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INTERNATIONAL STANDARD I S 0  3002/1-1977 (E) 

Geometry of the active part of cutting tools - 
Part I : General terms, reference systems, tool and working 
angles 

SCOPE A N D  FIELD O F  APPLICATION 

This International Standard defines a nomenclature for 
certain basic concepts concerning cutting tools; it is appli- 
cable to the geometry of every kind of cutting tool and 
emphasizes a known terminology for them which is 
intended to provide a framework on which the nomencla- 
ture and appropriate standards for individual types of 
cutting tool, such as single-point tools, twist drills, milling 
cutters and hand tools, can be established. However, the 
standards for individual types of cutting tool will not each 
require or use the full range of terms and definitions set 
out in the basic nomenclature established in this Inter- 
national Standard. 

The definitions are grouped into three clauses. After 
defining the general terms for surfaces on the workpiece, 
certain elements of the tool, surfaces on the tool, the 
cutting edges and the tool and workpiece motions in 
clause 1, this International Standard defines, in clause 2, 
reference systems of planes which are subsequently used 
to define the various angles which are included in clause 3. 
Two reference systems of planes are necessary : one, the 
tool-in-hand system, is  used to define the geometry of the 
tool so that it can be manufactured and measured; the 
other, the tool-in-use system, is required to define the 
effective geometry of the tool when it is  actually perform- 
ing the cutting operation. 

Additional terms will be given in an addendum. 

IS0  3002/1 I will give general conversion formulae to relate 
tool and working angles. 

1 GENERAL TERMS 

1.1 SURFACES ON THE WORKPIECE 

:.1.1 work surface (figure 1 )  : The surface on the 
workpiece to be removed by machining. 

1.1.2 machined surface (figure 1) : The desired surface 
produced by the action of the cutting tool. 

1.1.3 transient surface (figure 1 )  : The part of the surface 
which is formed on the workpiece by the cutting edge 
(1.4.1) and removed during the following cutting stroke, 
during the following revolution of the tool or workpiece, or 
by the following cutting edge. 

1.2 TOOL ELEMENTS 

1.2.1 body (figures 3 to 5) : That part of the tool which 
holds the cutting blades or inserts, or on which are formed 
the cutting edges (1.4.1). 

1.2.2 shank (figures 2, 4 and 5) : That part of the tool by 
which it i s  held. 

1.2.3 tool bore (figure 3) : That bore in a tool by which it 
can be located and fixed by a spindle, arbor or mandrel. 

1.2.4 tool axis (figures 3, 4 and 5) : An imaginary straight 
line with defined geometrical relationships to the locating 
surfaces used for the manufacture and sharpening of the 
tool and for holding the tool in use. Generally, the tool axis 
i s  the centreline of the tool shank or bore; it i s  usually 
parallel or perpendicular to the locating surfaces, although 
it could be the centreline of a conical surface as in the case 
of a taper shank. When not obvious, the tool axis must be 
defined by the designer. 

1.2.5 cutting part (figure 2) : The functional part or parts 
of the tool each comprised of chip producing elements; the 
cutting edges (1.4.1), face (1.3.1) and flank (1.3.2) are 
therefore elements of the cutting part. 

In the case of a multi-toothed cutter, each tooth has a 
cutting part. 

1.2.6 base (figures 2, 12 and 18) : A flat surface on the 
tool shank, parallel or perpendicular to the tool reference 
plane (2.1 . I ) ,  useful for locating or orienting the tool in i t s  
manufacture, sharpening and measurement. 

Not a l l  tools have a clearly defined base. 

1.2.7 wedge (figures 3 and 7) : The portion of the cutting 
part enclosed between the face (1.3.1) and the flank 
(1.3.2). It can be associated with either the major or minor 
cutting edge (1.4.1). 

1.3 TOOL SURFACES 

Each tool surface is provided with a symbol consisting of 
the letter A with a suffix indicating the identity of the 
surface (for example A,, the face). When it is necessary to 
distinguish clearly a surface associated with the minor 
cutting edge (1.4.1.2) the appropriate symbol bears a prime 
(for example A&', the minor flank). 

1.3.1 face A, (figures 2, 3, 4, 5 and 7) : The surface or 
surfaces over which the chip flows. When the face is 
composed of a number of surfaces inclined to one another, 
these are designated first face, second face, etc, starting 
from the cutting edge. These surfaces may be called lands 
and unless otherwise specified it is assumed that these are 
associated with the major cutting edge (1.4.1 .I 1. 
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I S 0  3002/1-1977 (E) 

Where it i s  necessary to distinguish the faces associated with 
the major and minor cutting edges (1.4.1.1 and 
1.4.1.21, that part of the face which intersects the flank 
(1.3.2) to form the major cutting edge is  called the major 
face and that part of the face which intersects the flank to 
form the minor cutting edge is called the minor face, for 
example major first face, minor first face, etc. 

1.3.2 flank A, (figures 2, 3,4,5 and 7) : The tool surface 
or surfaces over which the surface produced on the 
workpiece passes. When a flank is composed of a number of 
surfaces inclined to one another, these are designated first 
flank, second flank, etc., starting from the cutting edge. 
These surfaces may be called lands and unless otherwise 
specified it is assumed that these are associated with the 
major cutting edge (1.4.1 .I 1. 
Where it is necessary to distinguish the flanks associated 
with the major and minor cutting edges (1.4.1.1 and 
1.4.1.21, that part of the flank which intersects the face to 
form the major cutting edge is called the major flank and 
that part of the flank which intersects the face to form the 
minor cutting edge is called the minor flank, for example 
major first flank, minor first flank, etc. 

1.4 CUTTING EDGES 

1.4.1 cutting edge: That edge of the face which is 
intended to perform cutting. 

1.4.1.1 tool major cutting edge S (figures 2,3,4,5 and 7) : 
That entire part of the cutting edge which commences 
a t  the point where the tool cutting edge angle K ,  is zero 
(3.1.1.1) and of which at  least a portion is intended to 
produce the transient surface on the workpiece. In the case 
of tools having a sharp corner (1.4.2) a t  which the value of 
K ,  may be considered to pass through zero, the major 
cutting edge commences a t  that corner. In the case of 
tools for which the value of K ,  does not decrease to zero a t  
any point on the cutting edge, the entire cutting edge is  the 
tool major cutting edge as, for example, in the case of a slab 
milling cutter. 

1.4.1.2 tool minor cutting edge S’ (figures 2,3,4 and 5) : 
The remainder of the cutting edge, if any, and where 
present commences a t  the point on the cutting edge where 
K ,  is zero (3.1.1.1) but extends from this point in a 
direction away from the tool major cutting edge. It is  not 
intended to produce any of the transient surface on the 
workpiece. Some tools may have more than one tool minor 
cutting edge as, for example, in the case of a cutting-off 
tool. 

1.4.1.3 working major cutting edge Se : That entire part 
of the cutting edge which commences a t  the point where 
the working cutting edge angle K,, i s  zero (3.2.1.1) and of 
which a t  least a portion produces the transient surface on 
the workpiece. In the case of tools having a sharp corner 
(1.4.2) a t  which the value of K , ,  may be considered to pass 
through zero, the working major cutting edge commences 
a t  that corner. In the case of tools for which the value of 
K , ,  does not decrease to zero a t  any point on the cutting 
edge, the entire cutting edge is the working major cutting 
edge as, for example, in the case of a slab milling cutter. 

1.4.1.4 working minor cutting edge Se’ : The remainder of 
the cutting edge, if any, and where present commences a t  
the point on the cutting edge where K , ,  i s  zero (3.2.1.1) 
but extends from this point in a direction away from the 
working major cutting edge. It does not produce any of the 
transient surface on the workpiece. Some tools may have 
more than one working minor cutting edge as, for example, 
in the case of a cutting-off tool. 
NOTE - A distinction must be made berneen the tool major 
cutting edge and the working major cutting edge because the points 
a t  which K, and K ~ ,  can be considered to be zero are not, in general, 
coincident. 

1.4.2 corner (figures 2 to 6) : The relatively small portion 
of the cutting edge a t  the junction of the major and minor 
cutting edges; it may be curved, straight or the actual 
intersection of these cutting edges. 

1.4.2.1 rounded corner (figure 6) : A corner having a 
curved cutting edge. 

1.4.2.2 chamfered corner (figure 6) : A corner having a 
straight cutting edge. 

1.4.3 selected point on the cutting edge : A point selected 
on any part of the cutting edge in order to define, for 
example, the tool or working angles a t  that point (3). The 
selected point may be on the major cutting edge or on the 
minor cutting edge. When the selected point is so chosen as 
to be located on the minor cutting edge, the planes and 
angles associated with this point are so designated (2 and 3). 

1.4.4 rounded cutting edge: A cutting edge which is 
formed by a rounded transition between the face, A,, and 
the flank, A,. 

1.5 DIMENSIONS 

The dimensions of the cutting edges are measured in the 
conventional manner but additional definitions are required 
and are given below. 

1.5.1 corner radius re (figure 6) : The nominal radius of a 
rounded corner measured in the tool reference plane, P, 
(2.1 .I 1. 

1.5.2 chamfered corner length be (figure 6) : The nominal 
length of a chamfered corner measured in the tool reference 
plane P, (2.1.1). 

1.5.3 land width b, and 6, (figure 7) : The width of a 
land on the major face is  designated by 6, and the width of 
a land on the minor face is designated by b,‘. 

The width of a land on the major flank is  designated by b, 
and the width of a land on the minor flank is designated 

The identification number of the land together with the 
suffix used to identify the plane of measurement may be 
added if necessary, for example, b y n 2 ,  ban,, bQn2’. 

1.5.4 rounded cutting edge radius rn  : The nominal radius 
of a rounded cutting edge measured in the cutting edge 
normal plane, FI, (2.1.5). 

by ba’. 
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edge S 

Major second flank A,2 

Corner J 

FIGURE 2a - Cutting edges and surfaces on the cutting part of a turning tool 

Point where K~~ = zero 

achined surface 

Transient surface - . 

Working minor 
'\ Working major 

Work surface 

Direction of feed motion 
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FIGURE 2b - Illustration of various terms relating to the tool and workpiece 
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Tool bore 

Major first flank A,, 

Major second 

Major 

\ Corner / Minor flank A,' -/ 
Minor cutting edge S' 

Section A-A 

Wedge 

FIGURE 3 - Cutting edges and surfaces on the cutting part of a shell end mill 

Tool axis -.IT - 

Major second flank Aa2 1 i / 

.. - 

- Shank 

k Corner 

edge S 

Face AT-/ L Minor cutting edge S' 

FIGURE 4 - Cutting edges and surfaces on the cutting part of a single angle cutter with parallel shank 
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Minor second flank A,; 

Minor first flank A,,‘ 
Major cutting edge S Y 

Minor first flank A,1 

Minor cutting edge S’ Minor second flank A,*’ 

\ Corner 

Major cutting edge S - 
Bodv 

FIGURE 5 - Cutting edges and surfaces on the cutting part of a twist dri l l  

Actual intersection 
of the cutting edges Rounded corner Chamfered corner 

5 

FIGURE 6 - Cornersviewed in the tool reference plane P, (2.1.11 
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Third face Ay3 
\First face Ay1 

Second face Ay2 

Major cutting edge S 

First flank A,1 

Second flank Aa2 

FIGURE 7 -Wedge with lands 

1.6 TOOL AND WORKPIECE MOTIONS 

All motions, directions of motions and speeds are defined 
relative to the workpiece. 

1.6.1 primary motion : The main motion provided by a 
machine tool or manually, to cause relative motion between 
the tool and workpiece so that the face of the tool 
approaches the workpiece material. In a lathe, this motion 
is provided by the rotary motion of the workpiece; in 
drilling and milling machines, it i s  provided by the rotary 
motion of the tool; in a planing machine it is provided by 
the longitudinal motion of the table. 

Usually, the primary motion absorbs most of the total 
power required to perform a machining operation. 

1.6.1.1 direction of primary motion (figures 8 to 11)  : 
The direction of instantaneous primary motion of the 
selected point on the cutting edge relative to the workpiece. 

1.6.1.2 cutting speed v (figures 8 to 11)  : The 
instantaneous velocity of the primary motion of the 
selected point on the cutting edge relative to the workpiece. 

1.6.2 feed motion : A motion which may be provided to 
the tool or workpiece by a machine tool or manually 
which, when added to the primary motion, leads to a 
repeated or continuous chip removal and the creation of a 
machined surface with the desired geometric characteristics. 
This motion may proceed by steps or continuously; in 
either case it usually absorbs a small proportion of the total 
power required to perform a machining operation. 

In certain machining operations, for example screw tapping 
and broaching, a feed motion as defined above is not 
required, the creation of the desired machined surface being 
achieved by the provision of an array of cutting edges 
which are arranged to approach the workpiece in an 
ordered manner. In such cases, the feed motion is defined 
as the motion which an imaginary single cutting edge would 

have to be given by the machine tool to produce the same 
result as the array of cutting edges with which the tool is 
actual I y provided . 
1.6.2.1 direction of feed motion (figures 8 to 11) : The 
direction of instantaneous feed motion of the selected 
point on the cutting edge relative to the workpiece. 

1.6.2.2 feed speed vf (figures 8 to 11) : The instantaneous 
velocity of the feed motion of the selected point on the 
cutting edge relative to the workpiece. 

When the feed is  intermittent, for example in the case of a 
planing operation, the feed speed is  not defined. 

1.6.3 resultant cutting motion : The motion resulting 
from simultaneous primary motion and feed motion. 

1.6.3.1 resultant cutting direction (figures 8, 9 and 11)  : 
The direction of the instantaneous resultant cutting motion 
of the selected point on the cutting edge relative to the 
workp iece. 

1.6.3.2 resultant cutting speed v, (figures 8, 9 and 11)  : 
The instantaneous velocity of the resultant cutting 
motion of the selected point on the cutting edge relative to 
the workpiece. 

1.6.4 feed motion angle cp (figures 8 to 11) : The angle 
between the directions of simultaneous feed motion and 
primary motion. It i s  therefore measured in the working 
plane Pf, (2.2.2). 
In certain machining operations such as in planing, shaping 
and broaching this angle cannot be defined. 

1.6.5 resultant cutting speed angle (figures 8,9 and 11 ) : 
The angle between the direction of priman/ motion and the 
resultant cutting direction. It is  therefore measured in the 
working plane Pf, (2.2.2). 
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Resultant cutting direction \ 4 Direction of primary motion 

Direc 

Selected point on the cutting edge W L  
FIGURE 8 - Tool and workpiece motions - Turning tool 
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Resultant cutting direction 

v- 
Selected point on the cutting edge -./ 

Selected point on the cutting edge 

Resultant cutting direction 

FIGURE 9 - Tool and workpiece motions - Slab milling cutter 
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Direction 

FIGURE 1 O - Tool and workpiece motions considered at three selected points on the cutting edge - 
Single angle cutter with parallel shank 

Direction of 

of primary motio 

Direction of primary motion = 
direction of feed motion 

Direction of feed motion 

Resultant cutting direction \ I \ 
\ \ t \ Selected 

\ Direction of feed motion 
point on the cutting edge 

FIGURE 11 - Tool and workpiece motions - Twist drill 
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2 REFERENCE SYSTEMS 

Reference systems of planes are necessary for defining and 
specifying the angles of a cutting tool. One system (the 
tool-in-hand system) is  needed for defining the geometry of 
the tool for i t s  manufacture and measurement. A second 
system (the tool-in-use system) is needed for specifying the 
geometry of the cutting tool when it is performing a cutting 
operation. 

NOTE - A third reference system of planes (called the machine 
reference system) is required to define the orientation of a cutting 
tool with respect to the machine tool. This third reference system is 
defined in I S 0  3002/11. 

The planes used in the first system are termed tool-in-hand 
planes, their titles, with two exceptions (2.1.2 and 2.1.5) 
each include the word "tool". The planes used in the 
second system are termed tool-in-use planes; their titles, 
with one exception (2.2.5), all include the work "working". 

Since angles and other geometric features vary from point 
to point along the cutting edge of a tool, it i s  necessary to 
locate the reference system a t  whatever point one desires to 
be able to define the tool geometry. Each plane is therefore 
defined, with respect to a selected point on the cutting 
edge. The t i t l e  of the plane may include an indication of 
whether the selected point is located on the major or minor 
cutting edge (for example, at  a selected point on the major 
cutting edge, there is the tool cutting edge plane (2.1.4) and 
a t  a selected point on the minor cutting edge, the 
corresponding plane is termed the tool minor cutting edge 
plane. 

Each plane is  provided with a symbol consisting of P with a 
suffix indicating the plane's identity (for example P,, the 
tool cutting edge plane). 

For the planes defined below the selected point on the 
cutting edge is  considered to be located on the major 
cutting edge. 

When it i s  necessary to distinguish clearly a plane passing 
through a selected point on the minor cutting edge, the 
appropriate symbol bears a prime (for example P,', the tool 
minor cutting edge plane). 

When the cutting edge, face or flank is curved, the tangents 
or tangential planes through the selected point should be 
used in the reference systems of planes. 

The symbol used for a plane in the tool-in-use system bears 
the additional suffix e, for "effective" (for example P,,, the 
working cutting edge plane) to distinguish it from the 
corresponding tool-in-hand plane (for example P,, the tool 
cutting edge plane). 

2.1 TOOL-IN-HAND SYSTEM (figure 12) 

2.1.1 tool reference plane P, (figures 12 to 17) : A plane 
through the selected point on the cutting edge, so chosen as 
to be either parallel or perpendicular to a plane or axis of 
the tool convenient for locating or orienting the tool for i t s  
manufacture, sharpening and measurement. 

The plane must be chosen and defined for each individual 
type of cutting tool so that it meets the conditions 
prescribed above and is generally oriented perpendicular to 
the assumed direction of primary motion. 

For ordinary lathe, planer and shaper tools it is a plane 
parallel to the base of the tool. For a vertical shank or 
tangential tool or for a horizontal shank planer tool it i s  a 
plane perpendicular to the tool axis. For a side and face 
milling cutter, for drills and screwing taps it is a plane 
containing the tool axis. 

2.1.2 assumed working plane Pf (figures 12 to 17) : A 
plane through the selected point on the cutting edge and 
perpendicular to the tool reference plane P, and so chosen 
as to be either parallel or perpendicular to a plane or an axis 
of the tool convenient for locating or orienting the tool for 
i t s  manufacture, sharpening and measurement. 

The plane must be chosen and defined for each individual 
type of cutting tool so that it meets the conditions 
prescribed above and is  generally oriented parallel to the 
assumed direction of feed motion. 

For ordinary lathe tools and planer tools it i s  a plane 
perpendicular to the tool axis. For drills, broaches, facing 
tools, parting-off and cutting-off lathe tools it is  a plane 
parallel to the tool axis. For milling cutters it i s  a plane 
perpendicular to the tool axis. 

2.1.3 tool back plane P, (figures 12 to 17) : A plane 
through the selected point on the cutting edge and 
perpendicular both to the tool reference plane P, and to the 
assumed working plane Pf. 

2.1.4 tool cutting edge plane P, (figures 12 to 17) : A 
plane tangential to the cutting edge a t  the selected point 
and perpendicular to the tool reference plane P,. 

2.1.5 cutting edge normal plane P, (figures 12 to 17) : A 
plane perpendicular to the cutting edge a t  the selected 
point on the cutting edge. 

2.1.6 tool orthogonal plane Po (figures 12 to 17) : A plane 
through the selected point on the cutting edge and 
perpendicular both to the tool reference plane P, and to the 
tool cutting edge plane P,. 

2.1.7 tool face orthogonal plane P, (figure 13) : A plane 
through the selected point on the cutting edge and 
perpendicular both to the face A, and to the tool reference 
plane P,. 

2.1.8 tool flank orthogonal plane P, (figure 13) : A plane 
through the selected point on the cutting edge and 
perpendicular both to the flank A, and to the tool 
reference plane P,. 
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Assumed direction of I- primary motion 
P" -, 

FIGURE 12 - Planes in the tool-in-hand system 
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FIGURE 13 - Planes in the tool-in-hand system - Turning tool 
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FIGURE 14 - Planes in the tool-in-hand system - Tangential turning tool 
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FIGURE 15 - Planes in the tool-in-hand system - Slab milling cutter 
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FIGURE 16 - Planes in the tool-in-hand system - Convex milling cutter 
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FIGURE 17 - Planes in the tool-in-hand system - Twist drill 
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2.2 TOOL-IN-USE SYSTEM 

2.2.1 working reference plane P,, (figures 18 t o  23) : A 
plane through the selected point on the cutting edge and 
perpendicular t o  the resultant cutting direction. 

2.2.2 working plane Pf, (figures 18 to 23) : A plane 
through the selected point on the cutting edge and 
containing both the direction of primary motion and the 
direction of feed motion. This plane i s  thus perpendicular 
to the working reference plane Pre. 

2.2.3 working back plane Pp, (figures 18 to 23) : A plane 
through the selected point on the cutting edge and 
perpendicular both to the working reference plane P,, and 
to the working plane Pf,. 

2.2.4 working cutting edge plane P,, (figures 18 to 23) : A 
plane tangential to the cutting edge a t  the selected point 
and perpendicular to the working reference plane P,,. This 
plane thus contains the resultant cutting direction. 

2.2.5 cutting edge normal plane P,, (figures 18 to 23) : 
The cutting edge normal plane in the tool-in-use system i s  
identical with the cutting edge normal plane defined in the 
tool-in-hand system, P,. 

P,, = P, 
2.2.6 working orthogonal plane Po, (figures 18 to 23) : A 
plane through the selected point on rhe cutting edge and 
perpendicular both to the working reference plane P,, and 
to the working cutting edge plane Pse. 
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FIGURE 18 - Planes in the tool-in-use system 
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FIGURE 19 - Planes in the tool-in-use system - Turning tool 
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FIGURE 20 - Pianos in the tool-in-usa system - Tangential turning tool 
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FIGURE 21 - Planes in the tool-in-um system - Slab milling cutter 
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FIGURE 22 - Planes in the tool-in-use system - Convex milling cutter 
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FIGURE 23 - Planas in tha tool-in-uw system - Twist drill 
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3 TOOL AND WORKING ANGLES 

The angles are necessary for the determination of the 
geometrical position of the tool cutting edge, the face and 
the flank. 

One set of angles is  needed for defining the angles of the 
tool as an entity in itself, that is, for the tool-in-hand; these 
angles are designated tool angles and, with one exception 
(3.1.3.1), have the prefix "tool" in their tit les. These angles 
are necessary for manufacturing, sharpening and measuring 
the tool. 

A second set of angles is  needed for defining the angles 
which affect the action of the tool in the cutting process, 
that is for the tool-in-use; these angles are designated 
working angles and, with one exception (3.2.3.11, have the 
prefix "working" in their tit le. 

Since tool and working angles vary from point to point 
along the cutting edge, the definitions of the angles given 
below refer always to the angles a t  the selected point. 

When the cutting edge, face or flank is  curved the tangents 
or tangential planes through the selected point are used in 
the reference systems of planes used to define the angles. 

Each angle is specified, where appropriate, with reference 
to a particular cutting edge on the tool, depending upon the 
location of the selected point on the cutting edge. The t i t le  
of the angle may include an indication of whether the 
selected point i s  located on the major or minor cutting edge 
(for example, a t  a selected point on the major cutting edge, 
there is  the tool normal rake and a t  a selected point on the 
minor cutting edge the corresponding angle is  termed the 
tool minor cutting edge normal rake). 

Each angle is  provided with a symbol consisting of a Greek 
letter with a suffix, the suffix indicating the plane in which 
the angle is measured (for example Y,,, the tool normal 
rake). 

For the angles defined below the selected point on the 
cutting edge is considered to be located on the major 
cutting edge. When it i s  necessary to distinguish clearly 
angles defined with respect to a selected point on the minor 
cutting edge, the appropriate symbols bear a prime (for 
example Y,,', the tool minor cutting edge normal rake). 

The symbol used for a working angle bears the additional 
suffix e for "effective" (for example yne, the working 
normal rake) to distinguish it from the corresponding tool 
angle (for example Y,,, the tool normal rake). 

When the face or flank is  composed of a number of surfaces 
inclined to one another, these surfaces are numbered 
consecutively starting from the cutting edge. The number 
of the land is used as an additional suffix to the appropriate 
symbols to associate the rake or clearance angle with i t s  
particular land (for example Y , , ~ ;  'yn2; Y,,,'; 'yn2 ; & , , I ;  

&n2;Q>n2';&n2ef) .  

When the face or flank has only one surface the suffixes 1, 
2, etc, are not used. 

The sign conventions of the various angles are given in 3.3. 

3.1 TOOL ANGLES 

The tool angles are defined with the aid of the tool-in-hand 
reference system of planes (2.1). 

3.1 .I Orien ta tion of cutting edge 

3.1.1.1 tool cutting edge angle K, (figures 24, 26, 27 and 
28) : The angle between the tool cutting edge plane P, and 
the assumed working plane Pf measured in the tool 
reference plane P,. 

3.1.1.2 tool approach angle; tool lead angle t U S A i  $, 
(figures 24, 26, 27 and 28) : The angle between the tool 
cutting edge plane P, and the tool back plane P, measured 
in the tool reference plane P,. 

$, i s  defined only for the major cutting edge. Thus a t  any 
selected point on the major cutting edge the sum of $, and 
K, i s  always 90'. 

3.1.1.3 tool cutting edge inclination A, (figures 24,27 and 
28) : The angle between the cutting edge and the tool 
reference plane P, measured in the tool cutting edge plane 
ps. 

3.1.1.4 tool included angle e, (figures 24,26,27 and 28) : 
The angle between the tool cutting edge plane P, and the 
tool minor cutting edge plane P,' measured in the tool 
reference plane P,. 

Thus, K, + E ,  -t K,' = 180" 

3.1.2 Orientation of face 

3.1.2.1 tool normal rake Y,, (figures 24, 27 and 28) : The 
angle between the face A, and the tool reference plane P, 
measured in the cutting edge normal plane P,. 

3.1.2.2 tool side rake yf (figures 24, 27 and 28) : The 
angle between the face A, and the tool reference plane P, 
measured in the assumed working plane Pf. 

3.1.2.3 tool back rake yp (figures 24, 27 and 28) : The 
angle between the face A, and the tool reference plane P, 
measured in the tool back plane P,. 

3.1.2.4 tool orthogonal rake y. (figures 24, 27 and 28) : 
The angle between the face A, and the tool reference plane 
P, measured in the tool orthogonal plane Po. 

3.1.2.5 tool geometrical rake ys (figure 25) : The angle 
between the face A, and the tool reference plane P, 
measured in the tool face orthogonal plane P,. It is  the 
maximum angle between the face A, and the tool reference 
plane P,. 

3.1.2.6 tool face orthogonal plane orientation angle 6, 
(figure 25) : The angle between the assumed working plane 
Pf and the tool face orthogonal plane P, measured in the 
tool reference plane P,. 
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3.1.3 Wedge angles 

3.1.3.1 normal wedge angle 0, (figures 24, 27 and 28) : 
The included angle between the face A, and the flank A, 
measured in the cutting edge normal plane P,. 

3.1.3.2 tool s ide wedge angle (figures 24, 27 and 28) : 
The angle between the face A, and the flank A, measured 
in the assumed working plane Pf. 

3.1.3.3 tool back wedge angle 0, (figures 24,27 and 28) : 
The angle between the face A, and the flank A, measured 
in the tool back plane P,. 

3.1.3.4 tool orthogonal wedge angle 0, (figures 24,27 and 
28) : The angle between the face A, and the flank A, 
measured in the tool orthogonal plane P,. 

3.1.4 Orientation of flank 

3.1.4.1 tool normal clearance (II, (figures 24,27 and 28) : 
The angle between the flank A, and the tool cutting edge 
plane P, measured in the cutting edge normal plane P,. 

3.1.4.2 tool side clearance af (figures 24,27 and 28) : The 
angle between the flank A, and the tool cutting edge plane 
P, measured in the assumed working plane Pf. 

3.1.4.3 tool back clearance (II, (figures 24, 27 and 28) : 
The angle between the flank A, and the tool cutting edge 
plane P, measured in the tool back plane P,. 

3.1.4.4 tool orthogonal clearance (Y, (figures 24, 27 and 
28) : The angle between the flank A, and the tool cutting 
edge plane P, measured in the tool orthogonal plane Po. 

3.1.4.5 tool base Clearance (IIb (figure 25) : The angle 
between the flank A, and the tool cutting edge plane P, 
measured in the tool flank orthogonal plane P,. 

3.1.4.6 tool flank orthogonal plane orientation angle 8, 
(figure 25) : The angle between the assumed working plane 
Pf and the tool flank orthogonal plane Pb measured in the 
tool reference plane P,. 

3.1.5 Relationship between the tool angles 

The sum of the tool clearance, tool wedge angle and the 
tool rake measured in any one of the following tool-in-hand 
planes -cutting edge normal plane, tool back plane, tool 
orthogonal plane or assumed working plane- i s  equal to 
90". 

(II, + p, + y" = 90" 

(Y, + p, + y, = 90" 

a,+p,+~,=90"  

(IIf + O f  +yf =go" 

In practice, the tool rake, tool clearance and tool cutting 
edge inclination are usually acute angles. 
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Fi G UR E 24 - Tool angles - Turning tool 
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FIGURE 25 - Tool geometrical rake yg and tool base clearance ab - Turning tool 
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FIGURE 26 - Tool cutting edge angle K ,  and tool approach angle (tool lead angle) ii, , 
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FIGURE 27 - Tool angles - Milling cutter head 
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FIGURE 28 - Tool angles - Twist drill 
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y?> Intersection of P, and P, - 

FIGURE 29 - Tool normal rake and tool normal clearance angles on a wedge 

3.2 WORKING ANGLES 

The working angles are defined with the aid of the 
tool-in-use reference system of planes (2.2). 

3.2.1 Orientation of cutting edge 

3.2.1.1 working cutting edge angle K,, (figures 30, 31 and 
32) : The angle between the working cutting edge plane P,, 
and the working plane P,, measured in the working 
reference plane Pre. 

@ 

3.2.1.2 working approach angle; working lead angle / U S A /  
$re (figures 30, 31 and 32) : The angle between the 
working cutting edge plane P,, and the working back plane 
P,, measured in the working reference plane P,,. 

$,, i s  defined only for the major cutting edge. Thus a t  any 
selected point on the major cutting edge the sum of $re 
and K, ,  i s  always 90'. 

3.2.1.3 working cutting edge inclination A,, (figures 30, 
31 and 32) : The angle between the working cutting edge 
and the working reference plane P,, measured in the 
working cutting edge plane Pse. 

3.2.2 Orientation of face 

3.2.2.1 working normal rake -yne (figures 30,31 and 32) : 
The angle between the face A, and the working reference 
plane P,, measured in the cutting edge normal plane P,,. 

NOTE - P,, E Pn 

3.2.2.2 working side rake -yfe (figures 30, 31 and 32) : The 
angle between the face A, and the working reference plane 
P,, measured in the working plane Pf,. 

3.2.2.3 working back rake -ype (figures 30, 31 and 32) : 
The angle between the face A, and the working reference 
plane P,, measured in the working back plane Ppe. 

3.2.2.4 working orthogonal rake -yoe (figures 30, 31 
and 32) : The angle between the face A, and the working 
reference plane P,, measured in the working orthogonal 
plane Poe. 

NOTE - The geometrical rake is not defined in the tool-in-use 
system. 

3.2.3 Wedge angles 

3.2.3.1 normal wedge angle p,, (figures 30, 31 and 32) : 
The normal wedge angle in the tool-in-use system i s  
identical with the normal wedge angle defined in the 
tool-in-hand system. 

One Pn 

3.2.3.2 working side wedge angle Bfe (figures 30, 31 
and 32) : The angle between the face A, and the flank A, 
measured in the working plane Pf,. 

3.2.3.3 working back wedge angle ope (figures 30, 31 
and 32) : The angle between the face A, and the flank A, 
measured in the working back plane Ppe. 
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3.2.3.4 working orthogonal wedge angle Poe (figures 30, 
31 and 32) : The angle between the face A, and the flank 
A, measured in the working orthogonal plane Poe. 

3.2.4 Orientation of flank 

3.2.4.1 working normal clearance a,, (figures 30, 31 
and 32) : The angle between the flank A, and the working 
cutting edge plane P,, measured in the cutting edge normal 
plane P,,. 

NOTE - P,, P, 

3.2.4.2 working side clearance afe (figures 30, 31 
and 32) : The angle between the flank A, and the working 
cutting edge plane P,, measured in the working plane Pf,. 

3.2.4.3 working back clearance ape (figures 30, 31 
and 32) : The angle between the flank A, and the working 
cutting edge plane P,, measured in the working back 
plane Ppe. 

3.2.4.4 working orthogonal clearance aoe (figures 30, 31 
and 32) : The angle between the flank A, and the working 
cutting edge plane P,, measured in the working orthogonal 
plane Poe. 

NOTE - The base clearance is not defined in the tool-in-use system. 

3.2.5 Relationship between the working angles 

The sum of the working clearance, working wedge angle 
and working rake measured in any one of the following 
tool-in-use planes - cutting edge normal plane, working 
back plane, working orthogonal plane or working plane - is 
equai to 90'. 

In practice the working rake, working clearance and 
working cutting edge inclination are usually acute angles. 
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.- Direction of primary motion 
Resultant cutting direction 

Direction of feed 

Section F-F 

.-- 

Intersection of P,, and Pfe 

O 

Section 0-0 
(Poe) 

I 
s 

FIGURE 30 - Working angles - Turning tool 
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Section F'-F' Section 0-0 
( P i e )  A (Po e 1 
I 

\ e intersection of P,, and P,, 
View S 

- \  Section F-F 
Selected point on cutting edge 

Intersection of P,, and P,, 
( P f e )  

motion t I 
FIGURE 31 - Working angles - Milling cutter head 
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Resultant cuttingv 
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View F 
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Selected point on cutting edge 

Direction of feed motion 

\ + -  

Intersection of P,, and 

/ \ intersection of P,, and AeA+ 

intersection of P,, and Ay 

\ \ Y n e  ' U  

FIGURE 32 - Working angles - Twist drill 
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3.3 SIGN CONVENTIONS FOR ANGLES 

The sign convention for tool cutting edge orientation angles 
is  defined with respect to planes and directions of motion 
defined a t  a selected point on the cutting edge located a t  a 
corner which is  assumed to be sharp. 
When a tool has more than one corner (for example, a 
cutting off tool, certain broaches, slot milling cutters or 
slotting tools used in shaping or planing) the angles of the 
cutting edges and their sign must be defined in relation to 
the particular corner under consideration. At each corner 
there is a set of major and minor cutting edge angles and 
major and minor cutting edge inclinations. Each set of 
angles completely defines the cutting edge geometry a t  that 
particular corner. 
When a cutting edge has no corner (for example, a slab 
milling cutter) then one end of the major cutting edge is 
taken as a reference. In such cases the reference end is that 
from which the rotation of the tool relative to the work- 
piece is seen to be clockwise. 
In the case of a Vee-shaped threading tool, the point of 
intersection of the projection of the straight portions of the 
cutting edge can be regarded as the selected point a t  a sharp 
corner and the orientations of the straight portions of the 
cutting edge defined with respect to that point. 
The sign convention for angles which define the orientation 
of the face and flanks is defined with respect to planes and 
directions of motion a t  a selected point on the cutting edge, 
located a t  any point where the face and flank orientation is  
required to be specified. 

3.3.1 Tool angle convention 

3.3.1.1 The tool cutting edge angle K ,  (see 3.1.1.1) is 
always positive. The appropriate angle of the two possible 
angles defined by the intersecting planes is  the one which 
is measured from the portion of P, containing the assumed 
direction of feed motion towards that part of the major 
cutting edge away from the tool corner being considered 
or away from the reference end of the major cutting edge 
in the case of a slab milling cutter (see 3.3). 
The tool minor cutting edge angle K , '  (see 3.1 .I .I) i s  usual- 
ly acute and i t s  sign i s  determined from the relationship 
K ,  f E ,  f K,' = 180°, where E, is always positive and 
measured within the boundaries of the cutting part. 

, 

3.3.1.2 The tool approach angle $r (see 3.1 .I .2) i s  always 
acute and i t s  sign is determined from the relationship 
K ,  + $, =go". 

3.3.1.3 The tool cutting edge inclination A, (see 3.1 .I .3) i s  
always acute. The angle is positive if the cutting edge, when 
viewed in a direction away from the selected point a t  the 
tool corner being considered, lies on the opposite side of 
the tool reference plane P, from the assumed direction of 
primary motion. 

3.3.1.4 Tool rake angles -yn, -yf, -yp, -yo, -yg (see 3.1.2.1 
to 3.1.2.5) are atways acute. The angle is  positive if, when 
looking across the face from the selected point and along 
the line of intersection of the face and the plane of 
measurement, the viewed line of intersection l ies on the 
opposite side of the tool reference plane P, from the 
assumed direction of primary motion. 

3.3.1.5 Tool clearance angles QI", af,  aP, QI,, (Yb 

(see 3.1.4.1 to 3.1.4.5) are always acute. The angle is posi- 
t ive if, when looking across the flank from the selected 
point and along the line of intersection of the flank and the 
plane of measurement, the viewed line of intersection l ies 
on the opposite side of the tool cutting edge plane P, from 
the assumed direction of feed motion. 

Tool minor cutting edge clearance angles QI, , af , aP ~, a, , 
ab' (see beginning of clause 3) are always acute. The angle 
i s  positive if, when looking across the minor flank from the 
selected point and along the line of intersection of the 
minor flank and the plane of measurement, the viewed line 
of intersection lies on the same side of the tool minor 
cutting edge plane P,' as the line of intersection of 'the face 
and the plane of measurement. 

I l , ,  

3.3.2 Working angle convention 

The same physical bases and directions of measurement 
which define the sign convention for tool angles must be 
maintained to define the convention for working angles, in 
conjunction with the tool-in-use reference system of planes 
and the directions of primary and feed motions. 
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4 SUMMARY OF ANGLES 

4.1 Tool and workpiece motions 

Definition 

Measured 
in plane 

Angle 
No. Angle between . 

Feed motion angle <F direction of feed motion direction of primary motion Pfe 1.6.4 

Resultant cutting speed angle r) direction of primary motion resultant cutting direction Pfe 1.6.5 
-I__ 

4.2 Orientation of cutting edge 

Tool angle 

Angle 

Working angle 

Tool cutting edge angle K~ 
I__ 

__-~_I_-- 

Working cutting edge angle K~~ 
. .- __ - - . .. - ..... ......... 

Tool approach angle 
(tool lead angle) I) 

~ _____-.__ __ 
Working approach angle I) re 
(working lead angle) 

.____.._~. ... ___ 
Tool cutting edge 
inclination A, 

..... 

Working cutting edge 
inclination h,, 

~ ....... .. 

Tool included angle e r  

4.3 Orientation of face 

Angle 

Tool angle Working angle I 
I 

Tool normal rake yn 
. - ._ - - . - - _ ____  ~ 

Working normal rake yne 
- - . - _- - -- 

_ -  
Working side rake yfe 

_ _  

. _ 

~ - -  

Tool side rake Tf 
_____ 

Tool back rake yp 
__ _ - - __ _. - - - - - 

: Working back rake ype 
___ ~ _ _  - 4- . - - -. . -- -- 
Tool orthogonal rake y. I 
- _. __ _ _ -  - i- -- - - - 

Working orthogonal rake yoe 
- - . __ - . - - - __ - 

Tool geometrical rake -yg 

Tool face orthogonal plane 
orientation angle 6, 

__ _. - __ . -- - - 

Definition 

I No. Measured 
in plane Angle between 

Pr i p, 3.1.1.3 
i ' 1  

I Definition 

I No. Measured 
in plane Angle between 
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