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INTERNATIONAL STANDARD 1SO 3002/2-1982 (E)

Basic quantities in cutting and grinding —

Part 2 : Geometry of the active part of cutting tools —
General conversion formulae to relate tool and working
angles

0 Introduction

This part of 1SO 3002 presents formulae which can be used to convert tool angles to working angles and vice versa. The
formulae are general and can be used for all possible cutting conditions. Tool angles (angles in the tool-in-hand system) and
working angles {(angles in the tool-in-use system) are defined in 1SO 3002/1, together with the sign conventions for these

angles.

The tool-in-hand reference system of planes (used to define tool angles) rotates with the cutting tool whenever the orientation
of the cutting tool is changed relative to the machine tool. Similarly, the orientation of the tool-in-use reference system of
planes (used to define working angles) changes with changes in the resultant cutting direction. It is therefore necessary, in
order to relate the tool-in-hand and tool-in-use reference system of planes, to relate both of them to a third reference system
of planes, the machine reference system of planes, which does not rotate when the tool is re-oriented or when the resultant

cutting direction changes.

The relationship between the tool-in-hand and the machine reference systems of planes defines the setting of the tool in the
machine. The relative position of the tool-in-use and the machine reference systems of planes is defined by the motion of the
tool relative to the workpiece.

Certain general principles have been taken into consideration for the establishment of the conversion formulae :
a) The definitions of the machine reference system of axes as defined in ISO 841 have been adopted.

b) The origin of each coordinate system is considered to be at the “selected point”” on the cutting edge and at a given
moment in time.

c) Transformation angles are defined in such a manner as to be computable readily from available workshop data.

1 Scope and field of application

This part of ISO 3002 deals with the establishment and application of the conversion formulae under the foliowing
headings :

a) Definitions of the coordinate axes for the tool-in-hand and for the tool-in-use derived from the appropriate planes
defined in ISO 3002/1. Definitions for the machine axes and planes are based on 1SO 841.

b) Definitions of the setting angles and motion angles.
c) Conversion formulae.

d) Practical examples.

NOTE — In addition to the terms given in the three official ISO languages (English, French, Russian), this part of 1ISO 3002 gives the equivalent
terms in German and Dutch; these terms have been included at the request of Technical Committee 1SO/TC 29, and are published under the
responsibility of the committee members for Germany, F.R. (DIN) and the Netherlands {NNI). However, only the terms given in the official
languages can be considered as ISO terms.
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2 Definitions of the coordinates axes

2.1 Tool-in-hand and tool-in-use axes

Axes are defined for the tool-in-hand using the tool-in-hand reference system of planes and for the tool-in-use using the
tool-in-use reference system of planes. The axes are defined by the intersection of planes; the appropriate pairs of planes are
given in parentheses below.

2.1.1 Tool-in-hand axes
f-Set of coordinate axes : X; (P, P ), Y; (P, P), Z, (P, P).

The X.-axis is positive in a direction which is away from both the reference corner at the tool, (as defined in 1SO 3002/1)
and the assumed machined surface; the Y-axis is positive in a direction opposite to the assumed direction of primary motion;
the Z;-axis is positive in a direction away from the assumed transient surface on the workpiece. [See figures 1 and 2.]

NOTE — The resulting defined axes may conform to either a right hand or a left hand coordinate axis system depending upon the type of
tool considered, its intended use and the location of the selected point on the cutting edges.

In a similar way, other sets of tool-in-hand axes can be defined. However, for the practical application of the transformation
formulae, only the f-set of coordinate axes is required. Therefore, in what follows, the more general term "tool-in-hand
axes” will be used to designate the “'f-set of coordinate axes”.

NOTE — For a given tool, the set of tool-in-hand axes is unique. The axes are determined only by the operation the tool is "assumed’’ to
perform (for example, for a cylindrical turning tool, the tool-in-hand axes do not change reiative to the tool when the tool is used for a facing

operation).

2.1.2 Tool-in-use axes

fo-Set of coordinate axes : X¢, (P  P..), Yo (Poo Pe), Z (P P

Similarly in this system, the X; -axis is positive in a direction which is away from both the reference corner at the tool,
{as defined in 1SO 3002/1) and the assumed machined surface; the Y, -axis is positive in the direction opposite to the
resultant cutting direction; the Z, -axis is positive in a direction away from the transient surface on the workpiece. [See
figures 1 and 2.]

NOTE — The resulting defined axes may conform to either a right hand or a left hand coordinate axis system depending upon the type of
too! considered, its intended use and the location of the selected point on the cutting edges.

In a similar way, other sets of tool-in-use axes can be defined. However, for the practical application of the transformation
formulae, only the f_-set of coordinate axes is required. Therefore, in what follows, the more general term ""tool-in-use axes’”’
will be used to designate the "' -set of coordinate axes”.

NOTE — The orientation of the tool-in-use axes, relative to the tool, may vary depending on the resultant cutting direction and the orientation
of the tool in the machine.

2.2 Definitions of the machines axes and planes
For each type of machine tool, a machine reference system of axes is defined in ISO 841.

Unfortunately, the defined axis nomenclature is not suitable for direct use in this part of 1ISO 3002, however, it has been used
to determine the orientation of a machine reference system of planes.

With the tool in its "'zero position” in the machine such that the tool-in-hand reference system of planes (P,—Pf—Pp) coincides
with the machine reference system of planes (defined by the X—Y—Z axes of ISO 841) and with the tool in its “most natural
position”, so that the assumed working plane P, is oriented to be parallel to the direction of component feed motion
predominant in the particular machining operation considered, a set of fixed machine setting axes (X ,—Y,,—Z,,) is defined
to coincide with the tool-in-hand axes. Thus, with the tool in its "zero position” :

— machine setting axis X, coincides with tool-in-hand axis X;
— machine setting axis Y coincides with tool-in-hand axis Y;

— machine setting axis Z,,, coincides with tool- in-hand axis Z;.
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3 Definition of the setting and motion angles

Two sets of three angles (Euler angles) are required, one set to define the orientation of the tool-in-hand axes (X;, Yy, Z;) in
relation to the machine setting axes (X,,,, Y. Z,,) (see figure 3) and the second set to define the orientation of the tool-in-use
axes (Xs,, Yso, Zse) in refation to the same machine setting axes (see figure 4).

It should be noted that the first set of angles corresponds to the practical procedure of positioning the tool with a classical
tool holder [see figure 3}.

In some practical cases the second set of angles is not directly related to the available workshop data. For these cases an
alternative way of proceeding is outlined in 3.3, using the components of feed speed and cutting speed with respect to the
machine setting axes in order to evaluate the auxiliary angles in 4.3.

3.1 The setting angles

The position of the tool-in-hand reference system of planes defined by X, Y., Z;, with respect to the machine reference
system of planes defined by X_,, Y,,, Z,, is determined by three angles : the plan setting angle G, the elevation setting
angle H, the roll setting angle L. The definitions of these angles are given below. The setting angles are illustrated in
figures 3 a) and 3 b). It is assumed that the tool is initially in its “zero’" position on the machine tool, such that the tool-in-
hand reference system of planes coincides with the machine reference system of planes and the tool is in its “most natural”’
position on the machine too! (see 2.2). The tool is then rotated successively through the angles G, H, L, asillustrated by the
graduated scales of the tool holder shown in figure 3 a}. The angles G, H, L thus define the positioning of the tool-in-hand
reference system of planes with respect to the machine reference system of planes.

The angles may be applied in any order; however, the following explanations of the rotations which are embodied in the
definitions assume that the angles are applied in the sequence G, H, L.

3.1.1 The plan setting angle G

The angie between the assumed working plane P, in its zero position and the assumed working piane Py in its final position,
measured in the tool reference plane P, in its zero position.

it corresponds to a rotation around the machine setting Y, -axis. Performing this rotation causes the tool-in-hand coordinate
axes to take up an intermediate position in which they are designated X;, Yo Z'f. [See figures 3 a) and 3 b).]

The sign convention is defined thus :

Increasing the plan setting angle G in the positive direction decreases the angle k_, and increases the angle Y .

3.1.2 The elevation setting angle H

The angle between the machine setting Y, -axis and its projection on the final position of the assumed working plane P; of
the tool. |t corresponds to a rotation around the intermediate Z;-axis.

This rotation gives the final position of the tool-in-hand X,-axis an intermediate position of the tool-in-hand Y-axis which
is designated Y;, and Z'f is unchanged. Thus, the tool-in-hand axes in this second intermediate position are designated
X, Y Zs

The sign convention is defined thus :

Increasing the elevation setting angle A in the positive direction increases the angle Yoe in the positive direction.

3.1.3 The roll setting angle L

The angle between the tool reference plane P, in its zero position and the tool reference plane P, in its fina! position and
measured in the assumed working plane P, in its final position.

It corresponds to a rotation around the final tool-in-hand X,-axis. This rotation gives the final position of the tool-in-hand
axes X, Y, Z; in relation to the machine reference axes.

The sign convention is defined thus :

Increasing the roll setting angle L in the positive direction increases the angle &,.
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3.2 The motion angies

The position of the tool-in-use reference system of planes defined by X, Y., Z;, with respect to the machine reference
system of planes defined by X, Y,,,, Z,, can be determined by three angles : the plan motion angle M, the elevation motion
angle N and the roll motion angle 7. An alternative method of determining the relative positions is described in 3.3. The
definitions of the motion angles are given below. It should be noted that the orientation of the tool-in-use reference system of
planes relative to the machine reference system of planes is determined by the direction and magnitudes of cutting speed and
feed speed.

The motion angles are illustrated in figure 4. Assume a set of coordinate axes x, y, z, initially coincident with the set of the
machine axes X, Y, Z, and which can be made coincident with the tool-in-use axes X, Y;,, Z¢, by means of three
Eulerian rotations.

3.2.1 Plan motion angle V/

The angle between the ¥ —Z_  machine plane and the working plane P;, measured in the X,,—Z, machine plane. It
corresponds to the auxiliary coordinate system x, y, z being rotated through angle M about the machine setting Y, -axis
into an intermediate position. The coordinate axes in this intermediate position are designated x', Yo Z' (see figure 4).

The sign convention is defined thus :
Increasing the plan motion angle M in the positive direction increases the angle k ., and decreases the angle ¥ .
In conventional turning, M is the angle between the rotational axis of the workpiece and the direction of feed motion, thus :

— for cylindrical turning M = 0 (see figure 5);
. . T
— for turning a cone with topangle 7: M =5;

— for most other operations the plan motion angle M is equal to zero.

3.2.2 Elevation motion angle NV

The angle between the machine setting Y, -axis and its projection on the working plane P_.

rs

It corresponds to the intermediate coordinate system being rotated about the "Z "'-axis from its position x', Y, Z into a
second intermediate position. The coordinate axes in this second intermediate position are designated X, y', z'. This
rotation gives the final position of the X, -axis and an intermediate position of the y'-axis. The designation of z is unchanged
since rotation is about this axis.

The sign convention is defined thus :
Increasing the elevation motion angle NV in the positive direction decreases the angle Yoe in the positive direction.

In conventional cylindrical turning, if the selected point on the cutting edge has an offset height # below the rotational
axis [see figure 5 b}], the angle NV is found from

i 2h
sin =—
d
where d is the effective diameter of the workpiece at the selected point on the cutting edge.

In drilling, NV is equal to the elevation setting angle H, since for this operation the assumed working plane P; and the working
plane P;, remain coincident and N and H are the angular position of a radius, drawn through the selected point, with respect
to the zero position.

In most cases, the elevation motion angle N is zero.

3.2.3 Roll motion angle 7
The angle between the X —Z, machine plane and the working reference plane P, , measured in the working plane P, .

It corresponds to a rotation about the X, -axis of the second intermediate system X, y', 2’ into the tool-in-use system
Kigr Yier Zo
e

ter fer
The sign convention is defined thus :

Increasing the roll motion angle T in the positive direction decreases the angle a,.
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In conventional turning (cylindrical, conical, plunge and face turning), if the direction of primary motion is parallei to the
machine Y, -axis, it is the angle between the direction of primary motion and the resultant cutting direction (i.e. resultant
cutting speed angle 1),

- f
Qgr=—
g nd

where
d is the effective diameter, in millimetres, of the workpiece at the selected point on the cutting edge;
f is the feed, in millimetres per revolution.

In roll (slab) milling and face milling, it is the sum of the roll setting angle L and the resultant cutting speed angle n (see
figure 6).

In drilling, T is equal to the resultant cutting speed angle 7.

3.3 Alternative method of relating the tool-in-use reference system of planes to the machine reference
system of planes

If the value of the motion angles cannot be deduced easily from available workshop data (i.e. conical turning with a non-
centred cutting tool) the position of the tool-in-use reference system of planes defined by X, Y., Z¢, with respect to the
machine reference system of planes defined by X, Y,,, Z,,, can be determined form the X, Y and Z, components of
the feed speed v, and cutting speed v_, which are designated :

m

components of feed speed (v¢)y , (v¢)y , (vf);
m m m
components of cutting speed (Vc)xm' (vc)'ym, (vc)zm

and used to evaluate auxiliary angles as presented in 4.3.

4 List of conversion formulae — General case

Direct transformation is the expression giving the working angles as a function of the tool angles, setting angles and motion
angles. Inverse transformation is the expression giving the tool angles as a function of the working angles, setting angles and
motion angles.

In the equations, auxiliary angles are used and are listed in 4.3. They are designated by the general notation (i, j) and are
defined as functions of the tool setting angles and the motion angles (respectively components of feed speed and cutting
speed).

Although the expressions are complex, in practice they are simplified considerably since certain angles are equal usually to
either zero or 90°.

In addition to the conversion formulae below, the table ‘’Relations between the angles in the ‘tool-in-hand system’ *’ included
in 6.6 of ISO 3002/1 should be used. The same table can be used for the working angles provided that the suffix ‘e’ is
added to all angles.

4.1 Direct transformation {working anglers as a function of tool angies)

4.1.1 Working cutting edge inclination

sinA,, = cos )\s sink, cos (1,2} + sin }\s cos (2,2) —cos A, cosk, cos (3,2)

4.1.2 Working cutting edge angle

_ cos A  sink, cos (1,1) + sin )\s cos (2,1) — cos )xs cosk, cos(3,1)
19K e = cos )\s sink, cos(1,3) + sin )\s cos {2,3) ~cosA, cosk, cos (3,3)
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4.1.3 Working normal rake

SINYne = :[— siny,, sinA sink_+cosy, cosk |cos(1,2) +

cosA,,
+ [sin7y,, sinA_cosk, + cosy, sink ] cos(3,2) +siny, cosA, cos(2,2) :
Alternatively :
cos (Y,, —7,) = [cosk, cos{1,1) +sink_cos(3,1)jcosk . + [cosk _cos{1,3) +sink _cos(3,3)]sink
NOTE — To make use of this latter relationship it is essential to have previous knowledge of whether the working normal rake is larger or

smaller than the tool normal rake.

4.1.4 Working normal clearance

- e _ : )
cosa,, = y [sina, cosk, —cosa, sinA  sink, ] cos (1,2) +

cos A,
+ [cosa, sinA, cosk, t+sina, sink, ]cos(3,2) + cosa, cosA, cos (2,2)}
Alternatively :
cos (&, , —a,) = [cosk cos (1,1} +sink, cos(3,1)] cosk , + [cosk, cos{1,3) +sink, cos(3,3)]sink .

NOTE — To make use of this latter relationship it is essential to have previous knowledge of whether the working normal clearance is larger or
smaller than the tool normal clearance.

It should be further noted that if either the working normal rake y,,, or the working normal clearance a,, . has been determined,
the other can be derived from the relationship :

ane+Bne+7ne:900 and Bne:Bn

4.1.5 Working side rake

tgy, cos (3,3) + tgy, cos (1,3) — cos (2,3)
9%

cos (2,2) —tg7y, cos (3,2) — tg7,, cos (1,2)

4.1.6 Working back rake

_tgyscos(3,1) + g7y, Cos (1,1) —cos (2,1)
9%pe 7 o8 (2,2) —tgy, cos (3,2) —tgy, cos (1,2)

4.1.7 Working side clearance

ctg a; cos (3,3) + ctg o, cos (1,3) —cos {2,3)
cos (2,2) —ctg o, cos (3,2) —ctg @, cos (1,2)

ctg a5, =

4.1.8 Working back clearance

ctg a, cos (3,1) + ctga, cos (1,1) —cos (2,1)
cos {2,2) — ctg o, cos (3,2) — ctg o, cos (1,2)

ctga,, =

4.2 Inverse transformation (tool angles as a function of working angles)
4.2.1 Tool cutting edge inclination

sindy = cos A, sink, , cos (2,1} +sin X, cos(2,2) ~ cos A, cosk , cos(2,3)

4.2.2 Tool cutting edge angile

B cosA_, sink, cos(1,1) +sin) , cos(1,2) —cos A, cosk, , cos(1,3)
9K, = cosA,, sink,  cos(3,1) +sinX  cos {3,2) — cos A\, cosk, cos (3,3)
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4.2.3 Tool normal rake
. L . .
siny = [-siny__sinA__sink -+ cosy, _cosk _]cos(2,1)+
n ] ne se re ne re
cos A,

+ [siny,e sinA cosk ,+cosy, sink Jcos{2,3) +siny , cosA, cos(2,2) :

Alternatively, the tool normal rake ,, may be derived from the expression for cos {7y, , —v,) which is listed in 4.1. However,
to use this relationship it is essential to have previous knowledge of whether the tool normal rake is larger or smaller than
the working normal rake.

4.2.4 Tool normal clearance

L
cos)\s]

cosa, = [-cosa,, sinh  sink  +sina, cosk Jcos(2,1) +

+ [cosa, , sinA,, cosk,, +sina,, sink ] cos{2,3) +cosa,, cosA,, cos (2,2):

Alternatively, the tool normal clearance a, may be derived from the expression for cos (a,, —«,) which is listed in 4.1.
However, to use this relationship it is essential to have previous knowledge of whether the tool normal clearance is larger
or smaller than the working normal clearance.

It should be further noted that if either the tool normal rake or tool normal clearance has been determined, the other can
be derived from the relationship :

a, +B,+7,=90° and B,=6,,

4.2.5 Tool side rake

197, c0s(3,3) + 19 Ype €OS (3,1) —cos (3,2)

t =
E L 197, €05 (2,3) —tg7,, cos (2,1) + cos (2,2)
4.2.6 Tool back rake

197, cos (1,3} + 197, COS (1,1) —cos(1,2)
— 1974, €0s (2,3) —tg7y,, cos (2,1} + cos (2,2)

gy, =

4.2.7 Tool side clearance

ctg a,, cos (3,3) + ctg &, cos (3,1) —cos (3,2)
— ctg &y, cos (2,3} —ctg o, COS (2,1) + cos (2,2)

ctg o =

4.2.8 Tool back clearance

ctga, cos (1,3) + ctg o, COS {1,1) —cos (1,2}

R ctg a;, cos (2,3) ~ctg e, cos (2,1) + cos (2,2)

4.3 Auxiliary angles

The geometrical meaning of the auxiliary angles (i, j) is as follows :
The angle (1,1) is the angle between the axes X and X

The angte (2,1) is the angle between the axes Y, and X,

The angle (3,1) is the angle between the axes Z; and X

The angle (1,2) is the angle between the axes X  and Y,

The angle {2,2) is the angle between the axes ¥, and Y,
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The angle (3,2) is the angle between the axes Z; and Y
The angle {1,3) is the angle between the axes X and Z;,
The angle (2,3) is the angle between the axes Y, and Z,,

The angle (3,3) is the angle between the axes Z; and Z;,

The values of cos (i, j) can be expressed as a combination of the cosines of the angles between the tool-in-hand axes (X,
Y;,Z) and the machine setting axes (X, Y., Z..) on one hand and the cosines of the angles between the tool-in-use
axes (X;,, Y., Z;.) and the machine setting axes (X, Y. Zm) on the other hand :

fer 7 fer

cos (1,1} = cos (X, X, ) cos (X, X} +cos{X,, Y, )cos{X, Y ) +cosiX,Z, )cos(X¢,,2Z)

cos (2,1} =cos (Y, X, ) cos (X, X ) +cos{Y, Y )cos(X,, Y. )+coslY,Z }cos(X,, Z,)

fer te’

Y ) +cos(Z,2Z,)cos(X,,, Z.)

cos {3,1) = cos (Z,, X ) cos (X ., X ) +cos(Z,, Y, )cos (X,

fe’

cos (1,2) = cos (X, X)) cos (Y, X, ) +cos (X, Y, )cos(Y,,, Y, ) +cos(X,Z, }cos(Y,, Z.)

fe’ fe’

Y, )+cos(Y,Z Veos(Y,2Z,.,)
z.)

cos(2,2) = cos{Y,, X, )cos(Y, X, ) +cos(Y,Y )coslY,,

cos (3,2) = cos (Z,, X,,) cos (Y, , X ) +cos(Z, Y )eos(Y,, Y ) +cos(Z, 2Z,)cos(Y,,

cos (1,3) = cos (X, X, ) cos (Z,,, X)) +cos (X, Y, )cos(Z,,. Y., )+cos(X,2Z )coslZe,, Z)

cos (2,3} =cos (Y, X, ) cos(Z,, X, ) tcos(Y,Y )cos(Z. Y.,)+tcos(Y,Z )cos(Z, Z)

z,)

fe’ fe’

cos (3,3) = cos (Z,, X,,,) cos (Z,,, X} + cos(Z,, Y, )cos(Z,,, Y.,)+cos(ZZ,)cos{Z

fe’ fer te’

The angles between the tool-in-hand axes and machine setting axes can be expressed as a function of the setting angles :
cos (X, X,,) = cosG cos H
cos (X, Y, )=sinH
cos (X,,Z,,}) =~ sinG cosH
cos (Y, X, )=—cosGsinHcosL +sinGsinL
cos (Y, Y, ) =cosHcosL
cos{Y, Z,) =sinGsinHcosL +cosGsinlL
cos(Z,, X, ) =cosGsinH sinL +sinG coslL
cos(Z,, Y, ) =—cosHsinlL
cos{Z;, 2, ) =—sinGsinHsinL +cosG cosL

The angles between the tool-in-use axes and the machine setting axes can be expressed in two different ways : as a
function of the motion angles (1st way) or as a function of the components of cutting speed and feed speed {2nd way).

1st way
cos (X, X,,) = cosM cos N
cos (X, ¥V) =sin
cos (X;,,Z,,) = —sinMcosN
cos (Y., X} =—cosMsinNcosT +sinMsinT
cos (Y., Y, ) =cosNcosT

cos (Y, Z, ) =sinMsinN cos T+cosMsinT

cos(Z;,, X,,) = cosM sin N sin T+sinMcosT
cos{Z;,, Y, ) =—cosNsinT
cos(Z,,2.,) =—sinMsinNsinT +cosMcosT
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2nd way
voly (velz —(vc)z vy
008 (Xgo Xem) = . |sirr1n«pv v l'“ .
c'f
velz vedy — vy (V)7
cos (X¢o, Vin) = . Isirr:apv vel - -
c  f
(edx vy —(ve)y  (vely
cos (X, Z,) = ——m—m = Tm Fm

[sin p v vl

vely +{vidyx
cos (Y, X)) =~ —————

Iv,|

(Vc)Ym + (Vf)ym

vl

cos (Yo, Y) =—

fer

(Vc)zm + (Vf)zm
cos (Y, 2, )= ——m __ “m

v, |
cos{Z;,. X, ) =cos{X.,, Y cos(Y,  Z )—cos(X.,. 2. )cos(Y, Y.)
cos(Z,, Y) =cos(X,. 2 ) cos(Y, X )—cos(X.,, X )cos(Y, 2Z.)
cos{Z;,. Z,,) =cos{X, X Yeos(Y, . Y, )—cos(X., Y. )cos(Y, X.,)

The product sin ¢ v, v, can either be computed directly or can be derived from the following expression :

Isingy, vl = l/l:('/c)ym Wiz, ~(elz,, Wy, | 2+ [z, Wl = e, )z, ] 2+ Welx,, Wby, ~Wely,, Wilx,, |
where

¢ is the feed motion angle;

v, is the magnitude of the cutting speed;

v, is the magnitude of the feed speed.

NOTE — In certain cases, depending upon the type of tool considered, its intended use and the location of the selected point on the cutting
edge (for example, for a selected point located on the major cutting edge of a L.H. turning tool or for a selected point located on the minor
cutting edge of a R.H. turning tool), the value of the term [(vc)ym (Vf)zm'— (Vc)zm (Vf)ym] may be negative.

In such cases [sin ¢ v v§| should be replaced by — [sin ¢ v 4| in all formulae.

The resulting cutting speed v, can be derived from

g t= V BVC)Xm + (Vf)xm:l 2+ Bvc)Ym + (Vf)Ym:l 2+ [:("c)zm + (Vf)zm:] :

5 Conversion formulae for cases where the working plane P;, coincide with the assumed
working plane P;

5.1 Applications

The types of cutting operations in which the working plane P, and the assumed working plane P, are coincident are :
— ali drilling and similar processes;
— most milling operations;

— most plunge turning operations and certain conventional cylindrical turning operations.
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