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CUTTJNG TOOLS

Tool Contour.—Tools for turning, planing, etc, are made in straight, bent, offset, and
other forms to place the cutting edges in convenient positions for operating on differently
located surfaces. The contour or shape of the cutting edge may also be varied to suit differ
ent classes ofwork. Tool shapes, however, are not only relatedtn the kindofoperation. but,
in roughing tools particularly, the content 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 result in 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 Definitions—The terms and definitions relating to singleepoint tools vary
somewhat in different plants, but the foilow Lug are in general use.
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Figi l.Te1ms Applied to Sin gle»poi.ttt Turning Tools
Single—point Tool: This tennis applied to tools for turning, planing, boring, etc‘, which

have a cutting edge atone 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 mechanical means.

Shank: The shanlt is the main body of the tool. lfthe tool is an inserted cutter type, the
shank supports the cutter or hit. [See diagram, Fig. 1‘)

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

Face: 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 and surface adjacent to the cutting edge and below it when the
tool is in a horizontal position as for turning.

Base: The base is the surface of the mol shank that bears against the supporting tool,
holder orblock.

Side Cutting Edge: The side cutting edge is the cutting 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 Cutting Edge: The end cutting edge is the cutting edge at the end of the tool.
On side cutting edge tools, the end cutting edge canbe 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 cut primarily with the end cutting edge are some-
times called end cutting edge tools.

Rake: A metalwcutling 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 ofeither increas—
ing ordiminishing the keenncss or bluntness of the edge. The magnitude ofthe take is most
conveniently measured by two angles called the back rake angle and the side rake angle.
The tool shown in Fig. 1 has rake. If the face of the tool did not incline but was parallel to
the base, there would he no rake; the rake angles wouldbe zero.

Positive Rake: If the inclination of the tool face is such as to make the cutting edge
keener or more acute than w hen the rake angle is zero. the rake angle is defined as positive.

Negative Rake: if the inclination of the tool face makes the cutting edge less keen or
more bluntthan when the ralce angle is zero, the take is defined as negative.

Back Rake: The back rake is the inclination of the face toward or away from the end or
the end cutting edge of the tool. When the inclination is away from the and cutting edge, as
shown in Fig. l, the back rake is positive, 1f the inclination is downward toward the end
cutting edge the hack rake is 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. l . the
side rake is positive. If the inclination is toward the side cutting edge the side rake is negative.

Relief: The flanks below the side cutting edge and the end cutting edge must be relieved
to allow these culting edges to penetrate into the workpiece when taking a cut. If the flanks
are not provided wi lh relief, the cutting edges will 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 siderelief and the end relief.

End ReliefAngle: The end relief angle is a measure of the relief below the end cutting
edge.

Side ReliefAngle: 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 backrake. It is measured in a
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 cutting 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 upon the magnitude and direction of the backrake.

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 edge 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 parallel to the has e.

End Cutting Edge Angle: The end cutting edge angle is the angle made by the end cutting
edge with respect to a plane perpendicular to the axis of the tool shank, 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 angle is the angle made by the side cut
ting edge and a plane that is parallel to the side of the shank.

Nose Radius: The nose radius is theradius of the nose ofthe 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 great influence on the performance of the tool. The lead angle isbounded
by the side cutting edge and a plane perpendicular to the workpiece surface when the tool
is in posio'on to cut; or, more exactly, the lead angle is the angle between the side cutting
edge and a plane perpendicular to the direction of the feed travel.
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Lead Angle Lent] Angle Equalto side Cutting Angie

Side Cutting
Edge Angle

Fig. 2. Lead Angle on Single-point Turning Tool
Solid Tool: A solid tool is a cutting tool made from one piece of tool material.
Brazed Tool: A brazed tool is a cutting tool having a blank of cuttin34001 material per-

manentiy brazed to a steel shank.
Blank: A blank is an unground piece of cuttingvtool material from which a brazed tool ismade.
Too! Bit: A tool bit is a relatively small cutting tool that is clamped in a holder in such a

way that it can readily be removed and replaced. It is intended priman'ly to be Iegroundwhen dull and uotindexed.
TaobbitBlank' The toolabit blank is an ungruund piece of cutting—tool material from

which a tool bit can be made by grinding. It is available in standard sizes and shapes.
Toolkit Holder: Usually made from forged steel, the tool-bit holder is used to hold the

tool bit, to act as an extended shank for the tool bit, and to provide a means for cl amping in
the tool post.

Straight-shank Tool—bit Holder: A straightshauk tool—bit holder has a straight shank
when Viewed from the top. The axis of the mo] bit is held parallel to the axis of the shank.

Ofsez-sfmuk Tool-bit Holder: An offsekshauk 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 theaxis of the shank.

Side cutting Tool: A side cutting tool has its major cutting 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 theaxis of the tool.

Indexnble Inserts: An indexable insert is a relatively small piece of cutting-tool material
that is geometrically shaped to have two or several cutting edges that are used until dull.
The insert is then indexed on the holder to apply a sharp cutting edge. When all the cutting
edges have been dulled, the insert is discarded. The insert is held in a pocket or against
other locating surfaces on an indexahle insert holder by means of a mechanical clamping
device that can be tightened or loosened easily.

Indexuble Insert Holder: Made of steal, 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 a pocket or against other sealing surfaces.

Straight-shank (tidexoble Insert Holder: A straight-shank indexable insert tool-holder
is essentially straight when viewed from the top, although the cutting edge of the insert
may be oriented parallel, or at an angle to, the axis of the holder.

Omet-sfzauklndemble Insert Holder: An offsetshank indexable insert holder has the
head end, or the and containing the insertpocket, offset to the right or left, as shown in H g.3.
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{it}

Fig 3. Top: Right-hand Offset-shank, Tndexable In scrtl {olderBottom: Right-hand Offsct- shank Tool-hit Holder

End cutting Tool: An end cutting tool has its major cutting edge on the end of the cutting
part of the tool, The major cutting edge may he perpendicular or at an angle, with respect tothe axis of the tool.

Curved Curling-Edge Tool: A curved cutting—edge tool 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 a large portion of its length.

Righrihund Tout.- A right-hand tool has the major, or working, cutting edge on the right-
hand side when viewed from the cutting end with the face up. As used in a lathe, such a tool
is usually fed into the work from l'l ght 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 from the cutting and with the face up. As used in a lathe, the tool is usu-
ally fed into the work from left to ri glit, when viewed from the shank end.

NeutraHmnd Tool: A neutral—hand tool is a tool to out either left to right or right to left;
or the cut may heparallel to the axis of the shank as when plunge cutting.

Chipbreaker: A groove formed in or on a shoulder on the face of a 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 a] so 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 clumping.
ReliefAugles.-«-The end reliefangle and the side reliefang] e on singleipoint cutting tools
are usually. though not invariably, made equal to each other. The relief angle under thenose of the tool is a blend of the side and and relief angles.

The size of the relief angles has a pronounced effect on the performance of the cutting
tool, If the relief angles are too large, the cutting edge will be weakened and in danger of
breaking when a heavy cutting load is placed on it by a hard and tough material. 0n finish
cuts, rapid wear of the cutting edge may cause problems with size control on the part,
Reliefangles that are too small will cause the rate ofwear on the flank of the tool below the
cutting edge to increase, thereby significantly reducing the tool life, in general, when cut-
ting hard and tough materials, the relief angles should be 6 to 8 degrees for high-speed steel
tools and 5 to 7 degrees for carbide tools. For medium steels, mild steels, cast iron, and
other average work the recommended values of the relief angles are 8 to l2 degrees for
highrspced 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
reliefangles recommended for turning copper, bras s, bronze, aluminum, ferritic malleable
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iron, and similar metals are 12 to 16 degrees for high—speed steel tools and 8 to 14 degreesfor carbides.

Larger relief angles generally tend to produce a better finish on the finish machined sur4
face because less surface of the worn flank of the tool rubs against the workpiece. For this
reason. single-point thread—cutting tools should be provided with relief angles that are as
large as circumstances will permit. Problems encountered when machining stainless steel
may be overcome by increasing the size of the relief angle. The relief angles used shouldnever 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 cutting temperature will decrease. Also, the tool life for a given cutting
Speed will increase with increases in the true ralte 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 corresponds rather closely with the side rake angle except when
taking shallow cuts. Increasing the side rake angle in the positive direction lowers the cut—
ting force and the cutting temperature, while at the same time it resuits in a longer tool life
or a higher permissible cutting speed up to an optimum value of the side rake angle. After
the optimum value is exceeded, the cutting force and the cutting temperature will continue
to drop; however, the tool life and the permissible cutting speed will decrease.

As an approximation, 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 he used
for hard and tough work materials. Cemented carbides are harder and more brittle than
highespeed steel; therefore. the rake angles usually used for cemented carbides are less
positive Ihanfor high-speed steel,

Negative rake angles cause the face ofthe tool to slope in the opposite direction from pos-
itive rake angles and. as might be expected, they have an opposite effect. For side cutting
edge tools, increasing the side rake angiein a negative direction wilt rcsultin an increase in
the cutting 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 cutting force will be about ll) per cent larger.
Usually the tool life will also decrease when negative side rake angles are used, althoughthe tool life will sometimes increase when the negative rake angle is not too large and when
a fast cutting speed is used.

Negative side rake angles are usually used in combination with negative back rake angles
on singleepoint cutting tools. The negative rake angles strengthen the cutting edges
enabling them to sustain heavier cutting loads and shock loads. They are recommended for
turning very hard materials and for heavy interrupted cuts. There is also an 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.

0n turning tools that cut primarily with the side cutting edge, the effect of the back ralce
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
backrake angle has can be ignored unless, ofcourse, extremely large changes in this angle
are made. A positive back rake angle does improve the performance ofthe nose ofthe tool
somewhat and is helpful in taking light finishing cuts. A negative baCkrake angle strength-
ens the nose ofthe tool and is helpful when interrupted cuts are taken, The back rake angle
has a very significant effect on the performance of and cutting edge tools, such as cutzoff
tools. For these tools, the effect of the back rake angle is very similarto 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
too] is being used. The side cutting edge angle and the lead angle will be equal when the
shank of the cutting tool 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 to thefeed direction.

The flow of the chips over the face of the tool is approximately perpendicular to the side
cutting edge except when shallow cuts are taken. The thickness of the undeformed chip is
measured perpendicular to the side cutting edge. As the lead angle is increased. the iength
of chip in contact with the side cutting edge 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 actual 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 beneficial 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 tool life remain the same
leads to faster production.

However, an adverse effect must be considered. Chatter can be caused by a cutting edge
that is oriented at a high lead angle when turning and sometimes, when turning long and
slender shafts, even a small lead angle can cause chatter. In fact, an unsuitable lead angle of
the side cutting edge is one of the principal causes of chatter. When chatter occurs, often
simply reducing the lead angle wi ll cure it. Sometimes, 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 somewhat long and slender, are also susceptible to
chatterifa large lead angle is used. The lead angle for boring bars shouldhe kept small, and
for very long and slenderboring bars a zero degree lead angle is recommended. It is impos—
sible to provide a rule that will determine when chatter caused by a lead angle will occur
and when it will not. In making a judgment, the first consideration is the length to diameter
ratio of the part to be turned, or of the boring bar. Then the method of holding the work—
piece mustbe considered# a part that is firmly held is less apt to chatter. Finally, the over
all condition and rigidity of the machine must be considered because they may he the realcause of chatter.

Although chatter can be a problem, the advantages gainedfrom high lead angles are such
that the lead angle should be as large as possible at all times.
End Cutting Edge Angle—The size of the end cutting edge angle is important whentool
wearby crater-111g occurs. Frequently, the crater Wi ll enlarge until itbreaks through the end
cutting edge just behind the nose, and tool failure follows shortly. Reducing the size of the
end cutting edge angle tends to delay the time ofcrater breakthrough.When cratering takes
place, the recommended cnd cutting edge angle is S to 15 degrees. If there is no cratering,
the angle can be made larger. Larger end cutfing edge angles may be required to enable
profile turning tools to plunge into the work without interference from the and cuttingedge.
Nose Radius t—- The tool nose is a very critical part of the cutting edge since it cuts the fin-
ished surface on the workpiece. Ifthe 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 acceptable 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 materi al, the cutting speed, and eutting fluids are not considered. A large nose radius
will give a better surface finish and will permit a faster feed rate to he used.

Machinability tests have demonstrated that increasing the nose radius will also improve
the tool life or allow a faster cutting speed to he used. For example, high-speed steel tools
were used to turn an alloy steel in one series of tests where complete or catastrophic tool
failure was used as a criterion for the end oftool life. The cutting speed for a 60—minute tool

11
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life was found to be 125 [pm when the nose radius was 146inch and 160 fpin when the nose
radius was Zinch.

A very large nose 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 he used on
the tool. ltis alway 3 good practice to make the nose radius as large as is compatible with the
operation being performed.

Chipbreakers.—-Many steel turning tools are equipped with chipbrealdng devices to pre-
vent the formation of long continuous chips in connection with the taming 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 handle. and they maytwist around the tool and cause damage. Broken chips not only occupy less space, but per,
mit a better flow ofcoolant to the cutting edge. S everal different forms of chipbreakers are
ii Eustrated in Fig. 4.

Angular Shoulder Type: The angular shoulder type shown atA is one of the commonly
used forms. As the enlarged sectional View shows, the chipbreaking shoulder is located
backof the cutting edge. The angle a between the shoulder and cutting edge may vary from
6 to 15 degrees or more. 8 degees being a fair average. The ideal angle, width W and 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 3/32to 7(flinch, and the depth G may range from
14,410 Vie inch. The shoulder radius equals depth G. H the tool has a large nose radius. the
corner of the shoulder at the nose end may be beveled off. as illustrated at B. to preveut it
from coming into contact with the work. The width K for type B should equal approxi-
mately 1.5 times the nose radius.

Parallfl Shoulder Type.- Diagram C shows a design with a chipbreaking shoulder that is
paraflel 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 tools which do not have a
side cuttingeedge angle. The tendency with this parallel shoulder form is to force the chips
against the work and damage it.

*la/x “W“ ”145:;

I
-/ er

l“Hr/G

X

E
7%

   JW W.//f’ %SECTION ,\'—X [05 X—KFA'IARGED ENLARGE“
A e c o E

Fig. 4. Different Forms of Chipbreakers for TurningTuuls

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 suit the
feed, depdi of cut and material. For average use, L is about J(flinch; G. 142mph; and W, 1/16
inch. There are differences ofopinion concerning the relative merits of the groove type and
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the shoulder type. Both types have proved satisfactory when properly proportioned for a
given class of work.

Chipbreakerfor Light Cutst Diagram E illustrates a form of chipbreaker that is some—
times used ontools for finishing cuts having a maximum depth of about I(flinch. This chi p-
breaker is a shoulder type having an angle of45 degrees and a maximum width of about 1/16
inch, It is important in grinding all chipbreakers to give the chipebearing surfaces afrnefin—
ish, such as wouldbe obtained by honing. This finish greatly increases the life of the tool.
Planing Tools—«Many of the principles which govern the shape of turning tools also
apply irtthe 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 5 degrees for planer tools, which is
less than for lathe tools. This small clearance is allowable because a planer tool is held
about square with the platen, whereas a lathe tool, the height and inclination 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 endrcutling 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.
Indexable Inserts—A large proportion of the cemented carbide, singleepoint cutting
tools are indexuble inserts and indexable insert tool holders. Dimensional specifications
for solid sintered carbide indexable inserts are given inAmerican National Standard ANSI
B212.l271991. Samples of the many insert shapes are shown in Table 3. Most modern,
cemented carbide, face miliing cutters are of the indexable insert type. Larger size end
milling cutters, side milling or slotting cutters, boring tools, and a wide variety of special
tools are made to use indexahle inserts. These inserts are priman‘ly made from cemented
carbide, although most of the cemented oxide cutting tools are also indexable inserts,

The objective of this type of tooling is to provide an insert with several cutting edges.
When an edge is worn, the insertis indexed in the tool holder until all the cutting edges are
used up, after which it is 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, tool,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 usually last for along
time before it, too, must be replaced.

Indexable inserts and tool holders are made with a negative rake or with a positive raise.
Negative rake inserts have the advantage of having twice as many cutting edges available
as comparable positive rake inserts, because the cutting edges on both the top and bottom
of negative ralcc inserts can he 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-waned parts, or other parts that are 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. indexahle inserts can be obtained in the following
forms: utility ground, orground on top and bottom 0U1y‘,PI’ECiSi0n ground, or ground on all
surfaces1prehoned to produce a slight rounding of the cutting edge; and precision molded,
which are unground. Positive-negative rake inserts 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 both top and bottom surfaces, The pasitive—rake chipbreaker surface
may be ground or precision molded on the insert

Many materials, such as gray cast iron, form a di scontinuons 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
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wh en machined on 1211th and planers having single-point, cemented—carbide and
cemented—oxide cutting 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 molded
or ground directly on the insert. When inserts with plain faces are used, a cemented-carbide
plate—type chipbreaker is clamped on top of the insert.
Identification System for Indexable Inserts—The size of indexahle 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 32124—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 common use. Identification con-
sists of up to ten positions; each position defines a characteristic of the insert as shownbelow:

1 2 3 4 5 6 7 8“ 9B 103
T N M G S 4 3 A
“Eighth, Ninth, and TenLh Positions arc used only when required.

1) Shape: The shape ofen insert is designated by a letter: Rfor round; S, square; T, trian—
g1e;A, 85° parallelogram; B, 82.“ parallelogram; C, 80° diamond; D, 55" diamond;E, 75°
diamond; H, hexagon; K, 55" parallelogram; L, rectangle; M, 36° diamond; 0, octagon;
P, pentagon; V, 35° diamond; and W, 80" trigon.

2) ReliefAngle (Clearances): The second position is a letter denoting the relief angles; N
forO”; A, 3”;B,5°;C,7°;P,11°;D,15”;E,20";F, 25°; G, 30“; 11,0” & l 1‘”; 1,0“ &14"’;
K, 0° & 17”; L, 0° & 20'”; M, 110 8c 14‘”; R, 110 &17°*;S, 11D & 20“. Whenmounted
on a holder, the actual relief angle may be differentfrom 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.

  
 

 

 

   

 
 
   

  

  
  
  
  

   

Tolerancc Tolerance
(i from nominal) (i from nominal)

Inscribed Thicknes , Inscribed Thickness,
Symbol Circle, Inch Inch Symbol Circle, Inch Inch

A 0001 H 0.0005 0,001
B 0.005 J 0002—0005 0001
C 0.001 K 0002—0005 0.001
D 0005 L 0002—0005 01001
E 0.00] M 0002—00045 0.005
F 0.00] U (1005—00103 0.005
G 0-005 N 0002—0004a 0.001 

aExact tolerance is determined by size of insert. See AN$1394.25.

4) Type: The type of insert is designated by a letter. A, with hole; B, with hole and conn-
tersink; C,With hole and two countersinks; F, chip grooves both surfaces, no hole; G, same
as F but with hole; H, with hole, one countersink, and chip groove on one rake surface; J,
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; R, without
hole but with chip groove on one rake surface; T, with hole, one countersink, and chip
groove on one rake face; U, with hole, twu countersinks, and chip grooves on two rake
faces; and W, with hole and one countersink. Note: a dash may be used after position 4 to
' Second angle is secondary facet angle, which may vary by :1“.
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separate the shape-describing portion from the foliowing dimensional description of the
insert and 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
inscribed circle, and will be a once or twoedigit number when the number of eighths is a
whole number. It will be a two-digit number, including one decimal place, when itis not a
whole number. 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 ofquar-
ters of an inch length.

6) 77: 1'cknerr: The thickness is designated by a one or two—digit number, which indicates
the number of sixteenths of an inch in the thickness of the insert. It is a one—digit number
when the number of sixteenths is a whole number", it is a twoedigit number carried to one
decimal place when the number of sixteenths of an inch is not a whole number.

7) Cutting Point Configuration: The cutting point, or nose radius, is designated by a
number representing l/€,4ths of an inch; 3 flat at the cutting point ornose, is designated by a
letter: 0 for sharp corner; 1, Vainch radius; 2, l/ninch radius; 3, 34inch radius; 4, V16 inch
radius; 5, 5/54 inch radius; 6, PK/32 inch radius; 7, 7/54 inch radius; 8, 1/8 inch radius; A, square
insert with 45 ° chamfer; D, squareinsert with 30° chamfer; E, square insertwith 15“ cham-
fcr; F, square insert with 3“ charofer; 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 Definition: The eighth position, if it follows a letter in the 7th
position, is a number indicating the number of 14,,[hs of an inch measured parallel to the
edge of the facet.

9) Hand: R, right; L, left; to be used when required in ninth position.
10) Other Conditions: The tenth position defines special conditions (such as edge treat

ment, surface finish) as follows: A, honed. 0,0005 inch to less than 0.003 inch; B, honed,
0.003 inch to less than 0.005 inch; C, honed, 0.005 inch to less than 0.007 inch; J, polished,
4 microiuch arithmetic average (AA) on rake surfaces only; T, charnfered, manufacturer's
standard negative land, rake face only.
Irrdexable Insert Tonl Holders.-—lndexable insert tool holders are made from a good
grade of steel which is heat treated to a hardness of 44 to 48 RC for most normal applica»
tions, Accurate pockets that serve to locate 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 usually is provided, and is held in the bottom of the pocket by a
screw or by the clamping pin, ifone is used. The seat is necessary to provide a flat bearing
surface upon which the insert can rest and. in so doing, it adds materially to the ability of
the insert to withstand the cutn'ng 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.

Fourbasic methods are used to clamp the insert on the holder: 1) Clamping, usually top
clamping; 2) Pin—lock clamping; 3) Multiple clamping using a clamp, usually a top
clamp, and a pin lock; and 4) Clamping the insert with arnachine screw.

All top clamps are actuated by a screw that forces the clamp directly against the insert.
When required, a cementedecarbide, plate-type chipbreaker is placed between the clamp
and the insert. Pin—lock clamps require an insert having a hole: thcpin acts against the walls
of the hole to clamp the insert firmly against the seating surfaces of the holder. Multiple or
combination clamping, simultaneously using both a pin—lock and a top clamp, is recome
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 pin lock. Screweott type holders use amachine screw to hold theinsert in the
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pocket. Most standard indexable insert holders are either sn‘aightashank or ofl'setashank,
although special holders are made having a wide variety of configurations.

The common shank sizes of indexable insert tool holders are shown in Tuble 1. Not all
styles are available in every shank size. Positive— and negative‘rake tools are also not avai [7
able in every style or shank size. Some manufacturers provide additional shank sizes for
certain tool holder styles. For more complete details the manufacturers' catalogs must beconsulted.

Table 1. Standard Shank Sizes for Indexahle Insert Holders

EDI
Shank Dimensions for Indexahle Insert Holders

 

  
 
  

 
$35. B 0‘5171-. mm [IL mm m

g x 1/,x 41/2 12.10 0.500 12.70 114.30
x x v, my, [5.67 0.525 15.37 114.30
54x 1mm 15.37 1.250 31.75 152.40
34x 19:41.3 19.05 11.750 19.05 114.30
35x 1 x a 19.05 mm 25.40 152.40
1; x mm 19 05 1.250 31.75 152.401x 1 x 5 25.40 1.000 25.40 152.40
1 x 11/” 5 15.40 1.50 31.75 152.40
1x1‘4x 5 25.40 1.501: 312 10 152140
up: 1%): 7 31.15 1.250 31.75 17730
l‘lpe 11/1513 3175 1.500 33.10 203.20
13/E x Z‘Asx 61/; 34.92 1 062 52.31 162.05
11/194 114x 7 33.10 1.500 3310 177.110
J3/.,>< 1% 91a 44.45 1.750 44.45 241.302 x 2 x a 50.511 2 000 50.30 2113.20

 
 

aHolder length; may vary by manufacturer. Actual shank length depends on holder style.
Identification System for Indexable Insert Holders .—Th e follow in g identification
system conforms to the American National Standard, AN51 1321254986, Metric Holdersfor Indexable Inserts.

Each position in the system designates a feature of the holder in the following sequence:
12345-w—6 7#S=I—9—mn
CTNAR—SS—ZS—D—lfi— Q

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

2) [use rr Shape: The insert shape is identified by a letter: H, hexagonal; 0, octagonal; P,
pentagonal; S, square: T7 triangular; C, rhornbic. 80" included angle; D,rhombic, 55°
included angle; E, rhombic, 75° included angle; M, rhonihic, 86° included angle; V, thorn-
bic. 35“ included angle; W, hexagonal, 80” included angle; L, rectangular; A, parallelo—
gram, 85” included angle; B, parallelogram, 82“ included angle; K, parallelogram, 55°
included angle; R, round. The included angle is always the smaller angle.

3) Harder 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 holder 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 angle; C, straighteshank 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" and cutting edge angle; G, offset shank
with 0° side cutting edge angle; J, offset shank with negative 3“ side cutting edge angle; K,
offset shank with 15U cnd 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, oifset shank with 155 side cut-
ting edge angle; S, offset shank with 45° side cutting edge angle; T, offset shank with 30”
side cutting edge angle; U, offset shankwith negative 3“ end cutting edge angle; V, straight
shank with 171/; side cutting edge angle; W, offset shank with 30“ end cutting edge angle;
Y, offset shank with 5“ end cutting edge angle.

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

5) Hand ofmol: 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 Heighffar Rectangular Shank Cross Sections: The tool height for tool holders
with a rectangular 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 wotdd be encoded as 08, where the onevdigit
value is preceded by a zero.

7) Tool Widrhfw'Recrangular Shank Cross Sections.- The tool width for tool holders mm
a rectangular shank cross section is given as a tweedigit 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 oneedigit value is preceded by a zero.

S)T001Lenglh: 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 m; G, 90 mm; H, 100 mm; J, 110 m; K, 125 mm; L, 140
mm; M, 150mm; N, 160 mm; P, 170 mm; Q, 180 mm; R, 200 mm; S, 250 m; T, 300 ram;
U, 350 m; V, 400 mm; W, 450 mm1X, special length to be specified; Y, 500 mm.

9) bidexable 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 length (the diameter for R inserts) in milli-
meters is used as a twoedigit number, with decimals being disregarded, For example, the
symbol for a side length of 16.5 [11111 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. lithe symbol obtained has only one digit, then it shouid be
preceded by a zero. For example, the symbol for a main cutting edge of 19.5 mm is 19; for
an edge of9.5 mm, the symbol is 09.

10) Special Tolerances: Special tolerances are indicated by a letter: Q, 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 mmfor dimensions F, G, and C. (See Table 2.)

Table 2. Letter Symbols for Qualification ofTool Holders — Position 10ANS! 8212.571986
 
 
 

 

Letter Symbol I
Q F B |

u.‘ _,

.5 é’ Jig mos 1_T3 ° - ' L7 l _ s—
,E Ea hintin54—«i T l- t:n ue7»-1 ms“ c onT o

g l" Backand end Front and end Back, front, and endqualified tool qualified tool quali fi ed 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 piimarily to larger holes, into
which the holders will fit. Smaller holes are bored using boring bars. An examination of
this table shows that several tooleholder styles can be used andfrequently are used for each
operation. Selection of the best holder for a given job depends largely on the job and thereare certainhasic facts that should he considered in making the selection.

Rake Angie; A negative—rake insert has twice as many cutting edges available as a com-
parable positiveerakc 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 ofnegativerake
inserts and holders is such that they should be considered first in making any choice. Posi»
tiveerake holders should be used where lower cutting forces are required, as when machin—
ing slender or smallediameter parts, when chatter may occur, and for machining some
materials, such as aluminum, copper, and certain grades of stainless steel, when positive-
negative rake inserts can sometimes be used to advantage. These inserts are held on negate
rive-rake holders that have their rake surfaces ground or molded to form a positive-rake
angle.

Insert Shape: The configuration ofthe 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 selectedon the basis of insert strength and the maximum
number ofcutting edges available. Thus, around insertis the strongest and has a maximum
number of available cutting edges. It can be used with heavier feeds while producing a
good surface finish, Round inserts are limited by their tendency to cause chatter, which
may preclude their use. The square insert is the next most effective shape, providing good
comer strength and more cutting edges than all other inserts except the round insert. 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 turning 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 Ell-degree diamond insert is designed primarily for heavy turning and
facing operations, using the 100»degree corners, and for turnin g and back-facing square
shoulders using the 80~degree corners, The 55— and 357degree diamond inserts are
intended primarily for tracing.

Lead Angle: Tool holders should be selected to provide the largest possible lead angle,
although limitations are sometimes imposed by the nature of the job. For example, when
tuning and backefacing a shoulder, a negative lead angle must be used. Slender or smalL
diameter parts may deflect, causing difficulties in holding size, or chatter when the lead
angle is too large.

End Cutting Edge Angle: When tracing or contour turning, the plunge angle is deter—
mined by the end cutting edge angle. A Zvdeg minimum clearance angle should be pro—
vided between the workpiece surface and the end cutting edge of the insert. Table 3.3
provides the maximum plunge angle for holders commonly used to plunge when tracing
where insert shape identifiers are S = square; T = triangle; D 2 55 -deg diamond, V : 35-deg
diamond, When severe cratering cannot be avoided, an insert having a small, end cutting
edge angle is desirable to delay the crater breakthrough behind the nose. For very heavy
cuts a small, end cutting edge angle will strengthen the corner of the tool. Tool holders for
numerical control machines are discussed in the NC section, beginning page 1280.
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Table 3a. Maximum Plunge Angle for Tracing 01- Contour Turning 

 
 
 
   Tool [ Maximum—Hr Tool MaximumH01 dcr Inserc Plunge Holder Insert Plunge

Style Shape Angle Style Shape Angle
E T 5 S “ I D 3 0 °

D and S S 43“ J V 50“
H D 71 ° N T 55 "
I T 25° N D 589400  

  
 

 

Table 3b. Indcxable Inseri Holtier Application Guide 
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Table 3b. ( Continued) Indexable Inscrt Holder Application Guide 
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Sintered Carbide Blanks and Cutting Took—A s shown in Tab] e 4 , American
National StandaId ANSI 32111—1984 (R l 997) provides smndard sizes and designations
for eight styles of smterod carbide blanks These blanks are (he unground solid carbide
from which either solid or tipped cutting tools are made. Tipped cutting tools are made by
brazing a blank onto a shank to produce the culling tool; these tools differ from carbide
laser! culling tools which consist of a carbide insert held mechanically in a tool holder. A
typical single-pointcarbide-tipped cutting tool is shown in the diagram on page 740.
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Table 4. American National Standard Sizes and Designations for Carbide BlanksANSIBZI2. 141984 (R1997)  

 

 

  

    
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
  

 

          
  
 

 

 

  
 

           
 

Styl:
1000 2000

w L BlankDesignnLinn T w L sigummv
1,; 54 1010 2010 11. 1/x ”/m 3350 4350
{a !g 1015 3015 1‘ 4g 14 2350 431.0
41,. 14 1020 2020 I4 7/". ;§ 0370 1370 3370 4370
14 y, 1025 2015 V3 14 24 0330 132.0 3380 4320
v, 5/0. 1030 2030 :4 2/“, 1 0190 1390 3390 439014 ‘1 3Q 0400 1400 3400 42100
1,5 14 1035 2035 I/‘ X a; 0405 1405 1405 4405
3/15 ‘41 1040 2040 14 .14 1 0410 1410 3410 4410
14° 55 1050 2050 I4 1 1 0415 1415 3415
x 14 1060 2050
14 14 1070 2070 545 145 5;, 0420 1420 3420514,, ”/15 0/16 0430 1430 3430 4430

5/13 v1 3/4 0440 1440 3440 4440
545 3g 1080 2080 5/0 I5 1 0450 1450 3450 4450
1; )4 1090 2090 5/“ 54 1 0400 1400 3400 44150
;g Ix, 1100 2100 51.1 34 J4 0470 1470 3470 4470
7/11 y, 1105 2105 535 1;, 1 0475 1475 2475 44753’11 $4 1v, 04813 1480 2430 44110
1’“ 14 1110 2110
a 14 1120 1120 a :4 y4 11490 1490 3490 4490
14 3Q 1130 2130 y“ 12 1 0500 1500 3500 4500
14 44 1140 2140 7‘ x 1 0510 1510 3510 4510
5"” 1m 1150 2150 35 5;; 114 0515 1515 3515 4515
3/“ 14 1150 2160 14 14 114 0520 1520 3520$5 35 115 0525 1525 3525
5/15 51, 1170 2170 14 J4 1 05.10 1530 3530
)4 V2 1180 21150 15 1;, 11/4 0540 1540 3540
1g :4 1 100 2190 14 0550 3550
15 15 1200 2200
1,; y‘ 1210 2210 51310
0' 1/4 1215 2215 r

1g ”/0. 1220 2220 y,“
1g 14 130 22.10
31 5/1 ”A" 1140 3/13’0
9’15 713 '150 1150 3/5
$45 54 1250 2200 141
ag 1% 1270 2270 14‘
y“ 5/» 12110 2200
a 34 1290 2290 145/1;
7/IE ’0 1300 2300 531
V15 I51” 1310 2310
lé '4 1320 2320 a”
55 34 1330 2330 '4
1:, 14 1340 2340 LImamsaremméheT

See diagram on page 740.
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Side Relief Angle f‘Si-ic Rake

1" End Cutting Edge
1 ‘ ‘

Side Clearance Wildth Angle (ELIZA)
Angle Tip

Overhang
Nose Radius 

Edge Angle (SCEA)
Overall length

Tip length
T‘ T] ‘ kn .

19 11¢ “S Back Rake
Cutting Height

Shank
Tip Overllang ‘

End Relief Angle HeightEnd Clearance Angle

A lypical single»pui.nt carbide lipped cutting tool. The side rake. side relief, and the clearance anglesare normal 10 the side-cutting edge, raihea‘ than Ihe shank1 lo fanil‘nate its being ground an a tilting-table
grinder, The end-relief andclearance angles are manual be ill: end-curling edge. The back-rake angle is
parallel tn the side-cumin g edge. The Lip of the brazed carbide blank overhangs the shank of Lhe tool by
eiLher 1/31“ VlfiinCh, depending on the size oftheluol. Formals in Tahles S, 6, 7, 8, 1] and 11, the maxi»
mum overhang is Ifinial! for shank sizes 4, 5, 6, 7, 8, 10, 12 and 44; for other shank sizes in these tables,
Ihe maximum overhang is flinch. In Tables 9 and I 0 all [0015 have maximum overhang of Vninch.

T T

flag ALESTYLE 1000 STYLE 2WD

.1 s
1—413“Hal l—Hl 47:7

 

 

7”=1°\.|\/ 4L7HI“snug mm: mm mm

W L 1” 30° 11" a a30 :1

A sH/uu TofiFLAT SHARP Wan“ R JimP %Tl

WLj 1% E :‘K—Lj 41L- % i l40“ 11: 30° :1" 3|)“ :1" SllAKPIDaFLATWYLE SUD“ STYLE 6059
mm CENTRAL WITHIN oms POINTCENTRAL wrrnm unis 5”“; 70"”

Eight styles :3! slmered carbide blanks, Standard dimen signs for these blanks are given in Table 4.
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Tabie 5. American National Standard Style A Carbide Tipped. Tools
ANSIBZ Ill-1984 (R1997) 

  
  
  

mu 3 £4 ovenumc

/‘]LKIL DESIGNAIIUNMm uknlm (:Mor

  
Designniiun   
 

  
 
     
 

““A" is straight shank, 0 deg, SCEA (side-culiingedge angle). “R” is rithmt. “L" is left—cut.
Where a pair oftip numbers is shown, Ihe upper number applies to AR Innis, 1hr: lower to AL [0015. Alldimensions arein inches.

Single-Point, Shrlered-Carbide-Tipped Tools—American National S landard ANSl
B212. 1—1984 (RN97) covers eight different styles of singleipo'mt, carbideetipped general
purpose tools. These styJes are designated by the letters A to G inclusive. Styles A, B, F, G,
and H with offset point are either right: or leftrhand cutting as indicated by the letters R or
L. Dimensions of tips and shanks are given in Tables 5 to l I. For dimensions and talent
antes not shown, and for the identification sy stem. dimensions, and tolerances of sintcred
carbide boring tools, see the Standard.
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Table 6. American National Standard Style B Carbide Tipped Tools
with 15degree Side-cutfing—edge Angle ANSIBZIZ.171984{R1997) 

6": 1°
Tn sharp Burner

£7 lf<—l§°:t: lD

 
  

 
 

 

  

Tool designation
and carbide grade

Style GR right hand (Shawn)
Style GE 1211 hand (not shuwn) 

 
  

 
 
 
 
 
 

 

 
 

  

  

Designation Shank Dimensinns T1,: DimensirmxWidth Height ngm Tip Thickness widthA e c Designatiun“ T w
Square Shank
1 ms '45 5/1:
2'4 2040 7E 7
214 1070 y“ V43 2070 it: 14
31/; 2170 y“ 5/‘6
4 2230 7a 7“
4'4 2310 7m 7,56 339:] V 9/

i 4390 ‘ ‘5

7 [ m x isa t 3510 ig '3645 10

3/16 $15
4 Vt

'7 it
7t '4
ha 7/16
ha 5i
it it
1/2; 5’s
7; 74
 

“ Where a pair oftip numbers is shown, Lhe upper number app] ies to ER trials, the lower in El. tools.All dimenslnns are in inches.
A number follows the letters of the tool style and hand designation and for square shank

tools, represents the number ufsixteenths of an inch of width, W, and height, H. With recti
angular shanks, the first digit of the number indicates the. number of cighths of an inch in
the shank width, W. and the second digit the number [if gunners of an inch in the shank
height, H. One exception is the ligx 2vinch size which has been arbitrarily assigned thenumber 90.
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Table 7. American National Standard Style C Carbide Tipped Tools
ANS] 13212. 1-1984 (R1997) 

3° [2’
Overhang

5“: 2“ u A

Both sides L 9031031°

0.015 x 45“ Maximum permissible

T 001 designationand carbide grade

Nate — Tonl must pass Lhrn
slot of nominal width “A”

  

   
 

 

 

“Fifi“
Shank Dimensiuns 

  

  

 
Tip Dimensinns

 

 
 

 

 

 

Dmigumjofl
c4
cs 2%
C5 34 36 1V2
C7 7/“ ”is 3
CF ‘4 ‘6 3‘,
cm §g % 4
CD 1/4 ‘4 4‘4
cm 1 6
020 1'4 7
C44 VI 1 6
C54 54 1 (u
C55 a 11/, 7
C65 1/4 1 6
cos a, w, a
C36 114 a 

All dimensions are in inches Square shanks abave hori zumalline; rectangular bclnw.

Table 8. American National Standard Style D, 80-degree Nose-angle Carbide TippedTools ANSIBZ]2.1-1984(R1997) 
10° i 2°

Both sides Nate - Tool must pass mm
7° : 1“ slot of nominal width "A"0 verli an};

EHIW
Dannie T41 sharp c _Burner 35 ITool flcsi naliull

on 1“ T E
11.

bf and mrlmle grad:
u r-shank Dimensions

 
 
 

 

L

 

 
Tm Dimensions

Tip Designi—
 Dusignafiun dun

D 4 5030
D 5 5080
D 6 5100
D 7 7 S 105
D 8 . 5100
D 10 ‘ 5240
D 12 5340
D 16 ' 54H} 
All dimensions are in inches.
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Table 9. Amen'can National Standard Style E, 60-degrce Nose-angle, Carbide
Tipped Touls ANSI 32111-1984 (R1997) 

a“ 1 a.”BOTH SIDES

 OVERHANG AT POINT — 5;; MAX SLOT 0F NOMINAL WIDTH “A"  

TOOL DESIGNA‘HBNAND CARBIDE GRADE

.Va TE —- TOOL MUST PASS THRU

 

  Sh ink Dimensiuns Tip Dunami ms 
  

    mum Helm 1“.th '1‘}; ThicknessDusignminn A s c Dmigpadon 1-
E4 a K 1 6030 ‘45
E 5 54s Vm 2% 5050
E 5 ya 3g 215 6100
n a v, 14 31,3 5200
E m x y“ 4 5240
E I 1 % y‘ 4 14 1140

 
 

   
All dimensions are in inches.

Table 10. American National Standard Styles ER and EL, 60-degree Nose-angle,
Carbide Tipped Tools with Offset Point ANSI 132] 2.1 -1984 (R1 997) 

6° 2 2“BOTH SIDES F A 0310 TO SHARP CORNER

w

EFLUSHT0 «.015

OVEN-[ANS AT POINT - 31—1 MAXH

 

 

 
39:10

STYLE Ell RIGHT HAND LsfluWN)
STYLE EL LEFT HAND (NOT SHOWN)
  
   
      

Designafinn Shani: Dimensions '[ip

51ch l Slylc Design» LanglhER EL nun L
ER 4 EL 4 :4 1/4
ER 5 EL 5 5/“ 3/3
ER 6 m. a x .y‘
ER 3 EL 3 14 :4
ER 10 EL 10 fig 54
ER 12 EL 12 35 2/4
  
 

All dimsnsions are in inches.
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Table 11. American National Standard Style F, Offset, End-cutting
Carbide Tipped Tools ANSI 32121-1984 (R1997) 

 

 

OVERHANG

OVERHANG
1“ 2 I“ 
 

in“ if

TUE L nEsIENAnuN ‘m n cmma mums 

:rvw m mnm’nmn (53mmsnug FL LEFr HANDVND’I’ SHOWN)
 

  
magnum Shank Dimensions 

 

  

Tip Dimensinns
Laugh:of Thick

 
  

 
   
  

 
  
 
  
 

 

Width Height Mnglh Oflsal Offset Tip ness.8 C G E Design man 7‘
Squ are Shank

FR 8 FL 8 1/4 P4170 l’éF3170
FR 10 1-110 5g 1 P1230 fxflP3230 '
£1112 FL12 34 1yE P4310 3/“P3310
FR 1 6 FL 1 6 1 1 lg P4390 1%F3390

FR 10 FL 20 1% 1v2 P4460 5/“,P3460

FR24 FLZ4 1'4 1'4 P4530 3/HP3510

      
 
 
 
 
 
  

 
 

 
Rocianguiar Shank   

  
14

54,

54
3/.

“/4

3i

1%

  P4260
P] 260
P4360
P3350
F4380
P3380
P4430
P3430
P4460
F3460
P45 10
P35 10
P4540
£3540

 
 
 
  
  
  
 
 
 

    
All dimensions am in inches. thmapair oftip numbers is shown, the upper number applies 10 FR

10015, ihe iowcr number 10 FL tools. 
Single-point Tool Nase Radii. The L001 nose radii recommendsd in the American
National Standard are as follows: For square-shank tools up to and inciuding 3 inch square
tools, 1/54 inch; for those over 34inch square through IMwinches square, 1/32 inch; and for
those above I‘d-inches square, Kainch. For rectangulapshank tools with shank section of 1/2
X 1 inch through 1 x 11/2 inches, the nose radii are I/32 inch, and for l x 2 and 11/2 x 2 inch
shanks, the nose radius is 1/15 inch.
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Single-point Tool Angle Tolerances.—-The tool angles shown on the diagrams in the
Tables 5 through 11 are general recommendations. Tolerances applicable to these angles
are i 1 degtee on all angles except end and side clearance angles; for these the tolerance isi2 degrees

Table 12. American National Standard Style G, Offset, Side-cutting,
Carbide Tipped Tools ANSI321 2. I4984 {R1997} 

 
 

mm. Cu RIGHT HAND LsflanJSTYLE GL LEI—T HAND 0101' 511mm)

 
 

 

 
 
 
 

  

                
Designation I ShankDmIensinns ’lilemcnsiunsIfiugth

uf ‘

51,1: 51,1: wmm new 1mm 0mm Ofi‘scl “Hp LengthGR GL A H C G P. Dcngnatlun W LSquareShank

GM GLE 15 1g 314 14 11/J6 F3170 y! 5/,5 5/3
P4 70

GRID GLIO X x 4 :4; 1% ( 1’3230 5/” lg 13
P4230

GR 12 mu :4 x 411 34 115 ( Flag “/15 7m 13/111
F2

GR16 GLIG 1 1 fl 14 1% l P3390 14 9/IE 1P4390

01120 (31.20 114 115 7 3/4 1% P3460 5/ 3g 1
[ )3P4460

GR24 (11.24 1y1 154 s 3/, 1w“ 1 F3510 14 5/3 1
P4510

Rectangulaxshank

01144 0144 14 E4 15/.ls ‘ P3260 1/“, 54moo

sass 13155 X 3/, Hg ( P3360 1,4 14 34
P4360

GR64 cm: y, 1/1 11/16 ( 12.320 1/4 15 14
F4 so

612% GLfifi 3/4 1,3 1% ( P333 5/11 7/“ L14“
P4

(31235 (31.85 I 1/1 11v“ { P3460 v.5 64 1P4460

011135 GLSE 1 g 11y15 ‘ F3510 1Q 5% 1P4510

61290 51.90 11/1 14 1’45 ‘ Pin?) 1; L14 ’ 12p54

  
 

All dimensiuns are in inchesV Where a pair of Lip numbers is shown, the upper number applies toGR tn 015, the lower number 10 GL tools,
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CEMENTED CARBIDES

Cemented Carbides and Other Hard Materials

Carbides and Carbunitrides.—Though high-speed steel retains its importance for such
applications as drilling and breaching, 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
temperature. Compositions and properties of individual hardmetals can be as different asthose of brass and high-speed steel.

All hardinetals are cemiefs, combining ceramic particles with a metallic binder. It is
unfortunate that (owing to a niistianslation) the term cermet has come to mean either all
hardmetals with a titanium carbide (NC) base or simply cemented titanium carboniuides.
Although no single element other than carbon is present in all hard-metals, it is no aceidcnt
that the generic term is “tungsten carbide.” The earliest successful grades were based on
carbon, as are the majority of those made today, as listed in Table l .

The outstanding machining capabilities of high-speed steel are due to the presence of
very hard carbide particles, notably tungsten carbide, in the iron—rich matrix, Modern
methods of making cutting tools from pure tungsten 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 ofmetals 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, Austria, Sweden, and other countries. Recent years have
seen two “revolutions" in carbide cutting tools, one led by the United States and the other
by Europe. 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 worn
away before they were discarded thata ininorindustry began to develop, regrindiug the so—
called “throwaway" tips and selling them for reuse in adapted toolholders. Hardmctal con,
sumption, which had grown dramatically when indexable inserts were introduced, leveled
off and began to deciine. This situation was changed by the advent andrapid acceptance of
carbide, niuide, and oxide coatings. Application of an even harder, more wear-resistant
surface to a tougher, more shockeresistant 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 rcground over and over again, until
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 extentfrorn the stresses left
by the brazing process, which in unskilled hands or with poor design can shatter the carbideeven before it has been used to cut metal. In present conditions it is cheaper to use index-
able inserts, which are tool tips ofprecise size, clamped in similarly precise holders, need-
ing no time—consuming and costly resetting but usable only until each cutting edge or
corner has lost its iniiial sharpness (see lnriemble Insms and related topics starting on
page 730 and Indexablc Insert Hotdeisfor NC on page i280, The absence of brazing
stresses and the “onerusc” concept also means that harder, longerelasting grades can beused,
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Table 1. Typical Properties of Tungsten-Carbide-B ased CuttingnTool Hardmetals 

  

 
  
 
   

    

     
  
  
    
 
 
  
 

 
       

  
 

  
   

  

  
  

 

 

Composition (70) Trans?
ISO verse

Applicae Rupture
tion Strength

Code Density Hardness (N/mmz)

For 50 8.5 1900 J 1100P05 78 11.4 1820 1300

P10 69 l 15 8 11.5 1740 14003 11.7 1660 1500
S 12.1 1580
4 12.9 1530
2 13.3 1490

13.4 1420
13.1 1250 2300
13.4 1590 1800

1%”)13.6 1440 2000
14.0 1380 2100
15.2 1850 1450
15.0 1790 1550
14.9 1730 1700
14.8 1650 1950
14.4 1400 2250

J 14.1 1320 2500    

A complementary development was the introduction ofeveremore complex ChipebrEak-
ers, derived from compIJter—aided design and pressed and sintered to 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 ofthe carbide by means of inert gas
at high pressure, applied at about the sintering temperature. 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 “cerrnets,” as noted previously, carboni-
tride—based cutting inserts offer excellent performance and considerable prospects for thefuture.

Compositions and Structures: Properties of hardnietals are profoundly influenced by
microstructure. The microstmcture in turn depends on many factors including basic chem—
ical 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 ofcarbon; variations in composition and structure caused by
diffusion or segregation; production methods generally. but especially milling. carburiz-
ing, and sintering methods, and the types of raw materials; post sintering treatments such
as hot isostatic pressing; and coatings or diffusion layers applied after initial sintering.

Tungsten Carbide/Cobalt (WC/C0): The first commemiaily available cemented car—
bides consisted of fine angular particles of tungsten carbide bonded with metallic cobalt.
Intended initially for wire»drawing dies, this composition type is still considered to have
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the greatest resistance to simple abrasive Wear and therefore to have many applications inmachining,
For maximum hardness to he obtained from cioscness of packing. the tungsten carbide

grains should be as small as possible, preferably below 1 am 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 ensure complete sintering. 1n gem
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.

WCICO compositions used for cutting tools range from about 2 to 13 per cent cobalt, and
from less than 0.5 to more than 5 pm (0.00002—00002 in.) in grain size. For stamping
tools, swaying dies, and other wear applications for parLs subjected to moderate or severe
shock, cobalt content can be as much as 30 per cent, and grain size a maximum ofabout 1 0
pm (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 planing.

For optimum properties. porosity should be at a minimum, carbide grain size as regular
as possible. and carbon content of the tungsten carbide phase close to the theoretical (stoe
ichiometric) value. Many tungsten carbide/cobalt compositions are modified by small but
important additions—from 0.5 to perhaps 3 per cent of tanmlum, niobium, chromium,
vanadium, titanium, hafnium, or other carbides The basic purpose of these additions is
generally inhibition of grain growth, so that a consistently fine structure is maintained.

Tungsten 7 Titanium Carbide/Cobalt (WC/TiC/Co): These grades are used for tools to
cut steels and other ferrous alloys, the purpose of the TiC content being to 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 cry stal“ of WC in TiC retains the anticratering
property to a meat exmnt.

Unfortunately, titanium carbide and Tic-based soiid solutions are considerably more
brittle and less abrasion resistant than tungsten carbide. TiC content, therefore. is kept as
low as possible, only sufficient TiC being provided to avoid severe metering wear. Even 2,
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.

In the limiting formulation the carbide is tungsten—free and based entirely on TiC, but
generally TiC content extends to no more than about 1 8 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 manufacturers.
although WC/TiC/Co hardinetals are very widely used, in certain important respects they
are obsolescent, having been superseded by the WCffinTa<Nb)ClCo 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 hi gh—
TiC grades for high-speed machining of steels and ferrous alloys.

Tang;ren-Tftanimneibnmlum {—Niabium) Carbide/Cobalt: Except for coated carbides,
tungsten-titanium—tantalum (niobium) grades could be the most popular class ofhardmet—
al s. Used mainly for cutting steel, they combine and improve upon most ofthe best features
of the longer-established WC/TiClCo 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, including austenitic stain—
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less varieties. These tools also operate well on ductile cast irons and nickel-base supcmh
loys, where greatheat 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/Mulybdenmn/Nickel (TiC/Mo/Ni): The extreme indentation hardness
and crater resistance oftitanium carbide, allied to the cheapness and availability ofits main
raw material (titanium dioxide, TiOZ), provide a strong inducement to use grades based on
this carbide alone. Although developed early in the history of hardmemis. these carbides
were difficult to braze satisfactorily and consequently were little used until the advent of
clamped, throwaway inserts. Moreover, the carbides were notoriously brittle and could
take only fine cuts in minimalAshock conditions.

Titanium—carbichbased grades again came into prominence about 1960, when nickel-
molybdenum began to be used as a binder instead of nickel. The new grades were able to
perform a wider range of tasks including interrupted cutting and cutting under shock comditions.

The very high indentation hardness values recorded for titanium carbide grades are not
accompanied by correspondingly greater resistance to abrasive wear, the apparently less
hard tungsten Carbide being considerably superior in this property. Moreover, carboni—
Irides, advanced tantalumrconmining multicarbides, and coated vari ants generally provide
better all-round cutting performances.

TitaniumBase Curbmiitrides: Development of titaniunnecarbonitridebased cutting-
tool materials predates the use of coatings ofthis type on more conventional hardinetals by
many years. Appreciablc, though uncontrolled, amounts of carbonitride were often
present, ifonly by accident, when cracked ammonia was used as a less expensive substitute
for hydrogen in some stages of the production process in the 1950's and perhaps for twodecades earlier.

Much of the recent, more scientific dcvelopment of this class of materials has taken place
in the United States, particularly by Teledync Firth Sterling with its SD3 grade and in Japan
by several companies. Many of the compositions currently in use are extremely complex,
and their structures%ven with apparently similar compositions!can vary enormously.
For instance, Mitsubishi characterizes its Himet NX series of cermets as
TiC/WC/Ta(Nb)C/MoZC/TiNfNilCo/Al, with a structure comprising both large and
medium—size carbide particles (mainly TiC according to the quoted density) in a superal-
loy»type matrix containing an aluminum-bearing intermetallic compound.

Steele nndAiioy—Bonded Titanium Carbide: The class of material exemplified by Ferro-
Tic, as it is known, consists primarily of titanium carbide bonded with heat, treatable steel,
but some grades also contain tungsten carbide or are bonded with nickela 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 hardinetals,
and by the great variation in properties obtained by heat treatment.

In the annealed condition, steei-bonded carbides have a relatively soft matrix and can be
machined with little difficulty, especialiy by CBN (superhard cubic boron nitride) tools.
After heat treatment, the degree of hardness and wear resistance achieved is considerably
greater than that ofnormal tool steels, although understandably much less than that of rra»ditional sintered carbides. Microstmctures are extremely varied, being composed of40—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-
poncnm, 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

33



34

CEMENTED CARBIDES AND OTHER HARD MATERIALS 751

rank and clearance surfaces characteristics that are quite different fromthose of the body of
the insert. Coatings of titanium carbide, nitride, or carbonitride; of aluminum oxide; and of
other refractory compounds are applied to avariety of hardmetal substrates by chemical or
physical vapor deposition (CVD or PVD) or by newer plasma methods.

The most recent types of coatings include hafnium, tantalum. and zirconium carbides
and nitrides; aluminaftitanium oxide; and multiple carbidelcarbonitride/nitride/oxidc.
oxynitride or oxycarbonitride combinations. Greatly improved properties have been
claimed for variants with as many as 13 distinct CVD coatings. A markedly sharpcr cutting
edge compared with other CVDecoated hardmetals is claimed, permitting finer cuts andthe successful machining ofsoft 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 cutting edges is maintained and may even be
enhanced. PVD coatings currently available include titanium nitride and carbonitride.
their distinctive gold color having become familiar throughout the world on highespeed
steel tooling. The high temperatures required for normal CVD tends to soften heatvtreated
high—speed steel. PVD—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 areimportant.

For cutting tools the substrate is of equal importance to the coating in many respects, its
critical properties inciuding fracture toughness (resistance to crack propagation), elastic
modulus, resistance to heat and abrasion, and expansion coefficient. Some manufacturers
are now producing inserts with graded compositi on, 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-
rnachining of a steel component may be told to use 130 Standard Grade PM or [ndna‘fry
Code C7. If the composition and nominal properties of the designated tool material are
then requested, the surprising answer is that, in basic composition alone, the tungsten care
bide content ofP 10 (or ofthe new superseded C7) can vary from zero to about 75, titanium
carbide from 3 to 80, cobalt 0 to 10, and nickel 0 to 15 per cent. There are other possible
constituents, also, in this so—called standard ailoy. and many basic properties can vary as
much as the composition. All that these dissimilar materials have in common, and all that
the soecalled 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 steei).

This peculiar situation arose because the production of cemented carbides in occupied
Europe during World War II was controlled by the German Hartmetailzentrale, and no fac—
tory other than Krupp was permitted to produce more than one grade. By the end ofthe war,
all German—controlled producers were equipped to make the G, S. H, and F series to Ger
man standards. In the postwar years, this series of carbides formed the basis of unofficial
European 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 DIN standard. eventually being adopted, in somewhat
modified form, by the International Standards Organization (ISO) and by ANSI in theUnited States.

The American cemented carbides industry developed under diverse ownership and solid
competition. The major companies actively and independently developed new varieties of
hardmetals, and there was little or no standardization, although there were many attempts
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to compile equivalent charts as a substitute for true standardization. Around 1942, the
Buick division of GMC produced a simple classification code that arranged nearly lOD
grades derived from 10 manufacturers under only 14 symbols (TC-l to T014). In spite ofserious deficiencies, this system remained in use for many years as an American industry
standard; that is, Buick TC»1 was equivalent to industry code Cl. Buick itself went much
further, using the tremendous influence, research facilities, and purchasing potential of its
parent company to standardize the products of each carbide manufacturer by properties
that could be tested, rather than by the indeterminate recommended applications. Many
largeescale carbide users have developed similar systems in attempts to exert some degree
of firehouse standardization and quality control Small and medium»sized users, however,
still suffer from so—called industry standards, which only provide a starting point for gradeselection.

ISO standard 513, summarized in Table 2, divides all machining grades into three color,
coded groups: straight tungsten carbide grades (letter K, color red) for cutting gray cast
iron, nonferrous metals, and noninctallics; highly alloyed grades (letter, P. color blue) for
machining steel; and less alloyed grades (letter M, color yellow, generally 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 fiom maximum 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 system.

In this situation, it is easy to see how one plant will prefer one ruanufacturer‘s carbide and
a second plant will prefer that of another, Each has found the carbide most nearly ideal for
the particular conditions involved. In these circumstances it pays each manufacturer to
make grades that differ in hardness. toughness, and crater resistance, so that they can pro,
vide a product that is near the optimum for a specific customer's application

Although not classified as a hard metal, new particle or powder metallurgical methods of
manufacture, coupled with new coating technology have led in recent years to something
of an upsurge in the use oi‘high speed steel. Lower cost is abig factor, and the development
of such coatings as titanium nitride, cubic boron nitride, and pure diamond, has enabled
some high speed steel tools to rival tools made from tungsten and other carbides in their
ability to maintain cutting accuracy and prolong tool life. Multiple layers may be used to
produce optimum properties in the coating, with adhesive strength where there is contact
with the substrate, combined with hardness at the cutting surface to resist abrasion. Total
thickness of such coating, even with multiple layers, is seldom more than 15 microns
(0.000060 in).

Importance owa'recl Grades: A great diversity of hardmetal types is required to cope
with all possible combinations of metals and alloys, machining operations, and working
conditions. Tough, shockeresistant grades are needed for slow speeds and interrupted cut,
ting, harder grades for highespeed finishing, heateresisting alloyed gades for machining
super-alloys, and crater—resistant compositions, including mast of the many coated variet-ies, for machining steels and ductile iron.

Ceramics.— Moving up the hardness scale, ceramics provide increasing competition for
cemented carbides, both in performance and in cost-effectiveness, though not yet in reli—
ability. Hardmetals themselves consist of ceramic54nonmetalljc refractory compounds,
usually carbides or carbouitrides—with a metallic binder ot'muCh lower melting point, In
such systems, densification generally mkes place by liquid—phase sintering. Pure ceramics
haveno metallic binder, but may contain lower—meltingepoint compounds or ceramic mixr
totes that permit liquid-phase sinterin g to take pi ac e. Where this condition is not possible,
hot pressing or hot isostatic pressing can often be used to make a strong, relatively pore-
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free component or cutting insert. This section is restricted to those ceramics that compete
directly with hardmetals, mainly in the cuttingetool category as shown in Table 3.

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

Table 3. Typica! Properties of Cutting Tool Ceramics 
 

 
 

  

 

 

 

 
 

  
| Group Alumina AluminnJ'IiC Silicon Nitride
Typical composition types A1205 or 70/30 swarm,

AlleierE Alpy’nc pm,
Density (yam-i) 4.0 4.25 3.27  
 
 
 
 

 

     
 
  

'l‘ransvcrsc rupture strength (Nlmz) 500
Compressive Slrengd] (kNlmmzj 4.0
nmuncss (HV) 1600
Hardness HK (lost/mm?)
Young’s modulus (tot/mm!) 30o   
Modulus of rigidity (kNimmz)
Pois son‘s ratio
Thermal expansion coeificicrtt U U'HIK)
Thermal conductivity (W/m K)

|_Fraclnre toughncSfiKkMN/mm)

  
 
         

Alumiuaebased ceramics were introduced as cutting inserts during World War [1, and
were for many years considered too brittle for regular machine—shop use, Improved
machine tools and finer-grain, tougher compositions incorporating zirconia or silicon car»
bide “whiskers" now permit their use in awide range of applications, Silicon nitride, often
combined with alumina (aluminum oxide), yttria (yttrium 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 cast iron—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 ofceramic tooling. Brittieness at the cutting edge is no longer a disadvantage, with the
improvements made to the ceramics themselves, mainly in toughness, but also in othercritical properties.

Although very large numbers of useful ceramic materials are now available, only a few
combinations have been foundto combine such properties as minimum porosity, hardness,
wear resistance, chemical stability, and resistance to shock to the extent necessary for cut—
ting-tool inserts. Most ceramics used for machining are still based on highrpurity, fine—
grained alumina (aluminum oxide), but embody property—enhancing additions of other
ceramics such as zirconia (zirconium oxide), titania(titaninn1 oxide), titanium carbide,
tungsten carbide, and titanium niuide. For commercial purposes, those more commonly
used are often termed “white” (alumina with or without zirconia) or “black“ (roughly
70/30 alumina/titanium carbide). More recent developments are the distinctively green
alumina ceramics strengthenedwith silicon carbide whiskers and the brownvtinged silicon
nitride types.

Ceramics benefit from hot; isostatic pressing, used to remove the la st vestiges ofporosity
and raise subsmntially the material's shock resistance, even more than carbide-based hard,
metals, Significant improvements are derived by even small parts such as tool inserts,
although, in principle, they should not need such treatment ii'raw materials and manufac-
turing methods are properly controlled,

Oxide Ceramics: Alumina cutting tips have extreme hardness—more than HV 2000 or
HRA 94awanti give excellent service in their limited but important range of uses such as
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the machining ofchilled iron rolls and brake drums, A substantial family ofalumin a—based
materials has been developed, and fineegrained aluminaebased composites now have suf—
ficient strength formilling cast iron at speeds up to 2500 ftlmin (800 iii/min). Resistance to
cratering when machining steel is exceptional

wade/Carbide Cermnics: A second important class of aluminaebased cutting ceramics
combines aluminum oxide or aluminaezirconia with a refractory carbide or carbides,
nearly always 30 per cent TiC. The compound is black and normally is hot pressed or hot
isostatically pressed (HlPed). As shown in Table 3, the physical and mechanical properties
ofthis material are generally similar to those of the pure alumina ceramics, but strength and
shock resistance are generally higher, being comparable with those of higheI-toughness
simple aluniinaezirconia grades. Current commercial grades are even more complex, com»
bining alumina, zirconia, and titanium carbide with the further addition of titanium nitride.

Silicon Nirrz'dz Busa: One of the most effective ceramic cutting— tool materials developed
in the UK is S yalon (from SiAlON or sil icon-aluminnm—oxyniu'ide) though it in corporates
a substantial amount of yttria for efficient liquid-phase sintering). The mateiial combines
high strength with hothardness, shockresistance, and othervitalproperties‘ Syalon cutting
inserts are made by Kennamctal and Saudvik and sold as Kyon 2000 and CCGSO. respec»
tively. The brown Kyon 200 is suitable for machining high-nickel alloys and cast iron. but
a later development, Kyou 3000 has good potential for machining cast iron.

Resistance to thermal stress and thermal shock of Kyon 2000 are comparable to those of
sintercd carbides Toughness is substantially less than that of carbides, but roughly twice
that ofoxide—based cuttingetool materials at temperatures up to 850°C. Syon 200 can cut at
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 ceramics with silicon carbide singlmcrystal “whiskers” that impart a distinctive
green color to the material, marketed as WGSOD. Typically as thin as human hairs, the
immensely strong whiskers improve tool life under arduous conditions. Whiskerereim
forced ceramics and perhaps hardntetals are likely to become increasingly important as
cutting and weareresistant materials. Their only drawback seems to be the carcinogenic
nature of the included fibers, which requires stringent precautions durin g manufacture.

Superhard Materials.——Polycry stalline synthetic diamond (PCD) and cubic boron
nitride (PCBN), in the two columns at the right in Table 3, are almost the only cutting-
insert materials in the “superhard” category, Both PCD and PCBN are usually made with
the highest practicable concentration of the hard constituent, although ceramic or metallic
binders can be almost equally important in providing overall strength and optimizing other
properties. Variations in grain size are another critical factor in determining cutting charv
acteristics and edge stability. Some manufacturers treat CBN in similar fashion to tungsten
carbide, varying the composition and amount ofbinder within exceptionally wide limits to
influence the physical and mechanical properties of the sintered comp acts

In comparing these materials, users should note that some inserts comprise solid poiy-
crystalline diamond or CBN and are doubleesized to provide twice the number of cutting
edges. Others Consist ofalayer, from 0.020 to 0.040 in. (0.5 to 1 mm) thick, on a tough can
hide 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 tiny superhard insert at one or more (usually only one) cutting corners or
edges. Supel‘hard cutting inserts are expensive—up to 30 times the Cost of equivalent
shapes or sizes in ceramic or cemented carbideAut their outstanding properties, BXCBpe
tional performance and extremely long life can make them by far the most costecffectivefor certain applications.

Diamond: Diamond 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. Cemented carbide tools virtually demanded diamond grinding
wheels for fine edge finishing. Solid singleecwstal diamond tools were and are used to a
small extent for special purposes, such as rnicrotomes, for machining of hard materials,
and for exceptionally fine finishes. These diamonds are made from comparatively large,
high~quality gem»type diamonds, have isotropic properties, and are very expensive. By
comparison, diamond abrasive grits cost only a few dollars a carat,

Synthetic diamonds are produced from graphite using high temperatures and extremely
high pressures. The fine diamond particles produced are s'mtered together in the presence
of a metal “camlyst” to produce high-efficiency anisotropic cutting tool inserts. These
tools comprise either a solid diamond compact or a layer of sintcrcd 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.

Polycrystalline diamond (PCD) compacts are immensely hard and can be used to
machine many substances, from highly abrasive hardwoods and glass fiber to nonferrous
metals, hardmetals, and tough ceramics. Important classes of tools that are also available
with cubic boron nitride inserts include brazedvtip drills, single-point turning tools, and
lace-miiling 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. Boron
nitride does not have this limitation. Normally soft and slippery like graphite, the soft hex-
agonal crystals (HEN) 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), die compound
machines even the hardest steel with relative immunity from chemical breakdown or cra—
ten'ng.

Backed by sintered carbide, inserts ofPCBN can readily be brazed, increasing the usefu 1-
ness of the material and the range of tooling in which it can be used. With great hardness
and abrasion res istance, coupled with extreme chemical stability when in contact with fer-
rous alloys at high temperatures, PCBN has the ability to machine both steels and ca st irons
at high speeds for long operating cycles. Only its currentiy high cost in relation to hardmet-
als prevents its wider use in mass-production machining.

Similarin general properties to PCBN, the recently developed “Wurbon” consists of a
mixture of ultrafine (0.02 pm grain size) hexagonal and cubic boron nitride with a “wurtz-
ite" structure, and is produced from soft hexagonal boron nitride in a microsecond by an
explosive shock~wave

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

For the same downtime, the life of an insert between indexings can be less than that of an
equivalent brazed tool between regrinds, so a much higher rate ofmetal removal is possible
with the indexable or throwaway insert. It is commonplace for the claims for a new coating
to include increases in surfacespeed rates of ZOWSOO 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 costecffecetrveness.

Thus any recommendations for cutting speeds and feeds must be oversimplified or
extremely complex, and must he hedged with many provisos. dependent on the technicai
and economic conditions in the manufacturing plant concerned. A preliminary grade
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selection should be made from the isoebased tables and manufacturers‘ 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, feeds, or depths of cut
may be increased, 1f tools fail by edge breakage, a tougher (more shockercsistant) gradeshould be selected, with a numerically higherISO code.

Alternatively, increasing the surface speed and decreasing the feed may be tried, if tools
fail prematurely from what appears to be abrasive wear, a harder grade with numerically
lower [SO designation should be tried. If cratering is severe, use a grade with higher tita—
nium carbide content; that is, switchfrom an 150 K to M or 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)
morerresistant surface layer.

Built-Up Edge and Gaming: Thebigproblem in cutting steel with Carbide tools is asso-
ciated with the builtrup edge and the familar phenomenon called cratering. Research has
shown that the built-up edge is continuous with the chip itselfduringnormal cutting. Addie
tions of titanium, tantalum. and niobium t0 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 Nonmetallics.—-Carbi deitipped ciICuiar saws are
now conventional for cutting wood, wood products such 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 th ey are extremely useful for Cut-
ting abrasive buiiding boards, glass-reinforced plastics, and similar material. Like the
hardmetal tips used on most other woodworking tools, saw tips generally make use of
straight (unalloyed) tungsten carbidefcobait grades. However, where excessive heat is
generated as with the cutting of highesilica hardwoods and particularly abrasive chip-
boards, the very hard but tough tungstenetitaniumJantalum—niobium carbide solidvsoluA
lion grades, normally reserved for steel finishing, may be preferred. Saw tips are usually
brazed and reground a number of times during service, so coated grades appear to have lit-
tle immediate potential in this field.

Curling Blades and Plane irons: These tools comprise long, thin, comparatively wide
slabs of carbide on a minimalrthiclcness steel backin g. Compositions are straight tungsten
carbide, preferably micrograin (to maintain a keen cutting edge with an included angle of
30° orless),but with relatively high amounts of cobalt, 11—] 3 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.

Other Woodworking Cutters: Routers and other cutters are generally similar to those
used on metals and include many indexableansen designs. Themain difference with wood
is that rotational and surface speeds can be the maximum available on the machine. 1-] i ghe
speed routing of aluminum and magnesium alloys was developed largely from machines
and techniques originally designed for work on wood.

Curling Other-Maferials: The machining of plastics, fiber-reinforced plastics, graphite,
asbestos, and othcr hard and abrasive constructional materials mainly requires abrasion
resistance. Cutting pressures and power requirements are generally low, Withthennoplas-
tics and some other materials, particular attention must be mven to cooling because of soft-
ening or degradation of the work material that might be caused by the heat generated in
cutting. An important application of cemented carbides is the drilling and routing of
printed circuit boards. Solid tungsten carbide drills of extremely small sizes are used forthis work
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FORNENG TOOLS

When curved surfaces or those of stepped, angular or irregular shape are required in con—
nection with turning operations, especially on turret lathes and “automaties,” forming
tools are used. These tools are so made that the contour of the cutting edge corresponds 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 operations. Some straight
forming tools are clamped in a horizontal position upon the cutoff slide. whereas the oth-
ers are held in a vertical position in a special holder. A common 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 tom-ls.

Dimensions of Steps on Straight or Dovetail Forming Tools—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 forme
ing tools have rake to increase the cutting 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
11') must he proportioned so as to obtain the required radial dimensions 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 Took—In making forming tools to the required shape or
contour, any angular surfaces (like the steps referred to in the previous paragraph) are
affected by the clearance angie. For example, assume that angle A on the work (see dia-
gram at top of accompanying table) is 20 degrees. The angle on the tool in plane x—x. in that
case, will be slightly less than 20 degrees. In making the tool, this modified or reduced
angle is required because of the convenience in machining and measuring the angle square
to the front face of the tool or in the plane xix.

If the angle on the work is measured from a line parallel to the axis (as at A in diagram).
then the reduced angle on the tool as measured square to the front face (or in plane x—x) isfound as follows:

tan reduced angle on tool = [and 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 asfollows:

tanb'
tanreduced angle on tool =—

cos clearance angle

Table Giving Step Dimensions and Angles on Straight or Dovetailed Forming
Tools.—The accompanying table Dimensions UfSIeps and Aug/(”J 011 Straight Farming
Tools gives the required dimensions and angles within its range, direct or without calcula-tion.

41



42

FORMING TOOLS 759

Dimensions of Steps and Angles on Straight Forming Tools 
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Upper section of table gives depth d of step on forming 1001 for a. given dimension D that
equals the actual depth of the step on the work, measured radially and along the cutting face
of the tool (see diagmm at left). First, locate depth D required on work; then find depth d on
too] under tool clearance angle C. Depth 111 is measured perpendicular it: from face of tool.
Radial Depth d of step 0]: tool
Depth

of Step 2.01711 :3:
0.03939
0.04924
0.05908
0.06893
007878
0.081363
0.09848
0.19696
0.29544
0139392
0.49240

 

  

 

 

Depth d of step on tool
When When

C 2 15° C = 20C
0.00096 0.00094
0.00193 0.00187
0.00289 0.00281
0.00386 0.00375
0.00483 0.00469
0.00579 0.00563
0.00676 0.00657
0.00772 0.00751
0.00869 0.00845
0.00965 0.00939
0.01931 0.01879
0.02397 0102819

 
 
  

 

   
  

 
 
 
 
 

    
 0.03758

0.04698
0.05638
0.06577
0.07517
0.08457
0.09396
0.18793
0.28190
0.37587
0.46984

 
 

0.03863
0.04829
0.05795
0.06761
0.07727
0.08693
0.09659
0.19318
0.28977
0.38637
0.48296

0.001
0.002
01003
0.004
0.005
0. 006
0.007
0.003
0.009
0.0 10
0. 020
0.0 3 0

0.0009 8
0.00197
0.00295
0.00393
0.00492
0.00590
0 .006 89
0.007 87
0.008 86
000984
0.0 1969
0.02954

 
 
 

 
 
 

 
 
 
 
 
 

  
 
  
 

   
 
 

  
  

 
 

  
  
    
   

 
 
 

 
 
 
 

 
 
 
 
  

  
  

 

 

 

 
  

 
 
  
Section of table below gives angles as measured in plane xix perpendicular to front face of
forming tool (see diagram on right). Find in first column the angle A required on work; then
find reduced angle in plane x~x under given clearance angle C.
Angle A An g] e Ain Plane in Plane
of Tool of Tool
Cutting CuttingFace Face

  
 

 
Angle on tool in plane x—x Angle on tool in plane r—x

 

 
5° 50" 48° 14'
10 55 54 35 53 173
15 60 5 9 37 5 B 26
20 65 64 40 63 3 6
25 70 69 43 68 5 0
30 75 74 47 74 5
3 5 80 79 5 l 7 9 22
40 85 54 S5 84 41
45 
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Ta FEnd Dimensions ofSteps: The upper section of the table is used in determining the
dimensions of steps. 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 front clearance angle of 10, 15, or 20 degrees. To illustrate the use
of the table. suppose a tool is required for turning the part shownin Fig. l, which has diam:
eters of 0.75, 1.25, and 1.75 inches, respectively. The difference between the largest and
the smahest radius is 0.5 inch, which is the depth of one step. Assume that the clearance
angle is 15 degrees. First, locate 0.5 in the column headed “Radial Depth of Step D"; then
find depth 0' in the column headed “when C = 15°.” As will be seen, this depth is 0.482%
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 equalsO.25. This value is not given
directly in the table, so firstfind the depth equivalent to 0.200 and add to it the depth equiv
alert! to 0.050. Thus, we have 019318 + 0.04829 = 0.24147. in using this table, it is
assumed that the top face of the tool is set at the height of the work axis.

 
Fig. 1.

To Fx‘ndAngle: The lower section of the table applies to angles when 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. l. The angle used here is 40 degrees (which is also the angle in
the plane of the cutting face of the tool). lfthc clearance angle is 15 degrees, the angle meaa
sured in plane x—x square to the face ofthe tool is shownhy the table to be 39“ 1’- a reduc-
tion of practically 1 degree.

Ifa straight forming tool has rake, the depth at ufcach step (see Fig. 2), measured perpen-
dicular to the front or clearance face, is affected not only by the clearance angle. but by the
rake angle F and the radii R and r ofthe steps on the work. First, itis necessary to find three
angles. designatedA. B, and C. that are not shown on the drawing.
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Angle A = 180“ a rake angle F
 

 

. rsinA. B =
“n R

AngleC = l80”e(A+E)

. _ RsinC
J _ sin/t

Angle D oftool = 90°e(E+F)
Depthx : ysinD

ifthe work has two or more shoulders, the depth rfor other steps on the tool may be deter—
mined for each radius r. Ifthc Work has curved or angular forms, it is more practical to use
a tool without rake because its profile, in the plane ofthe cutting face, duplicates that oftheWork.

Example: 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 of025 irtch. The tool has a rake angle F of 10
degrees and a clearance angle E of15 degrees. Then angleA :180 ~10 = 170 degrees.

0.375 X 0.17365

smB = W— : 0.10419
Angle B 2 5959' nearly. Angle C = 180—(170°+5°59') = 4°1'

. . _ 0.625 X 0.07005 _
Dimension}: — W —— 025212
Angle I) = 90°7(15 +10) = 65 degrees

Depth x ofslep : 0.25212 X0.9063l = 0.2285 inch
Circular Forming Tools—To provide sufficient peripheral clearance on circular font)-
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 to the difference in the steps on the
work. The form produced with the tool also changes, although the change is very slight,
unless the amount ofoffset Cis considerable. Assume that a circular tool is required to pro-
duce the piece A having two diameters as shown.

 
Fig. 3.

If the difference DI between the large and small. radii of the tool were made equal to
dimension D required on the work, D would be a certain amountoversize, depending upon
the offset C ofthe cutting edge. The following formulas can he used to determine the radii
of circular forming tools for taming parts to different diameters;

Let R ; largest radius of tool in inches; 1) = 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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r = (liaiucz—D)2+ C1 (l)

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

R = l(r)r2—C2+D)2+CZ (2)

To illustrate, in) (Fig. 3) is to he 14inch, the large radius R is llginches, and C is S/321nch,
what radius r would be rcqu‘ned to compensate for the offset C of the cutting edge? Insert-
ing these values in Formula (1):

r = Ali/(Ivaf—(542)27(‘/5)2+(5/32)2 = 1.0014 inches

The value of r is thus found to be 1.0014 inches; hence, the diameter : 2 x 10014 =
2.0028 inches instead of’2 inches, as it would have been ii'the cutting edge had been exactly
on the center line. Formulas for circular 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 Circular Forming Tools," gives the standard values of
R and C for circular tools used on different automatics. The formulas for determining the
radius r (see column at right-hand side of table) contain a constant that represents thevalue

of the expression A R2 » C1 in Formula (i).

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 tools, when the cutting face of the tool is VS, 345, VA, or 5/16
in ch below the horizontal center line. As there is no standard distance for the location ofthe
cutting face, the tabie has been prepared to correspond with distances commonly used. As
an example, supposethe tool is requiredfor apart having three diameters of 1.75, 0.75, and
1.25 inches, rcspectively. as shown in Fig. 1, and that the largest diameter of the tool is 3
inches and the cutting face is '4 inch below the horizontal center line. The first step would
be to determine approximately the respective diameters of the forming tool and then cor-
rect the diameters by the use of the table. To produce the three diameters shown in Fig. 1,
with a 37inch 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
Diameter”; but as the table is only extended to half-inch diflerences, it will be necessary to
obtain this particular correction in two steps. 0n the line for 3-inch diameter and under cor-
rections for V: inch, we find 0.0085; then in line with 21/2 and under the same heading, we
find 0.0129, hence the total correction would be 0.0085 + 00129 = 0.0214 inch. This cor-
rection is added to the approximate diameter, making the exact diameter of the first step 2
+ 0.0214 : 2.0214 inches. The next step would be computed in the same way, by noting on
the 3rinch line the correction for V2 inch and adding it to the approximate diameter of the
second step, giving an exact diameter of 2.5 + 0.0085 + 2.5085 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 l[‘inch below the center. All diameters are
computed in this way, from the largest diameter of the tool.
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Formulas for Circular Forming Tools (For numtion, see Fig. 3) 
Make of Sir: uf RudiusR. 0355: C, Radius r.Mac-lune Marhiru: lflthkfi Inches Inthcs 

  
 

  

 

   

 

 
 

NU- “0 ”75 0'15 r 2 ./(0.3650 —D)1 + 0.0150
mu 0.15625 r—‘—z

5mm 1' = “1.1141713 +0.0244Sharpe
N . . 0 J

02 ”E r = ~(l.479070)2+0.0625
N v 6 "

“ r = . (1.975 ~D)"+D.O976
7- . .15

N“ )1 "09‘ r = Jun/44171))! + 0.0088
N ‘ 515 0 G "75 ..

° 9’ r = .f(0.7441 70): +0.00%
Nn. 52 0.09375 1 '—r = «0.9956 4)) +0.00%

. 3
Am” N“ 53 015 r = J(l,l£097D)2+0.0156

N . , .615
° 5“ u” r: .j(1.24027mz+0.0244

. _ 0.
No 55 15515 f : (1_2402_D]3 +0.0244
, ‘5 . 75
V" 5 0“; r: «1.433200%».00352

. . , .—
V‘ ”'E‘b 0,031.5 r : «0.6242 — of + 0.0010

.. 03437 0.0 W “
’4 " 5 6'5 r = J(0.3414-D)2+0.0039

5 ‘V L . 2.
’5 156” "05 q r : 40.154042)2 +0.0039
. .. _ . 7 fi
4 “37‘ “"6 r : .(1.1059—D)3+0.0039

1'4” L375 0.0525 2r = «(1373070) + 0.0039

. . .5 w L375 000 i r—
CW'J" 2 1 r 2 «(13735 —D)2 + 0.0039

2V" L6 [HIS
4 ’5 r = 401020270)“ +0.0156

2- " l 875 0.15625 0
‘4 r = .J(1,3035—D)'+0.0244

31/” . 0.15
4 ”75 w r = «mass 7 D): + 0.0244

4w 5 0. .0
4 2 0 25 r = «2.4375 in): + 0.0625
6" 2.65

0350 l—"fi—‘gr : «(2.61317D)'+0.0625 
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The tables “Corrected Diameters ofCircular Forming Tools" are especially applicable to
tools used on Brown & Sharpe automatic screw machines. Directions forusing these tables
are given at the end ofTable 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 of10 or 12 degrees. For such tools, the smallradius r{see Fig. 3) for an outside radius
R may be found by the formula

r : JP +R —2PRcose

To find the value ofP. proceed as follows: sin 4) : small radius onwork x sin rake angle+
large radius on work. Angle [5 : rake angle — 4), P : large radius on work x sin {3 + sin rake
angle. Angle 9 = rake angle + 5. Sin 5 = vertical height C from center of tool to center of
worke- R. It 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 [1011.

Cnpper Machine Steel

 

  

  
”/15
 
  

The length of the blade equals radius of stock): + x + r- + Vflinch (fur notation, see illustration
above); r = X5 inch for 3/3- to J4-inch stock) and Zn inch for Z— to 1—inch stock.
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Corrected Diameters of Circular Forming Tools—1
Number :11 B. k S. Automatic Numbcr n1 E. & S. AwumfllicScrew Muchiua Straw Machine

Nu. 00 No. 0
   

1.7450 2.2460 . 1 6353 2.1352
1.7460 2.2460 . . 1.633! 11332
1.7441 2.2441 . . 1.6.113 2.1312
1.7421 2.2421 . . 1.6294 2.1293
1.7401 2.2401 . 1.6274 2.1273
1.7381 2.23111 , 1 1.6261 7.1163
1.7361 2.2361 . 1.6154 21253
1.7342 2.2341 . . 1.6234 2.1233
1.7322 17321 . . 1.6215 2.1213
1.7301 2.2302 . . 1.6195 2.1194
1.7282 2.382 . . 1.6175 2.1174
1.7263 2.2262 . 1.6155 2.1154
1.7243 2.2243 . 1.6136 2.1134
1.7223 2.2222 . 1.6116 2.1115
1710.? 2.2203 . 1.6096 2.1095
1.7191 2,2191 . . 1.6076 7.1075
1.7184 2.2133 . 1.6057 2.1055
1.71651 12163 . . 1.6037 2.1035
1.7144 12143 . . 1.61117 2.1016
1.7124 2.2123 . 1.5907 2.0996
1 7104 2.2104 1.5973 2.0976
1 7085 2.2084- 1.5958 2.0956
1.7065 1.71154 1 5.955 2.0954
1.7045 2.2045 1.5938 2.0937
1.7025 2025 . 15913 2 0917
1.7005 2.2005 . 1.51199 2.0897
1.6986 2.1985 . 1.5879 2.0877
1.6966 2.1965 . | 5859 2.0357
1.6946 2.1945 . 1.51139 2 03313
1.6926 2.1925 . 1,5820 2 0311?
1.6907 2.1906 . 1.5800 2.0793
1.65117 2.18116 . . 1.5780 2.07711
1.68112 2.1881 . . 1.5760 2.0759
1.6867 2.1366 . . 1.5740 2.0719
1.6847 2.1847 . . 15721 2.0715
1.6837 2.1827 , . 1.57111 1 0699
1.6508 2.1807 . . 1.5681 10679
| 6788 2.1787 . . 1.5661 2.0660
1.67613 2.! 767 . - 1,5647 2.0645
1 6748 2.1747 . . 1.5612 2.0640 2 0148
1.6729 2.1727 . . 15622 1.0620 2.31211
1.6709 2.1708 . . 156112 2.0600 2.8109
1.6689 2.1688 . . 1.5582 1.0511 1.3099
| 5569 2.1650 . . 1.5563 2.0561 2 3069
1 6649 2.1649 . . 15543 2.0541 2.8050
1.6630 2.1629 . , 1553 2.0521 2. 3010
1.6610 2.1609 . 15503 7.0502 2.3010
1.6590 2.1589 . 15484 2.04412 2.7991
1.6573 2.1572 . 1.5464 2.0462 2.7971
1.5570 2.1569 . . 1.5444 2.0142 2.7951
1,6550 2.1549 . , 1.5425 2.0422 2.7932
1.6531 2.1529 , 15405 2.040] 2.7912
1.6511 2.1510 . 2.0383 2.7892
1.6491 2.1490 . . 2.0363 1.777]
1.6471 2.1470 . 1 2.0343 2.755]
1.6451 2.1451 . 7 2.0335 2.7346
1.6432 2.1431 . . 2.0324 2.7133
1.6412 2.1411 . . . ' 2.0304 2.7814
1.6392 2.1391 . . . 2.11284 2 7794
1.6373 2.1372 . . . 2.0264 2,7774
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Corre1".th Diameters of Circular Forming Tools—1 (Continued)Number n1 B. K: S. Aummatic 
 17774

2.7755
2.7735 

  
 
 
 
 
  
 
  
 
  

1.7715
1.5188 2.7696
1.5168 1.1676
1.51411 2.7056
1.5 119 2.7637
1.5109 2.7617
1.5us9 2.7597
1 .5070 7.7518
1.5050 2.7558
1.5031] 2.7538
1.5010 1751 9
1.4091 2.7499
1.4971 2.7479
1.4951 2.7460
1.4932 1 7440
1.4912 2.74211

    
 
 
 
  
 
  

 
 
 
 
  
 
 
 

  
  

1.4892 1.9889 2.7401
1.4372 1.9369 2.7.1111
1.4853 1.9850 3.73171
1.4833 1.983U 2.7342 1.3730
1.4813 1.9810 2.7322 13711
1.4794 1.9790 2.7302 1,3691
1.4774 1.9771 2.7282 1.3671
1.4754 1.9751 2.7263 1.3652
1.4734 1.9731 2.7243 1.3532  

 
[4722. 1.9719 2.7231 1.3612
    

 

 
  
 
  
 
 
 
 
 
 
 
 
 
  

 
 

   
 

 

 
 
 

  
 
 
  

1.4715 1.9711 2.7224 1.3592
1.4695 1.9692 172114 13573
1.4675 1.9672 2.71114 1 531.4655 1.9652 2.7165
1.4636 1.9632 2.7145
1.4616 1.9513 2.7135
1.4596 1.9593 2.7106
1.4577 1.9573 17035
1.4557 1.9553 2.7066
1.453 7 1.9534 2.7047
1.4517 1.9514 2.71117
1.4498 1.9494 17007
I 4478 1.9474 2.69113
1.44511 1.9455 2 6968
1.4439 1.9435 169411
1.4419 1 9415 2.6929
1.4414 1.9410 3.6924
   
 
 
 
 

  
 
 
 
 
 
  
 
 
 
 
 

 
  
 
 
 
 
 

1.4399 1.9395 16909
1.4330 1.9376 2.52119
1.4350 1.9355 2.52170
1.4340 1.9336 2.6850
1.4321 1.9317 2.6830
1.431)] 1.9297 2.631 1
1.4231 1.9277 2.6791
1.4262 1.9257 2 6772
1.4242 1.92321 2.5752
1.4222 1 9213 217732
1.4103 1.9191 2.5713
1.4131 1.9178 2.5593
1.4163 1.9159 2.6573
1.4144 1.9139 2.5554

50

Numhcr of 13. 8: S. Aummari:

 
 
 
 

  

  

  

  

  

 
 

  
 

  

  
 
 
 
 

 
  
  
 
 
  
 

  
 
 

 
  
 
 
 
 

 
  

  
    
  
   
  

 
   

        

  
   

 
 
  
  

  
  

 
 

   
  

   
    
 
  
 
 
 
  
 
  

   
   

  
  
 

va Mathias
1.9119
1.91021
1.91199
1.9080
1.9050
1.9040
1.9021
1.9001
1.89111
1.8961
1 8942
1 8922
1.8902
1.8881
1.11863
1.8843
1.8823
1.111104
1.5794
1.8784
1.8764
1.3744
1 .875
1.8705
1.8685
1.8665
1.8646
1.11526
1.5605
1.85 87
1.8507
1.15547
1.8527
1.8508
1.8488
1. 8486
1.8463
1.11449

1 .3429
1.8409
1.8390
1.83711
1 .8350
1.8330
1.831 1
1.8291

  
 
  

 

  

  
   

 
  
 
 
     
   
 
 
 
   

   
   
 
 
  
 
 

 

     
  
 
 

 
  

 
 
 
    

1.8271
1.87.52 2 .5770
1.3232 2.95 1
1 .82 12 1.573 1
1.11153 2.571 1
1.3 178 2.5697
   

  
 
  
  

  
 
  
  

1.8173 2.5692
1.8153 2.5572
1.3 133 15653
1.8114 2 5633
1.81194 2.5613
1.3074 2.5594
1.8055 2. . 74
l 8035 2.5555
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Corrected Diameters of Circular F0rming Tools—2Number 0H}. .7 s.Numbct 0113. & 3.
Saw Machine

Laugh 5Na 0 \1 2 an Tool
1.31)] 5
1.7996
1.7976
1.795 5
1.793 5
1.791 7
1.7097
1.7077
1.7870
1.7051;
1.7531;
1.713 I 3
1.7799
1.7779
1. 7759
1. 7739
1. 7720
1. 7700
1.76170
1.7661
1.7041
L702]
1.7002
I 7582
1.7562
1 .7543
1.7523
I 7503
1.7434
1.7464
1.7444
1.7425
1.74115
1. 7355
1.7306
1.7346
1.7326
1.7306
1.7187
1.7267
1.73:“
1.71.48
|.7228
1.7208
1.73119
1.7159
1.7149
1.7130
1.7110
1.7000
1.7071
1.7051
1.7031
1.7012
1.5992
1.69 72
1.6953
1.6948
1.5933
1.5913

 0.284
0.285
”.286
0.387
0.288
0.289
0.2911
0.291
0.292
0.119!
0.294
0.35
0.296

7..0.297
0 295
0.299
0.300
UflUE
0 302
0.303
0.304
0.305
0.306
0.307
0.308
0.309
0.310
0.311
0.312

5/150.313
0.314
0.315
0.316
0.317
11.318
11.3 IS
0320
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Sacw Mmhine

[.6394
| .6374
1.6354
1 .6535
1.6515
1.6795
1.6776
1.6756
1.6735
L67 1 7
1.6697
1.61177
1.66511
1.6641
1.66311
1.0613
1.6599
1.6579

 

 

 

 

 

 
 2.4418

2.4398
2.4378
2 4359
2.4340
2.4320
2.43110
2.4281
2.426 1

 
2.385 1
2.3331
2.3111 ]
2.3792
2:177}.
2.375}
23733
2.3714
2.3094
2.3675
2.3655
£11336
2 3616
23596
2. 3577
2.1557
2.3555
2.3538
2.3510
2.3499
2.3479
2.3460
2.3440
2.3421
2.3401
2.33111
1.3362
2.3342
2.3323

Laugh (:011 T001
0.341
0.341
0.343

‘K:0.344
0.345
0.345
0.347
0343
0.349
0.350
0.351
0.352
0353
035:1
0.355
0.356
0.357
0 353
0359

11a0.360
0.30 1
0.162
0.363
0364
0365
0366
11.767
0:160
0369
03 70
037 1
0.7 72
0,373
0.374
0.375
0 376
0.377
0 37x
0.370
0.330
0.301
0.382
0.3113
0.384
0.3 55
0.3 56
0.3 E?
0010
0 3 as
0390

17510. 391
0.392
0.393
0.394
0.395
0.396
0.397

Numhct 2
B. £5 S.
Machine
2.1303
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Corrected Diameters of Circular Forming Tools—3
Number 2

h. gth c &on Tool Mt
22m 11704 10713
2.2172 0 2.1685 2.0694
21152 2.1666 2.0674
2.2]33 2.1646 2.0655
2.2113 2.1627 2.0636
7.3094 2.1th7 2.0615
2.2074 2.1535 2.0597
2.2955 7.1563 2.0577
2.21135 2154'; 2.05511
2.2030 11.529 1.0533
2.2015 2.1510 2.0519
2 1996 7.1490 2,0500
2.1977 1.1471 2.0480
2.1957 2.1452 2.0461
1.1938 21432 210441
119l9 211422 2.0422
21899 2.1413 2mm
2.1330 2.1393 1.0333
2.11.50 2.1374 2.0364
2.1841 2.1354 2.0344
2.1821 2.1535 2.0325
2.1801 2.1215 2.0306
21732 7.1296 2,0285
21763 1 1276 10257
2 1743 2.1257 2.0247
2.1126 2.1237 2 0228
21724 , 21213 2.0209

 
Method of Using Tables for “Corrected Diameters of Circular Forming Tools”.—

These tables are especially applicable to Brown & Sharpe automatic screw machines.
The maximum diameter D of forming tools for these machines should be as follows: For
No. 00 machine, l-Xinches; for No. 0 machine. ZZinches; for N0. 2 machine, 3 inches. To
find the other diameters of the tool for any piece to be formed, proceed as follows: Subtract
the smallest diameter of the workfrom the diameter of the work that is to be formed by the
required tool diameter; divide the remainder by 2; locate the quotient obtained in the col-
umn headed “Length c on Tool," and opposite the figure thus 1ocated and in the co1umn
headed by the number of the machine used, read off directly the diameter to which the tool
is to be made. The (111 orient obtained, which is located in the column headed “Length 0 on
Tool,” is the length c, as shown in the following table.

Dimensions ofForming Tools for B. Sz S. Automatic Screw Machines

 

52



53

770 FORMING TOOLS

Example: A piece ofwork is to be formed on a No.0 machine to two diameters, one being
14inch and one 0.550 inch; find the diameters of the tool. The maximum tool diameteris 2‘4
inches, or the diameter that will cut the 14-inch diameter of the work. To find the other
diameter, proceed according to the rule given: 0.550 e 14 : 0.300; 0.300 + 2 : 0.150. In
Table 2, opposite 0.150, we find that the required tool diameter is 1.9534 inches. Thesetables are for tools without 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 too} is downward:
the support is more rigid than when the forming tool is turned upside down on the front
slide, as shown atB; 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 highnuafity 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 is especially advantageous when making screws, when the forming and cut-off tools
operate afterthe die, as no time is lost in reversing the spindle. The arrangement at C is rate
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 beatings be kept in good condition, and that the pellet
or chuck has a parallel contact upon the bar that is being formed.

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

Rake angles depend on both the cutter material and the work material. Carbide and cast
alloy cutting too} 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 permit zero or
practically zero axial rake angles; and wide cutters operate smoother with high axial rake
angles. See RakeAugiesforMil/Ying Cutters on page 80].

Cutting edge reliefor clearance angles are usually from 3 to 6 degrees for hard or tough
materials, 4 to 7 degrees for average materials. and 6 to 12 degrees for easily machined
materials See ClearanceAnglesfurMiHing Cutter Teeth on page 800.

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

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

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

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

As a 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 cur. Based on 1his
rule, the following formulas are recommended: '

For face milling cutters,
6.31.)

T — T ‘1’
For peripheral milling cutters,

12.6D cosA

— W ‘2)
where T = number of teeth in cutter; D = cutter diameter in inches; W = width of cut in

inches; d = depth of cut in inches; and/t = helix angle ol'cuttel'.
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, Formuias (I) and (2) should be divided by 2 and the resultmul—
tiplied by the number ofteeth desired in the cut.
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Example: Determine the required number of teeth in a face mill where D = 6 inches and
W: 4 inches. Using Formula (E ),

‘6.3x6
' 4

T
 

= 10 teeth. approximately

Example: Datermine the required number of teeth in a plain milling cutter where D = 4
inches and d = Z inch; Using Formula (2),

= 1246X4x cosOi
4+(4x14)

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 dn'vi n g the milling machine is :_

r7 KxH'FxNxde

T = 10 teeth, approximately

(3)

where T = number of cutter teeth; H = horsepower available at the cutter; F = feed per
tooth in inches; N: revolutions per minute of cutter; d = depth ofcut in inches; W= width
of cut in inches; and K = a constant which may be taken as 0.65 for average steel. 1 .5 for
cast iron, and 2.5 for aluminum, These values are conservative and take into account dull-
ing of the cutter in service.

Extmzple: Determine the required number of teeth in a sintered carbide tipped face mill
for high Speed milling of 200 Brinell hardness alley steel itH = 10 horsepower; F = 0.008
inch; N: 272 rpm: d: 0.125 inch; W: 6 inches; and K for alloy steel is 0.65. Using For-
Luula (3 ),

_ 065 x 10
‘ 0.008 x 272 x 0,125 x6

American National Standard Milling Cutters.—-Aecu rding to American National
Standard ANSI/ASME 3941971997 milling cutters may be classified in two general
ways, which are given as follows:

T : 4 teeth, approximately

By Type ofRelicfan Cutting Edges: Milling cutters may be described on the basis of one
of two methods of providing relief for the cutting edges. Profile sharpened cutters are
those on which relief is obtained and which are reshapened by grinding a narrow land
back of the cutting edges. Profile sharpened cutters 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 MEflwd ofMaunring: Milling cutters may be described by one of two methods used to
mount the cutter. Arbor type cutters are those which have :1 hole for mounting on an arbor
and usually have a keyway to receive a driving key. These are sometimes called 51181115172.
Shank type cutters are those which have a straight or tapered shank to fit the machine tool
spindle or adaptex
Explanation of the “Hand" of Millng Cutters—In the ANSI Standard the terms “right
hand" and "left ban d” are used to describe hand ofrotation, hand of cutter and hand offlute
helix,

Hand ofRotazion urHanciome: is described as either “right hand“ if the cutter
revolves counterclockwise as it cuts when viewed from a position in front of a horizontal
milling machine and facing the spindle or “left hand" if the cutter revolves clockwise as it
cuts when viewed from the same position.
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American National Standard Plain Milling Cutters ANSI/ASME 394.194 997
Cutter Diameter Ran ge at Hole DiameterFace Widths

Noni.“

Light-duty Cuttersi7
ils . V4, 5/15: 34h

 

   

     

  
  
  
   

  
  
  
    

   
 
  

 

 

wit-hung, 1 1.0000landfi

hm’t-i’t fit, 1 1.00005/534,de1/1
yrs/«.34,

1,114,114; 1%, 1.2500and3
Vivi/15 and3/3 1
34‘1/2‘5413/4,
1.94.2.3 1%and/4

Heavyduty CuttersE 2
4

LEE/2,3,4artd6
2, 3, 4 and 6

Highehclix Cuttersd
3015 431106 W4 1.2510 1.2500
4.015 s 1VZ 1.5010 1.5000

“Elemm‘es on Face Widths: Up to 1 inch, inclusive, $0.001 inch; DVEI‘ I to 2 inches, inclusive,
+0010, —0.000 inch: over 2 inches, +0320, #0000 inclL

1'L1‘ gin-duty plain milling cutters with face widths under Z inch have straight teeth. Cutters with 3/4—
inch face and wider have helix angles ofnot less than 15 degrees nor greater Lhan 25 degrees.

c Heavynduty plain milling cutters have a helix an gle of not less Lima 25 degrees nor greater than 45degrees.
‘1 Hi gh-helix plain milling cutters have a helix angle of not less than 45 degrees ncr greater than 52degrees.
All dimensions are in inchesr All cutters arehigh-speed steelr Plain milling curlers are of cylj ndri-

cal shape, having teeth on the peripheral surface only.
Hand ofCun‘er: Some types of cutters require special consideration when referring to

their hand. These are principally cutters with unsymmetrical forms, face type cutters, or
cutters with threaded holes. Symmetrical cutters may be reversed on the arbor in the same
axial position and rotated in the cutting direction without altering the contour produced on
the work-piece, and may be considered as either right or left hand. Uns'ymmetrical cutters
reverse the contour produced on the work-piece when reversed on the arbor in the same
axial position and rotated in the cutting direction. A ringleangle cutteris considered to be
a right-hand cutter if it revolves counterclockwise, or a left-hand cutter if it revolves cl ock—
wise, when cutting as viewed from the side of the larger diameter. The hand ofrotation of
a single angle milling cutter need not necessari iy be the same as its hand ofcutter. A single
comer rounding cutter is considered to be a right—hand cutter if it revolves counterclockw
wise, or a left—hand cutter if it revolves clockwise, when cutting as viewed from the side ofthe smaller diameter.

 
  

  

 

2.985
3.985     
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American National Standard Side Milling Cutters ANSI/ASME B94, i971997
Cutter Diameter Range of H010 Diameterl-‘ucc Widths —"

‘lumf‘ 
Cutters“

lie '4 . ’4 0162575
V1136, ‘é - 0.87575

Viviia‘lW/ma'é 1.00075
limit-3113474 1700075

W’s-'74 1.1510
‘41 5/134 1100075

ig.6§.-‘4.1 1.2510
‘4 1.00075

054.7411 1.2510
=4 1 1.2510
1/, 1.5010

11 1,2519
3/.1 1.5010

Staggered—tooth Side Cutlets”
I/hs’lflvl’gvl’é 0.87575

545.14.545.53 1 1.00075
'615é, ‘4 1 1.2510

Vivi/null, 7/15- ‘1
54-3/5 mill

Klimt 1.2510
1.15.51.21.74] 1 1.9.510

34;.‘615413/4J 1.5010
Halt Side Cuucxs"

   

 
 

  
1.2510 
 
 

1.2510
1.2510
1.2510

    
’* Tolerant-er an Fare Widriu: For side cutters, +0002, 4100] inch: [or stag geredetouth side Cutters

up in 74 inch face Width, inclusive, +0000 —0.0005 inch, and over 3/4 to 1 inch, inclusive, +0000 1.
0,0010 inch; and for half side cutters. +0015, 70.000 inch.

5 Side milling cutters have sirai ght peripheral teeth and side teeth on both sides.
E512ggercd—tooi‘n side milling cutters haveperipheral Lceth nfalternate right, andleft-h end helix andalternate side teeth.
dI-lalf side milling cutters have side teeth on (“IE side only. The peripheral teeth are helical of the

same hand 15 the cut. Made either with right-hand or left—h and cut.
All dimensions are ininches. All cutters are highrspced steel Side milling cutters are efcylindrical

shape, having teeth en the periphery and on one urhuih sidcsl

Hand ofFiuIe Helix: Milling cutters may have straightflmes 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 right-hand helix if the flutes twist away from the
observer in a clockwise direction when viewed from either end of the cutter or us having a
left-hand helix if the flutes twist away from the observer in a counterclockwise direction
when viewed from either end of the cutter, Staggered moth cutters are milling cutters with
every other flute of opposite (right and left line at} helix.

An illustration describing the various milling cutter elements ofboth a profile cutter and
a formnreiieved cutter is given on page 7'76.
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American National Standard Staggered Teeth, T-Slot Milling Cutters with
Brown & Sharpe Taper and Weldon Shanks ANSI/ASME 894. 19—1997

with WeidnnShank 
‘4
V2
x

‘4 “/v. 1y“ ”’31 5 7 3’46 K
x 1% W“ "a 5% 7 3'54. 1
‘4 1'22 it 1331 We 9 4'4“ i
1 11741 W“ 1‘41 7% 9 4% 154

 
 

lFor dimensions of Brown 8: Sharpe taper shanks, see information given on page 916.
"Brown & Sharpe taper shanks have been removed from ANS UAS ME 1394.19 they are includedfor

reference only.
All dimensions are in inches. All cutters are high-speed steel and nniy rJ' ghtkh and cutters are stan-dard.
’i‘al’el‘miz‘er: On I), +0.000. 41010 inch; on W, +0000. —0.005 inch; onN, +0000. —0.005 inch; on

L, i V15 inch; on S, —UDOGt to —D.Gflflj inch.

American National Standard Form Relieved Corner Rounding Cutterswith Weldon Shanks ANSI/ASMEB94. 19—1997

 

  
3%
3‘4
3‘4
3X4

its "/5 it 1/1 3'6 15 1V: 14 l 4";
All dimensions arei'n inches. All cutters are high-speed steel. Right-hand cutters are standard.
Tam-auras: On D, iODIO inch; on diameter nfcircle. 2R 0.001 inch forcutters up to and includ—

in g l4-inch radius, +0.002. -0,001 inch for cutters over l@inch radius; on 5,—0.000110 4.0005 inch;
amnion Li 1/[6 inch.
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American National Standard Metal Siitting Saws ANSI/ASME 394194997
 
 
    

 
   

 
 
 
 

   
 
 
 

 
 

 
 

   
  
   

  

Cutter Diameter Range of H010 Diameter
Face wmms Mm MaxNam.ll ' '

Plain Metal slitting Saws”
finflkfifii 4 0.07575

kflg‘a‘fig‘“ 1 1.000751/53/0- er‘é. ‘4.
3,0 an111/15 1 1.00075'45. 7g. '4 1 1.00075

14. 11.4 1.2510
‘45- 3.411 Va 1 1.00075

lg, 3/Is 114 1.2510
Lg 1 1.00075
'4 114 1.2510

Metal 511mg Saws with Side Teeth“
2.485 #0941. ‘4 '4, 0.37575

3 3.015 2.9115 '45. 50 . 14 . 30 1 1.00075
4 4.015 3.985 V15 . 57L, '4. £1.30 1 1.00075
5 5.015 4.955 145.14,. 10% . 355 1 1.00075
5 5.015 4.9115 '4 1% 1.2510
5 6.015 5.905 '4‘. 50. 14.145 1 1.00075
6 6.015 5.955 K . 3/15 1'4 1.2510
0 3.015 7.915 V, 1 1.00075
8 0.015 7.955 51.340 13/4 1.1510

M9101 Slilfing Saws with Staggered Peripheral and Sidt: Team
5 5.015 2.915 115 1 1.00075
4 4. 015 3.905 3/"3 1 1.00075
5 5.015 4.955 “45 . ‘4 1 1.00075
5 6.015 5.905 715, :4 1 1.00075
0 5.015 5.905 345.14 11/4 1.2510
1 0.015 7.985 3/... I/4 11/4 1.2510
10 10.015 9.9115 30. 1/. 1% 1.2510
12 12.015 11.915 Z1315 1'4 1.5010

 
 

a1110011511005 en iacewidlhs are plus or minus 0.001 inch.
l’Plain metal slitfing saws are relatively thin plain milling antlers having peripheral teeth only. They

are furnished with or without hub and their sides are eoncaved tn the arbor hole orliub.
EMetal slitting saws wiLh side teeth are relatively thin side milling cutters havingbeLh peripheral andside teeth.
dMetal slitting saws with smggeredperipheral and side teeth are relatively Lhin staggered tooth mill‘

in g cutters having peripheral teeth 01' alternate right- and lellihand helix and alternate side teellt.

 

All dimensinns are in inches. All saws are high-speed steel. Metal slitting saws axe similar in plain
01 side milling cutters but are relatively thin.

Milling Cutter Terms

t.—

 
Faee Width 71  Helical Teeth

11311-1 Rake Angle1.11. Helix Shown
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Radial Rake Angle
(Fugitive Shown)

 
 

 

 
 

 

Tooth Face
Radial Relief

Tooth
Flute Axial Relief

Fillet\
Offset

Radial Relief Angle Peripheral CuttingEdge

 
 

Clearance Surface Tm’th F3“ Tooth FaceLand Axial Relief
Heel Clearan be Angle

Flute Surface
Radial Rake Angle Tooth

(Pnsitive Shown)
Offs“ C nncavity

Fillet Lip Lip Angle

American National Standard Single- and Double—Angle
Milling Cutters ANSI/ASME 39419-1997

Cutter Dituneter Holt: Diameter
Nominal Fact: \Mdrh" NmrL

  Singlerang1: mm"   34 724 UNFJB RH
V".

V“ ,24 UN F~2B LH

"45 1g .20 mean RH
. '4 1 1.00075 1.0000

3.015 ‘4 1'4 1.2510 1.2500_l_

0000

   
Donnell-gt: chem|

14 I 2.765 i 2.735 I ‘4 1 l 1.00075 1,
“Facewidth tolerances are plus or minus 0.015 inch.
‘1 Singleeangle milling cutters have peripheral teem, one Cutting edge of which lies in a conical sueface and the other in the plane perpendicular to the cutter axis. There are two types: one has a plain

keywayedhnletmd has artincluded tooth angle ofeither45 or 60 degrees plus arminus 10 minutes; theotherhas a threaded hole andhas an included teeth anglcof 60 degrees plus or minus 10 minutes. Cute
lets with arightehtmd threaded hole have night-11 and hand of relation and a fightehzmd hand ofcttlter.Cutters with u left-hand threaded hole have a left-hand hand of rotation and a left-hand handofcutter.
Cutters will] plainkeywayed holes are standard as either right-hand or left-hand cutters.

” These Cutters have thIeaded holes, the sizes of which are given under “Hale Diameter."
d Double- angle milling cutters have symmetrical peripheral teeth both sid es of which lie in conical

surfaces. They are designated by the included angle. which may be 45, 60 or 90 degrees. Tolerances
are plus or minus 10 minutes for the halfangle on can]: side of the center.

     

All dimensions are in inches. All cutters are hi git-speed steel.
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American National Standard Shell Mills ANSI/ASME 1394.19 1997 

 
  

 
fi
 

/i/
  
 

 

 
  

   

 
Dla. MM 1 Dim, Winn. Dep . Radius, W Dii, Angle,L) W H C E F .r K L

inches inchcs | inchgs inches mums inches | inches | dcgrccs indun
M 1 '4 V4 3&2 Va "/11: Z 0
1% 1'4 1/2 V4 in V01 "45 a 0
1’4 1‘4 14 y". 16 “in 14 0

15/. *5 '26 m "/15 Va 0
2'4 W1 1 % ’4: I'/, w” (I
2V: 19% l 34 7/11 WE Wis 0
134 1‘4 1 ”A 7/11 1'4 ”in 5

W: 1% V2 V2 1% 1‘6 5
3'4 17a 151 ‘4 V; Wm 1% 5

2‘4 1V: 34 3/5 2‘/n Wu 5
4%. 2% I‘, 5/5 x 2'45 17/}! In

2'4 1‘4 ya 34 27.5 1’4 w
1’4 2 ’4 7m 3% 2V; 15_l—.

All cutters are high-speed steal. Rightrhand cutlets with right-hand helix and square camera aresimdard.
Turemnrgs: On D, +VM inch: on W, 11/54 inch; (in H, 40.0005 inch; on B, +Vm inch: on C, at least

+0.00% hutnelmorethanmeinch; unE, +144 inch; on J! £454 inch; cnK, 1%,, inch.
Endell Terms

  

Radial RElief Angle Radial Clearance Angle

Radial Land 41 '47

Enlarged Section oIEmi Mill Tomb
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End Cutting Edge Radial Rake Angle
Conwvity Angle (Positive Shown)Tooth Face

End Clearance

 

  
  

Tooth Face

[+— Axial Relief RadialAngle _ CuttingEdgeEnd Gash

Helix Angle l Flute
Enlarged Seclion ofEnd Mill

American National Standard Multiple— and Two-Flute Single-End Helical End Mills
with Plain Straight and Weldon Shanks ANSI/ASME 1394.194 997

 

 
 

 
   
   
   
   
   
 
   

Shani; Dlametei.
D S .

Nam. ] Max. L Min. Max. Min. LMultiple-flute will: Plain Straigu Shanks
.125 .125 .1245 1‘4
41375 .1575 1370 134
.250 .250 .2495 W...
.375 .375 .3745 1%
.500 .500 .4995 2'4
.750 .750 .7495 26g

Twarflute far Keyway Culling wum Weldon Shanks
'4 .125 .1235 .375 .3745 3/. 2%.
3/,5 .1875 .1860 .375 .3745 7/,5 254,,
'4 .250 .2485 .375 .3745 14 25/15
45 .3125 .31 1 u .375 .3745 946 25/us

‘4 .3 75 .3735 .375 .3745 945 25/,5
‘ll .500 .4985 .500 .4995 l 3
ii. .625 .5255 .625 .5245 15/” 5745
34 .750 .7455 .750 17495 15/” 3945
7, 87.5 .5735 .375 .3745 1V2 33/4

1 1.000 .9955 1.000 .9995 15/9 414
114 1.250 1.2485 1.250 1.2495 154 4V3
1‘4 1.500 1.4955 1.250 1.2495 15/3 4%

  
 

All dimensions are in inches. All curtais are high-speed steel, Right-hand Guitars with right-handhelix are standard.
The helix angle is not less than 10 degrees for multiplbflute cutters with plain straight shanks: the

helix angle is optional with the manufacturer for twoeflute curlers with Weldon shanks.
Tolerances: OD W. i142 inch; 011 L. :‘/,6 inch.
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ANSI Regular-, Lung-, and Extra Long-Length, Multiple-Flute Medium
Helix Single-End End Mills With Weldon Shanks ANSI/ASME B94. 19—1997 

 

LEW l  
As indicatedBy The Dimensions Given Below. Shank Diameter 5 May Be Larger, Smaller, Or TheSame As The Cutler Diameler D

  

      
  

er LongMills Exn‘aLungMjlls

14- 44 14 25/“ 4 1, ..
fig) “4 14 254 4- . . .1
'4" X 5/: 27/45 4 3’: W4 3‘44 4 5i 1% 3‘45 4
3’14." 3% ‘14 272 4 3’s 1% 316 4 ii 3 3% 4
51" ii ’4 B5 4 ii 1‘4. 3‘4 4 5i 1’4 4% 4
7/16 ’6 1 2%; 4 56 13/4 3‘4 4
115 14 1 21145 4 ‘4 2 4 4 '4 3 5
‘6" ‘6 M 3% 4-
°46 '_ 1x sag 4
21 ', 13g 33g 4 2; 2‘1; 41g 4 fig 4 6% 4
U46 17 154 35/X 4
X I 154 35g 4 y, 3 51/ 4 34 4 51/ 4
54" 3i 15/: 31/4 4
“/15 54 1‘6 3% 4-
3’4” X 156 33/4 4
“/15 54 174 4 6
74 54 17/E 4 6 7/E 3‘4 514 4 74 5 7% 4

i 54, 174 4 6 1 4 61,5 4 1 6 $14 4
74 74 1% 4% 4

1 74 1x 4VE 4
114 74 2 414 6 1 4 6'4 6 H
1‘4 74 2 4V, 6 1 4 615 6 11/4 6 814 6
1 1 2 41.4 4
11/E 1 2 4kg 6
1‘4 1 2 4%, 6
1% 1 2 4‘4 6
1g 1 2 4'4 6 1 4 61.5 6
114 11/, 2 455 6 111, 4 645 6 ..
114 1‘4 2 415 6 1‘4 4 614 6 114. 8 1015 6
134 11.4 2 4g 6 11,5 4 6'5 6
2 1'4 2 4g 8 114 4 6kg 3
“N: Number offlntcs.
“In this size 0 'regularmfll alefl-hand miller Wth lsft-hnndllslix is also sundard.

 
All dimensions are in inchesv All outlets are highispeed 51331. Helix angle is greaLer man 19 degrees

but mm more than 39 degrees. Right-hand cutlets wiLh right-hand helix are standard.
Talzranccs: On D,~H].OO3 inch;on 37010001 10410005 inch; on Mil/fl inch; unL,il/lfi inch.
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NHLLING CUTTERS 781

ANSI Two-Flute, High Helix, Regular-, Long-, and Erin: Long-Length,
Single—End End Mills with Weldon Shanks ANSI/ASME 394.1971997  

 

 
   

I ‘f‘
LE\J_’ ’

Regular Mill Long Mill 1 Burn Long Mill
3 w L 5 w L 3

 
 
 

 

 

 

  34 fill 27.6 ”l 1‘4 3’45 3%
34 34 1V; '7: 1% 3’4 34;
“la 34 2V2 34 1'6 3'4 3%
’4 1 1% ‘4 1% 374
'2 114 3'4 ‘6 1 4 V,

1% 3% ‘4 2'4 ”l 59
”4 1% m 3/. z 5% z
74: 17/, 4g

1 2 4kg 1 4 6'4 1
11/. 2 4‘4 1‘4 4 614 M
w, 2 4'4 1'4 4 6% 12
1'4 2 4'4 1% 4 6‘4  

All dimonsiuns are in inches. All callers are highvspecd steel. Right-hand cutters will] righthand
helix are standard. Helix angle is greater than 39 degrees.

Tolerances: OnD, +0.00} inch; on 5,4).0001m 4.0005 inch; on W, 1%; inch; and on L, iVlfi inch.

Combination Shanks for End Llills ANSI/ASME 894‘ 1 971997
RIGHT-HAND CUT LEWHAND CUT
 

 
CENTRA L

1’11leleTH “K' 'I l
 

  
 

 

 

All dimensions are in inches.
Mudified far use as We] don or Pin Drive shank.
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782 MILLING CUTTERS

ANSI Roughing, Single-End End Mills with Weldon Shanks, High-Speed SteelANSI/ASME E94, 1 9-1 997

 
 

  

  
 

  
  
  
  
  
  
    

    
  

 
13.?

 

§\\\\\\1\\\,\3 m D
Illll I|§\.._L
 

 
   

Overall
L
 
  
   

4

   a 2
314 24 2
3% z
3% 2
4%; 2
315 1
Big 2
sig 2
4% 2‘4
5'4 25
41,5 2Vl
6‘4 2y1
4‘4 3
691 3
4'4 3
6V, 3 2%

All dimensions are in inches. Right—hand cutters with right-hand helix are standard.

 
37:

11x
13%
151/4
7%
9%

1 13/.
1334
7%
9 V.

Tolerances: Omside diameler, +0l025, 41005 inch; length of cut. +14; . 'I/n inch.

American National Standard Heavy Duty, Medium Helix SingleEnd End Mills,
2% inch Combination Shank, High-Speed Steel ANSHA SME 894. 19-1 997

   
 

  

Dim of
Cnuur.

All dimensions are in inches. For shank dimensiuns see page 781‘ Right-hand cutters withrighp

 
   

 
1.1111th LcngmquuL Overall,w L

4 7};
6 9%
8 1 134
4 7%
6 9%
s 1 134

m 13%
12 I5’4  

hand helix 316 51 andard. Helix angle is greater than 19 degrees buL not more than 39 degraas.
Tolerances: On D, +0005 inch; on W, i141 inch; on L i145 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 3/M -Inch Diameter Straight ShanksANSI/ASME 1394. 1971997

L

 

Stub Length
  

R :gular Lsngth

  
 

 
 

L

  
Long Length
   
 

All dimensions are in inches. All cutters are highispeed steel. Righvhnnd cutters with right-hand
helix are standard. [161k angle is greater [h an 19 degrees but nnt mare man 39 degrees.

Tolerances: On I), + 0,003 inch (iflhe shankis the same diameter as the cutting puniun, however,
then Lhe tolemnce on the cutting diameter is — 0.0025 inch); on W, + Vfl , 7 1/51 inch; and on L, iVminch.

American National Standard 60-Degree Single~Angle Milling Cutters with WeldonShanks ANSI/ASME 1394194997 

   
 Dian D W L

a. y; 545 2'4 17/. z '34. m
1% 5i 945 27/3 2'4 1 1/16 33/4      

All dimensions are in inches. All cutters are highispaed SIGBL Ri ght—hand cutters are standard.
Tolerances: 0n D, t 0.015 inch; on S, — 0.000110 — 0,0005 inch; an W, $0.015 inch; and an L, 11/15inch.
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784 MILLING CUTTERS

American National Standard Stub, Regular-, and Long-Length, TwoFlute,
Medium Helix, Plain— and Ball-End, Dnuhie-End Miniaturc End Mills

with 3/m—1nch Diameter Straight Shanks ANSI/ASME 39419-1 997 

  

 
  

Stub Lengm chular Length 
C and Plain End Ball End FiduEfld Bull End 
 

  
 

 

 

  K 2‘4
16: '4 “/3 25/,
‘4 3/1 'Z 3V»

‘62 ’4 ’4 3‘4
Ma 1 1 3% 

E‘B is the lengTh below the shank.
All dimensions are in inches. All cuners are high-speed steel. Right-hand cutters with rightehand

helix are standard. Helix angle is greater than 19 degrees but nut more than 39 degrees.
Talermzres: On Candi), — 0.0015 inch for stub and Iegnlarlength; +0003 inch furlong length (if

the shank is the same diameter as the cutting portion, however, than the tolerance on the cutting diam-
eteris — 0.0025 inch); on W, + V32, 7 Va, inch; and on L, :l: '45 inch.

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

 
 

    
All dimensions are in inches. All cutters are high-speed steel, Ri glut—hand cutters with right-hand

helix are standard. Helix angle is not less than 10 degrees.
No. 5 taper is standard without tang; Nos. 7 and 9 am standard with tan g only.
Tolerances: 0n D, +0005 inch; on W, iVR inch: and on L :916 inch.
For dimensions nfB & S taper shanks, seeint‘ormatinn given on page 916.
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MILLING CUTTERS 785

American National Standard Stuh- and Regular-Length, Two-Flute, Medium Heljx,
Plain— and Bull—End, Single-End End Mills with Weldon ShanksANSI/ASME 39419-1997
 

  

 
 —P]ain End

Lengthuf CuL
  

D121, '   
“45

“/4

1‘4
”l
1%2
All dimensions are in inches. All cutters are high-speed steel, Rightihzmd cutters with right-hand

helix are standard. Helix angle is greater Lhan 19 degrees hut not more than 39 degtees.
Tolerances: On C and D, —0.001 5 inch for stub-length mills, + £1003 inch fur re gular-lengfl: mills;

on S. #0300] to—OflUUS inch; on W, t 1/12 inch; and on Li V15 inch.
The following singleend end mills are available in premium high speed steel: ball end, two flute,

with D ranging from X; to 11/2 inches; ball end, multiple flute, with D ranging from 1/3 to 1 inch; and
plain end, two flute, withDranging fmm 1/E 101% inchesy
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786 MILLING CUTTERS

American National Standard Long-Length Single-End and Stub-, and Regular
Length, Double~End, Plain- and Ball-End, Medium Helix, Two-Flute End Mills withWeldon Shanks ANSI/ASME39419-1997

  
SingleEnd  

Lung Lenth — Plain End
  

  
 
  
   

 

 
 
  
 

 
 
    

 

 

Stub Length——Plain End  
1

 
 

s 1:4 W L
“A; 5g 2‘4

| V5 V2 2%
“’1 5Q 3%
l ’4 55 3 Vm

3/4 35/15
l 3%

2 V, 1 4
124 4?.

3% 1‘4 53/M
5 7'4

Regular Length7Ball End
w | L
i av”

7% 3‘4;

9; 3V9

“/m “I;

”/m 3'4

Wm 3%

we 314

w“ 41/2

1?“ s

1 15/H 57', 1 15; 575

    
 

All dimensions are in inches. All cutters are hi gh-spee
 

d STCC]. Right-hand cutlets with righkhand
helix axe standard. Helix angle is greater than 19 degrees but notmnre than 39 degrees.

Toleranms: On C and I), + 0.003 inch [or single-end mills, 40.0015 inch [or doublbend mills; on
5, 43.000] to 410005 inch; on W, £42 inch; and on L,i m inch.
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MJLLING CUTTERS 787

American National Standard Regular-, Long-J and Extra Long-Length,
Three-and Four-Flute, Medium Helix, Center Cutting, Single-End

End Mills With Weldon Shanks ANS[/ASME 394191997

 
 Four ram

Long Length
  

Em Lung Length
 

 
 Lma. Regular LengmD s w 

   

  

   
  

 

All dimensions are in inchest All cutters are high-speed steel. Right-hand cutters with right-hand
helix are standard Helix an gle is greater Lhan 19 degrees but not more than 39 degrecsl

Tolerances: On D, #303 inch; on S, 41.0001tn 4.0005 inch: on W 11/31 inch; andon Lififi inch.
The fella wing eenlercutting, single-end and mills are available in premium high speed steel: reg-

ular length, multiple flute, Willi D ranging from V5 to l 3/; inches; long length, multiple flute. with D
ranging from 3/3 to 1%1 inches; and extra lnng-lengrh) muliiple flute, with D ranging from 3/a to H5inches.
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788 MILLING CUTTERS

American National Standard Stuh- and Regular-length, Four-flute, Medium Helix,Double-end End Mills with Weldon Shanks ANSI/A SME39419-1997

 

   

s I w l LSmhngrh
 

  
 
  

15/»: 55/3
174 6'4
174 5'4
174 6‘4

       
 

aIn this size of regular mill 3 left-hand cutter with a leftkhand helix is also standard.
All dimensinns are in inches. All cutters are high—speed steel, Rightehand cutters with right-hand

helix ate standard. Helix angieis greater than 19 degrees but nut more than 39 degrees.
Tolerances: 011 D, +0003 inch (if the shank is the same diameter as the cutting portion, however,

then the tolerance on the cutting diameter is —(}.0015 inch); on S, 43.0001 to 400005 inc h; on W, i731
inch; and on L. i‘llfi inch.

American National Standard Stuh- and Regular-Length, Four-Flute, Medium
Helix, Double-End End Mills with Weldon Shanks ANSI/A SME B94. 191997

 

 
L l:—LDFW s w:l D I w—-1 fiwq I

1*“erI?%}=W D‘$7- - ~ . .L ‘n,
D W D W

Tlmx Fluit: Four Flute
1/. a; ‘4 3’4. Va 14 it 3%
34a 34 ‘4 3‘4 Ma ’4 14. 3‘4»
‘4 “4 54 3% l5 34 5/; 3‘4;
54. ‘4 3/. 3V; Z. 14 =4 32,
at ‘4 3/. 31,; a: 3/. =4 31/,
7.5 ‘6 1 4‘4 is 1/1 l 411.,
L5 1/. 1 4V. x ‘4 1% S
"/1. 54. 1’4 5 g 44 1% ‘5’»
54 54 1’4 5 ’4 7IE 17/, 6‘4
-‘/: 3/4 1’4 55/. l l 17/, 531

l l 174 63/8 ..

    
  

All dimensions are in inches. All cutters are high-speed steel. Rightnhand cutters with rightltand
helix are slandard. Helix angle is greater than 19 degrees but notmore than 39 degrees.

Tolermmex: 011 D, 443.0015 inCh: on S. 4.0001 in 410005 inch; on W, 19/1, inch; and on L, :‘1/16inch.
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MILLING CUTTERS 7 39

American National Standard Plain- and Ball -End, Heavy Duty, Medium Helix,
Single-End End Nfifls with 2-Inch Diameter Shanks ANSI/ASME 394.1'971 997  

     
 

 
Dian Plain EndEnd No. of

D l W l Flums w I2 2 14,6
2 3 2,1
2 4 2. 3,4. 5 4
2 S
1 6 2. 3, 4, 6 6
l E 6 8
2‘4 4 2, 14‘ 6
2V1 5
291 a 2. 4, 6
21/1 8 a

 
  

All dimensions are in inches. All Cutters are high-speed steel. Righlehand cutters with rigid-hand
helix are standard, Helix angle is greater than 19 degrees but not more Lhzm 39 degrees.

Tolerances: 0n C and D, + 0.005 inch for 2, 3, 4 and 6 fillies: on W, i V15 inch: and on L, i 1/15 inch,
Dimensions of American Nalional Standard Weldon Shanks

ANSI/ASME B940 [9-1997
Shani: | ; Shank
 
 

 

 
  

3){is distance from 130an of flat to opposite side of shank,
b Minimum.
AJl dimensions are in inches.
Centerline of 11a! is at half-length of shank except for l'/3-, 2- and 2% inch shanks where it is 15/1 ,

ly/31 and 19% from shank end, respectively,
Tolerance on shank diameterf (mom to — 0.0005 inch,
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790 NHLLING CUTTERS

Amerian National Standard Form Relieved, Concave, Convex, and
Corner-Rounding Arbor-Type Cutters ANSI/ASMEB94. 194997

 
 
 

  
 

 

 

 

  
T 1
w I C? T 1 1 111 i ' w ‘ 1 c TW

i_ L ' A 1.
— _.

H_:Jb___1 in D
Concave Cnnvex Comer—rounding ._._1

Diamclcr c (11' Radius R CuL'rer 01111111 Diamclcr af Hole 11
Die W ——
D“ t .0101 Nun Max.

Comm cummr
1.00075 1.110000
1.001115 1.110000
1.00075 1.110000
1.001175 1.110000
1.001175 1.110000
1.001175 1.110000
1.001175 1.110000

1.251 1.250
1.251 1.250
1.251 1.250
1.251 1.2511

1.001175 1.00000
1.00075 111111000
1.00015 1.00000
1.00075 1.00000
11001175 1.00000
1.1101175 100000
1100075 1.00000

1.251 1.250
1.251 1.250
1.251 1.250
1.251 1,250

1.001175 1.110000
1.00075 1110!“)

1.251 1250
11/4 1.251 1.250

15‘”, 1‘4 1.251 1.250

        
 

aT'alcramzses on cutter dimmer are + V5, — 1/“5 inch fur all sizes.
thlemnCE does not apply to annex cutters.
“ Size of Butler is designated by specifying diameter C ufcircular [01-155.
‘1 Size of cutter is designated by specifying radius R of circular form.
All dimensions in inches. All cutters are highispeed meal and are 1‘arm relieved.
Rightihand comer rounding cunezs are standard, but leftihand cntIeI for ‘4 -inch size is also stan»dard.
For key and keyway dimensions for these cutters, see page 794.
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MILLING CUTTERS 791

American National Standard Roughing and Finishing Gear Milling Cutters for
Gears with 1416 —Degrec Pressure Angles ANSI/ASME 1394. 1971 997  

  
  

  

ROUGHJNG
Di: uf Din. ur Din. of Din. of Dim uf ma, nr

Diamcu-dl Cum. Hole. Diamemll Caner, Hu‘ic. Dimming] Cum. Hole,Filth u u Pitch n H i’iich D u  Roughing GemrMilling Curlers 
  
  

  
  

 

 1 3'4 2 3 5'4 1'4
3 434 I2
4 4‘4 1%
4 414 1%,
4 414 Mg,
4 354 1
5 m w,
5 4‘4 1'4
5 I 55  
   5 14 2'4 74

6 16 21/3 1
5 15 2'4 7/8

1% 6'4 11/, 7 Is 23/“ 1
2 6'4 11/. 7 i8 2 74
2 5x 1% 7 20 2!; 1
21_ 5V“ 13g 3 20 2 7/3
2 1 534 1% a 22 214 i
3 55/, 194 s 22 2 fig
3 52 w] 9 24 1v. 1
3 434 114 9 2,: Hg 74
4 41/. 13/4 10 26 1}; 74,
4 4% U4 10 23 w. 1/.
4 4V. w. 10 30 12 1/E
4 3-5/8 1 11 32 1‘4 7/“
5 4% IV, 11 35 1V4 7/,t
5 45; IL; 1:. 441 135 7/s
5 3% 11/, 12 45 w, 7/2
5 33g 1 11
5 4‘4 1’4 14  
All dimensions are in inches,
All gear milling cutters are highspeed steel and are form rclimted.
Fur keyway dimensions see page 794.
T0]”auras.- On outside diameter. + 1715 , -'/,5 inch; an hole diameter, Enough 1-inch hole diameter.

—U.00075 inch, over 1-inch and through 2-inchhoie diameter, +0.001EI inch.
Far mlternumbeneimive to numbers of gearteelh, see page 2021. Roughing cutters are made wiih

ND. 1 cutter fnrrn only.
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792 MILLING CUTTERS

American National Standard Gear Milling Cutters for Mitre andBcvcl
Gears with 14V; -Degree Pressure Angles ANSI/ASME BB4. 19-1997
 

 

 
 

 

 

 

 

 
  

 
Diameter Diameter Dinmclar Dintter
010mm, ul‘Hch. mum] ofCuchr, ufHulc.D H PM. I) H
4 m 44 7/. 

  

     
  

 

3%
314
3%
174
1%   

All dimensions are in inches.
All cutters are highispeed steel and are form relieved.
FBI keyway dimensions 5:: pigs 794. For cuLtar sclcciion 556 page 20 60
T01emm‘es‘.‘ On omside dimmer} +146 , “14g inch: on 11016 dimmer. Ihmugh 1-inch hole diamelcr.

41.00075 inch, for l Zninch hale diameler, «10.0010 inch.
To select lhecuner numhar for have] gears with r115 axis at any angle, double the back cone radius

and multiply the rusult by the diamatral pitch. This procedure gives the number of equivalent spur
gear Leelh and is [he basis fursalenling the cults! number frnm L113 iabls an page 2023,

American National Standard Roller Chain Sprocket
Milling Cutters ANSI/ASME 394.194 997 

  
  

  
  

  

 

 

    
Dia.

ul Diner, ufHule,w M
5% 1
515 1
£th 1
51.: 1
1/; 1
”4: 1

. 6 13g 1
’4 0.200 7—8 234 ”(n 1
is 0:00 9711 2‘4 Wk 1
3g 0200 12-17 2% 7m 1
ya 200 1&34 234 7/,E 1
5; 11200 35 and aver 1% WK 1
'4 0,313 6 3 3/4 1
1/2 0,313 74 34 1
‘4 0,313 $1 I
‘ 1 0.313 ‘A 1
L 0513 ”—Vn 1
‘4 0.313 Wm 1
5/1 0,400 X 1
x, 0.400 1/, 1
5/a 0.400 34 1
54 El 400 31 l 
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MILLING CUTTERS 793

Amefimn National Standard R01]er Chain Sprocket
Milling Cutters ANSI/ASME 39419-1997

 

     
 

Pitch D 1-1
14 111100 11134 3 '4 2'42 1
14 0.400 35 and over 3'4 "4‘ 1
34 0.459 6 3 '4 341 1
‘4 0.409 M 3'4 341 1
7'4 0.469 941 1 3 34 34 1
1/. 0:169 12417 3 34 ’4 1
14 11.459 1 1144 3 14 IVE 1
14 11.459 35 and 0er 334, Wm 1

1 0.575 s 57/. 1'4 1'4
1 0.555 143 4 1'4 1'4
1 0.615 5L11 4V, 1% 1'4
1 0.515 18734 114 1% 1'4
1 0.625 35 and 0m 4% 1"4 1'4
1'4 0.750 5 4% 1% 1'4
1'4 0.750 1-11 43;. 1'45 1'4
1'4 0.750 9—11 4'4 1% 1'4
1'4 0.750 18—34 434 1'14G 1'4
1'4 0.750 35 and over 473 154 1'4
1'4 0.1175 6 4x. Wm 1'4
1'4 0.1175 7—3 4'4 1'31. 1'4
1'4 0.1175 9—11 434 1% 1'4
1'4 0.575 12—17 454 114 1'4
1'4 0.1175 11—34 434 1'1“ 1'4
1'4 0.875 35 and aver 43/4 114 1'4
1‘4 1.000 0 5 7.13. 1'4
1 7. 1.01111 7711 5 '4 WE I '4
115 1.001) 9—1 1 5 V1 2'4‘ 1 '4
1}; 1.0111) 12—1 1 534 2'41 1'4
1% 1.0011 13—34 5'4 1% 1 14
1'33 1.000 35 and over 5'4 1'4 114
1 1.125 6 51/; 2'33; 114
1 1.125 74 5 '4 2% 1 14
2 1.125 MI 554 7.14 1V2
2 1.125 12-17 5-14 234i 114
2 1125 111-34 57,, :114 11/I
2 1.125 Mandi-Arr 5'4 2‘42 1'4
2'4 1.406 6 5’4 2% 1'4
2'4 1.406 771 6 2% 1'4
214 1.4115 9711 015 23'4" 1'4
2V4 1.405 12717 634 2' _. 1'4
2'4 1,405 1H4 6 '4 2% 1 '4
2V4 1.406 35 and IWel' 6V, 2 _ 1V2
2V; 1.55: 6 5‘4 3 1'4
2'4 1.55: 741 6% 3 1'4
2'4 1.563 9—11 514 2% 1‘4
2'4 1,563 12-17 6'4 211/E 1'4
2'4 1553 111—34 '1 2% I1;
2'4 1.555 35 and am- 7'4 2"46 1%;
3 1.575 5 7'4 W41 2
1 1.175 778 7 V. 3% 2
:1 11175 9711 7'4 3% 2
3 1175 12—17 a 3'14: 2
1 1075 111—34 1. 2w“ 2
3 1.1175 35 1015 um 11V4 3'4. 2101311310115 are 111 11101101.

All cutlers are highispeed steal and are form reliaved.
Forkeyway dimensions 500 page 794.
Talemnres: Onside diameter, +13. 'Vua incl-1; hole diameter, through liinch dimmer, + 0.00075

inch, above liinch diameter and through 2-inch diameler, + 0.0010 inch.
For tooth form, see ANSI sprocket math fun-r1 1:11:15 1111 page 2-13 8.
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MILLING CUTTERS 795

American National Standard Woodruff Keyseat Cufiers—Shank—Type Straight-
Teeth and Ar!)err-Type Staggered-Tecth ANSI/A SME 394.1 9-1997

 
 

 

   
  

 

   
    

.Langlh
of

Face,w
5%
”/15 Win 1009 Hi 5/15
’4 1% 010 1'4 3/11
542 1511 710 1'4 ’4.»

~ ' . 316 21/16 310 11/4 14
403 34 I18 25g 707 74, 7/: 27/,l 1010 114 5/”
204. 1g 145 2145 1107 74; 14 21/. 1210 114 1g
304 '4 1/i 2%: 608 1 3/", 2%, 311 I34 14,
404 '4 9g 2‘11 703 1 7% 2% 1011 13; 5/1.
305 5g 351 23g we 1 1/4 254 I111 131 3g
405 5g 5g 214 1008 t 5/.5 25/.5 812 1% I4
505 71 5/32 23$ 1103 1 1g 2% 1012 114 5/m
605 54 3/“, 23/Jfi 609 11g 3/m 23/15 1212 1'4 2,
406 14, 14 1% 709 1'4 41 274E

Arborrtypaolrlsrs
Nam. Widlh Nam. warm
Dieter of Dimof trim uf 01.1.1.1
Cutter, Face, Hole, Cutter Cutter, Face, Hole,a W H Numher n W H
2% 5/.fl 1 [628 3'4 15 1
21/. 34 1 1828 314 9/15 1
23;, 1/16 1 2028 314 54 1
2’4 '5 1 2428 315 34 1
355 14 1  

All dimensions are given in inches. A11 cutters are high— speed steel.
Shank typa cutters are standard will: rightihand cut and straight math, All sizes hava 14 -inch diam-

eter straight shank.
Arbor type cutters have staggered 166111.
For Woodruffkey and key-slat dimensions, 366 pages 2348 through 2350.
Tulemncer: Face with Wfor shank type cutters: 145—10 542 -inch face, + 0.0000, 410005; 3/15 to 7/3; ,

— 0.0002. 7 0.0007; 1/4, 430003, 410008; 5/| , —0.0004, 410009; 3/3 , 7 0.0005, “0.0010111ch. Face
width Wfor arbor typc anthers; 3/15 inch face, —0.0002,—0.0E)07; 1/4, 4.0003, 41.0008; 5/15 , 4.0004,
"0.0009: 3/3 and over, —0,0005, 410010 inch. Hole size H: ;0.00075, 41,0000 inch. Diameter D for
shank type cutters: %— through x-inch diameter.+0.010, +0015, 7/3 through 11/5 1 +0012, +0017; 11/4
through 11/2 , +0015, +0.02!) inch. These tolerances include an aflowanca for sharpening. Fur arbor
type cutters diameter D is furnished V32 inch larger than listcd and a tolcrance 0110.002 inch applieslathe oversi 7r, diamater,
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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 the teeth
are tobe ant; and the angle of the fluting cutter. Setting angles for Various combinations of
these three factors are given in the tables. For example, assume that 12 teeth are to be cut on
the end of an end mill using a 607degree 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
of70 degrees and 32 minutes.

 
The following formulas, which were used to compile these tables, may be used to calcu~

late the settiugeangles for combinations of number 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, C = angle of fluting Cutter, N : number of teeth to be
cut, and D and E are angles not shown on the accompanying diagram and which are used
only to simplify calculations

tanD = cos(360°/N)x cat]? (1)

sinE = tan(360°/N) >< eotCX sinD (2)

Setting-angle A = D e E (3)

Example,- Suppose 9 teeth are to be cut in a 35-degree blank using a 55-degree single-
angleflutiug cutter. Then,N=9,B = 35°, and C: 55°.

tanD = cos(360°/9) >< cot35“ = 0.76604x 1.4281 : 1.0940;andD = 47534’
sinE = lan(360°/9] x cot55“ X sin47°34’ : 0.83910 X 0.70021X 0.73506

= 0.43365; and E = 25°42’

Setting angle A = 47‘34' —25"42’ = 21“52’

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

cosA = tau(360°/N) >< cotC (4)

Exampledfin the previous example the blank angle was 0 degrees.
(:05 A :tan [360°19)X cot 55”
= 0.83910 X 0.70021: 0.58755; and setting-angleA = 54°1’
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Angles nfElevatiou for Milling Straight Teeth in 0-, 5-, '10-, 15-, 20-, 25-,
30-, and 35-degree Blanks Using Single-Angle Flnting Cutters 

 

 

  
 
 
 
 
 
 
 
 
 

     
 
 

 

1:; Angle ofFluling Cutter —-|'1'th 911' sa= 711a 6m 511" 9:71 60- 7111 60" 511"
o= 13111111461161 M111) 5° 1311.111

6 72° 13' 50° 55' so" 4‘ 52= 54‘ 41= 41’ 1. ,,
s 79 51 08 39 54° 44- 31° 57' 82 57 72 52 61 47 48° 0’ 25° 411'
m 112 38 74 4o 65 12 51 26 11.1 .o 76 51 611 35 59 11 46 4
12 s4 9 77 52 70 52 61 2 114 14 73 25 72 1o 64 52 55 5
14 115 a 79 54 73 51 66 111 s4 27 79 36 74 31 6x 11 60 :1:
16 35 49 131 213 76 1u 69 411 64 35 so 25 75 57 7a 49 64 7
16 86 19 32 2: 71 52 72 13 64 41 91 1 77 6 72 36 66 47
21) 116 43 33 11 79 11 74 11 a4 45 31 29 77 59 73 59 68
22 s7 1 33 52 so 14 75 44 14 47 31 50 7x 40 75 4 711 25
24 37 1s 34 :4 111 5 77 o 114 49 92 7 79 15 75 57 71

10c BIauk 15° 13161.1(
6 177 2r 4’
s 55 46 49 21

111 52 44 41 51 s
12 66 37 59 26 13 61 13
14 69 1 6.1 6 46 63 46
16 70 41 49 55 311
16 71 55 33 66 46

211 72 44 61 44
22 73 33 .12 68 29
24 74 9 53 69 6

20‘ 1314111: 25° Blank 
471 0’ 34‘ 6' 19‘ 33’
56 36 48 P1 38 55 27“ 47’ 11“ 33’
6|) 1‘. 5'1 40 46 4-7 38 43 27 47
61 42 55 33 5 I 2
62 SE 53 l 9 53 41 48 20 4 l 22
63 11 59 29 55 29 51] 53 44 57
63 37 60 19 56 48 52 46 47 34

53 60 56 57 47 54 1 1 49 33
61 25 58 34 SS 19 5 1 9

l =1 61 47 59 12 56 13 52 26E343 
30‘ Bhnk SSDBlauk 

40” 54' 29° 22’ 16° 32' 15‘ 32' 25° 19‘ 14‘ 3’
50 46 42 55 34 24 24‘ 12’ 10“ 14’ 45 17 38 5 30 18 21” 4' 8° 41’
54 29 411 30 42 3 34 31 24 44 49 7 43 33 37 35 30 38 40u

  56 15 51 16 46 L4 40 12 32 32 51 3 46 30 4| 39 36 2 28 55
57 2| 53 15 4B 52 43 49 17 27 52 9 48 19 +1 12 39 28 33 33
33 U 54 27 51] 39 46 19 10 51 52 50 49 20 45 56 41 51 36 45
53 26 55 18 51 57 4B 7 43 21.1 53 18 50 21 47 12 43 36 39 ll
58 44 55 55 52 56 49 30 45 15 .53 33 50 59 4B 10 44 51 4O 57
511 57 56 14 53 42 50 36 46 46 53 53 51 29 48 515 46 1 42 24
59 8 56 4B 54 20 SI 30 43 U 54 4 51 53 49 32 46 52 43 35
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Angles of Elevation for Milling Straight Teeth in 40-, 45-, 50-, 55-, 60-,
65-, 70-, and ”IS-degree Blanks Using Single -Angle Fluting Cutters
 
  

 
  
   
 
 
 
 
 
 
 

Angie nr FluLing Cum 

45“ Blank 
15“ 43' 10° 11' 1
29 25 25 E [5“ 48’ 5" 58'
34 21 29 24 2'! 4O 16 10
37 5 33 U 28 1 B 21 13
38 46 35 17 3 E 18 25 9
39 54 36 52 31 24 28 57

35 Z 34 SE 30 1
3 B 51 3 5 8 32 37
39 34 37 5 34 53
40 37 35 55

26. 33 IS“ 16’
33 32 27 3
s7 14 32 3
39 4| 35 I9
41 21 31 33
.42 34 39 13
43 3U 4D 30
44 13 41 30
44 4S

     
       
 
 
 
 
  
 
 

 
 
  
  
  

 

5L!“ Bunk
 

8° 38' . . V
I9 59 1 3 ° 33’ 5° 20'
25 39 10 3'2 [4 9
28 53 24 42 I9 27
3 I l 27 26 22 53
52 29 19 1'2 3 30
33 33 30 46 27 21

52
44
25

19“ 17’ 11" 30' 7“ 15’
26 21 2] 52 17 3 11“ 30' 4‘ 1'."
29 32 15 55 22 3 17 36 11 52
3] I4 28 12 24 59 21 17 16 32
32 IS 29 39 26 53 21 43 19 40
32 54 3D 38 23 12 25 26 3 1 5d
33 Z l 3 l 20 29 l D 25 43 33 35
33 4D 3 l S 1 29 5-1 27 42 24 53

 
2| 31 28 47

 

  5.“. 4.
I] 41 7“ SU’ 3“ l'

   
¢E.- 25 30 23 35 21

26
26

B 55 22 35 ll IO 19 33 17 3—1
14 5 22 53 21 36 20 8 IS 20
24 IS 23 8 2E 57 20 36 IE 57

44' 18 L5 15 b
10 15 2 21 56 IE 37 14 49 10 5 20 4O 18 4 15 IE 12 9 E 15
12 25 34 23 57 21 10 17 59 14 13 2| 59 I9 48 I7 28 14 49 [1 32.
14 17 29 25 14 22 51 20 6 16 44 22 43 21) 55 IS 54 16 37 B 43
16 18 7.6 7 14 1 ll 37 IS 40 23 IE 1] 39 I? 53 17 53 I5 211
18 .15 29 26 44 24 51 22 44 2O 6 23 4O 22 IL 20 37 18 50 I6 37

14
8aL  

 

  
m2,,  26

 
 

70’ Blank 75‘ Blank
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Angles of Elevation for Milling Straight Teeth in 80- and 85-deg‘ree
Blanks UsingSingle-Angle Fluting Cutters 

 
Angle ofFluting Cutter

so° 70c 606 [ 50° 1| E 80° 70° [ E500
30“ Blank BS“ Blank ‘

 
 
 

 
 

 
1 1a 52' 2° 30' 1a 44'
s 51 4 31 3° 2' 15 r x 32 2 5:
1 5 5 59 4 3 n 4 3 3 32 2 59
748 552 5 429 420 353 :25
8167286 52443047 343
3357511 53 437417355
34213107 5.13 442 424 45
553 324 7 556 445 429 412
96 $357 7154454334141
913 343 s 730 450 436 422

   
   

Spline-ShaftNIilling Cutter.—-The most efficient method offorming splines on shafts is
by bobbing, but special milling cutters may also be used. Since the cutter forms the space
between adjacent splines, it must be made to suit the number of splines and the root di amA
etet of the shaft. The cutter angle B equals 360 degrees divided by the number of splines
The following formulas are for determining the chorda] width C at the root of the splines or
the chordal width across the concave edge of the cutter, In these formulas, A = angle
between 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; d = root diameter of splined shaft; C
: chordal width at root circle between adjacent splines; N: number of splines.

sinA =¥ C x dx sin(-l%0—A)
Splines of involute form are often used in preference to the straight—sided type. Dime]?

sions of the American Smiidard involute Splines and hobs are given in the section on
splines

tol

 
Cutter Grinding

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

Specifications of Grinding Wheels for Sharpening Milling Cutters
Grinding Wheel

 
 

 

    

  

Cu lter
Mater} al
Carbon

Tool Steel
Highepeed Steel:

l

 

 
 

Operation Abrasive Material 
Vitrified
Vi trifiedRoughing Aluminum Oxide

Finishing Aluminum Oxide 
 

      
 

Vitrified
Vitrified

Ron ghing Aluminum Oxide
Finishing Aluminum Oxide
Roughing Aluminum Oxide Vitrified
Finishing Aluminum Oxide Vitrified
Rough in g Aluminum Oxide 46 KLN ed
Finishing Aluminum Oxide 10(L120 H V1 d

60 G Vitrified

100 a Re sinoid
Up to 500 1 Resinoid

30—1 00 11,?
100—120 5.1'

  
18-4-1   

  
 
  

 
  

   

 

1874—2 l
Cast Noanerrous

Tool Material
  

  
  
 

  
 

 
Silicon Carbide

Roughing Diamond

 

  

Finishing Diamond 
 
  

Carbon Tool Steel
and HighvSpeed

Steel“
 
 
 

Roughing Cubic Boron Nitride
Finishing Cubic Boron Nitride

Resinnid
Resinoid
 

“Not indicated in diamond wheel markings.
‘3 For hardnesses above Rockwell C 56.

Wheel Speeds and Feeds for Sharpening Milling Cntters.—Relativ ely low cutting
speeds should be used when sharpening milling cutters to avoid tempering and heat checlo
in g. Dry grinding is recommended in all cases except when diamond wheels are employed.
The surface speed of grinding Wheels should be in the range of 4500 to 6500 feet 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 shouldhe used.

The maximum stock removed per pass of the grinding Wheel should not exceed about
0.0004 inch for sintered carbide cutters; 0.003 inch for large high-speed steel and cast non-
t'errous tool material cutters; and 0.0015 inch for narrow saws and slotting cutters ofhigh-
speed steel or cast non—ferrous tool material. The stock removed pcrpass of the wheel may
be increased for backing-offoperations such as the grindng ofsecondary clearance behind
the teeth since there is usualiy a sufficient body of metal to carry off the heat.
Clearance Angles for Milling Cutter Teeth.———-The clearance angle provided on the cut—
ting edges of milling cutters has an important bearing on cutter performance, cutting effi-
ciency, and cutter life between sharpenings. It is desirable in all cases to use a clearance
angle as small as possible so as to leave more metal back of the cutting edges for better heat
dissipation and to provide maximum support. Excessive clearance angles not only weaken
the cutting edges, but also increase the likelihood of“chatter" which will result in poor fine
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 I/g to 3 inches should have clearance angles from 13 to 5 degrees, respectively,
decreasing proportionately as the diameter increases. General purpose cutters over 3
inches in diameter should be provided with a clearance angle of 4 to 5 degrees. The land
width is usually 1/54 . V , and 1/15 inch, respectively, for small, medium, and large cutters.

The primary clearance or relief angle for best results varies according to the material
being milled about as follows: low carbon, high carbon, and alloy steels, 3 to 5 degrees;
cast iron and medium and hard bronze, 4 to 7 degrees; brass, soft bronze, aluminum, mag~
nesium, plastics, etc., It) to 12 degrees. When milling cutters are resharpened, it is 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 avoid interference with the sur—
face to be milled. A general fonnula 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, ininches, the depth ofcutd, in inches, the cutter diam—
eter D, in inches, and the Brinell hardness number .8 of the work being cut is:

45860 F

C _ DB (15“ 1:13de a]
Rake Angles for Milling Cutiers .— in peripheral milling cutters, the rake angle is genera
ally defined as the angle in degrees that the tooth face deviates from a radial line to the cut-
ting edge. In face milling cutters, the teeth are inclined with respect to both the radial and
axial lines. These angles are called radial and rural 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 highespeed steel
milling cutters, For sintercd carbide tipped cutters, zero and negative rake angles are fre-
quently employed to provide more material back of the cutting edge to resist shock loads.

RakeAngIesfur Highnpeen‘ Steel Curfew: Positive rake angles of 10 to 15 degrees are
satisfactory for milling steels ofvarious compositions with plain milling comers. For softer
materials such as magnesium and aluminum alloys, 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 U, 5, or 10 degrees. Commercial face milling cutters usually
have 10 degrees positive radial and axial rake angles for general use in milling cast iron,
forged and alloy steel. brass, and bronze; for milling castings and forgings of magnesium
and free—cutting aluminum and their alloys; the rake angles may be increased to 25 degrees
positive or more, depending on the operating conditions; a smaller rake angle is used for
abrasive or difficult to machine aluminum alloys.

Cast Nonferrous Teal Material Milliug 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 milling thin sections.

Sinful-ed Carbide Milling Cutters: Peripheral milling cutters such as slab mills, slotting
cutters, saws, etc, tipped with sintered carbide, generally have negative radial rake angles
ofS degrees for soft low carbon steel and 10 degrees or more for alloy steels. Positive axial
rake angles of 5 and 10 degees, respectively, may be provided, and for slotting saws and
cutters, 0 degree axial rake may be used. On soft materials such as freeecuttiug aluminum
alloys, positive rake angles of 10 to so degrees are used. For milling abrasive or difficult to
machine aluminum alloys, small positive or even negative rake angles are used.
Eccentric Type Radial Relief.-—When the radial relief angles on peripheral teeth ofmil1~
ing cutters are ground with a disc type grinding wheel in the Conventional manner the
ground surfaces on the lands are slightly concave, conforming approximately to the radius
of the wheel. A flat land is produced when the radial relief angle is ground with a cup
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wheel, Another entirely different method of grinding the radial angle is by the eccentric
method, which produces a slightly convex surface on the land. If the radial relief angle at
the cutting edge is equal for all ofthe three types ofland mentioned, it will be found that the
land with the eccentric reliefwill drop away from the cutting edge a somewhat greater dis—
tance for a given distance around the land than wiil the others. This is evident from a study

   
 

 

     

 

  

of Table entitled, “Indicator Dre )8 for Checking Radial Relief Angles 1311 Peripheral
Teeth." This feature is an advantage of the eccentric type relief which also produces anexcellent finish.

Indicator Drops for Checking the Radial Relief Angle on Peripheral Teeth
Record. Indicator Drops, Inches

Range of For Flat and Concave Far Eccentric
Radial Relief Relief

Cutter Relic! Checking
Diameter, Angles, Distance,

Inch Degrees Inch Max.
'46 20425 .0020 .0020
34, 16720 .0015 .0019
'4 15—19 .0028 .0037
5/” 13417 .0024 .0032
3/,6 12410 .0022 .0030
74, 11415 .0020 .0028
ll, 10—14 .0027 .0039
9‘41 10414 .0027 ,0039
54. NH: .0027 .0035
“/31 10—13 .0027 .0035
44 1013 .0027 .0035
334g $12 .0032 .0044
74., $12 0032 .0043
’54; $12 .0032 .0043
14 $12 .0032 .0043
94,; $12 .0032 .0043
5/, 8—] I .0021 .0039
“45 $11 .0043 .0059
3/. $11 .0043 .0059
1‘46 8—11 .0043 .0039
7/8 0-11 .0043 .0059
1-715 7—10 .0037 .00541 7-10 .0037 .0054

114 7410 .0037 .0053
114 6—9 .0032 .0048
134 6—9 .0032 .0043
114 $9 .0032 .0043
154 e9 .0032 .0043
13/, 5—9 .0032 .0043
174 6-9 .0032 .0041;
2 ($9 .0031 .0048
234 5—2 .0020 .0042
214 542 .0010 .0042
2% 543 .0020 .00423 543 .0026 .0042
334 543 .0026 .00424 5—3 .0026 .0042
5 4—7 .0021 .003?
6 $7 .0021 .0037
7 4—7 .0021 .0037
8 $7 .0021 .0037
10 4—7 .0021 .0037
12 +7 .0021 .0037
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The setup for grinding an eccentric relief is shown in Fi g. 2. in this setup the point ofeon—
tact between the cutter and the tooth rest must he in the same plane as the centers, or axes,
of the grinding wheel and the cutter. A Wide face is used on the finding 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 with the tooth rest. an eccentric relief will be generatedby the angue
lar face of the wheel. This type of relief can only be ground on the peripheral teeth on rnille
ing cutters having helical flutes because the combination of the angularwheel face and the
twisting motion of the Cutter is required to generate the eccentric relief, Therefore, an
eccentric relief cannot be ground on the peripheral teeth ofstraight fluted cutters.

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

tan W = tanRx tanH

Table 4. Grinding Wheel Angles for Grinding Eccentric Type Radial Relief AngleHelix Angle. of Cutler Flutes. Hr Degrees

——————mWheel Angle, W. Degrees
  

     
 
 
 

 
 
 
 
  

 
 

 
 
   

0950' 1“] 7’
1541' 2“34'
2“ 3 1‘ 3 “50'
Til ’ 5°07“ 
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902’ 7*40'
5°53‘ 8°56
(5344' 50”12’
7c3—1’ tum' 11=zs'
snas’ 1152' 12°43‘
 
  

 
 
 
 

 
 
 
  

 
 
 
  

   

 
  
 

 
   

  

9916’ 11“00' 13°03' 13°F?
10307' 12“OD' 14:13“ 15913’
10‘58’ ”“00' 15°23' 1618’
1 P49 ’ 14°00' 16°33’ 17°42

 11°4D‘ 15DLIO’ 17°43' IEDSG’

 
 
 
 
 

 
 
 
 
 

 

  
 
 
  

  
 
 
 

 
 

 
  

13°32' l6°UD’ 18“52' 10°09
lO‘Dl’ 14913’ 1’7 0(10’ 10‘01' 21°17!
10°37' 15515’ 18500’ 21°10’ 22°35'
lluli’ 16“U7' 19°00' 12‘19' 23547’
ll"52’ 1659’ 20’00' 23“27’ 24°59’

  

 
 
 

 
 
 

   

 
 
 
  

 
 
 
  

  
 
 
 
 

 
  
 

12°30’ 17°5 1’ 2|“OD' 24535' 16°10’
13°02? ”5544' 27300' 25‘43' 27311‘
13°4ty’ 19°38 23“OD' 25‘50' 28°31'
14°15’ 20"29' 24°06' 27°57“ 29°41’
IS“04' 21“22‘ 25°UU’ 29“04’ BODSO'
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Indicator Drop Method of Checking Reliefand 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, Tabies , 5 and 6, ofindicator drops are providedin this
section, for checking radial relief angles on fire peripheral teeth, relief angles on side and
and teeth, and rake angles on the tooth faces.

“Radial” Starting
Posili on

 
I Distance

 SECTION
A—A
 

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

Table 5. Indicator Drops for Cheddng Relief Angles on Side Teeth and End Teeth
Given Relief Angle

 

CheckingDistance,inch
.005
010
.015
113 1
.047
.062
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Table 6. Indicator Drops for Checking Rake Angles on Milling Cutter Face 

Set indicator to read zero on horizontal piane pass- i— Meagu ring Distanceing through cutter axis. Zero cutting edge against
indicator. Move cutter or indicatornneas ufing distance, 

Measuring Distance. inch Measuring Distance. inch

Indicator Drop. inch

  
The setup for checking the radialrelief 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 shankin the spindle of a tool and cutter grinder workhead, or
between centers while mounted on a mandrel. The cutter is rotated to the position where.
the vertical indicator contacts a cutting edge. The second indicator is positioned with its
spindle axis horizontal and with the contactpoint touching the tool facejust below the cut-
ting edge. With both indicators adjusted to read zero, the cutter is rotated a distance equal
to the checkin g 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 disc type grinding wheel and those
ground with a Cup wheel are so nearly equai that 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 ofrotating the cutter, the indicator or the cutter 1'l]l.lhtbe
moved a distance equal to the checking distance in a straight line.
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Various Set~ups Used in Grinding the Clearanee Angle on Milling Cutter Teeth

Rest Resl Rest
Wheel Above Center Wheel Below Center In-Line Centers 

Distance to Set Center ofWheel Above the Cutter Center (Disk Wheel)

  
[maul (31cm Angle, Degrees

3 l 4 l 5 t 6 7 l B l 9 IEI I] ll“Disumnc to Offset Wheel CeuLetAbove Cutler Cenm‘. Inches

  
 

 
.3IZ
.416
.521]
.624
.723
.332
.936

1.040

    
 

" Calculated from the formula: Ofiset = Cutter Diameter x 92 x Sine of Clearance Angle.

Distance to Set Center of Wheel Below the Cutter Center (Disk Wheel)
Desired Cleanlnce Angle, Degrees
 
 

   

Din.
of

Cuucr
Inches “Distinct: Iu Oll‘scl thd CcnlL-r Edew Cutler Center, inches

2 .017 .035 .052 .070 .037 .105 .122 .139 .156 . | 74 .l91 .208
3 .035 .052 079 .|05 .131 .157 .133 .209 .735 .260 .236 312
4 .1135 .070 .105 .140 .174 .209 .244 .278 .313 .347 .332 .416
5 .044 .037 131 .174 .ZIK .161 .305 .343 .391 .434 .477 .520
6 .052 .105 .157 .209 .261 .314 .306 .417 .469 .521 .571 .624
7
E
9

 
.061 .122 .153 .244 .305 .366 .427 487 547 .608 .663 .723
.070 , MU .209 179 .349 .fllE .458 .557 .626 .695 .763 .931
.079 .157 236 .114 .392 .470 .548 .626 .704 .781 .859 .935

10 .087 .J 75 .362 .349 .436 523 .609 696 .732 .863 .954 1.040

      
 

Distance to Set Tooth Rest Below Center Line 01'Wheel and Gotten—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 test should be lowered by an amount given
by the following formula:

Wheel Diam. x Cutter Dia. x Sine of One—half the Clearance Angle
Wheel Dia. + Cutter Dia.
 Offset =

Distance to Set Tooth Rest Below Cutter Center When Cup Wheel is Used.—W h e n
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 ofWheel Befow the Cut~
act Center (Disk Wheel)."
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REAMERS

Hand Reamcrs.——Hand reatners are made with both straight and helical flutes Helical
flutes provide a shearing out and are especially useful in reaming holes having keyways or
grooves, as these are bridged over by the he licai flutes, thus preventing binding or chatter—
ing. Hand reamers are made in both solid and expansion forms, The American standard
dimensions for solid forms are given in the accompanying table. The expansion type is use“
ful whenever, in connection with repair or other work, it is necessary to enlarge a reamed
hole by a few thousandths of an inch. The expansion form is split throngh the fluted section
and a slight amount of expansion is obtained by screwing in a tapering plug. The diameter
increase may vary from 01005 to 0,008 inch for Ieauiers up to about 1 inch diameter and
from 0.010 to 0.012 inch for diameters between I and 2 inches. Hand reamers are tapered
slightly on the end to facilitate staning them properly. IT‘he actual diameter of the shanks of
commercial reamers may be from 0.002 to 01005 inch under the reamer size. That part of
the shank that is squared should be turned smaller in diameter than the shank itself, so that,
when applying a wrench, no burr may be raised that may mar the reamcd hole if the reamer
is passed clear through it.

When fluting teachers, the cutter is so set with relation to the center of the reamer blank
that the tooth gets a slight negative rake; that is, the cutter should be set ahead 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 tangent to the circumference ofthe
reamer at the cutting point makes an angle of approximately 95 degrees with the float faceofthe cutting edge.

Amount to Set Cutter Ahead of Radial Line to Obtain Negative Front Rake

 
  

Size of
Reamer

When fluting reamers. it is necessary to ”break up the flutes"; that is, to space the cutting
edges unevenly around the reamer. The difference in spacing should be very slight and
need not 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 head to which the reorder 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 diff
ferent numbers of flutes When a reamcr is provided with helical flutes, the angle of spiral
should be such that the cutting edges make an angle of about 1 0 or at most 15 degrees withthe axis of thereamer.

The rel iefof the cutting edges should be comparatively slight An eccentric relief, that is,
one Where the land back of the cutting cdgeis convex, rather than flat, is used by one or two
manufacturers, and is preferable for finishing reamers, as the reamer will hold its size
longer. When hand reamers are used merely for removing stock, or simply for enlarging
holes, the flat relief is better, because the reamer has a keener cutting edge, The width ofthe
land of the cutting edges should be about J/Hinch for a 14—inch, 1/16 inch for a 1-inch, and 3/31inch for a 3-inch reamer.
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Irregular Spacing ofTeeth in Reamers 
Number of flutes

in Reamer 
Index circle to use

Before cuttin Move Spindle the Number of Holes below More or Lessg dtan for Regular Spacing2d flute
3d flute
4th flute
5th flute
6th flute
7dr flute
8th flute
9th flute
lOlh [lute
l lth flute
12th flute
13th flute
14th flute
15111 flute
16Lh flute

Threaded-end Hand Reamers.— Hand reamers are sometimes provided with a thread at
the extreme point in order to give them a uniform feed when reaming. The diameter on the
top ofthis thread at the point of thercarner is slightly sm al [er than the reamer itself, and the
thread tapers upward until it reaches a dimension of fmm 0.003 to 0.008 inch, according to
size, below the size of the rcarner; at this point. the thread stops and a short neck about V“,—
ineh wide separates the threaded portion from the actual reamer, which is provided with a
short taper from 346m 745inch long up to where the standard diameter 5 5 reached. The length
ofthe threaded portion and the number of threads per inch for reamers ofthis kind are given
in the accompanying table. The thread employed is a sharp V-thread.

    
 

Dimensions for Threaded-End Hand Reamers 

 

Length No. of $122}; Length No, of g‘tfiesti
Sizes of of Threads at Point Sizes of of Threads tP . t
Reamers Threaded per f Reamers Threaded per a 2mPart lneh D Part Inch 0Reamer Reamer

Full Full
diameter diameter

I/ri/16 éé 32 4.006 11/193 9/:6 18 —O.UlD
”/3er 746 28 —0,006 117/fl—2 9/36 is 4.012
17/11—3/4 lg 24 41008 Zl/irzl/Q 9/15 18 -0.0l 5
5/2"] 9/15 18 4.00s zlyfs 9/16 18 41010

     
 

Fluted Chueking ReamerS.—-REHTI‘JBI“§ 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 manners are intended for removing a small amount of
metal, 0.005 to 0.010 inch being common allowances. Fluted chucking reamers are pro-
vided either with a straight shank or a standard taper shank. (See table for standard dimeni
sions.)
Rose Chucking Reamers.—The rose type ofreamer is used for enlarging cored or other
holes. The cutting edges at the end are gound to a 45-degree bevel. This type of reamer
will remove considerable metal in one cut. The cylindrical part of the teamer 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 to escape and a channel for lubricant to reach the cutting edges. There is no relief
on the cylindrical surface of the body part, but it is slightly backrtapered so that the diame»
ter at the point with the beveled cutting edges is slightly larger than the diameter farther
back. The back-taper should not exceed 0.001 inch per inch. This form ofreamer usually
produces holes slightly larger than its size and it is, therefore, always made from 0.005 to
0.010 inch smaller than its nominal size, so that it may be followed by a fluted reamer for
finishing. The grooves 011 the cylindrical portion are cut by a convex cutter having a width
equal tofrom oneififth to onerfourth the diameterofthe rose reamer itself. The depth of the
groove should be from one-eighth to onersixth the diameter of the reamer. The teeth at the
end of the reamer are milled with a 75-degree angular cutter; the width of the land of the
cutting edge should be about oneii'tfth the 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 possible when milling, an 80-degree angular cutter slightlyrounded atthe point may he used.

Flutiug Cutters for Reamer-s  

 

  
  

 

   
 
 
 

     

  

 

 
 
 

        
Radius

between
Cutter .

Thickness Cmmg
I)

sharp

ll ,3, 5, corner, 1 2'4 1/1 1t ‘5 no 1% 2'4 at 1 vsradius

sharp

3/ l 3, 3/ corner. 1 ‘6 1'11 54 1 ‘46re a u. no 2 y 5’g 1 5/“

1/4 1’4 345 2'4 3/4 1 7a

x 2 4/ 2'/, ‘14 l 5/51
V 2 ’41. 2'4. 7/3 ' 3/“.

a 2 1/ 2‘4 a 1 as

3/. 2 746 1‘6 l 1 3(a  
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REAMERS

Dimensions ofFormed Reamer Ffuting Cutters

+ C The making and maintenance of cutters of the famed awe involvagreater OxpcnSe than the use of angular cutters (Ifwhich dimensions
are given m] the pren'ous page; but the form gram: produced by me
farmed rm or Cutter is preferred by many meme: users. The claims
made for line farmed type of flute are rhut in chips can he more
readily removed frnnl the learner. and mm the {camel has gleam
strangm and is less likely to crack or spring our of shape in hardening.

  
 
 

 

34.1

”If! 1‘5

”454 12$

Hrs

   
 

 
     

Cutters for Fluting Rose Chucking Reamuse—Jr 1e cutters used for flung rose chuck,
ing reamers on the end are SO—d egree angular cutters for '4,- aod 5/,6-imrh diameter reamers;
757deg ree angular cutters for 34;— artd 746—inch reamers; and 707degree angular cutters for all
larger sizes. The grooves on the cylindrical partion are milled with convex cutters of
approximately the following sizes for given diameters ot'rearoers: 5/324neh convex cutter
for Vziinch reamer
l3/32vineh cutters f0

5; 545-inch cutter for 1-inch manners; 34inch cutter for IVE—inch reamers;
I 2-inch IEBIDCI‘S; and 1542-inch cutters for 2V2-iuch reamers. The smaller

sizes of reamers, from ya to 3/3 inch in diameter, are often milled with regular double~angle
reamer fluling cutters having aradius of kflimh for 14-inch reamer, and 1/32'anh for 5/” and
34-inch sizes.
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Vertical Adjustment of Tooth-rest for Grinding Clearance on Reamcrs
   

 

 
   

 
  
    

 
 
   
 
 

    
 

  
    

chucking

Hand Reamar lggfgifflf Reamer for
for Steel. Culling and Brnnza Cast km andClearanc: ‘ ’ Bronze. Culling. Cuttmg Clearance
Land 0.006 inch L9116 U 02% inch Clearanca

Wi de Widé Land 0.025 inch
 

Wide

   

  
  

 
 

For Cutting
Clearance
on Angular

Edge atEnd

  
   For

Cufiing 
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Reamer Difficulties—Certain frequently occurring problems in reaming require reme-
dial measures. These difficunies 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 Twrst Drill and Tool Co. and Winter Brothers Co.“

Oversize Holes: The cutting of a hole oversize from the start of the reaming operations
usually indicates a mechanical defect in the setup or reamer, Thus, the wrong reatner for
theworkpiece material may have been used or theremay be inadequate workpiece support,
inadequate or worn guide bushings, or misalignment of the spindles, bushings, or work-
piece or runout of the spindle or reamer holder. The reamer itself may be defective due to
chamferrunout or runout of the cutting end due to abent or nonconcentric shank.

Whenrearuers gradually start to cut oversize, it is due to pickup or galliug, principally on
the reamer margins. This condition is partly due to the workpiece material. Mild steels, cer-
tain cast irous, and some aluminum alloys are particularly troublesome in this respect.

Corrective measures include reducing the reamer margin widths to about 0.005 to 0.010
inch, use of hard case surface treatments on high~speed-steel reamers, either alone or in
combination with black oxide treatments, and the u se of a high-grade finish on the reamer
faces, margins, and chamfer relief surfaces.

Bellmauflr Hales: The cutting of a hole that becomes oversize at the entry end with the
oversize decreasing gradually along its length always reflects misalignment of the cutting
portion of the realncr with respect to the hole. The obvious solution is to provide improved
guiding of the reamer by the use of accurate bushings and pilot surfaces. if this solution is
not feasible, and the reamer is cutting in a vertical position, a flexible element may be
employed to hold the realner in such a way that it has both radial and axial float. with the
hope that the reamer will follow the original hole and prevent the belhnouth condition.

in horizontal setups where the reamcr 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-
tion of a tapered hole. This type ofbellmoutldrtg can frequently be reduced by shortening
the bearing length of the cutting portion of the real-oer. One way to do this is to reduce the
reamer diameter by 0.010 to 0.030 inch, depending on size and length, behind a short full»
diameter section, %to V2 inch long according to length and si 2e, following the chamfer. The
second method is to grind a hi ghback taper, 0.008 to 0.015 inch per inch, behind the short
full-diameter section. Either of these modifications reduces the length of the reamer tooththat can cause the belhnouth conditi on.

PoorFinfrh: The most obvious step toward producing a good finish is to reduce the
reamer feed per revolution. Feeds as low as 00002 to 0.0005 inch per tooth have been 11 sect
successfully, However, reamer Life will be better if the maximumfeasible feed is used.

The minimum practical amount ofrearning stock allowance will often improve finish by
reducing the volume of chips and the resulting heat generated on the cutting portion of the
chanifer. Too little reamer stock, however, can be troublesome in that the reamerteeth may
not 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 can occur.

Because of their superior abrasion resistance, carbide reamers are often used when fine
finishes are required. When properly conditioned, carbide reamers can produce a large
number of goodequality holes. Careful honing of the carbide reamer edges is very impor-taut.

‘ “Some Aspects of Reamer Design and Operation,” Mara! Cum'ngr, April 1.963.
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Dimensions ofCenters for Reamers and Arbors  

  
 
 

 
  
     

7/4 e: ‘33 e“ Ase N/ £60 A B C D A B C
¢f¥ i z 34 25 z. 2'4 Iv“ J 214,AV/Ai "/16 ”42 10 ‘4 139 375‘ K 1/!

Del V: m 17 Aug 2% 44. L A5.
1A4. “4. 12 v». 27. “/6. M 5/.

l ‘5 "/2 3 3/4 N “/11.

Arhur. 5153‘; 13qu Hole 1“ 3"“ 5 54 35‘: ”44 N “/3:Dun. on. NO. new 1»; 17/! 3 J4, 3% 3% o 31/1
A B C D 1% 354. 2 1'42 334 5:4,, o 1

1'6 "/15 l "/16 3‘4 L716 P 1
14 ]/s 55 54: .. Leiter 354: 53/“ Q 1'45
54. 5/1. 52 “4. 1% W... A 2x; 3% 2%. R w.
‘4 3/15 43 “I; 1% ”A; B 5,3 3% 56/54 R w“
74. 74: 43 ‘4 1742 ”44 C 3/. 4 *4 s 11/“
15 1/. 39 54. 2 5/. E 34 4A4 3:3 T 1V.
”/15 ”(vs 33 "(a 1‘4 “/04 F fi/fi 414 15/”; V 1a”
54 a. 30 A4 2'4 u. 0 A4. 42 In W 1:4
“/15 “42 29 ”(a 1’4 ”4;: H ”/2 5 1 X 1 V4

 
 

Straight Shank Center Reamers and Machine Countersinks
ANSIBQ42—1983, R1938 

   
 

  Center Reamer: (Short Countersinks) Machine Cunnlcrsinks
Appwx. Length 9m. Approx. Length Dja.

Din. Length at of Die. Length of ofDrCut Overall Shank Shank uf Cul Overall Shank Shank
A S D A S D

=4 11/. x ‘4. AI. 37. 2'4 a:
x 1% 7/. '4 A/. 4 2% A4
A4 2 1 34 AI. 4'4 2A4 A4
A4 21/. 1 is x 4V. 2'4 '4
”a 2% 1'4 A/ 1 4% 2V. 'I.

   
Ail dimensians are given in inches. Material is high-speed steel. Reamers and counlersinks have 3

er 4 llules. Cents].r Ieamers are standard with 60, 82, 90, DI 100 degrees included angle. Machine
countersinks are sfiandard with Either 60 Gr 82 degrees included an gle,

Tolerancm: On overall length A, the telerzmce lSil/s inch for center refiners in a size range offmm
14m 34; inchf incl, and machine Conntersinks in in size range of from la la 5/3 inch. lnel.; i 3’“, inch for
oenlerreamers. 1410 34inch.mc1.;and machine countersinks, 34m l'anh. incl, On shank diameter D,
{he tulerance is 410005 to —0.002 inch. On shank length S, the tolerance is :1/16 inch.
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Expansion Chueking Reamers—Straight and Taper Shanks
ANSI 8942— I983, R [988

 
 
 

 
 
 
 
  
  
  
  
  
  
  
  
  
    
  
  
  
  
  
  
  
  
  
  
 

Shank Dil, D
Max. Min.

0.3105
0 3 IOS U 3095

74 0.3730 0.3720
7/, 0.3730 03720F 04355 04345

1 0.4355 0.4345
15/! U 4355 0.4345
114 004355 0.4345

 

 
04 0.5020 0.5605
1'4, 0.5610 05005
[V4 05610 35605
I I4 05690 05005
1;; 0.5245 0,5230
1‘4 0.5215 0.5210
HQ 05:45 0.6230
fig 0,5245 0523:)
11/2 0.7495 0.7400it: 0.7495 0,7450
1!»; 0.7495 0.740011/2 0.7495 0.7400
154, 078745 0 873B
1% 0.0745 0.3130

   
0.8745 

“Straight shank only.
bTaper shank only.
All dimensiousin inches. Material is highispeed steel. Thenumber offlutes is as follows 3/- lo 15/3?

inch sizes, 4 £0 6; ‘4; to ”42-inch sizes. 6 [0 8; 1- to ill/[finch sizes, 8 To 10; 13/440 1‘5/1finch sizes. 810
12; 2. , lo 214nm}: sizes, 10 to 12', 23/37 and Z‘/-finch sizesi 10 to 140 The expansinn feature of Lhesc
reamers provides ameans of adj ustment that is important in reaming holes to close lolerances. When
wom undersize, they may be expanded and regrnund ta the or] ginn] size.

Tolerances: On reamer diameter, §§r to 17inch sizes, incl., 700001 to v0.0005 inch; over 1-inch
sizc.+0.000210+0.0006 inch. On lenthA and flutelenglh 3,34; to 1-inch sizes, incl,,i1/minch; 154;;
to Zinch sizes, inel., iii/flinch; aver 2-inch sizes,i17ginch.

 

Taper is Morse taper: Nu [for sizes 5g to l9/31irzch, incl.; Ne. 27. forsizes 5/3m 79/32 incli; Na 3 far sizes
1545“) 17/32, incl; Na. 4 far sizes 1 lg [a 15/3, incl.; and No. 5 far sizes 13410 293 incl. Fur amount of taper.
see Table lb enpage 908.

Sin ling
NM Taper

hm‘ “w“ my“““an engl Fluteltnglh Pilot
l rim-1:;

/
Squarcdshank CurierSweep ArtualSizc CumrSweep

Nrd;

   

5mg" Hum
Hand Reamer, Pilot and Guide
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Illustration of Terms Applying to Reamers—l
 

MuginCmunsmg:

Cm dlmmr
relic! lnde

Huiral um: man: am am; snaim l'lnlni mm»mm "inleft hand "k: angle uni shown single and right hm:in“: slums right kind mmllnn shown lull‘itm shuwn
Hand Rcamgr Machine Reamer
 

Illustration ofTerms Applying to Reamers—Z
0v JIL h#“'—

Shank ngmA-i m m”Tang Hm. ungm

   
    

h , (1.1mm

‘wfl tlulix “an;“"' “ linglllusmigmsnmnk. .__. ”gt"
rishank Lleagrln#-——--§““hHelical mm mmR. H Helih Shown

Chucking Raamer. Suaight and Tapershank
American National Standard Fluted Taper Shank Chucking Reamers—

Straight and Helical Flutes, Fractional Sizes ANSI 139424983, R1988

Lengm FluteOverall LgrlgihA
6
6
7
7
H
S
B
B
9
9
9
9
9
9
9

 
“American Naiiona‘i Standard seifihoiding tapers (we Table 711 on page 913.)
All dimansiuns are given in inchesr Maiafial is highrspead slaslr
Halical [lute flamers with right-hand helical flutes ara standard.
Tali-run (15:: On reamcr diamcler. lQ—inch size, +5001 to £0004 inch; over ‘4— tn 1 -inch $123, +

1300110 £0005 inch; over 17inch size, +3002 lo +0006 inch. On ienng-i overall/i andflute length B,
1[.40 17inch sizc, inci.,i1/minch; ll/m-to ] 91-inch size, inch, 3[flinch
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Hand Runners—Straight and Helical Flutes ANSI 894.2— I983. R1 988 
 

 
 
 

  
 
 
  

    

  

      
Lcngth FluteOverall bungl'h

Equiwilent B
0.1751) 3 1V: 0.095 4l06
0.1502 314 154 0.115 4th
0.11175 3% 134 742 0.140 4106
0.21011 3% 174 14 0.105 41:10
012500 4 2 14 0.1 $5 4 m 0

9/1 0.2811 41/, 214 1/4 0.210 4100
5/1.; 5/15 013125 415 21/4 31‘ 0.235 4 1D 5
”/5 034311 4-7. 23/“ 356 01255 4 m 6
31 a; 0.3750 5 21/2 3/, 0.200 410 a
0,51 0.4062 5'4 2-7., 3g 0.305 a [a s
1/,” 7/“ 0.4375 514 214 1/15 0. 330 5 m 11
15,1, .. 0.4600 53/, 27/E 7/... 01350 6 m a
15 1/, 015000 0 3 15 0.375 0 m 0
17/2 015312 0'4 3‘41 147 0.400 a m a
9/15 945 0.5625 04 31/4 9/11 0.420 0 to 1;
17,52 .. 0.5930 62, 3% 9/15 0,445 0 m 8
x 54. 0.6250 7 3‘4 5/5 0.470 5 to s
21% 1. 0.0562 734 311/lfi X 0490 5 m 11
"/0 Wm 001175 734 37/i 11/15 0.515 e to 13
0% 0.7188 8V1 41/“ n 6 0.540 6 to a
3;, 3/1 0.7500 sag 45/15 a; 0.560 e to 0

045 0.8125 9‘/1 49/11 13/“, 0.010 s to 10
74 1/3 0.1750 92 474 74 0.055 11 m 10

0/,6 0.9375 10v4 5% 045 0.705 11 1., 10
1 1 1.0000 1074 57/“, 1 0.750 a m 10
119 10.. 1.1250 11% 5% 1 0.1145 0 m 10
11/, 114 1.1500 1214 614 1 0.935 810 12
1% 1% 1.3750 12% 55/,fl 1 1.030 10 m 12
115 102 1.5000 13 615 114 11125 1010 14

   
 

  
 

All dimensions in inches. Material is high-speed steel. The nominal Shank diameber D is the same
as the mamer diameter. Helical-flute hand 1621mm with leltrhand helical flutes are standard. Ream-
ers are tapered slightly on the end to fanilitate proper starting.

Tolerances: 00 diameter afreamar, up tn I4-inch size, incl, 4- .0001 to + .0004 inch; over l4:10 1-
inch size, inc1., +.l]UUl to + ,0005 inch; over 1—inch size, Jr0002 ta +0006 inch. On length Overall A
and flute length B, 143-10 1-inch size, incl., i V16 inch; ] 1/11 10 IVZ-inch size, incl, :34; inch On length of
square C, V;- m l inch sizn, incl“ iVninch; lVE-tn 11661-1011 size, incl1 il/minch. 0n shank diameter D,
'41- 0) Linda size, incl, 7.00110 —.005 inch; 1%; to ll/Tinch size, inc1., .0015 to — .006 inch, On size
of squm'c, yr tr) Vfinch Size, incl, 5,004 inch; ‘7/33- to 1-inch size, inch -.006 inch; 1% to l‘ffinchsize, incl., ~.008in1:h.
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American National Standard Expansion Hand Remus—Straight and
Helical Flutes, Squared Shank ANSI 1394. 271983, R] 988 
 

EZCEEBE
1El if3—4

eases:- . ”3—355

ltfl

 

R544
  
 

 
 

  

  
A

Length Flute Lang“.Ovmxll Length ul Shank
Reamer A 5 Square Dis.

Din. MAX I Min Max Min 0 DStraight Flutes
‘4 434 23/. 13/. 11/. v4
5/15 1% s
5i
7/16
‘6
“in
5/E
”4..
’4
74|    

 

 

  
Helical Hurts

43$ 3% 13/4 I'é $6 '4
4%. 4 1-2 1'4 i4. 54.
6% 4‘4 1 '34 ’4 Z
6% 4'4 2 1x 4. 74.
5:4 5 2%, 13/. '4 1A.
s o 3 211, 5g 5/8
35/. 1% 3'4 254 ‘4 i4
9% 7‘4 4 3'4 Z 74

101/4 5% 4'4 35g 1 1
113/B 9% 5 4'4 1 134

 
 

All dimensions are given in inches. Material is carbon steel. Reamers with helical l'lules that are left
hand me standard. Expansion hand reamers are primarily designed for wnrk where it is necessary to
enlarge reamed holes by a few thousandlhs. The Piles and guides on these reameIs are ground under
size fmclearan cc. The maximum expan sien on these reamets is as follows: .006 inch for the H,— tu 746-
inch sizes. .010 inch fnrlhe V3- tn 74-inch sizes and .Ullinch for the l- to 1V4—inch sizes.

Tolerances: On length overall A andflute length R, ififiinch [or 14-10 Lineh sizes, t ¥uinch fin-1V5—
lo llfinch sizes; on length of squam C, iVfl inch for VA- tn 1-inch siLes, t 1/“; inch for ll/{to “(finch
sizes; on shankdiameterl) 7.001 to 4.00 nch fer 175-10 1-inch sizes.~.001510 7.006 inch for IVY to
1 flinch sizes; on size of square, 4.004 inch for %— ta {finch sizes. —-_006 inch for 94510 17inch sizes,
and —-.008 inch for 11/550 1%7inch sizes.
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Taper Shank Jobbers Reamers—Strajght Flutes ANSI 3942-1983, R1 988 

 

 
 

 

 
 
 

Rcamm Diumum

9.

No. nf Mnlse
Tapcr Shank“

 

“ Aman'cnn National Standard self—holding tapers (Table 73 on page 913‘)
All dimensions in inches. Matcn'al is hi gh-speed steel.
Tolerances: On ieamar diamelai, Krinch ste, +0001 to +0004 inch; (war 14- Ln 1-inch size4 incl.,

+0001 to +0005 inch; ovar 1-inch size, +0602 In +0006 inch. On overall length A and langth of
fluteB, 14’ to 17inch sizc,incli,iV16inch;and 1515 m 11/1-inch size, incl., fffiinch.

American National Standard Driving Slots and Lugs for Shell Reamers 01'
Shell Reamer Arbors ANSI694.2-1983, R1988 

 

DEpih Width Depth Hole Dia. atJ L M
9/61 5/32

114610 1'4
1546:0154
11'45102

21/1610 2M1 
 

All dimnsion are given in inches. The hole in shell gamers has a taper of V5 inch per fang with
arburs tapered l0 comespnnd. Shcil ranmnr arbor tapers are made In permjl a timing fit with thereamcr.
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Rama

D11|lnclcr Lgth
1r Over1 In: 111“

Om 0.0. 

 

 

0-5 -0 is:8% 00 Sc?
29 .1360
28 . 1405 4
27 1440 5
26 . 1470 4
25 . 1495 4
24 . 1520 A
23 . 1540 4
22 .1570 4

21 .1590 41/3
20 .1010 414

 
All dimensions in inches. Mam-i a} is hi glpspccd steel.
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Straight Shank Chucla‘ng Reamers—S[might Flutes, Wire Gage Sizes
ANSI 39424983, R1988

_I —

1.— aA

Rmcr Lam Shank

Diameter 1615: Fla; D111. 0 1:1;
3:; Tnch ““4 ; Max Min PM“.0390 .0390 49 07.10 5 3/, .0000 .0050 4

.0390 .0330 45 .0700 3 34 .0720 .0710 a

.0390 05110 47 .0755 3 :14 .0720 .0710 4

.0390 4-0 .0810 :1 x .0771 .0701 4

.0455 45 0520 3 14 .0771 .0701 a

.0510 4.1 .0500 5 x .0310 .0900 4

.0510 43 .0990 5 14 .0310 .0300 4

.0535 42 .0935 1 74 .0500 .0570 4

.0505 41 .0900 31/2 17. .0923 .0913 4 10 0

.0000 40 119210 3172 74. 0925 .0918 4 m a

.0000 39 .0995 31/2 7‘. 0920 .0919 4 m 0

.0950 19 .1000 41/2 1y, .1595 .1505 4 10 0

.0950 13 .1095 41/Z 114 1595 .1505 A la a

.1050 17 .1750 491 11,; .1045 .1035 4100

.1030 10 .1770 41/1 117, .1704 .1094 4100

.1055 15 .1000 492 11,; .1755 .1745 4:00

.1055 14 .1020 41/; WH .1755 .1745 4100

.1120 15 .1050 491 11; .1505 .1795 4100

.1120 12 .1090 4V1 114 .1305 .1795 4:50

.1190 11 .1910 5 114 .1500 .1850 4100

.1275 10 .1935 5 114 .1000 .1350 4106
9 .1900 5 114 .1095 .1395 4 In 0
s .1990 5 11/. .1895 .1305 4 10 0
7 .2010 5 114 .1945 .1955 4 m 0
0 20.10 5 114 .1945 .1935 4 10 0
5 .2055 5 117‘ .2010 .2000 4 m 0
4 21190 5 117‘ .2010 .2000 4 m 0
3 .2130 5 114 .2075 .2005 4 In 0
2 2210 0 11/: .2173 .2105 4 m 0
1 .2250 0 Mg .2175 .2103 4 ED 0

Tolerances: 01-1 11101110101 of 1000101, 01115 .0001 to plus .0004 inch. On nvcrafl length A, plus or1.
minus 14511-1011. 01] length offlute 8. plus orminus 1451.110
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820 REAMERS

Straight Shank Chucking Rnamers—Straigllt Flutes, Letter SizesANSIBQ4271983, R1988
 

 

 
 

   0.2792
0.1791
0.2792
02.792
0.2792
0.1105
0.3 'l 05
0.3105
[1.1 105
0.3105:
0.3105
0.3 105
0.3730

 

 mammmmammmmma N-<V.€<::r—lw>=icruoz  
 

All dimensions in inches. Matcrialis hi gh-s‘peed steel.
Tolerances.- On diameter of reamer, for sizes A 10 E, inc].. plus .0001 In plus .0004 inch and for

sizes F 102. 1nd,, plus .0001 [0 plus .0005 inch. On overall length/i, plus or minus V16 inch. On lenng
offlute 3, plus or minus Vminch.

Straight Shank Chucking Reamers-—- Straight Flutes, Decimal SizesANSI 13942-1983, R1988
 

 

 
 

   
 

All dimensions in inches. Material is hi gig-speed steel.
Talerancesr 0n diameter of reamei, for0.124 to 0.249-inch sizes, plus .0001 [a plus .0004 in ch and

for 0.251 m 0.501 -i.nch sizes, plus .0001 tn plus .0005 inch. On overall length A. plus 51' minus ‘46
inch. 0n len gih of flute I}, plus or minus 156 inch.
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REAMERS 821

American National Standard Straight ShankR050 C11 ucki 11g and Chuckng
Reamers—Straight and Helical Flutes, Fractional Sizes ANSI 15942-1983 (R1988)  

    
   

 
 

  

  

  
 

 

  
       

Reamer Dimumr
Chuck‘mg ROSE Chuckin

31,: 2‘4 0.0445
54,, 29; 0.06115 0.0575
1y“ . . 3 1/ 0.0720 0.0710 4
353 .,. 3 a: 0.0860 0.0870 4
1/N 3V1 14 0 1030 0.1020 4 10 6
v. 311 74, 01190 0.1150 4‘06
11/M 4 1 0.1350 0.1140 4166
3/6 4 1 0.1510 0.1500 4(05
11%“ 415 114‘ 0.1645 0.1635 4166
1/,5 3/“: 4%» 1‘4 0.1805 0.1795 410 6
lg, 5 11/, 0.1945 0.1935 4166
7/31 5 514 0.2075 0.2065 4 m 6
a“ 6 102 0.2265 0.2255 A [06
1/, 1/“ 6 1'4 0.3105 0.7.195 4 m 6
”/5, 6 11/Z 0.24115 0.2475 4 L0 6
"I.z 6 1%, 0.2485 0.2475 4 la 6
1-?“ a 114 02791 0.2162 A m 6
31, 6 11/I 0.2792 0.2781 4 10 6
3‘4.- 6 1‘6 0.1792 0.17151 4m 6
11/u 6 11/1 0.2192 0.2781 4 m 6
0g, 7 1‘4 0.3105 0.3095 A m 6
36 '1' 1:14 03105 0.3095 4l06
55.1 . 7 114 0.3105 0.1095 4 10 6
Iain '1 11/, 03105 0.3095 4 m 6
11/N 1 15/, 0.3730 0.3720 6 1.1: B
71,5 14511 7 115 0.3750 0.3720 6 m 3
1V5. .. 7 11/, 0.3130 0.3720 61.08
'23 ‘1 134 0.3730 0.5120 6 10 s
Syn, s 2 0.4355 0.4345 6 m E
'4 y; s 2 0.4355 0.4345 6 1n 1s
0,31 . . E 2 0.4355 0.4345 6 m 1;
“/m 11 7. 0.4355 0.4345 6 [o s
1°42 11 2 0.4355 0.4345 6 m a
54 9 21/4 0.5620 05605 6 10 8
EA; 9 204 0.5610 0.5605 6 m a
10.6 . 9 214 0.5610 0.5605 6 10 0
11g 9 214 0.5620 0.5605 610 11
X 9 Z 214 U .6245 0.6230 6 10 8
17: 0 v1 11/1 0.6245 0.6230 3 m 10
W 911 2‘4 0.6230 11 to 10
F41 .. 915 21/. 06230 a In 10
1,; __ 10 231. 0.7450 0 m 10
1251 .. 10 2‘4 0.7480 1116 102 (3.7460 E Lu 10

1‘4 . 0.7400 11 to 10
234 0.5745 0 3150 s m 12
2% 0.11745 0.0130 0 m 12
31;! 0.8745 0.11730 8 m 12
1’. 0.9995 0.9950 310 123 0.9995 0.99110 11 m 12
:1 0.0995 0.9930 10 m 12
3% 0.9905 0.09110 10 [0 12
31,; 1.2495 1.2430 10 m 12
314 J— 11495 12480 [011.112 _l 
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822 REAMERS

“Reamer with stmi ght flutes is stun dzm‘l only.
“Reamer with helical flutes is standard only.
All dimensions are given in inches. Material is highvspeed steel. Chucking reamers an: end culling

on Lhe chamfer and the relief for the ouiside diameter is ground in hack of the margin for the full
length of land. Lands of rose chucking reamers are notrelieved on the periphery but have a relatively
large amount of bank taper.

Tolerances: 0n reamer diameter, up to 14-inch size, lncl., + .000] in + .0004 inch; Over I[rm 1-inch
size, incl,, + 10001 to + .0005 inch; over 1-inch size, + .0002 Lo + .0006 inch. On lenglh overallA and
flute length, up to 17inch size, incl., i145 inch; 11/“; to l ‘4Ainch size, incl., 14/3 inch.

Helical flutes axe righiw or leftvhand helix, rightehand cut, except sizes lxfithrough l’éinches,
which are right-hand helix only.

Shell Reamers—Straight and Helical Flutes ANSI8942-] 983, R1 988 

  
   

 
 

1-161: Dlamelcr Fitting
Lnrgc End Arbor NumberH No. Of Flutes

0.375 4 B to 10
0.500 5 3 Lo 10
0500 5 3 L0 10
0.500 5 8 Ln 10
0.625 5 5 Ln 12
0.1325 E1 3 to H
0.625 0 E 10 12

'l 0.67.5 5 3 to 12
15/", 3 214 0.750 7 a :6 12
11/. 3 21/. 0.750 7 a (D 12
11“, 3 2y. 0.750 7 a m 12
11,5 3 1% 0.750 7 10 (O 14
19/”, 3 1% 0.750 7 10 m 14
15/n 3 2% 0.750 7 10 i0 14
111/M 3'4 215 1.000 s 10 to 14
1‘4 3'4 1'4 1.000 a 1210 14
1%. 31,5 154 1.000 a 12 m 14
”/1 3‘4 11,; 1.000 a 12 m 14
1% 3'4 214 1.000 a 12 m 14
2 3'4 21 1.000 a 12 6614
214; 334 2% 1.250 9 12 m 16
21g 3x 2x 1.150 9 12 in 16
251:“ 33/, 2x 1.250 9 12 m 16
214 334 274 1.250 9 121916
234“ 31 1-14 1.250 9 14 (a 16
21g- 57, 214 1.250 9 14 to 16

“Helical flutes only
All dimensions ale given in inches. Material is high»speed steel. Helical flute shell reamers with

left-hand helical flutes are standard. Shell rcamcrs are: designed as a sizing or finishing reamer and
are, held on an arbor provided with dfivinglugs. The holes in these reamers axe ground with a taper of
V3 inch per foot.

Tolerances: On diameter of reamer. 3’» to Linch size, 11101.. ‘— .0(}01 to + .0005 inch; over 17inch
size, + 000210 + .0006 inch. 011 lenglh ovemJlA andflmelenglhfi, 2:10 17inch size, ind, :t: Vlfiinch;
11/16— to 2-inch size, 31101., i 3/32 inch; 23/15 to Zl/Tinch size, incl., i Vainch.
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REAMERS 823

American National Standard Arbors for Shell Reamers—
Straight and Taper Shanks ANSIB94. 2-1983, R1988

 
ngm .1111,er

114511: 1'4
154510 I54
ill/mu: 2

21,511 21/;

  

  

 

a American Nalinna] Standard self-holding tapers (see Table 73 on page 913.)
All dimensions are given in inches. These arburs are designed 10 fit standard shell teamers (sac

Iable]. End which fits reamerhas Iapcr of 1/Eincl: per [00L

Stub Screw Machine Remus—Helical Flutes ANSI 394.24983, R1988

 

 

 

 
     

  
  
  
  
  

  
  
    
  

  
  

  
 
 

 

   
 

 
 

 
  

 
Lcngdl ]Series Dxamctcr OWF Diamemr Fmte

>10. Rang: “11 Range Nu.A

00 12910-066 I}; 4 .3761— .407 6
D DEM-.074 114 V1 4 !3 .407 Ir .439 fi
1 117417.034 135 1,3 A m .4391? .470 14 m a
2 .0341—096 1;; y, 4 15 471117.505 1/1 711. 6
3 9961.126 2 14 4 16 .5051. 567 .yn 1/, 6
4 .1261453 214 1 4 17 56717 (:30 54 1/4 5
5 .lSSl: IKE 2‘4 1 4 [B 16301- .692 54 l4 6
5 1351-219 214 1 6 19 .5921».755 5g, 5/“ a
7 211111.251 214 1 a 20 1551' .517 y. 545 11
s 251L182 214 1 6 21 3171-380 14 m R
9 142217.313 21/4 1 s 22 115017.942 7, 5/“) s

10 31317344 11/: 11.; 6 23 942171010 14 y” a
11 3441-1376 253 1‘4 6

All dimensions in inches. Material is hi Eli-speed steel.
These reamers are slandald whh right-hand Cut and. 1e ‘L—hzmd halical flutes within the Slit rangesshown.

Talemnces: On diamter ofrcnmer, for sizes 00 to 7, incl., plus .0001 to plus .0004 inch. and far
sizes 810 23,1".ncl.) plus .DOUl 10 plus .0005 inch. 011 ovaramangth A, plus arm inus ‘/16 inch. On len gm
of flule H, plus or minus 1/,,5inch. 0n diamcler of shank D, minus .0005 tn minus .002 inch.
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824 REAMERS

American National Standard Morse Taper Finishing Reamers
ANSI 3942-1983. R1988 

CHAMFER
OPTIONAL

 

 

SquareSize 
0.2503
0.3674
0.5696
0.7748
1.0167
1.4717

SlIaighE

 
0.235
0.330
0.470
0.655
0.845

11/2 1.125
 
 

 
Sm all
End.
Di 21.

(Ref.)

Squared and
Taper S h ank

Number of Flutes 
0.2503
0.3674
0.5696

 
0.7748
1.0167
1.4717

 
“Morse. Fur amuunl oflaper see Table lb on page 908.

4 ti] 6 incl
6 t0 Sine].
6 to 8 incl.

8m 10 incl.
81:: 10 incl.

10 Lo 12 incl.

 
All dimension are given in inches. Material is hi gh-speed sleel. The chamfer 0n the cutting end of

the reamer is up liomil. Squared shankreamers are Stan dard with straight flutes. Tapered shank ream—
ers are standard with straight or spinal fluies. Spiral flute reamers are standard wiih left-had spiralflutes.

Tolerances: On overall leuthA and fluielength H, in Iaper numbers 0 [a 3, incl.,il:ifiinch, in taper
numbers 4 and 5, fl’flinch. On length cf square C, in taper numbers 0 Lu 3, incl.. 14/31 inch: in laper
numbers 4 and 5. i 15 inch. 011 shank diameter D, e .0005 to — ‘002 inch. On size of square, in taper
numbers 0 and 1, — .004 inch; in iapernumbers 2 andfi, 7 .006 inch; in taper numbers 4 and 5, — .008inch.
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REAMERS 825

Taper Pipe Runners—Spiral Flutes ANSI 1194.271 983, R1988 

T

”L

tC-I-i L—g:lA

Lenglh 171m Square ' ShankLarge Small Overall Lengm Length D a
S 0 End End A 3 C ctnrD 300 N .uf tes

'4 M a a
27/15
2315
3‘4
3‘4
3%4 

All dimensions are given in inches. These reamers are tapered'lfiinch per Iout and are intended for
reaming holes to be tapped with American N ationa] Standard Taper Pipe Thread taps. Material is
high-speed steel. Reamer; are standard with left-hand spiral flutes.

Tolerances: On length overallA and flute length B, 1/3— 10 34inch size, incl.,iJ/lfiinch; E— 10 11/241161]
Size. incl” :33; inch; 2-inch size, iiginch. On length (If square C, 1/3- 10 131-inch size, inch, iVninch; l,
to 2-inch 512e, inclqififiinch. On shank diameterD, VS-inch size, A .0015 1:101;qu 1-inch size, inch
- .001 inch; 1?; 10 24.111311 siLe, ind. .. .003 inch. 011 size of square, VB—innh size, 7 .004 inch; 117 10 34
inch size, incl., —.0061neh; l- to Zuinch size, inclt, - .008 inch

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

  

  
Taper Small go Ox all Square. 1‘ m: (if of
No.‘ End d Le ' Length Length Square Flutes

1 0.1974 0.3176 42 14 274 21 0.210 4 to a
2 0.2474 0.3781 5% $4,, 31g "1L. 0.255 4 to a
3 03099 04510 5'4 3/8 3% 0g 0.305 4m
4 03474 05017 574 7/15 3% ‘7»; 4m
5 0.4474 0 0145 03/3 1/2 4 9/“ 4 to 6
5 0.4974 0.5001 67/“ :4 4% 3% 0.470 4 to 5
7 0.5974 0.8011 71/1 1/, 47g 3,; 0.550 5 m s
a 0.7474 0.9770 8‘4 Kym 51g 13/". 0.610 5m 5
9 0.3974 1.1530 314 7,; 61g 1 0.750 510 s
10 1.0420 1.3376 954 t 67/E 114 0.845 5 to s 

“For taper per foot; see Table 10 on page 916.
These reamers are no longer ANSI Standard.
All dimensions are given in in ches. Matcri 01 is hi ghuspecd steel. The chamfcr 0n the cutting end 01‘

the [earner is optional. All reaniers are finishing reamers. Spiral flute reamers are standard with left-
hand spiral flutes. (Tapered reamers, especially these with left-hand spirals, should nut have circular
lands because cuning must take place on the outer diameter of the 1001.] B 6‘: 5 taper reamers are
designed for use in reaming out Brown .1: Shape standard taper sockets.

Tolflmncw.’ 0n length overallA and [lute length B, taper nos. 1 to 7, inch, iVm inch; taper nus. S ta
10, incl.. :le'mch. On length 01‘ square C, tapernos. 1 10 9, 10101., 1ng inch: tapernn. 10, :ijfiinch On
shank diameter D. — .0005 to - .002 inch. On size of square, taper n05.110 3, incl., - 1004 inch; taper
ms. 4 to 9, incl., e .006 inch; taper r10. 10, 7 .008 inch.
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826 REAMERS

American National Standard Die-Mal:er's Reamcrs ANSI394.2-1983, 111988

Ifieggggr/gga3‘

L__~_A_“i::|

  
 
 m DiameterSmall Large

5"” End EndAAA
A      
AH dimensions in inches. Material is hi gh»speed steel. These Ieamers are designed for use in die-

making, have a taper nf 3/4110ng included angle 01 0.013 inch per inch, and have 2 or 3 flutes. Ream-
ers are standard with leflehnnd spinal fluies.

Ti [1 of reamer may have conical end.
Tolerances: On length overall}! and flute lenth R, 1'46 inch.

Taper Pin Reamers .... Straight and Left-Hand Spiral Flutes, Squared Shank; and
Left-Hand High-Spiral Flutes, Round Shank ANSI3942—1 983, R1988

  

 

Diameler Diameter
at large End a: Small End Lcnglllufof 11mm: or szmer Reamer

(RED (Rafi) A
0.05 M 0.0351 15,;
0.0656 0.0497 1%
0.0306 0.0611 1%
0,0966 0.0719 zJ/m
0.1 142 {1.0869 25/.fl
0 1302 0.1019 1y“
0J462 0.1137 29/",
0.1531 0.1217 215/,“
0 1798 0.1447 2%
0.2005 0.1505 33/...
0.2294 0.11m 30/“
0.1004 0.2071 41,45
0.2994 0.1409 15/";
0.3500 0.2773 51/”
0.4220 0.3297 {#4605050 0.397 1
0.6066 0.4305
LL71] E 075799

     
 

“Not applicable 10 high—Spiral lime reumersl
bNot applicable to straight and left—hand spiral fluted. squared shank reamets.
All dimensions in inches. Reamers have a taper nflyg in eh per foot and are made ofhigh-speed sieel.

Straight flute reamers of carbon steel me also standard. The numberofflules is as folluws; 3 or 4, for
7/1310 4/0 sizes; 4 to 6, f0r3/U to 0 sizes; 5 01' 6, [01110 5 sizes; 6 10 S, fnr6 tn 9 sizes; 7 or 8, for 1119.
10 size inthe case of straight- and spiral-flute reamers; and 2 01‘3. for 8/610 8 Sizes; 2 tn 4, forthe 9
and 10 sizes in the Cast: of high~5piml flute reamers.

Tolerances: On length overall/i and flute lenth B, il/Ifiinch. On length 0f square C, i‘fiinch. On
shank diameter R7100] in —.005 inch for straight— and spiral-flute learners and 7.0005 to —.002 inch
for high»spi.ml flute reamers. On size 01‘ square, ——.004 inch For 7/010 7 sizes and —.006 incl: for 8 to10 sizes.
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TWIST DRILLS 327

TWIST DRILLS AND COUNTERBORES

Twist drills are rotary endAcutting tools having one or more cutting lips and one or more
straight or helical flutes for the passage of chips and cutting tluids. Twist drills are made
with strai ght or tapered shanks, but most have straight shanks. All but the smaller sizes are
ground with “back taper,” reducing the diameter from the point toward the shank, to pre—ventbinding in the hole when the drill is worn.

Straig lit Shank Drills: Straight shank drills have cylindrical shanks which may be of the
same or ofa different diameter than the body diameter of the drill and may be made with or' without driving flats, tang, or grooves.

Taper Shank Drills: Taper shank drills are preferable to the straight shank type for drill-
ing medium and large size holes. The taper onthe shank conforms to one of the tapers in theAmerican Standard (Morse) Series.
American National Standard.— American National Standard B 94.11M-1993 covers
nomenclature, definitions, sizes and tolerances for High Speed Steel Straight and Taper
Shank Drills and Combined Drills and Countersiuks, Plain and Bell types. It covers both
inch and metric sizes. Dimensional tables from the Standardwill befound on the followingp ages.

Definitions of Twist Drill Terms—The following definitions are included in the Stan—(lard.

Axis: The imaginary straight line which forms the longitudinal center of the drill.
Back Taper: A slight decrease in diameter from point to back in the body of the drill.
Body; The portion ofthe drill extending from the shank orneck to the outer corners ofthecutting lips.
Body Diameter Clearance: That portion of the land that has been cut away so it will not

rub against the wall of the hole
Chisel Edge: The edge at the ends of the web that connects the cutting lipsi
Chisel Edge Angle: The angle included between the chisel edge and the cutting lip as

viewed from the end of the drill.
Cleamace Diameter: The diameter over the cutaway portion of the drill lands.
Drfll Diameter: The diameter over the margins of the drill measured at the point.
Flures: 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 cutting lips.
Helix Angle: The angle made by the leading edge of the land with aplane containing theaxis of the drill.
Land: The peripheral portion of the drill body between adjacent flutes.
Land Width: The distance between the leading edge and the heel of the land measured at

a right angle to the leading edge.
LipS~TWU Flure Drill: The cutting edges extending from the chisel edge to the periph—ery.

Lips#Three arFourFliire Drill {CoreDrill}: The cutting edges extending from thebot—tom ofthe oharnier to the periphery,
Lip Relief: The axial relief on the drill point.
Lip Relief/Angle: The axial relief angle at the outer corner of the lip. It is measured by

projection into a plane tangent to the periphery at the outer corner of the lip. (Lip relief
angle is usually measured across the margin of the twist drill.)

Margin: The cylindrical portion ofthe land which is not cut away to provide clearance.
Neck: The section of reduced diameter between the body and the shankof a drill.
Overall Length: The length from the extreme end of the shank to the outer corners of the

cutting lips. it does not include the conical shank end often used on straight shank drills,
nor does it include the conical cutting point used on both straight and taper shank drills.
(For core drills with an external center on the cutLin g end it is the same as for two-flute
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828 TWIST DRILLS

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

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

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

Shank: The pant ofthe drill by which it is held and driven.
Tang: The flattened end ofa taper shank. intended to fit into a driving slot in the socket
Tang Drive: Two opposite parallel driving flats on the end of a strai ght shank.
Web: The central portion of the body that joins the end of the lands The end of the web

forms the chisel edge on a two—flute drill.
Web Thickness: The thickness of the web at the point unless another specific location isindicated.

Web Thinning: The operation ofreducing the web thickness at the point to reduce drill—
in g thrust.

Neck Din Point Angle

EapchliaIIk-fll
.©Tang DIR.

Straighl LIt) Relief Angle} Clearancellia,\Estmt Me or Early uni
Nev-ls'Lenclh-fl H- Helix Amie Clearance

 

 
 

Outs    

   

  
 

ChiselEdge

i I; smgmsmk ngbfiifik Angle
FluL—tuShank ShankLengthAD-iL—Flule LengthDin. LBody Length -‘16 Ill

Ov¢=r.-Allungx\h ‘ Yg

  Flute Length\Ebl
ANSI StandardTwist Drill Nomenclature

<I<;='smmkLength ChlselEdge

Types of Drill.—Dn'lls may be classified based on the type of shank, number of flutes orhand of cut.

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

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

Two-Flute Drills: The conventional type of drill used for originating holes.
Three-Flute Drills (Cam Drills}: Drill commonly used for enlarging and finishing

drilled, ca st or punched holes. They will not produce original holes.
Four—Flute Drills (Care 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 ofa drill in order to cut.

Left-Hand Cur: When viewed from the cutting point, the clockwise rotation of a drill inorder to cut.
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WIST DRILLS 829

 

Z.Onicll Paint Optional wilh Manufacturer

 

  
 
 

Table 7. ANSI Straight Shank Twist Drills — Jabbers Length ihrough 17.5 mm,
TaperLangth through 12.7 mm, and Screw Machine

Length through 2.5.4 mmDiameter ANSI/ASME 394.11M-1993  
 
 
 
 

  
 

 

 

  
  

Drill Dim-nerd, D- Iobbm Length TuperLengm Screw Machinr. Lungd.‘
‘ , £1.01me Own-.111 Hum | Ovcmll Flute i Oven“l-racuon
Nu. or Decilml LL0, mm 10. mm mm

97 0.15 0.0m 0.150 19
96 0.10 0.0053 0.160 19
95 0.17 0.0067 0.170 19
94 0.121 0.0071 0.100 19
93 0.19 0 0075 0.190 19
92 0.20 00079 0.200 19
91 0.0035 0.211 1.9
90 0.22 0.0391 0211 19
99 0,0091 0.231 19
58 0.0095 0.241 31 19

0.25 0.0090 0.250 14 19
01 0.0100 0 254 y, 19
05 0.0105 0.707 3/, 19
ES 0.28 00110 (1.230 X 19
119 0.0115 0.192 a 19

0.30 0.0113 0.500 94 19
03 0 0120 0.305 ;g 19
361 0.0125 0.3111 44 i9

052 0.0125 0.320 a; 19
81 0.0130 0.110 15 19
HO 0.0135 0.34] 14 19

0.55 0.0130 0.350 1/, 19
79 0.0145 0.353 15 19

0.35 0.0150 0500 35 19
14., 0.0155 0506 34 190.40 0.0 I 57 0.4410 ‘4 19
73 0.01 50 0.406 1/,“ 1;. 22

0.42 0.0105 0.420 :46 lg 22
0.45 0.0177 0.450 146 K 22

71 0.0130 0.457 ‘0. 74 22
0.40 0.01159 0.430 1/“ 7/5 22
0.50 0.0197 (1500 1/“ 7“ 22

76 0,0200 050:1 “/11 74 72
75 0.0210 0.533 14 1 25

0.55 0.0217 0.550 1/. 1 25
74 0.572 1/4 1 25

1.1.600 5]“ 11/5 29 
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830 TWIST DRILLS

Table 7. (Cunfimre 1!) ANSI Straight Shank Twist Drills — Jobbers Length through
17.5 mm, Taper Length through 12.7 mm, and Screw Machine
Length through 25.4 mmDiameter ANSI/ASME B94. 1] 114—1993
 

     
   

   
Drill Diamcicr, nu Jubbm Lenglh T5,“ 1mm. Screw MuchmumgmFlule 00211111 F1111: Oman

F L
111, mm In. mm
54‘ s 114. 29

. 5’11. a 114 29
0.05 0.0256 0.650 x 10 11/, 32

71 0.0200 0.060 3/3 10 1'4 32
11.70 0.0275 0.700 34 10 1% 12

70 0.0210 0.711 1g 10 lg 52
59 00292 0.742 1/1 13 13/E 35

0.75 0.0295 0.750 1,42 13 1-14, 35
011 0.0510 0.781 14 13 fig .15
1/31 003 I 2 0.792 14 13 1% 55

0.110 0.0315 0 000 ‘4 13 1% 35
67 0.0320 0 313 14 13 1% 35
66 0.0330 0,0311 I4 13 1-14 35

0.15 0.0335 0.050 54 10 114 38
05 0m50 0.519 5/“ 16 11/2 33

0.90 0.0354 0.1191; 5/5 15 1V5 31;
04 0.0300 0.914 5/5 10 11; 3s
03 0.0570 0.040 5g 15 114 30

0.05 00374 0.950 £4 15 11,5 35
62 0.0380 0.905 f/E 16 1‘6 18
51 0.0390 0.901 11/,5 17 13s 41

1.00 0.0394 1.000 N 5 17 1% 41
00 0.0400 1.016 "45 17 154 Al
59 0.0110 1.041 "4‘ 1'1 11g 41

1.05 0.0413 1.050 11/” 17 154‘ 41
511 0.0620 1.067 11/,s 17 15/5 41
57 0.0130 1.00: 14 19 114 44

1.10 0.0433 1.100 34 19 11., 44
115 0.0453 1.150 34 19 134 44

55 (10465 1.101 3/4 19 1% 44
V“ 00469 1.191 34 19 134 44

1.20 0.0472 1.200 7/“ 12 11/. 48 3
1.25 0.0492 1.750 7/. u 17/E 48 3
1.30 00512 1.300 14 22 17,; 43 3

55 0.0520 .321 7s 12 174 4:5 3
1.35 0.0531 1:150 74 22 11g 43 3

54 0.0550 1.597 x 22 174 40 3
1.40 0.0551 1.400 lg 22 174 4a 3
1.45 0.0571 1.450 1/" 22 174 48 3
1.50 0.0591 1500 ‘s 2 114 48 3

5.1 0.0595 1.511 7/I 22 W: 40 5
1.55 0.0610 1.550 74‘ 22 17, 4s 3

1/,G 00625 1.5111 7% 22 114 43 31 60 00530 1.000 7/B 22 mg 43
52 00635 I013 ‘4 3:. 11/9 40

1 65 0 0650 1.550 1 25 2 51

 
 

113



114

TWIST DRILLS 831

Table 7. (Continued) ANSI Straight Shank Twist Drills — Jobbers Length through
17.5 mm, Taper Length through 12.7 mm, and Screw Machine
Length through 25.4 mmDiameter ANSI/ASME B941 IM-1993 

 
 

  

 
 

   
Dull Diumemn 1)“ Jobbcrs Length 1515:. 151.911 Screw Machin: 1.571501

. Equimltnl OvemuFTACLLU“
NAM .

L0. mm m1.70 1 2 2
51 1 2 2

1.75 0.0539 1 750 l 15 2 51 1 51 315 95 “4‘ 1wm
50 00700 1.770 1 15 2 51 1 51 3x 95 '51» 1'7 1% 43

1.90 0.0709 1.000 1 25 2 51 2 51 314, 95 11/,fl 17 1114fi 43
1.95 0.0711 1350 1 25 2 51 2 51 33/, 95 ”/11 I7 101,5 43

49 0.0730 1.554 1 25 2 51 2 51 37. 95 1146 17 1'7“ 43
1.90 0.0745 1.900 1 25 1 51 2 51 314 95 Wm 17 111/.fi 43

43 0.0700 1.930 I 25 1 51 2 51 33/4 95 11,“ I7 111/,é 43
1.95 0.0761 L950 1 25 2 51 1 51 13/, 95 11/1,. 17 ”‘10 43

i7" 0.0701 1.984 1 E 1 5| 2 51 334 95 0/,“ 17 10 a47 0.0715 1.994 1 15 2 51 214 57 414 100 Wm 17 1%
2.00 0.0787 2.000 1 25 2 51 2'4, 57 41/, 108 ”4. 17 10/16
2.05 0.0007 1.050 114 19 1 54 214 57 49‘ 103 9‘ 19 174

476 0.0010 2.057 11/“ 1 19. 54 294 57 41/A 100 9g 19 11;
45 0.0920 2.033 1 1/a 29 2V1 54 214 57 414 108 x 19 114

2.10 0.0317 1,100 1'11 19 211 54 21/, 57 10/4 101 y. 10 114
1.15 0.0345 1.150 11/, 29 215 54 21/. 57 4‘4 100 14 19 174

44 0 0900 1.194 111 19 11,1 54 214 57 414 109 x, 19 134
1.10 0.0050 3.100 144 31 114 57 21/4 57 4:4 101 34 19 11“
1.15 0.0136 1250 11/. 32 1:4 57 21/, 57 414 109 94 19 131

43 0.0190 2.261 19‘ 32 214 57 214 57 40, 101 24 19 134
2.50 0.0905 2.300 114 32 11/. 57 21/, 57 41/4 108 1g 1.9 114
2.15 0.0975 2550 10 32 21/, 57 1'7, 57 41/, 100 z 19 11/, fifigfitfitfitfittfitttfifisfifi 42 0,0935 2.375 11/. 31 11 57 114 57 40 109 z 19 134

V5 0.09.1.9 2.310 10‘ 32 214 57 21/4 57 41/, 101 2/4 19 1.142.40 0.0945 2.400 111 35 27‘ 60 21/2 04 473 117 011 21 1%,
41 0.0900 1 433 1% 55 275 50 21/2 64 45g 117 “Kg 11 112/“

2.40 0.0955 1.450 111 35 11/" 00 21/2 64 495 111 a,“ 21 1-:th
40 0.0950 2.409 131 35 111 an 11/] 04 45/, 117 0',K 11 1%

1.50 0.0914 1.500 11; 35 21g 60 291 c» 45;. 117 1y” 11 W45 45
39 0.0095 1.517 114 35 211 50 21/2 54 451 117 ”/17. 11 10/“ as
31 0.1015 1.570 17,5 37 214 51 21/1 64 41/3 117 045 21 1% 40

2.60 01024 2.600 17m 37 21g 64 11/1 54 45; 117 W15 21 1% 45
37 0.1040 2.041 Flu 37 215 64 2% 64 454 117 In, 11 113/,fl as

1.70 0.1003 2.700 17/], 37 25 64 21/1 64 43/5 117 19,“ 21 11yIn 40
55 0.1065 2 705 17/” 37 21/1 64 21/1 04 455 1 l7 17” 21 107.5 40
7/M 0.1094 2,770 10 30 231 07 291 64 451 117 015 21 117m 45
.15 0.1100 2.794 111 31 375 07 214 70 5‘11 130 7/! 11 174 41

100 0.1102 2.900 1172 38 17/5 67 2-1 70 5V1 130 74 22 174. 41
34 0.1110 2.2119 115 as :54 57 217, 70 5:7, 1.70 :1 22 17/B 48
33 0.1130 2.370 115 30 27‘ 67 29, 70 514 130 7/3 27. 174 411

2.90 0.1141 2.900 151 41 213 70 21,5 70 5V1 130 71 22 174 49

                 
31 0,1 160 41 217,, 70 21/, 70 514 130 74 22 174 41

300 0.1191 41 1:4 70 2'11 70 5-4 130 7/1 22 171 41
31 0.1200 1% 41 2% 70 11. 70 51/K 130 7,1 22 171 4s_|  
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832 TWIST DRILLS

Table 7. (Confirmed) ANSI Straight Shank Twist Drills — Jobbers Length through
17.5 mm, Taper Length through 12.7 mm, and Screw Machine
Length through 25.4 mmDiameter ANSI/ASMEB94. I IM—1993

Drfll Dlnmtmr. r)“ Jubbcrs Length Thpar Leagu. Screw Machine Lungdl
Flu“: UVB‘IHU

Fracu‘un
No. or Decimal L FLu. In.

1]. I 220
0. 1250
0, 1260
0. 1285
0. 1299
0.1319
0. 1 360
0.1378
0. 1405
l) 1406
0.1417
11. 1 440
0. 145 7
0.1470
0, 1495
0.1496
0.1520
0.1535
0. 1541)
O. 1562
0. 1570
0. 1575
LL 1590
O. 16 1 U
0.1614
0.1654
0. 1669
0.1693
0.1695
0. 17 19
0.1730
0.1732
0.1770
0.1772
n. I sun
0.1 81 1
(1.1820
U. 1150
0. 1375
01 1890
0.1910
0. 1929
O. 1935
0.1960
0. 1969
01 1.990
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Table 7. (Continued) ANSI Straight Shank Twist Drills — Jobbers Length through

175 mm, Taper Length through 12.7 mm, and Screw Machine
Length through 25.4 mmDiameter ANSI/ASME B94.) 10471993

17611 06mm, 0‘ 16111615 1611911 TBPEI 146“th Scmv Machine Laugh
mmvamm F1111: Over-111 Flute Oval-.1“ 611116 01611115

W F r. F L F Lm 111 mm 111 mm 111. mm 111. mm In. nun In. 11.. mm
5.10 0.2001. 5.1011 271. 62 35111 92 35/1 92 6 152 137.5 511 214 57

7 0.2010 5.105 2745 62 354‘ 92 3% 92 6 152 1:45 311 114 57
175, 0.2051 5.159 27/m 62 3:11 92 35/. 92 6 152 1145 30 71/, 57
5 0.2040 5.112 214. 64 353 95 31/, 92 6 152 114 32 21% 611

5.20 0.7.047 5200 2 64 57‘ 95 322 97. 6 152 114 32 131 60
5 02055 5.2211 211 64 512 95 3:11 92 6 152 11/A 52 2% 60

5.311 01037 5300 2y, 64 214 95 3-1/3 92 6 152 11g .12 21/, 60
4 0,2090 5.309 21/, 64 33/, 95 174, 92 6 152 11/. 32 1 611

540 0.2126 5.400 21/; 64 31;, 95 35/. 92 6 152 114 32 29;. 60
3 0.2130 5.410 214 64 59,, 95 39., 92 6 152 1-4 52 21/.5 60

5.50 0.2165 5500 214 64 32/4 95 1-93 92 6 152 114 32 214 611
1/2 0.211111 5.555 2' 64 3% 95 35/! 1 5 157. 1V: 52 1% 60

5.60 11.2205 5.600 275 67 374 96 334 95 61g 156 19,5 55 27,5 62
2 02210 5.613 25/I 67 374. 91 37. 95 611 156 W11 33 17/15 62

5.711 0.2244 5.700 21 67 37/. 91 334 95 6V1 156 15/l6 .73 2746 62
1 0.2230 5.791 25; 67 37. 915 311/. 95 6'4 156 1:145 33 2725 62

5.1111 11.7253 5.1100 22. 67 371 911 31,, 95 614. 156 1111 33 27,5 2
5.90 0.2723 5.900 2% 67 375 93 35/4 95 612 156 1711 33 27/l6 62

A 0.2340 5.944 151 67 37/, 95 .. .. 1545 33 27/12 62
15/“ 0.2744 5.954 15/1 67 374 911 114 95 514 156 1:46 33 17/“ 62

6.011 02362 60170 234 70 4 102 31/4 95 (1-4 156 11g 35 21/2 64
13 0,290 5.015 234 70 4 1112 , 15; 35 21/2 64

6.10 0.2102 6.100 2% 70 4 102 3% 95 5% 156 199 35 21/, 64
c 0.271211 6.147 23/, 711 4 102 11/i 35 215 64

6.20 0.2441 6200 224 70 4 102 90/. 95 6yg 156 1:4 35 214 64
D 0.2460 6.248 274 70 4 102 11g 35 2'2 64

6.30 0.24110 6.3110 2-14 70 4 102 393 95 61/5 156 11g 35 21/1 64-
13,14 0.2500 6.350 29. 70 4 102 3‘7, 95 61/. 156 11/lg 35 214 646.40 0.25211 6.4110 214 7.1 411 105 :17, 95 614 159 W11. 37 254 67

6.511 0.2559 6500 27/1 73 41/, 105 37. 95 6'4 159 17/” 57 214 67
F 0.2570 6.5211 172 73 414 1115 . .. 17,5 57 25/1 67

6.60 0.7597 6.600 274 73 41/3 105 17,5 37 2:4 67
G 02610 6.629 274 73 47. 105 . 17/.G 77 2:4 67

6.70 0,2637. 6.700 212 73 47 105 17/“ 57 2% 67
17/3, 0.2656 6,746 27,; 75 41/" 105 17S 99 159 17m 37 251 67
H 0.2660 6.756 274 75 414 ms .. .. 114 as 2“. SE

6.80 02677 6.1100 21/lg 73 41g 105 37/1 9a 61/, 159 195 51; 2% 61;
6.90 0.2717 6.900 27/1 73 41/5 106 11,1 36 211/,6 6s

1 0.2720 0.909 27/8 73 4V1 105 . 115 38 211/“. 6a
7.01) 0 2756 7.000 27/11 73 416 I05 37/5 98 614 159 114 33 20/IE GE

1 0.2770 7.036 274 71 414 105 .. 1'4 38 7176 515
7.111 02795 7.100 217,6 75 4y4 102 .. .1 11/. 31; 111/“, 611

K 0.211111 1.137 2155,, 75 4:4 101; .. ., .1 11/. 311 2% 6s
925 0.2812 7.142 2 m 75 41/, 11121 37/E 114 35 20,5 617.20 0.2575 75 41/, 1118 4 17,5 40 21/, 70

7.30 0.3.874 7.300 21-516 75 414 101! .. 1°45 40 2-‘4 7LIJ
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834 TWIST DRILLS

Table 7. ( Cominued,1 ANSI Straight Shank Twist Driils — Jobbers Length through
17.5 mm, Taper Length through 12.7 mm, and Screw Machine
Length through 25.4 mmDiameter ANSI/ASME B9411 I'M-1993 
    
 
 

 
 [ Drfll 01mm, 11¢ Inhhurslcnmh 71pm 14:11th Screw MachillaLcngmEquivalent Hum OvcraLl Flute Overallmem 7.

No. 0! Decimal F  
          

 

 

            
Lu. [:1 mm mm In. mm

112900 7300 .. . . 17.. 40
0,2913 7.400 3 -. .. . 19/1a 4-0
0.2950 7.493 1 . . . mg 40
01053 7.500 162 19/,E 40

'94. 0,2959 7.541 561 19/,“ 407.60 0.2991 7.000 1 . .. wE 4|
N 0.3020 7.671 . . . 154 41

7.70 0.3031 7.700 . 1% 41
7.80 0.307] 7,000 162 fig 41
7.90 03110 7.900 . .. .. 15/fl 41

5/15 0.3125 7.933 162 17g 4112.00 0.3150 3.0011 7 _ 165 1% 43
0 0.1160 8.020 7 .. .. 111/” 43

3,10 0.31159 0 100 . . , 1w,fi 43
8.20 03228 8.200 165 LII/IE 43

P 0.3230 3.204 .. 111/.fi 43
8.30 0.3108 5 300 .. . . . Ill/m 43

2‘4» 0.3181 0334 MS 111/m 430.40 03307 3.400 . .. . . Wm 43
Q 0.3320 0.433 ., .. . . Wm 43

3.50 0.3346 8.500 . 155 1“/‘(_ 43
x 50 0.33116 8.600 ., .. .. 111/lfi 43

R 0.3390 8.611 . 111/m 43
0.70 mm 1.700 . . 11145 43

“l; 0 3435 11.733 150 1117,. 432.00 0 3465 0 800 171 5% 44
3 0.3400 13.339 114 44

3.90 0.3504 8.900 . . . 13/4 44
9.00 0.3543 9.000 . 171 1% 44

T 0.3580 9.003 _ . 134 44
9.10 0.3503 9 100 . I34 44

3/3‘ 0.3594 9.]29 ' 171 13/, 44ELM 0.3612 9.200 171 11546 46
9.30 0.3661 9.300 1 . . ., “141 46

U 0.3080 9.347 . . .. 1%., 40
9.40 11.3701 9.400 m . ... .. ... 10/16 46
9 50 03740 9.500 -' m 1% 46

3/3 0.3750 9.525 171 Wm 4517 0.3770 9.570 .. . 114 as
9.50 037110 9.1900 ‘ .. 1K 48
9.70 03019 9700 .. I74 43
9.80 0.3858 9 800 _ 178 1’4 <38

w 0 3060 9.004 .. . 174 as
9.90 0.38911 9.900 S .. . . 1% 411

1:74 0.3906 9.921 _ I71! 17g 4810 00 0.3937 10.000 . 17B “5/”, 49
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TWIST DRILLS 835

Table 7. (Continued) ANSI Straight Shank Twist Drills — Jobbers Length through
17.5 111111, Taper Length through 12.7 mm, and Screw Machine
Length through 25.4 mmDiameter ANSIJASME B94. HIM-1993 
 

Fraclion
Nu. :11

L11.

7/1.

1y“
7
’6:

“111

”/m

”/11

”a

“/61

”/2

Equivmuu Hum 12va FLure OvemIIF
Dr1'I.I Dinmwr, 1)" 1111mm“g1. Taper my. Scrcw Machine mam01mm]! 

 
   

130
133
133
133
l 33
133
137
1 40
140
140
143
143
143
146
145
149
149
149
152
I 52
152
I 52
168
168
165
158
163
1 SE
153
163
I 68
I (:3
165
I S l
181

 I 020 0.40 I 5
0,4040
0 41362
0.4 I 3:)
0.4134
0.4219
0.4252
[1433 I
04375
0.4409
0.4513
0.4511
0,4646
U 45:11;
0.4724
0.4803
0.4344
0.4921
0.5000
0.5039
0.5 I 1 3
0.5156
0 5 197
0,53 12
115315
05433
0.5469
0.55 1 2
115610
0.5525
0.5709
0.5781
0.5807
0.5906

 
   

 
 
 

 
 
 10.50
 
 
 
 10.80

1100  
 
 

 
 I I 10

11.50  

  
 

 
1 I .30
 
 
 
 

 12100
I220  
 
 

  
 

 12.50
 
 12100

13.00
 
 
 
 

  
 

 13 31]
 

13.50
13.30 

 
  
 

14.00
14.25
 
 
 
 
 
 
 
 
 

I435
15 .00 

  
 
 
  

05918 15.0113 gym 111
15.25 0.6004 15.250 gym nu ms

115094 15.479 5146 1x1 103  
 

108
ms
108
114
114
144
114
IJ4

 
 

11.5102
0.6211 1
0.6150
0.6299
0.6.198
0.6406
0,6496
0.1662

181
Hi]
18!
181
1&1
IEI
181
18l

15.50
15.75  15.500 517.5

15750 5%,,
15.875 5ym
16.000 53/“
16.150 51/“
16.271 5;!”
16.500 534,
16.669 534‘,

 
   
 
 
 
 

16.00
i 5.25  
 

 
 

  16.50
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836 TWIST DRILLS

Table 7. (Continued) ANSI Straight ShankTWist Drills — Jobbers Length through
17.5 mm, Taper Length through 12.7 mm, and Screw Machine
Length through 25.4 mmDiameter ANSI/A SME394.1 1M71993

0.111 0111mm. 01 Jubbcrs 12:11:01 Tape! 1.211011 Straw 1115:1115: Lengm
Equivalent F1110: 01-11511 mm menu r111: Oven“

F1233? Decimal F '- 1" LLu mm 10. mm L0. mm 111. 111m 11.. mm In

-—‘ 1.6.75 0.0594 10.750 55/“ 143 7171 194 1. 117.00 0.6693 17.0011 55,1 143 752 194 1

i=7“ 0.0719 17.0110 551 143 754 194 .. 274 73 415 114
17.25 010791 17250 5% 143 751. 194 1. 1. . .. 27/3 73 4-2 114

“/11 06575 174152 5% 143 W: 194 .1 .. . 27/. 7:4 41/2 114
11.50 05190 17.500 551 143 75/5 194 .. 1 .. 3 70 41/, 121

175, 0.7031 11.559 1. . 1 5 70 41/1 121
10.00 0.7017 13000. . 1. .. 3 75 4% 121

3/3: 0.71153 10.2512 . .1 . 2 76 494 121
13150 0172113 131500 1 .1 . .1 3V1 79 5 127

17/51 0.7344 10.654 1. 1. . .. 3V1 79 5 127
19.00 0.74110 19,000 1 1. 1. 1. 314 79 s 127

7,, 0.7500 19.050 . .1 1 1. . .. 31/; 79 5 127
0;. 0.7650 19.445 .. .. , .. 314 83 5V1 130

1950 0.7077 19.500 . 1 ,. .. 1. 31/1 53 514 130
5/.2 0.73 12 19.045 1 . 120.00 0.7379 20.000 ..

"/11 0,7969 20.241 .120.50 011071 20.500 1.

”/15 0.5125 20,63321.00 0.3208 11.000 . 1

79;. 0.17251 211034 ..
3’42 0.3438 21.433 ,.7.150 03465 21500 1.

55/51 0.0594 211029 1. 12200 010661 22.000 . 1
7/1 0.0750 22.225 .1 .22.50 0.11159 22.500 1.

17/61 0.5906 22 521 ..23.00 0.9055 23.000

2/11 09062 22.017 1 1.
71/“ 0.9219 27.41623.50 0.9252 23.500 1
‘51. 0.9375 23.01251011 0.9149 24.000 1 1

0/5, 0.9531 24209 .2450 0.9046 24500 1 1

Ayn 11190515 24.61.15 ..25.00 019143 25.0011 11 .

0/“ 091144 251004 ,.
1 1.00011 25.4110

 
 

  
“Framiunal inch, numben letter, and metric 512651
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TWIST DRILLS 837

 

 
Table 8. ANSI Straight Shank Twist DrilIs m Taper Length — Over l/ziIl. (12.7 111111)

Dia., Fractional and Metric Sizes ANSIBQ4.HM»I.993
 
 
 
 

  
 

  
  

    
 

   
 
 
 
 
 
 

  

    
   
 

     
1:161: 011151-1111 Length of Minimum Maximum

131mm 61 13611 Length Length Budy ngm 61 SEC Length. 60066112:21:60 ' L s s N
111:1. 51.1111. mm 11161. mm 11:11 mm 11161. mm

0.5039 12.800 2113 AVE 124 22 66 121 13
0.5117 1.1000 203 41/8 124 217 66 121 13
0.5156 15.096 203 471 124 2;; 66 14 13
0.5197 13.200 203 471 124 15/1 66 14 13
0.53 12 13.492 2113 47B 124 21/! 66 1,5 13
0.5.715 13,500 203 414 124 21/8 66 14 13
0.5453 13.1100 210 5 127 234 70 17 13
0.5419 13.1191 210 5 127 234 70 1 13
0.5512 14.000 210 5 127 :2 70 12 13
0.5610 14.250 216 5 127 224 70 12 12
0.5625 142116 210 5 127 234 70 1/1 13
0.5709 14500 222 5 127 314 79 5/3 16
0.5701 14.601 222 5 127 391 79 75 16
0.5807 14.750 222 5 127 we 79 5g 16
0 5906 15 000 222 5 127 311 79 54 16
0.5938 15 .083 222 5 127 3.12 79 5; 16
0.60M 15:50 222 5 127 31g 79 51 16
0.6094 15.479 222 5 127 3‘4 79 3/3 16
0.6102 15.500 222 5 127 314 79 5/5 16
0.6201 15.750 222 5 127 31/8 79 1;: 16
0,6250 15 675 222 5 127 31/8 79 ‘6 16
0.6299 16 .000 2211 514 133 31/3 79 K 16
0.6395 16.250 220 594 133 31/E 79 a; 16
0.6406 16.271 2211 51/4 135 3‘41 79 5,; 16
0.0496 16.500 226 59, 152 31K 79 56 16
0.6562 16.667 2211 574 133 31,5 79 5g 16
0.6594 16.750 514 137 9 14 235 51/1 140 314 79 5/3 16
0.6693 17.000 532 137 914 235 515 140 212 79 5/a 16
0.6719 17.066 524 137 915 235 51,5 140 317,. 79 7! 16
0 6791 17.250 53/“ 137 914 235 51,; 140 114 79 2E 16
0.6875 17.462 53; 137 9x 255 5’6 140 31,; 79 1/E 16
0.6890 17.500 552 143 01/1 241 514 146 31/E 79 5" 16
0.7051 17.859 554 143 014 241 51/, 146' 31/E 79 5/" 16
0.7007 111.000 5% 143 015 241 514 146 3V1 79 2‘6 16
0.71193 152519 514 143 014 241 544 146 3'4 79 .5; 16
07263 10500 57,. 149 91; 247 6 152 3V1 79 54 16
0.7244 13.654 574 149 033 247 6 152 31g 79 ya 16
0.7400 19.000 57/! 149 9% 247 6 152 314 79 14. 16
0.7500 19.050 512 149 913 247 6 152 31,; 79 51 16
0.7656 19.446 6 152 07“ 251 617,, 156 31,3 79 5/N 16
07677 19500 6 152 0:4 251 61/, 156 3 1,. 79 5/! 16
0.7012 19.342 6 152 1114 m 614 156 31/fl 79 57, 16
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838 TWIST DRILLS

Table 8. (Confirmed) ANSIStraight Shank TwistDrills ——— Taper Length — Over léin.
 

   
 
 
 
 
 

    
 
 
 
 

    
 
 
 
 
 
 
 

 

 

Dccimml M1!lim1:11:r
  

 
  
  
  
   

  

  
  
  
  

  

  
  
  

 
  
  
  

 
   
 

  
 

       
Inch Equiv. Equiv. Inch mm

0.7874 20.000
07969 10,241 :4 15
0.0071 20500 5/B 16
0.13125 20.6311 :4 I 6
0.8263 21 .000 71 l 6
0.8281 21 034 71 16

71/“ 0.5433 21.433 5'4 I56 5/11 16
21.50 0.3465 21,500 6V» 156 54‘ 16

0.8594 21.829 «2, 16
0.8561 22000 X 16
0.8750 22.225 39 15
0.035 9 2.500 5/5 1 5
0.8906 22.62 I 1/3 16

2100 019055 23.000 514 155 5/5 15
3/2 0.9052 23.017 51/E 155 y. 16

0.92 I 9 23.416 31, 115
0.9252 7.3.500 §§ 16
0.9375 3.512 5/K 16
0.9449 24.000 §§ 16
0.953 1 24.109 f/g 16
096.16 2.4500 :4 16
0.9633 2.4600 1g 16

25.00 093.13 15,000 5% 152 5/5 16
“VA, 0.9144 75.004 51; 152 5/x 16
I 10000 75.400 5’4 I 62 54 16

25.50 1.0039 25.500 6‘4 lfi 5/.1 16
“4‘ 1.0156 25.796 51/2 1115 :1; 15

26.00 1.0236 26.000 6‘4 [65 Sf, 16
113 1.0312 25.192 514 155 as 15

26.50 1.0433 26.560 554 158 5/ll 16
1%! 1.111139 25.591 65/11 1511 5/M 16
11/55 1.1163 15.9101 5S4 168 54 15

27.00 1.0630 17.000 67,. [as y. 15
11v“ 1.07111 27.384 174 175 5/! 15

27.50 1.0517 27.500 5% 175 5/l 16
mg 1.0938 27.783 67/3 115 5/3 15

28.00 1.1024 33.000 7% 181 54 16
WM 1.1094 211.179 7|;E 191 5/E 15

28.50 111220 23.500 7‘4 101 5/9 15
1V1 11250 20575 7V1 111 5/8 1o
1%, 1.1406 211.91: 794 114 5g 16

29.00 1.1417 29.000 7'4 184 é; 16
1% 1.15:1: 29.357 71/. 114 5/E 15

29.50 [1614 29.500 73/3 117 5/E 16
1115, 1.1719 29.755 771 117 5/5 15

30.00 1.1811 30.003 73/1 187 fig 16
11,, 1.1875 30.162 73/1 1217 fig 16

30.50 1.211011 30.500 71/1 190 5,4 16
11y“ 1.2031 30.559 714 I90 54 16
171, LZIEE 30.958 7'6 1911 5/:4 16

31.00 I .2205 31.000 77/“ 100 54 16
1‘31, 1.2344 31.354 714 100 54 15

31.50 1.2402 31.500 7% 200 Va 16
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Table 8. (Continued) ANSI StraightShankTwist Drills —» Taper Lengfll— Over 14111.
(12 .7 mm) Dian, Fractional and Metric Sizes ANSI 394. 1 1M»! 993  
 
 

 

 
  

 
 

    

  
  
  
    

  

 
 

 
 

 
 

 
 

 

  

 
 

171m: Overall Length of Minimum l—Maxhuum
0111mm of 0:111 Langrh [1:]!th Body 1.11.911 0f 51L Lenglh ameck

D Decimal 111mm” F L | 11 s
lam-1m 1110111. Equiv, m 71.1112500 31,750 203 314

was 32 000 219 47/,
1.2795 32.500 219 4%
1.2512 32.542 2| 9 47/!
1.2392. 33.000 222 474
1.3175 33.333 221 474
1.3139 91.1500 225 175
1.3336 34.000 225 474
1.1433 34.133 225 474
13503 34,500 229 474.
13750 34.925 229 47/K
1,3710 35.000 232 477.
1.3975 35.500 2.12 47.
1.4052 35.717 252 474
1.4173 35.000 235 474
1.4370 3650“ 235 4%
1.4175 36.512 235 474
Lafifi'f 17.000 238 47/I
I .463 8 37.303 233 4%
1.4754 37.500 241 41/.
1.4951 30.000 :41 47,.
1.5000 35.100 241 474
1.5525 39.6851 247 47/.
1 am 41.275 254 474
1.7500 44.450 270 474

Table 9. American National Standard Tangs for Straight Shank DrillsANSI/A SME B94JIM-I993 

 

 
Nominal Diameiar nf Drill Shank 
 

 
1mm: 771.111.0013.-

140111113. 3.15 01104.75
 
  

over [5 111m y, uvtr 4.76 01m 6.35
aver V. Lhru. 51.5 nm 6.35 lhru 7.94
mar 5(1 111m 1g ovcr 7.94 mm 9.51
marl/.0111- L7,. 1210195311110 11.91
mm “gummy/m um113101ml4.29
over 74,001: 21/2 am 14.29 111m 16.67
War at; 111111 V. um 15.670170 19.05
murigrhrux uvulgusmmzz 23
we: "/"Lhru I over 22.23 Lhru 25 40
ova 1111:quE 017112540 111m 30.15
over 174. Lhm 1% (war 30.10 lhru 14.93
  
 

To fit split sleeve whet type drill drivers. Saepage 850.
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Table 10. American National Standard Straight Shank Twist Drills — Screw
Machine Length ~— Over 1 in. (25.4 111.1211) Dia. ANSI/ASME B94. 1' I'M-1993 

   
 

 
  

 

  
 

 
  

 
 
 

   
   

  

  
 

  

 

  
  
  
 

 
 

 
 
 
  

Flute Overall
Diamnlcr nl' Drfll lungfll Len-I111 Shank Dial-110101

l) Decimal A
01211 11111111105151

Fm. m. Equivalent Equivalent
25.50 1.0039 25.500 4 0.9843 25.00
26.00 1.0236 26.000 4 0.9043 25.00

[J/m 1.0015 20.983 4 102 6 I 0000 25.40
2.1.00 1.1024 23.000 4 102 15 0.9043 25.00

1‘5, 1.1250 $575 4 107. 6 LOOUD 15.40
30.00 1 1811 30.000 4‘4 108 63g 0.9843 2.5.00

1315 1.18 75 30.162 41/, 103 654 1.0000 75.40
114 1500 31.750 4% 111 (134 1.0000 25.40

32.00 1.5.598 32.000 414 111 7 1.2402 51.50
1:)!“ 1.1175 33.333 4}; 111 7 1.5500 31.75

34.00 13300 34.000 4% 114 7V5 114-02 31.50
114. 1.3750 34.9% 41g 114 7'4 1.211111 31.75

35.00 1.4173 30.000 4% 121 7% 1.2402 31.50
17/,fl 1.4375 36.517. 4% 121 7% 1.25 00 31.75

38.00 1.4961 38.000 474 124 715 1.2401 3150
115 15000 311.100 474 12A 715 1.2500 31.75
19/“ 15625 39.15815 47/1 124 734 1.5000 3s , 10

40.00 1.5748 40.000 474 124 734 1.4961 30.00
1% 1.6250 41.275 474 124 734 1.5000 38.10

42.00 1.6535 42.000 5% 130 11 1.4961 3 11.00
11V“ ”1075 42.862 51/5 130 5 1.5000 315.10

44.00 1.7323 44.000 514. 130 8 1.4951
W4 1.7500 44.450 5‘4 130 0 1.5000

46.00 1.0110 46.000 5%. 137 811, 1.4951
1'31fi 1.5125 1.5000
17/a 1.8750 1.5000

48.00 1.8395 1.4951

 
1.9375
I .9635
2.0000

123

  
  
  
  

1.5000
1 .496 1
1.5000
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Table 11. American National Taper Shank Twist Drills — Fractional

and Metric Sizes ANSI/ASME 394.1 I M-1993 
 

 
 

Drill Dzamflcr, 1)
Equivalent Mum:

F1367 D TaperLum mm Inch No.
3.00 (Ll IS] .000 l

14 0.1250 3. 1753.20 0.1260 3.200
3.50 0.1378 3.500  9/“ 0.1406 3.5713.210 0.1496 3.800

17,, 0,1562 3.967
4.00 0.1575 4.000
4.20 0.1654 4.201)

04‘ 0.1719 4.366450 0.1772 4.500
346 0.11175 4.762410 0. [890 4.800

5.00 0.1969 5 000
13/“ .2031 5 L595.20 0.2047 5.200

550 0.2165 5.501)
 

72 02183 5.5585.10 0.237 5.300
15/6, 0.2344 5.9546.00 0.2362 5.000

6.20 0.2441 5.2170
1/. 0.2500 6.350650 0.2559 6.501)
H4,, 0.2656 6.7466.30 0.2677 6.800

7.00 0.2756 7.000
941 .2812 7.1427.210 0.2835 7 21m

750 0.2953 7 5110   
 

"’{g‘ 0.2969 7.5417.80 0.3071 7.300
5/1.; 0.3175 7.9388.00 s 000

8.10 x 200
24‘ 8.334850 0.500
“4Q 0.7333.80 8.800

9.00 9 UIIU
Hg. 9 1299.20 9 2110

9.50 9.500
J4 9.559.8.0 0.3853 9.806
34‘ 0.1906 9.921

.—.—~.—..-.._-1..—»—.—...,—._»_1.___#._»_.—._#—_._H_.—.—._._»_-,——~—._,_»_-.‘.——~
10.00 0.3937 10 000
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Table 1 l. {Caminued) American National Taper Shank Twist Drills — FractionalSizes ANSI/ASME B94.11'M»1993
R:g|1.121r$h:1nk0veru11LengflI

,15

3/54

“/1:

I‘01

‘6

E41
1 7/11

35/51

”/15

‘44

“/1:

Wu

5/1

11
44

”(a
 
 
 

 

 
10.50

10.80
11.00

11,210
11.50

11.80

17.00
12.20

1250

12.80
13.00

13.20

13.50
13.00

14.00
14 25

1450

14.75
15.110

15.15

15.50
15.75

16.00
16.25

1650

16,75
1'! .110

I125

1750

18.00

 0.5433
U5469
0.5572
0.5 610
0565
0.5709
0.5181
05 307
0.5906
0.59311
0.60134
0.6094
0.6102
0.610]
0.6250
0.6299
0.6398
0.6406
(1.6496
0.6552
0.6594
0.6693
0.67 19
0.6791
0.6875
0.6881)
0.7031
0.7037
0.71 33
0,7233
0.7344

TWIST DRILLS

and Metric

 

  

   
10.310 1
10500 1 314
111.715 1 37/.
10.100 1 371
1 1.000 1 37/n
11.112 1 31/,
11.200 1 41/3
11,500 1 41,;
1 1.509 1 4y“
1 1.800 1 41/,
1 1.906 1 41/1
12.003 2 41g
11200 2 414,,
12.204 2 42/“
12 500 2 41;.
17.100 1 43/,
12.100 2 45/,
13.0110 2 436
13,095 2 4%
13.200 2 43g
13,492 1 .154
13.500 2 434
1.11100 2 471
13.891 2 47/a
14.01.10 2 474
14 250 7. 41/,
14.288 2 471
145m 2 4%
14.684 2 47/1
14.750 2 mg
15.000 2 414
15.083 2 474
15.750 2 47,.
15 479 2 47/3
15 500 2 41/8
15.750 2 41/E
15.315 2 47.,
16.11110 1 5 1/s
16 250 2 514
16271 2 5%
16.500 1. 5‘4
16.067 2 514
16.750 2 533
17.000 2 51,.
171166 2 51/.
17.250 2 5J4
17.461 2 518
17.500 2 533
17.859 2 53;.
13.000 2 554,
13.258 2
13.503 2
IS 4 "

125

  
7‘4

71/.

7V1
11/.
7V1
7/.
11/.
8'4
av.
11/.
11/.
31/.
W2
2/.
11/.
1'4
31/.
13/1
13/.
11/.
11.
33/.
s1.
5/.
0/.
31/.
13/.
sin
2%
11/.

@wamwofl
xx

9%
91/.
91/.
9V.
91/.
91.
91/.
1'1

 
 

 
 

 

 

 

 

1'1

4’4

47/.
4%
41/.
41
4K

57/1

 
 

 
 

  

124
124

I 37

1'57

1;;
143

149

 
Larger or 31111115151111.11-(rm-.11 11:211th

 

  

7’4
73/4
73/4
75/1

anaemw
5‘4
3'4

 

10

10

1015

101/,

my;

 
 

197

7.03

203
197
197
197
197
197
203
10.1
203
203
203
201
1 10
110
210
210
210

 
2411

248

154
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Table 11 . (Cumin med) American National Taper Shank Twist Drills .... Fractionaland Metric Sizes ANSI/ASME394.1 1M-1 993
DdIl Di 0177:1515, D Rnguial Shank   Largcx or 561111.161 515111“     

 
 

 

 

 

 

  
         

EquivaIant 31101-16 F1111: Lang}. Oman L611 g0. Mm“ FINE 1.5111401 OVEN“ Leugdl
m. D.“ W. F 1.11..

1.1012 m -E No. Inch mm _m No, 111:0 11111119.00 . 1 111' 71/8 ‘1 94 ' .. 1.
3/, 017500 191050 2 57/1: 149 934, 57,; 149 1091 257

w1/5, 0.7656 19.445 2 5 152 97/» 5 152 1054 270
19.50 0.7677 19.500 2 0 152 014 1.

2/“ 0,7512 19.543 2 6 152 07/, 6 152 1011 270
20.00 0.7521 20.000 3 514 156 10% 61g 156 10 254

51/5, 0.7909 211 2-11 3 55; 155 102 55g 156 10 254
20.50 0.5071 20.500 3 59,, 156 1094 614 156 10 254

"/11 0.3125 20.638 3 1,9,, 155 1091 59. 155 10 254
- 2100 0.5265 21.000 3 1,11 155 11194 514 155 10 54

51/“ 0.5251 21.034 3 6?“ 155 1091 6'41 155 10 254
fl/u 0.5435 21.433 3 61‘ 155 10x 59; 155 10 254

‘ 1150 0 3455 21500 3 (WI, 155 1011 5-4; 155 10 254$15, 0 5594 2111129 3 6’4 156 10% 5:4, 156 10 254
2200 05661 21000 2 91/: 156 101/. an“ 155 10 254

1/a 0.5750 22225 3 614 156 101/4 614 156 10 254
1250 0.5555 22.500 3 514 156 101/. 514 155 10 254

9/0, 0.5906 21.521 3 614 156 101/, 61g 156 10 254
291.00 0.9055 23.000 3 514 156 1019 614 156 10 254

2141 0.9052 23.011 3 61/5 155 um 51/: 156 10 254
"4.1 0.9219 23.416 3 6V1 156 11111

23.5!) 0,922 23,500 3 6 V. 155 [”24
11/“ 0.9375 23.513 3 61/3 155 109,

24.00 0.9449 24.000 3 61X 152 1 1 . 1 1
“4.1 0.9551 24.209 3 63/5 152 11 . , 1

24.50 0.9646 24.500 3 61g 162 11 1. ., .
.1141 (1.9688 24.605 3 6% 162 11

25.00 0.9543 25.000 3 573 162 11
61/“ 0.9544 25.004 :1 52/5 162 11

1 1.0000 25.400 3 5.1; 162 11 514 152 12 305
25.50 1.0039 25.500 3 614 165 111/3 .1 ,. 1 , .

11/N 1.0156 25.796 3 614 165 111/a ,, , 1 1
26.00 1.07.30 26.000 3 514 165 111/E .1

WE 1.0312 25.192 3 513 165 119., 6‘4 165 mg 305
25.50 1.0433 26.500 3 511, 155 11V, ..

111,, 1.0469 26.591 3 554 1611 11911
1140 1.0525 26.955 3 6x 155 1194 6% 168 12V: :11

27.00 1.0530 27.000 :1 651 165 my4 ..
1544 111731 275114 4 67/5 175 121/2 6% 1'15 1 1'4 292

2750 1.0527 17500 4 51/3 175 121/2 51,5 175 111,; 292
12/1. 1.11035 17.7113 4 61/5 175 121/1 6’4 175 1114 292

25.00 1.1024 25,000 4 71/8 151 1293 7L; 151 1153 295
17/5, 1.1094 25.179 4 714 151 1295 711 151 115 298

25.50 11220 25,500 4 714 I111 123/,1 71g 151 1114 295
11/3 1.1250 28.575 4 7V1 151 123/4 7V1 181 112 295
1'1,“ H400 25.971 4 7'4 104 12% 7‘4 154 111g 302

29.00 11417 29.00 4 79, 154 111/l 71; 154 117/a 302
165E 1.1551 29.267 4 794 184 1274 71/. 154 1174 302

29.50 1.1514 29.500 4 7:9 157 15 714 I117 12 305
1% 1.1719 29.797 4 71,4 157 1:1 714 I117 12 3115

30.00 1.11111 30.1100 4 75;, 157 13 7'4 157 12 305
1341 1 1575 30.152 11 7% 157 13 7:1 157 12 305

.1050 1.20011 30.5011 4 7'4 190 13141 7'5 19° 12’41 30“
11.95, 1.2031 30.559 4 71/, 190 13144 7'4 190 1214 300
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Table 11. (Continued) Ameri

TWIST DRILLS

can National Taper Shank Twist Drills — Fractional
and Metric Sizes ANSI/ASME 394. I 1M71993  

 
priu Dy mmD

Equiw'lcm
 

12 :guiar Shank
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w 
Lnlgcror Smaller Slmllk‘evardu [sugill
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Table 11. (Confirmed) American National Taper Shank Twist Drills — Fractionaland Metric Sizes ANSI/ASME B94J1M-1993
Drill Diamezwr, D Regular Shank Largzr ur Smallcr 51mm 

 
2.1562

 
2.1654
2.1375
2.2000
22.188
2.2441
2.2500
2.2335
2.3 l 5
23223
23621
23750
2.40] 6
1.4375
2 4409
l 4303
2.5000
2.5 H7
2.5551
2.5625
25984
16150
25378
2.5772
2.6875
2.7165
2.7500
2 7559
2.7953
2.8125

65.08:!
66.001
66.515
57.000
68.000
68,262
59,000
69.850
7u um
71.000
71.438

 
ummmummmmu‘mmmmmmrJ-mmmw
u.

mmmmmmuuuum
unannumuu
u.u.u.u.

0mm ungu: 
l.
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, Table 11. (Cmu‘inued) American National Taper Shank Twist Drills m- Fractional
and Metric Sizes ANSI/ASME 1394. 1 1M7 1 993

  
  

Drill Diamelm D
  

chulm Shank
  

Larger or Smallfl Shank“
     

 

  
  
  
  
  
  
  
  
  
  
    

  
Mme FluLc laugh ovmm Laugh FluraLeugIh
Tam F 1-NnV Inch mm Inch

5 1 3% 340 2 1 '1S
5 13% 340 211/8
5 1 314 340 21 '/a
5 14 356 2P4
5 14 356 21%;
5 14 356 2133
5 14 356 21%
5 14 356 21 V4
6 14% 371 24V;
6 14?K 371 2414
5 14% 37 I 241/1
6 15 '4 394 51/1

 
 
 “Larger or smaller than regular shank.

Table 12. American National Standard Combined Drills and Countersinks —
Plain and Bell Types ANSHASME 394.11M-1993

  
 

PLAIN ’l’Yl’E

Plain Type

 
 

  
BELL TYPE

 

Sin:

 
Dusigflahon

 Drill Eminent

 
  
 

 
  L
 

 

 
 

Sin
Designatinn

ll
I2
I3
14
n
15
17
13

   
 lvfilllmeiels
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Table 13. American National Standard Three- and Four-Flute Taper Shank
Core Drills — Fractional Sizes Only ANSI/ASME 1394. 1111471993

 

 

 

 
 

 
Dubs-Hurt DriJJs 
mm ngm Ovcrall mm 

nutInch
 
 

0.1500
0.22 a 2
0.3175
0.3438
0.3750
0.4062
0.4375
0.4533
0.5000
0.5312
0.5615
0.5938
0.5250
0.6562
0.6375
0.71 38
0.7500
0.78 1 2
0.81 15
0.8438
0.8750
0.9062
0.9375
0.9088
{.0000
2 .03 1 1
1.0625
1.09 38
LIED
1.1562
1.18 75
L2] 88
1.2500
1.38 J 2
1.315
1.3438
1.3750

  
6.350
7.142
7.938
8 .733
QJZS

10.319
11.1 12
1 1.903
I: 700
13 .492
14.288
15.033
15.1115
16.6611
17 462
18 258
19.050
19.842
10.633
21.433
22,225
7.1.0 I 9
B 812
24.608
35 .401]
16.192
26.988
27.783
13.375
29.367
3 0.162
30 958
3 1 750
32.542
33.338
3-1. 133
34.925
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Dril'l Diameter, 1’) Three-Flow Drills anr-Flnlb mm:

Equivalent Morse Fiule 1.;ng everanmgm Morse Flutelengilu Overall LcnglllTaper
  

 
 

  

        
 

 

  

L
Inch mm Incl]

1.4061 . . . 4
117“ 1.4375 . .. 4
1‘54: 1.4638 . d
11,; 1.5000 , . 4
1% 1.5312 5
1%“ 15675 5
1% I 5935 . 5
114 1.5150 5
111/9 1,6562 .. 5
111/“, 1.6875 . 1 . 5
1:152 1.7155 . . 5
114 1.7500 5
1% 1.71312 5
119;. 1.3125 ., s
124/31 1.8433 .. . . 5
I'lg L875” . 5
1% 1.9062 . 5
11%,, 1.9375 ,. . 5
121/1 1.9688 s1 2.0000 ., 5
114 2.1250 .. 5
214 7.2500 .. 5
234 2.3750 5
2% 2.5000 5

  
 

Brifisll Standard Combined Drills and Conntersinks (Center Drills).—B S 328: Part
2: 1972 (i 990) 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 protecljng charnfers, with
protecting chamfers, and with protecting chamfers of radius form.

American National Standard Drill Drivers — Split—Sleeve, Collet Type
ANSIB94.3591972 (R1995) 

  
  

   

A

J 7 Taper pt! Punt
K

G
G H Diameler J K Lcugd. L Dc'n'er

Tana Number Ovemll 1.1:“ng at. Gage Line Taper pal Fool“ m Gage Line Projection
ob 2.38 0.356 01621460 2.22 0.16
1 2.62 0.475 0.59353 144 0.19
2 3.19 0.70:) 039941 2.94 0 25
3 3.94 0.913 0.60135 3.09 0.3
4 5.00 1.231 0.63326 4 [72 0.39  

“Taper rate in accordance with ANSI/ASME 13110-1994, Machine Tapers.
l’SizeO is not an American National Standard but is included here 10 111th special needs,
All dimensions are in inches.
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Table 14. ANSI Three- and Four-Flute Straight Shank
Core Drills —— Fractional Sizes Only ANSI/ASME3941 I Hid-1993 

 

  
 

  
 

  
 
 

 
 

 

 
  

 
   

 
 
 

  

 
  

  
  

 
 

   

—|

60% nf
Diameter

Drill Diameter 31'8" (9.525 mm} and Large:
Nominal Shank Size is same 3: Nominal Drill Size __1

Drill Dlamclm‘. u Three-Fl 11:: 131-111: FourrFluLz: DriJJs
qulil'ulcul F1111: Lcngm Oven“ ngda Flule Iznglll Ovemll Lcnglh

Inch
6.350
7.142

5/” 03125 7.9351
".51 0.3433 13.733
x 0.3750 9.525 4Va 111: 5x
(931 0.40s: 101317 41¢" 111 7 ., .
2/“ 0.4375 11.112 4% 117 714 1114
154. 0.415133 11.902 414 121 71/2 190 . . . ,
lg 0 50110 121700 4-3 121 715 197 4% 121 7% 197
112 05312 13.49: 4% I21 3 203 43" 121 B 203
“45 0.5525 14.288 424 124 314 210 474 114 m 210
121E 0 5933 15.033 474, 124 11:4 222 41g 124 33/, 222
74 (1.6250 15.875 47/K 124 313 222 414 124 sag 222
11/1 0.6562 16.667 51g 130 9 229 51g 130 9 229
I /m 0.61175 17.462 51/! 137 914 235 51g 137 9'4 235
3/3 11.7131; 18 252 55/5 143 91/2 241
34 0.751111 19.050 514 149 9-14 248 574 149 913 2.111
2711 117312 19.1342 6 152 971 751
1315 0.2125 20.633 615 lfié lo 254
27/31 11.124311 21433 we 156 10 :54
24 0.117511 12.225 m 156 ID 254
21% 0.91162 23.1117 5% 156 10 254
Wm 0.9375 13.211 .. 5'4 136 19—3; 273
1141 0.9688 24.6% 6y: 162 11 2791 1.001111 25.400 . . 6% 162 11 279

1yu 1.0312 26.192 1, 5'4 165 1114 283
11/,“ 11052.5 26.9133 .. . 5% 1613 ”V: 286
11$ 1.0938 27.783 67/S I75 1ng 292
11/2 1.1250 23 57s 7V1 181 1134 29331,750 774 200 111; 3111
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850 DRILL DRIVERS

Drill Drivers—Split-Sleeve, Collet Type— Ameiican National Stande ANSI B 94 .35a
1972 (R1995) covers split—s] eeVe, coileHype 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, inciuding metric sizes.

For sizes 0.0390 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 02520 inch, the standard taper number is 1. first optional taper number is 2, and
second optional taper numberis 0. For sizes 02570 through 03750 inch, the standard taper
number is l and the optional taper number is 2. For sizes 0.3860 through 05625 inch. the
standard taper number is 2 and the optional taper number is 3. For sizes 0.5781 through
07500 inch, the standard taper number is 3 and the optional taper number is 4.

The depth B that the drill 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 01250
through 0.1875 inch; 0.88 inch for sizes 0.1890 through 0.2500 inch; 1.00 inch for sizes
0.2520 through 0.3125 inch; 1.1 2 inches for sizes 03 160 through 0.3750 inch; 1.25 inches
for sizes 03860 through 0.4688 inch; 1.31 inches for sizes 0.4844 through 05625 inch;
1.47 inches for sizes 0.5781 through 06562 inch; and 1.62 inches for sizes 0.6719 through
0.7500 inch.

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 general engineering purposes. 150 recommendations are
taken into account. The accompanying tables give the standard metric sizes of Morse taper
shank twist drills and core drills, parallel shank jobbing and ion g series drills, and stubdrills.

All 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
intended for opening up cast holes or enlarging machined holes. for example. The parallel
shankjobber, and long series drills, and stub drills are made without driving lenons.

Morse 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 ofdrills.

The limits of tolerance on cutting diameters. as measured across the lands at the outer
corners of a drill, shallbe h8, in accordance with BS 1 9 16, Limits and Fits for Engineering
(Part 1, 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 HS. where practicable.

Drill Elements: The following definitions ofdrill elements are given.
Axis: The longitudinal center line.
Body: That portion of the drill extending from the extreme cutting end to the commence-rnent. ofthe shank.

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

133



134

TWIST DRILLS 85 1

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 rg round surfaces on the leading edges of the drill flutes. The width
ofthe land is measured at right angles to the flute helix.

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

Heel: The edge formed by the intersection of the flute surface and the body clearance.
Point: The sharpened end of the drill, consisting of all that part of the drill that is shaped

to produce lips, faces, flanks, and chisel edge.
Face: That portion of the flute surface adjacentto the lip on which the chip impinges as itis cutfrorn 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.
Relative Lip Height: The relative position of the lips measured at the outer corners in a

directionparallel to the drill axis.
Outer Corner: The comer formed by the intersection of the lip and the leading edge ofthe lurid.

Chisel! Edge: The edge formed by the intersection of the flanks.

  
  
  

  

  
  
  
  
  

   
 
 
 
 
 

 

 

 
 

 

  
Chisel Edge Comer: The corner formed by the intersection of a lip an the chisel edge.

Table 15. British Standard Drills — Metric Sizes Superseding Gauge and
Letter Sizes 83 328: Par! 1 : I959Appemlix B

Recon} Recon} Reconr
“$11?” mended 025$“ mended ”first?” mendeds‘ Men-i: Sim .‘ Men-i: Size . Metric saletze Sm: Size

(MB) (mml (mm)
5 K 1.05 2.70 I4 . 6.90
57 I, It] 13 . 7.00
55 firmln, 2.30 122.00 11

2.55 0/32 in.55 2.05 7.40
54 2.93 750

75 0.52 53 3.00 7.70
74 0.53 52 0.0073 0,60 51 3.30
12 0.55 3.50
71 0.65 Vain.

50 3.70 P 0.20
49 3.70 Q 3.4070 0 70 us R 8.60

59 0,75 47 3.30 s 3.00
as 1/2 in, 45 3.90 T 9.1067 0.31 3.90
66 0 as 4.00 U 9.30

4.00 v at".65 0 90 w 9.80
54 0.91 4.10 X [0.10
53 0.95 4.20 Y 10.3062 0.95 4.30 2 10.50
51 1,00 4.40

4.50
60 LOO
59 1,05 4.60

        
 

Gauge and letter size drills are now obsolete in the United Kingdom and should not he used in the
production of new designs. The table is given to assist users in changing over to the recommendedstandard sizes.
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Table 1. British Standard Morse Taper Shank l‘wist Drills and Core Drills —Standard MetricSizes 3532 (ML-1959DvrmllU“

‘25

'238
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Table 1. British Standard Morse Taper Shank Twist Drills and Care Drills —
Standard Metric Sizes BS 328: Parr I: 1959

  

  
 
 

 
 

  
 
  

chrull
Diameier Length 13mm

5 6.00 7 1.00 250 l 4375 Hill
5 am
59.00
60.00   
    
 I imensmns are m u re ers. in eranccs on I Iameiers are givenln 6 ts-

Table 2, sh uws twist drills that may be supplied with the shank and length oversize, but they should
be regarded as nonpreferred.

The Morse mpcr shanks of these twist and core drills are as follows: 3.00 in 14.00 mm diameter,
MT. No. 1; 14.25 i023.00 mm diameter, M.T. No. 2:23.25 to 31.50mmdiameter, M.T. N0. 3; 3 l .75
to 50.50 mm diameter, MT. No. 4; 51.00 to 76.00 mm diameter, M.T. No. 5; 77.00 to 100.00 mm
diameter, MJ‘. No. 6.

Table 2. British Standard Morse Taper Shank Twist Drills m-
Metric Oversize Shank and Length Series BS 328: Part I : 1959 

 
  
 
 

  
  

mi Overall M T
Range 11;“th No

am in 13.10 22.50 m 23.00 276 3 4550 m 4750
13.50 Lu 14.00 205 26.75 lo 28.00 3 l9 435.00 to 50.00

 

18.25 In [9.00 756 29.00 to 30.00 324 50:70
19.25 L0 20.00 25 l 64.00 in 67.00
20.3 tu 21.00 265 40.50 in 42.50 392 68.00 to 71.00    

4
4

30.9.7 to 31.50 329 4
5
52 | .25 Lu 22.25 271 43.00 m 45.00 397 72.00 in 75.00 

Diameters and lengths are given in millimeters. For the individual sizes within the diameter ranges
given, see Table i .

This series of drills Siluuld beregardetl as non-preferred.

Table 3. British Standard Limits of Tolerance on Diameter for
Twist Drills and Care Drills — Metric Series BS 328: Part]: 1959 

Drill sin:
(Dimmer measured arms: lands al ()ulcr tut-nuts) Tolerance (hi!) 

0 In ] ii'IL'lIlSlV‘fl Plus 0.000 in Minus 0.014
Over 1 to 3 inclusive Plus 0030 L0 Minus 0.0!4
Over 3 m 6 inclusive _ Plus 0000 to Minus 0.018Oucr 6 m 10 inclusive Plus 0.000 mMiuus 0.022
Over IU to lit inulusive Plus 0 out [n Minus 0.027
chr IR m 3H inutusive Plus a nut! lu Minus 0.033
Over 30 w 50 inclusive Plus 0000 In Minna 0,039
Over 50 tn 80 inclusive Plus 0.000 to Minus 0.046
Over 80m 120 inclusive Plus 0.000 to Minus 0.054 

All dimensinns are given in mill imaters.
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Table 4. British Standard Parallel Shank Jobber Series Twist Drills —
Standard Metric Sizes BS 328: Part I: I959
 . —r u —1—.re “a a5 § “alga E “5 fie a ”a :aa 2:“ =21 3 a: g: a 2:.“ w E 2;“ 3;“
3 L3 5:1 ,3 E: 03 ,g “-j 53 g “(:1 03

 
 

 
 

  

 
  

  
  

3.80 
   

  
 

3.90
400

4‘ l 0 l 08 1604.10 9.00
g . l I) 81 1%

4.30 9.20
4.40 9.30
4. 50 47 80 9.40
4.60 950
4.70
4.80
 

 

   
J33

    
4.90

j g-gg .2 3543 '1.00
1.65 20 5.20
1.70 5.30

         
  

All dimensions are in millimetcrs. Tolerances an diameters are given in Table 3.
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Table 5. British Standard Parallel Shank Long Series Twist Drills —-

Flute Ovcnll
Length Langm

Standard Metric Sizes BS 328: Part I : 1959 

     
      

AH dimensions are in millimeters. Tulenmces an diameters are given in Table 3.
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8328: Part]: 1959 

    
 

  
 

  
 

  102               
All dimensions are given in millimeters. Tolerances on diameters are glVEfl in Table 3.

Steels for Twist Drills—Twist drill steels need good toughness, abFaSEOI‘l resistance, 311d
ability to resist softening due to heat generated by cutting. The amount of heat generated
indicates the type of steel that should be used,

Car-bun Tau! Steel: may he used where little heat is generated during drilling.

HfgheSpeed Steel: is preferred because of its combination of red hardness and wear resis-
tance, which permithigher operating speeds and increased productivity Optimum proper-
ties canhe obtained by selection of alloy analysis and heat treatment.

Cabaerfgh-Spnedsreel: alloys have higher red hardness than standard high-speed
steels, permitting drilling of materials such as heat-resistant alloys and materials with
hardness greater than Rockwell 38 C. These high—spe ed 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 tungsteneearbide tipped tools.

Accuracy of Drilled Hoke—Normally the diameter of drilled holes is not given a toler-
ance; the size ofthe hole is expected to be as close to the drill size as can be obtained.

The accuracy of holes drilled with a tworfluted twist drill 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 to 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 arise 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 whichthe diameners of over 2800 holes drilled in steel and cast iron were measured. The values in
this table indicate what might be expected under average shop conditions; however, when
the drill point is accurately ground and the other machining conditions are correct, the
resulting hole size is more likely to be between the mean and average minimum values
given in this table. lfthe drill is ground and used incorrectly, holes that are even larger than
the average maximum values can result.
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Oversize Diameters in Drilling
 

  

 
Amount Oversize, Inch 

Average MintUJHB
auto
0 004    

Courtesy of The United States Cutting Tool Institute
Some conditions will cause the drilledhole 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 drill will produce holes that are excessively over—size. The drill
point must be symmetrical; ilerl the point angles must be equal, as well as the lip lengths
and the axial height of the lips. Any alterations to the lips or to the chisel edge, such as thin-
ning the web, mustbe done carefully to preserve the symmetry of the drill point. Adequate
relief should be provided behind the chisel edge to prevent heel drag. 0n conventionally
ground drill points this relief can be estimated by the chisel edge angler

When drilling a hole, as the drillpoint starts to enter the workpiece, the drill will be unsta—
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 conu'ibuting to bellmouthin g are: an unsymmet-
rically ground driil point; a large chisel edge length; inadequate relief behind the chisel
edge; runout of the spindle and the chuck; using a slender driil that will bend easily; and
lack ofri gidi ty of the machine tool, workpiece, or the setup. Correcting these conditions as
required will reduce the tendency for bellmouthing to occur and improve the accuracy of
the hole diameterand its straightness. Starting die hole with a short stiffdrill, such as a cen-
ter drill, will quickly stabilize the drill that follows and reduce or eliminate hellmouthing;
this procedure should always be used when drilling in a lathe, where the work is rotating.
Bellmouthing can also be eliminated almost entirely and the accuracy of the hole improved
by using a Close fitting drilijig 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 conventionai twist drills having only a single margin at
the leading edge of the land, The second land, located on the trailing edge ofeach land, pro~
Vides greater stability in the drill bushing and in the hole These drills are especially useful
in drilling intersecting off-centerholes, 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.
Countcrboring.-Counterboring (called spot-facing if the depth is shallowjis the
enlargement of a previously formed hole. Counterbores for screw holes are generally made
in sets Each set contains three counterbores: one with the body of the size of the screw
head and the pilot the size oi'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 ofthe body of the screw and the pilot the size ofthe tap drill. Counterbores are
usually provided with helical f1 utes to provide positive effective rake on the cutting edgas
The four flutes are so positioned that the end teeth cut ahead ofcenter to provide a shearing
action and eh'ruinate chatter in the cut Three designs are most common: solid, two-piece,
and threeepiece. Solid designs have the body, cutter, and pilot all in one piece. Twoepiece
designs have an integral shank and counterbore cutter, with an interchangeable pilot, and
provide true coneentri city of the cutter diameter with the shank, but allowing use ofvznious
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pilot diameters. Three-piece counterbores have separate holder, eounterbore cutter, and
pilot, so that a holder will take any size of counterbore cutter. Each counterbore cutter, in
turn, can be fitted with any suitable size diameter ofpilot. Counterbores for brass are fluted
s traight.

Counterbores with Interchangeable Cutters and Guides 

 
    
 

Range of Rangeof

 
 

No. of cum Pam Laugh: of Length Din.
No. of Morse Taper Dim-hem Dihmnum, Cone: Body. of Pilot. of Shank.A H D E I"

3/r1 Via Key: 34 h
1w“ newn a IVs
em. "M w. 1a
21/3314, 1.2Va w, 1'4  
 

Slmighl Shank
Counmrhon: Diamemts Diameter 

'94; it
'4 it
"/13 V2
“45 V2
5’2 ‘éo 110 7/“

0.133 '4
0.155 5’1
u. 176 u,“
urtgs 945
em 1/".
0.24] 7/32
BIKE 14
0.327 “/2
0.372 V  

All dimensions are in inches.

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 enough to come below the surface of the pilot. The counterbore
sliouldbe relieved on the end ofthe loody only, and not on the cylindrical surface. To faei [—
itate the relieving process, a small neck is turned between the guide and the body for cle ur—
ance. The amount of clearance on the cutting edges is, for general work, from 4 to 5
degrees, The aecompartying table gives dimensions for straight shank counterbores.
Three Piece Counterborcs.—Data shown for the first two styles of counterbores are for
straight shank designs. These tools are also available withtaper shanks in most sizes. Sizes
of taper shanks for cutter diameters of l/4to 9/” in. are No. 1, for I9/32to 7/3131, No. 2; for 15/16“)
13/911“ No. 3; for lJ/Zto 2in., No. 4; and for21/3to Tart, No 5.
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Table 1. AmericanNationaI Standard Sintered Carbide Boring Tools —
Style Designations ANSI 13212.1 - I984 (R1997)

Side Culling Edge Angle 5 Eating Tool SLyles
SnlidSquare TlpptLiSquun: SofidRmmd Tll'lpcdllonml

Depoes Desiglau‘oll (ssl (TS) (SR) (TR)

  

  
 
 

u A TSA
10 B T33
30 C ssC Tsc TRC40 D TSD
.15 E SSE TSE THE
55 F TSP
90 (0° Rake) G TRG
9:) (10“ Rate) H TRH 

Table 2. American National Standard Solid Carbide Square Boring Tools—Style
SSC for 60° Boring Bar and Style SSE for 45" Boring Bar ANSI 32121—1984 {R1997}

'— jDilu

FR:\ 6210 M0.010 R 2 0.003

 

. ll

Aifif‘llz 1*:
F 1 52-10005 to sllurp cornera: E

1
C2K;

12° :1“
 

  

  
 

Tonl Designation
and Carbide Grade

 

 
 
  

   
 
 

  
R 3332'

Boring Bat I 5’13““ ”mm”, “'3‘“ Side and ng End Culling Shoulder
’ Tbol Angle. Deg. Edge Angle Edge Angle AngleDesiguminn from Axis EDeg. a Dog. F ,Deg.

ssc—ss so 30 as so
SSE-58 45 fi 45 53 45
556610 60 3o 35 so
5:le0 45 45 53 45ssc-xlo so 30 as
SSESIO 45 45 53 :15
SSCVJDIZ so 30 as so
551371012 45 45 53 45

Counterbore Sizes for Hex-head Bolts andNuts.—Table ’2, )age I SI 1, shows lhe max-
imum soc (et wrench dimensions for standard 14-, 1/2— and 34—inch drive socket sets. For a
given socket size (nominal size equais the maximum width across the flats of not or bolt
head), the dimension Kgiven in the table is the minimum counterbore diameter required to
provide socket wrench clearance for access to the boil or nut.
Sintered CarbideBoring Tools.—lndustrial expefiencc 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 5 of Ameri~
can National Standard ANSI B2l2.1—l984 (R1997) gives standard sizes, styles and
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designations for four basic types of sintered carbide boning tools, namely: solid carbide
square; carbide—tip]: ed square; solid carbide round; and carbidcitipped round boring tools.
In addition to these ready-tu—usc standard boring tools, solid carbide round and square
unsharpened boring tool bits are provided

103:1D
Tel“

G11“ vfiyysfliln
K Ref ta Sharp Corner
4?

 
 

 

Shoulder angle Ref F

 
 

 

{L 0° 1: 1" Along angle “G”12‘ 1: 1° 10°: 2“ Along angle “G”
Tool Designatinn
and Carbide Grade mum]

Table 3. American National Standard Carbide—Tipped Square Boring Tnnls —
Styles TSAand TSB for 90° Boring Bar, Styles TSC and TSDfnr SCID Boring Bar, and

Styles TSE and TSF for 45° Boring Bar ANSI 3212.1A1984 (R1997) 
rip Dimensinns.Inches 

mag” ' 'np 

  

2041.1

2040

2040
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Table 3. (Continued) American National Standard Carbide—Tipped Square Boring
Tools *Styles TSA and TSB for 90" Boring Bar, Styles TSC and TSD for 60D Boring

Bar, and Styles TSE and TSF for 45“ Boring BarANSI 821 2.1 -.1' 984 (R1997)  

  

  
   

            
. . Tip Dimensinns

Bar. Bar . I . SldccuL Elul U". Show , I
Tunl AngleA Shank Dlmmsmns, IDChES mg: Edgb I!“ “th65D=sigm- trm'n Axis, Ange Anglo Angk:mg E‘ Dug. a Dag 1", De;

(I s 90

L0 5 90 2mm J4: I4 3/!

30 .55 60 2060 1/31 M x

TED-7 60 I45 7/,5 avi 40 as m 2050 1/2 I4 2/3

T551 45 7/“ 7,6 2% 45 53 45 2mm '7}; I4 34

TSP-7 45 7/“ 746 215 55 53 45 2060 5g; ‘4 )g

Tst 90 '4 ‘4 2‘4 1A 0 3 90 1150 Va 54.: 7/",
7 , I

TSEHE 90 24 I4 2% i m a an 2150 54 5/15 7/“0.010

Tsc-a an I4 la 2% 10 33 so leu ‘4; 5/,5 I45

TED-E so 15. I4 1;; 4U 33 an 2150 I4 v,“ 1/“

TSE-B 45 I4 I4 2g 45 53 I4 5/,“ 1/“

Tar-s 45 I4 a; 2% 55 53 I4, 5/”, 7/15

BAN 90 54 'yK 3 14’ u a 5/1 Ag 9/“
TEE-10 90 59 5g 3 1 IO‘ 5 an 222:) 5/52 ya u/m0‘01 0

T5010 60 5g 5; 3 341 as so 2220 53: 4y. 9/“

TSDJD so 5;, 5; 5 40 as 60 2220 .332 I4 ”4‘

Tame 45 51‘ 54 1 45 53 45 2110 x1 24 "/m

TSF— 10 45 5/1 Vs 3 55 53 45 22:0 5/3 14‘ y“

TSAr I2 90 3g 5/, 3'4 g u 5 90 2500 2/m 7/.“ 54
2

T8342 90 3/, =4 3% i m s 90 zauu ‘45 7/” 540.010

T80 12 50 z 3;, 3‘4 50 as so 2300 3” H5 5g

TSD-lZ so a; 34 3g 40 33 an 2300 x5 ’45 ya

man: 45 g 4/, 3y; :5 53 45 2300 V16 14“ 5/_

TSF-l 2 4s 3/, y, 3;; 55 53 45 2500 :46 y“, 5/5
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Tnul Designation G v 10

and Carbide Grade ‘ R:i\ q “
$ Bl $33? 0.010 R 1: 0.903

. a

m“! 20.005 to sharp corner-flJJII: F: Na
1Ct...

64 /(H

 

 
 

 
 

 

 
MD

A 6" 1 13 Along angle “6”

Table 4. American National Standard Solid Carbide Round Boring Tools ~— Style
SRC for 60° Boring Bar and Style SRE for 45u BoringBar ANSIBZ]2.1-1984(R1997)

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 
 

  
ToolDesignation

SRC—33 60

SIZE-33 45 0.088 [1070 [—0.005 45 53 45
SRC-44 no 0.1 18 0,094 +0009 30 38 so

SEE—t4 45 0.1 18 9.094 [—0.005] 45 53 4.5SRC~55 60 0.149 01117 10005 30 38 60
ERIE—55 45 0.149 0.117 £1005 45 53 45
SRCAfiIS 60 (1177 (1140 120.005 30 38 60
SHE-66 45 0.177 0.140 i0.005 45 53 45
SRCrSE (10 0.240 0.1 57 £1005 30 38 60
SRE»88 45 0140 0.137 10.005 45 53 4S
SRC-10"] 60 0.300 0.235 i0.005 30 38 EU
SRE-1010 45 0.300 0.235 iODOE 45 53 45

Stychesignat’ionsfor Carbide Boring Tunis: Table 1 shows designations usec to spec-
ify the sty es 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 a third letter (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 cutting edge angle is omitted.

Size Designation ofCarbr'dg Baring Tools: Specific sizes of boring tools are identified
by the addition of numbers after the style designation. The first number denotes the diam,
eter or square size in number of 1% ds forty es SS and SR and in number of 1/1 tits for types:2“ P a
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TS and TR, The second number denotes length in number of 1/8ths for types SS and SR.
For styles TRG and TRl-l, a letter “U" after the number denotes a semi—finished tool (cut—
ting edges unsharpened). Complete designations for the various standard sizes of carbide
boring tools are given in Tables 2 through 7. In the diagrams in the tables, angles shownwithout tolerance are i 1°.

Table 5. American National Standard Carbide-Tipped Round Boring Tools — Style
TRC fur 60° Boring Bar and Style TRE for 45“ Boring Bar

ANSIBZIZ. [71984 {R1997}

Tool Designation
and Carbide Grade

 

Optional Design
 

Tip Dimensions,LDCJ'ABS

 
     

Examples ofTool Designation: The designation TSCeS indicates: a carbidetipped tool
(T); square Crossrscclion (S); 307degree side cutting edge angle (C): and 3/“, or 1/2 inch
square size (8).

The designation SRE-66 indicates: a solid carbide tool (S); round cross-section (R); 45
degree side cutting edge angle (E); 6/32 or 3/m inch diameter (6); and ‘3/3 or 34inch long (6).

The designation 53-610 indicates: a solid carbide tool (S); square crossvseotion (S); fi{got
J/mineh square size (6): 1% or 1 Zinches long (10)

It should be noted in this last example that the absence of a third letter (fiom A to H) indie
sates. that the tool has its mounting surfaces groundbut that the cutting edges are unsharpeened.
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Table 6. American National Standard Carbide-Tipped Round General-Pun)use
Square-End Boring Tools —- Style TRG with 0" Rake and Style TRH with 10g RakeANSIBZIZJ-1984 (R1997) 
 

  
 

 
100 L masmmnouMLD CARIIDE GRADE

Tum-Ii:
4111915

B—l

(ll'l'lONAL DESlEN

   Tip Dimenslnus, Inches

  
 
 

“ Semifinishsd tool will be wiLhout Flat (B) and carbide Drug-round on the and

Table 7. Solid Carbide Square and Round Boring T001 Bits  

  
  

  

    
 
 

   

 
 
 
 
 

+ 0 {20005 I
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-902 sow) CARBIDE SQUARE SOLID CARBIDE ROUND
BORING TOOL BITS BORING TOOL BITSSTYLE 5 R
  Ruund Bil:

 
SS<610
53-310
557 l 0 ll
557 ! 2 l4 

All dimensions an: in inches.

Tolerance on Length: Thmugh 1 inch, + gawo; over 1 inch, +1464 -0.
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Spade Drills and Drilling

Spade drills are used to produceholes rang'ng 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 forhottoming to a 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 usually made
from h igh—speed steel, although cast nonferrous metal and cemented carbide-tipped blades
are also available. Spade drill holders are classified by a letter symbol designating the
range of blade sizes that can be held and by their length. Standard 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
to its 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. 2a through
Fig. 2f show some typical blades.

Milling machine
taper shank

Body diameter
Blade retaining screw 

 
  
 
 
 

 

 
 
 
  
 
 

Coolant
110133 Locating flats

Morse taperBud
y shank

Seatin surface -
Flute g Stralght shankll lute lengthBlade slut

Coolant inductor
 

Automotive shank
(special)

Fig. 1 t Spade Drill Blade Holder
Spade Drill Geometry.—-Meml separation from the work is accomplished in a like man-
ner by both twist drills and spade drills, and the same mechanisms are involved for each.
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 atthe same time is sheared by therota—
Lion of the blunt wedge-formed chisel edge. This combination accounts for the very high
thrust force required to penetrate the work. The chisel edge of a twist drill is slightly
rounded, but on spade drills, it is a straightedge. Thus, it is likely that it is more difficultfor
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 isless.
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Typical Spade Drill Blades

   
Fig. 2b. Standard blade with core

Fig. 2a. Standard blade ner chamfer Fig 2c. Core drilling blade

- E

lm @
Fig. 2d. Center cutting facing er Fig. 2e. Standardbladewith split Fig. 2f. Center cutting radius

bottoming blade point or crankshaft point blade

  
Basic spade drill geometry is shownin Fig. 3. Normally, the point angle ofa 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 14 to 5/15 as thick as the blade thickness.
Usually, the cutting edge angle is selected to provide this web thickness and to provide the
necessary strength along the entire length of the cutting lip. A further reduction of the
chisel edge length is sometimes desirable to 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
degees on a twist drillmcauses the chips to flow more toward the periphery of the drill,
thereby allowing the chips to enter the flutes 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 hard or tough 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 at the center, A flat rake
surface is recommended for drilling hard and tough materials 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 also called
chip breaker grooves. Functionally, these grooves are chip dividers; instead of forming a
single wide chip along the entire length of the cutting 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-
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ting lips must not overlap when measured radially along the cutting lip. Fig. 4 and the
accompanying table show the groove form and dimensions.

31/GE
I<Radial rakeRake angle Front lip clearance angle

/\V Chin splitters
0.D. clearance angle 6} Seating padLocating mm

01). land (circular) YBlade diameter

W   
 
 

 
 

4

f\

  
 

Chisel edge we” Locating
angle Rake surface slut

Cutting H lChisel edge F
4

Blade thickness 1] L Cutting edge

 
Back taperfiangle

"'0“ Typ. Point angle

%Stepped 0.D. clearance
0.031 R. Typ» L

0.1). clurance 1%angle Wedge angle(optional)
Fig. 3. Spade Drill Blade

On spade drills, the front lip clearance angle provides the relief. It may be ground on a
drill grinding machine but usually it is ground flat. The normal front lip clearance angle is
8 degrees; in some instances, a secondaIy reliefangle of about 14 degrees is ground below
the primary clearance. The wedge angle on the blade is optional, It 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 circular, serving to support
and guide the blade in the hole. Usually it is ground to have a hack taper of0.001 to 0.002
inch per inch per side. The width of the land is approximately 20 to 25 per cent ofthe blade
thickness. Normally, the outside-diameter clearance angle behind the land is 7 to ID
degrees. On many spade drill blades, the uutsideediameter clearance surface is steppedabout 0.030 inch below the land.

 

Blade din. A (Mann)

A 45a M“ T 1.00 — 2.31 005060° Min 3'1” 2.32 — 3.00 0.07:)

l 3.01 A 4.00 0.0900.025 4.00 «- UP 0120
0.050 Enlarged view and

0.030 R. Typt dimensions of chip sputter

Fig. 4. Spade Drill Chip Splitter Dimensions

SpadeDrilling.—-—Spade drills 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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rotates and the tool is stationary. Although there are some slight operational diffErences,
the methods of using spade drills are basically the same. An adequate supply of cutting
fluid must be used, which serves to cool and lubricate the cutting edges; to cool the chips,
thus making them brittle 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. ofabout one
to two and oneihalf times the diameter in depth. For deeper holes, the cutting fluid should
be injected through the holes in the drill. When drilling very deep holes, it is 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 light 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 a tendency to wander as it starts to enter the work, especially if the feed
is too light. This wander can result in a mispositioned hole and possible breakage of the
drill point. The best method of starting the hole is to use a stub or short-length spade drill
holder and a blade of full size that should penetrate at least 1/8 inch at full diameter. The
holder is then changed for a longerone as required to complete the hole to depth. Difficul—
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 ISO-degree point. angle of the spade dn'l i. Longer
spade drills can be startedwithout this starting procedure ifthe drill is guided by ajig bush;
ing and ifthe holder is provided with wear strips.

Chip formation warrants the most careful attention as success in spade drilling 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 to 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 shouldbe fonncd into a “C" or
“figure 9” shape. Such chips will readily enter the flutes on the holder and flow out of thehole.

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 adiscontinuous chip, but austenitic stainless steels and very soft and
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 better 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 corner chamfer on the tool will sometimes
help to produce more manageable chips.

In most instances, it is not necessary to experiment withthe spade drill blade geometry to
obtain satisfactory chip control. Control usually can be accomplished by adjusting the cut-
ting conditions; ie, the cutting speed and the feedrate.

Normally, the cutting speed for spade drilling shouldbe l 0 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 l7 through 23,
starting on page 1030. can be used as a starting point; however, they should be decreased
by the percentage just given. it is essential to use a heavy feed rate when spade drilling to
produce a thick chip. and to force the Chisel edge into the work. In ductile materials, alight
feed will produce a thin chip that is very difficult to break. The thick chip on the otherhand,
which often contains many rupture planes, will curl and break readily. Table 1 gives sug-
gested feed rates for different spade drill sizes and materials, These rates should be used as
a starting point and some adjustments may be necessary as experience is gained.

151



152

 
Malaria]

Free Machining Steel

 Plain Cathryn SL111:

Free Machining Alloy 3mg

Allny 5 lack

1°01 sum:
W112: Hmemng
Shock Res'ming
Cold ka
Hul \Nm'k
Mold
Spcuial-Purlmw:

mgr-spam

Gray (3151 Iron

DIIcLiJ: or Nadulur Imn

Mulleahk: 1mm
thlic

Paarlilic

Fm: Machining Slainlsss SIEB]
Fcrrilic
ALLflmiu'u
Mmcnsiéc

Slaiuless Smel
Fccmi:
Ammuilic
Mnr‘wsific

Aluminum Alluys
Copper Alloys
Txmnium Afluys
Higlflelupemmre Alloys

 

 

SPADE DRILLING 869

Table 1. Feed Rate: for Spade Drilling
Femmuhes pal Rmuluuun
Spade Drill DimemrifunhesHardmw,

Ehn 5-8
100340 0.030
240325 0025
100225 0030
220275 0025
275—375 0.02:)
150-517" 0113‘)
250.375 0.075
320375 0.020
120180 0.030
100225 0.05
1254325 0020
325—400 0016

150150 0022
1721275 0.01::
200250 0012
150250 0.1120
150200 0.01::
150225 0013
IOU—24M U U '3
130-100 0 0:14
I 60-] 9" U U23
190—240 0.012
240320 0.01:;
140190 0.034
190250 0020
250300 0.013

110.100 0.024
iGWZZfl 0020
220—2240 0 01:1

.. 0.021;
0.026
0,020

7. 0.072
0.020

._ 0.013
0,040

(5011) 0.030
(Hard) 0.01s

7. 0.010
W U U {A
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Power Consumption and Thrust for Spade Drilling—In each individual setup, there
are factors and conditions influencing power consumption that cannot be accounted for in
a simple equation; however, those givenbelow will enable the user to estimate power con-
sumption and thrust accurately enough 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 dr'iiling. it is reasonable to estimate that a dull
tool will increase the power consumption and the thrust by 25 to 50 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 tool motor. An allowance for power to drive the
machine is provided by dividing the horsepower at the cutter by u mechanical efficiency
factor, em. This factor can be estimated to be 0.90 for a direct spindle drive with a belt, 0.75
for a back gear drive, and 0.70 to 0.80 for geared head drives. Thus, for Spade drilling theformulas are

:rcD2 -

hPc = “17(ij
Bx = 148,500 uhpr

hpL

"Pm ‘ 2:
fm

1“ a
where Izpr : horsepower at the cutter

he“ : horsepower at the motor
3, = thrust for spade drilling in pounds

idip = unit horsepower
D = drill diameter in inches
f= feed in inches per revolution

fm = feed in inches perminute
N = spindle speed in revolutions per minute

em = mechanical efficiency factor
Table 2. Unit Horsepower for Spade Drilling 
 Mat-arid dems “hp

85—200 Blur 0.79 Titanium Alloys 250—375 Bhn
. mm 0. 4 u' l 7? All . 2 3

Flam Carbon and Ahoy 775675 1 :0 Aliénjnmpw‘g: W 60 mms 1 - ' ‘
BE 375.425 1 .15 Magnesium Alloys4&52 Rs 1.44 20450 Rh

Cast [ms 1 10—200 Bhn 075 flapper A] 1°“ 80—100 Rb201L300 ins
. , 135—275 Bhn 0. 94

Stainless. Steels 3045 RC ms
    

Example.- Estimate the horsepower and thrust required to drive a 2-inch diameter spade
drill in AISI 1045 steel that is quenched and tempered to a hardness of 275 Elm. From
Table 17 on page 1030, the cutting speed, V, or drilling this material with a twist drill is 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 z 45 feet per minute. The feed rate (from Table 1, page 869) is
0.015 in/rev. and the unit horsepower from Table 2 above is 0.94. The machine efficiency
factor is estimated to be 0.80 and it will be assumed that a 50 per cent increase in the unit
horsepower must be all owed for dull tools .
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Step 1. Calculate the spindle speed from the following formula:

where: N: spindle speed in revolutions per minute
V: cutting speed in feetper minute
D =drill diameter in inches

12 X 45Th : N =
us nxl

 
= 86 revolutions per minute

Step 2. Calculate the horsepower at the cutter:
 2 Z

hpc : uhp[%)flv = 0,94“)? )0015 x86 2 3.8
Step 3. Calculate the horsepower at the motor and provide for a 50 per cent powerincrease for the dull tool:

hp. 3.8
hpm .1 e— M. W 4 4.75 horsepowerto

hpm (with doll tool) : 1.5 x4.75 : 7.125 horsepower

Step 4 Estimate the spade drill thrust:

BS = 148,500 x uhp fo = 148.500 X034 >< 0.015 x 2
= 4188 lb (for sharp tool)

B = 1.5 x4188.i‘

= 6282 lb (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 trepannjng. Shallow treparining, also
called face grooving, can be performed on a lathe using a singleepoint tool that is similar to
a grooving tool but has a curved blade. Generally, the minimum outside 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. and larger, in diameter. Fast production rates can be achieved. The tool consists of
a hoilow bar, or stem, and a hollow cylindrical head to which a carbide or high—speed steel,
singlevpoint cutting tool is attached. Usually. only one cutting tool is used although for
some applications a multiple cutter head must be used; e.g.. heads used to start the hole
have multiple tools. In operation. the cutting tool produces a circular groove and a residue
core that enters the hollow stem after passing through die head. On outsideediameter
exhaust trepanning tools, the cutting fluid is applied through the stern and the Chips are
flushed around the outside of the tool; insideediameter 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, :1 machine that rotates the
trepanning tool can 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 of10.010
inch can be obtained easily by trepanning and a tolerance of i0.001 inch has sometimes
been held. Hole runoutcan be held to $0.003 inch per foot and, at times, to $0.001 inch per
foot On heat»treated metal, a surface finish of 125 to 150 um AA can be obtained and on
annealed metals 100 to 250 um AA is common.
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TAPS AND THREADING DIES

General dimensions and tap markings given in the ASMEIANSI Standard 3949—1987
for straight fluted taps, spiral pointed taps, spiral pointed only taps, spiral fluted taps, fast
spiral fluted taps. thread forming taps, pulley taps, nut taps. and pipe hips are shown in the
tables on the pages that follow. This Standard also 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: threadlimits for cut
thread and ground thread taps forpipe threads are given in Tables 9a throu gh 10c. Taps rec—
ommended for various classes of Unified screw threads are given in Tables I la through 14irt numbered sizes and Tabie 12 fornuts in fractional sizes.

Types of Taps—Taps includedin ASMEIANSI 13949—1987 are categorized either by the
style offluting orby 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 generally 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 charufer on the thread may be Bottoming (B), Plug
(P), or Taper (T).

(I) SrmiginFlute Taps: These taps have straight flutes of a number specified as either
standard or optional, and are for general purpose applications.

(2) Spiral Pointed 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 fl Lites.

(3} Spiral Pointed Only Taps: These taps are made with the spiral point feature only
without longitudinal 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
to 35 deg. These features are designed to help draw chips from the hole or to bridge a keyway.

(51FartSpr‘mlFlured Taps: These taps are similar to spiral fluted taps, except the helix
angle is from 45 to 60 dog.

(6} Thread Fanning Taps: These taps are fluteless except as optionally designed with
one or more lubricating grooves. The thread for-In on the tap is lobed, so that there are a
finite number ofpoints contacting the work thread form. The tap does not cut, hutforms 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 diameter as thethread.

(8) Nut Tapr.‘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 Taps,- These taps are used to produce standard straight or tapered pipe threads.
Definitions of Tap Terms—The definitions that follow are taken from ANSIIASME
B949 but include only the more important terms. Some tap terms are the same as screw
thread terms; therefore, see Deflnii‘funr ufSt'raw Threads starting on page 1707.

Back Taper: A gadual 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 thethreads.

Base ofThread: Coincides with the cylindrical or conical surface from which the thread
projects.
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Cltamfer: 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 teeth to distribute the cutting action overseveral teeth.

ChamferAnglc.‘ Angle formed between the chanifer and the axis of the tap measured in
an axial plane at the cutting edge.

ChwriferReliefAngle: Complement of the angle formed between a tangent to the
relieved surface at the cutting edge and aradial line to the same point on the cutting edge.

Care Dianwter: Diameter of a circle which is tangent to the bottom of the flutes at a
given point on the axis.

Firerull Thread: First full thread on the cutting edge back of the chamfer. It is at this
point 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 assembled design forms of mating threads.

Class ofThread: Designation of the class that determines the specification of the size,
allowance. and tolerance to which a given threaded product is to be manufactured. It is not
applicable to the tools used for threading.
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FlankAngfe: Angle between the individual flank and the perpendicular to the axis Ofthe
thread, measured in an axial plane. A flank angle of a symmetrical thread is commonly
termed the “half angle of thread.“

Flankilzrm'ing: i) Flank of a thread facing toward the chamfered end of a threading
tool; and 2) The ieading flank of a thread is the one which. when the thread is about to be
assembled with a mating thread, faces the mating thread.

FPanic—Trailing: The trailing flank of a thread is the one opposite the leading flank.
Flares: 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 or spiral.

Hate-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.
Flui‘eeSpimI: A flute with uniform axial lead in a spiral path around the axis of a conical

tap.
Flute LeadAngle: 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 lying 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: Edge of the land opposite the cutting edge,
HookAngIe: Inclination ot‘a concave cutting face, usually specified either as Chordal

Hook or Tangential Hook.
Hook-ChordalAngl'e: Angle between the chord passing through the root and crest ofa

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.
Interrupted Thread Tap: A tap having an odd number of lands with alternate teeth in the

thread helix removed. in some designs alternate teeth are removed only for aportion ofthe
thread length.

Land: One of the threaded sections between the flutes of a tap.
Lead: Distance a screw thread advances axially in one complete tum.
Lead Ermr: 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 uniformly.

Length affirmed: The iength of the thread of the tap includes the chainfered threads and
the full threads but does not include an external center. It is indicatedby the letter “B” in the
illustrations at the heads of the tables,

Limits: The limits of size are the applicable maximum and minimum sizes.
MajorDiameter: 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.

MinorDiameter: On a straight thread the minor diameter is that of the minor cylinder.
On a taper thread the minor diameter at a given position on the thread axis is that of the
minor come at that position.

Pitch Diameter (Simple Efieetr’ve 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 the width of the groove equal to one-half the
basic pitch. On a perfect thread this Coincidence occurs at the point where the widths of the
thread and groove are equal. On a taperthread, the pitch diameter at a given position on the
thread axis is the diameter of the pitch cone at that position.
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Point Diwuerer: Diameter at the cutting edge of the leading end of the chamfcred sec-
tion.

Rake: Angular relationship of the straight cutting face of a tooth with respect to a radial
line through the crest of the tooth at the cutting edge. Positive rake means that the crest 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 a radial line.

Relfafi' Removal of metalbehind the cutting edge to provide clearance between the part
being threaded and the threaded land.

Relief-Center: Clearance produced on a portion of the tap land by reducing the diameter
of the entire thread form between cutting edge and heel.

Relief-Clmmfer: Gradual decrease in land 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.

RaliefiConveccenrri‘c Thread: Radial relief in the thread form starting back of a concen-
tric margin.

Relief-Doubie Eccentric Thread: Combination of a slight radial relief in the thread form
starting at the cutting edge and continuing for a portion of the land width, and a greaterradial relief for the balance of the land.

ReliefEct-enm‘c Thread: Radial relief in the thread form starting at the cutting edge and
continuing to the heel.

ReliefFlmredLand: 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.

RelitferfldI‘flli 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 heat, the tap is said to have
“eccentric“ relief. Ifthe thread angle is relieved back ofa concentric margin (usually one-
third of land Width), the tap is said to have “con—eccentric” relief.

Sizc~Acmah Measured size of an element on an individual part,
Sizc»Ba:z‘c: That size from which the limits of size are derived by the application of

allowances and tolerances.
Size-Functional.- The functional diameter of an extemai or internal thread is the pitch

diameter ofthe enveloping thread ofperfect pitch, lead and flank angles, having full depth
of engagement but clear at crests and roots, and of a specified length of engagement. It 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 a specified length of engagement.
The effects of taper, outeofiroundnessand surface defects may be positive or negative oneither external or internal threads.

Size-Nomiml: Designation used for the purpose of general identification.
Spiral Flute: 5 cc Flures.
Spirtthofrir: Angular flutirtg in the cutting face of the iand at the chamfered end. It is

formed at an angle with respect to the tap axis ofopposite hand to that ofrotation. Its length
is usually greater than the chamfer length and its angle with respect to the tap axis is usually
made great enough to direct the chips ahead of the tap. The tap may or may not have longi-tudinal flutes.

Thread Lead/ingle: On a straight thread, the iead angle is the angle made by the helix of
the thread at the pitch fine with a plane perpendi color to the axis. On a taper thread, the lead
angle ata given axial position is the angle made by the conical spiral ofthe thread, with the
plane perpendicular to the axis, at the pitch line.
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Table 3. ANSI Standard Fraction-Size Taps — Cut Thread Limits
ASME/ANSI 894.971937

Thmads perlnch Mnjnr Diamcrer Pitch Dimmer 

Basic Min. Max.
0.1088 0.1090 0.I105
0.1360 0.1365 0.1380
0.1604 0.1609 0.|624
0.1672 0.1677 0.1692
0.7.175 0.2130 0.2200
0.2263 0.7173 0.2285
0.2764 0.2769 0.2789
0.2854 0 .2359 0.2374
0.3344 0.3349 0.3369
0.3479 0.3484 0.3499
0.3911 0.3916 0.3941
0.405 0 0.4055 0.4075
0.4500 0.4505 0.4530
0.4675 0.4630 0.4700
0.5084 0.5089 0.51 14
0.5264 0.52 69 0.5289
0.5660 0.5665 0.5690
0.58 89 0.51194 0.5914
0. 61150 0.68 55 0.6885
0.7094 0.7099 0.7124
0. 8023 0.8038 0.11068
0. 8286 0.8296 0.11321
0.9183 0.9198 0.9228
0. 9459 0.9469 0.9494
0. 95 36 0.9546 0.95 71
1.0327. 1.0332 1.0367
1.0709 1.0719 1.0749
1.1572 1.1582 1.I6I7
1.1959 1.1969 1.|999
1.2667 1.2677 1.27] 2.
1.3209 1.3219 1.3249
1.3917 1.3927 1.3962.
1.4459 1.4469 1.4499
1,6201 1.6216 1.6256
1,3557 1.3572 1.8612

 

     
 

All dimensions are given in inches.
Lead Tolerance: Plus or minus 0.003 inch max. per inch of Lhrand.
Angie Tolerance: P1115 or minus 35 min. inhalIanglc or 53 min. in full ang1e [ur41/2 [a 51/2 01:19. pm-

1n.; 40 min. halfangle and 60 min. full angle [or 610 9 01ds.; 45 min. half angle and 68 min. full angle.
fur 10 to 28 thds,; 60min. halfanglc and 90 min. fLIIE angle for 3010 64 lhds. per in.
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Table 5. ANSI Standard Fractional -Size Taps—Ground Thread Limits
(ASMEI'ANSIB94.9—-1987)

11/

imparts

.
114:

NC NF NS 1:
UNC UNF UNS .mc h n. D1 .

7

1V4

     
  

1.0729
1.] 592
1.1979
1.2687
1.3229
1.3937
1.4479

 
 
 

 
 tmensmns are given m mc - es.

Lead Talemnce: Plus or minus 0.0005 inch WiLhin any two threads not. farther apart than one inch.
Angle Tah’ram‘c: Plus orminus 25 min. in half angle for 6 to 9 threads per inch; plus or minus 30

min. inhalfang]: for 10 to 28 threadsper inch.
For an explanation ufthc significance ofthe H4 Eimit value range see Standard System Tap Thread

Litttits and Idermficationfor U11 {fled luck Screw Tbreads, Gmww' Thread starting on page 896.

Table 6. ANSI Standard Machine Screw Taps — Ground Thread Limits
ASME/ANSIB94.9-1987

Tutti-t
per [null Major Diameter Pitch Diameter LimitsI

III-IIINC NS
7. [ms Bast. Ma. m---0.0500 00605 00616

0.0730 0.0736
0.0730 0.0736
0.0860 0,0367
0.0860 0.0866
0.0990 0 0999
0.0990 0.0997
0.1120 0.1 If:
U.112D 0.1133
0.1120 0.1129
0.1250 0.1263
0.1250 0.1263
0.1330 0.1401
0.1330 0.1393
0.1640 0.1661
0.1640 0.1655
0.1900 0,197.7
0.1900 0.1921
0.2160 {12187
0.2160 0.21113

 

  

 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
  

  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 

 
mammmm-AhamuMN—w
   

,_.o

 
 
 

 
 

Ho

  
 
 EEG
“H7 limits [formerly designated as G) apply to same threads as H3 limits with the exception of the

12724 and 1 2—28 threads. H7 limits haveminimum and maximum major diameters 0.0020 inch larger
than shown and minimum and maximum pitch diameters 0.0020 inch larger than shown for H3 limits.

All dimensions are given in inches.
Lend Talerancc.‘ Plus or minus 0,0005 inch within any two threads not farther apart than one inch.
Angle Tolerance: Plus or minus 30 min. in half angle 10120 to 80 threads perinch.
For an explanation of the significance of the limit value ranges see Standard 53mm Tap Thread

Limits and Idenn'fimfiunfar Unified hick Screttr Threads, Ground Thread starting on page 896.
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Table 7. ANSI Standard Machine Screw Taps— Cut Threads Limits
ASME/ANSI394.971987 

mam... 11.1mm.

0.0624 0.055”
0.0755 0 064!
(i.0755 0.0652
0.0887 . 0.072‘6
0.0385 . . 0077 1
0.1018 . . 0.0867
0.1017 . . 0.0386
0.1157 . . 0.0957
0.1 156 . . 0.0975
0.1153 . ' . 0.1002
0 1286 . . 0.1 105
0.1422 . . 0.1 197
0 I417 . . . . 0.1217
(1,1416 . 0. " 0.135
0.1682 . . 0.1457
0.1677 . . 0.1477
0.1676 . . 0.1495
0.1948 . . . 0.1649
0.1942 . _ 0.1717
0.2208 . . 0.1909
0.2204 . A . 0 1948
0.7.473 . .1 . 0.7.174

0
1
l
2
Z
3
3
4
4
4
5
6
6
(I
8
E
8

IO
10

1.1

JEN

 
All dimensions are givenin inches.
Lead Tdemure: Plus or minus 0.003 inch per inch of thread. Angle Tolerance: Plus or minus 45

min. in halfangle and 68 min. in full angle for 20 tn 28 [heads per inch; plus orminus 60 min, in half
nngie and 90 min. in full angle for 30 or more 1hreads per inch.

Table 8a. ANSI Standard Metric Tap Ground Thread Limit-1 in Inches —M ProfileASME/ANSIBQ4.9-1987
Maijinmeter Pin-l1 Dimmin-(Inchs) (Inch es)

0.06209 0.06409 00(608 0.05406 0.05500 0.05559
0.07874 0.00000 0.03098 0.06350 0 06945 [1.07004
0.09843 0.09984 0.10093 0.08693 0.08787 0.08846
0.11811 0.11969 0.12067 0.10531 0.10616 0.10685
0.13750 0.13969 0.]4067 0.12244 0.|2370 0.12449
0.15748 0.15969 0 16130 0.13957 0.14083 (1.14161
[1.17717 0.17953 0.18114 0.15799 0.15925 0.16004
0 lQESS 0.19937 0.20098 0.17633 0.17764 0.17843
0.23622 0.23937 0.24098 0.31003 02120 0.21319
0.27559 0.27874 0.3035 0.25000 0.25157 0.25256
0.31496 0.31390 0.32142 [1.23299 0.2843 0.311555
019370 0. 39843 0.40094 0.35535 0.35720 0.35843
0.47244 0.47795 0.48047 0.42768 0.42953 0.43075
0.55118 0.55748 0.56000 0.50004 0502101 0.50362
0.62992 0.51622 0.63874 057878 0.5 8075 0.582116
0.715740 0.79538 0.79780 0.72346 0.72543 0.72705
0.94483 0.95433 0.95827 0 35315 0.137063 0.117224
].18110 1.19213 1.]9605 1.08161 l09417 1.09522
1.41732 [112992 1.433116 1.31504 1.31700 1.31965

Basic pitch diamercr is the same as minimum pitch diameter of internal Ihread, Class 6H as shown
in table stm’ling on page 1769.

Fitch diameier limits are designated in Lhe Standard as D3 for 1.6 tn 3 mm diameter sizes, incl: D4
{(113.5 10 5 mm sizes, incl.; D5 fan-6 and S mmsiaes; [)6 for 1 0 and 12mm sizes; D7 f01’1410 20 mm
sizes inc1.; D8 [or 24 mm size and D9 for 30 and 36mmsizes

Angle tolerances are plus or minus 30 minules in half angle for pitches ranging from 0.35 Lhmu gh
2.5 mm incl. and plus or minus 25 minutes in half angle for pitches langing £10131 3 to 4 mm. incl.

A maximum deviauon of pins or minus 0.0005 inch wilhin any two threads n01 [amber apart than
one inch is permitted.
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Table 8b. ANSI Standard Metric Tap Ground Thread Limits in Millimeters—
M Profile ASME/ANSI 3949-1987

1.600 1,625
2.000 2.032
2500 2.536
3 .000 1040
3.500 3.548
4.000 4.055
4.500 4.560
5.000 5.064-
6000 6.080
7.000 7.0s0
H.000 3.100
10.000 10.120
12.000 12.140
RUDD 14.l60
16.000 i6.l60
20.000 20.300
24.000 24.240
30.000 30.280
36 000 15.310

Basic pitch diameter is the same as minimum piteh diameter of internal tine ad. Class 6H as shown
in table startin g on page 1769.

Pitch diameter limits are designated in the Standard as D3 for 1.6 to 3 mm diameter size 5, incl; D4
for 3 .5 to 5 mm sizesjncl; D5 for 6 and 8 mm sizes; D6 for 10 and HMSiZES; D7 f0f1410 20mm
sizes, incl; D8 for 24 mm size; and D9 for30 and 36 mm sizes.

Angle tolerances are plus or minus 30 minutes in half angle for pitches ranging from 0.351hr0ugh
2.5 mm, incl. and plus or minus 25 minutes in half angle for pitches ranging from 3 le 4 mm, incl.

A maximum lead deviation ofplus or minus 0.013 mm within any two threads not farmer apart than
25 mm is permitted.

Table 9a. ANSI Standard Taper Pipe Taps —- Cut Thread Tolerances for NI’l‘ and
Ground Thread Tolerances for NPT, NPTF, and ANPT ASME/ANSIBD4. 9-1987

'1‘th Gage Measurement“ Taper per Foot, Inches
per lnuh Tulemuee Plus at Minus GrGImd 'nimun

KP: NPTE ProjeeflonInches

 

  

 
“ Distance that. small end oilap projects through L1 taper ring gage (see ANSI B 1.20.3).
Ail dimensions are given in inches.
Lend Tolerance: Plus or minus 0.003 inch per inch of cut thread and plus or minus 0.0005 inch per

inch of ground thread;
Angle Tolemnce,‘ Plus 0: minus 40 min. in half angle and 60 min. infuil angle far 8 cut threads per

inch; plus or minus 45 min, in half angle and 68 min in full angle [or ill/3 in 27 cut Llueads per inch;
plus or minus 3 min. inhalf angle far 8 ground threads per inch; and plus andminus 30 min. in half
angle for 1 11/2 to 27 gmund threads per inch.
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Table 9b. ANSI Standard Taper Pipe Thread— Widths of Flats at Tap Crests and
Rants for Cut Thread NP’I‘ and Ground Thread NPT, ANPT, and NP’I‘F

ASMEVANSI [1949-1987
Column 1 Column 1]

N'PT—Cul and 6110qu Thread Ni’IF—Cut and

Tap Hat Width ANPTAGmImd Th read Gm“ "d “madWm... M...
[ Major Diameter
[ Minor Diameter
[ Major Diameter
( Minor Diameter
[ Major Diameter
( Minor Diameter
( Majur Diameter
[ Minor Diamcm

'4 Major Diameter4 Minor Diameter
 

aMinimum minor diameter falts are n01 specified. May be sharp as practicable.
All dimensions are given in inches.
Note: Cut Thread laps made to Column I are marked NPT but are not recommended for ANPT

applications. Ground Thread taps made to Column 1 are marked NPT and may be used for NPT and
ANF‘T applications. Ground Thread Laps made In Columnll azemarked N'PTF and used for Dryscal
application.

Table 103. ANSI Standard Straight Pipe Taps (N'PSF—-Dryseal)—Gruund ThreadLimits ASME/ANSIB94.9-1987
Major Diameter Pitch Diammcr
 

   
 

    
  

  

 

  
 

   
 

 
 

 
 
 
 
 

  
  

 
 “As specified or sharpen

Formulas For American Dryse a‘l (N'PSF) Ground Thread Taps
Nominal Major Diameter Pitch Diameier Max.Sin: Min. Max. Min. Mimr
inches G H K Dia.

1/‘6 Hw- 0.0010 K+ Q — 00005 L— 0.0005 F M— Q
x 11- 0.0010 K-i- QM 0.0005 L7 0.0005 F .VI— 9
‘4 En 0.0010 K+Q—0.0005 L—0.0005 E—F M— Q
14‘ H—0.00l0 K+ Q-UflOGS 1.70.0005 EHF M- Q
K H—ODDlO K+Q—0.0005 L—0.0005 E—F M-Q
’4 H— 0.0010 K+ Q — 0.0005 L— 00005 E— F M— Q

Vuln es tu Use in meulas
Threads per Inch E M Q. . '—'—v

H mm
gaging notch pnch diameter 0,0533 

All dimensions are given in inches.
Lead Toleranre: Pius or minus 0.0005 inch willfin any [we th’eads nntfarlher apartthan cane inch.
Angle Tolerance: Plus or minus 30 min. inhall‘angle for l4 lo 27 Ihreads per inch.
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Table 1013. ANSI Standard Straight Pipe Taps (NPS)~—Cut Thread LimitsASME/ANS1394.91987

 

 
 

 
_ittchDiameter _aluesto UseinFermulas

0.3736 .. 0.0:67 0C0257    
  

0.4916
0.6270
0.7784
0.9889
1.2386

l 0.0403
  
 
 
 
 

  

 
  
 
 

tonsas
0.0658

pitch diameter m the es:
  

  
Ln which Mzmeasuxel

 
 

 
M+A
=M+3Major dia min

Major dia m Minor dim, max. = M7 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 45 min. in half angle and 68 min. in full angle. Taps

made to these specificatinns are [0 be marked NPS and used for NPSC thread form.

Table 10c. ANSI Standard Straight Pipe Taps (NPS)—Grnu11d Thread LimitsA3ME/ANSIBQ4.9-1987

Majm Di em eter Pi_chDi—meter
Nominal

Size,
Inches

0.3983
0.5236
0.6640
0.8260
1.0364
1.2966

  
H—0.0010 (K+A)—0.0010 M—B 18
H—OflUlO (K+A)—0.0020 M—B l4
H—CHJUIS (K+A)—0.0021 M—B 11%

 
The maximum Pitch Dtameter of tap is based upon an allowance deducted from the maximum prod-

uct pitch diameter of NPSC nr NPSM, whichever is smaller,
The minimum Pitch Diameter of rap is derived by subtracting the ground thread pitch diameter toler-

ance for actual equivalent size.

 
“Tn the formulas, M equals the actual measured pitch diameter.
All dimensions SIC given in inches.
Lead tolerance: Plus or minus 0,0005 inehwithin any two threads not fanher apart than one inch.
Angle Tolerance: All pitches, pins 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 113. ANSI Standard Ground Thread Straight Fluted Taps—Machine ScrewSizes ASME/ANSI 8949-1987

#...Wwwmmmmn"manna":

LgSTANDARD NUMBER OF FLUTES

ALL—"—91”:OyTiONAL N UMBER 0F FLUTES
Pilcll DllLimiIs and Chamfem‘

 

   0
l
1
2‘.
2
Z
3
3
1
4
4
4
4
5
5
3'

cmnwmmmmo
5EE’5E“ figxxxfixxsrxxgkgegefiwaw‘
5

 
H Chnmfer designaticms are: T = taper, P : plug, and B = bottoming.
‘5 Optional number cfflutes.
All dimensions are given in inches.
These taps are standard as highespeed steel Laps with ground threads. with standard and optional

number of flutes and pitch diameter limits and chamfers as given in the table,
These are style 1 laps and have external centers on thread and shank ends (may be removed on

thread end of bottoming taps).
For standard beead limits see Table 6. For eccentricity tolerances see Table 25.
Tolerances: Numbers 0 to 12 size rangeiA, t 1/32; B, 4:764:12 i 16.; D, 41.0015; E, — 0.004.
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Table 11b. ANSI Standard Cut Tlu'ead Straight Fluted Taps — Machine Screw Sizes
ASMBANSI 394. 91987 

  
 

 

 
 

_“:1*‘—3
A

STYLE 2
Dimunxious

 
 
 

 

afifihuwwwwu
aThese taps ale standard with plug chamfer only. All others are standard with taper, plug or bottom,

ing chamfer.

 
  

Told-men: 1‘0eran Dimensiuns
'Iblerdnca  

  
  Barnum Element Range

Lengd: Oveml A D (a H "“21

Length ommd, .3 U m ”4““ _/
IE

_ngthul‘ Square C 0 [D 1:incl i/n

Range
Utu Elincl

i4

 
 

 

41001
-U.UU5
 
 

Diamchr nrsnm n

 
Size of Square, E D m Hint]  
 

All dimensions are gvenin inches
Styles 1 and 2 cut thread taps have optional style centers on lineud and s ank ends,
For standard thread limits see Table 7. For eccentricity tolerances see Table 25.

Table 12.. ANSI Standard Nut Taps ASME/ANSI 394.971987

 

 Tln'eads Number Length Length 1.611th animate! Size

pcr Incl: of Overall of Thread. of Square. of Sthnk. of Sugar;NC,UNC Flums
5

i8 4 514 in“lb 4 6 1
13 4 7 2V;

Tulemucs for General en
Diamemmnge

,Ovens“ LunglJLA m4 Shank DiamelerD
ThrCad LErlth, a ‘1 J Size OFSqureE
Sq um mm c

 
 
 

All dimensions are given in inches. These ground thread high—speed steel iaps are standard in H3
limit only All taps have an internal center in thread and For standard limits see Table 4.

ChamieIJis made 1/21’o 34111:: thread length of B‘
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Table 13. ANSI Standard Spiral-Pointed Taps—Machine Screw SizesASME/ANSIB94.9-1987 

  STYLE 1 

 
 

High-Spmd Smcl Taps “im Gmund Thtcuds
Pitch Di'd. Limiu and Lam}. Length Dim-nu.Length of of [er of

Ovefill Tittim Square Slnnk

 
 

  
 

 

 
Chamfetsi‘

 

 

 
Size 

Size of
Sgt: areE

U 1 ID
0110
0,110

c
 
     bubwmwm-

wmmmU-u-
HighSpeed and Carbon 5m 131135 with Cu: Thtends

11min“petlucli
Lanfgllh Lgnglh

Carbon Steel HS Sine-1 N: Length ofNC NC DveAmLI, Thmd, Square,UNC UV

   
  

  
    

  

  Flutes C

 :4“quan  
§ Tnlmncns rm Gmcrn Dimensicms
 

Ovcmll Laugh/1 0 La 12 w Shank Diamcmr, D

 
 
Thrcnd Length B U [a 1"

All dimensions are in inches. Chamfe: designations are: P = plug and B = bottoming. Cut LbIend
laps am slandan} wiLh plug chamIer only. 51er 1 ground dread laps have enema] Cenlets on amend
and shank ends [may be removed an thread end of bottoming taps). Style 1 cut [bread laps have
optional style cantcrs on thread and shank endsi Standard thread limits for ground threads are given
in Table 6 and for cut threads in Table 77 For eccentricity tolerances see Table 25,
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Table 14. ANSI Standard Spiral Pointed Only and Regular and Fast
Spiral-Fluted Taps — Machine Screw Sizes ASME/ANSIBQ4. 941987

I STYLE I

NC NF ul‘
UNC UNF Flutes

4S .. .
   

aBullorn chamfer applies only to regular and fast spiral-fluted machine screw taps.
h Applies only to fast spiraliflnted machine screw taps.
“ Does not apply to fast spiralifluted machine screw laps.
“Does not apply 10 regular Spinal-fluted machine screw taps.

   
  
  
  

 

 
Tolerances for Gunnml Dimcnsinns

Size
Element Rang: Twill-mm:—
Ovcmll + nJ”
Thread

—-—Square ,

All dimensions are given in inches. These standard taps me made of high-speed steel with ground
threads. For standard thread limits see Table (L For eccentricity tolerances see Table 25.

Spiral Pointed Only Taps: These laps are standard with plug chamfer only. They are provided with
a spin} point only; the balance of the threaded section is left unfluled. These Style 1 laps have exter-nal centers an thread and shank ends.

Regular Spiral Fluted Taps: These taps have right-hand spira] flutes with a helix angle of from 25
to 35 degrees.

Fast SpiralFlmed Taps: These taps have right-liund spiral flutes with a helix angle offiom 4510 60
d egrees.

Both regular and fast spiral-fl uted Style 1 laps have external centers on thread and shank ends (may
be removed on thread end of bottoming Laps).

Chamfer designations: P = plug and B = bottoming.
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Table 15a. ANSI Standard Ground Thread Straight Fluted Taps—
Fractional Sizes ASME/ANSI39-19-1987  

  
STYLE 2 STYLE 3

Pitch Diameter
  

  
 

 
 

  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

  
. LimiLx- and Clianlrcls Dimensions

Din. Length ngm Iflngtil DimeOman, olTlucavL of Square, Shank.
Tap 1 . A c u

2 ‘4 51., 0.255
2 92 5/15 0-55
2% :4 0.313
2% r, 0.313
2% 70 0.3111
2% 7/,5 0331
WE H: 0.323
3 3/, 7., 0.357
3% 7,5 0. 307
3% V1 0.429
3% Ir, 0.429
3015 film 0.430
3% "/m 0.400
4% 54 0.542
414 0/m 0.590

0/“ 0.590
a 0.697
a; 0.097
”4. 0.300
10,6 0.000
1 ,5 0.300
74 0.2901 1.021

11/,fl 1.100
1 v, 1.233

 
   

“This size has I 1 or 16 threads per inch NS-UNS.
hThese sizes are also available with plug chamfer in H6 pitch diameter 1 imits.
CThis size has 14 threads per inch NS—UNS.
dIn These sizes NF~UN'F thread taps have six flutes.

TDiernnces {Ur Geneml Dimensions 
 
 
 

Diameter Range

 Length 14 in] am
0mm 1L; 0. 0/2 1.121 ’4 Les/g incl”/15 lo Hg incl

.. 4 m 4 incl
4 m I inn ‘ _ ‘. 0., mi incl
1‘/, lo I 55 incl 1% tn [‘4 incl

All dimensions are given in inches.
These taps are standard inhigh—speed steel.
Chamfer designatium are: T = taper, P = p10 g, and B = bottoming.
Style 2 taps, l/g inch and smaller, have external center on threadcnd (may he removed on humming

taps) and external partiai cone center on shank end with lengfii of come approximately one-quarterofdiarneter of shank.
Style 3 laps, larger than 1/a inch. have iniemnl center in thread and shank ends.For standared thread limits see Table :6. For eccentricity iolerances see Table 25.
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Table 15b. ANSI Standard Cut Thread Straight Fluted Taps—
Fractional Sizes ASME/ANSI 394.94987

 

  

mmbfiAaé-hwbhimé-bkkhaaa 
“ Standard in plug ch amfer only.
"ln these sizes NF—UNF Lhread taps have six flutese

Tolerances fur Gunmal D eusions

Imam ‘45 m 1 4;
Uverall,A 1‘4 m 2

I [A
Length of ij/n'I‘hrcad. B ill!

t‘fa
Lcngfll u vla m 1

All dimensions are given in inches.
These taps are slandaJd in carbon steel and highespeed steel
Excepl where indicated1 these maps are standard with taper, plug, or bottoming ehamfeI.
Cut thread laps, sizes X1 inch and smaller have optional style center on thread 811d Shank ends; sizes

larger th an 3/3 inch have internal centers in Lbrend and shank ends.
For standard thread limits seeTablc 3. For eceemrlcily [olemnces see Table 25.

 

 
    

  
 

 

  

 

 

 

 
Diameter

el Shank. D
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Table 16. ANSI Standard Straight Fluted (Optional Number of Flutes) and Spiral
Pointed Taps—Fractional Sizes ASME/ANSI 3949-1987

STYLE 1 D STYLE 3

Elm =5!—"'lCE‘ AF—Ejl +1!»— Arr—“B:snlAIui-n‘ FLUTE!) TAPS [GPTIONAL terminal or infirm
l)

 

 

 
 

 
 

 

  
arummm”Ir"
Matti *L—Aflzfl

Pimh Diameter
Limits and Clinmt‘cfi‘“ Length

 
 

 
 

 

  
 
 

 

 

 

umwwwmwlamNL-Imm  
 

“ Applies only to ground thread high—speBd-steel taps.
" Cut thread high-speed-steel taps are standard with pln g chamfer only.
C Applies only to 7/1,: - l4 tap.
‘1 Applies only to 5/a ,1 1 tap.
“Applies any to 341-10 tap. For eccentricity tolerances see Table 25.
  
 

  

 
 
 
 

Tulmuces [or General Dimensians 
 
 

Tuluranct;
Ground Thread Cnx'ihread

Diameter
  

ElemEnl
Overall—

Length. A'11“de
Length, B

 

 
  

All dimensions are given in inches. P = plug and B : bottoming. Ground thread taps 7 Style 2, 3%;
inch and smaller, have external center on thread end (m my be removed an hattoming taps) and exter-
nal partial cone center on shank end, with length at cone approximately 5g of shank diameter. Greund
Lhread taps—Style 3, larger than 3/3 inch, have internal center in thread and shank ends. Cut thread,
taps. 3/25 inch and smaller have optional style center on thread and shank ends; sizes larger than 3/3 inchhave internal centers in thread and shank cnds‘ For standard thread Limits see Tables 3 and 4.
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Table 17. Other Types ofANSI Standard Taps ASME/ANSI BB4. 97198 

STYLE 2 STYLE 3

%ll“\l\\\l\llil\l\l\ll\lllll‘lllliill\l\l\m“"\\\i\\\\\\l‘llllllllllllllllllllliit

 
I ”Winn...-

 

 

  
 

“Does not apply to spiral pointed only taps.
“ Dues not apply to spiral fluted laps or to spiral fluted taps with 7.8 threads per inch.
cApplies only to spiral pointed only tap s.
‘1 Applies only to fast spiral fluted taps.

  
  Tolerances far Gcnmal Dimensions 

  
All dimensions are givenin inches, These standard taps are made of high-speed steel with groundthreads. For standard thread limits see Table 4,
Spiral Poinrea‘ Only Taps: These taps are Standard with plul g chandler only in H3 limit. They are

provided with spiral lenl only The balance of the threaded sectinn is left unfluted
Spiral Flu-red Taps: These mp5 are standard with plug or bottoming chamfer inl-IB limit and have

right-hand spiral flutes with a helix angle nffratn 25 to 35 degrees.
Fast Spiral Flared Taps: These taps are standard with plug or bottoming chamfer in 53 limit and

have right-hand spiral flutes with a helix angle of from 45 Le 60 degrees.
Style 2 taps, 3/8 inch and smaller, have external center on thread end (may be removed nnbunnming

tap s) and externai partial cone center on shank end with cone length approximately 1/4 sham]: (llama,Ier.

Style 3 taps larger than 3/; inch have internal center in thread and shank ends.
For standard thread limits see Table 4. For eccentricity tolerances see Table ’25 .
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Tabie 18. ANSI Standard Pulley Taps ASME/ANSIBQ4i9—1987

6,8,10,12
6,8,]0
10

 
A T is minimum length of shank which is held to eccentricity tolerances.
bK neck optional wifln manufacturer.

Tolerance

Shank
Diam etcr,   

All dimensions are given in inches. These ground thread high-speed steel taps are standard will]
plug chamfer in H3 limit only. All taps have an internal center in thread and For standard thread lim-
its see Table 4. For eccentricity tolerances see Table 25.

Table 19. ANSI Standard Ground Thread Spark Plug Taps—Metric SizesASME/ANSI 1394. 9-1987

Tap A . Square
Diameter, ‘ , . . . ‘ . . Size: In.E I)

0.429 0.322
0.5 47. 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 form of thread.

Tolerances: Overall length, i: 1/33 inch; thread length, i 3/32 inch; square length, :1: V3; inch; shank
diameter, 14 mm, 43,0015 inch, 18 mm,4).0020 inch; and size of square, —0.0040 inch.
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Table 203. ANSI Standard Ground Thread Straight Fluted Taps —
M Profile — Metric Sizes ASME/ANSI 394.971987

MA
STYLE 2

STYLE 1
L.

Nn‘ Pitch Diameterljmils Igngth of
of and Chaml‘m Overall Thread[:3 134 D5 09 A BFlutes - D6 D7 D8 m
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4

Tolerances
Nom. Dis. Mum, Die.
Range, mm Rangc. mm

M1.6 (:3 M24. inc], .
M30nud MSG ' Ml.6tan4.in:l.
Mus to M5, inc]. Mlfi E0 M35M6 tuMlZ mcL
MN m )136 ML6 in M12. incl.

Square M L6 lrt M34. incl. sglfiffE M14 (0 M24, incl.Length, C M30 and M36 ‘ mo and M36
All dimensions are in inches except where otherwise stated.
Chamfer Designation: P w Plug, 33 — Button-ting. These taps are high-speed steel.
Style 1 taps, sizes ML6 through Mj, have external center on thread and shank ends (may be

removed on thread end ni'buttmrdng taps).
Style 2 laps, sizes M6, M7, M3, and M10, have external center on thread end (may he removed on

bottoming taps) and external partial cone center on shank end with length of cone approximately ‘4ofdiameter of shank.
Style 3 laps, sizes larger than M} D have extemal center on thread and shank ends.Fer standard Lhreacl limits see Tables Sn and 8h.
For eccentricity tolemnces oftap elements see Ta ble 25,

 

 

 
Thread

Length. 13
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Table 20h. ANSI Standard Spiral Pointed Ground Thread Taps ——
M Profile — Metric Sizes ASME/ANSI 3949-1987 

 
 

 

 
 

 
STYLE 3

Length ur Length at Din nfThread Square Sqmm:
    
  

  Sin; of
Square 

 
   
  

    

 
 

 

MLG to MED, inc]. Mltfi tn M14. incliM16 lu M20
 

MLO tn MS. incl.
Mlfi Lu M12 incl.
N114 tn M26   

 V1116 to M! 2. inclt
M 14 [u MID, incl.
 
 
  Ml.6 m M20
  

All dimensions are in inches except where otherwise stated.
Chamfer Designation: P — Plug. These laps are high-speed steel.
Style 1 laps. sizele .6 Ihrongh M5,have external center on Lhread and shank ends,
Style 2 laps, sizes M6, M8 and M10, have. external center on thread end and external pnrlial cone

center on shank end with length ofcune approximately 1/4 ofdiameler of shank.

Style 3 taps. sizes larger than M10 have external center on thread and shank ends.
For standards thread limits see Table SJ and 8h.
Fnr eccentricity tolerances of tap elements see Table 25.
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Table 21 . ANSI Standard Taper and Straight Pipe Taps ASMEYANSIB949-1987
    

    

 (xii—E 

 
 

 

TAPER PIPE TAP STRAIGHT PIPE TAP
Threads per Inch Number of Flutes Dimmsiuns

High- Lenth Lengtll Langlh Diameter Sm:
Nnmirnl] Carlmn Speed Ova-all, 0f Thread, 0f Square. of Shank. nl' Square.

Size Suzi Suzul Regular Interrupted A 5 c u E
Taper Pipe Taps

 
  

mmuummuhAJA‘bba
Straight le: Taps 

  

l/Kn 1'! 4 21‘ 4 ya I L. .
V“ _ .. 27 4 214 34 "lg 0.4375 0.328
'4 1:; 4 27/1“ 1y“ 745 05625 0421
;g m 4 3'14fl 11/” '/2 0.7000 0.531
1/1 14 A 314 11g 1/! 0.6875 0.515
1;, t4 5 3V4 1);, ”is 0.9053 0.679

1 mg 5 31/4 11/, We 1.150 0.343
“Ground thread taps unly.
b Standard in NPT form of thread only.
“Cut L‘hread taps only.

Tolerauefi let General Dimensions
15mm Diameter

Range amt Range

 
All dimensions are given in inches These taps have an intern at] center in the thread end. Taper Pipe

Threads: The V3 finch pipe rap is furnished with large size shank unless the small shank is specified.
These taps have 2 to 3 V; threads chamfer. The first few threads on interrupted thread pipe taps are left
full. The following styles and sizes are standard: 1/L6 to 2 inches regular ground thread1 NPTg NPTF,
and ANPT: 1/3 to 2 inches interrupted ground thread, NPT, Nl’TF and ANPT: V3 to 3 inches Cnrhrm
steel regular out thread. NPT; V3 to 1 inches high-speed steel. regularcul thread, NPT; 5g tn 1 1/4 inches
highrspeed steel interrupted cut thread, N'PT. For standard thread limits see Tables 90 and 9h.
Straight Pipe Uri-ends: The Lg inch pipe tap is furnished with large size shank unless the small size is
specified. These taps are standard wiLh plug chamfer only. The following styles and sizes are stan-
dard: groundthreads— 1% in 1 inch, NPSC and NPSM; [/5 “33/4 inch, N'PSF; cullhreads— V8 to linch,
NPSC and NPSM. Fur standard thread limits see Tables E00, 10h, arid 10:. For eccenlricity toler-ances see Table 25.

177



178

TAPS AND THREADING DIES 895

Table 22. Taps Recommended for Classes 2B and 3B Unified Screw Threads -—
Numbered and Fractional Sizes ASME/ANSIB94.9—1987

| Threads per Inch Recommcndfd Tap For C1455 0f Thread Pitch Diamcler Limiu 1:0: c1355 ofThrL'adMm A11 Max Max
NC NF Class c155: Clam Class cm

Size UNC N1< 23-: 313 music) 21;
Machine Screw Numbeled Sim Tops

 

 

 

 
  
  
  
  
  
  
  
  
 
  
 
  
  
  
  
  
  
    
  
  
  
  
  

  
 

 

   

   
  
 

0 30 G H2 GH1 0.05191 64 (31-12 G H1
1 72 G H2 G H1
2 56 G H: GHI
2 04 G H2 G H1
3 4:1 G 1-12 GH1
3 56 G H2 GH1
4 40 G H2 G H24 4a GHZ G H1
5 4o G111 G 112
5 4A Gm G H1
6 32 G 113 51-12
6 40 G 112 01-12
13 37. G H3 GH:
13 .. 36 G H2 GH'l

10 24 G H3 G H3
10 32 0H3 G HZ12 24 G11: 6113
12 211 G H3 G 113

Emma-“n Size Tilps

:4 20 . . G 115 G 113 0.2224
14 28 G114 G 133 0.2311 0.1300
545 18 (3 H5 G H3 0,2817 0.2803
015 24 6H4 G 113 0.29112 0.21390
3g 16 G115 5H3 0.1401 0.3337
1g 24 G H4 G H3 0.3523 0.3516
=46 14 G HS G H3 0.3972 0.3957
345 20 G115 G H3 0.4104 0.4091
02 13 G 115 G H3 0.4505 11.4548
1,5 20 G115 G r13 11.4731 0.4717
g/m 1: 13 H5 G H3 0.5152 0.51315
115 . . 18 G 115 G H3 0.5323 0 530::
5g 11 G H5 GHJ 05732 0.5714
§g 11 G H5 G H3 0.5949 0.5934
54, 10 G H5 01-15 0.6927 0.6907
14 .. 16 GHS GH3 0.1159 11.7143
1;. 9 G HE“ G H4 0.5110 0.13030
ya 14 G 116'“ G114 0.8356 0.113391 11 G 110" G114 0.9276

1 12 G £113" 0 H4 0.95.35
1 14315 G116h G134 0.9609
wk 7 (311111 (3114 1.0450
114. 12 GHGh G114 1.0737
11,; 7 G 11133 6 H4 1.1065
1% 12 G H65 G H4 1,2039
1% 6 G [-1113 G H4 1.2771
13g 12 0H5” 6114 1.3191
11; 6 G 1—113h GH4 1.4022
11/3 .. 12 G H01- G114 1.4542

 
  

“C11! Iln'ead taps in all fractional sizes and in numbered sizes 3 10 l2 NC and NF maybe used under
normal conditions and in averagernalerials to produce tapped holes in this classificalion.

1”Standard Ci H4 taps are also suitable for this class ofIIn-ead.
All dimensions ave given in inches.
The above recommended taps normally produce the class of thread indicated in average malerials

when used will: reasonable care. However, if the lap specified does not give a satisfactory gage fit in
me work, a choice of some other limittap willbe nocessm’y.
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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 special 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 identify the thread forrn. High—speed steel taps are
marked “US,” but carbon steel taps need not be marked.

Ground thread taps made W ith 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 highwspeed steel, ”G" for ground thread, designators for tap pitch diam-
eter and special features, such as left—hand and multirstart threads.

Thread symbol designatom 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
Threads, Ground Thread.—HurLLEmErs: For Unified inch screw threads, when the
maximum tap pitch diameter is over basic pitch 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
01500005 in. the taps are marked “H" or “L,” respectively, followed by a limit number,determined as follows:

H limit number =Arnount maximum tap PD limit is over basic PD divided by 00005
L limit number :Amount minimum tap PD limit is under basic PD divided by 0.0005

Table 23. Thread Series Designations
Standard Product

Thread
Mar g Designa Third Series

Metric Screw 'lhreads—M Pmfile, widi basic ISO 68 profile
Metric Screw Threads—M Profiic, with rounded mol of radius 0.15011.” tn Dr] 8042?
Class 5 interference-fit thread
Emile ferrous material range

 
  
  
  
  
    
  
  
  
  

    
 

 

    
  
  
  
    
 
  

 

 

 

 
  

Entire nonfm‘ous material range
American Standard straight pipe damsel: in pipe couplings
Dry scalAmcr-lcan Standard fuel internal straight pipe threads
American Standard straight hose coupling threads for joining to American Standard lupcr
pipe threads

Dryseul American Standard intermediate internal straight pipe threads
American Standard straight pipe threads for looseefitting mechanical joints with lucknuts
American Slandard straight pipe dreads for free-fitting mechanical joints for rLXthES
American Standard taper pipe threads fur general use
Dryseul American Standard taper pipe threads
American Standard taper pipe threads for railingjoints

Unified Inch Screw Threat]
‘unsumt-pnc series

Coarse pitdi series
Finc pitch series
Exh‘mfinl: pitch series
Constantrpitch series. with rounded root of radius 0.15011}J to 0.1 SDAZP (ext. did. only)
Course pitch series, with rounded font of radius 0.150111J to 0.18042 P (ext. did. only)
Fine pitch series. with rounded mot of radius 0.150] 1? to 0.13042P(eitl.ll1d.0nly)
Extra-fine pitch series. with rounded rout of radius 0.15011Ptn 0.] 5042:“ (ext. did. only)
Constnntepitch series, with rounded root of radius not less than 0108}? (ext. did. only)
Coarse thread series, with rnunrled root of radius not less than 0. 1031’ (ext. did. only}
Fine pitch series, with rounded root ul'rudius not less than 111th (err. md. only)
Extra-fine pitch series, with rounded root of radius not less than o. leP (ext aid. only)
Special diameter pitch, or length of engagement
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The PD limits for various H limit numbers are given in Table 4. The PD limits forL 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 Iliaximum
tap PD equals the minimum PD plus the PD tolerance given in Table 24.

Table 24. PI) Tolerance for Unified Inch Screw Threads—
Gr011ml Thread ASME/ANSI [$94. 9—1937  
 

 
Threads per inch Tn l in, inel. cht | in. Ln I '4 10.. incl. Over Ila-a 21/3 in. incl. Over]. '4 in.8028 0.0005 0.0010 0.0010 0.0015

24—18 0.0005 0.0010 0.0015 0.0015
i6«] 8 0.0005 0.00 | 0 000 I5 0.0020
743 0.0010 0.0010 0.0020 0.0025

5 1/: 4 0.0010 0,0015 0.0020 0.0025    
i‘i‘xa'mpl'es:3/S A16 NC HS HI
Max. tap PD 2 0.3349
Min. tap PD 20.3344
3/3-16NCHSGL2
Min. tap PD = Basic PD ~0.0010 in. = 0.3344w0.0010 = 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

PD under basic PD is not an even multiple of 0.0005. the tap PD is usually designated as an
amount oversize or undersize. The amount oversize is added to the basic PD to establish
the minimum tap PD. The amount undersize is subtracted from the basic PD to establish the
minimum tap PD. The PD tolerance in Table 24 is added to the minimum tap PD to estab
lish the maximum tap PD for both.

Example :7/15—14 NC pius 0.0017 HS G
Min. tap PD =Basie PD +0.00l7 in.
Max. tap PD : Min. tap PD + 0.0005 in.
Whenever possible for oversize or other special tap PD rcquirements, the maximum and

minimum tap PD requirements should be specified.
Special Top Pitch Diameter: Taps not made to H or L limit numbers, to Table 25, or to

the formula for oversize or undersize taps, may be marked with the letter “S" enclosed by a
circle or by some other special identifier. Example: 1:546 NC HS G .
Table 25. ANSI Standard Eccentricity Tolerances of Tap Eiements When Tested on

Dead Centers ASME/ANSI3949-1987

  
 
  
 

 
 

  
  
  

     

   
   

   

  
  

  
 
 

  
Range Sizes are Inclusive Cut Thread Ground rims

Hand. Mob. Emmne Fmtrior
Screw ity Liv“ my tiv‘

Square M 1 .fi—M 12 0.0060 0.0030 0.0060
(at eentml point) Wi—t" M 14-01100 0.0080 0.0040 0.0080
Shank #cU/m” MLO-MB 0,0000 0.0005 0.00100410—01100 0,0000 0.0000 0.0015

‘ . M1000; 0.0050 0.000: 0.0010
10qu BMW” 15514“ M10M100 0.0030 00000 0.0015Pitch Diameter my,“ '1 M1.@Mtl 0.0050 0.0005 00010
(at first full thread) 051.4" 1010—01100 0.00190 0.0000 0.0010

00.35 v M1.6—M12 0.0040 0.0010 0.0010
Chm“ ”504“ M l4—M 100 0.0050 0.0015 0.0030
"1‘10 : total indicator variation. Figures are given for both eeeenlrieity and total indicator variaiiort to

avoid misunderstanding.
h Chamfcr should preferably be inspected by light projection to avoid errors due to indicator contact

points dropping into Lbe thread groove.
All dimensions are given in inches.
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LeftrHand Taps: Taps with left-hand threads are marked “LEFT HAND" or “LH.”
Exampiefi/s -16 NC LH HS G H3.

Multiple-Slam Threads: Taps with multiple-start threads are marked with the lead desig
nated as a fraction, also “Double," ‘Triple,“ etc. The Unified Screw Thread form symbol is
always designated as “NS” for multiplestart threads. ili'xarzipie.'3/g ~16 NS Double 14! LeadHS G 1-15.

Standard System of Ground Thread Tap Limits and Identification for Metric Screw
Threads—MProfile.—All calculations for metric taps use millimeter values. When
U.S. customary Values are needed, they are translated from the three-piace millimeter cap
diameters only after the calculations are completed.

Table 26. PD Tolerance for Metric Screw Threads—
M Profile—Ground Threads ASME/ANSI 3949-1987 

Pitch, 1’ (mm) M I .5 to 316.3, incl, Over M63 lo M25. inel. Over M15 in M90. incl. 0 020
07020
0.025
0.025
0.025
0,025
O. 025
0.031
0.031
0.031
0.031
0.041
0.041
em 1
0.04 1
0.051
0. 052
0,052
0.054
(1054
0.061
D. 064

 
0.064
 

D or DULimfrs: When the maximum tap pitch diameter is over basic pitch diameter by
an even multiple of 0.013 mm (0.0005 1 2 in. reference), or the minimum tap pitch diameter
limit is under basic pitch diameter by an even multiple of 0.013 mm, the taps are marked
with the letters “D” or “DU," respectively, followed by a limit number. The limit numberis determined as follows:

D limit number = Amount maximum tap PD limit is over basic PD divided by 0.013
DU limit number = Amount minimum tap PD limit is Under basic PD divided by 0.013
The PD limits for various D limit numbers are given in Table Sb. The PD limits for DU

limit numbers are determined as follows. The minimum tap PD equals the basic PD minus
the number of millimeters represented by the limit number (multiples of 0.013 mm). The
maximum tap PD equals the minimum tap PD pius the PD tolerance given in Table 26. E
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Table 27. Dimensions ofAcme Threads Taps in Sets of Three Taps

|- 0-4
ROOT DLA. 41.910"

W
2ND TAI-‘IN SET I? FH‘WG mlROOT DEA. —0.010"

= -_-II———H—-I~—I—FINISHING TAP

    
 

Examples:
M1.6X0.35 HS GD3
Max. tap PD = 1.412
Min. tap PD : 1.397
MEX 1 HS GDU4
Min. tap PD = Basic I’D—0.052 mm = 535070.052 = 5.298
Max. tap PD : Min. Lap PD +0.025 mm = 5.323
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Metric oversize or undersize laps. taps with special pitch diameters, and left—hand taps
follow the marking system given for inch taps.
Examples:

MIZX 1.75 +0,0441-IS G

M10x15 HS G

M10 x 1.5 LHHSGDS

Mu!tiple-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 bythe letter “,“P and the words ”(2 starts)" “(3 starts),” etc.

Examples:M16 X L4—P2 (2, starts) HS G D8
Ml4x [.6432 (3 starts) HS G D7

Acme and Square-Threaded Taps—These taps are usually made in sets, three taps in a
set being the most common. For very fine pitches, two taps in a set will he 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
sets. In cutting the threads of square-threaded taps, one leading tap maker uses the follow~
ing rules: The width ofthe 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 0004 inch. The depth of the thread is made equal to 0.45 times the pitch, plus
0.0025 inch. This latter rule produces a thread that for ail the ordinarily used pitches for
square—threaded taps has a depth less than the generally accepted standard depth, this latter
depth being equal to one-half the pitch. The object of this shallow thread is to ensure thatif
the hole to be threaded by the tap is not bored out so as to provide clearance at the bottom of
the thread, the tap will cut its own clearance. The hole should. however, always be drilled
out large enough so that the cutting of the ciearance is not required of the tap.

The table, Dimensions ofAcme Threads Tops in Sets ofThree 1'ups, may also be used for
the length dimensions for Acmetaps. The dimensions 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 the charnfered part of the thread may be increased. Squareethreaded hips are made
to the same table as Acme taps, with the exception of the figures in column K, which for
square-threaded taps should be equal to the nominal diameterof 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 turned to a taper at the bottom of the thread for a distance ofabout oneequar-
ter of the length of the threaded pan. The taper should be so selected that the root diameter
is about 1/32 inch smaller at the point than the proper root diameter of the tap. The first tap
should preferably be provided with a short pilot at the point. For very coarse pitches, the
first tap may be provided with spiral flutes at right angles to the angle of the thread. Acme
and square—flireaded taps should be relieved or backed off on the top of the thread of the
chamfered portion on all the taps in the set. When the taps are used as machine taps, ratherr
than as hand taps, they should be relieved in the angle of the thread, as well as on the top,
for the whole length of the chamfered portion. Acme taps should also always be reiieved on
the front side of the thread to Within 17;; inch of the cutting edge.

Adjustable Taps: M any adjustable taps are now used, especially for accurate work. Some
taps of this class are made of a solid piece of tool steel that is split and provided with means
of expanding sufficiently to compensate for wear. Most of the larger adjusmhle taps have
inserted blades or Chasers that are held rigidly, but are capable of radial adjustment The
use of taps of this general class enables standard sizes to be maintained readily.
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Table 28. Proportions of Acme and Square-Threaded Taps Made in Sets

  

 

   
  

T3—001 " A B
l _L

_C—'l L

D = full diameter of tap. 

 

 

 
  

  

  
 

R = root diameter of thread.
T = double depth of full thread.
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R + 0.010
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R7052]?

D

A m an up— 0005
A on 20 mp 7 0.005 yj L  

  A an 3.1 [up 7 0.005
  Ann4mmp70005 04me

 
Drill Hole Sizes for Acme Threads

Many tap and die manufacturers and vendors make available to their customers com-
puter programs designed to calculate drill hole sizes for all the Acme 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 lap 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/ANSI Eli-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. (Dimensions for general
purpose, centralizing, and stub 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 die hole size, to reduce
the amount of material to be removed when cutting the thread. [fthere 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 GeneralePurpose Acme screw threads of Classes 26, 3G, and 4G may becalculated from:
minimum diameter : basic major diameter — pitch
maximum diameter :minimum minor diameter"? 005 X pitch
pitch = llnumber ofthreads perinch

Forexample, 1/2-10Acme 2G. pitch = 1/10 = 0.1
minimum diameter: 0.5 — 0.1 = 0.4
maximum diameter : 0.4 + (0.05 x 0.1) = 0.405
drill selected = letter X or 0.3970 + 0.0046 (probable oversize) : 0.40 l 6

Similarly, diameters of Acme Centralizing screw threads ofClasses 2C, BC, and 4C maybe calculated from:
minimum diameter = basic major diameter 7 0.9 x pitch
maximum diameter = minimum minor diameter+ 0.05 x pitch
pitch = llnumber ofthreads per inch

For example, 1471 0 Acme 2C. pitch : i/lO = 0.1:
minimmn diameter = 0.5 e (0.9 X 0.1) : 0.41
maximum diameter : 04] + (0.05 X 0.1): 0.415drill selected = ”/32 or 04062 + 0.0046
(probable oversize): 0.4108.

Diameters for Acme CentraJizirig screw threads ofClasses 5C and 6C (not Iceomrnended
for new designs) may be calculated from:
minimum diameter 2 [basic major diameter ~ (0025 \l basic major diameter” 7 0.9 x
pitch:
maximum diameter = minimum minor diameter + 0.05 X pitch
pitch : llnumber of threads per inch.

For example, '4710 Acme 5C, pitch = 1/1 0 : 0.1
minimum diameter: [0.5 A (0.025 V' 0.5)] —(0.9 x 0.1) = 0.3923
maximum diameter = 0.3923 + (0105 X 0.1): 0.3973
drill selected = 5/31 or 0.3906 + 0.0046 (probable oversize) : 0.3952

British Standard Screwing Taps furiSO Metric Threads.—BS 949: Part 1: 1976 pro—
vides dimensions and tolerances for screwing taps for [SO metric coarse—pitch series
threads in accordance with BS 3643: Part 2; and for metric fineApitch series threads in
accordancewith BS 3643: Part 3.

Table 1 provides dimensional data for the cutting portion of cutethread taps for coarse-
scries threads of ISO metric sizes. The sizes shown were selected from the first—choice
combinations ofdiameter and pitch listed in BS 36432Part l:l981 (1998). Table 16 pro-
vides similar data for groundAthread taps forboth coarse— and fine-pitch series threads of[50 metric sizes.
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Table 1. British Standard Serewing Taps for ISO Metric Threads; Dimensional Lim-
its for the Threaded Portion of Cut Taps-”Coarse Pitch Series BS 949: Part I : 1976

 
 
 
 

 

 

 
Major 131 umclfir Pitch Diamewr | Thlemc: (1nThread Angle, 

| Designnlmn Pitch Minimum 

 
Max, 131:ng

Mi 025 1.010 0.375
MLZ 0.25 1.230 1017
1011.5 0.35 1.635 1.417
M2 0.40 2.036 1.731:
112.5 0.45 2,530 2.259
M3 0.50 3.042 2130
M4 070 4.051 3.601
M5 030 s 004 4.547
ME 100 51000 5424
M0 125 3.066 1.210
M10 150 10.072 9116
M12 1.75 12.078 10.961
M16 200 15.034 14.311
1120 2.50 20.093 111.491
M14 100 24.101 2.153
M30 350 30.111 27.074
11135 4.00 36.] 17 33.563  

“See notes under Table 2.

Table 2. British Standard Screwing Taps for ISO Metric Threads; Dimensional
Limits for the Threaded Portion of Ground Taps-—

Coarse—and Fine-Pitch BS 949: Part 1 : 1976
AllClnsscs 
   

 

 

 
 

 Class 1 Taps Clay; 2 Taps Class 3 Taps   T1111:r.

    
 

  
 

  
 

Nominal Min. 13.151: Fin-11 Diamcwr am
Majur Din M11 or mm m, 15(basin) D12. Dis. 111:!

1313191311.)“ 71 d; An91: 
 

 
 

0.80 5.040
'I .00 5.047
19.5 H .050
L50 10.056
1 .75 12.064

1100 16.053
2.50 20.072
3.00 241085
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Table 2. (Continued) British Standard Scrcwing Taps for ISO Metric Threads;Dimensional Limits for the Threaded Portion of Ground Taps-m
Coarse-and Fine-Pitch BS 949: Part I : I976

All Classes
nmd Eli-Traps cuts 1 Taps Class 2 Taps Class 3 Tape Tater.

 

 

  
 

Nominal Pitch Diameter mm:
Major Din. an 15(bade) Pitch Thd

Designatinn d p Angle
30 0 i] 3'

FINE-PITCH THREAD SIZES

Ml x 0.2 1 0.20 | 020 0 870 0.875 0.855 i717
M] .2 x 0.2 i 7. 0.20 11220 1,070 1.075 1.035 ‘:70’
MLEXOJ. 1.6 010 1.621 I 470 1.475 1.485 :70
M2x0.25 2 0.25 2.014 1.838 1.544 1.856 :60
M2.5 X 0.35 2.5 0.35 2.527 2.273 2.230 2 293 1.293 21307 :5 0'
MB X 0.35 3 0.35 3.023 2.773 2.780 1794 2.794 2.509 1:50
M4 x 0.5 4 0.50 4 .032 3.675 3 .633 3.099 169‘; 3.715 3.731 E6'
MS x 0.5 5 0.5 0 5 .032 4.675 4.1333 4.699 4.699 4.715 4.711 :36'
M6: 0.75 6 0175 6.042 5.513 5524 5.545 5.545 5.566 5 587 i2?
ME x I E 1.00 8.047 7.350 7.362 7.335 7.355 7.409 7.433 :24’
MIOX 1.25 l0 15 10.050 9.158 9.301 9.916 9.116 9.251 9.276 122’
Mllx 1.25 12 | 25 12.056 11.158 11.202 11.230 11.230 11.258 11.286 £27!
3116 X 1.5 16 1.50 16.060 15.026 15.041 15.071 15.071 13.101 15.13] :20’
MZOX 15 20 1.50 20.060 19.026 19.041 ”1.071 19.071 19.101 19.131 120'
MJ4 X 1‘. 24 2.00 24.072 22.701 22 719 3.755 22.755 22.791 22!. 327 113'
M30 x 2 30 2.00 30.072 28.701 28.719 28.755 23.755 113.791 25 327 i 13'

 
.1 The maximum tap major diameter, d max, is not specified and is left to the manufac turer‘s discre-tio I).
All dimension are in millimeters. The thread sizes in the table have been selected from the pre

ferred series shown in B5 3643:Part 11981 (1998). For other sizes, and [or second and third choice
combinations ofdiameters and pitches, see the Standard.

Tolerance Classes ofTaps: Three tolerance classes (class 1, class 2, and class 3) are used
for the designation of trips used for the production of nuts of the following classes:

nut classes 4H, 5H. 6H. 7H. and 8H, all having zero minimum clearance;

nut classes 46, 5G, and 6G. all having positive minimum clearance.

The tolerances for the three classes of taps are stated in terms of a tolerance unit I, the
value of which is equal to the pitch diameter tolerance, Tm. grade 5, of the nut. Thus, t:
Tm. grade 5. ofthe nut. Taps of the different classes vary inthe limits of size of the tap pitch
diameter. The tolerance on the tap pitch diameter, 1112,15 the same for all three classes of
taps (20 percent of r), but the position of the tolerance zune with respect to the basic pitch
diameter depends upon the lower deviation value Em which is: for tap class 1, Em = +0.1r;
fur tap class 2, Em = + 031‘; and for tap class 3, Em = +0.51:
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Nuts
8H

   
Pitch diameter of
basic profile  0.1!

The disposition of the tolerances described is shown in the accompanying illustration of
nut class tolerances compared against tap class tolerances. The distance El shown in this
illustration is the minurnum clearance, which is zero for 1-] classes and positive for G
classes of nuts.

Choice ofTap Tolerance Clam: Unless otherwise specified, class 1 taps are used for nuts
of classes 4H and 5H; class 2 taps for nuts of classes 6H, 40. and 56; and class 3 taps for
nuts of classes 7H, SH, and ()G. This relationship of tap and not classes is a general one,
since the accuracy of lapping 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 lubricant.

Tap MajorDr‘ameter: Except when a Screwed connection has to be tight against gaseous
or liquid pressure, it is undesirable for the mating threads to bear on the roots and crests. By
avoiding contact in these regions of the threads, the opposite flanks of the two threads are
allowed to make proper load bearing Contact when the connection is tightened. In general,
the desired clearance between crests and roots of mating threads is obtained by increasing
the major and minor diameters of the internal thread. Such an increase in the minor diame—
ter is already provided on threads such as the ISO metric diread, inwhich there is a basicclearance between the crests ofmiuimum size nuts and the roots of maximum 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 major diameter of new Taps which provides a reasonable
margin for the wear oftheir crests and at the same time 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 specified and is left to the manufacturer
to take advantage of this concession to produce taps with as liberal a margin possible for
wear on the major diameter.

Tapping Square Threads.—.lf it is necessary to tap square threads. this should be done
by using a set of taps that will form the threadby a progressive cutting action, the taps vary—
ing in size in order to disuibute the work, especially for threads of comparatively coarse
pitch‘ From three to five taps may be required in a set, depending upon the pitch. Each tap
should have a pilot to steady it. The pilot of the first tap has a smooth cylindrical end from
0.003 to 0.005 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 fit into spindles or sockets of cor-
responding taper, thus providing not only accurate alignment 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 Sc 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
a tool is so firmly seated in its socket that there is considerable frictional resistance to any
force tending to turn or rotate the tool relative to the socket. The term “selfihnlding” is used
to distinguish relatively small tapers from the larger or say—releasing type. A milling
machine spindle having a taper of 31/2 inches per foot is an example of a self-releasing
taper. The included angle in this case is over 16 degrees and the tool or arbor requires apos-
itive locking device to prevent slipping, but the shank may be released or removed more
readily than one having a smaller taperof the self—holding type.
Morse Taper. Dimensions relating to Morse standard taper shanks and sockets may be
t'oundin an accompanying table. The taper for different numbers ofMorse tapers is slightly
different, but it is approximately 5/8 inch per foot in most cases. The table gives the actual
tapers, accurate to five 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 inTable la.

 

Brown & SharpeTaper.—This standard taper is used for taper shanks on tools such as
end mills and reamers, the taper being approximately 1/2 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 a number of different lengths of sockets corms
spending to the same number of taper; all these tapers, however, are of the same diameter
at the small end.

Jarno Taper.—Thelarno taper was originally proposed by Oscar J. Beale of the BIOWn&
Sharpe Mfg. Co. This taper is based on such simple formulas that practically no calcula-
tions are required when the number of taper is known. The taper per foot of all Jarno taper
sizes is 0.600 inch on die 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 number of the taper. For example, a No. 7 Jame taper is 7/3 inch in diameter at
the large end‘y 7/10 , or 0.700 inch at the small end; and 7/2 , or 3 1/2 inches long; henceI diameter
at large end = No, of taper —:— 8', diameter at small end : No. of taper + 10; length oftaper =
No. of taper + 2. The lame taper is used on various machine tools, especially profiling
machines and die»sinlcing machines. It has also been used for the headstock and tailstock
spindles ofsome lathes.

AmericanNutianul 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 selfiholding taper
series consists of22 sizes which are listedinTable 7a. The reference gage for the selfehold-
ing tapers is a plug gage. Table Tb gives the dimensions and tolerances for both plug and
ring gages applying to this series. Tables 2 through 5 inclusive give the dimensions for self-
holding taper shanks and sockets which are classified as to (1) means of transmitting
torque from spindle to the tool shank, and (2) means of retaining the shank in the socket.
The steep machine tapers consist of a preferred series (bold-face type, Table 6) and an
intermediate series (light-face type). A self-holding taper is defined as “a taper with an
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angle small enough to hold a shank in place ordinarily by friction without hulding means.
(Sometimes referred to as slow taper.)" A steep taper is defined as “a taper having an angle
sufficiently large to insure the easy or self-releasing feature.” The term "gage line" iridi-cates the basic diameter at or near the large end of the taper.

Table 1a. Morse Stub Taper Shanks
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0.60235 0.050196 0.8753 0.933 1% 5/54 "/15

0,6826 (1.051938 1.1563 1,231 2'45 31/“1 11/.“

0mm 0.052626 1.6526 2% V. “/15  
Socket
 

  

 
Min. Depth of \
Tapered Hole 33":Radius

of mm. Diameter, mils1“"
 

1%

1545

11/55 
 

5These are basic dimensions.
hThese dimensions are calculated for reference only.
Alldimensions in inches,

Radius J is 3/“. V15 , 5/3,, 3/;g. and lg inch respeciively for Nos, 1, 2, 3, 4, and 5 tapers,
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Table 1b. Morse Standard Taper Shanks 
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No. of Taper Taper S make:
Taper par Foot per Inch A

0 0.62460 0.05205 0.3561

1 0.59858 0.04988 0.475

2 0.59941 0.04995 0.700

3 0.60235 0.05019 0.938

4 0.62326 0.05193 1231

5 0.63151 0.05262 1.748

6 0.62565 0.05213 2.494

7 0.67.400 0.05200 3.270  

 
 

Plu g
Depth
 

Tang or Tongue 

 
Thick-neg s

 
N

25’s

294.

33/15

‘Wm

5345

7%
1D
 
 

 1%

2%
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Table 2. American National Standard Taper Drive with Tang,
Self‘Holding Tapers ANSI/ASME B5. [071994

gamma!
K {""g'riKey Taper 1 3/4 in. per ft..

—' I.1*. '
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Diameter
Nu. at Gage Length
cf Line (1) nfShnnk

A
0.2.3922

 

 
 

 
 

 
 

10 End
of Shank

C
1.19

  
Thickness

E
0.125
 

 
 
 
 
 
 
 
 

 
 
 

 
 

 
 
 

 
 

 
0.29968 1.59 1.50 0.156
0.37525 1.97 1.88 0.188
0.47500 2.56 2.44 0.203
0.70000 3.13 2.94 0.250
0.93800 3.88 3.69 0.312 0.56
1.23100
1.50000
1.74800 6.12

4.63
5.13
5.88

0.469
0.562
0.625 

 

 
 
 
 

  

 

  
   
  
  
 
 
  
 

 
 

 
  

 
 
 

 

 
2.49400 8.25 0.750

Socket

Min. Depth of Hole Gage LineK to
Tang Slot Width

M N

 
  

0.94 0.141
1.17 0.172
1.47 0.203
2.06 0,213
2.50 0.266
3.06 0.328
3.88 0.484
4.3 l 0.5 78
4.94 0 .656
7.00 0 .781

  
 

All dimensions are in inches. (1) See Table 711 for plug and ring gage dimensions.
Tolerances: For shank diameterA at gage Line, wi- 0.002 — 0.000; fur hole diameter A, + 0.000 —

0.002. FDI’lang Lhickness Eup tn N0. 5 inclusive. J4100070006: No. 6, + 0.000 —0.003. For width
N of tang slut up to Na. 5 inclusive, + 0.006; — 0.000; No. 6. + 0.008 — 0.000. For centrality oftang E
with center line of taper, 0.0025 (0.005 lulu] indicate/r variation). These centrality iolemnces also
apply to the tang 510: N. On rate of taper, all sizes 0.002 per fool. This tulerance may be applied an
shanks nnly in the direction which inn-cases the rate of taper and on sockets only in the direciinn
which den-casei- the Mile of taper. Tolerances far 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 Slut,
Self-Holding Tapers ANSI/ASMEBS, 10-1994
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I 3f4 in. per ft.
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mg Slut 

 
   

 
 

 
  
   
   

 

Shank End Gage Line
to Back of to Batten-L

Slut D‘f Slut Width
P Y' N'

0.56 0.266
0.5 0 0. 39 l

0.56 0.45 3
056 0.516
0.50 0.64] 
0. ES 0.766

 
 

All dimensions are in inches. (1) See Table 7b ferplug and ring gage dimensions.
Talemnces: For shank diameter/i at gage line, +0002, —0; for hale diameter/i, +0, 41002. For

Ling thickness E up to No. 5 inclusive, +0, 43.006; larger than No, 5, +0, 41008. For width ofslots N
and N’ up to No. 5 inclusive. +0006, —0; largenhan No. 5, +0008, —0. For Gena-ality oftang Ewith
center line of taper 0.0025 (0005 10ml indicator variaLion). These centrality tolerances also apply [0
slots N and N’. 0:: rate of taper, see footnote in Table 2. Tolerances for two-decimal dimensions are
:0010 unless otherwise specified.
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Table 4, American National Standard Nose Key Drive with Keeper Key Slot.
Self-Holding Tapers ANSI/ASME 85‘ 10—1994 

U

'Il/ny/Jflw.
/

WF
7 -E-§irj/Zigyflll/WAII a.

1%.?"-7 7 / '-

 
  

      
“Thread is UNF—ZB for hoie; UNFQA for screw. (1) See Table 71: for plug and ring gage dimen~SIUHS‘

All dimensions an: in inches.AEis 0.005 greater Lhan cnc-halfofA‘
Width of drive key R" is 0.001 less Ihan widlh R" of kcyway
Tolerames: For diameterA of hole at gage line, +0, 41002; for diametarA of shank at gage Tine,

+0002, —0: for width of slots N and N', +0008, 40; for width of drive keyway R” in sockets +0, —
G.001;fnr width ofdrive kcywayR in shank 0.010, —O; forcenlmlity ofsiots NandN' with center line
of spindle, 0,007; for cemmlily of keyway wilh spindle center line: for R, (1004 and for R', (1002
T.I.V. 0n rate of taper, sac faumate in Table 2. Twoidecimal dimensions, 101110 unless otherwise
specified.
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Table 5‘ American National Standard Nose Key Drive with Drawbolt,
Self-Holding Tapers ANSI/ASME B5. [0-1994

F5
RE AJ . 0 II

a . w'l/l/l/IJ -

60 Countersmk mm 7.- AEAP "

T' ‘
WWII/1.:

r , l,- Ru D
II!

Snckcls
Drive Key Drive Keywny

UNFZB
Hnlr. UN]=
2A Smw Widlh

D’ R

  
All dimensions in inches.
Exposed length Cis 0‘003 minimum and 0.035 maximum for aii sizes,
Drive Key D' screw sizes are 3/5'24 UNF-ZA up to taper No. 4-00 inciusive and 1/3--20 UNF—ZA for

laIgeI tapers.
Tolerances: For diameLer A of hole at gage line, +0900, 43.002 for iii] sizes; for diameter A of

shank at gage Fine, +0002, 41000; for all sizes; for width of drive keyway R’ in socket, +07000, —
0.00]; for widLh of drivekeywuy R in shank, +0010, —0.000; for centrality of drive keyway R', with
Center line of shank, 0,004 total indicator vari ation, and fun drive keyw ay R', with center line of with
dle, 0.002. On rate of taper, see footnote in Table 2. Tolerances [or two—decimal dimensions are
flfllfluniess otherwise specified.
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 Table 6. ANSI Standard Steep Machine Tapers ANSI/ASME B5. 1071994

  

 
Length Taper Dian! Len gill

No. of Along Ne. of PSI Gage Along
Taper Axis Taper Fool“ Line‘1 Axis

5 0.6875 35 3.500 1.500 2.2500
10 0.8750 40 3.500 1.750 2.5625
15 1.0625 45 3.500 2.250 3.3125
20 1.3125 50 3.500 2.750 4.0000
25 1.5625 55 3.500 3.500 5.1875
30 1.8750 60 3.500 4.250 6.3750  

“This taper correspends m an included angle of 16“, 35’, 39.4".
h The basic diameter at gage line is .31 large end oftaper.
Alldimensions given in inches.
The tapers numbered 1

as the “Preferred Series.“ The
iype are designated as the ‘Wnlermedinte Series."

0, 20. 30, 40, 50, and 60 film are pfinled in heavyefaced iype are designated
tapers numbered 5. 15, 25, 35, 45, and 5511131311: primed in light—faced

Tabie 7a. American National Standard Self-haiding Tapers — Basic
Dimensions ANSI/ASME 13510-1 994 

0.5 0200
0.50200
0.50200
0.59 85 E
0.5 9941
0.6023 5
0.6326
0 .62400
0.63 1 5 1
0. 62565
0.62400
0.75 0
0.750
0.7 50
0.75 0
0 .7 50
0.750
0 .750
0.75 0
0.750
0.7 5 0
0.750

 
Dia. at
Gage
Line“

A
Means (if

Driving and Holding“ 
0.23922
0.29968
0.37525
0.47500
0.70000
0.93800
1.23100
1.50000
1.74800
2.49400
3.27000
2000
2.500
3.000
3.500
4.000
4.500
5.000
6.000
8.000

10.000
12.000

Tang Drive With Shank Held in by Friction
(See Table 2)

Tang Drive \Vrth Shank Held in by Key(See Table 3]

Key Drive With Shank Heid in by Key(See Table 4;

Key Drive With Shank Heldin by Draw—bull
(See Table 5)

Brow n 85
S harpe TaperSeries

 
 
“ See illustrations above Tahies 2 through 5.
All dimensions given in inches.
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Tabie 71:. American National Standard Plug and Ring Gages for the
Self~Holdi 11g Taper Series ANSI/ASMEB5. 10-]994

 

Diameter at
Small
Emi

Class X Class Y Class Z A'Gage Gage Gage
050200 23022 0 00004 0.00007 0.00010 0.20000
0.50200 0.29953 0.00004 0.00007 0 00010 0.25000
0.50200 037525 0.00004 0.00007 0.00010 0.31250
0.59058 0.47500 0.011.104 0.00007 0.00010 016900
0.59941 0.70000 0.00004 000007 0.00010 0.57200
0.60235 0.91300 0.00006 0.00009 0.00012 0.77800
0.62326 1.11100 0.00006 0.00009 0.00011. 1.02000
0.62400 1.5003) 0.00000 0.00009 0.00012 1.20500
0.63151 L74800 0.00003 000(le 0.00016 1.47500
0.62565 2.49400 0.00008 0000 I 2 0.00016 2.11611)
0.62400 3.27000 0100010 0.013015 0.00020 2.75000
(1.75000 2.00000 0.00003 0.00017. 0.00016 L703
0 75000 2.50000 0.00003 0.00017. 0.00016 7.. |56
0. 75000 3.00000 0.00010 0.00015 0.00020 2.1509
0.75030 3.50000 0.00010 0 00015 0.00mi) 3.063
0.75000 4.00000 0.00010 0.00015 0.00010 3.516
0.75000 4.50000 0.00010 0100015 0.00020 3.909
0.75000 5.00000 0.00013 0.00019 0.00025 4.432
0.75000 6.00000 0.00013 0.00019 0.00025 5.31?
0.75000 8.00000 0.00016 0.00024 0.00032 7.14]
0.75000 £0.00000 0.00020 0.00030 0.00040 8.95]
(1.75000 12.00000 0.00020 0.00030 0.00040 10366

 
aThe taper per foot and diameterA at gage line are basic dimensions. Dimensions in Column A' are

calculated for reference only.
bTolerances for diameterA are plus for plug gages and minus for ring gages.
All dimensions are in inches.

The amount of taper deviation for Class X. Class Y, and Class 2. gages are the same, respectively,
as the amounts shown for tolerances on diameter A. Taper deviation is the permissible allowance
from true taper at any point ofdiameter in the lenglli ofthe gage, On tnperplug gages, this deviation
may be applied only in the direction which decreases the rate of taper. On taper n‘ng gages, this devi-
ation may he applied only in the direction which increases the rate oftaper. Tolerances on two—deci—mal dimensions are 120010.

British Standard Tapers. British Standard 1660: 1972, “Machine Tapers, Reduction
Sleeves, and Extension Sockets,” contains dimensions for sell‘lholdjng and self—releasing
tapers, reduction sleeves, extension sockets, and turret sockets for tools having Morse and
metric 5 per cent taper shanks. Adapters for use with 7/24 tapers and dimensions for spindle
noses and tool shanks with selfirelease mpers and cotter slots are includedin this Standard.
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Table 8. Dimensions of Morse Taper Sleeves 
A =No. Morse Taper Outside

 
 
 C D

   
A E F 0 x I L —l—M
2 5945 0.700 %g '4 7/“ 225 0.475 21/15 3/4 0.213
3 315/", 0.931 V, 716 9/16 2% 0.475 214,, 34 0.213
3 47/.6 0.938 34 315 ”/1: 23g 0.700 2'4 74 0.250
4 474 1.231 ‘4 '34: X 23/16 0.475 1'45 34 0.213
4 474 1.231 1/, 15% 5g 2% 0.700 2/1 74 0.200
4 5% 1.231 34 ‘54:, 7g 3y4 0933 3'45 1’45 0.322
5 6V; 1.743 1/4 54 «X 251., 0.475 21/... 3/4 0.213
5 5‘4 1.74s ‘74 fig 3:1 254 0.700 2‘4 74; 0.200
5 614 1.743 '4 5/a 34 3% 0.930 3V“, 1% 0.322
5 6% 1.748 34 54 Z 4% 1.231 3’42 1 V. 0.47:
6 1 55/1 2.494 34 34 m 2-7“, 0 475 2145 34 0.213
0 2 8% 2.494 34 14 117 2% 0.700 292 74 0.260
a 3 054 2.494 34 3/.1 1k. 3% 0.9311 3'45 1‘45 0,322
5 4 354 2.494 3% 3/, 1 ‘4 4‘4 1.231 3‘4 11/.1 0.47s
6 5 8% 2.494 7g 34 114‘ 51-1 1.74:; 4151/... 1‘4, 0.635
7 a 1154 3.270 1/5 1'4 ”é 314 0.931; 31/", 13/.5 0.322
7 4 1154 3.270 34 1'4 1% 41/8 1.231 37/E 114 0.4713
7 5 115/x 3.270 =4 1'4 11g 5'4 1.74s 4% l'é 0.635
7 a 1215 3,270 . 11/. 11g 131 77;. 2.494 7 15/4 0.760

   
Table 9. Morse Taper Sockets — Hale and Shank Sizes 

 M0131: Taper
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Table 10.Bmw11 & Sharpe TaperSlianks

Tapar 17 Per Ft.

rs Collets
3

 Length Width Length Diamar Thick—Df of Lcmf llllhfinf
Shank Kuy- x4” Arbur
Depth Wu)m way

S
20000 3%,00 I

--—-115
,SUZDO

   
 

  

 
 

  

   
 

 
1.24995
  

1.50010

 

     
 

 
 

 
 

aSpecial lengths of keyway are. used instead of standard lengths in some places. Standard lengths
need 1101 be used when key way is for driving only and not for admitting key to force out 1001.

h “B & S Smndard" Plug Depths are not used in all cases.
C Adopted by American Standards Association.
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Table 11. Jarno Taper Shanks
2-777-777-7711r/ n U I, r/ I,»

x ,1 1/ // I, // [/4

B
-.‘\

no. of taper C : no. of taper E = no. of taper
Diameter

C
(:10
0.30
0.40
0.50
0.60
0.70
0.50
0.90
1.00
1.10
120
L10
1.40
1.50
1.60
1.70
1.80
1.90
2.00

 
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 R8 tapers, and large vertical milling macln'ne 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,butlathes may have the
lame, Brown & Sharpe, or a special taper. Of 33 lathe manufacturers, 20 use the Morse
taper; S. the lame; 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. J 31110, Morse. and Brown & Sharpe tapers
are used. Often grinding machine manufacturers, 3 use Brown & Sharpe; 3 use Morse; and
4 use lame. The Brown dc 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 Tool Builders' Association (now The
Association for Manufacturing Technology [AMT]), has a taper of 31/2 inches per foot.
This comparatively steep taper was adopted to ensure easy release of arbors.
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Table 12. American National Standard Plug and Ring Gages for Steep Machine Tapers ANSI/ASMEB5. 10-1994 

 i‘—‘—7L #1

Class Y B: Z Type Gage

 
 

  

 

  
 
  
  

 

   
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

  
Tolerances fur Di ameter A" D'talne: Length Overall

Diameter (er a1 Gage Line Length Diu.
at Small to of G age uf

Gage Line“ Class Z End“ Small Bud Body OpeningA Gage A' L B C
0.500 0.00010 0.2995 0 (1075 0.01
0.625 0.00010 0.3693 0.0750 1.00
0.750 0.00010 0.4401 1.0615 1.25
0.875 0.00012 0.4912 1.3125 1.50
1.000 0.00012 0.5443 1.5625 1.75
1.150 0.00012 0. 7031 l. 3750 2 .06
1.500 0100012 [3.8435 2.1500 1.44
1.750 0.00016 1.0026 2.5625 2.75
2 250 0.00016 1.2339 3.3125 3.50
2.750 0.00020 1.5033 4.0000 4.25
3.500 0.00020 1.9870 5.1875 5.50
4.250 0.00020 1.3906 6.3 7'50 6 75

 
 

*‘ The taper per fem and diameter A at gage line are basic dimensions. Dimensions in Column A' arecalculated for reference only.
h'J‘ulemrtces for diameter/fl areplus for plug gages and minus for ring gages.
All dimensions are in inches.

The amounts of taper deviation for Class X, Class Y, and Class Z gages are the same, respectively,
as the amounts shown for lolernnces nn diameter A. Taps? deviation is the permissible allowance
from true tape: at any point of diameter in the laugh of the gage. 0n taperphrg gages, this deviation
may he applied only in the direction which decreaxe: the rate of taper. 0n taper ri r:g gages. this devi-
ation may be applied only in the directiun which incremes the rate of taper. Tolerances on two-deciimal dimensions meiODIU.
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Table 13. Jacobs Tapers and Threads for Drill Chucks and Spindles 

   

 

 
 

0.22844 0.41750 0.59145 0.62886
0.3334] 0.65 625 (192508 . 0.62010
UAS'764 (l 87500 0.97561 . . 0.6.1292
0.48764 0.75000 0.97851 0.761940.74510 13.1875 0.63898 
 
 
 

 
Plug Gage Pitch Dia. Ring Gigs paid. Din.
 0.1843

0.3468
0.4662
0 .5644
0.5 330
0.66 ll]
0.7079
0.9183
0.9350
IAIHS

 
 

aExcept for 1—8, 1—10, 15545 all threads are now manufactured to the American National Smndard
Unified Screw Thread System, Internai Class 213, External Ciass 2A.Effec1ive dale 1976.

bTolerances for dimension H are as follows: 0.030 inch for thread sizes 5/"3 «24 to ifi—ié, inclusive
and 0125 inch for Ihread sizes les 10 ll/Z—S, inclusive

DLength for Jacobs 035/1 6 chuck is 0.375 inch, length Ior 135/1 6 chu ck is 0.437 inch.
ElLength for Jacobs No. [BS chuck is 0.437 inch.
Usual Chuck Capacities for Difi’erenr Taper Series Numbers.- No. 0 taper, drill diameters, 03%:

inch; No. 1, 071/4 inch; No. 9., 0—1/1 inch; No. 2 “Short? 0-546 inch; N0, 3, (kl/2 14—5/3 , 3/1572, er ig—
'3/1‘S inch; No. 4, ifs—iii inch; No. 5, 3471; No. 6, (Ll/1ineh;N0.33l,O--V2 inch.

Usual CIn: Ck Capacities-far Dfl'fermt Thread Sizer: Size 5/16 —24, driil diameters OJ/4 inch; size 7Y8)
24, drill diameters 03/B , 145—3?“ or 53445 inch; size J£720, drill diameters 0413 , 1454/3, or 3’5171/2 inch;
size 5/3—1 1, drill diameters (SM/3 inch; size §§—1 6, drilldiamcters CPI/2 Vg- —5/H. or 345—34 inch: SHE‘S/64
—16. drill diameters 0—1/2 inch; size 34—16, drill diameters 0—14 at 3453/4,
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Table 2. Essential Dimensions ofAmerican National Standard Tool Shanks for
Nlilling Machines ANSIB5.18—1972,R199I

Maximum Varinlinn .915
American Standard Fm“ Gag“ Li“ |4—.Dl5Tape: .1530 run. End at Spindle

Sim fur
DmWrirl
Thread

0
0,5004}

065—11

0.75040

LOUD—8

1.2.5077

Distance
from

Rear of Clearance
Flange nffinngl: Tml Shank[0 End (mm Gage Centerlinc Lnnl mint Diameter Driving SlutV W X 

All dimensions are given in inches.
Tolerances: Two digit decimal dimensinns : 0.010 inch unless otherwise specified
M—Pcrmissible for Class 2B "NoGo" gage to enter five threads before interference,

N—Taper toleranoe on rate of taper to be 0‘00] inch per foot applied only in direction whichincreases rate of taper.

Y—Centrality of drive 5101 with axis OI mper shank 0,004 inch at maximum material condition.
(0.004 inch lutnl indicator vari anon)
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Table 3. American National Standard Draw-in Bolt Ends
ANSIB5JS—1972, R1991

Length of for Large EndSmall End UNC-ZA
A B M

0.625%1

0.7504 0

l .OOCLS

1.2504

All dimensions are given in inches.

for Small End
UNC—ZA

D

0375—16

0500—13

0.625711

(1625—11

LOWS

 
Table 4. American National Standard Pilot Lead on Centering Plugs for Flatback

Dlilling Cutters ANSIB5.18»1972 (R1998)

Lead Dia Pilot Dia

1\

.03125 4 '9
American Standard Max Lead Dia = Max Pilnt Dis—.003
Taper 3.500 Inch per Fl Min Lead Dia = Min Pilol Din v.006

Face of Spindle
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Table 5. Essential Dimensions for American National Standard Spindle Nose with
Large Flange ANSIBiI 8-1972 (R1998) 

Slut and kcy location

raw

Alucrilxm Slandard
Taper 3.500 Inch Per Fl

variation
from

list Position

Keyscnl.
section Z—Z Key tight fitin slut

Gl Drive Key
Distance

(mm
Cenmro

Spindle DrivingEnd ‘ ‘ KEYS
m ‘ ‘ : ' First

Column . . Position
 

Distance
from

Center In
Driving

Keys
Sccnnd .Positinn UV SplndlfiMin

 
All dimensions are given in inches.
Tolerances: Two-digit. decimal dimensions 1- 0.010 unless otherwise specified.
A—Tolerance on rate of taper to be 000] inch per foot applied only in direction which decreases

rate of taper.
F—Centrality of solid key with axis cftnper 0.002 inch total at; maximum material condition.

(0.002 inch Total indicator variation)
F1%enimfity ofkeyseat with axis of taper 0.002 inch total at maximum material condifion.

(0.002 inch Total indicator \varlatjon)
None 1: Maximum rLlrlnul on test plug:

0.0004 at 1 inch projection from gage lint:
0.0010 at 12 inch projection [rota gage line.

Nora 2: Squareness ofmounting face measured near mounting bolt hole circle.
Nate 3: Holes located as shown and within 0.010 inch diameter of true position.

207



208

925STANDARD TAPERS

mwmdEndandnew0310Had”3.0midm:o:4692.0«Ed054..had32.:mid:ldaid2:an3amud...:.nm=d“€92.32.3...5...;“5.0mw:53.5

nwmdmum‘s$2.5ommdmam.¢owndm_MdandFundmmudamN5mnwdEndmmwdans0N12.#mwdRadmfind_F«dmcwdm3.035.2..ragsEFL“a5?:

351.9a»_hdwsmoom.had$3593.0.3amaodEcwdmman6_whmdmwmmdmwdwdmSmdonAndgawd3.23mmwvéawedmnnqd3N3”.mwovd8%.:cmhmdEu...:gum

 

5.:
.o

in

.5.dS3was:3.25d:5...ea...3....as....33.3.335.9ES.S3GS.E3.98.0m8...m8.ois...chdRe,a“2...“w...“32......5...;.53.
Mo

£93

.02dn—we3_.ca:.o5Eurd—a2.:d.8—.o::,con—dmmodEndgodwandmad_mod$wacog—u..—a...is..5i=5

fl:a.“5.5250EBmay:amid.a:2.3man.EwanH
wwwmdmmvmdENdomwam6quadEmwdumomdoomwd3.3aas...a_andcmHadamendmmcndgwda_cwdcg<0003.9meo9m_.cgm_d93_.ocumad2.22:5$2.62.

mmr—cn‘ffll‘l
2.5we.52.Eon,

 

wmadm3.9«mod_wadawed$3.3was...God6359.0.03.3.935.:m3.9god_nod35.:awedm8.:#3.:nmcdmmod$65:56L:.n2mg32..9::33Emma.3ENE:

ocmH29.4$132;5.?EM...—.5Ewan.—

comic2.5635.032.9Dem—d396ammadchm—5:3.m.ONEo33.9maidavidmaidamidnmfla83630.2.0cm.To9._d:9.d82.0avid225.55.253:

08.:£55@596mnodmchHodwas...madwmad”awednmcdnucdSay0Quadm_0.0x_ad5EdoA9....“indm_edm5.:H5.9n_ada...u2.2...gm...E...5:3.39..c53.3

.8"2.9....
an

Faer—an.
Sm

vain—E;:3F...—

n_oA.omoundsmacdsome.awnoodnamedacmadnameda_modmmEd35.:aPod83.9052.:mmccd33.3nmmadgame.0movadc2.05cmgd2«Cd83.0

 
 

208



209

926 BROACHES AND BROACHlNG

BROACHES AND BROACHING

Tthroaching Process—The breaching 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‘
eter or width, make other machining processes impracticable. Breathing originally was
utilized for such work as cutting keyways, machining round holes into square, hexagonal,
or other shapes, forming splinedholes, and for a large variety of other internal operations.
The development of breaching machines and brooches finally resulted in extensive appli-
cation of the process to external. flat, and other surfaces, Most external or surface broache
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 quahty. It is employed extensively in automotive and other plants Where duplicate
parts must be produced in large quantities and frequently to given dimensions within smaJltolerances.

Types of BroacheS.mA number oftypical breaches and the operations for which they are
intended are shown by the diagrams, Fig l. Broach A produces aroundecornered, square
hole. Prior to breaching square holes, itis usually the practice to drill a round hole having a
diameter a‘ somewhat larger than the width of the square. Hence, the sides are not com—
pletely finished, but this unfinished part is not objectionable in most cases. In fact, this
clearance space is an advantage during the breaching operation in that it serves as a Chane
nel for the breaching lubricant; moreover, the broach has less metal to remove. Breach Bis
for finishing round holes. Broaching is superior to reaming for some classes of work,
because the brooch will hold its size for a much longer period. thus insun'ng greater accu~
racy. Breaches C and I.) are for cutting single and double keyways. respectively. Breach C
is of rectangular section and, when in use, slides through a guiding bushing which is
inserted in the hole. Breach E is for forming four integral splines in a hub. The broach atF
is forproducing hexagonal holes. Rectangular holes are finished by broach G. The teeth on
the sides of this breach are inclined in opposite directions, which has the following 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, as it tends to do when the teeth are
at right angles, because at least two teeth are always cutting; the inclination in opposite
directions neutralizes the lateral thrust. The teeth on the edges are staggered, the teeth on
one side being midway between the teeth on the other edge, as shown by the dotted line, A
double cut breach is shown at H. This type is for finishing, simultaneously, both sidesfof
a slot, and for similar work. Breach 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 breach, 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 a shearing cut. Broach K is for cutting a series of helical grooves in a hub or bushing.
In helical breaching, either the work or the breach is rotated to form the helical grooves as
the breach is pulled through.

In addition to the typical broaches shown in Fig. 1, many speciai 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 breaches and, in other cases.
three or four breaches are drawn througli 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 121;;qu Single Keyway DoubJBKeyu-ay 4-SpElineC

Rectangular Double-Cut internal Gear
G 1

f9

U“  
  

.

_I
S .

   

Helical Gmove
K

Fig. 1. Types ufBronches

Pitch of Branch Teeth.—The pitch ofhroach teeth depends upon the depth of cut or chip
thickness, length of cut, the cutting force required and power of the breaching machine ln
the pitch formulas which follow

L 2 length in inches of layer to be removed by breaching

d:depth of cut pcr tooth as shown by Table 1 (Forinternal bruaches d= depth of
cut as measured on one side of brunch or onehalf difference"iii diameters of
successive teethin case of a round breach)

F :a factor (For brittie types ofmuterial, F: 3 01-4 for roughing teeth and 6 for
finishing teeth. For ductile types of material F: 4 to 7 for roughing teeth and
8 for finishing teeth.)

I) = width of inches, of layer to be removed by hroaching

P : pressure required in tons per square inch! of an area equal to depth of cut times
width of cut, iiiiilclles (Table 2)

Tzusablc capacity, in tons, of breaching machine = 70 pCr cent ofmaximum ton—
nage
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Table 1. Designing Data for Surface Broaches

  

 

 
Depm of Cut per

Tooth, Inch
Clearance Angle,

Degree 5   
Material to he Breached

SteeL High Tensile Strength
Steel, Medium 'Ilmsile Strength
Cast Steel
Malleahle hon
Cast Iron, Soft
Cast Iron, Hard
Zinc Die Castings
Cast Bronze
Wrought Aluminum
Alloys
Cast Aluminum Alloys
Magnesium Die Castings

 
Roughing;a

00015-0002
00025—0005
00025-0005
00025—0005
0006 41010
0.003 40.005
0.005 41.010
0.010 41025

Ron ghjng Finishing 

   

   
  
  
  
  
 
 
  

 

 

0.005 —0.010
0005 41010
0.010 —D.015
 

 

3The lower depth-of—cut values for roughing are recommended when work is not very rigid the 101'
erance is small, a goodfinish is required, or length ofcut is comparatively short.

h1n breaching these materials, smooth surfaces for tooth and chip spaces are especially recom—mended

Table 2. Brnaclu'ng Pressure P for Use in Pitch Formula (2) 

 

 
 

  
 

 

  
Depth d of Cut per Tooth, Inch

0.024 0.010 0.004 0.002 | 0.001 3;::11:ng
Material to be Broached I Pressure P in Tons pcr Square Inch Breaches

Steel, High Ten. Strength 250 200.00 "cur
Steel, Med. Ten, Strength 185 l43<006"cut
Cast Steel 158 1 15-.006" cut
Mellcable Iran 128 100.006” cut
Cast Iron 143 115—020” cut
Cast Brass
Brass, Hot Pressed
Zinc Die (listings
Cast Bronze
Wrought Aluminum
Cast Aluminum
Magnesium Alloy

 
 

The minimum pitch shown by Formula (1) is based upon the receiving capacity of the
chip space. The minimum, however, should notbe less than 0.2 inch unless a smaller pitch
is required for exceptionally short cuts to provide at least two teeth in contact simultafi
neously, with the part being broached. A reduction below 0.2 inch is seldom required in
surface breaching but itmay be necessary in connection with internal breaching.

Minimum pitch : 3 .lLa'F (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 volumc 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 pitch of the roughing teeth because of the smaller
depth d of the cut. The higher value of F for finishing teeth prevents the pitch from become
ing too small. so that the spirally curled chips will not be crowded into too small a space.
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The pitch of the roughing and finishing teeth should be equal for breaches without separate
inserts (notwithstanding the different values of d and P) so that some of the finishing teeth
may he ground into roughing teeth after wear makes this necessary.

(II. b

Allowable pitch 2 T

 
(2)

If the pitch obtained by Romania (2) is larger than the minimum obtained by Formula (1 ),
this larger value should he used because it is based upon the usable power of the machine,
As the notation indicates, 70 per cent of the maximum tonnage Tis taken as the usable
capacity. The 30 per cent reduction is to provide a margin for the increase in broaching 10 ad
resulting from the gradual dulling of the cutting edges. The procedure in calculating both
minimum and allowable pitches will be illustrated by an Example.

Example: Determine pitch of breach for cast iron when L = 9 inches; :2! = 0.004; audF= 4.

Minimumpitch = 3al9x0.004><4 : 1.14

Next, apply Formula (2), Assume that h 2 3 and T: 10;for cast iron and depth def 0.004,
P: 115 (Table 2). Then,

0.004><9><3><115 =A v 't ‘h :
llou able pi e 10

1.24

This pitch is safely above the minimum. lfin this case the usable tonnage of an available
machine were, say, 8 tons instead of 10 tons, the pitch as shown by Formula (2) might be
increased to about 1.5 inches, thus reducing the number of teeth cutting simultaneously
and, consequently, the load on the machine; or the cut per tooth 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 out. If the usable tonnage in the preceding example were. say.
15, then a pitch of 0.84 would be obtained by Formula (2); hence the pitch in this case
should not be less than the minimum of approximately 1.14 inches.

Depth of CutperTooth.——-The term “depth of cut” as applied to surface or external
breaches 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 successive teeth; however, to avoid confusion, the term as here used means in
all cases and regardless ofthe type ofbreach, the depth of cut as measured on one side.

In broaching free cutting steel, the Broaching Tool institute recommends 0.003 to 0.006
inch depth of cut for surface broaching; 0.002 to 0.003 inch for multispline breaching; and
0.0007 to 0.0015 inch for round hole breaching. The accompanying table contains data
from a German source and applies specifically to surface broaches, All data relating to
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
may be required particularly when the work supporting fixture in surface broaching is not
sufficiently rigid to resist the thrust from the breaching operation. In some cases, the pitch
and cutting length may be increased to reduce the thrust force. Another possible remedy in
surfacebroaching certain classes ofwork is to use a sideecutting broach instead of the ordi—
nary 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 cutting to obtain the required size and surface finish on the work.
In generai, small tolerances in surface breaching require a reduced cut per tooth to minie
mize work deflection resulting from the pressure ofthe cut. See Cutting Speedfor Breach-
ing starting on page 1043 for breaching speeds.

212



213

930 BROACHlNG

 

 
Land Clearance

Angle Angle

Radius

Terms Commonly Used inBroach Design

Face Angle or Rake—The face angle (see diagram) of broach teeth affects the chip flow
and varies considerably for different materials. Wlil In there are some variations in practice,
even for the same material, the angles given in the accompanying table are believed to rep-
resent com monly used values. Some broaeh 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 same
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 oneefourtli to one-third of the pitch. The land width is selected so as to obtain
the proper balance between tooth strength and chip space.
Depth of Bmach 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 FilleLM-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—fourth of the pitch.

Total Length nfBroach.—After the depth of cat per tooth has been determined, the total
amount of material to be removed by a brunch is divided by this decimal to aseemin the
number of cutting teeth 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
breach, 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 ot'the machine. or greater than is practical for a
breach of the diameter required. In such cases, a set of brooches must be used.

Chip Breakers-«The teeth ofbroaehes frequently have rounded chip»brealcing gooves
located at intervals along the cutting edges. These grooves break up Wide curling chips and
prevent them {rom clogging the chip spaces, thus reducing the cutting pressure and strain
on the hroach. These chip-breaking grooves are on the roughing teeth only. They are stag-
gered and applied to both round and flat or surface breaches. The grooves are formed by a
round edged grinding wheel and usually vary inwidth from about 14110 3[flinch depending
upon the size ofbroach. The more ductile the material, the wider the chip breaker grooves
should he and the smaller the distance between thorn. Narrow slotting broaches may have
the right~ and Eeftehand corners of alternate teeth beveled to obtain chip—breaking action.
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Shear Angle—The teeth of surface broaches ordinarily are inclined so they are not at
right angles to the broaching movement. The object of this inclination is to obtain a shear—
ing cat which results in smoother cutting action and an improvement in surface finish. The
shearing out also tends to eliminate troublesome vibration. Shear angles for surface
breaches are not suitable for breaching 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 thrusts unless it is practicable to incline the teeth of right and leftehand sections
in opposite directions to neutralize the thrust. The shear angle usually varies from ID to 25
degrees.

Types ofBroaching Machines.—Broaching machines may be divided into horizontal
and vertical designs, and they may be classified further according to the method of opera—
tion, as, for example, whether a breach in a vertical machine is pulled up or pulled downin
forcing it through the work. Horizontal machines usuaily pullthebroach through the work
in internal breaching but short rigid breaches may be pushed through. Externai surface
breaching is also done on some machines of horizontal design, but usually vertical
machines are employed for flat or other external breaching. Although parts usually are
broached by traversing the breach itself, some machines are designed to hold the brooch or
breaches stationary during the actual breaching operation. This principle has been applied
both to internal and surface bruaching.

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 dowrtward on the cutting stroke, the other breach and
slide is returning to the starting position. and this returning time is utilized for reloading the
fixture on that side; consequently, the breaching operation is practically continuous. Each
rain or slide may be equipped to perform a separate operation on the same part when two
operations are required.

Pulleup Type: Vertical hydraulically operated machines which pull the breach or
breaches up through the work are used for internal breaching of holes of various shapes,
for breaching bushings, splined holes. small internal gears, etc. A typical machine of this
kind is so designed that all breach handling is done automatically.

Pull-down Type: The Various movements in the operating cycle of a hydraulic pull-
down type of machine equipped with an automatic hroach-handling slide, are the reverse
ot'the pull»up type. The broaches for a pull—down type ofmachine have shanks on each end,
there being an upper one for the breach-handling slide and a lower one for pulling through
the work.

Hydraulic Operation: Modern broaching machines. as a general rule, are operated
hydraulicatly 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 £000 pounds persquarc inch, are obtainedfrotn amotondriven
pump forming part of the machine. The cutting speeds of breaching machines frequently
are between 20 and 30 feet per minute, and the return speeds often are double the cutting
speed, or higher, to reduce the idle period.

Branching Difficulties—The accompanying table has been compiled from information
supplied by the National Breach and Machine Co. and presents some of the common
broaching difficulties, their causes and means of correction.
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Breaching
Difficulty

Stuck broach

Gatling and
pickup

Breach breakage

Drifting er
mis alignment of
tool during
cutting stroke

Streaks in
broached surface

Rings in the
broached hole

BROACHING

Causes ofBranching Difficultles

Possible Causes

Insufficient machine capacity; dulled teeth; clogged chip gullets; failure of
power during cutting stroke.

To remove it stuck breach, workpiece and breach are removed from the
machine as a unit; never try to back out breach by reversing machine. II
breach does not loosen by tapping workpiece lightly and trying to slide it off
its starting end, mount workpiece and breach in a lathe and turn down work—
piece to the tool surface. Werkpiece may be sawed longitudinaliy into sev-cm] sections in order to free the breach.

Check breach design, perhaps tenth relief (back off) angle is too small or
depth of cut per tomb is too great.

Lack of homogeneity of material being broached—uneven hardness,
porosity; improper or insufficient coolant; peer breach design, mutilated
breach: dull breach; improperly sharpened breach; improperly designed oroutworn fixtures.

Good breach design will do away with possible chip build—up on teeth
faces and excessive heating; Grinding of teeth should be accurate so that the
correct gullet contour is maintained. Contour should be fair and smooth.

Overloading; breach dullness; improper sharpening; interrupted cutting
stroke; backing up breach with workpiece in fixture; allowing breach to pass
entirely through guide hole; ill lilting and/or sharp edged key; crooked
holes; untrue locating surface; excessive hardness of workpiece: htsufificient
clearance angle; sharp comers on puil end of breach.

When grinding bevels on pull end of breach use wheel that is not too
pointed.

Too few teeth in cutting contact simultaneously; excessive hardness of
material being broached; loose or poorly constructed toeling; surging of ramdue to load variations.

Chatter can be alleviated by changing the breaching 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.

Lack of proper alignment when breach is sharpened in grinding machine,
which may be caused by dirt in the female center of the breach; inadequate
support of breach during the cutting stroke, on a horizontal machine espe-
cially; body diameter too small; cutting resistance variable around ID. of
hole due to lack of symmetry of surfaces to be cut: variations in hardness
around ID. of hole; too few teeth in cutting contact.

Lands too wide; presence of forging, casting or annealing scale; metal
pickup; presence of grinding burrs and grinding and cleaning abrasives

Due to surging resulting from uniform pitch of teeth; presence of shat-pone
ing burrs on breach; tooth clearance anglertoo large; locating face not
smooth or square; breach not supported for all cutting teeth passing through
Ihe work. The use of differential tooth spacing or shear cutting teeth helps in
preventing surging. Sharpening burrs on a breach may be removed with awood block.
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Tool Wear

Metal cutting tools wear constantly when they are being used. A normal amount ofwear
should not be a cause for concern 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 abnormai tool breakage or excessively fast wear. Tool breakage and an exces-
sive rate of wear indicate that the tool is not operating correctly and steps should be taken
to correct this situation.

There are several basic mechanisms that cause tool wear. It is generally understood that
tools wear as a result 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 ofthe tool material.
The rate of this attrition is dependent upon the temperature in the region of contact and the
reactivity of the tool and the work materials with each other. Diffusion or alloying also
occurs where particles of the work material are welded to the surface of the [003. These
welded deposits are often quite visible in the form of a built-up edge, as particles or a layer
of work material inside a crater or as small mounds attached to the face ofthe tool. The dif-
fusion or alloying occurring between these deposits 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,
a small amount of the tool material may remain attached to the deposit and be plucked from
the surface of the tool, to 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 calied
pullaouts. It can also contribute to the enlargement of the larger crater that sometimes
forms behind the cutting 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, ultimately leading to too] failure. This condition can be caused by improper tool
grinding procedures, heavy interrupted cuts. or by the improper application of cutting flu-
ids when machining athjgh cutting speeds. Chemical reactions between the active con stite
uents in some cutting fluids sometimes accelerate the rate of tool wear. Oxidation of the
heated metal nearthe cutting edge also contributes to too] wear, particularly when fast cut-
ting speeds and high cutting temperatures are encountered. Breakage of the cutting edge
caused by overloading, heavy shock loads, or improper tool design is not non-cal wear andshould be corrected.

The wear mechanisms described bring about visible manifestations of wear on the tool
which should be understood so that the proper corrective measures can be taken, when
required. These visible signs ofwear are described in the fol] owing paragraphs and the core
rective measures that might be required are given in. the accompanying Tool Trouble
Shooting Check List. The best procedure when trouble shooting is to try to correct 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 correct the next condition.

Flank Wear: Tool wear occurring on the flank of the tool below the cutting edge is called
flank wear. Flank wear always takes place and cannot be avoided. It should not give rise to
concern unless the rate offlank wear is too fast or the flank wear land becomes too large in
size The size of the flankwear can be measured as the distance between the top of the cut—
ting edge and the bottom of the flank wear land. In practice, a visual estimate is usually
made instead of a precise measurement, although 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
wear, however, is flank wear. When it becomes too large, the rubbing action of the wear
land against the workpiece increases and the cutting edge must be replaced. Because con—
ditions vary, it is not possible to give an exact amount offlank 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 0.0 i 0 inch
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for finish turning and 0.030 to 0.060 inch for rough turning; and for cemented carbides
0.005 to 0.010 inch for finish turning and 0.020 to 0.040 inch for rough turning.

Under ideal conditions which, surprisingly. occur quite frequently, the width ot‘the flank
wear land will be very uniform along its entire length. When the depth of cut is uneven.
such as when taming 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 thewear land will appear, to indicate that the cutting edge
has chipped above these depressions. A deep notch will sometimes occur at the “depth of
out 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 worlehardened 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 certainconditions, when machining with carbides. it can be an indica—
tion 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 quite large in relation to
the subsequent total amount. Under normal operating conditions, the width of the flank
wear land will increase at a uniform rate until it reaches a critical size after which the cute
ting edge breaks down completely. This is called catastrophic failure and the cutting edge
should be replaced before this occurs. When cutting at slow speeds with highrspeed steel
tools, there may belong periods when no increase in the flank wear can be observed. For a
given work material and tool material, the rate ot'flank wear is primarily dependent on the
cutting speed and then the feed rate.

Craren'ng: A deep crater will sometimes form on the face of the tool which is easily rec—
ognizablc. The crater forms ata 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 built-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 normal operat-
ing conditions. the crater will gradually enlarge until it breaks through a part of the cutting
edge. Usually this occurs on the end cutting edge just behind the nose. When this takes
place. the flank wear at the nose increases rapidly and complete tool failure follows
shortly. Sometimes cratering cannot be avoided and a slow increase in the size ofthe 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 a 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 cleft in the Cutting edge that results from chipping is filled up
with work material that is tightly welded in place. This occurs very rapidly when chipping
is caused by abuilt—up edge on the face of the tool. In this manner the damage to the cutting
edge is healed; however. the width of the wear land below the chip is usually increased andthe tool life is shortened.

Defummrimr: 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 tool in the area of the nose. This reduces the reliefunder 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 does not necessarily indicate poor
cutting tool performance unless there is a rapid deterioration. A good surface finish is,
however. sometimes a requirement. The principal cause ofa 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 builteup edge is to increase the cutting speed. When the cutting 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 occur 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 not
possible. Also, highwspecd tools cannot be operated at the speed where the built-up edge
does not form. In these conditions the most effective method of obtaining a good surface
finish is to employ a cutting fluid that has active sulphur or chlorine additives.

Cutting tool materials that do not alloy readily with the work material are also effective in
obtaining an improved surface finish. Straight titanium carbide and diamond are the two
principal tool materials that fall into this category, ‘

The presence offeed marks can mar an otherwise good surface finish and attention must
be paid to the feed rate and the nose radius of the tool if a good surface finish is desired.
Changes in the tool geometry can also he heipful. A small “flat,” or secondary cutting edge,
ground on the end cutting edge behind the nose will someti mes provide the desired surface
finish. When the tool is in operation, the flank wear should not be allowed to become too
large, particularly in the region ofthe 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 movement 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. Twmt drills are resharp—
ened many times during their service life, with the practically complete restitution of their
original operational characteristics. However, in order to assure all the benefits which the
design of the twist drill is capable of providing, the surfaces generated in the sharpening
process mustagree 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. l. 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" to 138°.

Helix angle: Commonly 24“ to 32°, except for magnesium and copper alloys, 10" to 30°.
Lip re]iefangle: Commonly 10° to 15”, except for high strength or tough steels, ’7” to 12°.

The lower values of these angle ranges are used for drills of larger diameter. the higher
values for the smaller diameters. For drills of diameters less than V4 inch, the lip relief
angles are increased beyond the listed maximum values up to 24“. For soft and free
machining materials, 12“ to 18“ except for diameters less than 1yjinch, 20° to 26“.

Relief Grinding of the Tool flanks-«In sharpening twist drills the tool flanks contain~
ing the two cutting edges are ground. Each flanlr consists of a curved surface which pro-
vides the relief needed for the easy penetration and free cutting of the tool edges. In
grinding the flanks, Fig. 2, the drill is swung around the axisA 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. Feedffor stock removal is in the direction of the drill axis. The
relief angle is usually measured at the periphery of the twist drill and is also specified by
that value. It is not a constant but should increase toward the center of the drill.
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The relief grinding of the flank surfaces will generate the chisel angle on the web of the
twist drill. The val ue ofthat angl e. typically 55 '3, which can be measuredI for example, with
the protractor of an optical projector, is indicative of the correctness of the relief grinding.

Margin—[TaxChisel Edge
Angle 

 
 

/‘P\oint Angle

LiWeb Thickness
Lip Relief Angle

T

Standard Point

Fig. 1. The principal elements of tool geometry on twist drills

 

 
Fig. 3. The chisel edge Cafler thinning the Web by

grinding an area '1".

n%
Fig. 2‘ In grinding the face ofthe twist drill the 1001 Fig. 4_ Split point or “crankshaft" type web thi n7
is swung around the axisA of an imaginary cone, ning,while resting in a supporttilted by haifofthe point

angle [3 with respect to the face of the grinding
wheel. Feedffcr stock removal is in the directionof 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 chisei edge, the point width is
often reducedin a drill-point thinning operation, resulting in a condition such as that shown
in Fig. 3. Point thinning is particularly desirable on larger size drills and also on those
whichbecorne shorterin usage, because the thickness of the web increases towardthe shaft
of the twist dn'll, thereby adding to the length of the chisel edge; The extent of point thine
ning is limited by the minimum strength of the web needed to avoid splitting of the drill
point under the influence of cutting forces

Both sharpening operationsithe relieved face grinding and the point thinning—should
be carried out in special drill grinding machines or with twist drill grinding fixtures
mounted 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 important 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 asymmetrical
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 tooi steels, split point
grinding, resulting in a “crankshaft" type drili point, is recommended. in this type ofpoint-
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 modifiedpoint drills must be restored after sharpening to maintain their
increased drilling efficiency.
Sharpening CarbideTools. 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 has become worn. On brazed carbide tools the cuttingeedge wear
should not be allowed to become excessive before the tool is ressharpened. One method of
determining when brazed carbide tools need resharpening is by periodic inspection of the
flank wear and the condition of the face. Another method is to determine 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 not be the same each time. Usually, sharpening
should not require the removal ofmore than 0.005 to 0.010 inch of carbide.

General Procedure in Carbide T00! 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 wheel—up to EU grain
size—is sometimes used to obtain a better finish. lfthe tool is new oris a “standard” design
and changes in shape are necessary, a IUD—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 silicon carbide wheel, the finish grinding being done with
a diamond wheel. A final operation commonly designated as lapping may or may not be
employed for obtaining an extra—fine finish.

Wheel Speeds: The speed ofsilicon carbide wheels asuai ly is about 5000 feet per minute.
The speeds of diamond wheels generally range from 5000 to 6000 feet per minute: yet
lower speeds (550 to 3000 fpm) can be effective.

Ofihand Grinding: ln grinding single—point tools (excepting chip breakers) the common
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 tool is supported on the machine rest or table which
is adjusted to the required angle. This is known 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 120is common. A silicon
carbide Wheel such as C60—l—7V may be used for grinding both the steel shank and carbide
lip. However, for under—cutting steel shanks up to the carbide tip, it may be advantageous
to use an aluminum oxide wheel suitable for grinding softer, carbon steel.

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, i, and] are used. The usual grades forroughing arclorJ and for finishing H, I, and I. The
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grade should be such that a sharp free—cuttin g Wheel will be maintained without excessive
grinding pressure. Harder grades than those indicated tend to overheat and crack the car-
bide.

Structure: The common structure numbers for carbide tool grinding are 7 and 8, The
larger cup-wheels (10 to 14 inches) may he ofthe porous type andbe designated as 12R
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 mold—tooth cutters such as milling cutters, reamers,
etc, which are ground in a cutter grinding machine.

Resinor‘a‘ banded wheeis 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. Fast, 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 face, are considered
more important than the rate ofcutting. mefik'd 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, aporous 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) for resharpening; 2) for a combination roughing and finishing wheel; and 3) for

chip-breaker grinding.

Grit sizes of 220 or 240 are used for ordinary finish grinding all types of toois (offhand
and machine) and also for cylindrical, internal and surface finish grinding. Grits 0f320 and
400 are used for “lapping” to obtain very fine finishes, and for hand hones. A grit of 500 is
for lapping to a mirror finish on such work as carbide gages and boring or other tools for
exceptionally fine finishes.

Diamond Wheel Grades.—Diarnond 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 wheeis. Standard Norton grades are H, J, 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 used to advantage.

Diamond Concentration—The relative amount (by carat weight) of diamond in the dias
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 50 repre-
sents one»half the diamond content of 100 (if the depth of the diamond is the same in each
case) and 25 equals one-fourth the content of 100 or one-half the content of 50 concentra-
tion.

100 Concentration: Generally interpreted to mean 72 carats of diamondlind of abrasive
section. (A 75 concentration indicates 54 caratslinsi.) Recommended {especially in grit
sizes up to about 220) for general machine grinding of carbides, and for grinding cutters
and chip breakers. Vitrified and metal bonded wheels usually have 100 concentration.

50 Concentration: In the finer grit sizes of 220, 240, 320, 400, and 500, a 5O concenLra»
lion is recommended for offhand grinding with resinoid bonded cupewheels.
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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 1005 120 and 150.

Depth ofDiamond Section: The radial depth of the diamond section usually varies from
1745 to l/4inch. The depth varies somewhat according to the wheel size and type of bond.

Dry Versus Wet Grinding of Carbide Tools—In using silicon carbide wheels, grinding
should be done either absolutely dry or with enough coolant to flood the wheel and tool.
Satisfactory results may be obtained 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 avoid
getting wet; hence checking or cracking in many cases is more likely to occur in wet grind-
ing thanin 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 wirh Diamond Wheels: In grinding with diamond wheels the general prac-
tice is to use a coolant to keep the wheel face clean and promote free cutting. The amount
of eoolantmay vary from a small stream to a coating applied to the wheel face by a felt pad,

Coolants for Carbide Tool Grinding—In grinding either with silicon carbide or dia—
mond wheels a coolant thatis used extensively consists of water plus a small amount either
of soluble oil, sal soda, or soda ash to prevent corrosion; One prominent manufacturer ree—
ommends for silicon carbide wheels about 1 ounce of soda ash per gallon of water and for
diamond 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 dine
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 silia
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 left-hand diagram). Reasons for preferring peripheral grinding include faster
cutting with less danger of localized heating and checking especially in grinding broad sure
faces. The advantages usually claimed for side grinding are that proper rake or reliefangles
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 rightrhand diagam.)

Tungsten
Carbide Tip

Grind Carbide

'l’llfl

Cut Steel Back Steel Cleared fii:to lS—Deg. Angle 15 Deg. 
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Lapping Carbide Tools—Carbide tools may be finished by lapping, especially if an
exceptionally line finish is required on the work as, for example, tools used for precision
boring or turning non-ferrous 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 compound. A third method is by using a hand
iap or bone usually of 320 or 400 grit. In many plants the finishes obtained with carbide
tools meet requirements without a special lapping operation. In ah cases any feather edge
which may be left on tools should be removed and it is good practice to bevel the edges of
roughing tools at 45 degrees to leave a chamfer 0.005 to 0.010 inch Wide. This is doneby
hand honing and the object is to prevent crumbling or flaking off at the edges when hard
scale or heavy chip pressure is encountered.

Hand Honing: The cutting edge of carbide tools, and tools made from other tool materi—
als. is sometimes hand honed before itis usedin order to strengthen the cutting edge. When
interrupted cuts or heavy roughing cuts are to be taken, or when the grade of carbide is
slightly too hard, hand honing is beneficial because it wili prevent chipping, or even possi-
bly, breakage of the cutting edge. Whenever chipping is encountered, hand honiug the cut—
ting edge before use will be helpful. Itis impormut, however, to hone the edge lightly and
only when necessary. Heavy honing will always cause a reduction in tool life. Normaily,
removing 0.002 to 0.004 inch from the cutting edge is sufficient. When indexable inserts
are used, the use of prerhoned inserts is preferred to hand honing although sometimes an
additional amount of honing is required. Hand honing of carbide tools inbetween cuts is
sometimes done to defer grinding or to increase the life of a cutting edge on an indexable
insert. Ifcorrectly done, so as not to change the relief angle, this procedure is sometimes
helpful If improperly done, it can result in a reductioniu 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 chipbreakcr grinder. A
resiuoid bonded wheel of the grade I or N commonly is used and the tool is held rigidly in
an adjustable holder or vise. The width of the diamond wheel usually varies from Jig to ]/4
inch. A vitrified bond may be used for wheels as thick as 1/4 inch, and a resinoid bond for
relatively narrow wheels.

Summary of Miscellaneous Points—la grinding a single-point carbide tool, traverse it
across the wheel face continuously to avoid localized heating. This traverse movement
should be quite rapid in using silicon carbide wheels and comparatively slow with dia—
rnond wheels. A hand traversing and feeding movement, whenever practicable, is gener
ally recommended because of greater sensitivity, In grinding, maintain a constant,
moderate pressure. Manipulating the tool so as to keep the contact area with the wheel as
small as possible will reduce heating and increase the rate of stock rcrnoval. Never cool a
hot tool by dipping it in a lit] aid, as diis may crack the tip. Wheel rotation should preferably
be against the cutting edge or from the front face toward the back. If the grinder is driven
by a reversing motor, opposite sides of a cup wheel can be used for grinding 1ight-andleft~
hand tools and with rotation against the cutting edge. If it is necessary to grind the top face
of a singlevpoint too], 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 diamond whcei, limit the feed per traverse to 0.001 inch for 100 to 120 grit; 0.0005 inch
for 150 to 240 grit; and 0.0002 inch for 3’20 grit andfiner.
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JIGS AND FIXTURES

Material for JigBushings.—Bushings are generally made ofa good made of tool steel to
ensure hardening at a fairly low temperature and to lessen the danger offire cracking. They
can also be made from machine steei, which will answer all practical purposes, provided
the bushings are properly caschardcned lo a depth of about '/16 inch. Sometimes, bushings
for guiding tools may he made of cast iron, but only when the cutting tool 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, reaniers, taps, etc., when the cutting edges come in direct contact with
the guiding surfaces. It the outside diameter of the bushing is very large, as compared with
the diameter ofthe 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 lOlL150°F, immediately place in a temper—
ing furnace that has been heated to 300°F. Remove the bushing after one hour and cool in
still air. Ifan atmospherieal ly 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
jig bushings are given in American National Standard B94.3371974 (R1986). Head Type
Press Fit Wearing Bushings, Type H (Fig. 1 and Tables I and 3); Heamess Type Press Fit
Wearing Bushings, Type P (Fig. 2 and Tables 1 and 3); Slip Type Renewable Wearing
Bushings, Type S (Fig. 3 and Tables 4 and 5); Fixed Type Renewable Wearing Bushings,
Type F (Fig. 4 and Tables 5 and a); Headless Type Liner Bushings, Type L- (Fig. 5 and
Table 7); and Head Type Liner Bushings , Type HI. (Fig. 6 and Table 8). Specifications for
locking mechanisms are also given in Table 9.

 

 

  
thaw”

Fig. 1. Head Type Press Fit, Fig. 2.. Headless Type Press Fit Fig. 3. Slip Type Renewable
Wearing Bushings 7Type H Wearing Bushings iType P Wemug Bushings—Type S

  
 

Fig. 4. Fixed Type Renewable Fig. 5. Headless Type Liner Fig. 6, Head Type Liner
Wearing Bushings iTypeF BushingsiType L Bushings —Type HL 
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Table 1. American National Standard Head Type Press Fit
Wearing Bushings — Type H ANSIB94.33»1974, R1986

Range Bndy Dinmcich Hcad H.000
of Hale unfinished Finish“ Body Dim ThicknessSizes Lauglh Radius. 15 F

A N 001 Max Min Max Min C D Max Ma);
03135 0.250 1171040 I0 and 0.312 1-1-10-5

inpcluding 0.150 0.166 0.161 0.1578 0.1575 (1.375 0.016 0.250 0.094 14140-60.0625 0.500 1171043
0250 H034

0.0630 0.312 [1.13.5
[n 0,203 0.213 0.208 0.2046 0.2043 0,375 0.016 0,3[2 0.094 H-13-6

0.0995 0.500 H.1580.750 H-13-12

0.1015 I “I.m 0.250 0.200 0.255 0.25 [6 0.3 75 0.0940.1405

0.375
0.327 0,321 0.3141 0.3]38 0.500 0.438 0.1250.750

1.000
0.250
0.312
0.375
0.500

0.421 0.416 0.4078 0,4075 0‘75“ 0.5311.000
1.375
5.750

0.520 0.515 0.5017 0.5014 0.750 0.119

0.512

|.5i‘i
0.750

0.4375 1000m 0.150 0.770 0.765 0.7510 0.7515 ‘ 0.002 0.930
05000 1-375‘ 1750

2.125

0.5156 1.000
m 0.875 0.895 0.890 0.0768 0.3765 1.375 0.062 0 125 0.2500.6250 1.750

 

  

   
 

 
 

 

 
 

 

   
  0.645 0.640 0.6267 0.6264
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Table 1. (Continued) American National Standard Head Type Press Fit
Wearing Bushings — Type H ANSI 3943551974. R1986

BodyDiametcrE Head Head

Unfinished Bod);h Rd‘ Diamr ThlcfnassLED-g, Ems ‘
0.5

0.094

I ulmensmnsaremmc as.
See also Table 3 for additional specifi canons.

Table 2. American National Standard Headless Type Press Fit
Wearing Bushings — Tme P ANSI 394, 33-1974. R1986

Body Diameter 3
Body

Lenglh Radius. - - C
0.0135 ‘

up to and A-
including .

07016
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Table 2. American National Standard Headless Type Press Fit
Wearing Bushings — Type P ANSI394.33-1974, R1986

Body Diameter 3
Unfinished
 

7 .
P7255
P—lfi-fi
13-26-8
1‘-26-12
P726716
P726722
P-26 28 

P4276
P—32—B
P7327] 2
13-32-16
1’»32722
P622 8   

0.4375 to
05000 (M750  
 

 
  
 

P-112-22
l’-ll 28
P—l 12-34
1),] 11740
Pv112—48 

314442
9444—23
P—l44~34
P714440
11144—48

 
l .3906

 
“I I lmensmns are m IIIC I es.
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Table 3. Specificatinns for Head Type H and Headless Type P
Press Fit Wearing Bushings (11151394311974. R1986

A11 dirnwslnns given in inuhcm Tulmnm'. (In dimensions Where not ulllurwisu mocilicd shfii1 be i0.010 inch.
Sin and [film 9f chamfar on 1m m1 m be manufactwers 01:00:11
The lengfl], C, Is the ovemll lunglh 1hr Ihe headless type amilcnglh undcrhcm rm u... hcad type.
The head design 511311 11:: in accordanca with (he mmmfautumr‘s practice.
DiameterA must 1x; :nnucnuic m diamelar 3 wleu'n [mums TIM can finish yuund bushings.
The body dimmer. a. far unfinished bushing 15 largcr Lhan um nummzll diameler in order [0 provide. g-‘mding Mark far mung LOjig plan: 110161.110: gtinding aflownnca is:

0.005 10 0.010 in, I'nr sizes 0.155. 0.203 and 0.30 in.
D UIU 10 0.015 in. for Size: 0.312 and 0.406 En.
(1.015 In 0.020 in. far SiLEh (1500 in. and up.Hula sins an: in accurdamm wiLh American National Standard '1\\'isl Drill Silas

Th: maximum and minimum vulm of 111:: hrflc size. 11.511911 be as follows:
Numinnl Size ul' Hnll: Maximum Minimum

Abuvu 0.0 i 35 [0 0.2500 in. 1nd. Nnmfllal + 0.0004 in. Numinal + 0.0001 'LL‘L
Ahave 0.2500 in 0.7500 in ac], Nunmm1 + 0131105 in. Namlml + (1.0001 in.
MIN: 075le m LSUUU in“ incl. Nun-final + 0.0006 in. Naming] + (1.0002111.
Almw. 15000113. Numinfil + 0.0007 in. Numinal + (1.0003 in.

 ' Inga in Elle size range from 010135 Illmugh 0.3125 will be muntcrhcrcd m pmvidc fur Euhrimriun and chip ClEHr‘dnEC.
Bus ngx WiLllolll countex’oure arc u :l and win b: furnished upon request.
T11: 5171: 01' the caumeflbole shall 11:!ansz diameter 011]]: bushing + 0.031inchl
T1“: included any: at the bottom uf ma L'numm‘hum shall be 115 dag, i 2 dcg.
The depth 011]]: counhzrbun: \hall be in accordance with lhe table: beluw m 'pnwifl: adequate drill bearing,

Drill Bushing Ho]: 5125

 
 
 0.0135 lo 0.0630 no 01015 m 0.1406 Ln 0.1390 (I: 0357010

0.0675 0.0995 0.1405 0.1875 (1.2500 0.3125
Body P H nna-II P H P H P HLungfl'l .Vlinfrmlm Drill Baring Laugh—Inch

0.250 X X
0250 X X
0250 X X
0.250 X X+ X X

+ 0.55 0,625
+ 0.675 0 625
+ 0.53 0.625

      
Al] dimansions are in inches.
X indicates no (:0 unterhore.
+ indicates not American National Standard

Table 4. American National Standard Slip Type Renewable
Wearing Bushings—Type S ANSI394.33- I974, R1986Head

Thickncs:
 

0.0135
up m and
including0.0499

0.7498
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Table 4. (Comfnued) American National Standard Slip Type Renewable
Wearing Bushings—Type S ANSI 39433—1974, R1986Hind

Thickmax

5—112734
8-] 12-40

SUM—285714434
3444—40
5714-4413

 
umensmns BIB In Inc 33.

Table 5. Specifications for Slip Type S and Fixed Type F Renewable
Wearing Bushings ANSIB9433-1974, R1986

Tnlunuce nu ilimcm‘icllfi where [lDlZ othtrwisc . iliDd shall be plus or minus 0.010 inch.HOE: Sims an: in accmdnncs with Ll": American Slandand Twist Drill Si] :5.
The maximum and minimum values ofl'luil: size. A, shall be 115 fallmvx:

Numina'l Si'm of Hole Maximum Minimum
Alum: 0.0135 in 0.2500 in incl, Nominal — 0.0004 in. Numinal + 0.0301 in.
Alum: 0.2500 [0 0.7500 in. incl. Numinai + 0.0005 in. Naminal 1 0.0001 in.
AhUHZ 0.7500 In 1.5000 in. incl. 31:111an 1» 0.0006 ill. Nomi nill d 0.000}. in,
Above 1.5000 Nnnunal + 0.0007 in Nominal + 0.0003 in.

The bad design shall be in accurdnnoe wirh le manuracmrefs practice.
Head ul‘ sLip type is. n ally knurled.
When renewable wearing bushings m um! with line: bushings ul‘ um hand type, the lenglh mm mm man will still bu Equal to

ma micknms nf nae jig plale, beams: lhc hand of the liner bushing win he cnlmtarsuuk inn) lejig plate.
DiflmclcrA must be colaccmn‘: In diameter 8 within 0 0005 1"] ll. nn finish grinnld bushings.
Silva and type of Ehamfcr on lead End :u be nu'ulufacnlrcis. opljnn.
Bushings in Ll]: Sim: mgc {mm 0.0135 mmugl. 0.3115 will be canmcrnnmd Ln pmvifle for lubricaLinn and chip cleamnce.Bushings Widmul Luna Lahore an: apu'unai amt win he inmished npan mqucsL
The size of die counlurhorc shall be inside dim-mum nl‘ :an bushings plus 0.031 inch

 

'nie inclndnd anglu at am bnrmm of [Jim ununlcrhore shall be 113 deg. plus nr minus 2 deg.
'Iim am. at llu: cnunrerbole shall b: in scum-dance “in: the labia bciuw in provide adequme dn'El hum-in g,

Drill Baal-hug Halo ize
0.0135 In . , 0.1406 to 0.1390 in 0.7500 to

0.0625 . 0.1575 0.2500 0.3 I 5
u-n-_-  

0375
0.375
0.375
0.625
0.625
0.525
0.625

   
All dimensions are in inches.
X indicates no counterbore.
+ indicates nol Amafican National Standard length.
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Table IS. American National Standard Fixed Type Renewable
Wearing Bushings — Type F ANSI394.33-1 974, R1986

Rang: ur HandHal: Tlli chums
Size 5

A 1\
F

am Max ; - Max

00m E 11—124‘ 2 F435
3‘“ “"1“" o. as 01375mcludmg 1112.5
0.0469 1: 12 a1120-5

F—zo-a
0.312 0.3125 . . F m wF4046

F—31—5
F7328

0.500 a 5:100 0‘4993 ‘ . FIE '2mz— 15
Pal-27.

 

 

0.750 0.75 00

[Li I 56[O l 7000 LUDLKJ
0.7500

, Fl 11716
F71 [2712.
F—l 12-251.7500 _ F- 1 l 2.34
[-11 1240
P111248
11144-16
51144-22
F- 144-1 822.500 . 177144734
F— m—w-

. 11144—45

A11 dimensions are in inches. Sac also Table 5 for additional spacificau’ons.
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Table7. American National StandardHeadless Type Lineanshings—TypeL ANSI39433-1974, R1986 

  
  

Range mfH01: Sims
in

Renswabia
Bushings

Inside DinmELcrA 1;.
Body Dinmflcrfl
  Lengfln Radius

Over
all

C I] Number
     
 

  

 
  

 
 
 

[)1] 135
up In andincluding{1.0469

   

0.250
0.3 12
0.375
0.500

 
 
  

   

1.7204 7
L-L‘ALS
LED-6

  
 

  
 
  

 
 
  
 
 
 

    
 

 
 
 
  
  

 
 
 

  
 

 
 

 

    
     

  
  
  
  

 
1.52.5
L013

01126 1’32“”
1.7320 6
[As—5

0 1570 U .500 148-8' 0.750 L487 1 2
0500 05005 0.5002 0.750 0.770 0.755 0.7515 0,7515 1 050 0.062 1,413.151 .375 L487]!

1.750 1.43.23
0.500 LME
0.750 1.43442.
1 .000 L-64— l 5

1.015 1.0018 1.0015 1.375 0.0132 [—64421.750 was
2, 1 25 L754734

1.40541
1.75:) L—sa—n
1 001.1 L-E 8716

1.390 1.3772 1,3768 1.375 LEE-L7.1.750 L- H3718
2.125 1:33—34
2.5043 1.3540
0.750 L71 12-12
1 .000 Lrl 12716

1.375 1.3760 1.3756 1.750 1,770 1.765 1.7523 1.7519 1375 12112722
101.100 1.750 L31 12731.125 1.41244

2.500 L1 ] 2—40
L- 1% 16

1 6 1.375 DIM-21
.015

In 1.750 1.7512 1.7508 2250 2.270 17.65 2.755 2.2521 5750 0.094 1:14—ng1.375“ -.125 1,144.342500 b14440
3.000 [A4443
1.000 L—176- 16

1 3006 1,375 Lrl'lfirfl.‘ 1.750 {ms-25

[-71:00 2.250 1770 2.765 2.7526 2.7517 1125 0,175 L717€¥342.500 La 1 7640

_1_ _L L-17648 
All dimensions an: in inches.

Tolerances on dimensions Wham otherwise not specified as :1: 0.010 in.

  
 

The body diameter. 13,101' unfufishcdbushings is 0.01510 0.020 in. larger than Lhe nominal diamei
ler in order 10 prowide grinding slack fur fitting mjig plate holes.

DiameierA must be concentric lo dinmeler B within 0.0005 "111R. on finish ground bushings.
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Table 8. American National Standard Head Type Liner Bushing — Type HL
ANSI 394.3371974, R1986 

 
 

 
 

    
 

 

:2 my_ g _ [1111;11:1ch w4 11 1.115111: 21
:E 5» DiamclcrA Unfinislmd Finished g
is 11va ‘5 Head .5 ,4
:11 Laugh i 1311 "figg-Jg Min Num Min Max Min C 5.: E :1‘ 11142-5
00115 “117323to 0.312 0.3119 0.3126 0500 1.1.520 0.515 0.5017 0.047 0.625
0.1562 “1—4242

HL-31-16
0312 1-11.40:
UJUO HL<4841
0.750 HL48-IE0.770 0.755 0.7511; 0.7515 0.052 0.375 0.0941000 11041110
1375 141.4022
1.750 111-415-211
0.500 HL-m-s
0.7.50 ”1-64-12
1.000 “1.54.161.020 1.015 1.0015 1.0015 0.062 1.125 0.1251.375 11104—22
1,750 111.5120
2.125 111,511.34

HLrSSwE
“US$12
HL—SKJS

0.125 11138-22
ILSEVZB
HL»88~34
11141840
1117112712
HL-l 12—16
H'LJ 1242
111-112-23
HLwl12‘34
H'L-l 12-10
[11.714416
l-LLVIMVZZ
HL- 144-18

1395 
 

U.7fl§6ln 1.375 [13760 1.1756 1.750 1.770
1.0000

0.3268

 

110156
1.1: 1.750 1.7512 1.7503 2.150 2.27 2.165 . 0.188

1.3750 10.44134
HL [+140
HL- I 44—48
HL 1 76k 16

l .373 1-11; 17642.
13906 1.750 111-17501m 2.250 2.2515 2.2510 2.750 2.770 2.765 2.7536 1.7522 0.115 2.375 0.183
177500 2.125 111-170342.500 111—17040

3.000 111,176.41

  

   
 

All dimensions are in inches.

55: also 10010013510 Table 7.
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Table 9. American National Standard Locking Mechanisms for Jig BushingsANSI 39433-1974. R1986
Lock Scmw form: with sup at nm Renewable Bum-1g:
 

 

 

 

 

 
 

 
 

SLOT WIDTH 0RSOCKET T0
MAN UFACTURER‘SSTANDAR D

UNC
D " Thrwd

_ 2 Put 0.183 0. J 05-0. IOU 3732
, Mmmfanmrfl’s 0.250 ans-0.133 13

Smdard q d j'r. (1.004119 4.43
, own-0.194 9/346

NOTE: F D1MENSiDN ALLOWS FORCLAMPINC. MATERIAL AND
HARDNESS T0 MANUFACTURER’SSTANDARD. TO CHANGE TO THE
ROUND CLAMP IN OLD FIXTURES,
REMOVE THE CONVENTIONAL
SCREW AND USE THE SAME TAi’PEDHOLE T0 SECURE THE NEW CLAMP
WITH STANDARD SOCKET HEAD SCREW.

 

    
 
 

  
  

  
 
  
 
 

 
 
 

 Us: win. SockmHead Screw
54f”
Wrm

311—16

 

 
  

 

  
 

  
 
 
 
 

 
  
 

0. IDS-0.100
O. l 384).] 32
0. 1 3870. 132
0.1384113}.
020041.194
020043.194
0 200-0. 19-1
(LEGO-0.194

0125-0115
UJZS-fll 15
0.11 0.11.5
HIST-0.177
U, ! 37-0. 1 77
UAW-0.1T!
0.187v0.177

 
  
 
   

 
  
 

All dimensions ate in inches.
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Jig Bushing Definitions.—- Renewable Bushings: Renewable wearing bushings to guide
the tool are for use in liners which in turn are installed in the jig. They are used where the
bushing will wear out or become obsolete before thejig orwhere several bushings are to be
interchangeable in one hole. Renewable wearing bushings are divided into two classes,
“Fixed” and ”Slip.” Fixed renewable bushings are installed in the liner with the intention
of leaving them in place until worn ouL 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 mostfrequently used where two or more operations requiring different inside
diameters are performed in a single jig, such as where drilling is followed by rcaming, tap»
ping, spot facing, counterborlng, or some other secondary operation.

Press Fir Bushings: Press fit wearing bushings to guide the tool are for installation
directly in the jig without the use of a liner and are employed principally where the bush
ings are used for short production runs andwill not require replacement. They are intendedalso for short center distances.

Liner Bushings: Liner bushings are provided with and without heads and are permzb
nently installed in a jig to receive the renewable wearing bushings. They are sometimescalled master bushings.

Jig Plate Thickness—The standard length of the press fit portion ofjig bushings as estab
lished are based on standardized uniform jig plate thicknesses of 5/16, 3/3, 1/7} 314. 1, 13/3, Ill/g 2%.
21/2, and 3 inches.

JigBushingDesignation System.—lnside Diameter: The inside diameter of the hole is
specified by a decimal dimension.

TypeBushing: The type of bushing is specified by a letter: S for Slip Renewable, F for
Fixed Renewable, L for Headless Liner, HL for Head Liner, P for Headless Press Fit, andH. for Head Press Fit.

Body Diameter: The body diameter is specified in multiples of 0.0156 inch. For exam7
pie, :1 0.500—inch body diameter: 050010.01 56 = 32.

Body Length: The effective or body length is specified in multiples of 0.0625 inch. For
example, a 0.500»i.nch length =0.500l0.0625 : 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. a body dianii
eter of 0.750 inch, and a body length of 1.000 inch would be designated as .5000—3748-16.
Definition ofJig 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 or is held on the work, and,
at the same time, contains guides for the various cutting tools, whereas a fixture holds the
work while the cutting tools are in operation. but does not 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 performedwhence the name. A fixture is sometimes
provided with a number of gages and stops, but not with bushings orother devices for guid—
ing and supporting the cutting tools.

Jig Burers.-——lig borers are used for precision hole—location work. For this reason, the
coordinate measuring systems on these machines are designed to provide longitudinal and
transverse movements that are accurate to 0.0001 in. One widely used method ofobtaining
this accuracy utilizes ultraprecision lead screws. Another measuring system employs pre—
cision end measuring rods and a micrometer head that are placed in a trough which is par~
allei to the table movement. However. the purpose of all coordinate measuring systems
used is the same: to provide a method of aligning the spindle at the precise location where
a hole is to be produced. Since the work table of a jig borer moves in two directions. the
coordinate system of dimensioning is used, where dimensions are given from two perpen~
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dicular reference axes, usually the sides of the workpiece, frequently its upper left-hand
corner. See Fig 1C.

Jig-Boring Practice—The four basic steps to follow to locate and machine a hole on a jig
borer are: l) align and clamp the workpiece on the jigeborer 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) drill 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 ofthe jigborer 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
moved toward the left and when it is moved toward the column of thejig borer. The result
would be the same if the spindle were moved toward the right and away from the column,
with the workpiece situated in such a position that one reference axis is located at the leftand the other axis at the back, toward the column.

If the holes to be bored are to pass through the bottom of the workpiece, then the work»
piece mustbe placed on precision parallel bars. In order to prevent the force exerted by the
clamps frombending the workpiece the parallelbars are placed directly under the clamps,
which hold the workpiece on the table. The reference axes of the workpiece must also be
aligned with respect to the transverse and longitudinal table movements before it is firmly
clamped. This alignment can be done with a d‘aletest indicator held in the spindle ofthejig
borer and 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 arethe same for allpositions.

Locate the Two Raference Axes ofrhe Workpiece with Respect to the Spindle: The jige
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 position to start from is
where the axis of the jig-borer Spindle and the intersection of the two workpiece reference
axes are aligned. This is called the starting position, which is similar to a zero reference
position. When so positioned, the lonD'tudinal and transverse measuring systems of thejig
borer are set to read zero. Occasionally, the reference axes are located outside the body of
the workpiece: a convenient edge orhole 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 positioningmeasuring system,

Locate the 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 system has been set to zero at the starting position, the coordinate readings at the
hole location 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 backlash in the lead screw. The usualtable movements are toward the left and toward the column.

The most convenient sequence on machines 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 hole is machined first and then the next farthest, and so
on, since it is easier to remove end rods and replace them with shorter rods.
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Drill and Bare Hole [0 Size: The sequence of operations used to produce a hole on a jig
borer is as follows: I) a short, stiffdrill, such as a center 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 rotate about the axis of the
machine tool spindle is then used to generate a cut surface that is concentric to the axis ofrotation.

Heat will be generated by the drilling operation, so it is good practice to drill all the holes
first, and then allow the workpiece to cool before the holes are bored to size.

Transfer of Tolerances.—All of the dimensions that must be accurately held on preci-
sion machines and engine parts are usually given a tolerance. And when such dimensions
are changed from the conventional to the coordinate system of dimensioning, the tolere
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
dimensions in the coordinate system must not be larger than the tolerance of the dimension
that they replaced in the conventional system. An example is given in Fig. 1 .

The first step in the procedure is to change the tolerances given in Fig. 1A to equal, bilat~
eral tolerances given in Fig. 13. For example, the dimension 2» 1 2.5‘1'-°m,flU 1 has a total to]-
erance of 0.004. The equal, bilateral tolerance would be plus or minus one-half of this
value, or £002. Then to keep the limiting dimensions the same, the basic dimension must
be changed to 2.126, in order to give the required values M2128 and 2.124. When chang»
ing to equal. bilateral tolerances, if the upper tolerance is decreased (as in this example),
the basic dimension must be increased by alike amount. The upper tolerance was
decreased by 0.003 ~0.002 : 0.001; flierefore, thehasic dimension was increased by 0.001
to 2.126. Conversely, if the upper tolerance is increased, the basic dimension is decreased.

The next step is to transfer the revised basic dimension to the coordinate dimensioning
system. To transfer 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 theright of the firstholes. Therefore, the second hole
is 08750 + 2.126 = 3.001010 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 given in Fig. 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 has an available tolerance of
i0.002. Dividing this amount equally between the two replacement values gives 0.8750 :
0.001 and 3.0010 t 0.001. The sum of these tolerances is .002, and as required, does not
exceed the tolerance thatwas replaced. Next transfer the tolerance of the 0.502 dimension.
Divide the available tolerance, $0.002, equally between the two replacement values to
yield 3.0010 i0t001 and 3.5030 i000]. The sum of these two tolerances equals the
replaced tolerance, as required. However, the 1.125 value of the last hole to the right (cour-
dinate dimension 4.6280 in.) has a tolerance of only £0.00] . Therefore, the sum of the tole
erances on the 3.5030 and 4.6280 values cannot be larger than 0.001. Dividing this
tolerance equally would give 3.5030 i .0005 and 4.6280i0.0005. This new, smaller toler—
ance replaces the ir 0.001 tolerance on the 35030 value in order to satisfy all tolerance sum
requirements, This example shows how the tolerance of a coordinate value is affected bymore than one other dimensional requirement.

236



237

954 JIG BORING

:00'
L000

Fm
1005 1.000

2.000 "j—    was
2.125 --001

 

 

C

Fig. 1 i (A) Conventional Dimensions, Mixed Tolerances; (B) Cnnvenfinnal Dimensions, All Equal,
B ilateral Tolerances; an Cl (C) CD urdinala Dimen siun 5
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The following discussion will summarize the various tolerances listed in Fig. 1C. For the
0.8750 1 0.0010 dimension, the;L 0.0010 tolerance together with the i 0.0010 tolerance on
the 3.0010 dimension is required to maintain thei 0.002 tolerance of the 2.126 dimension.
The i .0005 tolerances on the 3.5030 and 4.2680 dimensions are required to maintain the i
0.001 tolerance ofthe 1.125 dimension, atthe same time as the sum ofthe 10005 tolerance
on the 35030 dimension and the t 0.001 tolerance on the 3.0010 dimension does not
exceed their 0002 tolerance on the replaced 0.503 dimension. The : 0.0005 tolerances on
the 1.0000 and 2.0000 values maintain the i 0.001 tolerance on the 1.0000 value given at
the right in Fig. 1A. The i 0.0045 tolerance on the 3.0000 dimension together with the i
0.0005 tolerance on the 1.0000 value maintains the i .005 tolerance on the 2.0000 dimen-
sion ofFig. 1A. It should be noted that the 2.000 t .005 dimension in Fig. 1A was replaced
by the 1.0000 and3.0000 dimensions in Fig. 1C. Each of these values could have had a tol—
erance of i 0.00257 except that the tolerance on the 1.0000 dimension on the left in Fig. 1A
is also bound by the i 0.001 tolerance on the 1.0000 dimension on the right, thus the j:
0.0005 tolerance value is used. This procedure requires the toierance on the 3.0000 valueto he increased to : 0,0045.

Lengths of Chords for Spacing Off the Circumfercnees of Circles
On the following pages are given tables of the lengths of chords for spacing off the cirm

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—
culated for circles having a diameter equ alto 1. For circles ofother diameters, the length of
chord given in the table should be multiplied by the diameter of the circle. This first table
may he used by toolmakers when setting ‘hnttons" in circular formation. Assume that it is
required to divide the periphery ofa circle of20 inches diameter into thirtyetwo equal parts,
From the table the length of the chord is found to he 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 division
would be 20 x 0.098017 2 1.9603 inches. Another example in metric units: For a 100 mil-
limeter diameter requiring 5 equal divisions, the length ofthe chord for one division wouidbe 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 1/16 inch to 14 inches, As an example,
assume that it is required to divide a circle having a diameter of 61/2 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 circle, which is 2.603 inches. Then find the length of the chord for a V2-
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 64-inch circle into seven equal divisions.

As another example, assume that it is required to divide a circle having a diameter of 93/31
inches into 15 equal divisions. First find the length of the chord for a 9~incli circle, which is
1.871 inch. The length of the chord for a ”42-inch circle can easily be estimated from the
table by taking the value that is exactly between those given for “/16 and 341inch. The value
for ”/minch is 0.143, and for 34inch, 0.156. For ”42. the value wouldhe 0.150. Then, 1.871+ 0.150 = 2.021 inches.
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Lengths of Chords for Spacing Off the circumferences ofCircles with 2
Diametcr Equal to 1 (English or metric units)

I-I-I-I-lllSpaces Chord Spaces Chord Spaces Chord Spaces Chord
3 0.866025 22 0.1423 15 41 0.076549 60 01052336

01707107 0.136167 0.074730 61 0.051470
01587785 0.130526 0.072995 0.050649
0.500000 0.125333 0.071339 0.049846
0.433884 0120537 0069756 0.049068
0.382683 0.116093 0068242 0.048313
0.342020 0.111964 0.066793 0.047582
0.309017 0.108119 0.065403 0.046872
0.281733 0.104528 0.064070 0.046183
0.258819 0.101168 0.062791 0.045515
01239316 0.098017 0.061561 01044865
0,22252l 0.095056 0.060378 0044233
0207912 0.092268 0.059241 0.043619
0.195090 0.089639 0.05 8145 0.043022
0.133750 0.087156 0.057089 01042441
0173648 0.084806 0.056070 01041876
0164595 0.082579 0.055088 0.041325
0.156434 0.080467 0.054139 0.040789
0.149042 0.07 E459 0 053222 0.040266
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For circles of other diameters, multiply length given in table by diameter ofcircle.

Hole Coordinate Dimension Factors forJig Boring—Tables of hole coordinate
dimension factors for useinjig 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 coordinate system, a positive Y value indicates that the effective motion of the
tool with reference to the work is toward the front ofthe jig borer (the actual motion of the
jig borer table is toward the column). Similarly, a positiveX value indicates that the effec-
tive motion of the tool with respect to the work is toward the right (the actual motion of the
jig borer table is toward the left). When entering data into most computer—controlled jig
borers, current practice is to use the more famjiiar Cartesian coordinate axis system in
which the positive Ydirection is ”up” (i.e., pointing toward the column of the jig borer).
The computer will automatically Change the signs of the entered Yvalues 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 important to determine the coordinate sys—
tem to be used. If a Cartesian coordinate system is to he used for the tool path, then the sign
of the Yvalues in the tables must be changed, from positive to negative and from negative
to positive. For example. when programming for a threeihole type A circle using Cartesian
coordinates, the Yvalues from Table 3 would be yl : + 0.50000, )2 = —0.25000, and y3 :—
0.25000.
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Table 1. Hole Coordinate Dimension Factors for Jig Boring —
Type “A" Hole Circles (Engiish 0: Metric Units)

'11.“: dingmm shuws n [ype“A"I:1II:1E for a 54min circle, Cnnzmnam. .r,
y at: givcnin the (able farilalecimies uffmm 3 m :3 1mm. Dimcusiunsan: l'orhukfiuumbcmd n. a cnuntcrflotkwiic dirrwiun (=5 shnwn).
Dimensians given are based npnn a 1m]: circle Dflrnit dimmer. Far I» halem1. 60 my, minor. or 3£eutimeier diametm; multiply table values by 3.

 

0.50000 0.50000 0.50000 0.50000 0.50000 0.50000
0.00000 = 0.00000 ' 0.00000 ' 0.00000 ’ 0 00000 0.00000
011E699 0.02447 0.06699 0.10908 0.14645 0.17361
0. 75000 0.34549 ' 0.25000 ' 0.18526 0.14645 01] 1693
0193101 0.20511 ‘ 0.06699 0.01254 0 00000 0.00760
0.75000 0.90451 ' 0.75000 0.61126 0.50000 01413]?!

0.79389 0.50000 0.28306 0.14645 0.06699
0.90451 1.00000 0.930411 . 0. 35355 0.750000.97553 0.93301 0.71694 0.50000 0.32899
0.34549 0.75000 . 0.95048 ' 1.00000 0.969850.93301 0.98746 0.115355 0.67101

(1.75000 0.61 126 0.85355 0.969 35
0.89091 1.00000 0.93301
0188M 05qu UJSUUU

0.55355 0.99240
0.14645 0.41313

0.52 l 39
0.1 1698v9

m11 0.50000 .11 0.50000 x1 0.50000 x1 050000 xl 0.50000 1-! 050000 xl 0.50000
0.00000 0.00000 0.00000 0.00000 ' 0.00000 ' 0.00000 0.00000

x2 0.20611 0.22968 0.25000 ' 07.6764 0.28306 0.29663 0.30866
0035:19 0.07937 . 0 06699 0.05727 ' 0.04952 0.04313 ' 0.038060.02447 0.04513 0.06699 0 0885} 3 0.10903 (“2843 0.14645
0.34549 ' 0.29229 0.25000 0.21597 > 0.111826 0.16543 ' 0.146450.02447 0.00509 000000 0003115 0 0|25—‘é 0.02447 0.03806
0.5545] ' 0.57116 050000 0.43973 ‘ 0.33874 0.34549 ' 0.30866
0.10611 0.12113 0.00699 0 03249 0.01254 0.00274 0.00000
0.90451 ' 0.82743 0.75000 0.67730 0.61126 0.55226 0.50000
0.50000 0.35913 0.25000 0.16344 0.10908 0.06099 0.03306
1.00000 ' 0.97975 0.93301 0.87426 0.81174 0. 75000 0.69134
0.79339 0.64087 0.50000 0.311034 0.25306 0.3001 1 ' 0.14645
0.90451 0.97975 1.00000 0.98547 0.95043 0.90451 0.15355
0.97553 . 0.87737 0.75000 0.519156 0.500“) 0139604 0.30865
0.65451 = 0.82743 0.93301 0.95547 ‘ 1.00000 ' 0.98907 0.96194
0.97553 0.99491 0.93301 0.913156 0.71694 0.60196 (1.50000
0.34549 = 0.57116 0.75000 0.37426 . 0.95048 0.95907 - 1.000000.793S9 0.95452 LUUOOO ' 0.96751 0.39092 0.79189 0.69134
0109549 0.29229 ‘ 0.50000 0.67730 7' 0.81174 0.90451 = 0.96194

0,770.32 0.93301 0.99635 0.98746 0.93301 0.35355
0.07937 ' 0.250130 ' 0.43973 0.61126 0.75000 ‘ 0.35355

0.75011) 0.91149 0.98746 0.99726 0.96 |94
0.06599 7' 0.21597 ‘ 0.38874 . 0 55226 0.691340.73236 0.59092 0.97553 1.00000

0.05727 ‘ 0.18326 . 0 34549 . 0.50000
0.71694 0.87157 0196194
0.04951 0 16.543 0.301166

0.70337 035355
0.04323 0. 14-645

069 1 34
0.03506
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960 HG BORING

Table 1. fC0711177141211} Hole Coordinate Dimension Factors for Jig Boring —
Type “A” Hole Circles (English or Metric Units)

Th: diagram 5110495 :1 up: "A“ circle for 9 5-110]: circIa. Cmrdinmm x.
3- am given 111 1.17: Lab]: for 1101: ci-mlcs 0: [ram 3 1:0 28 holes. Dimensionscue fol holes uumheted in a countnrclnckwiw Jirchiun (as shown].
01.6mm“ givm am 1559611 upm- a 11015 c3216 0mm dinmchr. For :1 11.511:
611:1: 01, say, 3.1111111 13: Efzmimeter diameter. multiply 0111c V31 1125 by 3.

0.50000 . 0 50000 0.50000 0.50000
0.00000 0.00000 0.00000 000000 000000 7
0.31939 0.32599 033765 034549 - 0.35262 1 0.35913 0.36510
0.03370 0.03015 7- 002-109 = 002447 - 002221 < 0.02025 1 0.01554
0.16315 0.17861 0.19239 0.20611 0.21534 0.22965 0.24021
0.13050 0.11093 , 0.10543 - 0.09549 1 00170101 007937 . 0.072790.05742 0.00599 1 0.08 142 0.09549 0.10909 0.12213 0.15455
0.27713 1 0.25000 0.22553 0.20611 01111126 1 0.17257 , 0.151372
0110213 0.00750 0.01530 0.02447 - 0.03456 . 0.045121 0.05606
014531117 , 0.41311; 1 0.37726 0.34549 0.31753 0.79229 0.26997
0.01909 0.00750 0.00171 0.00000 0.00140 0.00509 0.01046
1153683 0556112 7 0.54129 0.50000 0.45263 ' 0.429134 0.39927
0 10099 0.06599 0.04211 0.02447 . 0.01254 0.00509 0.00117
0.30132 0.75000 0.70055 1 0.05451 - 0.61126 ,- 0.5116 0.55412
02567.3 0.171101 0.13214 0.09549 0.013699 0.045111 0.021157
0.92511 - 0.511303 0.83864 0.79339 0.75000 0.70771 y 0.05744
0.40513 0.32599 0.25203 0.20611 0.15991 0.12213 0.00152
0.99149 0.96935 1 0.93974 0.904511 0.135553 0.52743 0.75334
0.591137 050000 - 0.41770 - 0.34549 1 0.215306 1 0.229511 0.19446
0.99149 _- 1.00000 0.99315 0.97553 0.95043 - 0.92063 - 05571300.76322 0.07101 - 053130 050000 1 1142548 0. 913 0.50050
0.92511 0.959115 - 0.99311; - 1.00000 1 0.99442 0.97975 0.95861
0.99901 0.32139 0.75797 0.65451 0.57452 0.50000 0.43192
0.00132 1 0.511302 0.93974 - 0.97553 1 0.99442 . 1.00000 0.99534
0.93091 0.93301 01157216 0.79359 0.71694 0.64057 1 0.56501
0.636143 0. 5000 - 0.33364 090451 0950421 1 0.97975 0.99534
0.997137 0.99240 0 95749 0.90451 0.154009 0.77032 0.69920
0.453137 0555112 0.70005 0 79339 0 36653 0. 92063 - 0.95901
0.94751: 0.99240 1 0.99029 0.97553 1 0.93301 0.117707 0.91554
0.27713 1 0.41310 . 0.54129 1 0.65451 - 0.75000 - 0.92743 - 0.997360.33655 - 0.93301 0.93470 1.00000 - 0.95746 0.95412 0.90943
0 13050 - 0.25000 - 0.37726 - 0.50000 - 0.61126 0.70771 0.751134
0.63062 - 0.52139 0.911159 0.97553 - 0.99500 0 99491 - 0.97113
0.03375 0.1 16911 1 0.22655 0.34549 0.46263 1 0.57116 0.00744

0.67101 1 0.130711 0.90451 - 0.96544 0 99491 0.99933
0.03015 0.10543 0.20511 0.31733 3 0.4211114 0.53412

0.66235 0.79339 - 0.129092 0.95432 0.95954
0.02709 - 0.09549 0.13326 0.29229 - 0.39527

0.05451 075165 0.117737 0.94394
0.02447 - 0.096135 0.1757 0.25997

0.647311 0.77032 0.56542
0.02221 - 0.07937 0.151172

0.64087 0.75979
0.02025 0.07279

0.63490
0.01054

1711015: 101513165 lflIKala 21mm
.11 31 050000 .111 x! 1-1 51 _ 1

 

x1 x10.50000 0.5011011 0.50001) 0.50000
0.00000 ' 0.00000 0 (10000 0.00000
0.37059 ' [1.37566 0.38034 . 0.3844539
0.01704 0.01571 7' 11101451 . 0.013450.25000 [1.25912 0.26764 0.37561)
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HG BORING 961

Tab 1:: 1. (Continued) Hale Coordinate Dimension Factors for J1g Boring —-
Type “A” Hole Circles (English or Metric Units)

Th1: diagram slum a1ype“A"tirc1c fur a 5.1mm cinch; Cmrd'umms x.
y are given in die tub]: for 11010 C11'C1es of [mm 3 [a 28 halts. Dimtnslons1“: for 1|o1es numbered in n cnunmmbckwisc dimLiuu {as slIcM'll).
Dimcnsious given arc bum upon ahmu circle 01 um] (11mm. For a ha]:
Circh: at say, 3-inch ur fircemhuewr dimer, muuiply Lab}: Values 115' 31

0.06699 . 0.05727 0.053111 '. 0. 04-953
0.14645 0.15773 0.16344 0.171161 0131526
0114645 0.13552 0.12574 ' 0.11098 0.109011
0.06699 0.07784 0.03351 0.09894 0.10901;
0.25000 0.23209 0.21597 0.20142 1 0.18326
0.01704 0.02447 0.03349 0.04089 0704952
0.37059 034549 03.1270 0.30196 0&306
0.00000 0.00099 0.00365 0.00760 . 0.01254
0.50000 0.46860 0.43973 ‘ 0.41315 0.38874
0.01704 0.00886 0.00365 0.000115 0.00000
0162941 0.59369 0.56027 0.52907 0.50001)
0.05699 0.04759 0.03249 0.02101 1101254
0.75000 0.7121119 0.67730 0.64340 0.61116
0.14645 0.11474 0.03551 006699 0104952.
0.145355 0.81871 0.70403 0.75000 ‘ 0.71694
0.25000 0.20611 0.16844 0.13631 . 0.10903
0.93301 ' 0.90451 0.87426 - 0 84312 0.81174
0.37059 0.31594 0.26764 0.22525 0.111816
0.98296 0.95439 0 94273 0.91774 ' 0.39092
0.50000 ' 043733 0381134 032599 ' 0.25306
1.00000 _‘ 0.99606 0.93547 ' 0.96935 0.9504410.62941 0.552117 0.511000 (1.44195 ‘ 033374
0.93296 0.99606 1.00000 0.99662 ' 0.987416
0.75000 0.65406 0.6 | 956 0.55805 0.50000
0.93301 _' 0.96489 ' 0.93547 ' D 99662 1.001100
0.116355 0.793179 0.73236 0.67101 0.61126
0.115355 0.90451 0.94173 0.96955 ' 0.98746
0.93301 ' 0.88516 0.113156 ' 0.77475 0 71694
0.75000 . 0.81371 ‘ 0.87426 ' 0.91774 0.950311
0.95296 0.95241 0.91149 036369 - (J 31174
0.62941 0.71289 0.78403 0.54311 ‘ 0.119092
1.00000 ' 0.99114 0.96751 093301 0.159092
0.50000 . 0.593169 ‘ 0.67730 ' 0.75000 __ 0.31174
0.98295 0.99901 0.99635 0.97899 - (1.95048
0.37059 0.46860 0.56017 0.64340 ' 0.71694
0.93301 ’ 0.97553 0.99635 ' 0.99915 0.93746
0.5000 0.34549 ' 0.43973 ' 0 51907 0.61126
0 115355 0.92216 0.96751 0.09240 1.00000
0.14645 0.23309 _ 0 32370 0.41311! 1 0,5000”
0.751100 0.114217 ‘ 0.911119 0.9591] 0.98746

0.6699 0.13552 . 0.21597 ' 0.30196 0 351174
0.61941 0.74083 ' 0.83156 0.90106 ' 0.95043
0.01704 0.06185 0 12574 0.10142 0.211306

0.62434 0.73236 0.32139 089092
001.571 . 0.05727 0.11698 ‘ 0.181260.61966 0.72440 ' 0.91174

0.01453 _ 0.115113 _ 0.109030.61531 0.71694
0.01348 [10-1952

0.61126
0.01254
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962 HG BORING

Table 2. Hole Coordinate Dimension Factors for Jig Boringm
Type “B” Hole Circies (English or Metric Units)

The diagram shows a typz “ inctc far a 5-hn1: Circ Cumlinmcs x,
y are given in the table (or 11016 circles of [mm 3 w 23 hula. Dimensionsan: 1‘orhulcs numbcmd in :1 mmnmrclockwisc direcu‘on (as shown).
Dimumiuna given un: basal upon 31101: circle ofuui‘ diameter. Fm a hula
circle 01', say. 37inch m 3—mrlumcur dim-nun: muhiply [3.131s mm; by 3.

0.2061 1 . ' (1.20306 .
0.09549 .‘ . 0.04952 . 0.0.30l50.02447 . 0.01254 . 0.06699

. 0.35355 0.65451 1 . 0.38874 . 0.25000
0.93301 ' 0. 35355 . 0.50000 0.109016 . 0.00760
0.7.5000 - 0.35355 1.00000 ‘ 0.93301 ‘ 0.01174 0.69134- ! 0.58682

0.55355 0.97553 0.75000 050000 0.30366 0.17 36]
0.14645 0.65451 ‘ 0.93 301 ' 1. 00000 ' 0.96194 ' 0.08307.

0.79389 1.00000 0.39092 0.691% 0.50000
0.00549 0.50000 ' 0 31174 ‘ 0.90194 1.00000

0.75000 0.98746 0.95194 0.82139
0.06699 0.38374 0.69134 0.83302

0.71694 0.96194 0.99740
0.04952 ' 0.30366 0.53682

0.69134 0.93301
0.03506 0. 7.5000

0.67101
0.030 I5

10 Hula; 11 [101$ 12 Halal: 1.3 Hats 14 Hales ‘ 15 Hula 16 Holes0.34549 11 0.15913 11 0.37059 0.38034 11 0.33374 0.39604 ’ 0.40245
0.02447 0.02015 0.01704 0.01453 0.01254 0.01093 ' 0.00961
0.09549 0.12213 0.14645 0.16344 0.13326 0.20611 0.22221
0.20611 0.17257 .. 0.14645 0.12574 0.10903 0.09549 0.03427
0.00000 0.00509 0.01701 0.03249 0.04952 0.05699 0.00427
0.50000 ’ 0.47. 334 ’ 0.37059 0.32270 0.23306 ' 0.25000 ‘. 0.22221
0.09549 0.04513 0.01704 0.00365 0.00000 0.00274 0.00951
0.79339 ‘ 0.70771 ‘ 0.62941 0.56027 ‘ 0.50000 ' 0.44774 0.40245
0.34549 ’ 0.21963 (3.14645 0.03351 0.04952 ' 0.02447 ‘ 0.00961
0.97553 0.92063 0.05355 7 0.7 8403 ‘ 0.71694 9 0.65451 0.597550.65451 0.50000 0.37059 0.16764 0.13826 0.12843 ‘ 0.03427
0.97553 1.00000 0.93296 - 0.94273 0.89092 - 0.83457 0 77779
0.911451 0.77012 0.62941 0.50000 0.33874 0.29603 0.21221
0.70339 0.92063 0.93296 ' 100000 0.911745 0.95677 0.91573
1.00000 0.95432 0.35355 0.73236 0 61125 ‘ 0.50000 ‘ 0.40245
0.50000 ‘ 0. 70771 0.35355 0.94273 0.93746 1.00000 ' 0.99039
0.90451 0.99491 0.93296 0.91149 0 31174 0.70337 0 59755
0.20011 0.42334 0.62941 0.73403 0.39092 0.95677 0.99039
0.65451 0.37737 0.93296 ’ 0.99635 ' 0.95043 0.37157 ' 0.77779
0.02447 3 0.17257 ‘ 0.37059 0.56017 0.71694 0.83457 ‘ 0.915730.64037 0.85355 . 0.96751 .' 1.00000 . 0.97553 ' 0.91573

0.02025 ‘ 0.14645 0.31270 0.50000 06545] 0.77779
0.6.7.941 0.33156 0.95048 . 0.99726 0.99039
0.01704 ' 0.12574 0.20.306 ‘ 0.44774 0.59755

0.61966 0.01174 0.93301 ' 0.99039
0.01453 0.109011 0.751100 . 0.403450.61125 ' 0.79339 ' 0.91573

0.0 I 254 _' 0.09549 0.222210.60396 0.77779
0.01093 0.08427

0.59755
0.0096 1
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HG BORING 963

Table 2.. (Cominued) Hole Coordinate Dimension Factors forJig Baring —
Type “B” Hole Circles (English or Man-1c Units) 

  
    
   

  

 
 

  
  
  
 
 
 
 
 
  
  
 
  
  
  
  
  
 
  
 
  
 
 
 
 
 

7710 diagram 0104-5 0 13?: "13" m1: 114 x 5-1101: 14101000010000“,
3- 2311: given 1n the 111510 for 11011: circles of from 3 113 2:1 1.01:5. Dim-11110.1:are 1141.010: 1101:1111:de 10 a cnunuarclockwisc «1110:0033 113 shown).
0101:0510“: givcu archascd 113301. 41101: 011:1; nr 0.13: diamchr. Far 0 hula
c0010- 05, say. 3.11.011 or BAtcndmeter dim-11191001311111.1311}! table 3-51.10.- 113 3.

  

 
 

  
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 

 
 

 

  

  

  
 

  

 
  

 
  
 
  

  
  
  
   
  
  

 
  

  
 

 
  
 
 
  
 
  
  
 
 
 
 
 
 

  
  
 
 
 
 
 
 
  
 
 
 

  

  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
  
  
  
 
 
 
 
  
 

x! X]0.421711 0.42545
3-1 0.00010 31 0.00550x2 0.27.7110 12 (1.28305
39 0.05450 3-2 0.04952

5-! .ll0.421134 - 043192
3-1 0.00509 3-1 0.00405x7. 0.19229 2:2 0.30050
372 0.045 [8 3‘2 0.64139

0.40513
3-1 0.00115122 0.215711
3-2 0.074139

1-1 0.413111
3-1 0.007003-2 0 25000
3-2 0.00099

0.41770
31 0.0055212 0.25203
3-2 000025

  
 

  
  

    
 
 
 
 
  
  
  
  
  
 
 
 
 
 
 
 
 
 
 
  

    

  
   

   
    

13 0.10099 23 0.110911 13 0.13214 1-3 0.14045 1-3 0.15991 :3 0.17m 13 0.10440
3-3 019103 33 0.171101 3-3 010150 3-3 0.14045 3-3 013347 3-3 012213 39 0.1121414 0.01909 14 003015 14 11.04211 34 0.05450 1-4 0.00099 14 0.07937 .14 0.00152
3-4 030317 34 0.32199 34 029915 3-4 027300 34 0.25000 34 0.229011 34 0.21100.35 0.00213 :5 0.00000 .35 0.00171 L5 0.00010 x5 0.01254 55 0.0205 .15 0.021107
35 0.54513 35 050000 3-5 0.451171 35 0.42170 3-5 0.3111174 35 035913 35 0.33250.36 0.05342 10 0.03015 .10 001530 216 0.00510 .10 0.00140 10 0.00000 .10 000117
3-5 0.72287 30 0.57101 30 0.02274 30 057522 30 0.53737 30 0.50000 36 0.40550 

  
  
 
 
  
 
 
 
 
 
 
 
 
 
 

x7 010315
3-7 00095010 0 5193 5
3-14 0.9052429 0.50000
39 1.00000
1-10 0.08002
3-10 0.950241711 0.83685
3-11 0.1109502112 0.947511
3-12 072357113 0.99707
3-13 0540131.14 0.90091
3-14 050317115 0.09901
3-15 0.190011:16 0.75322
3-10 0.074597117 059117

0 0085 1

:7 0.115911
3-7 0.02139:11 0.250011
30 0.93301

0.41310
39 0.99240x10 0.50502
1710 0992402:11 0.75000
3-11 0.93301r12 0 30302
312 0221391-13 0.90955
3-13 0.071011-14 1.00000
3-14 0.50000115 0.909115
3-15 052999:10 0.111302
3-10 0.1786]
:17 0.75000
3-17 0.05099.515 0.5116112

0.00701

27 0.00142
3-7 0.773471-0 019209
3-0 0.11945719 0.33705
39 0.972911-10 0.50000
3-10 1.00000:11 0.05235
311 0.972912111 0.00711
3-12 0.394571-13 091050
313 077347.314 0.98470
314 0012743:15 0.99829
3-15 0.451171:16 0.95759
3-10 0 29915
7117 0.1507150
3-17 0.101301115 0.73797
3-13 0110020319 0.55230

0.00002

17 0.05450
3-7 0.72700.11 0.14045
3-11 0.115355.39 0.27300
39 0.94550x10 0.42171;
3-10 0.99334x11 0.571122
3-11 0.993154x12 0.72700
3-12 0.945501-15 0.115555
3-13 0.115355114 0.94550
3-14 072700115 099304
315 0.5712110 0.99304
3-15 0.42178117 0.94550
3-17 0.27300x18 0.05555
3-111 0.14045x19 0.72700
3-19 005450320 0571122

0.00510

.37 0.03450
3-7 0.01130710 0.10900
342 011117419 0.211134
39 0.91312:10 0.35262
3-10 0.97779le 050000
311 1.000003-12 0.647311
312 0977795-13 0.78166
313 091112114 0.89097
314 011174315 0.90544
3-15 0.033071-15 0.991100
3-10 0 52737
3-17 0.93740
3-17 05011741418 0.93301
3111 0.5000x19 0.04009
3-19 0.13317.120 0.71094
320 004952.321 0.57452

0.00555

17 0.02075
3-7 0.040117.30 0.07957
35 0.77032x9 0.17257
39 0.117717.110 0 29229
3111 095432111 042134
3-11 0.99491112 057110
3712 0.99491:13 0.70771
3-1.7 0.95402:14 0.12743
3-14 0.1177117115 0.9200:
315 0770321.15 0.97975
3-10 0.04037117 1.110000
3-17 050000113 0.97975
3111 0.35913x19 0.92005
3-1.9 0229011.120 0 112743
3-211 (1 1 22 13121 070771
3-21 0.045190.57 110

27 0.01040
3-7 0001731-3 005000
311 07300319 0.134511
30 0.144123310 024021
310 0.927211-1 1 0.355 10
3-11 0.911145:12 0.50000
3-12 100000113 0.53490
3-13 0911140
1114 075979
.114 091721.315 0.110542
315 01141233-15 0.94394
3-10 0 75003:17 0.90954
3-17 0.00173.3111 0.99503
3-13 0.405011-19 0.97113
3-19 0.33250320 0.90340
3-30 0.21105.321 051554
3-21 0.11214x22 0.09920
3-23 0.041390.56509

 
  
  
  
 
 
  
 
  
  
 

   
  
 
  
 
 
 

 
 
 

 
  
  
 
 
 
 

  

 
 
  
 
 
 
  

  
  
 

 
 
   

   
 

 
 0.43474

31 0.00423x2 0.301500
3-2 0 031300.13 0.19502

0.43 733
1'] 0.00394
12 0.3 l 594
)2 U .035 110.1001 1

   
 
 

045973
3-1 0.0030:-x: 113270
3-2 0.03349021597

x1 044195
3-1 0.0035932 0.321199
32 0.030150.22.525

0.44.402
3-1 0.00314x2 0.55430
30 0.023000.25390
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964 11G BORING

Table 2. (Continued} Hale Coordinate Dimension Factors for Jig Boring —
Type “B” Hole Circles (English or Metric Units)

The diagram shuws a lypt'. "H" mm: fur a 51ml: cim15.(‘nmdiuates x,
y are givenin the {able fnl hu1: : x of [rum 3 La 23 11015. Diancnsiuns2m: fur huh-s numbered in 0 Caunrercluckwisa dimmjrm (a: khawn).
Dimensions given an: based upon a hole circle of mm diameter. For a hole
mm}: of. say, 34nd] nr 3AECnLimuLCI‘ diurncm. multiply table values by 3.

 

0.10332 ' 0.09549 0.08 851 0.0826 0.01564
0. ”1332 0.11474 . 0.125711 - 0.13631 ' 0.14645
0.19562 0.18129 0.15544 ' [1.15633 , 0. 14615
0.01806 0.04759 . 0.05717 0.06699 0.07664
0.301166 0.13711 ' 0.26754 0.25000 0.23398
0.00425 0.00886 0.01453 0.02 I 01 0.01.806
0.43474 0.40031 0.33034 0.35600 - 0.33485
0.00428 0.00099 0.00000 0.00035 0.00314
0.56526 ' 053140 ‘ 0.50000 0.47093 - 0.44402
0.03306 0.07.447 . 0.01453 - 0.00760 0.00314
0.69134 - 0.65451 0.61966 = 0.58632 0.55598
0.10332 0.07134 0.05727 0.04039 0.02806
0.30433 0.76791 0.73236 0.69304 0.56514
0.19563 0.15773 ‘ 0 12574 0.09894 ‘ 0.07064
0.39668 0.86448 0.83156 0.79858 ' 0.76602
0.30866 ' 0.259I2 0.21597 ‘ 0.17861 0.14645
0.96194 0.93815 0.91149 0.88302 0.85355
0.43474 0.37566 0 32270 0.275110 0.23393
0.99572 0.93429 ' 0.96751 ' 0.94081 0.92336
0 58526 0.50000 0.43973 0.38469 0.33486
0.99572 ‘ 1 00000 0.99635 ‘ 0.98651 0.97194
0.59134 0.61434 0.56027 0.50000 0.44402
0.96194 ‘ 0.98429 ' 0.99635 1.00000 ' 0.99036
0.80433 . 0.74033 0.67730 ' 0.61531 0.55598
0.39663 0.9313 I5 ' 0.96751 0.9 3652 ‘ 0.99636
0.89663 0.34227 0.78403 0.72440 0.66514
0.110433 0364-43 0.91149 ' 0.94682 ' 0.97194
0.96194 0.92216 0.87436 0.82139 ' 0.76602
0.69134 0.76791 0.83156 ‘ 0.83302 0.92.336
0.99572 0.97553 0.94273 0.90106 0.85355
0.56526 ‘ 0.65451 . 0.73235 0.79853 (1.85355
(1.99572 0.99901 0.98517 0.95911 ‘ 0.92336
0.43474 ‘ 053140 0.61965 0.69804 - 0.76601
0.96194 0.991 14 1.00000 0.99240 0.97194
0.30366 ‘ 0.40631 050000 ' 0.58632 0.665140.89663 ' 0.95241 0.93547 11 99915 0.99686
0.19562 ' 0.28711 0.3110“ 0.47093 _ 0.55598
0.80138 0.83526 . 0.94173 0.97899 0.99686
0.10337. 0.18129 > _ 0.26754 0.35660 0.44402
0.69134 0.793149 0.37426 0.933le 0.97194
0.03806 0.09549 0.16344 . 05000 0.33486
0.56535 0.58406 0.78403 0.86369 0.92336
0.00423 1 0 03511 ‘ 0.08851 ' 0.15688 _ 0.23393

0.56267 0.67730 0.77475 ' 0.155355
0.00394 0.03 249 ' 0.08116 0.14645

0.50027 0.67101 - 0.76602
0.00365 0.03015 0 07664

0.55505 ' 0.06514
0.00333 ' 0.0.7.800

[155598
0003 1 4
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.1 1G BORING 965

Table 3. Hole Coordinate Dimension Factors for Jig Boring —
Type “A” Hole Circles, Central Coordinates (English or Metric Units)  

  
 
   

The diagram 51mm 1 lype ”A" circle fur a 5.101: 1:11:15. Cmrdmam x,
)1 an: given in 111: 1.0121: {nr 11111:) cil’clrs of from 5 la 231111125. Dimensionsare far 110155 numbered in a cumnmrclockwise 01160111111 (:15 Shawn).
DilIIEnsiuns given art based upon a ho]: 0:111:15 of unit diameter. For a hole
uiml: of. say. 3-inch ur hemimm 1111mm. multiply 01:1: values Evy 3.

 

  

 
 
 
  
 
 
  
 
 
 

0 0111100
yl 41 50000.12 41.43301
)0 41.25000

 
   

 

yl 41.50000x2 41.35355
1-2 4135355   

  
  
 
 
 
 
 
 
 

  
 

41.43101 ' 41.501100
yZ +0.25000 3-2 000000  

 
 

 
 
 
  
  
 

-0.4755.1
yz —0.15451

:2 41.72139
12 41.38302

  
  
 
 
  
 
 

  

 
 

  
 
 

 
  

 
  

  
  
  
 

  
3-2 41.31 174  

  
  
 

 
 

    

x3 40.43301 13 0.00000 113 4129389 x3 4.43301 .13 41.48740 .10 41.50000 .13 41.49140
41251100 )‘3 40.50000 )‘3 40.40451 1‘3 412511110 373 40.11126 f3 0.11000 )13 4.08632.14 40.50000 I4 01.2938? 14 ODDOOD .(4 {1.21694 X4 4115355 x4 4.43301

   
 
 
 
 
 
 
 
 
 

   
 

 

0.00000 14 +0.40451
J5 41.47553

41.15451
3-4 +0.50000.15 41.43 3 Ell
36 10.2500016 «1.43301

3»: 1045041315 01594
)5 01.40143
:16 01.40745

34 10.35355Jé 0.0001111
y5 415000016 41.35355

)4 40.250003'5 41.11 101
3‘5 +0.45985116 +0. I 7101

 
 
 
 
  

,6 41.15000 )6 +0.1ll26 )5 40.35355 16 40409151-7 +0.3r1092 x7 40501100 11'? 41.43301
41.31174 ,7 0.00000 37 +0.3501111

 :3 +1).35355
311 4135355

13110115 — 1513011::1
14 Holes

1:! 0.000110 XI 0.00““) 0.00000
yl £50000 )‘1 41500011x2 4121736 12 41.20337

.15 10.49210
01 41.08682.9 +0.32139

41.33302
  

    
 

I] 0. [11.100
yl 415 0000x2 41.29389  
  

 
 
 
 
 
 
 
 
  
 
 
 
  
 
 
 
 
 

 1'112 41.19134
 
 
 
 
 
 
 
 
  
 
  
 
 
 
 
 

 
 

 
 .72 41.27032 x2 4.3000

 
   
  
  

 
  

    
 

 
 

  
 
  
 
 
 
  
 
 
 
 
  
 
 
  
 
 
  

   
  
  
 
  
 
 
 
 
 
 
 
 
 
 
  
 
 
 

,0 040451 3-2 41.42053 )0 41.43301 3-2 044273 3-2 41.45677 )0 4.45194x3 047553 :13 4.45qu 1-3 41.433101 x3 41.41149 1-3 4137157 KB 41.35355
3:1 41.15451 _v3 4.10771 )6 41.150011 50 72 2.1403 )0 41.31174 3:3 41.33457 1-1 41.75355.14 41.47553
.14 +0.15451

:4 40.49491 X4 41.50110“
34 +0.07116 1-4 0.110000

x4 41.49635
34 4106027

:4 41.43146
14 41.1 1 126

X4 41.4755 3
34 41.15451

[4 —0.46194
3-4 4119134

   

     x5 41.29389 15 41.377117 15 41.43301 15 4146751 15 41.40745 15 41.49720 15 41.500011
-5 +0.40451 yfi +0.32743 3-5 +0.250110 )5 +0.1771o )5 +0.11126 )5 71105220 ‘5 0.00000

.16 0110000 16 4.141187 .16 41.25000 16 41.33156 16 41.39092 .16 4.43301 15 4.40104  
 
 

   
ys +0.500001-7 11029339 .116 +0.47975 )6 70.4330117 40.14087 x7 0.00000

)6 10.37425.17 —0.11966
)6 «10.31174x7 3.1694

16 70.25000
x7 41.29389

)0 41.151341/1 035355 
  
  

 

 
 

  
  

1-7 +0.40451 )7 01.4797: ,7 01.50000 17 40.40547 3-7 «0.45043 3-7 «1.40451 37 41.35355x8 11147553 11; «1.17137 1-3 «0.1501111 10 +0.11950 .111 0.110000 .111 4.10395 x3 41.19134
ya +0.15451 1-3 +0.32743 3-3 +0.43301 yx +0.48547 38 +0qu11 )1? 10.489117 1-8 1.045114 19 +0.47553
)9 —0.15451

19 +0.49491
39 40.07116

x9 «1.41301
19 +015000

)9 70.33 I 56
30 10.17420

.19 «10.7.1694
39 70.45048

:9 “1.10396
)9 +0.48907

19 0. Hum
30 .050000 

 
 
  
 

 

 
 
  
 
 
 
  
 

 
110 70.19339 x10 +0.454SZ .110 40.50000 X10 41.476751 X10 $391192 .110 10.29389 1'10 +U.I9l34
yiD 4.40451 )1!) 4120771 yIU 0.1110110 )‘10 +0.1773l) 1-10 +0.31174 le 70.40451 le 40.461941111 70.27032 .11] 74.1.4330] 1'11 40.49635 x1} 70.48740 :11 10.43301 x11 40.35355

 4.42063 .1111 41.250001112 {-13.250011
3-11 41.06027:12 +0.41149 yll +0.111253112 10.43746 1-11 +0150]?{12 +0.49726 3'1] 10.353553112 +0.46I94

  
 
 
 
  

4143101 ylZ 41.28403 3‘12 41.11115 y|2 +0.05126 Ill 70.19134x13 41.23236 x13 41.39092 113 +0.47553 1'13 +0.500UO
41.44273 113 —0.31l74 3‘13 41.15451 )'13 0.00000x14 7021694 114 10.37157 3114 41.46194

—0.45043 3'14 43.33457 1-14 —0.l91341-15 +0 10337
4.1.45 577

115 +035355
yls 43.353551'16 -1-D.19134

41.4694   
 

 

248



249

966 11G BORING

Table 3. (Continued) Hole Coordinate Dimension Factors for jig Boring —
Type “A” Hole Circles, Central Coordinates (English or Metric Units)
  
  

 
  

T110 diagram shows 11 [yr-3 "A" circle 1‘17: :1 5-17015 011-015. erdinums 1:.
y are givan 111 01613111: for I101: circles of from 3 m 28 holes. Dimsnsinnsan: furhules numbernd in :1 cmlntcrcloc'kwise (1111:1110 [as sllnwn).
Dimnskcns given mhusfld upon a hula Birch: Uflmit dlimflel‘. Far :1 llnk:
1.111211; at say. 3410011 Dr 34013111150014: diameter. 171111111713' Inhlc \‘nlucx by 3.

 
  
  

 
 
  
 

x1
)1 41500001-: 41.17101
)2 41.4691151.3 40.32139
1-1 41.3110214 4.41301
)4 41.250001-5 41.49240

 
  

  

  
   
 
 
 
 
 
 
 
 
 
 
  
 
 
  

 
1.2 43.140117
,-2 40.4797513 41.27032
73 41.42063:4 43.37737
,4 41.7274315 41.454112

 
 
 
 
 

  
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
  

r0. 1 5451
1-2 #14755333 4.2971159
3-3 4.40451114 40.413451
34 4.293 89115 41 47553

-0. 147311
12 47.4777910 41.28165
7-3 —0.413121.4 41.39002
14 4.3117415 4.046544

712 .
3-2 41.4111461-3 4.25979
,-3 —0.42721x4 4.16542
311 41.34122.15 41.44194

 
 
 
 
 
  
 
 
 
  
 
 
  
 
 
 
 
  
 
 
 
  
 
 
 
  
  

   
 

 
 
 .12 41.47291x3 4.30711

3-1 41.3945714 47.41551
34 41.27347.15 40.48470

 
 
 

    
 

      
 
 
  
 
 
  
  
  
 
     
   

  
 
   
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  .0 —0.369501-4 41.44753
3-4 41.22237£5 41.49737

 
  

  
  

 
15 47.04613 ,5 41.00652 1-5 41.12274 15 47.15451 )5 0115267 3-5 4120771 .15 —0.23003
16 41.411091 16 -0.49420 16 41.491129 .16 40.50000 .16 41491160 16 40.49491 .16 4.411954
,6 10116113 1-6 411011602 116 .004129 )6 0.00000 ,6 —0.03717 16 «0.07116 36 41.10171:7 41.39901
7"! 4030132
10 41.16322
1-1 44143511.19 41.091117
19 10.49149.110 40.091137
)‘ 111 +0.49 1-19111 4026322
111 +0.42511
x12 10.39901
,-12 1030132113 143.4809]
)‘l3 40.1361531.14 10.49737
114 4.046151.15 41.44751;

x7 47.433111
37 40.750001% 47.32119
1-5 +036302x9 41.17101
39 +0.469851.10 0.00000
3-10 40.50000.111 40171111
1-11 10.469352112 1032139
3 12 10.311021-13 41.43301
y13 +0.250001-14 1049240
1-14 +0.0368'l:15 41.49240

.17 41.457119
3-7 +0.20L1851.9 43.311186
1-11 14131116419 41.23797
19 40.43974
1110 41.011230
y10 10.4931341 1 41.03230
1-11 40.493111112 10.72797
11: 1043974113 4136736
3-11 +0.33864:14 43.45759
3-1-1 40.211085x15 41.49529

1-7 41.47553
,-7 41.15451x3 41.40451
,0; 47.2931919 41.293119
39 40.40451310 4115451
1-10 +0 47553111 000000
3-11 41.500001112 +0.15451
1-1: 4.047553113 40 29319
)11 14140451114 41.40451
3-14 +0.29159115 «047553

3'7 43148745
3:7 «10.11 126
33 40.43 31.11
13 170250013
.19 41134009
19 40.36053310 43.2 1 694
\‘10 70.45048
2:1 1 40.07452
7-11 41.494421112 43.07452
,-12 41.49442x13 +0.2 1 594
3-13 41.450411.114 “34609
)-14 40.30653x15 41-04330]

.17 41.49491
17 41.07116.18 41454112
111 +0.30771.19 —037717
)9 10 52743.110 4127002
110 40.420631-11 4.14037
)1 1 +0.47975:12 11.00000
ylZ 41.501100x13 +0.14057
1-13 41.47975114 +0.37032
1-1.1 41.42061115 10.37757

:17 41.49811
17 4102412.11 4 47113
’11 40.16744.19 41.401141
,9 10.231134110 4131554
le +0.38786:11 4.19920
1-11 10451161
311 41061101
312 10.49534x13 40.06808
1-13 40.49514x14 40.19920
,-14 +0.45le1'15 41.11554

 

 

 

 

 
  
 

 
 
 
  
  
 
  
  
 
  
 

  

 

 

 
 

 

  
 

 

  
 
 
 
 
 

   

 

 

 
 

3-15 43.22237 3'15 43.05581 )']5 HID-$129 3'15 +0.1545l 1'15 +0.25U30L 1'15 40.32743 3'15 +0.3E'ISEr16 40.33635 4'16 +0.43301 116 10.43470 :16 +0.50000 1116 10.48745 X16 440.45482 1116 40.403918
)‘15 -0.36950 )‘16 41.25003 3‘16 48.11274 3‘16 0.00000 3'16 +0.11126 3'15 40.20771 )‘lfi #028834

 
 

  
 
 

 
 

117 +0.13062
,-17 046614

1'17 +0.32139
317 4131302.513 40.17101

43.416995

x17 40.411511
3-17 4127347:18 40.30711
3-13 4139457.119 +11 16235

4147191

x17 40.47553
1-17 4154511:13 40.40451
3-111 41.29339115 40.293119
3-19 41.4045111211 4115451
,-20 40.47553

x17 10.491160
1-17 -0 01737.1111 141146544
3-12 41.111267.119 40.39012
1-19 41.31174170 39166
,20 41.41312

x17 +0.49491
3-17 +0.071161-11; 4049491
1-19 41071161:19 «0.454112
,-19 4.207711120 +0.377117
y20 4132743

321. 10147311 1.21 40.27002
3-21 —0.47779 121 47.420631122 40.14.0117

,-22 41.47975

21-4- ——
. 0.00000 31 0.00000

)11 "050000 4.50000 3'! 43.50000
.12 41.11941 41.11531 12 41.11126
3'1 4148296 ,. '2 —O.43652 1'2 47.41174641.15000 40.24085 x3 40.131313 33 40.22440 33 40.211194

3'17 +0.47 113
3-17 10.1674141:15 NASSSS
1-111 40.0341::19 70.48954
"19 4110171:20 +0.4439-I
3’20 -O.DDD3x11 1-03-5542
3-21 41.341291122 4-0.15979
,0; 41.4272;:23 70.13490

—0.48 146
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JIG BORING 967

Table 3. (Continued) Hole Coordinate Dimension Factors for Jig Boring —
Type “A” Hole Circles, Central Coordinates {Eng} 1511 or Man-'10 Units)  
  
  

 

  
   

 
 

The diagram 51.5.0: a typo “A" 20:10 {or a 5.1515 cirrlc. 00511111111155 1..
1- are given in 0.: 11111: for 1101c 01mins of 5mm 3 (0 20 71511-1. 13117101151005are 01: 110105 "01:11::de in 11 caunmluckwise dimcu‘on (1: shown).
Dimmn'ons 1:11:11 are 5am] 0pm. 11.015 circle arm-11 dimmwr. Far 71 1151:
cm: of. say, 3:111:11 5. 34211111110101 113mm. mummy 11.111: v.11“.- by 3.

  

  
 

 
 
 
 
 
 

  
 
 
  
 
 
 
 
 
 
  
 
 
 

   
 
 
 
 
 
 
 
 

  
 
 
 
 

4 0 43301
4135355

)4 412535515 -0.43301
1-5 41.2500041.40295

41.12941
17 —0 50000
)7 0.0000011 41.41295
,0 +0.1294119 -0.43301
19 41.25000110 41.35355

-0.41 015
14 41.34227
)4 41.301411
1'5 —U 42216
1-5 "0 2579115 4.47553
35 4.154511-7 41.49901
)7 41.0314011; 41.49114
1-11 41.09359
19 41.45241
19 +021239
110 41.30525

. —0 44273
214 41.33156
14 0574251-5 70.41 140
)5 02340315 40.45751
15 41.1773017 049535
1-7 40.0502710 41.49535
10 40.05027
19 4.45751
)9 40.17730110 45.41149

41.44002
1174 40.321311
14 40.3350215 4.40100
,-5 4129850
10 41.459 1 1
115 41.1900417 41.49240
117 41.0109211; 41.49915
,0 40.0290719 4147899
10 141.14340
1110 41.43301

—0 4504s
.14 41.31174
.14 40.39092
15 41.39092
,5 413117415 41.45040
10 —0 2159417 41.42745
)7 41.1112611 41.50000
yB 0.000011
19 41.414746
19 40.11125110 4.4.5043

  
 
    

  
  
 

  
 
 
 
 
 
  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
 
 
 
 
 
 
 
 

   

 

 
 

 
 
 
 
 
 
 
 
 
 

  

 
 
 

 
 

  
  
 
 

  

  
 

   
  

 
 
 

  
 
  
 
  

 
 
 
  

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   
 
  
 
 
 
 
 
 
 
  
 
 
 
 
 
  
 
 
  
 
 
 
 
 
 
 
 
 

   
  
 

 40.35355 ,-10 40.311171 ,-10 40.23403 1-10 40.25000 1110 4021594
111 41.2.5000 .111 029.159 1-11 —0. 155 1-11 035159 :11 41.39092
1-11 +0.43301 1-11 40.40451 1-11 41.17425 4034512 111 40.31174

 
  
 

1-12 41.12941 1-12 41.111405 112 4.23235 1-12 41.27475 1-12 41.31174
112 4.411295 :12 40.45109 1-12 044273 1-12 40.41774 1-12 40.39092113 0.001100 1-13 —0.05257 x13 41.11950 113 41.17101 113 021594
1:15 4050000 113 +0.49505 1-11 41.413547 1113 41459155 1-13 +0.45045  114 41.12941
y14 40.48296.115 40.25000
ylS 40.43301115 41.3.5155
010 41353551-17 40.45301
3117 1025000113 40110295
3-111 41.129411-19 10511000
J49 0.00000120 40.4.0295
1-20 41.12911x21 10.43301
1-21 41.25000
1-22 41.35355
1-22 40.353551-23 40.25000
,-23 —0.433011-24 40.12941
1-24 41.43295

1114 40.05257
1-14 41.49605
11 5 +0. 1 11405
3-15 1045409
116 4129309
11-15 40.40451
1:17 1 0.33525
117 41311171115 40.45241
1111 +0.212119119 1049114
319 4009309
120 40.49901
1-20 4.03140
.191 4047553
,21 41.15451122 41.42215
1-22 41.25791
123 4134227
1123 41.36.4411
.124 40.24010
1-24 4.43.115125 141.12434
1-25 41.40429

1-14 000000
114 +0.50000X I 5 —U. I 19645
y15 404155471115 4.23275
3-15 +0.44273117 4133155
3-17 40374261111 +0.41149
1110 4.204051119 40.45751
~1-19 41.17730120 40.49515
,-20 40.00027x21 40.49535
1-21 4.00027.52 40.45751
1-22 41.17730123 4141149
123 020403124 413.3155
324 41.3742613 40.23235
325 4.4427:125 +0. 1 1950

41411547

4‘14 70.05805
)114 40.496632-! 5 10.05805
3115 10.49662
3-15 40.17101
1‘16 “1.469115111 #017475
3'17 «AL-11774
A‘ l 8 +0.36%?
1-13 40.34312x19 10.43301
y19 41.25000JQU 40.47399
1120 40.14340:21 +0.49MS
3Q1 +0.01%?
x22 +0.49240
3422 —U.036322-21 40 4591 I
1-23 40.19504124 4.40106
1-24 41.31511
:25 +0.32159
y25 40.3113021:16 +£1.sz
)Qfi {1.44652x27 «10. 1153 1

4.43652

114 41.1 1 125
1-14 40.43745x15 0.00000
315 44150000
1-15 40.11125
1-15 40.417451117 41.21594
1117 40450411
1111 40.31174
1-15 40.39092119 4039092
1-19 40.31174
1-20 40.45041;
1211 +0.21594
111 41.4.3745
1-21 +0.11125122 40 50000
1-22 0.00000123 41.48745
1-23 —o.11125124 +0.45040
3124 41.21594225 40.39092
)25 41.31174125 10.31174
,25 41.390921-27 21594
327 4.4.50431-25 40.1 1 125

41 43745
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968 J'IG BORING

Table 4. Hole Coordinate Dimension Factors for Jig Boring —13'pe “B”
Hole Circles Central Coordinates (English or Metric units)

C976)
Ref \ Timifiagramshaws a type “137 circle fnrn 5410]: mm. Cmm‘linumr,

 

)1 an: g'ivcn in 115: mblc I‘m I111}: ('imls 0f [rum 3 m 28 hules. Dimensions
7X + X are fm'hales nllm'bcrcd in a cnunurciuc‘kwis: 1117555115 151- shown).

9 11115151151555 givm are based upon a 1151: cimla nfunil diamchr, Fnr 411111:+ Y 55:15 at, 51135345411 111 3415511111515: 1115512157, mulLiply 1111115 values by 3.

 
 

7 Hole:
21 4.43301 4.35355 4.29339 4.25000 4.21594 x] 4.19134 4.17101
.11 4.25000 4.35555 - 41.40451 41.43301 1 4.45043 445194 44593522 0.011000 4.35355 4.47553 4.50000 4.43745 41.45194 41.43301
)2 4.50000 +0. 355 41.1.5451 0.110000 4.11125 2 41.19154 4.2500023 4.43101 41.35355 11.00000 425000 4179092 . 4145194 4.49240

4.25000 4.35355 . 4500110 4143301 431174 _ 10.19134 ,- 40.0351124.35355 - 40.47553 - 4.25000 0.0110110 4.19134 14 4.32139
4135355 4.15451 4.43301 . 4150000 40.45194 ,4 40.33302- 4.029339 4.50000 41.79092 41.19134 15 0.00000

4.40451 - 0.00000 41.31174 - 10.40194 15 40.5000040.25000 4.43745 10.45194 55 41.32139
' 41.43501 4.11125 4.19134 35 4.333024111594 4.45194 5-7 41.49240

41.45043 4.19134 1-7 +0.0363241.19134 15 4.43301
4.45194 3-3 4.2500019 41.171111

4.45935
10 Holes 11 Huh-5 1: H0115 13 71qu

x1 .11 xi 4'!xi 4.15451 4.14037 4.12941 4.11950 41.11125 4.09755
447553 4147975 443295 - 4.43547 4.43745 - 4.43907 - 41.49039
41.40451 437737 4.35355 4.33156 41.31174 41.29339 4.27779
4.29339 - 41.32743 = 4.15355 ‘ 4.37.225 4.39092 4.40451 4.41573
4150000 4.49491 4.43296 41.40751 41.45043 4.43301 4.41573
0.00000 . 41.117115 - 41.12941 , 41.17730 - 4.21594 4.25000 4.277794.411451 4.454112 4.43295 - 41.49535 41.50000 41.49725 41.49039
+0.29589 - 41.211771 41.12941 - 4.05027 ; 0.00000 4.05225 4.097554.15451 4.27032 -' 4.35355 - 4.41149 4.45043 41.47553 4.49039
4.47553 -. 41.421153 41.35155 4123403 40.21594 41.15451 +0.09755
44115451 0.110000 - 4.12941 4.23235 4.31174 41.37157 4.41573
41.47553 41.50000 41.43295 5 4.44273 10.39092 +0.33457 40.27779
41.40451 1427032 - 4.12941 0.00000 4.11125 41.21.1337 4.27779
41.29339 g 4.421153 4.43295 . + 11.50000 40.43745 - +0.45577 41.4157341.501100 40.45432 40.35355 +0.23235 +0.11125 0.01.7100 4.09755
0.00000 - 40.20771 - 4.35355 4.44273 +0.43745 1050000 ys 4,490.79

40.40451 41.49491 4.43295 +0.41749 41.51174 40211337 +0.09755
4.29.7119 - 41.07115 _ 41.12941 - +0.23403 +0.1-19092 4.45577 19 41491139140415451 110 4.37737 x10 4.43290 1-10 +049035 xlU +0.45048 51114137157 1710427779

110447553 3110432743 140412941 110 40.05007 1-10 +0.21694 1110 433457 1104141573.1111 4.14037 1-11 +0.35355 511446751 5114150000 x] 1 4147553 1-11 4.41573
y] 1 4147975 171143535 yl] 4117730 1-11 0.00000 3-1 14.15451 yl] +11 277791-12 4.12941 5120133155 1424145044 112449725 212 4.049039

1-12 4.414295 112437425 3-12 421594 1124115225 1112441 1197.55
x13411966 1134131174 1134043301 17134049019
113 4.4.3547 1-13 4.39092 3-13 41.2.5000 1-13 4.09755114+!) 11125 2114 41.29339 114 40.41573

y14-043745 1144140451 3444277792115 40.10395 2415 4027779
)‘15 $4390? 3‘15—0111573:15 4.09755

3-15 41.49039 
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11G BORING 969

Table 4. ( Cuminued) Hole Coordinate Dimension Factnrs for Jig Boring —-Type “B"Hole Circles Central Coordinates (English or Metric units)

   
  
 

 
 
 

311: diagram simws 11 mm “0” 50:1..- for a 54101: 51105455511510; 1.
J- are givcn in [he rah]: I'm 1m}: circles 011‘ from 3 La 13 holes. Dimensions5r: fur hula: numbered in a CUunLtmlmzkwis: Muir-10% shown).
Dimclmians given 31: 1133011 upon :1 11013 circle of 0110 diamem, Fnr almie
circle of. say. 3-inch or 3-animercr diamerzr, 11251113513 1:th wines 113-1.

  

    
 
 
  

 
 
 
 
  
  
 
 
 
 
  
  
 
 
 
 
  
  

 
  

  
 
 
 
 

  

  
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 
 
 

 

 

8-4-
x111 4.09131 403532

3-1 40.43149 31 4.4924012 4.25322 12 425000
32 4.42511 32 4.4330113 4159901 33 433502
33 4.30132 33 4.3213914 41.43091 14 445935
3-4 4.13533 34 41.1710115 4.49731 15 450000
3-5 4.004413 15 0.00000216 4.4753 15 4.45935
3-5 40.2237 30 44.1710131 4.33535 17 433302
3-1 41.35950 37 41.3213913 4.13052 13 4.75000
33 40.40024 3-3 40.4330119 000000 19 4.03532
39 40.50000 39 44.492401104113052 1104003532
3111445524 31041492401-11 +033535 .111 4025000

1]1-1 4.07115 4.05303
31 41.49491 31 4.49534x2. 41.20171 12 4.19920
32 4.45432 32 4.453511-3 432743 x3 451554
3-3 41.317111 3-3 4.3373534 4.42003 14 4.40343
34 41.27032 34 4.2333415 41.47915 15 447113
3-5 414017 35 4.1574415 4.50000 15 449333
35 0.00000 30 4.0341217 4.47975 17 4.43954
3-7 4.140151 37 40.1017313 4.42053 13 4.44394
30 4027032 3-3 40.2300319 4.32743 19 41.35542
39 4037737 39 47.34120
110420711 1104259791
3404045432 31040427211114107115 111413400

  4.03210
3-1 41.4931312 4.23197
32 41.4397413 4.35705
33 41.53364.14 41.45739
34 41.2003515 4.49029
35 4.041297.5 448470
35 40122741'? 441353
317 42734713 4.30711
3-3 4.1945749 4.15255
39 40.472911-10 000000
3104150000111401525

407322
31 4.4933412 4.22700
32 4.445504.35355

4.07452
31 4.4944212 4.21694
32 4.45043.r3 4.34009
33 4355531-4 443301
34 4.2500015 4.43740
1‘5 —0.II126
.10 4.43350
35 400313717 4.45544
37 40.1325713 439092
3-3 4.3117419 41.7.3105
39 4.41312110414731
3104047719.311 0.00000

 
 

  
 

 
 
  

   
 
 
 
 
   
   
 
   
 
  
   

  

   
  

 
 

   
  

 
 

 
 
 
 
  

 
   

 
 

 
 
    
  

  
 
 
 
 
 
 
  

   
 
 
 
 
 
 

  
  

 

  
 
 
 
  
  

  
 
  
  
 

  
 
 
 

 

 
  
 

  
 
 
 
 
 
 
 
 
 
 
 

 :6 40.49384
)6 441.0781:47 41.44550
y? +0.22‘10013 4135355
3113 70.2535x9 41.22700
3-9 30.44550x1 0 43.07 322
3:10 10.493542:] l +0.07812

 
  
  

  

  
 

 
  

  

  
  
  
 

 
  
 
   

 

 

 
  

 

 

 

  
 

 

 
  

  

 
 
  
  

 
  

 
  

     
 

 
  

 

 

 
  

 
  
 

  

 

 

  

 
 

3-11 4.0359511 3114043301 3114047291 311 40.49334 311450000 3-1140 491491 3-1 I 4.431401112 +11 44153 112 +0 311302 1512 4.30711 112 40.32100 1-12 4.14733 1-12 + 0.01115 x12 0 00000
312 4022237 3-12 4.32139 3-12 40.59457 3-12 40.44550 3-12 41.47779 3-12 40.49491 3112 4.50000113 449737 113 4045935 113 441353 x13 40.35355 x13 47.73155 113 44130771 113 4413490
3-13+0.04513 3-13 40.17101 3-13 41.27347 3-13 +0 35355 3111 40.4131: 3-13 40.45432 3-13 4.43145:14 4043091 114 450000 114 40.43470 114 444550 114 439092 1141 4.32743 1-14 4025919
314 4.13033 3-14 0.00000 3-14 +0.12274 3:14 402.700 3-14 4.31 17-1 314 4.037737 3-14 41.42721115 +039901 115 40.45935 .3115 4 049329 315 4.49304 115 +0.40544 .115 442063 115 4.3554:
315430132 3115417101 3154104129 315 40.07322 315413257 3154027032 3154034123115 425322 115 433302 x16 40 5739 315 40.49334 .116 4.49350 1115 4.47975 115 40 44394
315 4.42511 315432139 3-15 41.20035 3-15 47.07372 3-15 40.03737 3-15 40.140117 3-15 423003117 41.09137 1-11 4025000 x17 40.35735 :11 4.044550 117 4043740 xi? 40.50000 x17 4.13954
3-11— 0.49149 3114143301 3174133354 311422700 317411125 3-17 0.00000 3-17 40.10113113 4.0363: 1-13 4023197 x18 40.35355 1111 4.43301 1:13 41.47915 1113 41.49333

)18 4.49240 3113 4.43974 3-13 455355 3-13 4.25000 3-13 47.14037 3-13 4.034121119 403230 119 40.22700 x19 4.34009 .319 4042053 1119 40.47113
319449313 319444550 319435553 3-19—027032 319410744

  
  
 
  
 

3120-1007522 110 40.2]694 1510 +0 32743 120 +0.40%}?
)‘20 43.49384 )20 4.45045 1'20 40.37787 3-20 -0.25834Ill-10.07452 111440.207?! .72] 7413554

3-21 41.491142 3-21 4145482 :31 41.38786:22 +0.07] l6 20314019921]
)22 43.4949 1 yZZ —O.45 861

 
 
 
 
 

  400251
3-1 44950517 4.13405
32 4.45439
23 4.29339

  1-1 4.05305
)7] 4.4906212 41.11101
3-2 40.46935513 4.27475

11 4.05593
31! 4.495353 40.15514
3-2 4.471944.25502

 
 
  

    
 
  

  
 
  

41.49577.
:2 4119134
3-2 41.4619441.30433

31 4.4953522 4.17130
32 4.4575140.28403
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970 J1G B ORING

Table 4. (Carzlinucd)H01c Coordinate Dimension Factors for JigBGring —Type “53”
Hole Circles Central Courdinatcs (English or Metric units)

The mgr...“ shows 11 type 43" Ci r616 l'nr a 541.613 circle. erdimues .1‘,
y at: given in 1116 1.5117]: fur 1161: 6116165 0f from 3 lo 23 6.5164. [111-1112031605um 01: holes numbered 1n :1 66.161616166114156 deEEIiBn 1.1; sham).
1516161151611: given are hasmi upnn a huh: 61ml: ohmic dinmzlcr. Fur 26.11:aim: 6r, my. 3—inch m Sunmemrdiumumr, 6101615131 01116 wflneshy 3.

41.396613 41.411451 ‘ 41.41149 41.41774 41.423364.396611 4.31526 41.37426 41.36369 41.15355
41.10433 = 41.31371 41.33156 - 41.14112 455355
046194 41.45241 444273 41.41301 41.42336
41.19134 40.21739 —0.B236 - 0.25000 : 41.26602
—0.49572 -0.49114 41.421547 41.47399 40.47194
41.06526 41.09309 -0.11966 41.143411 —0.16514
41.49572 41.499111 —0.50000 41.49015 - 4.496116
+0.06526 +0.03140 0.011000 —0.02907 4105593
4146194 41.47553 41.43541 049240 4149635
4.19134 +0.15451 4011966 411136112 13 40.05593
41.39663 41.42216 41.44273 41.45911 —0.471114
41.30433 - 14126791 41.23116 ,9 +0.19304 19 +0.16514

210—030433 110 41.34227 1104157426 1111—0411106 2104142336
31041321663 .110 +0.364411 0104033156 :1111 4.291151 1-10 40.36602.rl 1 4.19134 x] 14124033 1711—0211403 1114132139 1'] 141.. 5355
,-11+0.46194 y11+0.4:1315 1114141149 3114133302 )-11+0.3s355112 4106526 :12 -0.12434 K]2—U.I7730 :12 41.22440 XII—0.36602
,-12 4.4.1.4957: 1-12 41.4343 112 4046751 312 +0.44632 ,1-12 40.42336141144106525 x|3 0.00000 113 41.06027 4134111531 1134116514
1-13 41.49572 1-13 40.50000 )‘I3 40.49635 y13 41.43552 ’13 40.4719411-14 +0. 19134 .314 41.12434 xl4 +0.06027 1114 0.00000 114 41.05593
)‘J4+U.4fi!94 1:14 41.43429 :14 +0.49535 1144050000 114 +0.49686x15 +0.30433 x15 41.24033 1-15 +0.17730 115 40.11531 x15 4105593
315 41.396611 3-15 40.43315 1-15 41.46751 )15 +043652 1115 41.496361716 40.39663 116 4034227 11644123403 1-16 40.22440 xl644116514
116 41.311413 116 14136446 31640411149 y16 4144632 3116411471941174146194 le-HJAZZIG 2174037426 1117 41.32139 1174—1126501
11174119134 y17 +026791 )17-10 35156 1417110311302 11174414123365134049572 1034147553 x1341 44273 1134040106 1134135355
)'184).063‘26 11114115451 ,13 40.23216 1-13+0.291153 1134035335
.119 41.4.9572 1:19 4149901 x19 41.411547 1194145911 .119 41.42336
)19 41.06526 ,19 41.03140 5-19 41.11966 3-19 4.19304 y19+0.26602120 +0.46194 120 4049114 120 41.50000 16010492411 11204147194
)120 4.19134 .120 4109359 120 0.00000 120 41.03632 3-20 +0.16514x21 +0.39663 x2] 41.45241 121+ 043547 1214049915 :21 41.49616
1214150431 1214021339 ,-21—u.11966 1121 41.02907 121405593.721 40.50433 5224 0.33526 12 4144273 x22 +0.471199 112240149635
127 41 30663 #1 41.31371 31224123236 1224014340 122 41.05593
.r23 40.19134 13 4129339 123 +0.37426 123 40.43301 1123 40.47194
1-23 41.46194 1:23 41.40451 1254133156 323 41.25000 11-23 41.16514.1-24 41.06526 124 4 0.111406 x24 41.23403 1244156369 124 41.42336
12441119572 1124 41.4.5439 1244141149 124 4034312 124—0 26602:25 41.06267 .125 4117736 1-25 4 0 27475 125 4115155

1125 41 49606 325 —0.46751 325 4141774 12541553551626 40116027 3’16 4117101 11264026602
”11254149635 ,26 41.46935 1135 41423.16127 1005305 :27 +U.16514

3-27 4149662 .127 40.47194:23 - 0.05593
3 23 41.49616
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COLLETS 97 1

Collets

Cullets for Lathes, Mills, Grinders, and Fixtures

 

 
  

 
3—4

6)r-s-fi®IF II
i

ii
 

m> D
    
 

©i[L 
Collel Styles

Collets for Lathes, Mills, Grinders, and Fixtures
 
 

Dimcnsiolls MM. Capacity (inches)

_—_m-fl.640 x 26 RH
1.113 X 24 RH
0.311 X 31] RH
0.322 X 40 RH
LBS x 23 RH

 
Nona

0.350 X 20 RH
0.500 x 20 RH
0.522 x 24 RH
0.437 x 26 RH
0.441 x 3!) RH
U 799 x 20 RH
[.611 x 15 RH
0.938 X 20 RH
0.375 x 15 RH
(1.313 x All! RH
0.263 x 4|] RH
0.745 x 18 RH
0437 x 26 RH
(L742 x 14 RH
(L637 x 26 RH
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972 COLLETS

Collets for Lathes, Mills, Grinders, and Fixtures {Conrfnucd}
Dirncmfuns Max. Capacity (inches)

--——_m--313 2 3.438 0.625 x 161111 0641
1.688 0.640 X .16 R11 0.438
4.433 1.050 X 10 RH 0.750
3.750 LDBSXEGRH 1.500
1.875 0.647 x .10 RH 0438
1.094 0.518x 1612.“ 0.313
2.063 (1.645 x 24 RH 0438
1.063 n.500x24 RH 0313
4.594 0.995 x 20 RH 0.656
1.578 0.193 X36RH 0.1.56
2.125 0.515 XZGRH 0.313
3.000 0.918 x20 RH 0050
3.500 0.800 x 20 RH 0.53 I
2.751 0.660 x 20 RH (1438
2506 0.995 x 16 RH 0.656
3.250 0.982 x20 RH 0 656
3381 1.238 X 20 RH“ 0.906
3.438 1318 x20 RH 0750
4.219 1.050 x 20 RH 0750
3.406 0937 x18 RH 0.641
3.6217 0807X24 RH 0.531
3.4706 1307 X 16 RH . 0.375
2.433 0500 x 26 RH 0328
3.281 1.238 X 20 RH 0.906
3.875 0.775 X 18 RH 0.454
4.750 1.300 X 10 RH 0.969
3.000 0.76.2 x 26 RH 0.531
4.435 1.173 X 20 RH 0.875
5.906 1.234 X 14 RH 0.859
4.9311 1.300 X 20 RH 0.969
3.115 0.375 X 16 RH 0 406
2.875 0.375 x 16 RH 0.406
4.750 1.130 X 20 RH U 750
3.500 Nane (1.750
4.750 1.415 X 20 RH 1.063
5.906 2.354x12 RH [.544
3.875 1.245 x 16 RH 0.575
4.125 0.500x13RI-1 [1641
5.500 1.4908 JERH 1.063
4.750 1.495 x 20 RH 1.063
4.516 1.875 X 1.75 mm RH" 1400
2.719 0.775 x 671 urn 0.434
4.000 2550 x18 RH 1.930
2.56.7 0.180 X 24 RH 0.438
5.000 3.3613(18 RH 3000
3.688 1.236 x 20 RH 0575
4000 1.1?ij‘ARH 0.313
3.635 0.795 x 20 RH 0.531
3.500 1.307 x 20 LH 0.969
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CO JETS 973

Cullets for Lathes, Mills, Grinders, and Fixtures (Continued)
Dimcnsin .

Bearing Dinm..A
L990! 13 LH
3 622 x 16 L}!
(3.43? x 20 RH
“.500 X 20 RH
[L437 X 20 RH

Nan:
Nun:

2.0m) Nam:
2.938 0175 x ISRH
4.457 0.875 X 16 RH
4.457 0.875 x 16 RH
2.938 0.875 x16 RH
4.001] 0.437 X ELI RH

“Internal stop thread is 1.041 X 24 RH.
l"Inn-31ml stop Unread is 1.637 XZGRH.
Dimensinns in inches unless otherwise noled. Courtesy of Hurdinge Brothers, Inc.

DIN 6388, Type B, and DIN 6499, ER Type Coflets
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