sometimes
forms behind the cuiting edge. Among the other mechanisms that can cause tool wear are
severe thermal gradients and thermal shocks, which cause cracks to form near the cutting,
edge, uitimately lzading to tool failure. This condition can be caused by improper tool
grinding procedures, heavy intsrrupted cuts, or by the improper application of cutting flu-
ids when machining at high cutting speeds. Chemical reactions between the active constit-
uents in some cutting fluids sometimes accelerate the rate of toel wear. Oxidation of the
heated metal near the cutting edge also contributes to tool wear, particularly when fast cut-
ting speeds and high cutting temperatures are encountered. Breakage of the cutting edge
cansed by overloading, heavy shock loads, or improper tool design is not normal wear and
should be corrected.

The wear mechanisms described bring about visible manifestations of wear on the twol
which should be understood so that the proper corrective measures can be taken, when
required. These visible signs of wear are described in the following paragraphs and the cor-
rective measures that might be required are given in the accompanying Tool Trouble-
Shooting Check List. The best procedure when trouble shoeting is to try to carrect only one
condition at a time. When a correction has been made it should be checked. After one con-
dition has been corrected, work can then start to carrect the next condition.

Flank Wear: Tocl wear occuring on the flank of the tool below the cutting edge is called
flanl wear, Flank wear always takes place and cannot be avoided. It should not give rise to
concern unless the rate of flank wear is too fast or the flank wear land becomes too large in
size. The size of the flank wear can be measured as the distance between the top of the cut-
ting edge and the bottem of the flank wear land. In practice, a visual estimate is usually
made instead of a precise measuremend, alihough in many instances flank wear is ignored
and the tool wear is “measured” by the loss of size on the part. The best measure of tool
weur, however, is flank wear. When it becomes too large, the Tubbing action of the wear
land against the workpiece increases and the cutting edge must be replaced. Because con-
ditions vary, itis not possible to give an exact amount of flank wear at which the tool should
be replaced. Although there are many exceptions, as a rough estimate, high-speed steel
tools should be replaced when the width of the flank wear land reaches 0.005 to 0.01 Oinch
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for finish turning and 0,030 to 0.060 iuch for rough turning; and for cemented carbides
0.005 to 0.010 inch for finish turning and 0.020 te 0.040 inch for rough turning.

Usderideal conditions which, surprisingly, oecur quite frequently, the width of the flank
wear land will be very uniform along its entire length. When the depth of cut is uneven,
such as when turning out-of-round stock, the bottom edge of the wear land may become
somewhat slanted, the wear land being wider toward the nose. A jagged-appearing wear
land usually is evidence of chipping at the cutting edge. Sometimes, only one or two sharp
depressions of the lower edge of the wear Jand will appear, to indicate that the cutting edge
has chipped above these depressions. A deep notch will sometimes occur at the “depth of
cut line,” or that part of the cutting opposite the original surface of the work. This can be
caused by a hard surface scale on the work, by a worlk-hardened surface layer on the work,
or when machining high-temperature alloys. Often the size of the wear land is enlarged at
the nose of the tool, This can be a sign of crater breakthrough near the nose or of chipping
in this region. Under certain conditions, when machining with carbides, it can be an indica-
fion of deformation of the cutting edge in the region of the nose.

“When a sharp tool is first used, the initial amount of flank wear is quits large in refation to
the subsequent total amount, Under normal operating conditions, the width of the flank
wear land will increase at a uniform rate until itreaches a critical size after which the cut-
ting edge breaks down completely. This is called catastrophic failure and the cutting edge
should be replaced before this occurs. When cutiing at slow speeds with high-speed steel
tocls, there may be long periods when no increase in the flank wear can be cbserved. Fora
given worl material and tool material, the rate of flank wear is primarily dependent on the
cutting speed and then the feed rate.

Cratering: A deep crater will someiimes form on the face of the tool which is easily rec-
ognizable. The crater forms at a short distance behind the side cutting edge leaving a small
shelf between the cutting edge and the edge of the crater. This shelf is sometimes covered
with the buili-up edge and at other times it is uncovered. Often the bottom of the crater is
obscured with work material that is welded to the tool in this region, Under nonnal operat-
ing conditions, the crater will gradually enlarge until it breaks through a part of the cutting
edge. Usually this aceurs on the end crtting edge just behind the nose, When this takes
place, the flank wear at the nose increases rapicly and complete tool failure follows
shortly. Sometimes cratering cannot be avaided and a slow increase in the size of the crater
is considered normal. However, if the rate of crater growth is rapid, leading to a short tool
life, corrective measures must be taken.

Cutting Edge Chipping: Small chips are sometimes broken from the cutting edge which
accelerates tool wear but does not necessarily cause immediate tool failure. Chipping can
be recognized by the appearance of the cutting edge and the flank wear land. A sharp
depression in the lower edge of the wear land is 4 sign of chipping and if this edge of the
wear land has a jagged appearance it indicates that a large amount of chipping has taken
place. Often the vacancy or cleftin the cutting edge that resulis from chipping is filled up
with work material that is tightly welded in place. This aceors very rapidly when chipping
is caused by a built-up edge on the face of the tool. In this manner the damage to the cutting
edgeis healed; however, the width of the wear land below the chip is usvatly increased and
the tool life is shortened.

Deformation: Deformation occurs on carbide cutting tools when taking a very heavy cut
using a slow cutting speed and a high feed rate. A large section of the cutting edge then
becomes very hot and the heavy cutting pressure compresses the nose of the cutting edge,
thereby lowering the face of the tocl in the areaof the nose, Thisreduces the relief under the
nose, increases the width of the wear land in this region, and shortens the tool life.

Surface Finish: The finish on the machined surface dees not necessarily indicate poer
cutting tool performance unless there is a rapid deterioration. A good surface finish is,
hewever, sometimes z requirement, The principal cause of a poor surface finish is the
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built-up edge which forms along the edge of the cutting tool. The elimination of the built-
up edge will always result in an improvement of the surface finish. The most effective way
to eliminate the bailt-up edge is to increase the cutting speed. When the cuiting speed is
increased beyond a certain critical cutting speed, there will be a rather sudden and large
improvement in the surface finish. Cemented carbide tools can operate successfully at
higher cutting speeds, where the built-up edge does not sccur and where a good surface fin-
ish is obtained. Whenever possible, cemented carbide tools should be operated at cutting
speeds where a good surface finish will result, There are times when such speeds are nat
possible. Also, high-specd tools cannot be operated at the speed where the built-up edge
Joes not form. In these conditions the most effective method of obtaining a geod surface
finish is to employ a cutting fluid that has active sulphur or chlerine additives.

Cuting tool materials thatdo not alloy readily with the work material arealso effective in
obtaining an improved surface finish. Straight titanium carbide and diamond are the two
principal toel materials that fall into this category.

The presence of feed marks can mar an otherwise good surface finish and atfention must
be paid {0 the feed rate and the nose radius of the tool if a good swrface finish is desired.
Changes in thetool geometry canalso be helpful. A small “flat.” or secondary cutting edge,
gronnd on the end cutting edge behind the nose will sometimes provide the desired surface
finish. When the tool is in operaticn, the flank wear should not be allowed to become too
large, particularly in the region of the nose where the finished surface is produced.

Sharpening Twist Drills.—Twist drills are cutting tools designed to perform concur-
rently several functions, such as penetrating directly into solid material, ejecting the
removed chips outside the cutting area, maintaining the essentially straight direction of the
advance movesnent and controlling the size of the drilled hole. The geometry needed for
these multiple functions is incorporated into the design of the twist drill in such a manner
that it can be retained even after repeated sharpening operations. Twist drills are resharp-
ened many times during their service life, with the practically complete restitution of their
original operational characteristics. However, in order o assure all the benefits which the
design of the twist drill is capable of providing, the surfaces generated in the sharpening
process must agree with the original form of the tool's operating surfaces, unless a change
of shape is required for use on a different work material.

The principal elements of the tool geometry which are essential for the adequate cutting
performance of twist drills are shown in Fig. 1. The generally used values for these dimen-
sions are the following:

Point angle: Commonly 118%, except for high strength steels. 118 to 135° aluminum
alloys, 90° to 140°; and magnesium alloys, 70° 0 1187,

Helix angle: Commonly 24° to 32°, except for magnesium and copper zlloys, 10°10 30°

Lip reliefangle: Commonly 10° to 15°, except for high strength or tough steels, 7° 10 12°.
The lower values of these angle ranges are used for drills of larger diameter, the higher
values for the sinaller diameters. For drills of diameters less than ¥ inch, the Iip relief
angles are increased beyond the listed maximum values up to 24°. For soft and free
machining materials, 12° te 18° except for diameters less than Y4inch, 20° to 26°.

Relief Grinding of the Tool Flanks.—In sharpening twist drills the tool flanks contain-
ing the two cutting edges are ground. Bach flank consists of a curved surface which pro-
vides the relief needed for the easy penetration and fres cutting of the tool edges. In
grinding the flanks, Fig. 2, the drifl is swung around the axis A of an imaginary cone while
resting in a support which holds the drill at one-half the point angle B with respect to the
face of the grinding wheel. Feed ffor stock removal s in the direction of the drill axis. The
relief angle is usvally measured at the periphery of the twist drill and is also specified by
that value. Itis nota constant but should increase toward the center of the drill.
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The relief prinding of the flank surfaces wili generate the chisel angle on the web of the
twist drill. The value of thatangle, typically 55°, which can be measured, for example, with
the protractor of an optical projector, is indicative of the correctness of the relief grinding.

Margin —'m
Chisel Edge
Anple

/‘P\ainr Angle

Land
L—Web Thickness

Lip Relief Angle

‘ /
47 7 Helix Angle
’V

Standard Point
Fig. i. The principal elements of tool geometry on twist drills.

>

\‘ Fig. 3. The chisel edge Cafter thinning the web by

-
I
j
:
I
i grinding off area T,
%// of

e

Fig. 2. Ingrinding the face of the twist drill the 1ool  pig_4, Split poimt or “crankshaft” type web thin-
is swung .arox.)nd the ax:s/_l of an imaginary cone, ning.
while resting in a support titted by hatf of the point
angle § with respect 1o the [ace of the grinding
wheel. Feed ffor siock removal is in Lhe direciion
of the drill axis.
Drill Point Thinning.—The chisel edge is the least efficient operating surface element of
the twist drill because it does not cut, but actually squeezes or extrudes the work material.
To improve the inefficient cutting conditions caused by the chisel edge, the point width is
oftenreducedin a drill-point thinning operation, resulting in a condition such as that shown
in Fig. 3. Point thinnigg {s particularly desirable on larger size drills and also on those
whichbecome shorter in usage, because the thickness of the web increases toward the shaft
of the twist drill, thereby adding to the length of the chisel edge. The extent of point thin-
ning is limited by the minimum strength of the web needed to avoid splitting of the drill
peint under the influence of cutting forces.
Both sharpening operations—the relieved face grinding and the point thinning—should
be carried out in special drill grinding machines or with twist drill grinding fixtares
mousted on general-purpose tool grinding machines, designed to assure the essential accu-
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racy of the required tool geometry. Off-hand grinding may be used for the immportant web
thinning when a special machine is not available; however, such operation requires skill
and experience.

Improperly sharpened twist drills, e.g. those with unequal edge length or asyimimetrical
point angle, will tend to produce holes with poor diameter and directional control,

For deep holes and also drilling into stainless steel, titanium alloys, high temperature
alloys, nickel alloys, very high strength materials and in some cases tool steels, split point
grinding, resulting in a “crankshaft” type drili point, is recommended. Tn this type of point-
ing, see Fig. 4, the chisel edge is entirely eliminated, extending the positive rake cutting
edges to the center of the drill, thereby greatly reducing the required thrust in drilling.
Points on modified-point drills must be restored after sharpening to maintain their
increased drilling efficiency.

Sharpening Carbide Tools.—Cemented carbide indexable inserts are usually not
resharpened but sometimes they require a special grind in order to form a contour on the
cutting edge to suit a special purpose. Brazed type carbide cutting tools are resharpened
after the cutting edge bas become worn. On brazed carbide tools the cutting-edge wear
should not be allowed o become excessive before the tool is re-sharpened. One method of
determining when brazed carbide tools nced resharpening is by periodic inspection of the
flank wear and the condition of the face. Another method is to determing the amount of
production which is normally obtained before excessive wear has taken place, or to deter-
mine the equivalent period of time. One disadvantage of this method is that slight varia-
tions in the work material will often cause the wear rate not to be uniform and the number
of parts machined before regrinding will net be the same each time. Usually, sharpening
should not require the removal of more than 0.005 1o 0.010 inch of carbide.

General Procedure in Carbide Tool Grinding: The general procedure depends upon the
kind of grinding operation required. If the operation is to resharpen a dull tool, a diamond
wheel of 100 to 120 grain size is recommended although a finer whesl—up to 130 grain
size—is sometimes used to obtain a better finish. If the tool is new oris a “standard” design
and changes in shape are necessary, a [00-grit diamond wheel is recommended for rough-
ing and a finer grit diamond wheel can be used for finishing. Some shops prefer to rough
grind the carbide with a vitrified silicen carbide wheel, the finish grinding being done with
a diamond wheel. A final operation corumonly designated as lapping may or ay not be
employed for obtaining an exira-fine finish,

Wheel Speeds: The speed of silicon carbide wheels usuaily is about 5000 feet per minute.
The speeds of diamond wheels generally range from 5000 to 6000 feet per niinute; yet
lower speeds (550 to 3000 fpm) can be effective.

Offhand Grinding: In grinding single-point tools (excepting chip breakers) the commen
practice is to hold the tool by hand, press it against the wheel face and traverse it continu-
ously across the wheel face while the tocl is supported on the machine rest or table which
is adjusted to the required angle. This is lknown as “offhand grinding” to distinguish it from
the machine grinding of cutters as in regular cutter grinding practice. The selection of
wheels adapted to carbide tool grinding is very important.

Silicon Carbide Wheels.—The green colored silicon carbide wheels generally are pre-
ferred to the dark gray or gray-black variety, although the latter are sometimes used.

Grain or Grit Sizes: For roughing, a grain size of 60 is very generally used. For finish
grinding with silicon carbide wheels, a finer grain size of 100 or 120 is common. A silicon
carbide wheel such as C60-1-7V may be used for grinding both the steel shank and carbide
tip. However, for under-cutting steel shanks up to the carbide tip, it may be advantagecus
to use an aluminum oxide wheel suitable for grinding softer, carbon stecl.

Grade: According to the standard system of marking, different grades from soft to hard
are indicated by letters from A to Z. For carbide tool grinding fairly soft grades such as G,
H, 1, and T are used. The usual grades for roughingare Tor Tand for finishing H, T, and T. The
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grade should be such that a sharp free-cutting wheel will be maintained without excessive
grinding pressure. Harder grades than those indicated tend to overheat and crack the car-
bide.

Srruciure: The common structure munbers for carbide tool grinding are 7 and 8. The
larger cup-wheels (10 to 14 inches) mpay be of the porous type and be designated as 12P.
The standard structure numbers range from 1 to 15 with progressively higher numbers
indicating less density and more open wheel structure,

Diamond Wheels.— Wheels with diamond-impregnated grinding faces are fast and cool
cutting and have a very low rate of wear. They are used extensively both for resharpening
and for finish grinding of carbide tools when preliminary roughing is required. Diamond
wheels are also adapted for sharpening multi-tooth cutters such as milling cutters, reamers,
ete., which are ground in a cutter grinding machine,

Resinoid bonded wheels are commonly used for grinding chip breakers, milling cutters,
reamers or other multi-tooth cutters. They are also applicable to precision grinding of car-
bide dies, gages, and various external, internal and surface grinding operations, Fagt, cool
cutting action is characteristic of these wheels.

Metal bonded wheels are often used for offhand grinding of single-point tools especially
when durability or long life and resistance to grooving of the cutting tace, are considered
more important than the rate of cutting, Vitrified bonded wheels are used both for roughing
of chipped or very dull tools and for ordinary resharpening and finishing. They provide
rigidity for precision grinding, a porous structure for fast cool cutting, sharp cutting action
and durability.

Diamond Wheel Grit Sizes.—For roughing with diamond wheels a grit size of 100 is the
most common both for offhand and machine grinding.

Grit sizes of 120 and 150 are frequently used in offhand grinding of single point tools

1) forresharpening; 2) for a combination roughing and finishing wheel; and 3)  for
chip-brealer grinding.

Grit sizes of 220 or 240 are used for ordinary finish grinding all types of toois (ofthand
and machine) and also for cylindrical, internal and surface finish grinding. Grits of 320 and
400 are used for “lapping™ to cbtain very fine finishes, and for hund hones. A gritof 5001s
for lapping to a mirror finish on such werk as carbide gages and boring or other tools for
exceptionally fine finishes.

Diamond Wheel Grades.—Diamond wheels are made in several different grades to bet-
ter adapt them to different classes of work. The grades vary for different types and shapes
of wheels. Standard Norton grades are H, I, and L., for resinoid bonded wheels, grade N for
metal bonded wheels and grades I, L, N, and P, for vitrified wheels, Harder and softer
grades than standard may at times be vsed to advantage.

Diamond Concentration.— The relative amount (by carat weight) of diamoend in the dia-
mond section of the wheel is known as the “diamond concentration.” Concentrations of
100 (high), 50 (medium} and 25 (low} ordinarily are supplied. A concentration of 5¢ repre-
sents one-half the diamond content of 100 (if the depth of the diamond is the same in eack
caseyand 25 equals one-fourth the content of 100 or one-half the content of 50 concentra-
tion,

100 Concemtration: Generally interpreted to mean 72 carats of diamond/fin.® of abrasive
section, (A 75 concentration indicates 54 carats/in.®.) Recommended {especially in grit
sizes up to about 220) for general machine grinding of carbides, and for grinding cutters
and chip brealers. Vitrified and metal bonded wheels usually have 100 concentration.

50 Concentration: In the finer grit sizes of 220, 240, 320, 400, and 500, a 50 concentra-
fion is recommended fer offhand grinding with resinoid bonded cup-wheels,
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25 Concentration: A low concentration of 25 is recommended for offhand grinding with
resinoid bonded cup-wheels with grit sizes of 100, 120 and 150.

Drepth of Diamond Section: The radial depth of the diamond section ustally varies from
Y<to Yinch. The depth varies somewhat according ta the wheel size and type of bend.

Dry Versus Wet Grinding of Carbide Tools.—Inusing silicon carbide wheels, grinding
should be done either absolutely dry or with encagh coolant to flood the wheel and tool.
Satisfactory resulis may be abtained either by the wet or dry method, However, dry grind-
ing is the most prevaient usually because, in wet grinding, operators tend to use an inade-
quate supply of coolant to obtain better visibility of the grinding operation and aveid
getting wet; hence checking or cracking in many cases is more likely to occur in wet grind-
ing than in dry grinding,

Wet Grinding with Silicon Carbide Wheels: One advantage commonly cited in connec-
tion with wet grinding is that an ample supply of coolant permits using wheels about one
grade harder than in dry grinding thus increasing the wheel life. Plenty of coolant also pre-
vents thermal stresses and the resulting cracks, and there is less tendency for the wheel to
load. A dust exhaust system also is unnecessary.

Wet Grinding with Diamond Wheels: In grinding with diamond wheels the general prac-
fice is t0 use a coolant to keep the wheel face clean and promote free cutting, The amount
of coclant may vary from a small stream to a coating applied to the wheel faceby a felt pad,

Coolants for Carbide Tool Grinding.—In grinding either with silicon catbide or dia-
mond wheels a coolant that is used extensively consists of water plus a small amount either
of soluble oil, sal soda, or soda ash to prevent corrosion. One prominent manufacturer rec-
ommends for silicon carbide wheels about 1 ounce of soda ash per gallon of water and for
diamend wheels kerosene. The use of kerosene is quite general for diamond wheels and
usually it is applied to the wheel face by a felt pad. Another coolant recommended for dia-
mond wheels consists of 80 per cent water and 20 per cent soluble oil.

Peripheral Versus Flat Side Grinding.— In grinding single point carbide tools with sili-
con carbide wheels, the roughing preparatory to finishing with diamond wheels may be
done either by using the flat face of a cup-shaped wheel (side grinding) or the periphery of
a “straight” or disk-shaped wheel. Even where side grinding is preferred, the periphery of
a straight wheel may be used for heavy roughing as in grinding back chipped or broken
tools (see lefi-hand diagram). Reasons for preferring peripheral grinding include faster
curting with less danger of localized heating and checking especially in grinding broad sur-
faces. The advantages usuzlly claimed for side grinding are that proper rake of reliefl angles
are easier to obtain and the relief or land is ground flat. The diamond wheels used for tool
sharpening are designed for side grinding. (See right-hand diagram.)

Tungsten
Carbide Tip

Grind Carbide

Cut Steel Back Steel Cieare-d
to 15-Deg. Angle 15 Deg.
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Lapping Carbide Tools,—Carbide tools may be finished by lapping, especially if an
exceptionally fine finish is required on the work as, for example, tools used for precision
boring or turning nen-fesrous metals. If the finishing is done by using a diamond wheel of
very fine grit (such as 240, 320, or 400), the operation is often called “lapping.” A second
lapping method is by means of a power-driven lapping disk charged with diamond dust,
Norbide powder, or silicon carbide finishing comrpound. A third methodis by using a hand
tap or hone usually of 320 or 400 grit. In many plants the finishes obtained with carbide
tools meet requirements without a special lapping operation, In all cases uny feather edge
which may be left on tools should be removed and it is good practice to bevel the edges of
reughing tools at 45 degrees to leave a chamfer 0.005 to 0.010 inch wide. This is done by
hand honing and e object is to prevent crumbling or flaking off at the edges when hard
scale or heavy chip pressure is encountered.

Hund Honing: The cutting edge of carbide tools, and tools mads from other tool materi-
als, is sometimes hand hioned before it is used in order to strengthen the cutting edge. When
interrupted cuts or heavy roughing cuts 2re to be takes, or when the grade of carbide iy
slightly too hard, hand honing is beneficial because it will prevent chipping, or even possi-
bly, breakage of the cutting edge. Whenever chipping is encountered, hand honing the cut-
ting edge before use will be helpful. Itis important, however, to hone the edge lightly and
only when necessary. Heavy honing will always cause a reduction in tool life. Normally,
removing 0.002 to 0.004 inch from the cutting edge is sufficient. When indexable inserts
are used, the use of pre-honed inserts is preferred to hand honing although sometimes an
additional amount of honing is required. Hand honing of carbide tools in between cuts is
sometimes done to defer grinding or to increase the life of a cutting edge on an indexable
insert. If correctly done, 50 as not to change the relief angle, this procedure is sometimes
helpful. If improperly done, it can result in a reduction in tool life.

Chip Breaker Grinding,—For this operation a straight diamond wheel is used on a uni-
versal tool and cutter grinder, a small surface grinder, or a special chipbreaker grinder. A
resincid bonded wheel of the grade ¥ or N cormmonly is used and the tool is held rigidly in
an adjustable holder or vise. The width of the diamond wheel usually varies from ¥ to %
inch. A vitrified bond may be used for wheels as thick as % inch, and a resinoid bond for
relatively narrow wheels.

@

8 v of Miscelk Points.—In grinding a single-point carbide tocl, traverse it
across the wheel face continuously to aveid localized heating. This traverse movement
should be quite rapid in using silicon carbide wheels and comparatively slow with dia-
mond wheels. A hand traversing and feeding movement, whenever practicable, is gener-
ally recommended because of greater sensitivity. In grinding, maintain a censtant,
moderate pressuze. Manipulating the taol se as to keep the contact area with the wheel as
small as possible will reduce heating and increase the rate of stock removal. Never cool a
hottool by dipping itin a liquid, as this may crack thetip. Wheel rotation should preferably
be against the cutting edge or from the front face toward the back. If the grinder is deiven
by areversing motor, opposite sides of a cup wheel can be used for grinding right-and left-
hand tools and with rotation against the cuiting edge. If it is necessary to grind the top face
of a single-point tool, this should precede the grinding of the side and front relief, and top-
face grinding should be minimized to maintain the tip thickness. In machine grinding with
a diamend wheel, Xmit the feed per traverse to (.001 inch for 100 to 120 grit; 0.0005 inch
for 150 to 240 grit; and 0.0002 inch for 320 grit and finer.
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JIGS AND FIXTURES

Material for Jig Bushings.—Bushings are generally made of a good grade of tool sieel to
ensure hardening at a fairly low temperatore and to lessen the danger of fire cracking. They
can also be made frem machine steel, which will answer all practical purposes, provided
the bushings are properly caschardened to a depth of about ¥, inch, Sometimes, bushings
for guiding tools may be made of cast iron, but only when the cutting teol is of such a
design that no cutting edges come within the bushing itself. For example, bushings used
simply to support the smooth surface of a boring-bar or the shank of a reamer might, in
some instances, be made of cast iron, but hardened steel bushings should always be used
for guiding drills, reamers, taps, etc., when the cutting edges come in direct contact with
the guiding surfaces. I the cutside diameter of the bushing is very large, as compared with
the diameter of the cutting tool, the cost of the bushing can sometimes be reduced by using
an outer cast-iron body and inserting a hardened tool steel bushing,

‘When tool steel bushings are made and hardened, it is recommended that A-2 steel be
used. The furnace should be set to 1750°F and the bushing placed in the furnace and held
there approximately 20 minutes after the furnace reaches temperature. Remove the bush-
ing and cool in still air. After the part cools to 100-150°F, mmediately place in a temper-
ing furnace that has heen heated to 300°F, Remove the bushing after one hour and cool in
still air. If an atmospherically controlled furnace is unavailable, the part should be wrapped
in stainless foil to prevent scaling and oxidation at the 1750°F temperature.

American National Standard Jig Bushings.— Specifications for the following types of
Jjig bushings are given in American National Standard B94.33-1974 (R1986), Head Type
Press Fit Wearing Bushings, Type H (Fig. 1 and Tables | and 3); Headless Type Press Fit
‘Wearing Bushings, Type P (Fig. 2 and Tables T and 3); Slip Type Renewable Wearing
Bushings, Type 8 (Fig. 3 and Tables 4 and 3); Fixed Type Renewable Wearing Bushings,
Type F (Fig. 4 and Tables 5 and 6); Headless Type Liner Bushings, Type L (Fig. 5 and
Table 7); and Head Type Liner Bushings, Type HL (Fig. 6 and Tuble 8). Specifications for
locking mechanisms are also given in Table 9,
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Table 1. American National Standard Head Type Press Fit
‘Wearing Bushings — Type H ANSIB94.33-1974, R1986

Range Body Diamcter B Head Head
of Hole Unfinished Timished Body Diam. | Thickness
Sizes Longth | Radius | £ F
A Mom | Mex | Min | Max | Min | C D § Mex | Max | Number
0.0135 0.250 H-10-4
up t0 and 0312 H105
wiomd | 15 | o6 | oas1 [oasms foisrs | 030 | oo | 02s0 | oose |
0.0623 0,500 H10.8
0250 W34
0.0630 0312 M8
w 0203 | 0m3 | 0208 {02046 | 02043 | 039 | aois | paiz | 0ose | Heise
00995 0500 H138
0750 HA13-12
] (iaL=s
01015 0312 HAGS
ta 0250 | 0260 | 025 |o2sie | 02s13 | o375 | o015 | 0275 | com  [mase
0.1405 0500 H163
0.750 B16-12
0550 B4
01006 0312 H205
to oa12 | o3o7 | o3 |03 jomss | 23 | cost | osss [ oz 1206
0.1875 500 H20-8
0.750 H2012
1.000 H2016
0.250 H-26-4
012 H.26-5
s 0373 HI66
0 0406 | 0421 | 0416 | osors | oams | O30 | pazs | osu | oase | H268
. 0.750 Ha612
1.000 HA26-16
1.375 H-2622
{730 H2628
0312 H-32-5
0375 H326
03570 0.500 H32.8
10 o500 | o520 | 0sts | oson7 | ose1s] o750 | vosr | eeas | o2ie a2t
03125 000 H216
1375 H3222
1750 H33-28
[k} s ]
0,375 H-40-6
o160 0.500 HADR
P 0625 | 0645 | 0640 |asasr |oser | %70 | ooer | omiz | e2e | HARE
s 1000 He40-16
1375 HoAD22
1750 H-40-28
2125 H4034
0500 Ha58
s 0.750 HA%12
o 0750 | o7 | 0ass |oasis [ azsis | 0% | qoe |asss | ome | PRI
o 17 Ho4RZ2
1750 H20.28
2125 B4R
050 568
0.750 Ho56-12
05156 1.000 H-36-16
@ 0875 | 0895 | 0.890 | 04768 | 08765 | 1575 | oos2 [ o125 | 0250 | mesen
0.6250 1750 Ho56.28
2,125 B-5634
250 H-56-40
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Table 1. (Continued) American National Standard Head Type Press Fit
Wearing Bushings — Type H ANSI B94.33-1974, R1936
Range Body Diameter B Head Head
of Hole Unfinished Tanished Body Diam. | Thickness
Sizes Length | Radius | E 3
A Nom | Max | Min | Max | Min C b Max Mas Number
0500 658
0.750 H-64-12
0.6406 1.000 H-G4-16
to 1.000 § 1.020 | 1015 | Loots | Loms | 1375 | 0094 | 1250 | 0312 | H622
0.7500 1750 H-64-28
2123 H-6d-34
2500 H-6d-40
0,750 H-88-12
1060 H-88-16
0.7656
o | 15 | 1aes | oo | e | ames | 138 Loess [ 1es | oms (IEE
10000 1750 H-88-28
2125 H-88-34
2500 H-88-40
TOW H-112-T6
1.375 11222
1.0156 1.750 g-uz-zs
w0 1750 § 1770 | 1765 | 17523 | 1.7519 004 | 2000 | 0375
13750 2125 H-112-34
2.500 H-112-40
3.000 H-112-48
T ZRFIR
Laoas 1.375 H-144-22
0 2250 | 2270 | 2265 | 2255 22521 ] 2P0 | oose | 2500 | nars [EL
17500 2128 H-144-34
2.500 H-144-40
3.000 H-144-48
T Alldimensions are 1 1nches.
See also Table 3 for additional specifications.
Table 2, American National Standard Headless Type Press Fit
‘Wearing Bushings — Type I* ANST B94,33-1974, Ri1986
Runge Body Diameter B
of Hole Unfinished Firished Body
Sizes Length Radius
Nom Max Min Max. Min C D Number
00135 0.250 P-10-4
up to and 0.312 P-10-5
i:s:luding 0156 | 0166 § o161 | 01578 § 0.1575 0,375 0.016 P06
0.0625 0.500 P-10-8
0.250 PT343
0.0630 0312 P35
to 0203 | 0213 | 0208 | 02046 | 02043 0.375 0016 P13-6
0.0995 0.500 P13-8
0750 P13-12
0.250 P-16-%
01015 0312 P165
to 0250 | 0260 | 0255 | 02516 | 02513 0.375 0016 P-16-6
0.1405 0.500 P-168
0.750 Po16-12
0250 X2
01406 0312 B-20-5
to 0312 | 0327 | 0322 | 03141 | 03138 0375 0.031 P08
01875 0500 P-20-8
0.750 P-20-12
1000 P20-16
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‘Wearing Bushings — Type I ANSI B94.33-1974, RI986

Rimge Body Diameter B
of Hole. L i Finished Body
Sizes Length Radiug
A Num Max Min Max Min c b Number
0.250 -
0312 P-26-5
1590 0300 rios
ta 0.406 0421 0.416 04078 | 0.4075 0"750 0.031 P26-12
0.2500 g 5
1.000 P-26-16
1.57s P-26-22
1.750 P-26-28
0.3TT PF-33-5
0.375 P-32-6
02570 0.500 P-32-8
to 0500 0520 0.515 0.5017 0.5014 0.750 0.047 P32-12
03125 L0 P-32-16
1375 P-32-22
1.750 P-32-28
0312 P-40-3
0.375 P-40-6
o e e,
o 0.625 0645 0.640 0.6267 0.6264 "N 0.047
04219 1.000 P-40-16
1375 P-40-22
1750 P-40-28
2125 P40-34
0300 T28E
0.750 P-48-12
04375 to 1.000 P-48-16
0.5000 6750 0.770 0.765 0.7518 0.7515 1375 0.062 Pag 2
1.750 P-48-28
2,125 P-48-34
G500 P-36-8
0.750 P-56-12
05158 1.000 P-36-16
to 0.875 0.895 0.890 08768 { 0.8765 1.375 0.062 P-56-22
06250 1.750 P-56-28
2.125 P-56-34
2.500 P-56-40
U500 P64
0.750 P-64-12
06406 1.00¢ P-64-16
© 1000 1020 1.015 L0018 10015 1375 0.062 P-64-22
0.7500 1.750 P-64-28
2125 P-64-34
2.500 P-64-40
0750 PRETZ |
i s
o 1375 1395 1390 13772 13768 B 2094 o
1.0000 1.730 P-88-28
2125 P-88-34
2.500 P-88-40
L0 P-1il-T6
o e
o 1750 170 1.963 1.7523 17519 5 0.094
1.3750 2.125 P-112-34
2.500 P-112-40
3.000 P-112-48
TG0 P-144-16
P
i
to 2250 2270 2.265 22525 22521 . 0.0%4
1.7500 2125 P-144-34
2.500 Prld4-40
3.000 P-144-48
ATl drmensions are 10 inchies. See Table $ for sddinonal specifications,
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Table 3. Specifications for Head Type H and Headless Type P
Press Fit Wearing Bushings ANSIB94.33-1974, R1986

ATl dimensions given in inches. Toleranee on dimensions where not vtherwise specilied shail be £0.010 fch.
Size and type of chamfer on lead end to be manufacaurer's option.
The length, €, Is the averall kemgth for the hendless tvps and Jength underheisd For the head type.
‘The head design shall he in accordance with the nuaifacturer’s praclice.
Dianieter A taust be conceniric to diameter £ within 00005 T1.Y. on finish ground bushings.
‘The body diumnctar, £, for enfimished bushings is larger than the nomrinal diameter in order to provide erimding siock for firting to
Jig plate holes, The grinding allowance is:
0.005 10 0010 i, far sizes 0,156, 0.203 and 0.250 in.
0.01016 Q.0LS in. for sizes 0.312 and 0.406 i,
0.015 to 0.020 in. for sizes (500 in. and up.
Hele sizes are in accordance with American National Srandard Twist Drill Sizes.
The maximum and mininmm vilies of the hole size, A, shall be as follows:

Nominal §ive of Haole Muximum Minimum
Above 0,0135 10 0.2500 in., incl. Nominal +0.0004 in. Nominal + 0.0001 in.
Above 0.2500 to 0.7500 in., incl, Nominal +0.0005 in. Nominal +8.0001 in.
Abcve 0.7500 w 1.5000 in., incl. Nominal +4.0006 in, Nemdnal +0.0002 in.
Above 15000 in. Nomiral +0.0007 in. Nominal +2.0003 in.

Bushings in the size range frors 0.0135 through 0.3125 will be comnterbored Lo provide for fubrication and chip clearance,
Bushings without counterbors are o al and will be furnished npon request.

The size of the counterbore shall be inside diameter of the bushieg + 0.031 inch.

The incinded angle at the Borrom of the comterhore shall be 118 deg, 4 2 deg.

The deph of the counterbore shall be in accordance with the table below 1o provide adequate drill beaning,

Drill Bushing Hole Size
0.0135 1o 00630 10 0. [015t0 0.1406 to 0.1830 o 02570t
0.0625 0.0995 0.1405 .1875 Q2500 03125

Dy [ P ] H | P T H | p T w [P [ & | P [ H [P [ H
Length Minirmm Dril] Beating Lengti—Inch

0.250 X 0.250 X X X X X X " X X X
0312 X 0.250 X X X X X X X X X X
0,375 0.250 | 0250 X X X X X X X X X X
0300 0250 | 0.250 X 0.312 X 0312 X 0375 X X X X
0.750 + + 0375 0.375 | 0.375 | 0375 X 0375 X X X X
1O + + + + - + Q.625 | 0.625 625 | 0625 [ 0625 | 0625
1.375 + + + + - + + + 0625 | 0625 | 0625 | 2.625
1350 + + + + - + - + 4625 | 0625 | 0625 | 0.635

Alldimensions are in inches.
X indicates no counlerbore.
+ indicates not American National Standard

Table 4. American National Standard Slip Type Renewable
Wearing Bushings—Type S ANSTB94.33-1974, R1986

Tangs Body Diamecier & Tength Fread THead
of Hole Undier- Diem. | Thickness
Sives Head | Radies £ F
4 Non | M Min ¢ [ Max Max Nuriber
[ITES 0350 sS4
upto and 0312 5125
i | oas | o | uaem | B3| oo | oae 0,158 s
00469 0500 5.1
D3TE D-20-5
00482 R 0.500 5208
I sz | oms | omm o7 | ose 0375 2
. 0750 50012
1000 52016
T SIS
5 0500 | 05000 | 0.4988 o 0047 | 0812 0438 S
03125 " ’ i 1000 ’ A o 5.32-16
13 1375 5312
53228
S-08-F
s L
o 0750 1 o700 | o7am ams | 1 0438 -
0.5000 S
5:45.28
54834
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Table 4. { Consinied) American National Standard Slip Type Renewable
‘Wearing Bushings—TEype 8 ANST B4 33-1974, R1986

‘Wearing Bushings ANSIB94.33-1974, Ri986

Range Body Diametet B Length Head Head
of Ilofe Under- Dian. Thickness
Sizes Head Radjus ) F
A Nom Max Min [of D Max Max Number
US0T S5
0750 S-6412
03156 L1000 5-64-16
0 1.000 10000 | 09998 1375 0.094 1434 0438 56422
0.7500 1750 S-64-28
2.125 56434
2.500 S-64-40
0730 -08-12
03656 o S
©0 1373 1.3750 13747 1'75“ 0.094 L&z 0438 5.88.28
1.0000 g ey
2125 5-88-34
2.500 §-55-40
1000 I TS
10155 7% Sii
to 1750 17300 | 17457 y 0.125 2312 0625
14750 2175 5-1123¢
2,500 5-1312.49
3.000 5-112-48
; RREEE
12505 i St
o 2250 | 22500 | 2249 ; 0.123 1812 0.525
17500 2125 S-144-34
2,500 514440
1000 S-144-48
" Alldifilensions are in nches. S&8Al80 Table 5 Tor a0aiion: specifications.

Table 5. Specifications for Slip Type S and Fixed Type F Renewable

Tolerange o dimensions where not otherwise <
Hole sizes are in aceordance with the American Standard Tiwist Drill Sizes,
The nxaximumn and minimum values of helde size, A, shall be 1s follows:
Nomina] Size of Hole
Above 0.0135 t0 0.2500 in. incl,
Ahove £,2500 10 0.7500 in. incl.
Above 0,7500 to L3000 . incl.
Above 1.5000
The head design shall be in accordarcs with the manufacrurer’s practice.
Head of slip type i usually knuzled.
Whet rencwable wearing bushings arc used with liner bushings of e haad type, the length usder the head will still be equal @
the thickness of the fig plate, bacausc the head of the Ener bushing will be countersunk inte the jig late.
Dismeter A must be copeentric to diameter # within 0.0005 TLR. on finish ground bushings,
Sl and type of chamifer on lead end to be munnfacrurer's option,
Prshings in the size range from 0.0135 through 0.3125 will be counterbored Lo provide for lubrication und chip clearance.
Enshings without vouslerhore ore optienal and will be furnished Bpon requesL
The size of the counterbore shafl be inside diamcter of the bushings plus 0.031 inch_
The included angle at the botrom of the counterbore shall be 118 deg.. plus or minus 2 deg.

Maximum

Nominu? - 0.0004 i,
Nowminat +(.0005 in.
Norinal +0.0006 in.
Nominal + 0.0007 in.

specilicd shall be plus o minus (A0 inch.

Minimnm
Nominal 4 0.0001 in.
Nominal + 0.0001 in.
Nomioal + 0.0002 in.
Nomiual + 24003 fn,

The depth of the all be in d: with the table below 1w provide adequate dritl besring,
Drill Beartng Hole Size
00135 to 0.0630 ro 01015 1y 0.1406 to 01890 to 0.2500 o
0.0625 0.0905 0.1405 0.1875 0.2500 (3E25
Body s | T 5 F 3 F s [T s F B F
Length Minimum Drill Bearing ILeagth
0250 | 0250 [ 0250 | 0375 | 0375 | X X X X X X X X
4312 0250 | 0250 ¢ 0375 | 0375 | 0375 | 0375 | 0375 | 0.375 | 0375 | 0375 X X
0375 0230 | 0250 | 0375 | 0375 | 0375 | 0375 | 0.375 | 0375 | 0375 | 037 X X
0500 | 0250 | 0250 | 0375 | 0375 | 0375 b o037 { 0a7s | u3vs | 03w [ e3n | X X
0750 0250 | 0250 [ 0375 [ 0375 | 0375 | 0375 [ 0.375 | 0375 | 0625 | 0625 | wezs | o625
1000 0312 | 0312 | 0375 | 0375 | 0375 | 0375 | 0625 | 0625 | 0.625 | 0625 | 0625 | 0625
1.375 + + + + + - 0.625 © 0625 | 0625 | 0625 | 0625 | 0625
1.750 + + - + + -+ 0.625 | 0.625 | 0625 | 0625 | 0623 | 0625

All dimensions are in inches.
X indicates no counterbore.

+indicates not American National Standard length.
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Table 6. American National Standard Fixed Type Renewable
Wearing Bushings — Type F ANSIB94.33-1974, RI986
Range of Body Diameter & Length Head Hoad
Hole Under Dium. Thicknass
Sizes Head Radius E F
4 Nem Max Min c D Max Max Number
0.250 F-124
s 0312 F-[25
uptoand 0188 | 01875 | 01873 ’ 0.031 0312 a.188 -
inchuding 0.375 F-12-6
0.0469
0.500 F124
[IKTE T-20-5
0.0402 0.500 F-20-8
© 0312 | 03125 | 03123 0047 0562 0.2%0
01562 o750 F-20-12
1.000 2016
o312 F32-5
0500 F328
0.1570 0750 F32-12
0 0500 | oseeo | o400 o047 2.312 0250
03128 1400 F32-16
1375 P332
1750 F32:28
0500 TA8-8
0750 FA812
03160 1.000 F48-16
o 0750 | 7500 | 07498 0094 1,062 0.250
25008 1375 Fag22
1750 F48-28
2125 Fedf-3d
030 Fofd-8
0,750 5412
05156 1000 F-64-16
o 1.000 1000 | 0.9998 1375 0.084 1438 0375 F6422
07500 1750 P64 28
2125 To64-34
2,500 T-64-48
0.750 T88-12
1.000 E.§4-16
0.7636 1375 E.85-22
I 1375 13750 | 13747 0.094 1812 0375
10000 1.750 F-88-28
2.125 F-58-34
2500 F-§8-40
1000 11216
1375 F-112-22
L0156 1750 ~ F-112-28
) 1750 | 1700 | L7497 0.125 2312 0375
13750 2125 F-112-34
2500 11240
3000 F-11248
1.000 F-L#4-16
1.375 F.144.22
13908 1750 F-144-28
0 2250 | 22500 | 22496 0125 2812 0575
17500 2125 F-14d-34
2500 F-144-40
3000 F-144-48

All dimensions are in inches. See also Table 5 for additional specifications.
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Table7. American Natfonal Standard Headless Type Liner Bushings — TypeL ANS!
B94.33-1974, R1986

Range of Body Dingstcs
Hole Sires nsido Dismster 4 Unfiuisbed Fahed | 07
Renewabie 1 | Lepgth | Radius
Bushings | Nom | Mox | Min | Nom | Mux | Min | M | Min c D | Number
o133 0.250 204
‘,].il:dﬁ: 088 | 0179 | 018767 0312 | 03341 | 03288 | 0314k | 03128 gg% 0051 L;ﬂz
00467 0.500 120-8
oo [EIF) R
o 6312 | 03120 | 03126 | 0500 | 0520 | 0515 | 95097 | 05014 0500 | ogg | LS
o158 2750 L3212
1000 L3216
(5153 [Pt
o170 0500 148
o aswe | vsoos | eso02 | agse | o770 | o6s | 07518 [ 0.7515 0750 | pogy | LB
03125 LOOG L4816
1375 L4822
L750 L4828
03500 648
ot 6750 L6412
o 0750 | 07506 j 0753 | Looo | 1oz0 | w015 | 10018 | L00IS O | gy | LEHIE
03000 1315 L6422
1750 L6428
2125 L6434
0500 7555
1730 L8812
05156 Lo L8816
) 1000 | 10607 § 1oood | 137s | 13es | waee | 1372 | saTes | 1375 | 0084 | LSS
07509 L7S0 16828
2125 L-85-34
2.500 L2840
0.758 Tz
. 1000 11216
o 1375 | Larso | 1356 | 150 | 1770 | L7635 | 17523 | LTSI9 T TS R
L0000 1750 L1128
2325 L1133
2,500 £3)240
TH00 T IE
Lo 1375 L4422
‘1o yaso | 17tz | 17508 | 2250 | 227 | 2265 | 22525 ) 22520 ijsn vosy | M
14750 2125 L-144-34
2500 L1444
3.000 LA448
B3 T8
o0 1375 L7622
% 2250 | 22515 | 22510 | 2750 | 2970 | 2765 | 27526 | 2752 L0} 1o | LTIEIE
L7500 2125 L-176-34
2500 L7640
3000 L-176-48

All dimensions are in inches.
Tolerances on dimensions where otherwise notspecified are £ 0.0101n.

The body diameter, B, for anfinished bushingsis 0.015 10 0.020 in. larger than the nominal diame-
ter in order (o provide grinding stock for fining 10jig plate holes.

Diameter A must be concentric to diameter B within 0.0005 TIR. o finish ground bushings.
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Table 8. American National Standard Head Type Liner Bushing — Type HL
ANSI B94.33-1974, R1086

3 N

k] Dia?:cd[)crﬂ @

R4 Inside £

s 5 Diamater A Unfinished Fluished E
Overall | 3 | Head | & ,{
Length | 5 | Din "_§§

Nom | Max | Min | Nom | Mux [ Min | Max | M c a | E | &K Numboo

0312 HL-37.5

H.0135 0.500 HL-32-8

o {0312} 03120 | 03126 {0500 | 0520 0513 | 03017 | 05014 0047 | 0,625 | 0.094

0.1562 0,750 HL-32-12
1.090 HL-32-16
0312 HL85
G500 HL-48-§

0.1570 0.750 HL-d8-12

w |0500| 05005 | £.5002 [0.7300.770 | 0.763 | 07518 | 07515 0.062| 0.875 | 0.004

03125 1.000 HL-48-16
1375 HL-48-22
1750 HL-48.2%
0.500 HL-64%
0750 HL-64-12

03160 1.000 HL-6416

W [0750] 07506 | 0.7501 §1.000| 1.020¢ 1015 | 10018 | 103 1062 | 1.125 | 0.125

05000 L375 HL-64-22
1750 HL-5428
2125 HL-64.34
0300 HL 888
0.750 L8812

05156 1.000 HL-88-16

w FLoee| 1.0007 | Loons | 1375|1395 1390 | 13772 | 13768 § 1375|0094 1500|0125 HL-8822

07500 1750 TIL-8828
2125 HL-8834
2,500 HIL-8840
0750 TL-112-12
1.00% HL-112-16

07656 1375 HL-112-22

w | 1375| L3760 | 13736 | LI50[ 1770 [ 17es | L7523 | 17519 004 | 18751 0388

L0000 1750 HL-112-28
2425 HL-112-34
2500 HI.112.40
1.060 HL 14416
1375 HL-1d4-22

10136 1750 HL-144-28

w | 1730 L7512 | L7508 |2250% 2.27 |2.065 | 2.2525 | 22521 0092 2.375 | 0.188

13750 2125 HL-144-34
2500 HL-144-40
3.000 HL-144-48
1000 HL T 16
1375 HL-176-22

1.3906 1.750 HL-176-28

w© [2.250| 22515 | 22510 [2.750| 27702765 | 27526 | 27522 0.125 | 2.673 | 0.188

17500 2125 HLA 17634
2.500 TML-176-40
3.000 HL-176-38

All dimensions are in inches.

Seealso foolnotes 1o Table 7.
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k1

d Locking Mecl
ANSI B94.33-1974, R1986

for Jig B

Lock Scrow for Use with Slip or lized Reuewsble Bushings

-

SEOT WIDTH OR

A—

—— —|

SOCKET 10
MANUFACTURER‘S‘\
STANDARD _ ll i
o =

UNC
Ne. 4 E < ) & F Thread
LSO 0438 0,188 0312 Per 0.158 0.J05-0.L00 832
151 0.625 0.375 0625 Manpfacwrers 0.138-0.132 He18

Standand
Ls2 0875 0375 0625 03 02000194 He I8
1000 | 0438 0.750 0375 0.200-0.194 316

‘Rotind Clamp Uptiopal Oxly fur Use with Fised Renewsblo Bushing

-+0.000

NOTE: F DEMENSION ALLOWS FOR
CLAMPING. MATERIAL AND

THARDNESS TO MANUFACTURER'S

RD. TO CHANGE 10 THE
ROUND CLAMP IN OLD FIXTURES,
REMOVE THE CONVENTIONAL

SCREW AND USE THE SAME TAFPED
HOLE TO SECURE THE NEW CLAMP
WITH STANDARD SOCKET HEAD SCREW,

Use With Sacket
Numbes A B c I I3 F ] H Head Serew
RC-L 0.625 0.312 0434 0.650 0,203 0125 0.531 1328 H 18
RC-2 0.625 0.438 0484 0219 0.187 0.158 0906 0.328 Y-8
RC3 0750 0.500 0378 0.281 0.219 0.188 1406 0391 ¥le

Locking Mechunism Dimensions of Slip and Fixed Renowable Bushings

Diam. £ | Thickness i
When E—— Locking Locking Liper | Clsm
Uked Pim. of Dim of Usedwo | por
With L Lock Serew Clamp Clear | Screw
Dody | Locking ] Ma (8lip o (Fixed Locking | LSor
6D | Devie | Stp | Fixed | xoo0s | & | x | R Fixed) Orilyy Deviee | RC
DTEE | 0317 | 0148 | 0188 | 0094 | 0494 [ 55°} 0266 [ 0.105-0.100 0
osi2 | ome foms | azse |ooms | wam [eso| oo | anseoun | od2solls ) 067 1
oseo | oaz | oms | 0250 | oazs [ ey |65 o | oass0am ) 04250105 0873 !
ar | vasz | o4ss | ozo | onazs |ooaza | soe | omso ) oussou | 01250115 1125 1
Voo | 1ars | oass | o395 | ose | oses |35 0022 | 02000194 | Q157077 1500 2
Ls1z | oane | oa7s | oase | ogsy | s0c [ va09 | 02000104 01870077 ) 1ETS 2
saiz | oeas | oas | ouss | veoo [30°] 1301 ) ozl oodsnOITr | 2370 3
vaz |osos | oaars | oass | roso [250] ven | 02000104 | 01870177 | 287 3

All dimensions are in inches.
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Jig Bushing Definitions.— Renewable Bushings: Renewable wearing bushings to guide
the toot are for use in liners which in turn are installed in the jig. They arc used where the
bushing will wear out or become obsolete before the jig or where several bushings areto be
interchangeable in one hole. Renewable wearing bushings are divided into two classes,
“Fixed” and “Slip.” Fixed rengwable bushings are installed jn the liner with the intention
of leaving them in place until worn out. Slip renewable bushings are interchangeable in a
given size of liner and, to facilitate removal, they are usually made with a knurled head.
They are mast frequently nsed where two or more aperations requiring different inside
diameters are performed in a single jig, such as where drilling is followed by reaming, tap-
ping, spot facing, counterboring, or some other secondary operation.

Press Fit Bushings: Press fit wearing bushings to guide the tool are for installation
directly in the jig without the use of & liner and are employed principaily where the bush-
ings are used for short production runs andwill not require replacement, They are intended
alsa for short center distances.

Liner Bushings: Liner bushings are provided with and without heads and are perma-
nently installed in a jig to receive the renewable wearing bushings. They are sometimes
called master bushings.

Tig Plate Thickness,— The standard length of the press fit portion of jig bushings as estab-
lished are based on standardized uniform jig plate thicknesses of %o, % ¥ ¥% 1, 1%, 1%.2%
24, and 3 inches.

Jig Bushing Designation System.—/nside Diameter: The inside diameter of the hole is
specified by a decimal dimension.

Type Bushing: The type of bushing is specified by a letter:  for Slip Renewable, ¥ for
Fixed Renewable, L for Headless Liner, HL for Head Liner, P for Headless Press Fit, and
H for Head Press Fit.

Body Diameter: The body diameter is specified in multiples of 0.0156 inch. For exam-
ple, 20.500-inch body diameter = 0.500/0.0156 =32,

Body Length: The effective or body length is specified in multiples of 0.0625 inch. For
example, a0.300-inch length =0.500/0.0625 = 8.

Unfinished Bushings: All bushings with grinding stock on the body diameter are desig-
nated by the letter U following the number.

Example: A slip renewable bushing having a hole diameter of 0.5000 inch, abody diam-
eter of 0.750 inch, and a body length of 1.000 inch would be designated as .5000-5-48-16.

Definition of Jig and Fixture.—The distinction between a jig and fixture is not easy to
define, but, as a general rule, it is as follows: A jig either holds oris held on the work, and,
at the same time, contains guides for the various cutting wools, whereas a fixture holds the
work while the cutting tools are in operation, but does net contain any special arrange-
ments for guiding the tools. A fixture, therefore, must be securely held or fixed to the
machine on which the operation is performed-—hence the name. A fixture is sometimes
provided with anumber of gages and stops, butnot with bushings or other devices for guid-
ing and supporting the cutting tools.

Jig Borers.—Jig borers are used for precision hole-location work. For this reason, the
coordinate measuring systems on these machines are designed to provide longitudinal and
{ransverse movements that are accurte to 0.0001 in. One widely used method of obtaining
this accuracy utilizes ultraprecision lead screws. Anether measuring system employs pre-
cision end measuring reds and a micrometer head that are placed in a trough which is par-
alle! to the table movement. However, the purpese of all coordinate Teasuring systems
used is the same: o provide a method of aligning the spindle at the precise location where
a hole is to be produced. Since the work table of 2 jig borer moves in two directions, the
coordinate system of dimensioning is used, where dimensions are given from two perpen-
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952 JIG BORING

dicular reference axes, usually the sides of the workpiece, frequently its npper left-hand
corner. See Fig. 1C.

JHig-Boring Practice.—The four basic steps to follow to locate and muchine a hole ena jig,
borer are: 1} align and clamnp the workpiece on the jig-borer table; 2) locate the two refer-
ence axes of the workpiece with respect to the jig-borer spindle; 3) locate the hole to be
machined; and 4) dril! and bore the hole to size.

Align and Clamp the Workpiece: The first consideration in placing the workpiece on the
jig-borer table should be the relation of the coordinate measuring system of the jig borer to
the coordinate dimensions on the drawing. Therefore, the coordinate measuring system is
designed so that the readings of the coordinate measurements are direct when the table is
noved toward the left and when it is moved toward the column of the jig borer. Theresult
would be the same if the spindle were moved toward the right and away from the column,
with the workpiece situaed in such a position that one reference axis is Jocated at the left
and the other axis at the back, toward the colursn.

If the holes to be bored are to pass through the bottom of the workpiece, then the work-
piece mustbe placed on precision parailel bars. In arder to prevent the force sxerted by the
clamps from bending the workpiece the parallel bars are placed directly under the clamps,
which hold the workpiece on the table. The refersnce axes of the workpiece must alsobe
aligned with respect to the transverse and longitndinal table moverents before itis firmly
clamped. This alignment can be done with a dial-test indicator held in the spindle of the jig
borer und bearing against the longitudinal reference edge. As the table is traversed in the
longitudinal direction, the workpiece is adjusted until the dial-test indicator readings are
the same for all positions.

Locare the Two Reference Axes of the Workpiece with Respect fo the Spindle: The jig-
borer table is now moved to position the workpiece in a precise and known location from
where it can be moved again to the location of the holes to be machined. Since all the holes
are dimensioned from the two reference axes, the most convenient pesition to start fromis
where the axis of the jig-borer spindle und the intersection of the two workpiece reference
axes are aligned. This is called the starting posidon, which is simifar to a zero reference
position. When so positioned, the longitudinal and transverse measuring systems of the jig
borer are set to read zera. Occasionally, the reference axes are located cutside the body of
the workpiece: aconvenient edge or hole on the workpiece is picked up as the starting posi-
tion, and the dimensions from this point to the reference axes are set on the positioning
measuring system.

Locate fhe Hole: Precise coordinate table movements are used to position the workpiece
so that the spindle axis is located exactly where the hole is to be machined, When the mea-
suring systeim has been set to zero at ¢he starting position, the coordinate readings af the
hole Tocation will be the same as the coordinate dimensions of the hole center.

The movements to each hole must be made in one direction for both the transverse and
longitudinal directions, to eliminate the effect of any backtash in the lead screw. The usual
table movernents are toward the left and foward the column.

The most convenient sequence on machinss using micrometer dials as position indica-
tors (machines with lead screws)is to machine the hole closest to the starting position first
and then the next closest, and so on. On jig borers using end measuring rods, the opposite
sequence is followed: The farthest holeis machined first and then the next farthest, und so
on, since it is easier to remove end rods and replace them with shorter rods.
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JIG BORING 953

Drill and Bore Hale to Size: The sequence of operations used 1o produce a hole on 2 jig
borer is as fellows: 1) ashort, stiffdrill, such as acenter drill, that will not deflect when cut-
ting should be used to spot a hole when the work and the axis of the machine tool spindle
are located at the exact position where the hole is wanted; 2) the initial hole is made by a
twist drill; and 3) a single-point boring tool that is set to Totate about the axis of the
machine tood spindle is then used to generate a cut surface that is concentric to the axis of
rotation.

Heat will be generated by the drilling operation, so itis good practice to drill ali the holes
first, and then allow the workpicce to cool before the holes are bored to size.

Transter of Tolerances.— All of the dimensions that must be accurately held on preci-
sion machines and engine parts are nsually given a tolerance. And when such dimensions
are changed from the conventional to the coordinate systern of dimensioning, the toler-
ances must also be included. Because of their importance, the transfer of the tolerances
must be done with great care, keeping in mind that the sum of the tolerances of any pair of
dimensicns in the coordinate system must not be larger than the tolerance of the dimension
that they replaced in the conventional system. An example is givenin Fig, 1.

The first step in the procedare is to change the tolerances givenin Fig. 1A to equal, bilat-
eral tolerances given in Fig. 1B. For example, the dimension 2,125%3_ ), has a total tol-
erance of 0.004. The equal, bilateral tolerance would be plus or minus one-haif of this
value, or +.002. Then to keep the limiting dimensicns the same, the basic dimension must
be changed to 2,126, in order to give the required values of 2.128 and 2.124. When chang-
jng to equal, bilateral tolerances, if the upper tolerance is decreased (as in this example),
the hasic dimension must be increased by a like amount. The upper tolerance was
decreased by 0.003 —0.002 = 0.001; therefore, the basic dimension was increased by 0.001
{02.126. Conversely, if the upper telerance is increased, the basic dimensionis decreased.

The next step is to transfer the revised basic dimension to the coordinate dimensioning
system. To transter the 2. 126 dimension, the distance of the applicable holes from the left
reference axis must be determined. The first holes to the right are 0.8750 from the refer-
ence axis. The second hole is 2.126 to the right of the first holes. Therefore, the second hole
is 0.8750 4 2.126 = 3.0010 to the right of the reference axis. This value is then the coordi-
nate dimension for the second hole, while the 0.8750 value is the coordinate dimension of
the first two, vertically aligned holes. This procedure is followed for all the holes to find
their distances from the two reference axes. These values are giveninFig. 1C.

The final step is to transfer the tolerances. The 2. 126 value in Fig. 1B has been replaced
by the 0.8750 and 3.0010 values in Fig. 1C. The 2.126 value bas an available tolerance of
+0.002. Dividing this amount equally between the two replacement values gives 0.8750 +
0.001 and 3.0010 + 0.001. The sum of these tolerances is .002, and as required, does not
exceed the tolerance that was replaced. Next transfer the tolerance of the 0,502 dimension,
Divide the available tolerance, £0.002, equally between the two replacement values o
yield 3.0010 £0.001 and 35030 £0.00]. The sum of these two tolerances equals the
replaced telerance, as required. However, the 1.125 value of the last hole to the vight (cour-
dinate dimensicn 4.6280 in,) has a tolerance of only +0.001. Therefore, the sum of the tol-
erances on the 3.5030 and 4.6280 values cannot be larger than 0.001. Dividing this
tolerance equally would give 3.5030 +.0005 and 4.6280+0.0005. Thisnew, smaller toler-
ance replaces the & 0.001 tolerance on the 3 5030 value in order to satisfy all tolerance sum
requirements, This example shows how the tolerance of a coordinate value is affected by
more than one other dimensional requirement,
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The following discussion will sammarize the various tolerances listed in Fig. 1C. For the
0.8750 + 0.0010 dimension, the £ 0.00 10 tolerance together with the & 0.0010tolerance on
the 3.0010 dimension is required to maintain the +0.002 tolerance of the 2,126 dimension.
The +.0003 tolerances on the 3.5030 and 4.2680 dimensions are required to maintain the +
0.001 tolerance of the 1.325 dimension, at the same time as the sum ofthe +:.0005 tolerance
on the 3.5030 dimension and the - 0,001 tolerance on the 3.0010 dimension dees not
exceed the +0.002 tolerance on the replaced 0.503 dimension. The £ 0.0005 tolerances on
the 1.0000 and 2.0000 values maintain the + 0.001 tolerance on the 1.0000 value given at
the tight in Fig, LA. The £ 00045 tolerance on the 3.0000 dimension together with the £
0.0005 tolerance on the 1.0000 value maintains the -+ 005 tolerance on the 2.0000 dimen-
sion of Fig. 1 A. It should be noted that the 2.000 = 005 dimension in Fig. 1A was replaced
by the 1.0000 and 3,0000 dimensions in Fig. 1C. Each of these values could have had atol-
erance of £0,0025, except that the tolerance on the 1.000¢ dimension on the left in Fig. 1A
is also bound by the + 0.001 tolerance on the 1.0000 dimension on the right, thus the &
0.0005 tolerance value is used, This procedure requires the tolerance on the 3.0000 value
to be increased to £ 0.0045.

Lengths of Chords for Spacing Off the Circumferences of Circles

On the following pages zre given tables of the lengths of chords for spacing off the ¢ir-
cumferences of circles. The object of these tables is to make possible the division of the
periphery into a number of equal parts without trials with the dividers, The first table is cal-
culuted for circles having a diameter equal to 1. For circles of other diameters, the length of
chord given in the table shauld be multiplied by the diameter of the circle, This first table
may be used by toolmakers when setting “buttons” in circular formation. Assume that itis
required to divide the periphery of acircle of 20 inches diameter into thirfy-two equal parts.
From the table the Iength of the chord is found to be 0.098017 inch, if the diameter of the
circle were 1 inch. With a diameter of 20 inches the length of the chord for one divisien
would be 20 % 0.098017 = 1.9603 inches. Another example in metric units: For a 100 mil-
limeter diameter requiring 3 equal divisions, the length of the chord for ope division would
be 100 x 0.587785 = 58.7785 millimeters.

The two following pages give an additional table for the spacing off of circles, the table,
in this case, being worked out for diameters from 17 inch to 14 inches. As an example,
assume that it is required to divide a circle having a diameter of 614 inches into seven equal
parts. Find first, in the column headed “6" and in line with 7 divisions, the length of the
chord for a 6-inch cirele, which is 2,603 inches. Then find the length of the chord for a ‘/9_-
inch diameter circle, 7 divisions, which is 0.217. The sum of these two values, 2.603 +
0.217 = 2.820 inches, is the length of the chord required for spacing off the circumference
of a 6%-inch circle into seven equal divisions.

As another example, assume that itis required to dividea circle having a diameter of 974,
inches into 15 equal divistons. First find the length of the chord for a9-inch circle, whichis
1.871 inch. The length of the chord for a Jinch circle can easily be estimated from the
table by taking the value that is exacily between those given for '¥{;and ¥ inch. The value
for W, inch is 0.143, and for % inch, 0.156. For 2, the value would be 0.150. Then, 1871
+0.150 =2.021 inches.
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Lengths of Chords for Spacing Off the Circumferences of Circles with a
Diameter Equal to 1 (English or metric units)

No.of | Lengthof || No.of | Lengthof || Ne.of | Lengthof |[No,of | Lengthof
Spaces Chord Spaces Chord Spaces Chord Spaces Chord

3 0.866025 22 0.142315 4i 0.076549 60 0.052336
4 0.707107 23 0.136167 42 0.074730 61 0.05147%
3 0587785 24 0.130526 43 0.072993 62 0050649
6 {.500000 23 4.125333 44 0071339 63 G.049846
7
8
9

1433884 26 0120537 45 0.069756 64 0.045068
0382683 27 0.116093 46 0.068242 63 0.048313
0.342020 28 0.111964 47 (.066793 66 0.047582
10 0.300017 29 0.108119 48 (.065403 7 0.046872
1 0281733 30 0.104528 49 0.064070 o8 0.046183

12 0.25881% 31 0.10116% 50 0.062791 65 0.045515
13 0.239316 32 0.098017 51 0.061561 70 0.044865
14 0.222521 33 0.095056 52 0.060378 71 0.044233

L5 0207912 34 0.062268 33 0.059241 72 0.043619
16 0.195090 a5 0.089639 54 0.058145 73 (.043022
17 0183750 36 0.087156 35 0.057089 74 0.042441
18 0173648 37 0.084806 36 0036070 7 0.041876
19 0.164555 38 (082379 57 G.055088 76 0.041325
20 0.156434 39 3.080467 58 0054139 ki 0.040789
21 149042 40 0.078459 54 0053222 78 (.040266

Tor circles of other diameters, multiply length given inlable by diameter of circle.

Hole Coordinate Dimension Factors for Jig Boring.—Tables of hole coordinate
dimension factors for use in jig boring are given in Tables 1 through 4 starting on page 959.
The coordinate axes shown in the figure accompanying each table are used to reference the
tool path; the values listed in each table are for the end points of the tool path. In this
machine coerdinate system, a positive ¥ value indicates that the effective motion of the
tool with reference to the work is toward the front of the jig borer (the actual motion of the
Jig borer table is toward the column). Similarly, a positive X valug indicates that the effec-
tive motion of the tool with respect to the work is toward the right (the actval motion of the
jig borer table s toward the left). When eniering data into most computer-controlled jig
borers, current practice 8 to use the more familiar Cartesian coordinate axis system in
which the positive ¥ direction is “up” (i.e., pointing toward the column of the jig borer).
The computer will automatically change the signs of the entered ¥ values to the signs that
they would have in the machine coordinate system. Therefore, before applying the coordi-
nate dimension factors given in the tables, it is impertant to determine the coordinate sys-
tem to be used. If a Cartesian coordinate systern is to be used for the tool path, then the sign
of the ¥ values in the tables must be changed, from positive to negative and from negative
to positive. For example, when programming for a three-hole type A circle using Cartesian
coordinates, the ¥ values from Table 3 would be y1 =+0.50000, y2 =—0.25000, and y3 =—
0.25000.
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Table 1. Hole Coordinate Dimension Factors for Jig Boring —
Type “A” Hole Circles (English or Metric Enits}

959

X é Ref
l E’/ ™~ The dingram shows @ type “A™ circle for a 5-hole circle. Coordinates x,
34 1 @ ¥ are given in the table for hale circles of from 3 1o 28 holes. Dimensions
‘are forholer pumbered in 2 counteretockwise direetion (as shown),
e Dimensions given are based upon & hole circle of vmit dinteter. For o hole
!k i } vircle of, say, 3-inch or 3-centimeter diameter, multiply table valnes by 3.
POMBO,
5
3 Holes 4 Holes 5 Holes 6 Holes 7 Holes 8 Holes 9 Holes
1 0.50000 | x1 0.50000 | <1 050000 {51 050000 | 51 0.30000 |x1 0.50000 §xi 0.50000
91 00000 [yl 000000 [y GOKKO |y1 ook |y oo |y1 000000 |1 Q0000
x2 0.06699 | x2 0.06000 | £2 00247 |52 0.06809 [x2 0.10908 |22 0.14645 |x2 0.17861
2 Q.75000 | y2 0.50000 |2 034549 |2 025000 )32 Q18626 |2 0.14645 | 52 011698
3 1LO3301 | .3 0.50000 | x3 020611 | a3 006699 |x3 001254 | 53 0.00000 | =3 0.00760
¥ 075000 |33 L00000 |33 090451 |53 ugswon |33 welzs |y osmoo0 {3 oaimig
Fe) EO0000 fad 0.79389 | x4 0.50000 | x4 0.28306 |4 0.14645 {54 0.06699
¥ 050000 34 09M4SE |34 LU0 |4 0osME |4 085385 {4 07s000
a3 057553 fas 493301 | x5 Q71684 | x5 0.50000 |55 0.32899
5 034549 |35 075000 | S 09548 | x5 LU0 |ys 0.96985
6 0.33301 | +6 098746 | a6 085355 | x5 0.67101
v 025000 | 6 061136 (26 085355 |36 0D969RS
X7 080082 |7 1.00000 | 47 0.93301
o wske fy7 os0000 37 w7sem0
Ed 0.85355 (a8 0.99240
vB 014645 |38 041318
x3 0.82i39
¥ 011638
10 Holes 11 Hoies 12 Holes 13 Holes 14 Holes 15 Holes 16 Huless
a1 0.50000 st 0.30000 | x1 0.50000 | x1 050000 [ x1 0.50000 | x1 QSUAE | ) 50000
31 000000 [y1 000000 [0 000000 [)1 000000 [yl 000003 |yl 000000 | 0.00000
=2 0.20611 |2 0.22968 | x2 025000 fa2 0.26764 | 42 0.28306 | x2 0.29663 142 30866
w2 00esae |y2 007937 |2 006ew [y 00527 |2 004932 (32 004323 (2 0.03806
4 002447 |23 004518 23 006699 | x3 0.0885) | x3 0.10908 | x3 (L12843 |23 014645
¥3 034549 | y3 0.29229 § 93 023000 | ¥3 0.21597 133 0.18826 | y3 0.16543 | ¥3 014845
x 002447 | x4 Q.0050 | 54 000000 | x4 0.00365 1 x4 0.01254 | x4 002447 | x4 0.03806
¥ 06545) |y4 OSTLIE |4 050000 {y4 043973154 038874 |34 034549 x4 0.30866
x5 020611 | x5 012213 |35 0.06699 |5 0.03249 | x5 0.0125 x5 000274 | x5 0.00000
¥ 0951 |y5 082743 |35 05000 |35 O69T30 |35 061126 Fy5 055225 (3§ 0.50000
af 0.50000 | x6 0.35913 | a8 0.25000 | x6 0.16844 | 26 010908 §x6 QG599 | 26 0.03806
0 100000 § ¥t 097975 156 0.53301 | 6 0.87426 | 36 81174 |6 Q75000 b 0.69134
+T 079389 | 47 064087 127 0.50000 | x7 (35034 Fx? 928306 |7 Q20811 |27 014645
37 nomdst |7 007075 )7 L00000 |37 0.95547 |37 095048 |37 000451 [37  0.85353
& 0.97553 |8 087787 | R 0.75000 fxf (61966 | x5 DHHHE) | 8 0.39604 | % 030866
W8 0esdst b 082743 |8 003301 |y 008s47 |38 LODG00 |38 008907 38 006194
9 097353 |18 0.99491 {8 T93301 |29 183136 | 07180 | 9 0.60396 | 28 (L300
bl 034549 | ¥ 0.57116 |9 0.75000 |32 0.37426 | & TI5048 |25 095007 {8 1.00000
x10 079282 |x10 095482 |xH) LINOOO |x10 096751 | <10 G002 |x10 079389 | xI0 069134
FI0 0.09540 | 10 028229 |10 050000 {y1Q 067730 {v10  OBEIT4 |¥I0 Q90451 | ¥HO 0.96094
xll 077022 | =1 (93801 |11 049635 1 x11 0u8746 | x11 0.93301 | x1t 0.85355
¥l 007937 |yIl 025000 |yil 043973 | yl) 061126 | y11 0.75000 | 11 0.85355
x12 Q75000 | x12 091149 | xi2 088746 | x12 0.99726 | x12 095194
y12 006689 | ¥12  0.21597 | yi2 033874 | yi2 0.55226 |12 069134
x13 073236 | x13 0.80092 113 0.97553 | x13 LOO0K
)3 Q05727 fyi3 0.18826 {¥13 0.34549 [ 713 0.50000
x14 071694 |14 087157 fcl4 0.96194
¥4 004952 |yis 016543 [y14 0.30866
x5 0.70337 | <15 0.83355
¥IS  0M323 |15 004645
<16 0.69134
¥16 00306
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Table 1. (Continued) Hole Coordinate Dimension Factors for Jig Boring —
Type “A*” Hole Circles (English or Metric Units)

X Cl) Ref
- ™~ The dingrum shows a tvpe “A” circle fora 5-hale circle. Coordinalcs x,
Y 1 yare given in the table for bole eeles of from 3 t 28 holes. Dimensions
are for holes numbered in a counierclockwise dircelion (as showa).
s S— Dimensions given are based upon a hole circle of wit dizmeter, Fora fiole
‘k \l / cirele of, say, 1-ivch or 3-centmeter dismeter, multiply tablc values by 3.
HOMBO,
[
17 Hules 18 Heles 19 Holes 20 THales 21 Hotes 21 Hioles 23 Holes
xl (.S0000 | <1 030000 | ¥1 0.50000 | x1 030000 | «1 0.50000 |x1 050000 1 x1 050000
000000 (31 000000 [y oooooo [s1 0 000000 |31 000000 |¥l 0.00BOO (41 0.00000
kX 031938 a2 0.32899 | x2 033763 {12 034549 {2 0.35262 |a2 0.35813 |22 036510
¥2 0.03376 | 32 Q03015 | ¥2 G02709 |32 002447 132 002221 |32 Q02025 | 32 0.01854
X3 016315 {3 0.17861 |x3 CIU289 | X3 020611 | X3 0.21834 | 43 0.22068 | 3 0.24021
3 £.13050 {y3 0.13698 | x3 0.10543 |33 009549 |3 008688 |33 007937 £33 07279
x4 005242 | et 0.06699 {x4 Q03142 | ed 0.09549 | xdt 0. 10908 |4 0.02212 |4 0.13458
rd 0.27713 |34 025000 {4 022653 |t 020611 | % 18526 { ¥4 0.17257 | 4 0.15872
x5 0.00213 | x5 0.00768 | x5 001530 |5 0.02447 | x5 003456 | x5 D.04318 |25 Q.0s608
¥ 045387 |5 041308 [y 037736 |35 034549 |35 0AITEI |5 o0 {8 026997
a8 1L01909 | xt 0.00760 |56 071 |16 0.00000 | 46 0.00140 | 56 0.00509 | k6 001046
y6 063683 |y6  0S586R2 [y6 054129 {46 050000 {»6 046263 |36 042884 |6 0.39827
= D.Ie | 57 0.06699 |x7 Qo421 | x7 002447 147 0.01254 [ &7 Q00508 | X7 Q00117
v o013z iy o7soon |y7 0 070085 (7 065451 [ os1126 |27 oSS |7 053412
8 023678 | 48 0.17861 {8 013214 | <8 0.00549 | B 0.06699 | X8 004518 ff 0.02887
§8 092511 |y8  OBN30Z |3 083864 |yE 079389 [3F OTS000 jy8 070771 |y8 0.667H
29 040813 |9 0.32859 |9 0.26203 fa8 0.20611 |29 0.15991 {59 912213 |19 0.9152
9 095149 | @ 0.96985 |39 093074 | o 0.90431 |58 (146653 | 2 0.82743 { yo 0.78834
10 059187 (k10 050000 £10 041770 | <M 0.34549 |10 0.28306 | 510 022968 | X310 0.18446
yl0 059149 (310 TO0DODC [y10 099318 10 097553 |y DYS048 |y10 0.02063 |yi0  0.88736
=11 076322 1511 067101 fx11 058230 { =11 0.50000 {411 042548 | xi1 0.30080
i1 082511 {311 V96985 | 511 099318 |11 LOGHIO |11 099442 [ 411 095861
xi2 089001 |12 052135 |x12 073797 [x12 065451 |x12 0.57452 | xE2 0.43192
F1z2 080132 |32 088302 { y12 093974 [y12 097353 |y12 099442 | y12 089534
13 L98091 | x13 0.93301 |x13 0.86786 fxl3 079389 fal3 0.71694 | xI13 0.56R08
¥3 0.63683 |y13 Q75N | ¥13 D.83864 |y13 090457 |y13 0.9504% | y13 0.99534
x4 0997RT |14 0090240 [x]14  09STRY |xi4 0.90451 |xid 0.84009 | 514 077032 {x14 0.69920
4 045387 | y1£ 0358682 |p14 070085 |y14 079389 |y14 0.86653 | 314 0.92063 [ y14 095801
x15 094758 {15 099240 fx15 099829 {x15 087553 |«15 0.93301 |13 57747 [ x15 081554
IS 027713 |35 0413w |wis 054120 |p15 065451 {315 075000 |15 082743 (315 088756
xi6 083685 |16 093301 |xl6 098470 | x18 1.00000 | x16 0.95746 | ¥I6 095482 | xl6 0.90848
yl6 013050 [y16 025000 {316 037726 |y16 050000 [y16 061126 [yl6 Q70771 Fyul6 078834
07 0.68062 |17 0.82139 (=17 091858 fx17  0O7553 [x17 0.98860 § x17 0.99491 |17 097113
w17 003375 [y17 Q11698 |y17 022658 [¥17 034549 |p17 046263 {y17 057116 [y17  O.6074
x18 067100 |x18 080711 | r18 090451 | x18 0.96544 | x18 0.93491 { x18 0.99883
ri8 (03015 | #18 0.10543 {yi8 020611 | 518 ©31733 | y18 0.42884 | v18 0.53412
xi9 066235 {£19 079382 | x19 089092 | x19 0.95482 | x19 098954
719 002700 | 19 005549 {319 018826 | y19 0.28239 |19 0.39827
x¥20  0.65451 | 320 078186 | x20 (87787 | x20 0.94394
20 0.02447 (520 0.08688 | y20 017257 1320 0.26557
21 0.64738 |21 Q732§ 21 0.86342
71 0.02221 {521 007937 [y21 0.15872
22 0.64087 | x22 0.75979
¥22 0.02025 { y22 00729
x23 0.63480
y33 001854
24Holes 15 Holes 26 Holes 27 Holes 28 Hales

x1 0.30000 | 41 Q500 [ %1 0.50000 | x1 050000 | x1 O S0KD

yioo000000 [yl 000000 |30 ooobeo [yl 000000 |31 0000

x2 0.3705% |2 037566 |2 033034 |22 0.38468 fa 038874

¥2 001704 {42 001571 |¥2 0.01453 |2 0.81348 |32 0.01254

x% 0.25000 | x3 025912 fx3 0.26764 |43 027560 |3 028306
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Table 1, (Continued} Hole Coordinate Dimension Factors for Jig Boring —
Type “A” Hole Circles (English or Metric Units)
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X é Ref
/ ™~ The diagram shows a Lype “A" sirele for a S-hole eirvla. Coordinates x,
Y | @ yare given in the table fox hole citcles of from 3 o 28 holes, Dimensions
are for holes numbered in 2 counlerclockowise direction {as shown).
—t— Dimensious given are based upon a hole circle of unit diametez. For a hole
& ; / el of, Sey, 3-inch or 3-cepticetar tiamster, Tulliply tabie valves by 3
NOMNO,
o
hicl 0.05699 |33 006185 |¥3 0.05727 [ ¥3 0.05318 |3 0.04952
ke 0.14645 Jat 015773 |4 016844 | =4 D.I7861 fad 0.18526
14 64645 |34 083z 34 ma2sM{M 011695 |4 0J0s08
x5 0.06699 | x5 007784 x5 0.0885F | x5 0.08884 {45 0.10908
5 0.25000 | ¥5 0.23209 | ¥5 0.21597 | 5 020042 | ¥5 0.18826
W 00704 L6 047 {36 0009 |6 004089 [ o052
Jo 03708 v 0359 6wz 6 0301 | e2mies
x! 0.00000 | x7 0.00009 | <7 0.00365 <7 000760 | 57 0.01254
¥ 050000 (37 0a4esE0 [y7 043973 37 041318 [ 03ssm
x8 0.01704 | x8 0.00886 {8 0.00365 f8 Q00083 | xB QOO0
8 0.62041 |8 (.59369 |8 0.56027 {8 0.52907 | 78 Q50000
9 0.06699 | 2 004759 |9 0.03249 |20 DI 001254
¥ 0.75000 |9 0.71289 |9 067730 |9 0.64340 179 061126
x10 0.14645 | x10 011474 {x10 Q08851 fxl0 0.066%9 [ x10 L0des2
10 0.85355 |10 0.81871 |10 0.78403 | y10 0.75000 f¥10 0.71694
x11 02500 | x11 0.20611 |x11 016544 [ x11 0.13631 |x11 0.1008
yI1 0.53301 |¥11 090451 |y11 0.87426 | ¥11 0.84312 |yil 0.8117:
xl2 0.37059 | xi2 031594 1512 0.26764 12 0.22525 | x12 (.18826
12 0.08296 12 0.06489 | »12 0.94273 | 712 09177 fyi2 0.86092
xi3 0.50000 | 13 043733 [x13 033034 | x13 032509 |13 028306
¥i3 LO00G0 (313 0.99606 |y13 058547 |13 096885 | y13 0.95048
xl4 .62941 | ci4 0.56267 i 050000 [x14 044195 | x14 038874
Jia 059206 14 098606 |y14  LODKO [y14 099662 |yl4 089746
x5 0.75000 | x15 0.68406 | x15 061966 {x13 0.59805 | x5 050000
515 093301 [¥15 096480 |¥15 098547 |¥15 009662 [y15 L00GOO
6 0.85355 | x16 079389 {xl6 0.73236 | x16 067101 | 516 061126
e 0.85355 | v16 0.90451 |¥16 094273 | »16 096985 |y16 0.98746
=17 093301 [x17 0.88526 | xi7 0.83156 {x17 0.77475 |x17 0.71694
¥I7 0.75000 |17 0.81871 | y17 087426 |17 0517714 |317 0.95048
it 0.05206 | x18 095241 |x18 091149 Lelf 086369 | x18 0.81174
318 0.62941 118 Q.71289 |»I8 0.75403 |18 084312 | yi8 085092
19 LOOR00 | x19 0299114 | 19 096751 {412 093201 | x19 {LE9092
¥19 0.50000 | ¥19 0.59368 |19 0.67730 |19 075000 | »19 085174
0 DORI6 |00 099wuk |20 099631 [h20 097899 (220 085042
¥20 0.37059 jy20 046860 |20 0.56027 |20 0.64340 | y20 071694
221 0.92301 |2t 097553 | s21 099633 {a21 0.99915 |a21 098746
w21 025000 [val 035 [32i 04397 |1 osmw7 |21 06026
x22 0.83355 |22 092216 {122 096751 [a22 099240 | 222 1.00000
22 0.14645 | 322 023209 |¥22 032270 | y22 041318 |22 50000
w3 ersudd |23 osaz7 (i3 ouneojws cssonn faas 00EMs
¥23 0.6699 |23 013552 |23 0.21597 (323 030196 | 523 0.33874
x4 062941 | x24 (74088 Q24 0.83156 | 224 190106 |24 0.95048
¥24 0.01704 3 x24 006185 [ y24 0.12574 |24 020142 | y24 Q28306
%25 062434 | 225 (73236 {A25 0.8213% Jx25 089092
¥235 001571 25 005727 | 525 0.11698 | 25 (.18826
x26 0.61966 |a26 072440 {226 0.81174
126 001453 | y26 005318 | ¥26 (L10908
27 0.61531 327 0.71694
¥27 0.01348 |427 DU4952
228 061128
j28 001254
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Table 2. Hole Coordinate Dimension Factors for Jig Boring
Type “B" Hole Circles (English or Metric Units)

X Ref

! : The dngram shows & type “B" circle for a S-hole circle. Coordinales x,
Y V \ ¥ are given in the table for hole circles of from 3 to 28 holes. Dimensions

—— arc for holes numbered in 2 counterelockwise direction (as shown).
[ @ Dimensions given are based wpon 2 hole eirele of uait diameter. For & hole
circle of, say, 3-inch or 3.contimeter dinmoter, muliply wble vidacs by 3.

3 O~
e
3 Holes 4 Holes 5 Holes 6 Holes 7 Holes - 8 Holes 9 Uoles
xL 006589 |l 0.14645 [ 2] 020611 |x1 IS0 | X1 0.28306 | xl 030866 {x1 0.32899
i 025000 [y1 004645 |31 000549 |yl 0OG6oe |yl 0.04952 [yl 003806 [yl 003015
a2 050000 | x2 014645 Fa2 002447 122 D000 | 52 0.0H254 ja2 0.03806 |22 0.06699
32 L0DOOD |32 085355 [y 06451 {32 050000 2 038874 |2 030366 [y2 025000
x3 093301 a3 0.85355 |23 50000 {53 025000 143 010508 |3 QO3B0 | 23 D.00760
3 025000 |3 085385 |53 100000 |33 023301 (3 08174 |3 060134 [v3 059eR2
x4 0.85355 | x4 0973553 | x4 Q75000 | x4 050000 |t 030868 | x4 0.17861
vd 0.14645 |4 065451 |4 053301 | r4 1.000090 | ¥4 096194 | 088302
x5 0.79380 | x5 100600 | x5 (059092 |5 060134 | x5 050000
y5 009549 35 050000 [yS  OBLI74 |35 096194 |38 LOKOC
X0 073000 | x5 Q98746 | 16 0.96194 |6 082139
6 0.06609 |36 0.38874 | y6 069134 |76 0.88202
x7 Q71694 | x7 046194 | x7 0.59340
37 0.04952 | ¥7 030866 |37 0.58682
X G69E3L |8 0.93301
8 03508 {78 0.25000
19 067101
19 Q03015
10 Holes 11 Mfoles 12 Holes 13 Holes 14 Holes 15 Holes 16 Holes

x1 134549 | x1 035913 | «t 037059 | x1 038034 | L 0.38874 ] x1 0.39604 | x1 0Q.40243
31 002447 31 0.02025 | y1 001704 |1 001453 | y1 201254 | v1 0.00083 | x1 0.00861
2 00549 |2 012213 {2 014645 | x2 0.16844 | 2 0.18826 | x2 0.20611 |52 0221
32 020611 |32 017257 {y2 024645 | y2 0.12574 (2 0.10908 | ¥2 009549 |32 0.08427
x3 D.00HK [£3 G.O0S0 | 3 Q01704 | x3 003249 F.3 004852 |3 0.06699 |x3 0.08427
¥ 050000 (33 042884 |53 037058 |y3 032270 f33 028306 |33 028000 |33 022221
E=3 0.09549 | x4 QU4S1E |t 001704 | xd 0.00365 |t 0.00000 | x4 0.00274 fad 0.00261
M 070380 [ 070771 |y 062061 |m4 056027 |34 050000 |v4 044774 |34 040245
xa 0.34548 | x5 02296% | x5 G.1a645 | <5 008851 | x5 0.04952 | x5 0.02447 |45 0.00261
¥ 0.97553 |35 0.92063 | y5 085355 | ¥5 075403 |5 0.71694 | »5 Q65431 |35 0.59755
ELl 065451 | 6 V50000 | x6 037059 | <6 026764 | x5 Q18826 | x5 0.12843 [x6 0.08427
bl 097553 | v6 1.00000 | v6 0.08296 | ¥6 0.24273 | 6 0.89087 | y6 083457 |56 0.771778
T 0951 | X7 077032 | <7 062941 {7 0.50000 | x7 0.38874 | 17 0.29663 {x7 0.22221
i 079382 {¥7 0.92063 | 7 098296 (¥7 LO0000 | ¥7 Q98748 | 57 Q93677 |37 0.91573
Eal TR0 § 8 0.95482 | 18 0.85355 |8 0.73236 | «8 0.61126 §.48 050000 |18 040243
¥ 050000 | y& 0.70771 138 0.85355 [ y8 0.54273 | 8 0.98746 |38 10000 | 8 099039
£ 050451 |19 0.99401 | 29 098296 | 0.51149 | x9 0.81174 |48 070337 [x9 0.58735
¥ 0.206E1 | y9 042884 |9 062941 | y2 0.73403 | v9 0.85042 | 9 DO56T7 |9 0.95013%
xl0 065451 [x10  O877E7 |x10 098296 iol0 099635 fx10  0.95048 |xI0  O.RYIST [x10  ©77779
yl0 00247 |¥10 07257 |¥10 037059 |y10 056027 |30 0.71694 [y10 UB4ST [yI0 091573
xll  0.54087 |«11 085355 Jall  0.96731 |all 1.00000 |.x1l 087553 [xll 021573
yLI 002025 [y11 0.14645 |3l 032270 | »I1 050000 |11 0.65451 fp1E 077719
xl2 062941 |12 083156 |x12  0.95048 |12 089726 fal2 0.99029
712 001704 |72 Q2574 |12 0.28306 |y12 044773 |F12 059755
%13 061966 |x13  0.81174 | k13 093301 [xI3 099039
¥12 001453 {413 0J0N08 (13 O350 |#13 040245
xl4 061126 |14 079389 |x14 OSIST3
yi4 001254 [y1d oovsdo Ipla 023791
15 0.60356 {x15 0777
¥1S 001093 |yls 008427
6 Q5973
yl6 000861
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Table 2. (Continued) Hole Coordinate Dimension Factors for Jig Boring —
Type “B” Hole Circles (English or Motric Units)

X Ref
t . : T dizpram shows a type "B cirele for 2 $-hiole circle. Coordinates 4,
Y \ 3 are: given in the table for hole circles of from.3 1 28 holes, Dimensions
—_—t ‘are for holes numbered in a counterclockise divection (as shown).
@ I @ Dimensions give are hased upon  hole circle of unit diameter. For a hole
circle of, say, 3-inell or 3-cendimerer diameter, muiliply tble values by 3.
o \@/
4
17 Holes 18 Holes 19 Holes 20 Holes 21 Holes 22 Holes 23 Holes
00D [T GHBIE |51 04170 |x1 042078 [x1 042348 [xl 042884 fxl 04T
v ooosstlyl 000760 [y1 000882 |31 000616 [y O.NSS8 131 0.0050% ¥l 000486
o 02678 | 025000 fa2 026203 {32 027300 [x2 028306 [x2 029220 a2 030080
y2  oons0 |2 006699 fx2 00ema6 32 DOSASG [z 004952 |32 Q0451 132 0.04130
Woopio0es | ousse | 00324 [ 004815 |3 01399135 0ITT a3 0BG
VB 0g9kes |3 01788l [y3  GI6136 |3 0M4esS |3 0337 h3 01203 13 0.11214
w  gomoe [ ooams x4 vedann (x4 posaso |4 008689 |xd 00737 [ 000152
W 06m7 [ oosasee x4 020mIs |ye 02730079 023000 |34 022968 13 021566
S 00073 | 000000 |x5 000171 |55 000616 |55 001254 |25 002025 fa5 002887
¥ 054613 |35 030000 [x5 04s87I (55 Q4278 [5S O38ST4 05 033013 14§ 033256
W6 00SMz |v6 003015 |36 001330 [x6 000616 |16 0.00140 |x6 000G fx6  0.00117
56 07T M QETI0N [y 0EZIM )6 OS2 |46 053756 00000 W 046583
W 0I@Is |27 00608 |07 008142 {7 005450 X7 003456 (27 002025 |47 DOLOME
Y7 oseesn |7 08239 |37 077M7 |7 072700 |y7 068267 |37 OGA0ET 157 Q80173
S 031938 |x8 025000 (08 0928 [x8  0046ds [ 010908 |8 007937 a8 005606
T8 ogsezd 38 093301 [y8 089457 ]38 08555 LB 0BLIT4 [y8 077032 108 0.73003
¥ 050000 o4in8 @ o376s (a6 oemoeo fae 021834 |9 0177 W9 OIS
W00 [y 089240 |30 091291 [0 094SSD 10  0HI32 [56  OBTTET 10 L84128
0 068062 |10 0sses: |xlo 050000 |70 042178 |x10 035262 |<10 029229 fald 034021
Y10 Ogéazd |vI0 099240 {y10 100000 |10 099384 |10 097779 |3I0 005882 1510 082721
Y1b 083685 [x1l 075000 [xll 066235 [x11 057822 w1 0.50000 |x11 042884 fx1l 0.36510
S 048950 1311 093301 [yl 097201 |11 02084 |pil L00000 {p11 099491 | yii 0.98148
W2 094738 w12 ossauz [xlz 080711 [\2 072700 [x12 064738 K12 0STII6 fai2 050000
Fi2 0 O7MET (312 082038 [§12 089457 [y12 0S#5SG |12 097I9 [pi2 088481512 100000
Y13 000787 Jx13 09698 |x13 001858 |¥13 085385 (w13 078166 |xi3 Q70771 a3 053450
F3 05613 |W3 06T [p13 0777 {303 085355 |13 081312 13 085462 13 0.95146
Y4 008001 [¥l4  L0G0DO |xE4 098470 [x14 Do4ss0 |xi4 089092 |x4 DE2743 [xl4 075973
W4 036317 (314 050000 [yl4 062274 [yia QIO0 4 081174 [yL4 0B7I87 14 097721
W5 080001 | a5 096985 |x15 000820 |x15 099384 |x15  0.9654 xl5 092083 |al5 036342
V1S 0.09R68 |5 032899 515 GASSTL (315 05782 |15 068267 |yis 077032 515 084128
©l6 076122 |x16 088302 [x16 003789 |x16 089384 |x16 090860 [x16 08775 |x16 094354
J16 007489 |yI6 017360 [r16 020915 |36 042178 |y16  0SITT iyi6 084087 | xI6 0730M
7 059187 |77 075000 |xl7 086786 [x7 094550 [x17 098746 [«17 100000 1317 098954
T ouoss 7 008899 [y17 06N |17 027300 |17 058874 417 0500 |17 060173
L8 058682 |x18 073797 |xi§ 045385 (k18 093301 [s13 097975 [a)E 0.95883
VI8 000760 |y12 006026 |¥1% 004645 |18 025000 |18 O39I3 1yi8 046583
o 055230 |x19 072700 |x12 084009 |29 042063 [x19 087113
Y19 000682 [y 00550 |319 03T 319 02006% 318 023256
20 057822 |x20 071694 Ju20 082743 |a20 090848
320 DOOGI6 |20 0.04952 |20 012213 |20 021166
21 05Ms2 |a21 070771 |x20 051554
y21 0D00SS8 321 0o4sI8 |2t 011214
02 05716 {x22 060920
Y22 000509 |y22 GM139
x23 056508
323 DO0HES
24 Holes 25 Holes 26 Holes 27 Holes 28 Holes
T 04374 a1 o473 Ixl 043073 0a GaH19s a1 044402
¥l 00008 |yI oo [yE o 000365 |yl 0O0UINE [yl 000314
32 030886 122 031594 2 2 0328w la2 033486
52 003806 (32 003511 |2 ¥ 003015 |y2 0.02806
¥ 019562 |33 020811 |e3 021597 (53 022525 e 03398
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"Fable 2. (Continued) Hole Coordinate Dimension Factors for Jig Boring —
Type “B” Hole Circles (English or Metric Units)

X Ref
i l The diagram shows a type “B” circle for a S-hole circle, Cootdiuates x,
Y 3 are given in the wable for holz eircles of frum 3 to 28 holes. Dimensions.
—_—t— ame for holes numbered in 2 counterclockwise diroction {us shown).
Dimensions given nre based upon a hole circle of vair dizmeter. For & hole
@ l @ circle of, say, 3-inch or 3-contimeter diameter, multply table values by 3.
TN O =
-

T3 010332 |3 048539 |3 008831 (3 OORIG |53 0.07664
4 0.10332 |4 0.11474 |4 012574 | x4 0.13631 | x4 0.14645
M 0usse2 |3 08120 |p4 068 (3 ousews | 0645
5 0.03806 | x5 Q04759 [ x5 005727 | x5 0.06699 {25 0.07664
s 030866 { 5 0.2871L fy5 026764 |5 0.25000 {3 0.23398
£ 0.00428 |16 000886 | x6 0.01453 | x6 Q412101 | X6 0.02806
76 043474 | v6 040631 §y6 038034 | vb 035660 | 36 (133486
X7 Q00428 |7 0.0009% {x7 000000 | <7 C.00085 | X7 0.00314
036526 |7 0530 (7 050000 |x7 0AMe3 f7 044402
E 0.03806 |43 0.02447 |8 001453 | 58 0.00760 a8 000214
hli3 0.64134 | 58 065451 |18 061066 |58 0.58682 |8 0.33398
fu) 010332 [a2 DOTIE4 | <9 Q05727 |29 0.04089 |10 002806
¥ 0.80438 §y9 076791 £39 0.73236 |9 0.69304 {2 0.6a514
X0 019562 |x1D O.USTT3 k10 002574 Ix10 009894 110 0.07664
¥10 DR9E6S |10 O.B644B |yl 083LS6 |yI0 079858 |0 0.76602
x11 0.30860 | xll Q2212 {xll 021597 {x1l 047361 |xiL 01.14645
¥ 096194 |y11 093815 |yII 091149 [y11 088302 [yll  0.85355
£12 043474 |x12 037566 |cb2 032270 [x12 037560 fx12 023398
vl2 099572 (312 098829 [y12 096751 (12 094682 |31z vu23ss
X3 056526 [xE3 0.50000 |«13 (43973 | x13 038469 | x13 0.33486
y13 099572 §313 100000 |y13 099635 (13 voses2 |13 097194
x14  0.69134 |xI14 062434 fx1d4 056027 fx14 050000 | x14 044402
¥4 006194 |yl4 098420 |y14 099635 |14 LO0DOO |yl4 099686
xis 050438 |15 074088 |x15 067730 | 515 061531 | x13 0.55598
F15 (0.89668 |y15 093815 {515 0.96751 {y15 098652 | ¥15 (199686
xl6  OBYEES |x16 084227 |xI6 078403 |x16  0.72H0 [x16  0.66314
yl6  OB0438 |yl6  OX6448 [y16 00149 |¥16 094682 |7l6 097194
x17 096194 [xI7 052216 | 117 087426 | x17 082139 |xt7 076602
y17  oso13a |;17  ogerel [y17  0sdise [y17 086302 |47 052336
x18 099572 | xI8 097553 [x18 024273 [x]8 090106 | <18 0.85355
¥i8 036526 [ y18 065451 |y18 073236 [p18 099858 {yI18 (LB3355
x19 089572 (X190 099201 |x19  0BE547 |<IF 093911 |49 092336
§19 043474 |pi9 053140 |v10 061966 {¥13  GA0S04 10 07602
20 096194 (x20 099114 (x20 100000 [x20 0959240 La20 097184
Y20 030866 (20 040631 |20 05000 | y20 0.58682 120 0.66514
21 089668 1321 4.95241 | £21 098547 | 21 0499915 |21 0.99686
¥2L 019562 [¥2F Q28711 |»21 0.38034 21 047093 [521 3.55508
x22 UR0438 |22 088526 22 094273 [x22 097899 |x22 039686
¥22 00332 |22 00829 |23 026764 |52z 035660 | ¢22 0.44402
x23 069134 |23 0.793KY |x23 087426 |x23  0.93301 |x23 0.97194
123 003806 |23 009540 |93 068w [ya3 025000 (123 wanass
24 056526 |a24 068406 [x24 078403 |x24  0.863690 |x24  0.92336
w34 0O0G48 §324 003U |24 GOSSS1 [24 oasess [yz4 023398
25 056267 [x25 (67730 | x25 0TVETS |a2S 045335
¥25 0.00384 (325 003249 |75 008226 | y25 0.14645
226 056027 | a6 067101 | 126 0.76602
26 000365 |26 003015 1326 0.07664
27 (35803 | x27 066514
327 040033 |27 002806
Fas) {53598
328 0.00314
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Table 3. Hole Coordinate Dimension Factors for Jig Boring—
Type “A* Hole Circles, Central Coordinates (English or Metric Units)

O~

@ 1O
\-—X v#' +X}

SO,

The diagran shows & Lype "A” circie for a 3-hole circle. Coordnmes x,
y are given in the table for hale circles of from 3 to 28 holes. Dimeasions
‘are for foles nambered in 2 couaterclockwise direction (as shown),

Dimensiuns given ure based upon a hole circle of unit diaeter. For a hole
vircle of, sy, 3-10cT or 3-centimeter diametcr, multiply bl values by 3.

3 Holes 4 Holcs S Holes G Holes 7 Holes & Holes 9 Holes
T Goomoa Al 000008 =i 0O0000|xl  DOOOGO|xl  Q.00000[xl  OAG000 xl 000000
M -050000]yl  DSO0[pL  —00000[y1  ~0S0000|y  -0SOD[51  0SG0015L G300
@ _oamol|w -osoomo|e  —04ms3|s —cassoifx -pamer]a2 -035385)a 03219
v oapasooolyz  noooop|i  -01seSifyz  -easeoo|ye  —03IU4fyz 03SESSLE 038302
@ 04r0E| 00M000|x3  —020380 |23 -0.4301{a3  DAEHE L —0.50000]a3 049240
;3 so2soon |3 405000003 040asI{y3 02500838 0EIZ6YNS DO0OCOIHE -0.08682
W 4050000 s+ 4020389 x4 000000fx 021604 |64 -033355|e 043301
W 000000|ye  +04043L[ w4 seso000)i 4045048 | 34 H035ESS|pe 4025000
W5 -047SS3{a5 4043301 (x5 20694 {5 DOMLE]| xS 017101
W5 0IS51|p8 403500035 4045048 [y8 -DS0000 |53 046585
W +amsol]as  rossme[ae 40353s|aE H0aTIOE
¥6  —035000|y6  +0IN26[36  +DISIS[yE DAsS
W 403909257 <5000 |67 043301
Wi —0317a[5T 000000[y7  +0.25000
& A3BI{aE 04920
y8  -035355|)8 008682
8 032139
W -038302

10 Holes 11 Holes 12 Holes 13 Holes T4 Holes 15 Heles, 16 Holes
O GOm0 |sl CO0WN <1 000000|x1  000KO[xl  000000|k 008000 | 0.00000
s —osoololsl  -0sboo|yl -0S0000[y1  —0Smcoofyl  -0S0000|yl 0SG00|yL -0S0000
v o |x  —o27omz|az -02s000|w 023236 2 021694 [x2  -020BTha 0151
2 -vaoist|2 —odnoes|sz —eamoi|y -oammalz 0dsOas|a2 0562 04614
3 arssla 0assa|o 04000 |3 -0al9|x 02NW2NaE 037LST|aE 03535
W otsast |y 0207713 —ozsao|yd 22840358 -0BILT G0 03BAT(6S 05355
4 —oarss3|wt —043a01]d —osopon]e -043635[x -0ASME[a4 047353 | e —D4GIS
s 0154511 H00TUG M GIO00D|n4 0060271 DILLG (5 0155114 —0.19134
W 009389 |6 -037ITLxS 043301 a8 -04675L[xs  04BMG (x5 0407625 050000
5 s04041 |3 4052743 |5 +025000|y%  AOUTIO[S 4011126 5 00SMG|5S 0000
6 00000]a6 014087 |6 -025000x6 —033136[x6  -039002|a6 04330116 046
V6 050000 (6 wwars| w0an0ifs6 s036lys G0SLI[ 46 025000130 DISIH
W1 4020389 |x7 4044087 |« 000000)|a7  ~O.11966[s7 21694 |7 029389 |47 035355
V1 ADAOISL|3T 04797 [¥7 4050000 |57 HDARSATST  a0ASDAR|WT DALy 4035358
s 047553 |x8 +03THET[Ns 4025000148 +0.119G6|38 000000 (58 DUDIE|AE 01914
)8 a0Is45|ye  4032M305B 4DATIOL[JE  HQAES4T|8 0SO00D|GE  4LAROLTGE  HO46ISH
o 4047557 |9 +048491 | +043301[x0  +033IS6[0 02160410 401039619 OO0O00
Yo o0UsIS1|y® A007ME[38  025000]y0  HOITA2G[5H 404504159 048007158 - ~OSOOD
MO 1029988 xi0 4045482 |10 +0.50000 [x10  +046751[ X0 4035082 | <10 402938 [x10 +0.19134
V0 040483 710 020771300 000WO[¥ID  4QITTIC[HO  GO3LLFA |10 f0A04SLINID A6
W s027032 |xli +043301 {311 4049635 |xlE +0ASHAG X1l +04230151L 4035335
gL ~0A2067 g1l 025000511 —0.06027 (3Ll SO.ANIG|yIL  +025000 |11 4035355
Y12 +025000 (512 4041149312 H0AKTAG]|xl2  +04976|x12  +046194
Y12 0A301]y12  -0:28503 |12 -011126| 12 #0.0526(y12  0191H
W3 073036 %13 039002 [x13  +047SS3|xl3 4050000
Y3 041273313 03UTA[y13 0154510313 Q00000
Tld 4021694 | x14 +037IST x4 4046104
4 04548314 033457l 011N
W5 4020337 |A15 4035355
$15 045677 |y15 035355
X6 4019134
¥16  ~046194
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Table 3. (Continued) Hole Coo
"Type ““A” Hole Circles, Cen

TG BORING

rdinate Dimension Factors for Jig Boring —
tral Coordinates (English or Metric Units)

& o
R
@

The diagram shows 2 1]
y are given in The
are: for holes nube

1ahle for

pe VAT cirele fora Shiole aircle. Coordinutes &
hole circles of from 3 to 28 holes, Dimencions
red! in & counterclockwise diretion (as shown).

Dirmensions piven are hused upon a hale clrcle
ircle of, say, 3-inch or 3-centimetes diameter, mulliply table

of umit diameter. For a hole

values by 3.

_—
17 Boles 18 Holes 10 tholes 20 Holes 21 Hotes 22 Holes 23 Holes
T oMol el oOmeo|xl 00U [. D000000) < 000000 | 51 .00000 | x1 0.00000
yl -030000 |yl =0.50000 |yl ~0.50000 51 o500yl -05000afy1  -0.S0000 iyl 053000
2 —asom a2 —007i0n[x2  0aess|xz 0084512 014738 [x2 04087 [x2 —0.13490
j2 046624 |2 0dE9RS|y2 04729112 sl -04ITialae -0AToRs|a 048146
B _0EeRs|x3 4032130 |x3 03071 0293800 028166 |23 0270328 -0:23979
y3  -026950153  -038302]y3  0.38ST (53 OAMSE[s D4l 04NeElE 0Arm2l
W 0758 |34 043301 |24 041858 [t -0AMSL] X _gav02 |xa 037787 x4 036542
pi —022287(y4 025000 |31 02770 _omaage| ¢ -03LFA|¢  0XMI|M O3uA
W 0a9TET|es 49n0|ys A0S DAISSES _desad x5 —0As4EZ[xs 04394
V5 -omMeL3|ys  -ooseezlss  0IIT |55 _ousisifys  -0.08267[y5 0207711y 023003
o —0dsopl |6 040420 |x6 04982056 05000016 049360 |6 —0A90L|x6  —D4B95E
§6 43683 |36 +DUBGE2 g0 004129146 po0000|ys  -003TAT |36 0071I61y6 010173
T o9l |1 —DAAIL(NT  —0ASTR 1T -DATSSANNT 043746 |47 040491157 049883
YIos030132|37  +025000|y7 402008517 Lplsasl]|y sedlzs|yr woTDS|T -bomal
s oomazl|ss 0320398 0367861a8 04045108 gazaotl vasme s 04713
J8 HaasTL|yS +038302]38  (DAIEGI LS co00se|i8  s0os000(y8  +0207TL|y 4016734
Y omiErle  —eimei|w  —ommrls 0293910 024008 8 —03TIST[a8 040848
W 4049149 |35 +0AGRS |9 0435749 G0a0ds1| 1036033 [y WDBXM|,0 0284
0 009187 |0 000000|x10 —00E230[sl0 035451110 0216941210 —027032 |10 031534
Ji 049140 |10 +0.50000 | yl0 049318 YI0 L7553 F510  +045048 | p10 4042063 | 510 038788
L 4026322 | X1 H0I71001 | X1 H0B230 [al1 000000111 _po7dsz)all  -D4087 X1l -0.19920
VI 1049511yl +D46985 [yI11 +0ABBLR 1L LOS0M0| 11 4040442 [3IT ADATITS| y1E o 40ASE61
12 403000 |xl2 4032139 [xl2 4023797 |2 +0.15451{x12 4007452 |xi2 0ooop0d a2 006808
yl2 4030132 {y12 4038302 |y12  4043I7H|yIZ 047553 | pl2 4040442 312 050000 (312 +0.49534
T3 4048001 [x13 043301 513 036786 |53 40203891 13 4021694 | <13 4014087 | <13 +0.00808
T3 4003683 913 +025000|513 033864 13 AN |13 +043088| p13  $0ATIT5 |13 4049534
T4 40AUTST |14 4040040518 +0457ED|x14 +04045E1 514 4034008 | 114 +0.27032 ] 14 +0.19820
y14 -004613 | p1a 4008682 ) yig (020085 fx14 1020380 yl4 406653 [y1a 4042063 | yla 045861
V5 044758 | XIS 049240 | 515 +049829 |15 4047553 115 4043301 | <15 4037787215 +031554
pIS 020287 [y15  —0086821y15  HGHLH NS soasast|pis 025000 |pis 402215 HOSETES
06 4093685 |x16 4043301 |xl6  +04R4T0 |16 +0.50000 116 LDARTE | x16 045482 [ x16  +0ADBE
Y16 -0.36950 [pl6 025000 |y16  ~0.12274 |15 000000 |yi6 40111261516 +0.20771 | 316 +028834
7 4018062 | %17 4032138 [x17  +041858 |7 404TSE3 1T 404960 | AT 4049491 217 +OATLLE
Y17 048624 517 038302 [y7 ~027347] 517 S5t | 917 —0.03737 {317 +00TUGISLT 01674
F—————%8  +047101|x18 +0307LL{x18 4030451 x18 046544 | 518 1049291 [ k18 +0.40883
W18 046985 [¥18  —037 |18 0293891118 018267 |y1B 00716 |18 4003412
Tlo 201635 {9  +0I[x19  403902[ xS  40ASHI X9 +0.48954
Yo —0aTl|pe 404k [p13 0317460 ~020771 ¥19 0173
o0 015451 |20 SDOBIGH 420 407IET|G30 4DAANE
Y20 047853 |y2n  —041312]320 052743 | 320 -0.23003
21 01478 |a2l  +02F02 a2l 4036542
w21 0ATTTE|y2l 042063 |y2L 034128
¥ 014087 | 522 4025979
W11 047975 |y 042721
sz 4013490
323 048146
24 Holes 25 Holes 26 Holes 27 Holes 28 Holes

o oowmla 0000 |sl  00mA0[xl 00000011 000000

Y1 -050000 [y ~0S0000|y1 050000 |¥1 ~0.30000 [yt —0.50000

v —oanallx  -0a24ad|sz -0.I966|w2 OIS 11126

y2 o -Dagag6 [y 04 |s2  0AESHTT 048632052 048746

3 025000 |&3  —02408B[x3  023DE|a3  0ZA0|A 021694
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Table 3. (Continued) Hole Coordinate Dimension Factors for Jig Boring —

Type “A” Hole Circles, Central Coordinates (English or Metric Units)

JIG BORING

967

ZoN

ofisino)
D
RO

Fhe diagratn shows a ypo “A” elsclc for a 5-bole circle. Coordinates x,
3 ure pivers in the table £or hale cireles of from 3 to 28 hotes. Dimensions
‘e for froles numbered i & coumterclockwise dircction (as shawn).

Dimenstons ghven are based upon 4 hole circle of wit diauerer. Tor a hole
circe of, sy, 3-inch or 3-centimeter diameser, multigly table values by 3,

7 -04301]3  0als |3 04y OddeB2(y3 043048
W 035355 |4 034227 (x4 033156 (x4 032 pet 03174
4 oswss|ye 03edas|i 0aTAG|p 0383021 -039002
W5 043301 |x5 0422165 -041149[x5  -DADIOGENS 039002
s 02500005 -026781 )5 -028d03[yS  029858[5S 031
6 _DASIO6| 6 —0ATSSI |6  —0AGISL|x6 04301116 -0ATMS
6 —012A1y6  -0I5451[)6  -OLTTID[y6  -OBEM|6 02164
V050000 [x7 044501037 049638 |x7  0AUM0|NT  —0ABTS
Y1 ouoone|y7  -003M0|y 0067 [yT  ~ODSGET OIS
e —04e96|x8  —caon4ls8 0A9EAT I -0499i5a8 050000
JE DA04T[p8 4009360 |38 4D06027|yE  +OO207|)8  GHOKO
@ 043301059 -04si]xe  -046751[s9  ~0ATRO|9  ~0A4RTE
W 4025000 |3 02128939 40A7II0)50  +U.14340)00 +111126
40 0353551410 —038526 [ ¥10 041149 |0 —0A3B0Lfa10  ~045048
FHE 4038355 | 510 +031871 +023000 | 310 4021684
a1 —02s000len 029389 ~0.3636% [x11 039002
FIL 4043301 |y11 040451 ERETLIE] ISP
S 04283 | 412 018406 _02m475|x12 0304
12 4048296 |12 046489 SDAITI4|F1Z 4039082
X3 QK000 X3 006267 —0a7i01|x13 021604
F13 4050000 |¥13 049606 ¥ 06985 | 713 +0.45048
F14 4012041 |x14  +0.06267 —0.05805 | £14 011126
$14 4048206514 4049606 +040662 [y14 1048746
XI5 4025000 | XI5 +0.18406 005805 | €15 0.00000
¥I§ 4043301315 046489 1049662 | y15  +H50000
Y16 4035355 216 +0.29389 S0THL| X6  +0.00126
yl6 4035355 |16 +040451 40469851 516 4048746
317 404330k [ 517 +0.38526 0175 X1 +021604
§17 4025000 (17 +03187) 041774517 2045048
GIB 4048206 | x18 4045241 +0.36369 [x18 +031174
S18 5012541 | 918 4021289 034312 | Y18 4035092
¥ 4050000 |0y 049114 4043301 [ 219 4039092
19 0.00000 |19 +0.09369 |3 D25000[ 18 +031IT4
S0 4DASINE 520 +049801 10478991220 4045048
y20 -012041 ;20 003140 S0.14340 |20 4021694
01 4043301121 4047853 1040015 221 048746
21 025000321 —0.15451 4002007 321 4011176
23 4035355 (k22 4DA2nIE k22 40AG7SL|a22 4049230 N22 +O5NC0
V21 -00sass |y —026791[yR2 -OA7TH0N2 005682522 GOUKO
% 4025000 |xxd 4034227 |23 DALID |23 <0AS811A23 O4ETG
W3 043301323 036488323 0280323 —CISEML2 001126
124 402041 |24 4024088 ~0ABI06 | 224 +0.45048
124 -048296(y24 043815 —omossslyad 021604
s 40u2434 |xas ~02326{m5 032139025 4030092

35 04300 |25 DA9TA[35  038301|325 031

W6 40.11966| @6 02480 |26 31T

V26 —DABSST [y26  —DA4GB2[126  —039052

A7 40115327 4021694

127 -0A8652|y27 045048

A28 4011126

j28 048746
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NG BORING

Table 4. Hole Coordinate Dimension Factors for Jig Boring —Type “B”
Hole Circles Central Coordinates (English or Metric units)

—X

@
A

O

@

Ref
+X

o

“The diagram shows a typs “B” circle for a 5-hole circla. Coordinutcs x,
yare given in the whle for hole eireles of from 3 @ 28 holes. Dimensions
are for holes onmbered in a coanterelockwise dircetion (a8 shown).
Ditnensicns piven are based upon a hole circla of vnit diameter, For ahule
circle of, say, 3-inch or 3-eenlimeter diameter, multiply table values by 3,

3 Holes 4 Holes 5 Holes 6 Holes 7 Holes 8 Holes 5 Holes
xl 043301 |xl 035355 |xl -029389 {xi 023000 {x1 021694 |xI 0092134 [« 017101
VL 025000 |yl 035355 [yl —040451 |31 043301 [y -045048 |l 046194 |31 ~0.46%85
x2 4OK00 a2 035355 |xI -047533 |22 050000 [x2 048746 a2 046194 2 043301
¥2 +0.50000 [¥2 40353535 |y2 +0LE5451 (32 OO0 ¥ =011126  [¥2 019134 |2 -0.25000
X3 4043301 |3 4033335 |3 0.00000 X3 025000 [+3 039092 fax3 046194 £ 049240
¥3 ~0.25000 |[¥3 +0.33355 |33 +050000 | ¥3 043311 ¥3 031174 | #3 4018134 |¥3 4008682
= 4035355 | xd 4047553 [a4 4025000 |4 DOUGOD o 019134 | 032139
¥4 035355 [ IS5 |94 4043301 |4 4050000 |4 +0.46194 [y4 +0.38302
x5 4029389 fx3 AHDS0000 a5 4035092 |x5 19134 (x5 Q00000
8 040451 35 Qo000 xS 03194 |35 40406194 |35 +0.50000
X6 +0.25000 |26 +045746 a6 046194 [x6 +032130
36 04301 |36 -1it26 |56 +0.9134 6 1038302
X7 4021694 (X7 046194 |7 +0.49240
¥7 045048 |37 -0.19134  |yT  +0.08682
xB 019134 |aB +0.43301
38 046104 [y8 025000
2 017101
¥ 046985
10 Holes 11 Holes 12 Holes 13 Holes 14 Holes 15 Holes 16 Hales
xb -0.15451 pxl 014087 el 002041 i 01966 [x1 001126 |1 010396 (21 —0.09755
¥l 047553 |yl 047975 |yl 048296 |yl —04ASST |yt 048746 |yl ~DARGG7 |yl 049039
2 -040451 |x2 037787 a2 035355 |a2 032156 |22 031174 1.2 029383 (a2 027779
y2 020389 |2 032743 |2 035355 |y2 037426 (32 030092 {32 -04045) 32 041573
33 050000 |x3 049491 [x3 048296 1x3 046751 3 0458 |3 043301 3 -0A1573
3 0.00000 3 D76 §33 012941 {3 017730 {33 021684 |y3 -D.25000 |3 027779
x4 LAMS1 |4 045482 |x4 048206 | x4 049635 x4 050000 | et 049726 | ~0.49039
¥4 +0.2038% |34 +020771 ¥4 HR1Z041 ¥4 006027 (x4 0.00000 M 005228 |34 009755
x5 15451 |5 027032 |5 35355 |a5 04149 [ a5 045048 Ja5 47553 |5 04003
¥5 047553 [y5 4042063 |35 HA3S335 |5 4028403 [p5 021694 |35 +0.1545) 8 +0.09755
X 15451 k6 0.00000 a6 012041 (a6 023236 |46 031174 |6 037157 6 ~041573
16 4047553 fy6 405000 | y6 +048296  [y6 4044273 |6 4039092 |30 +0.32457 ¥ HLITIIY
a7 H0AMS1 |7 4027032 a7 ~012941 a7 000000 X7 001126 |x7 020337 &1 027779
37 029389 |V7 4042063 |7 048296 |57 +0350000 (37 40486 |yT7 +045677 |37 041573
8 050000 {a8 4045482 |x8 035355 |a8 4023236 |a8 401126 (a8 Q00000 A8 =0.08755
¥8 000000 |38 20771 iy 4035355 {38 4044273 18 4048746 |8 050000 {vB +0A%039
20 404051 |9 4049401 X9 4048296 X9 +041E9 §a9 031174 |9 030337 fu9 +0.09755
9 029389 |30 —0UTHE |4 +0.12941 9 028403 |yo 020092 |y9 +O4367F [0 +U4B039
04005431 | 5104037787 |x10+045296 (2104042635 | xI0+045048 | <10 +0.37157 ~10+0.27779
¥I0-047553  [310-0.32743 | p10-0.12041 | p1040.006027 [ ¥104+0.21694 | 710-+HRIDAST yH) 041573
11 -0.14087 x11+0.25355 | x10+0.46751 xS0 ] 1+047553 x11-+0.41573
yI1 047975 ¥11-0.35335 y121-0.17730 ¥l 0.00000 ¥l +13451 ¥y 027779
2124002941 Ix124033156 [ 32045048 x12+0.40726 x12 +0.45039
¥12-0.48295 ¥12-0.37426 yi2-0.21694 Fl2-0.05226 yI2H0.09755
xI3+0.11966 1331174 x134+043301 13 +0.49039
313 -048547 ¥13-0.39092 13 025000 ¥I3 -0.09755
x14+0.11126 x14 4029389 ald 4041573
yl4-048746 | pla-04a51 | pia 027779
x15 4010556 x15 4027779
FI5 045007 | 315041573
#16 +0.00755
316 1149039
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Table 4. (Continued)
Hole Circles Central Coordinates (

JIG BORING

969

Hole Coordinate Dimension Factors for Jig Boring —Type “B”
English or Metric units}

OINNO;
=Y
\ The disgram shows 2 type B circle for a 3-hole circle. Coordigales x,
3 are given in the table for hol eircles of from. 3 10 18 holes. Dimensions
are for holes nutnbered in a counlerclodkowise direction (s shown).
Dimensions given are hased npon = hole circte of unt dismeter. For  hiole
Circle of, say, 3-inch or 3-centimeter dismeter, multiply 1able valnes by 3.
17 Holes 18 Holes 19 Hules 28 Holes 21 Holes 22 floles 23 Holes
T 000187 |xl —D086B2  jx1 -0.08230 |x1 007822 A 007452 [x1 007116 fA1 006808
¥l =049149 |21 —ndo4d |yl 049318 |yl 049384 |31 ~040442  |¥1 —049491 ¥l —~049334
2 o025 |2 025000 |x2 023797 |22 022700 52 021694 |x2 020771 A2 ~0.19920
32 042511 |32 043301 y2 —0.43074 [y2 044850 12 045048 |yz 045452 jy2 043881
3 —03%901 |<3 038302 |13 -036786 |x3 035355 |03 034009 |3 032743 3 31554
v 030132 |y 032130 [p3 —033se4 |3 039355 [Hd 036653145 0377857 [y3 038786
4 048091 |x4 046985 |xd -0ASTEY a4 A 550 |xd 043300 4 042063 4 -040848
vi 013683 |p4 017101 [p4 020085 |34 022700 |3d 025000 |54 027032 | ¢4 028834
X5 049787 x5 050000 x5 -049829 a5 049384 |25 048746 |u5 —0.47975 5 047113
¥5 +0.04613 {5 (00000 ¥5 004129 fys 007 822 1yS 00126 |35 =0.14087 ¥ 016744
W6 -044758 |6 —DAGR5 a6 -048470 |x6 -0AO3EL a6 049860 |46 —D30000 |6 —049883
16 4022287 |36 417100 |36 020 |56 +00782 |56 4005737 6000000 [y6 —0.03412
7 -0.33683 |x7 —0.38302 |«? 041858 X7 044550 1x7 046541 |aT 047975 7 048954
Y7 4036950 [y7 4032139 |7 0277 |57 4022700 57 +0. 1067 |7 4004087 |yT +010173
38 018062 |x8 -025000 (x8 ~0307iL a8 035355 [a8 039092 |af 042083 |8 044304
¥& 046624 |38 +0423301 ¥8 +H03M57 yB 035355 (¥R 4031104 |38 027032 ¥& 4023003
X3 0.U0000 S -0U86E2 |0 016235 |x9 022700 (s 028166 fa3 —037743 (A 036342
¥ 050000 |59 049240 [y 047291 |39 +0.44550 ¥ 4041512 |9 +03778F 32 +0.34128
x10-+HLI806Z x10+0.08682 210 QUKD | 10007822 x10-0.14738 10020771 x10-023979
TIH0.46624 [ ¥104049240  |)10+050000 | pLO+04U384 510 5047770 |yi0s045a82 | 31040.42721
211 +033685 4114025000 11 +0.16235 x11 +0.07822 Xl 000000 [x1) 007116 £1§-0.13490
114036950 | y11+043301 y114047231 114049384 |31L+050000  fy1l +0.48491 ¥1140.48146
x12-+0.44758 x12 +0.38302 xk2=0.30711 x1240.22700 F12+0.14738 FI2+007116 | x12 0.00000
124022287 »12.+0.32139 P12 039457 F1240.44550 y1240.47779 124049491 ¥12+0.50000
13049787 x13 +{146985 =13 4041858 x1340.3535% x13+0.28166 A3 H12077] x13 +0. 13450
r1340.04613 yL3+0.17101 13027347 13 +0.35355 13 +0.41312 713 4045482 y13+048146
14 +H048001 <14 +0.50000 14 4043470 x4 4044550 14 +039092 x14 4032743 21440.23979
yi4-0.13683 ¥4 000000 |x14 +0.12274 Y14 +0.22700 yi4£0.30174 y14 4037767 144042721
£15+039901 13 +046885 x15 +040829 x15+0.49384 15 +0.46544 x15-+042063 £15 136342
F15-030032  [y15-017101 | yl5-0.04128 15154007822 | y1540.18267 FSH02H0E2 §yI54034128
Y16+026722 [ x16+038302 | xl& 4045780 x163049384 | x16 049860 X16 +04T9TS 164044394
F16-042511  |y16032139 | y16-020685  |516-0.07822  [y1640.03737 |1 64014087 | yE6+0.23003
x17 209187 17 +0.25000 17 +0.36786 x17 +0.44550 X7 +0.48746 217 +0.30000 x17+0.48954
317 - 040140 [y]7 043301 yI7T 13864 »17-0.22700 17 -0.11126 7 000K 174010173
I8 +0.08682 18 +0.23797 18 +0.35355 x18+043301 (13 +0A47973 x18 +1.49583
18049240 y18-0.43974 yL8-023355 F18—0.25000 18 -0.14087 18 -0.03412
x19 008230 19 +0.22700 194034009 19 +0A42063 x19+0.47113
¥19-0.49318 #19-0.44550 ¥19-036653 y19-0.3732 ¥19=0.16744
Xx2040.07822 x20040.21654 X1 +0.32743 4201040848
420049384 20045048 20057787 320 =0.28834
x2140.07452 21 +0.20771 2] +r31554
121040442 |121-045482 121 -038786
2224007116 x322+0.19920
22049401 322 045861
X23+0.06808
23049534
24 Holes 15 Holes 25 loles 77 Holes 78 Holes
A 006526 xl 006267 |l 008027 [k —0.05805 |l —Q.05598
yl 049572 |yl -049606 [yl 049635 |yl —04s6a2 [yI 049686
2 -019134 |2 -0.18406 |x2 0770 x2 —0i0g jx2 016514
¥2 046094 |32 046439 ¥ -0D46751 |2 046985 |¥2 -0A47194
¥ 030438 [x3 029389 |x3 028403 |3 027475 [ 026502
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113 BORING

Table 4. (Contintied) Hole Coordinate Dimension Factors for Jig Bering —Type “B”
Hole Cireles Central Coordinates (English or Metric units)

The diagram shows 1 type “B” ¢ircl: for a S-hole circle. Courdimates 5,
yars given in the tzble for hole circles of from 3 to 2§ holes. Dimensious
are for holes nombered in a counterclockwise direction (as shown).

Dimensious given are based upon a hole cirvle of vait dinmeter. For 2 botz
circle o, say. 3-inch o 3-centimeter dismeter, multiply table valves by 3.

-4

¥

—0.39668
—0.39668
0130438
046154
-0.19134
—0.49572
—06526
—0.49572
+0.06326
—0.46]94
+.19134
—0.39668
+0.30438

x10-0,36438
F10+0.39668
+11-0.19134
114046194
*12 006526
¥12 4049572
x13+0.06526
y12+049572
x14+0.19134
yl440.46194
<15 40.30438
154028668
£16-0.39063
FI6H130438
<17 4046194
Y17 40.19134
F18 4049572
¥18 006526
x19+4049572
¥19-0,06525
X2B40.46194
320016134
X21+0.39668
¥2L-030438
X22+0.30438
23039668
23 40.19134
¥23-046194
345006526
24049572

¥3
Ed
4
x5
¥
E)
6
x7
¥
x8
B
Evy
¥

x0-0.34227
¥10+0,36448
X1 § 24088
F114043815
x12-0.12434
312 043409
x13 0.00060
13 +0,50000
14 $0,12434
144048429
XI5 +.24088
154043815
164834227
3164036443
17 4042216
$17+026791
x184047553
$18+0.15451
x19+049901
¥1$+0.03140
X20+049144
¥20-0,00369
x21+045241
F21-0.21289
224038526
¥22-031571
234029369
523 040451
244018406
324046459
25 +0.06267
125 049606

—40451
=0.38526
031871
45241
—0.21289
=D.49114
—0.09369
—Da9501
+0.03140
047553
+0.1545]
—.42216
026791

73 -041)49
A —037426
74 =033156
55 -DATE
35 023236
56 48547
36 -0.11966
X7 =0.50000
3T GRUO00
A8 48547
3 +0.11966
0T
¥ 236
X10-:371426
F1040.33156
£11-0.28403
11041149
FH2-0IT730
F12 4046751
£13-006027
713 4049635
*14-+0.08027
714 4049635
A5 4017730
154046751
X16+128403
F16-041149
FTH057426
F17+033156
x18+0.44273
FI8 4023236
X19 +48547
718 +0.11966
720+ SUO00
20 000000
A1+ 045547
F21-0.11966
22 H044273
722023236
X33 +0.37426
723033156
x24 4028403
124041149
A25 4017730
325 046751
£26+0.06027
16049635

YA 0ALTTA |13 042336
4 036360 [x 035385
¥ stz b 035385
35 043300 x5 042336
¥§ -025000 [y5 026802
36 0ATRID |6 -0.4719%
36 -0.04340  [y6 016514
Xt 048915 X7 049885
¥7 082907 |37 005508
X8 0490 [x -0.49685
¥8 HORE82 (48 <0.05398
8 045011 |40 —D4TIV4
© +0.9804 |30 +0.16513
+10-040106 | x18 042336
710020458 | 5104026602

11032139 | 11035355

5114038302 | 3114035355

1202240 |2-026802

124044652 | ¥124042336

1301531 w3614
$134048652 [ 1134047194
x14 000000 | xid =0.05598

¥142050000 | y14+0.49686

F520.01530 x5 +0.05598

$15+048652 | 115049586

£164022440 | x16+4016514
Y16 4044682 | y164047184
x17+032139 | x17+026002
171038302 117022336
184040106 | 1R +0.35355
FI5+020858 | ¢1840.35355
194045911 | 5190.42236
$1940.19804 [ 194026602
20049240 [x2040.47194
008682 | ¥2040.16514
214040915 2] 1049646
321002607 [ 321 +0.05598
2340478 | <22 +0.49685
22014340 | 22005598

4043300 [a2310.47194
23025000 | 523-0.16514
X242036369  Le244042336
J24-034312 |y24-0a6602
254027475 |23 2035355
y25-041774 25035355

X2640.47101 | x2640.26602

25046085 |y26-0.42336

274005805 |27 016514
YIT-QAVGE2  {327-047194
£28-0.05598
328049686
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Collets

Collets for Lathes, Mills, Grinders, and Fixtures
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Collet Styles
Collets for Lathes, Mills, Grinders, and Fixtures
Dimensions Max. Capacity (inches)
Coller § Style Bearing Dium,, A Length, B Thread, C Round | Hex | Squa
TA 1 0.650 2363 0.640 x 26 RI 0500 | 0438 | o344
1AM 1 L125 3.906 1.118 % 24 RH 1000 | 0875 | o719
1B 2 0437 1750 0312 30 RH 0313 | o218 | ouss
Ic 1 0.335 1438 0.322 3% 40 RH vzse | p2e [ oam
1 1 1250 3.000 1.238 % 20 RIL 1063 | 0grs | niso
1K 3 1.250 2,813 None 1000 | 0875 | 0719
24 1 0.560 3313 0.850 % 20 RH 0688 | 0594 [ 0469
4B 2 0758 2363 0500 % 20 RE 0625 | 04sa | pao
24M i 0629 3188 063224 RH 0300 | 0438 | 0344
2B 2 0,590 2031 0A43Tx 26 RH 0500 | 0438 f 0344
c 1 0450 1812 0442% 30 RH a3 | oosse | oo
H 1 0526 4250 0.799 % 20 RH 4625 | 053] 1,000
2 1 1.625 3350 1611 x 18 RH 1375 | L188 | wu43s
aL L 0.950 3.000 0538 % 20RH 2750 | o656 | Looo
patd 4 2 Morse 2875 0.375 % 16 RH 0500 | 0438 | o034
NS 1 0324 1.562 0318 % 40 RH a2sp | o203 | eamz
08 1 0.299 1250 0.363 % 40 RH o188 | ouase | azs
8 1 0.750 3234 0.745x 18 RH 0563 | 0484 | 001
VB 2 0.595 2438 0437526 RH 0500 { 0438 [ 0344
34M 1 0.750 ERE] 0742 % 4 RH v6zs | ws3t [ ga3s
34T 1 0.687 2313 1637 x 26 RH 0500 | w438 | 034
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COLLETS

Clollets for Lathes, Mills, Grindeys, and Fixtures (Continued)

Dimensfons Max. Capacity (inches)
Collel | Style Rearing Diam., A TLength, B “Thwead, € Round | Hex Square
3B 2 G875 3438 0,623 x I6RH 0.750 0.64% 0531
ac 1 0.650 2688 0,640 = 26 RIT 0.500 0.438 344
3H 1 1125 4438 LOSOX 2 RH 0.875 0.750 0.625
2 1 2.000 3.750 1988 % 20 RH 1.750 1.500 1250
AN 1 0687 2815 0.647 % 20 RH 0500 0438 0.3
308 1 0.58% 2084 .58 % 26RK 0.375 0313 0366
3PN 1 0.650 2063 U.645x 24 RH 0.500 0438 034
3P0 1 0.559 2.063 0.50%x 24 RH 0375 0.313 0266
33 1 1.000 4594 0.995 x 20 RH 0750 0.656 0.331
38C 1 0350 1.578 0,293 » 36 RH 0.188 0.156 0125
388 1 0.589 2125 0515 x 26 RH 0375 0.313 0266
4C 1 0.950 3.000 0.938 x 20 RH 0750 0.656 0.531
ANS 1 0826 3.500 0.800 % 20 RH 0625 531 0438
405 1 0.750 2781 0.660 x 20 RH 0s0d 0438 344
APN 1 1000 2506 0,995 x I6 RHE 0.750 0.656 0531
438 1 0.998 3250 (982 x 2} RH 0.750 0.656 0331
5C 1 1.250 3281 1,238 x 20 RH= 1.063 0.506 0350
5M 3 1.438 3438 1238 x 20 RH 0.575 0.750 0.625
5N3 1 4219 1050 x 20 RH 0575 0.750 0.623
508 1 3406 0,937 %18 RH 0.750 064 0516
5P 1 3.657 0807 % 24 RH 0.623 0.531 0438
SPN 1 3406 1307 x J6 RH 1000 0.875 071
58C 1 2438 0500 x 26 RH 0.375 0.328 0.266
58T 1 3281 1238 %20 RH 1063 0.908 0.750
5v 1 3.875 0775 %18 RH 0.563 0454 0.391
GH 1 4750 1.300 x 10 RH LE25 0.969 0.797
6K 1 3.000 0.762 %26 RH 0625 0.531 0438
6L 1 4438 L178 % 20RH 1.000 0.875 0719
6NS 1 5.808 1234 x 14 RH 1000 0.539 0.703
R 1 4938 1.300 % 20 RH 1125 0.969 0.781
n 4 X123 0375 x 16 RH 0.500 0406 0344
7B&S 4 2.875 0.375% 16 RH 0500 0406 0344
ki 1 4.750 1120 x 20 RH 0875 0.75¢ 0.625
L3 [ 3.500 None (R75 0750 0.625
& 1 4.750 1425 % 20 RH 1250 1.063 0875
35T L 5906 2354 12RH 2125 L5844 1.500
BWN L 3.875 1.2d5x 16 RH 1.000 0.875 0.719
uB 4 4125 0.50(x 13 R 0750 0.641 0531
1oL 1 5.500 1490 ]8 RH 1.250 1063 0.875
1P B 4750 1495 % 20 RH L2530 1063 0.875
3T E 4516 1.875 % L.75 mm. RH? 1625 1.406 Li4l
20W 1 27918 0775 x6-1em 0.563 0484 0.391
22} 1 4.000 2550 % 18 RH 2250 1.933 1563
328 1 2563 0.690 % 24 RH 0.500 0438 344
351 1 3000 3361 % 18 RH 3.500 3.000 2438
428 1 3.688 1.236 x 20 RH LoD 0.875 0.719
S0V 8 4000 1125 x 24 RH 0Y38 0.813 0.656
528C i 3688 ¢.785 3 20 RH 0.625 0531 438
115 1 asan 1.307 %20 LH L1235 0969 0797
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Collets for Lathes, Mills, Grinders, and Fixtares {Continued)

973

Dimcsions Max_ Caparity (inches)
Callet Syl Beariag Dian., A Lenpth, B Thread, € Rovnd Hex Syuarc
215 1 2030 4.750 1950= 18 LH 1,750 L300 1213
315 1 3687 3.500 3ax2x16LH 3250 2813 2250
B3 7 0.650 4.031 0.437 x 30 RH 0.500 1438 0344
Ds 7 0.780 3.031 (.500 % 20 RH 0.625 0531 0438
GIM 7 3623 2437 0437 x 20 RH 0.500 0428 0394
J&L 9 (999 4375 None: 0.750 0641 0516
i 8 1.360 A.000 None 1188 L.O0D 0813
LB 10 0.687 2.000 Nene 0.500 0438 0344
RO n 1.250 2938 BETSx 16RA 1125 0.060 0781
RO 12 1250 4437 0.875x 16 RK 0.800 0.688 0563
RO 12 ©1a2s0 4437 0.875x 16 RB 1125 0.963 0.781
RO n 1.250 2938 0.875 = 16 RIT 0.800 (L6KE 0.563
R8 7 0.950 4.000 0437 x 20RH 0.750 0.641 0531

2Tnternal stop thread is 1.041 24 RH.
b[nternal stop thread is 1.687 X 26 RH.

Dimensions in inches unless otherwise noted. Couriesy of Hardinge Brothers, Inc.

DIN 6388, Type B, and DIN 6499, ER Type Collets
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ER Type Type B
Dimensions
Caller
Standard Type B (o) L {mm) A (o) c
-T. I 7550 o 1516
DI 6388 20 50 5 55000
% 05 2 S5s
R PR & ErEs)
ER Type. ERAS 540 s 055 3
DIN 6199 ERATI 1150 B 057 ®
ERAIS 7 = 0510 &
ERAZD 21 X 0513 ®
ERAZS % 3 E=) &
ERA B ) T30 T
P p73 EST3 ®
ErA4
] ® 730 =
ERAT = &0 s &
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