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INTERNATIONAL STANDARD

1SO 3002/1-1982 (E)

Basic quantities in cutting and grinding —
Part 1 : Geometry of the active part of cutting tools —
General terms, reference systems, tool and

working angles, chip breakers

1 Scope and field of application

This Part pf ISO 3002 defines a nomenclature for certain basic
concepts [concerning cutting tools; it is applicable to the
geometry pf every kind of cutting tool and emphasizes a known
terminology for them which is intended to provide a framework
on which [the nomenclature and appropriate standards for in-
dividual tyjpes of cutting tool, such as single-points tools, twist
drills, milling cutters and hand tools, can be established.
However, [the standards for individual types of cutting tool will
not each fequire or use the full range of terms and definitions
set out in| the basic nomenclature established in this Part of
1ISO 3002.

The definifions are grouped into four clauses. After defining the
general tefms for surfaces on the workpiece, certain elements
of the too|, surfaces on the tool, the cutting edges and the tool
and workpiece motions in clause 3, this Part of ISO 3002
defines, in clause 4, reference systems of planes which-are
subsequently used to define the various angles which are in-
cluded in| clause 5. 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 theleffective geometry of the tool when it is actually per-
forming the cutting operation. Clause) 7 gives definitions
relating td chip breakers.

1SO 3002/R gives general conversion formulae to relate tool and
working ahgles.

NOTE — I} addition to terms'used in the three official ISO languages
(English, Hrench and€Russian), this Part of 1ISO 3002 gives the
equivalent ferms in“German, Italian and Dutch; these have been in-
cluded at the request of ISO Technical Committee 29 and are published
under the [responsibility of the member bodies for Germany, F.R.
(DIN), Italy|(UNI) and the Netherlands (NNI). However, only the terms

3.1.2 machined surface (figure 1) : Thé desi
duced by the action of the cutting tool.

3.1.3 transient surface (figure 1) : The par
which is formed on the workpiece by the cutt
and removed during thé following cutting str

ed surface pro-

of the surface
hg edge (3.4.1)
bke, during the

following revolution of-the tool or workpiece, dr by the follow-

ing cutting edge.

3.2 Toolkelements

3.2.1 ‘body (figures 3 to 5) : The part of the t
the_ cutting blades or inserts, or on which are
ting’edges (3.4.1).

3.2.2 shank (figures 2a, 4 and 5) : The par
which it is held.

3.2.3 tool bore (figure 3) : That bore in a tool
be located and fixed by a spindle, arbor or ma

bol which holds
ormed the cut-

of the tool by

by which it can
hdrel.

3.2.4 tool axis (figures 3, 4 and 5) : An imaginjary straight line
with defined geometrical relationships to the Iqcating surfaces
used for the manufacture and sharpening of fhe tool and for

holding the tool in use. Generally, the tool axis

s the centreline

of the tool shank or bore; it is usually parallel ¢r perpendicular

to the locating surfaces, although it could be th
conical surface as in the case of a taper shank

e centreline of a
When not ob-

vious, the tool axis must be defined by the deigner.

3.2.5 cutting part (figure 2a) : The functiona
the tool each comprised of chip producing ele
ting edges (3.4.1), face (3.3.1) and flank (3.3,
elements of the cutting part.

part of parts of
iments; the cut-
P) are therefore

and definitions given in the official languages can be considered as ISO
terms and definitions.

2 Reference
1SO 3002/2, Basic quantities in cutting and grinding — Part 2 :

Geometry of the active part of cutting tools — General conver-
sion formulae to relate tool and working angles.

3 General terms
3.1 Surfaces on the workpiece

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

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

part.

3.2.6 base (figures 2a, 12 and 18) : A flat surface on the tool
shank, parallel or perpendicular to the tool reference plane
(4.1.1), useful for locating or orienting the tool in its manufac-
ture, sharpening and measurement.

Not all tools have a clearly defined base.

3.2.7 wedge (figures 3 and 7) : The portion of the cutting
part enclosed between the face (3.3.1) and the flank (3.3.2).
It can be associated with either the major or minor cutting
edge (3.4.1).
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3.3 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 Ay, the face). When it is necessary to distinguish
clearly a surface associated with the minor cutting edge
(3.4.1.2) the appropriate symbol bears a prime (forexample A",
the minor flank).

3.3.1 face Ay (figures 2a, 3, 4, 5 and 7) : The surface or sur-

3.3.3.2 flank profile (figure 2d) : The curve formed by the
intersection of flank A, with any desired plane. Normally this
profile is defined and measured in the cutting edge normal
plane P, (4.1.5). If it is to be defined in any other plane this
must be clearly specified.

3.4 Cutting edges

3.4.1 cutting edge : That edge of the face which is intended

faces over whicIt-heehm—Hews.—When—ﬁhe—f-eeeis cormposed-of
a number of rfaces inclined to one another, these are

designated first
ting edge. Thesg
wise specified it
major cutting eq

Where it is nece
the major and n
part of the face
major cutting ed
face which inter
is called the min
face, etc.

3.3.1.1 reducg
surface or surfad
and designed in
reduced face.

NOTE — A redd
associated with a

face, second face, etc, starting from the cut-
surfaces may be called lands and unless other-
is assumed that these are associated with the
ge (3.4.1.1).

ssary to distinguish the faces associated with
hinor cutting edges (3.4.1.1 and 3.4.1.2), that
which intersects the flank (3.3.2) to form the
ge is called the major face and that part of the
sects the flank to form the minor cutting edge
br face, for example major first face, minor first

d face A, (figure 2c) : A specially prepared
es separated from the rest of the face by a step
such a way that the chip contacts only the

ced face should not be confused with the land
hroove or step intended to induce chip breaking nor

with multiple facep of the tool. The symbol Ay has been adopted-to

designate the red(
face which are des

3.3.1.2 chip b
face Ay, to cont
tegral groove or

3.3.2 flank A,
surfaces over W
passes. When a
clined to one an
flank, etc., start

ced face and to distinguish it from lands on the, tool

bignated by Ay1, Ayz, etc.

reaker (see clause 7) : A modification of the

ol or break the chip, consisting.of either an in-
an integral or attached obstrugtion.

(figures 2a, 3, 4, 5 and\7) : The tool surface or
hich the surface produced on the workpiece
flank is compoged of a number of surfaces in-
pbther, these are-designated first flank, second
ng from the gutting edge. These surfaces may

be called lands

and upless’ otherwise specified it is assumed

that these are associated with the major cutting edge (3.4.1.1).
Where it is nechiawd with

to-peTformT Cutting-

3.4.1.1 tool major cutting edge S (figures2a, 3] 4, 5 and
7) : That entire part of the cutting edge which commences at
the point where the tool cutting edge angle «, is zerg (5.1.1.1)
and of which at least a portion is inteénded to producg the tran-
sient surface on the workpiece. (nthe case of toolg having a
sharp corner (3.4.2) at which the, value of x, may be cpnsidered
to pass through zero, the majer cutting edge commences at
that corner. In the case of tools for which the value ¢f x, does
not decrease to zero at anypoint on the cutting edge, [the entire
cutting edge is the tool major cutting edge as, for edample, in
the case of a slalp\milling cutter.

3.4.1.2 toohminor cutting edge S’ (figures 2a, 3,4 and 5) :
The remainder of the cutting edge, if any, and where present
commences at the point on the cutting edge where [k, is zero
(6.141.7) but extends from this point in a direction ajvay from
the tool major cutting edge. It is not intended to prodice 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.

3.4.1.3 working major cutting edge S, (figure 3b) : That
entire part of the cutting edge which commences at|the point
where the working cutting edge angle k. is zero (5.2.1.1) and
of which at least a portion produces the transient sphirface on
the workpiece. In the case of tools having a sharp cornjer (3.4.2)
at which the value of x, may be considered to pas$ through
zero, the working major cutting edge commences at| that cor-
ner. In the case of tools for which the value of x|does not
decrease to zero at any point on the cutting edge, the entire
cutting edge is the working major cutting edge as, forlexample,
in the case of a slab milling cutter.

3.4.1.4 working minor cutting edge S.’ (figure Pb) : The
remainder of the cutting edge, if any, and where pregent com-

the major and minor cutting edges (3.4.1.1 and 3.4.1.2), 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.

3.3.3 Profiles of the face and flank

3.3.3.1 face profile (figure 2d) : The curve formed by the in-
tersection of the face Ay with any desired plane. Normally this
profile is defined and measured in the cutting edge normal
plane P, (4.1.5). If it is to be defined in any other plane this
must be clearly specified.

2

mences at the point on the cutting edge where «,, is zero
(5.2.1.1) 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 between the tool major cutting
edge and the working major cutting edge because the points at which
K, and k¢ can be considered to be zero are not, in general, coincident.

3.4.1.5 active cutting edge (figure 2b) : That portion of the
working cutting edge which is actually engaged in cutting at a
particular instant generating both the transient and machined
surfaces on the workpiece.
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3.4.1.5.1 active major cutting edge S, : The portion of the
active cutting edge measured along the cutting edge from the
point of intersection of the cutting edge and work surface to
the point on the working cutting edge at which the working
cutting edge angle x, (5.2.1.1) may be considered to be zero.

3.4.1.5.2 active minor cutting edge S,’ : The portion of
the active cutting edge measured along the cutting edge from
the point at which the working cutting edge x, (5.2.1.1) may
be considered to be zero to the point of intersection of the

working minor cutting edge and the machined surface

1ISO 3002/1-1982 (E)

plane P, (4.1.1). If it is to be defined in another plane, this shall

be clearly specified.

3.5 Dimensions

The dimensions of the cutting edges are measured in the con-

ventional manner but additional definitions are
given below.

required and are

3.4.2 cdrner (figures 2 to 6a) : The relatively small portion of
the cutting edge at the junction of the major and minor cutting
edges; it fnay be curved, straight or the actual intersection of
these cutfing edges.

3.4.2.1 founded corner (figure 6a) : A corner having a
curved cytting edge.

3.4.2.2 ¢hamfered corner (figure 6a) : A corner having a
straight clitting edge.

3.4.3 selected point on the cutting edge : A point selected
on any pdrt of the cutting edge in order to define, for example,
the tool of working angles at that point (5). The selected point
may be on the major cutting edge or on the minor cutting edge.
When thq 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 (4 and 5).

3.4.4 rounded cutting edge : A cutting edge (which is
formed by a rounded transition between the face; Ay, and the
flank, A,

3.4.5 interrupted cutting edge (figuré 6b) : A cutting edge
having discontinuities of sufficient magnitude as to prevent
chip formfation from taking place at the locations where they
occur. (Slch discontinuities are‘eften used to reduce the size
of the indjvidual chips produced)by a tool such as a slab milling
cutter.)

jection of|the tookcutting edge, S, on any desired plane. Nor-

3.46 torl profile ¢ The curve formed by the orthogonal pro-
mally this| profileqs defined and measured in the tool reference

3.5.1 corner radius r, (figure 6a) : The porpinal radius of a

rounded corner measured in the tool referénce

3.56.2 chamfered corner length b, (figure 6
length of a chamfered corner(measured in th
plane P, (4.1.1).

blane, P, (4.1.1).

h) : The nominal
b tool reference

3.5.3 land width &,-and b, (figure 7) : The wjdth of aland on

the major face is designated by b,
the minor face’is ‘designated by by’ .

The width{of a land on the major flank is desig
the width of a land on the minor flank is desig

The identification number of the land togethe

and the widith of a land on

hated by b, and
hated by b, .

with the suffix

used to identify the plane of measurement may be added if

necessary, for example, b,n2, bgn1, Bgn2" -

354

rounded cutting edge radius r,;: Thg nominal radius

of a rounded cutting edge measured in the cutjng edge normal

plane, P, (4.1.5).

35.5 width of reduced face b, (figure 2c)
reduced face is designated by 4, and is measur

The width of a
bd in the cutting

edge normal plane P, (4.1.5). If it is to be defiped in any other

plane this must be specified clearly : the suffi
plane of measurement should be added to th
i.e. b

yo*

NOTE — The width of a reduced face should not be
width of a land on the face. The symbol Ey has
designate the width of a reduced face to distinguish
of a land on the face which is designated by by‘

x indicating the
e basic symbol,

confused with the
been adopted to
it from the width
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Work surface Transient surface

Il

Machined surface

Figure 1 — Surfaces on the workpiece

Shank

Cutting part

— Base

Minor cutting edge S’

Major cutting edge S

Minor first flank Agq’ Major first face Aqq
. Y1

Major second face Ay »
Minor second flank Ay2’ Maior first flank A
ajor first flank Agq

Corner

Major second flank Ay
Figure 2a — Cutting edges and surfaces on the cutting part of a turning tool
Poiht where Kye = zero Active minor cutting edge

Active majorcutting edge —

Transient surface

Working minor
cutting edge

Working major
cutting edge
Work surface

Direction of
feed motion

Figure 2b — lllustration of various terms relating to the tool and work piece

Machined surface
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o,

LIS

T
/

g View on cutting edge normal planeP,,

Selected point
on the cutting edge

View on reduced face Z7

Figure 2c — Reduced face

Selected point
on the cutting edge

Face profile

. View on cutting edge normal plane P,
Flank profile

Figure 2d — Profiles of the face and flank
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Tooi bore

Tool axis
Major first flank Ay \ Body
N J

/ ;% Face Ay
A / i
, vy
s

\

i . o—— — 1 7
‘ Major cutting edge S
Major second flank Ay — . / | A
I I , -
\\Y\ N RN h OO Y \\\ N
NN \\\\ \\\\ N \‘\\\\\ \ N \\\
\_ Corner

Minor flank A '
viinor ank Aqg

Minor cutting edge S’ /

Section A-A

Wedge

Tool bore

Tool axis
| —— Shank

o \

Major cutting edge S

Major first flank Ay
Major second flank Ayo Corner

Face Ay Minor cutting edge S’

Figure 4 — Cutting edges and surfaces on the cutting part of a single cutter with parallel shank
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Minor second flank Ayo’

Major cutting edge S

Minor first flank Ayq’

Major flank Ay
Major flank Ay ! /_ Tool axis :

— 1

Face Ay Shankj Minor first flank Ay

s

Minor cutting edge S’ ' Minor second flank Alyo'

Corner

Major cutting edge S

N — J

Body

Figure 5 — Cutting edges and surfaces on the cutting. part of a twist drill

Actual intersection

of the cutting edges Rounded cornér Chamfered corngr
-
be
Ny
N
N

Figure 6a — Corners viewed in the tool reference plane P, (4.2.1)

Figure 6b — Interrupted cutting edge
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Major cutting edge S

First flank Ay

First face Ayq

Third face Ayg

Second face Ayp

Second flank Ay o

3
Q

3.6 Tool and workpiece motions

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

3.6.1 primary| motion : The main motion provided by a
machine tool or nanually, to cause relative motion between the

Figure 7 — Wedge with lands

tool and workpi
workpiece mate)
rotary motion

bce so that the face of the tool approaches the
Fial. In a lathe, this motion is provided by the
of the workpiece; in drilling and milling

machines, it is
planing machin
table. The prim
more than one

rovided by the rotary motion of the tool; in a
it is provided by the longitudinal mation of the
ry motion is only able to cause chip.:removal for
evolution or stroke if there is a feed motion as

defined in 3.6.2

Usually, the prinhary motion absorbs most/of the total power re-
quired to perforn a machining operation.

3.6.1.1 directlon of primary.motion (figures 8 to 11) : The
direction of instantaneous{rimary motion of the selected point

on the cutting ddge relative to the workpiece.

3.6.1.2 cutting(speed v (figures 8 to 11) : The instan-

Wedge

approach the workpiece in an ordered manner. In such cases,
the feed motion is defined as the motion which an {maginary
single_cutting edge would have to be given by the maghine tool
to produce the same result as the array of cutting eqglges with
which the tool is actually provided.

3.6.2.1 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.

3.6.2.2 feed speed v; (figures 8 to 11) : The instgntaneous
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 tase of a
planing operation, the feed speed is not defined.

3.6.3 resultant cutting motion : The motion resufting from
simultaneous primary motion and feed motion.

3.6.3.1 resultant cutting direction (figures 8, 9|and 11) :
The direction of instantaneous resultant cutting motjon of the
selected point on the cutting edge relative to the wqrkpiece.

3632 ¢ and 11) :

taneous velocity of the primary motion of the sefected pointon

the cutting edge relative to the workpiece.

3.6.2 feed motion : A motion provided by a machine tool or
manually, to cause an additional relative motion between the
tool and workpiece, which, when added to the primary motion,
leads to repeated or continuous chip removal and the creation
of a machined surface with the desired geometric charac-
teristics. 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

8

The instantaneous velocity of the resultant cutting motion of
the selected point on the cutting edge relative to the
workpiece.

3.6.4 feed motion angle ¢ (figures 8 to 11) : The angle be-
tween the directions of simultaneous feed motion and primary
motion. It is therefore measured in the working plane Py,
(4.2.2).

In certain machining operations such as in planing, shaping and
broaching this angle cannot be defined.

3.6.5 resultant cutting speed angle 7 (figures 8, 9and 11) :
The angle between the direction of primary motion and the
resultant cutting direction. It is therefore measured in the work-
ing plane Py, (4.2.2).
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Direction of primary motion

Resultant cutting direction

Dn’ection of feeq Mmotio
n

Selected point on the/Cutting edge

Figure 8 — Tool and workpiece motions — Turning tool
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10

Di

Resultant cutting direction

Fection of feed motion
-}

/
s
¥

Selected point on the cutting edge

Selected point on the cutting edge

Direction of feed motion [
-

Resultant cutting direction

Figure 9 — Tool and workpiece motions — Slab milling cutter
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Direction of primary ‘motion =
direction of féed-motign

Direction of feed motion
Direction of primary motion

Direction of feed motion

Figure 10 — Tool and workpiece motions considered at three selected points on the cutting edge —
Single angle cutter with parallel-shank

“
bction of primary motion v H

Resultant cutting direction

\-Pfe

\ Selected point on the cutting edge
Direction of feed motion

Figure 11 — Tool and workpiece motions — Twist drill

"
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4 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 its 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) 8 requrreﬂ To define the orientation of a Cu“lﬂg foo

with respect to thg machine tool. This third reference system is defined
in 1SO 3002/2.

The planes usedl in the first system are termed tool-in-hand
planes, their titlgs, with two exceptions (4.1.2 and 4.1.5) each
include the word "tool”’. The planes used in the second system
are termed tool{in-use planes; their titles, with one exception
(4.2.5), all inclugle the word ""working'’.

Since angles anf other geometric features vary from point to
point along the gutting edge of a tool, it is necessary to locate
the reference sygtem at 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 title 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 op the major cutting edge, there is the tool cut-
ting edge plane (4.1.4) and at a selected point on the minor cut-
ting edge, the gorresponding plane is termed the tool minor
cutting edge plane.

Each plane is prgvided with a symbol consisting of P with a suf-
fix indicating thg plane’s identity (for example Py, the tgol cut-
ting edge plane).

For the planes dgfined below the selected pojnt.on the cutting
edge is considergd to be located on the major.cutting edge.

When it is necgssary to distinguish-clearly a plane passing
through a selected point on the minet cutting edge, the ap-
propriate symbol bears a prime (for'example P’ , the tool minor
cutting edge plape).

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

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 direc-
tion 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 is a plane perpendicular to
the tool axis. For a side and face milling cutter, for drills and

4.1.2 assumed working plane P (figures 12 to 17)|: A plane
through the selected point on the cutting.edge angi perpen-
dicular to the tool reference plane P,.and so choser] as to be
either parallel or perpendicular to acplane or an axis df the tool
convenient for locating or orienting~the tool for its manufac-
ture, sharpening and measurement.

The plane must be chosgn'and defined for each indiv{dual type
of cutting tool so tharit meets the conditions prescriled above
and is generally Oriented parallel to the assumed difection of
feed motion.

For ordinary lathe tools and planer tools it is a plang perpen-
dicular>to the tool axis. For drills, broaches, facipg tools,
parting-off and cutting-off lathe tools it is a plane pardllel to the
teol axis. For milling cutters it is a plane perpendicular to the
tool axis. '

4.1.3 tool back plane P, (figures 12 to 17) : A plan¢ through
the selected point on the cutting edge and perpendidular both
to the tool reference plane P, and to the assumed| working
plane P;.

4.1.4 tool cutting edge plane P (figures 12 to 17) | A plane
tangential to the cutting edge at the selected point angl perpen-
dicular to the tool reference plane P,.

4.15 cutting edge normal plane P, (figures 12 tp 17) : A
plane perpendicular to the cutting edge at the selected point on
the cutting edge.

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).

4.1 Tool-in-hand system (figure 12)

4.1.1 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 its manufac-
ture, sharpening and measurement.

12

4.1.6 tool orthogonal plane P, (figures 12 to 17) : A plane
through the selected point on the cutting edge and perpen-
dicular both to the tool reference plane P, and to the tool cut-
ting edge plane Pq.

4.1.7 tool face orthogonal plane P4 (figure 13) : A plane
through the selected point on the cutting edge and perpen-
dicular both to the face A, and to the tool reference plane P,.

4.1.8 tool flank orthogonal plane P, (figure 13) : A plane
through the selected point on the cutting edge and perpen-
dicular both to the flank A, and to the tool reference plane P,.
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4.2 Tool-in-use system (figure 18)

4.2.1 working reference plane P (figures 18 to 23) : A
piane through the seiected point on the cutting edge and
perpendicular to the resultant cutting direction.

4.2.2 working plane Py, (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 is thus perpendicular to the working reference

ISO 3002/1-1982 (E)

4.2.4 working cutting edge plane P (figures 18 to 23) : A
plane tangential to the cutting edge at the selected point and
perpendicular to the working reference plane Pe. This plane

thus contains the resultant cutting direction

s Conlany (S LR e H cutiing airection.

425 cutting edge normal plane P (figures 18 to 23) : The
cutting edge normal plane in the tool-in-use system is identical

,,,,,, A0 use SYSe! Lenular

with the cutting edge normal plane defined in the tool-in-hand
system, P,,.

plane P.

4.2.3 wqgrking back plane Poe (figures 18 to 23) : A plane

th_rgug,h_ he selected noint on fhn cuttin

a edae and nernan.
seiecied point on The cutiing ea

ge and perpen-
dicular both to the working reference plane P, and to the work-
ing plane Ps,.

ne

4.2.6 working orthogonal plane P}, (figur s 18 to 23) : A
plane through the selected point lon. the cuftting edge and
perpendicular both to the working“reference glane P,, and to

the working cutting edge plané. Bg,

19
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5 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 (5.1.3.1),
have the prefix "tool” in their titles. These angles are necessary

5.1 Tool angles

The tool angles are defined with the aid of the tool-in-hand
reference system of planes (4.1).

5.1.1 Orientation of cutting edge

5.1.1.1 tool cutting edge angle «, (figures 24, 26, 27 and
28) : The angle between the tool cutting edge plane P and

for manufacturimg;starpenimgand-measurmyg-the—toot:

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 (5.2.3.1), have the prefix “working” in
their title.

Since tool and yorking angles vary from point to point along
the cutting edgs, the definitions of the angles given below refer
always to the angles at the selected point.

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

Each angle is splecified, where appropriate, with reference to a
particular cutting edge on the tool, depending upon the lo-
caticn of the selpcted point on the cutting edge. The title of the
angle may includle an indication of whether the selected point is

located on the

ajor or minor cutting edge (for example, at a

selected point on the major cutting edge, there is the tool nor-

mal rake and at

a selected point on the minor cutting edge the

corresponding gngle is termed the tool minor cutting edge nor-

mal rake).

Each angle is pr
ter with a suffi
angle is measur

For the angles ¢
edge is considg

bvided with a symbol consisting of a Greek let-
, the suffix indicating the plane in which the
ed (for example y,,, the taol)normal rake).

efined below the seieoted point on the cutting
red to be locatedhon the major cutting edge.

When it is necepsary to distinguish clearly angles defined with
respect to a selcted pointon the minor cutting edge, the ap-
propriate symbdls bear a-prime (for example y,,", the tool minor
cutting edge ndrmal-rake).

The symbol use

the assumed working plane P; measured in the taol reference

plane P,.

5.1.1.2 tool approach angle; tool lead angle JUSA/ y,
(figures 24, 26, 27 and 28) : The angle between the tdol cutting
edge plane P and the tool back plane.Pymeasured ip the tool
reference plane P,.

v, is defined only for the major cutting edge. Th{is at any
selected point on the majorcutting edge the sum of yf, and k. is
always 90°.

5.1.1.3 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 P;.

5.1.744. tool included angle ¢, (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, + € + k' = 180°
5.1.2 Orientation of face

5.1.2.1 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,,.

5.1.2.2 tool side rake y; (figures 24, 27 and 28) : he angle
between the face A, and the tool reference plane P, measured
in the assumed working plane P.

5.1.2.3 tool back rake y, (figures 24, 27 and 28) : [The angle
between the face A, and the tool reference plane P, measured
in the tool back plane Pp

e for "effective’”” (for example y,,,, the working normal rake) to
distinguish it from the corresponding tool angle (for example
¥n, the tool normal rake).

When the face or flank is composed of a number of surfaces in-
clined to one another, these surfaces are numbered con-
secutively 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 its particular land
(for example Yn1s Vn2s yn1’; 7n2’; an1s Qs anZI; anZe, ).

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 5.3.

26

5.1.2.4 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 P,,.

5.1.25 tool geometrical rake y4 (figure 25) : The angle be-
tween the face A, and the tool reference plane P, measured in
the tool face orthogonal plane Pg. It is the maximum angle be-
tween the face A, and the tool reference plane P,.

5.1.2.6 tool face orthogonal plane orientation angle J,
(figure 25) : The angle between the assumed working plane P;
and the tool face orthogonal plane Py measured in the tool
reference plane P,.
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5.1.3 Wedge angles

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

5.1.3.2 tool side wedge angle g; (figures 24, 27 and 28) :
The angle between the face A, and the flank A, measured in
the assumed working plane Ps.

1ISO 3002/1-1982 (E)

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

5.1.45 tool base clearance ¢, (figure 25) : The angle be-
tween the flank A, and the tool cutting edge plane P, measured
in the tool flank orthogonal plane Py,

5.1.4.6 tool flank orthogonal plane orientation angle 6,

5.1.3.3 tpol back wedge angle By, (figures 24, 27 and 28) :
The angle[between the face A, and the flank A, measured in
the tool b3ck plane Pp.

5.1.3.4 tpol orthogonal wedge angle 3, (figures 24, 27 and
28) : The gngle between the face A, and the flank A, measured
in the toollorthogonal plane P,.

5.1.4 Orientation of flank

5.1.4.1 tpol normal clearance ¢, (figures 24, 27 and 28) :
The angle petween the flank A, and the tool cutting edge plane
P measurgd in the cutting edge normal plane P,,.

5.1.4.2 tpol side clearance o (figures 24, 27 and 28) : The
angle between the flank A, and the tool cutting edge plane P,
measured |n the assumed working plane P;.

5.1.4.3 tool back clearance a, (figures 24, 27 and 28) ; The
angle between the flank A, and the tool cutting edge plane P,
measured |n the tool back plane Pp.

{figure Z5] * The angle between the assumed Working plane P;
and the tool flank orthogonal plane P, measdred in the tool
reference plane P,.

5.1.5 Relationship between-the tool anglds

The sum of the tool clearance, tool wedge angle and the tool
rake measured in any ene.of the following toollin-hand planes
— cutting edge normal-plane, tool back plane, fool orthogonal
plane or assumed working plane — is equal to|90°.

900

an + Bk Vn
oyt + v, = 90°

900

ay + By + Vo
as + fs + s = 90°

In practice, the tool rake, tool clearance and topl cutting edge
inclination are usually acute angles.
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5.2 Working angles

The workihg angles are defined with the aid of the toelin-use
reference $ystem of planes (4.2).

5.2.1 Orientation of the cutting edge

5.2.1.1 working cutting edge anglex;sAfigures 30, 31 and
32) : The pngle between the working cutting edge plane P
and the wprking plane P;, measured.in the working reference
plane P.

5.2.1.2 working appréach angle; working lead angle
/USA/ w, (figures 30,\31 and 32) : The angle between the
working ciitting edge'plane P, and the working back plane Ppe
measured jn the working reference plane P.

v, is defined)only for the major cutting edge. Thus at any

Figure 29 — Tool normal rake and tool normal clearance angles on a wedge

5.2.2.2 working side rake y;, (figures 30, 3] and 32) : The
angle between the face A, and the working refgrence plane P,
measured in the working plane P,.

5.2.2.3 working back rake y,, (figures 30, 31 and 32) : The
angle between the face Ay and the working refgrence plane P,
measured in the working back plane Ppe-

5.2.2.4 working orthogonal rake y,, (figures 30, 31 and
32) : The angle between the face A, and the wgrking reference
plane P, measured in the working orthogonal plane P.

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

5.2.3 Wedge angles

selected point on the major cutting edge the sum of y,, and K
is always 90°.

5.2.1.3 working cutting edge inclination /4, (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 Pg.

5.2.2 Orientation of face

5.2.2.1 working normal rake y,. (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 — Ppe = P,

5.2.3.1 normal wedge angle £, (figures 30, 31 and 32) :
The normal wedge angle in the tool-in-use system is identical
with the normal wedge angle defined in the tool-in-hand
system.

Bre = Bn

5.2.3.2 working side wedge angle g, (figures 30, 31 and
32) : The angle between the face A, and the flank A, measured
in the working plane Py,.

5.2.3.3 working back wedge angle Bpe (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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5.2.3.4 working orthogonal wedge angle S (figures 30,
31 and 32) : The angle between the face A,, and the flank A,
measured in the working orthogonal plane P.

5.2.4 Orientation of flank

5.2.4.1 working normal clearance «,, (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 .

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

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

5.25 Relationship between the working angles

The sum of the working clearance, working wedge angle and

NOTE — P, = A,

5.2.4.2 working side clearance oy, (figures 30, 31 and 32) :
The angle betwgen the flank A, and the working cutting edge
plane P, measufed in the working plane Pg,.

5.24.3 working back clearance «,, (figures 30, 31 and
32) : The angle petween the flank A, and the working cutting
edge plane Py, measured in the working back plane Pp.

workingrake-measured-r-any-one-of-the-fellewinrg-tool-in-use
planes — cutting edge normal plane, working ‘bagk plane,
working orthogonal plane or working plane —cislequpl to 90°.

Ope + Pre + Vne = 90°
Qpe + Bpe + Vpe = 90°
Goe + Boe + Voo = 90°
e + Pre + Ve = 90°

I

In practice the working rake, working clearance and working
cutting edge inclination‘are usually acute angles.
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5.3 Sign convention for angles

The sign convention for tool cutting edge orientation angles is
defined with respect to planes and directions of motion defined
at a selected point on the cutting edge located at 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 sharpening or planing) the angles of the cutting edges

and their sign must be defined in relation to the particular cor-

ner under consi
and minor cutti
edge inclination
cutting edge ge

When a cutting

5.3.1.2 The tool approach angle y, (see 5.1.1.2) is
always acute and its sign is determined from the relationship
K, + y, = 90°.

5.3.1.3 The tool cutting edge inclination A  (see 5.1.1.3) is
always acute. The angle is positive if the cutting edge, when
viewed in a direction away from the selected point at the tool
corner being considered, lies on the opposite side of the tool
reference plane P, from the assumed direction of primary

motion

eration. At each corner there is a set of major
hg edge angles and major and minor cutting
5. Each set of angles completely defines the
bmetry at that particular corner.

bdge has no corner (for example, a slab milling

cutter) then ong end of the major cutting edge is taken as a

reference. In su

th cases the reference end is that from which

the rotation of the tool relative to the workpiece 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 cut-
ting edge can b¢ regarded as the selected point at a sharp cor-

ner and the orie
edge defined wi

htations of the straight portions of the cutting
th respect to that point.

The sign convertion for angles which defines the orientation of

the face and fla
tions of motion
at any point wh
be specified.

hk is defined with respect to planes and direc-
ht a selected point on the cutting edge, located
bre the face and flank orientation is required to

5.3.1 Tool angle convention

5.3.1.1 The td¢
always positive
angles defined

measured from
tion of feed mot
away from the 1
reference end o
milling cutter (s

The tool minor
acute and its
K.+ € + K,

ol cutting edge angle «, (see.5.1.1.1) is

The appropriate angle of the-two possible
by the intersecting planes-is the one which is
he portion of P; containing-the assumed direc-
on towards that part-of the major cutting edge
ool corner being considered or away from the
f the major cutting’edge in the case of a slab
be 5.3).

cutting_edge angle «’, (see 5.1.1.1) is usually
sign_is determined from the relationship
=(180°, where ¢ is always positive and

measured withir

5.3.1.4 Tool rake angles y,, y;, 7, Vo, g (see $.1.2.1 to
5.1.2.5) are always acute. The angle is positive if, whgn looking
across the face from the selected point,and along the line of
intersection of the face and the plane of measurerpent, the
viewed line of intersection lies on the opposite side of the tool
reference plane P, from the| assumed direction of primary
motion.

5.3.1.5 Tool clearance angles «,, o, @, a,, @, (spe 5.1.4.1
to 5.1.4.5) are always acute. The angle is positive if, when look-
ing across the\flank from the selected point and along the line
of intersection of the flank and the plane of measurement, the
viewed-ling of intersection lies on the opposite side df the tool
cutting* edge plane Py from the assumed direction of feed
mation.

’

Tool minor cutting edge clearance angles o', o', ", @5,
ap’ (see beginning of clause 5) are always acute. The angle is
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 in-
tersection lies on the same side of the tool minor cutlting edge
plane P’ as the line of intersection of the face and thp plane of
measurement.

5.3.2 Working angle convention

The same physical bases and directions of measuremgnt which
define the sign convention for tool angles must be njaintained
to define the convention for working angles, in cdnjunction
with the tool-in-use reference system of planes and the direc-

T theboundaries of thecutting part:

Lo
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6 Summary of angles

6.1 Tool and workpiece motions

Definition
Angle
Measured
Angle between in plane No.
Feed motion angle ¢ direction of feed motion direction of primary motion Pse 3.6.4
Resultant cutting speed
direction of primary motion resultant cutting direction Pte 365
angle n
6.2 Origntation of cutting edge
Angle Definition
. Measured
Tool angle Working angle Angle between in plane No.
Tool cutting edge angle «, Ps P P, 5.1.1.1
Working cutting edge
angle K. Pse Pte Pre 5.2.1.1
Tool approach angle
P RAP
(tool legd angle) w, Ps P Pr 5112
Working approach angle y,e
(working lead angle) Pse Pre Pre 5212
Tool cuftti d
[ 00 cpting edge s P, P 5.1.1.3
inclination A4
Working cutting edge
inclination Agg Se Pre Pse 5213
Tool in¢luded angle €, P Py P, 51.1.4
6.3 Origntation of face
Angle Definition
. Measured
Tool angle Working angle Angle between in plane No.
Tool ngrmal rake y, A, P, Pn 5.1.2.1
Working normal rake ype A, Pe Pre = P, 5221
Tool side rake ys A, P, P 5122
Working side rake ygo A, Pre Pte 5222
Tool back rake y, A, P, Pp 5.1.23
Working back rake ype A, Pre Ppe 5223
Tool orthogonal rake y, A, P, Po 5.1.2.4
Working orthogonal rake y,e A, Pre Poe 5224
Tool geometrical rake yq A, P, Py 5.1.2.5
T I
c?ol fa(.:e orthogonal plane Py p P, 5126
orientation angle J, g
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6.4 Wedge angles

Angle Definition
) Measured
Tool angle Working angle Angle between in plane No.
Normal wedge 5.1.3.1
A P,=P
angle B = fBne As @ nT Tne 5.2.3.1
Tool side wedge angle S A, A, P 5.1.3.2
Working side wedge
A ~ Pe 59.3.2
angle B Y
Tool back wedge angle By Ay A, Py 5.1.3.3
Working b d
orking back wedge A A, P, 5933
angle fipe 14 P
th |
Tool orthogonal wedge A A, Py 5034
angle B, 4
Worki th | wed
orking orthogonal wedge A A, Pe 5934
angle Bge 14
6.5 Orientat{on of flank
Angle Definition
. Measured
Tool pngle Working angle Angle between in plane NO.
Tool normal clparance ap, A, Ps Pn 5.1.4.1
Working normal
Phe = 2.4
clearance ape Aa Pse ne = Pn °
Tool side clearpnce a; A, Py Pt 5142
Working side A Pey Pro 5942
clearance s, «
Tool back clearance ay, A, Ps Po 5143
Working, back
orkipayize A, Pee Poe 5043
clearance ape p
h |
Tool orthogonp A P, P, 5144
clearance a, @
Worki th I
orking orthogona A, Pee Po 5944
clearance Qqg
Tool base cleafance, di A, P Py 5.1.4.5
[ th I pl
TC?O| fa.nk or (l)ggna plane P P, P, 5146
orientation angte—;
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7 Chip breaker

Repeat of the definition given in 3.3.1.2:

chip breaker:

A modification of the face Ay, to control or

break the chip, consisting of either an integral groove or an in-
tegral or attached obstruction.

7.1 defined point on the chip breaker (figures 33, 34, 35) :
The point of intersection of the cutting edge normal plane P,

(through the sel

with an increase in the distance of the point of measurement
away from the minor cutting edge.

7.6 chip breaker wedge angle oy (figures 33, 34) : The
acute angle between the face A, of the tool and the active face
of the chip breaker measured in a plane perpendicular to the
top edge of the chip breaker and through the defined point on
the chip breaker. Where the chip breaker face is curved the
wedge angle is measured between the tangent to this face at
the same defined point and the face of the tool. This angle is

ted-pomt o the Trajor tuttingedge-withrthe

top edge of an aftached chip breaker or with the rear edge of an

integral chip br

ker.

7.2 active fa¢e of the chip breaker (figures 33, 34, 35) :
That surface of the chip breaker which is intended to come into
contact with thg chip.

7.3 chip bre

ker distance /g, (figures 33, 34, 35)1) : The

distance from the selected point on the major cutting edge to

the projection o

the defined point on the chip breaker on the

face A, measurgd in the cutting edge normal plane P,,.

7.4 chip bregker height hg (figures 33, 34, 35)V : The

distance from t

ne face A, to the defined point on the chip

breaker measurdd in a direction perpendicular to the face. This
distance is usually defined only for obstruction type chip

breakers.

7.5 chip brea
angle between t

ker angle gy {figures 33, 34, 35)1) : The acute
he major cutting edge and the projection on the

face A, of the tgp or rear edge of the chip breaker measured-in

4

the face. Where|the major cutting edge or the top or rear edge

the tangent to the cutting edge at the selected point and the

of the chip brea{er are curved, the angle is measured.between

tangent of the
breaker at the p

The angle is pog
edge and the td

rojection of the top or rear edge“of the chip
rojection of the defined point.

itive if the distance between the major cutting
p or rear edge of the chip breaker decreases

usually defined only for obstruction type chip breakeys.

7.7 chip breaker radius rg (figure 34) : The nomifnal radius
of the curved surface of an obstruction\type chip breaker
measured in a plane perpendicular to.the top edge of the chip
breaker and through the defined point.on the chip bfeaker.

7.8 chip breaker groove radius rg, (figure 35) : The
nominal radius of a groove type chip breaker measufed in the
cutting edge normal plane'P,,.

7.9 chip breaker groove depth cg, (figure 35)1) : [The max-
imum depth of.the groove type chip breaker measured from the
piane of the face A, and in the cutting edge normal plane P,,.

7.10 “chip breaker land width dg, (figure 391 : The
distance from the selected point on the major cutting edge to
the nearest point of intersection of the groove type chip breaker
and the face A, measured in the cutting edge normal|plane P,,.

7.11 chip breaker distance from corner of |tool dg,
(figures 33 and 35)1) : The distance measured in thg plane of
the face A, and in a direction parallel with the tool cutting edge
plane P, between a plane tangential to the end of] the chip
breaker and perpendicular both to the tool referencg plane P,
and to the tool cutting edge plane P and a plane tangential to
the tool corner and perpendicular both to the tool [reference

plane P,, and to the tool cutting edge plane P.

1) When the too! has more than one face, the face from which or in which the measurement is made must be specified.
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