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Basic quantities in cutting and grinding —
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0

This p
formul
workin
angles.

Inf

The to
of the
planes
order 1
of plan
cutting

The r

Certair

a)

b)

e
machi
tool re

roduction

rt of 1SO 3002 presents formulae which can be used to convert tool angles to working angles and
he are general and can be used for all possible cutting conditionis: Tool angles (angles in the tool-in-h
y angles (angles in the tool-in-use system) are defined in 1S©"3002/1, together with the sign conve

bl-in-hand reference system of planes (used to define téol angles) rotates with the cutting tool whenever
cutting tool is changed relative to the machine toel/Similarly, the orientation of the tool-in-use refe
(used to define working angles) changes with changes in the resultant cutting direction. It is therefo
b relate the tool-in-hand and tool-in-use refefence system of planes, to relate both of them to a third r
es, the machine reference system of plangs,-which does not rotate when the tool is re-oriented or wh
direction changes.

ationship between the tool-in-hand 'and the machine reference systems of planes defines the setting o
e. The relative position of the feel-in-use and the machine reference systems of planes is defined by th
ative to the workpiece.

general principles have been taken into consideration for the establishment of the conversion formulaq :

The definitions of the'machine reference system of axes as defined in ISO 841 have been adopted.

The origin of€ach coordinate system is considered to be at the "selected point” on the cutting edg

moment in time!

c)

Transformation angles are defined in such a manner as to be computable readily from available worksh

vice versa. The
nd system) and
tions for these

the orientation
rence system of
re necessary, in
bference system
en the resultant

f the tool in the
e motion of the

b and at a given

bp data.

1 S¢

cope and field of application

This part of 1SO 3002 deals with the establishment and application of the conversion formulae under the following
headings :

a) Definitions of the coordinate axes for the tool-in-hand and for the tool-in-use derived from the appropriate planes

defi
b)
c)

d)

ned in 1SO 3002/1. Definitions for the machine axes and planes are based on 1SO 841.
Definitions of the setting angles and motion angles.
Conversion formulae.

Practical examples.

NOTE — In addition to the terms given in the three official ISO languages (English, French, Russian), this part of ISO 3002 gives the equivalent
terms in German and Dutch; these terms have been included at the request of Technical Committee ISO/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 Definitio

2.1

ns of the coordinates axes

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
and the assume
the Z-axis is pq

NOTE — The res
tool considered, i

ositive in a direction which is away from both the reference corner at the tool, (as defined in 150 3
d machined surface; the Y-axis is positive in a direction opposite to the assumed direction of|primary
sitive in a direction away from the assumed transient surface on the workpiece. [See figures’1 and 2.]

Iting defined axes may conform to either a right hand or a left hand coordinate axis systemmdepending upon the
s intended use and the location of the selected point on the cutting edges.

002/1)

nhotion;

type of

In a similar wajy, 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, themore general term ""tool-|n-hand
axes” will be uded to designate the “'f-set of coordinate axes” .

NOTE — For a g|ven tool, the set of tool-in-hand axes is unique. The axes are determined”only by the operation the tool is "assufned’’ to
perform (for example, for a cylindrical turning tool, the tool-in-hand axes do not change relative to the tool when the tool is used for|a facing
operation).

2.1.2 Tool-in-use axes

f.-Set of coordinate axes : X, (P . Ppe), Yie (Poe Pse)s Zio (Pio PG

Similarly in thi} system, the X, -axis is positive in a direction which is away from both the reference corner at the tool,
(as defined in JSO 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 jn a‘direction away from the transient surface on the workpiede. [See
figures 1 and 2.

NOTE — The resglting defined axes may conform to“either a right hand or a left hand coordinate axis system depending upon the| type of

tool considered, i
In a similar wa
formulae, only
will be used to

NOTE — The orid
of the tool in the

s intended use and the location of'the selected point on the cutting edges.

, other sets of tool-in-use_axes can be defined. However, for the practical application of the transforL
the f,-set of coordinate axes is required. Therefore, in what follows, the more general term ""tool-in-us
Hesignate the "'f_-set-0f coordinate axes”.

Imachine.

2.2 DefinitiTns of the machines axes and planes

For each type of machine tool, a machine reference system of axes is defined in 1SO 841.

m

ation
axes’’

ntation of the toelin‘use axes, relative to the tool, may vary depending on the resultant cutting direction and the oripntation

Unfortunately, the defined axis nomenclature is not suitable for direct use in this part of ISO 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, Y;, 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 (X¢o, Y Zo) in relation 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

machin

3.1 1

The p
system
angle

figures
hand r

i - A2
WWWWWMWIglcb LI X

'he setting angles

sition of the tool-in-hand reference system of planes defined by X, Y, Z,, with respect to the ma
of planes defined by X, Y, £, is determined by three angles : the plan setting-angle G, the ¢
/, the roll setting angle L. The definitions of these angles are given below. The)setting angles a
3 a) and 3 b). It is assumed that the tool is initially in its "“zero” position on.the)machine tool, such
pference system of planes coincides with the machine reference system of planes and the tool is in its

chine reference
levation setting
e illustrated in
that the tool-in-
"most natural”

position on the machine tool (see 2.2). The tool is then rotated successively throlgh the angles G, H, L, as iljustrated by the
graduated scales of the tool holder shown in figure 3 a). The angles G, H, L/hus define the positioning of the tool-in-hand
refererjce system of planes with respect to the machine reference system of planes.

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

3.1.1

The an

measutfed in the tool reference plane P, in its zero position.

It corr
axes td

The sig

Incr]

The plan setting angle G

gie between the assumed working plane P; in its_zero position and the assumed working plane P, in i

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

n convention is defined thus :

easing the plan setting angle G in' the positive direction decreases the angle k _ and increases the angle |

s final position,

and coordinate

re’

3.1.2 |The elevation setting-angle H

The arfgle between the‘machine setting Y -axis and its projection on the final position of the assumed working plane P; of
the togl. It correspands to a rotation around the intermediate Z;-axis.

This rqgtation gives/the final position of the tool-in-hand X-axis an intermediate position of the tool-in-hanfl Y{-axis which
is desipnated Y'f, and Z} is unchanged. Thus, the tool-in-hand axes in this second intermediate positior] are designated
Xe, Y| Z¢

The sigmconventiom s defimedthos—

Increasing the elevation setting angle H in the positive direction increases the angle Ype in the positive direction.

3.13

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 final position and
measured in the assumed working plane Py 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

¢ Y4, Z4 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 a,.
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3.2 The motion angles

The position of the tool-in-use reference system of planes defined by Xier Yoo Z4o 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 V 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 rotatiofs.

fer

3.2.1 Plan motion angle V/

The angle betw
corresponds to
into an interme

pen the Y, —Z  machine plane and the working plane P, measured in the X,,—Z, machine plgne. It
he auxiliary coordinate system X, y, z being rotated through angle M about the machine setting Yl -axis
Hiate position. The coordinate axes in this intermediate position are designated x' Yo, Z' (see figyre 4).

The sign convention is defined thus :

Increasing thg plan motion angle M in the positive direction increases the angle K, and decreases the angle ¥/ .

In conventional furning, M is the angle between the rotational axis of the workpiece and’the direction of feed motion, thus :

Fical turning M = 0 (see figure 5);

for cylind

T

for turning a cone with topangle 7: M :5;

for most ¢ther operations the plan motion angle M is equal to zero.

3.2.2 Elevation motion angle NV

The angle betwe

It corresponds 1
second intermed

en the machine setting Y -axis and its projectien on the working plane P_ .
m fe

o the intermediate coordinate system.being rotated about the '*Z'""-axis from its position X, Yo z
iate position. The coordinate axes ‘in’ this second intermediate position are designated X, vy, 2

into a
. This

rotation gives th anged

since rotation is

e final position of the X, -axis andhan intermediate position of the y'-axis. The designation of z is uncH

pbout this axis.
The sign convention is defined thus :
Increasing th¢ elevation motion angle’/V in the positive direction decreases the angle Yoe in the positive direction.

cylindrical turnifig)“if the selected point on the cutting edge has an offset height A below the rotdtional
b)], the angle W4s found from

In conventional
axis [see figure 5
) 2h
sinN =—

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 NV 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 NV is zero.

3.2.3 Roll motion angle T
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', z' into the tool-in-use system
Xiar Yier Zto-
e

fer ' 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 parallel to the
machine Y -axis, it is the angle between the direction of primary motion and the resultant cutting direction (i.e. resultant

cutting

g7

where
d is
f

S

In roll

figure 6).

In drilli

3.3

If the

centred
machin
the feed

com

components of cutting speed (Vc)xm' (vc)ym, (Vc)zm

and use|

4 List of conversion formulae — General case

Direct
angles.
motion

In the
defined
speed).

|
systeﬂm

speed angle n),

nd

the effective diameter, in millimetres, of the workpiece at the selected point on the cutting edge;

the feed, in millimetres per revolution.

slab) milling and face milling, it is the sum of the roll setting angle L and the resultant cutting,spe

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

ternative method of relating the tool-in-use reference system of planes to the machi
of planes

alue of the motion angles cannot be deduced easily from available workshop data (i.e. conical turni
cutting tool) the position of the tool-in-use reference system of planes. defined by X¢,, Y., Z;, With
e reference system of planes defined by X, Y., Z,, can be detetmined form the X, Y and Z,,
speed v, and cutting speed v, which are designated :

m

ponents of feed speed  (ve)y . (vsly_, (vi)7

H to evaluate auxiliary angles as presented in 4.3.

ransformation is the expression_giving the working angles as a function of the tool angles, setting ang
Inverse transformation is the @xpression giving the tool angles as a function of the working angles, se
angles.

equations, auxiliary angles are used and are listed in 4.3. They are designated by the general notatid
as functions of the tool setting angles and the motion angles (respectively components of feed spd

Althou
either

In addition ta-the conversion formulae below, the table ‘’Relations between the angles in the ‘tool-in-hand sys
in 6.6 pfISO'3002/1 should be used. The same table can be used for the working angles provided that t
added tp alVangles.

h the expressions are complex, in practice they are simplified considerably since certain angles are e
ro or 90%

bd angle 1 (see

he reference

hg with a non-
respect to the
components of

les and motion
ting angles and

n (i, j) and are
ed and cutting

qual usually to

em’ " included

Te suffix ‘e’ is

41 D

irect transformation (working anglers as a function of tool angles)

4.1.1 Working cutting edge inclination

sin A

se — COS 7\5 sink, cos(1,2) +sinA_ cos (2,2) — cos A cosk, cos (3,2)

4.1.2 Working cutting edge angle

cos A sink  CoOS (1,1) + sin )\S cos (2,1) —cos A  cosk _ cos (3,1
| cos A, sink, cos (1,3) +sinA, cos(2,3) ~cosA, cosk, cos (3,3

H
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4.1.3 Working normal rake

1

cos )\se

SINYpe = :[— siny, sinA_ sink_+ cosvy, cosk, ]cos(1,2) +

+[siny, sinA, cosk, + cosy, sink ]cos(3,2) +siny,_ cos A, cos (2,2) :
Alternatively :

cos (v,,~7,) = [cosk, cos(1,1) +sink _cos(3,1)]cosk,, + [cosk, cos(1,3) +sink cos(3,3)]sink,

e

e

NOTE — To make harger or

smaller than the t¢ol normal rake.

4.1.4 Working normal clearance

1 . .
cosa,, = —TT— : [sina, cosk, —cosa, sinA_ sink ]cos(1,2) +

COp se

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

cos (e, ,~ ) = [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 lprger or
smaller than the tgol normal clearance.

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

o

ane + Bne + yne = 90 and Bne = Bn

4.1.5 Working side rake

tgy{cos (3,3) + tgy, cos(1,3) — cos (2,3)

19%4e cos {2,2) — tg, cos (3,2) — tg7y, cos (1,2)

4.1.6 Working back rake

_tgy|cos(3,1) + 197y, cos (A3))-cos (2,1)
18Ype cos [2,2) — 19, cos (3,2} 519y, cos (1,2)

4.1.7 Working side clearance

ctgla; cos (3,3))F ctg &, cos (1,3) —cos (2,3)
cof (2,2)\>ctg a4 cos (3,2) —ctg @, cos (1,2)

ctg o, =

4.1.8 Working batk clearance

ctg a; cos (3,1) + ctg o, cos (1,1) —cos (2,1)
cos (2,2) — ctg o4 cos (3,2) — ctg o, cos (1,2)

ctg oy, =

4.2 Inverse transformation (tool angles as a function of working angles)

4.2.1 Tool cutting edge inclination

sin A, = cos A, sink . cos(2,1) +sinA . cos(2,2) —cosA,, cosk, . cos(2,3)

4.2.2 Tool cutting edge angle

- cos A, sink, , cos(1,1) +sin A e COS (1,2) —cos A, cosk,, cos (1,3)
K, = cos A, sink, . cos(3,1) +sinA . cos (3,2) —cos A\, cosk_, cos (3,3)
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4.2.3 Tool normal rake
. T . .
siny,, = N [=siny, sinA,, sink, +cosy,, cosk ]cos(2,1)+
cos
S

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

Alternatively, the tool normal rake 7, may be derived from the expression for cos (7, ., —7v,) 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.

424

Cos

Alterngtively, the tool normal clearance a, may be derived from the expression for'cos (a,, —a,) which
r, to use this relationship it is essential to have previous knowledge of whether the tool normal cldarance is larger

Howevg
or smal

It shou
be deri

an+

Tool normal clearance

1
cos A,

y =

n { [-cosa,, sinA,, sink , +sina,  cosk, ]cos(2,1) +

er than the working normal clearance.

d be further noted that if either the tool normal rake or tool normal€learance has been determined, th
ed from the relationship :

B,+v,=90° and B, =8,

+ [cosa, , sin), cosk, , +sina,, sink .]cQs(2)3) +cosa, , cgs A, cos (2,2):

is listed in 4.1.

b other can

4.2.5 [lool side rake
1974 €05 (3,3) +tg Ype COS (3,1) —cos (3,2)
REif 1974, €05 (2,3) — tg7,, cos (2,1) + cos (2,2)
4.2.6 [Tool back rake
tg7¢, cos (1,3) + tg7y,, cosith 1) — cos (1,2)
gy =T 974, €0s (2,3) — tg 7y, cos (2,1} + cos (2,2)
4.2.7 [Tool side clearance
ctg o, c0s)(3;3) + ctg o, , cos (3,1) —cos (3,2)
ctgds == ctg a, jeos (2,3) —ctga,, cos (2,1) + cos (2,2)
4.2.8 |Tool back clearance
ctga,_cos (1,3) + ctga,_ cos (1,1) —cos (1,2)
ctga, = —

- ctg oy, cos (2,3) —ctg a,, 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 angle (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 Y, and Y,


https://standardsiso.com/api/?name=7d39fbdb1d0d56d7678f859f5c4bd1e1

1SO 3002/2-1982 (E)

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.

fe

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., Zs) and the machine setting axes (X,

axes (X

fer fe'

. Y. Zy) on one hand and the cosines of the angles between the tool-in-use

Z,_) and the machine settnng axes (Xm, Y. ..Z..) on the other hand :

cos (1,1) = cqs (X, X, ) cos (X

fe’

cos (2,1) =cqs (Y, X ) cos (X

fe’

cos (3,1) = cgs (Z,, X,|) cos (X

fe’

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

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

fe’

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

fe’

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

fe’

m) Fcos (X, Z ) cos(Y

The angles betw

The angles bet
function of the

cos(1,2) =c
cos (2,2) = cq
cos(3,2) =c
cos(1,3) =c
cos(2,3)=c
cos(3,3) =¢

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

fe’

Y. ) tcos(Y,Z. )cos(Y .ZN)

ter ¥
s(Ye, X )cos(Y,, X, ) +cos(Y, Y )cos(Y,,
s(Z, X ) cos (Y, X ) +cos(Z,Y )cos(Y,, Y. )+cos(Z,Z,)cos (¥ nZ,)
s (X, X)) cos (Z )
s (Y, X, ) cos(Z,,, X)) +cos (Y, Y. )cos(Z Z.)

Y. ) tcos(ZnZ, ) cos(Z,. Z,.)

tor Xm) Toos(X., Y )cos(Z,, Y ) +cos (X, Z,,) €os{Z;,. 2,

tar Yem) T COs (Y, Z) NCos (Z,,

s(Z¢, X ) cos(Z,, X,,) +cos(Z, Y )cos(Z

fe’ te’

ben the tool-in-hand axes and machine setting axes can be‘expressed as a function of the setting angles :

cos (X, X,,,) [F cos G cos H

cos (X, Y ) FsinH

cos (X, Z ) £ —sinG cosH

cos (Y, X ) F —cosGsinHcosL +sinGsinlL
cos(Y, Y, )FcosHcosL

cos (Y, Z,.) FsinGsinHcosL +cosG sint
cos (Z,, X,,,)  cos G sinH sin L + sinG £os L
cos(Z.,Y ) F —cosHsinlL

cos(Z,,Z.) F —sinG sin HSInl + cos G cos L

veen the“tool-in-use axes and the machine setting axes can be expressed in two different ways : 3
motion.angles (1st way) or as a function of the components of cutting speed and feed speed (2nd w.

1st way
cos (X, X,,) = cosM cos N
cos Xy, Yy) = sinN
cos (X;,,Z,) = —sinM cos V
cos (Y, X, ) = —cosM sinN cos T+sinMsinT
cos (Y., Y} =cosNcosT
cos (Y., Z,,) = sinM sin N cos T+cosMsinT
cos (Z;,, X)) = cosM sinN sin T + sinM cos T
cos(Z,, Y, ) =—cosNsinT
cos(Z;,,Z,) = —sinMsinN sinT + cosM cos T
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2nd way

(Vc)ym (Vf)zm - (Vc)zm (Vf)ym

cos (X, ,X_ )= — :
vertim Isin @ v vl

ez (el Wy (vilz

inpv, vl
Cc

cos (X¢o, Vi

el vy — vy  (vix

cos (X; ,Z -
fes Tm lsin @ v, vl

(Vc)xm + (Vf))(m
cos (Y e e —

fer Zim? ™ v,
cos (Yo, Yir) = wmlj_l(mfm
e
(vc)zm + Wiz
cos (Yo, Z,) = Wil
cos{Z.., X)) =cos(X,, Y, )cos(Y, , Z )—cos(X, 2, )cos(Y, Y.)
cosZ., Y ) =cos (X, Z,,) cos (Y, X, ) —cos (X, X, )cos(Y, 2 A
cosZ..Z ) =cos (X, X, )cos(Y, Y )—cos({X., Y. )cos(Y, X)

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

U

Isin g, vl = \/[(vc)ym iz, =)z, Wy, | 2+ [l iy, = Wedx,, Wz, | 2+ [ Gehe,, Wiy, — Dy, Wix, |
where
¢ if the feed motion angle;
v, |s 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 pojnt on the cutting
edge (fof example, for a selected point located on the major cutting edge of a L.H. turning tool or for a selected point lochted on the minor
cutting g¢dge of a R.H. turning toel),the value of the term [(vc)ym (Vf)zm— (vc)zm (Vf)ym] may be negative.

In such gases |sin ¢ v v¢| should-be replaced by — Isin ¢ v v¢| in all formulae.

The respilting cutting(speed v, can be derived from

| l/ Evc)xm + (Vf)xm:' 2 Evc)ym + (Vf)Ym] 2 4 [("c)zm 4 (V‘)Zm:l 2

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 :
— all drilling and similar processes;
— most milling operations;

— most plunge turning operations and certain conventional cylindrical turning operations.
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If the plane P, coincides with the plane P, the setting and motion angles have the following relationships : the plan setting
angle G may have an arbitrary non-zero value, but it is always indentical to the plan motion angle M, i.e.

G=M

The same is true for the elevation setting angle H and the elevation motion angle NV, i.e.

H=N

The roll setting angle L and the roll motion angle 7 are arbitrary and are not directly related.

From relationsh

In the machinin
the conversions.
cutting directior]

NOTE — From thg

tool-in-use axes a
machine need not

5.2 Direct tr
By substituting

sinA,, = sin

cos(1,1) =1 cos(1,2) =0 cos(1,3) =0
cos(2,1) =0 cos(2,2) =cos (T—L) cos(2,3) =—sin(T—L)
cos(3,1) =0 cos (3,2) =sin(T—L) cos (3,3) =cos(T—L)

g operations listed above, the roll setting angle L and the roll motion angle 7 are the.enly ones requi
The angle (T — L) is the angle between the assumed direction of primary motion (¥;+axis) and the re
(Y -axis).

expressions of the auxiliary angles and the physical meaning of the angle (T — L), it follows that the tool-in-hand 3|

e directly related to each other without using the machine setting axes. Therefore,the ""zero position’’ of the tool
be defined for the machining operations listed above.

Aansformation
he above values for the auxiliary angles in the general conversion formulae, we have :

s €os (T — L) —cosA cosk, sin(T—L)

cosA, sink,

19K e = sin A

SiNY, e = ]

COos

5.3 Inverse t

sin(T—L) + cos X, cosk, cos(T—L)

)\—I (siny, sinA  cosk, +cosy, sink ) sindT — L) +siny, cos A cos(T—-L)]
se

ransformation

Again by substifuting the above values for the@uxiliary angles, we have :

sinA, =sin A

o cos(T—1L) +cos A, cosk;, sin(T —L)

=~ Ccos A, sink,,

tgk ——
9%s sin A

) 1
Y cos N

6 Practical

sin (7T = L) —coSA), cosk , cos(T —L)

[~ (sinyg.sin A, cosk , + COSY,, Sink, ) sin(T—L) +siny, cosA,, cos(T —L)|
S

examples

(1)

. (2)

ed for
ultant

Kkes and
on the

6.1 Cylindrical turning (see figure 5)

In general, the tool reference plane P, will remain in its zero position; so H = L = 0. The plan setting angle G may not,
however, be zero. For cylindrical turning, the direction of feed motion coincides with the machine setting Z,, -axis.

6.1.1 When the selected point on the cutting edge is centred at the level of the rotation axis the following relationships
result [see figure 5 a)] :

The angle N is equal to zero.

The angle T can

wr=t
g nd

10

be determined by
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the effective diameter, in millimetres, of the workpiece at the selected point on the cutting edge;

the feed, in millimetres per revolution.

The auxiliary angles have the following values :

cos(1,2) =—sinTsinG
cos(2,2) =cosT
cos(3,2) =cosGsinT

cos (1,3) =—cos TsinG
cos(2,3) =—sinT
cos (3,3) =cosGcos T

cos (1,1) = cosG
cos{2,1) =0
cos (3,1) =sinG

The respltant conversion formulae are :

e auxiliary angles
b for a cylindrical

6.1.1.1| Direct transformation
sin N, =sinA_ cos T —cos A sin T cos (k, — G)
cos A sin (k, — G)
tgk |, = " "
9K e cos A, cos T cos (k, —G) +sinA_sinT
siny . = o h [cos (k, = G) sin T sin A  siny, + cos T sinvy, cos A, +sin (k, =G) cosy, sinT]
se
6.1.1.2 | Inverse transformation
sin}, =sinA , cos T +cos\ , cosk,  sinT
tak| = —cosA,, sink, , cosG +sin), sin T sin G — cos Ao €OSK  cos T sinG
cosA,, sink . sinG +sinX__ cos G sin T — cos A €osk,  cosG cos T
. 1 . . . . .
siny, = : SinY,, COsA,, cos T —[siny, sinA  cosk, , + cosy,, sink, ] sin T:
cos A,
NOTE — Using the 2nd way of describing the relationship between the tool-in-use system and the machine setting system, th
have the| following expressions [with the exception, oficomponents (vc)ym and (Vf)zm, all other components are equal to zer
turning ¢peration] :
cos (1]1) = cos G
(Vf)zm
cos (1]2) =sin G
A
(ve)y
cos (1[3) =sin G us
vl
cos (2]1) =0
(v )y
cos (2]2) = — &
vl
(Vf)zm
cos (2|3)y=
Vel
cos (3,1) =sin G
vz
cos (3,2) =-cos G ——
vl
(ve)y
cos (3,3) =—cos G ——
vl
Since
(ve) (ve)y
sinT=—-——2 and cos T:——c—":
vl vl

these values correspond to the ones given above.

1"
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6.1.2  When the selected point on the cutting edge has an offset distance h in relation to the rotation axis, the following

relationships result [see figure 5 b)] :

The angle N can be found by

2h
sin N =—
d

where d is the effective diameter of the workpiece at the selected point on the cutting edge.

The angle T has the same value as above.

The auxiliary angles have the following values :

cos (1,1) =cpsN cos G
cos (2,1) =sinNV
cos (3,1) =cpsNsinG

cos(1,2) =—{sinN cos T cosG —sinTsinG

cos(2,2) =cpsNcosT

cos (3,2) =cps Gsin T—sinGsinNcos T

cos(1,3) =sinNsinTcosG —cos T sinG

cos (2,3) =—|cosNsinT

cos(3,3) =cpsGcosT +sinGsinNsinT

The resultant fofmulae are :

6.1.2.1 Direct transformation

sinA;, = —cgs A, sinN cos T sin (k, = G) —cosA_ sin T ¢os~(k, = G) +sin\  cosN cos T
cos A, cos N sin (k — G)_ 4 sin A, sinN

tgk = " - .

I¥re —cog A, sinNsin T sin (k, — G) + cos Ajcos T cos (k, —G) +sinX\_cosNsinT

siny, e = —f—[siny, sinA, sinN cos Tsin (x, = G) + siny, sinX, sin T cos (k, = G) —

cos|A,,

=)cos7,, sinN cos T cos (k, = G) + cosvy,, sinTsin(k, —G) +siny, cosA cosN

12

cos T


https://standardsiso.com/api/?name=7d39fbdb1d0d56d7678f859f5c4bd1e1

6.1.2.2

sin\

tgk
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Inverse transformation

s =COsA, sink ,sinN +sin)_, cosN cos T + cos Ao COSK,  COSN sinT

—cos A sink,  cosN cosG +sinA, [sinNV cos T cosG +sinTsinG]+cos A, cosk,, [sinN sin T cos G —cos T sin G|

1
_ I . . . . _
" Tos n ‘[ SiNY,e sinAy, sink  +cosy,  cosk, ]sinN +siny,  cos Ao cosN cosT

—|[siny__sin\_ cosk, +cosy . sink

"~ cos Ase sink o cosN sin G+ sin A, [cos G sin T—sin G sinN cos T] - cos A, cosk , [cosG cos T+ sin G sin N sin T]

|cosNsinT :

NOTE —

Using the 2nd way of describing the relationship between the tool-in-use system and the machine setting system,, th¢ auxiliary angles

have the[following expressions [only the components (Vc)ym, (Vc)Xm and (Vf)zm are not equal to zero for a cylindricdl operation] :

cos (1

cos (2

cos (3

cos (1

cos (2

cos (3

cos (1

cos (2

cos (3

It can be]

(v, )y
1) =—-cos G - Tm
vl
= e
vl
(Vc)ym
1) =-sinG
vl
(velx,, i)z,
2) =-cos G ——— +sin G ———
vel vel
(Vc)ym
) =
) Ivel
(VC)X (Vf)z
2) = —sin G cos G
vl vl
Vedx,, (vilz vl
3) =—cos G — M _ 0 G =
vl vl vl
(ve) Yy (Vf)zm
3)=-—"___ "1
vel vl
Vedx,, (velz vl
3) = —sinG — "M 4 006G —C
vl lvel vl
verified that these values correspond to the ones given above.

13
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6.2 Conical turning

The selected point on the cutting edge is supposed to have an offset distance / in relation to the rotation axes. Suppose that
H=L=0and G+ 0.

In this case, the motion angles cannot be computed easily from the available cutting data. The second way of describing the
relationship between the tool-in-use system and the machine cutting system is used.

The components of feed and cutting speed, not equal to zero, are :

(Vf)Xm (Vf)zm (Vc)Xm (Vc)ym

The following vilues can be computed :
sinove vl g | wel},, w3+ Wk, W3+ oYk,
vyl = 1/ Evc)x + (ve)x ] 2h )l + (v
m m m m
The auxiliary arjgles have the following values :
cps G (Vc)ym (Vf)zm +sin G (Vc)Ym (vf)xrn
cos (1,1) = -
Isin g v, vl
1 (VC)X (Vf)z
cos (2,1) =— "
Isin g v, vl
sinG (ve)y vz —cosG vedy  (velx
cos (3,1) = m -
[sinp v, vl
Heos G [(elx,, + (vilx, | +sinG vz,
cos (1,2) = o
Vel
7 (Vc)Ym
cos (2,2) =t+—
Vel
<sin G [(Vc)Xm + (vf)xm] —c05°G (Vf)zm
cos (3,2) =
[vel
dos G [:(Vc)xm (vf)ém - (Vc)?/lm (Vf)xm:] tsinG velz [IVC|2 + velx,, (Vf)xm:]
1,3) =
cos (1.3) Isin @ v, vl lv,|
Voly [ (e (v x  + Ivgl?
cos (2,3) = m I:_C il = :I
[sinp v, vl vl
nGY vy (113 —(Ve)y vy | —cosG (ve)z Wel® + (Ve (vex
cos (3,3) = slr [ m m ¢ fm '“:I m I: m m]

las Ll 1

IRALRI VJ Vc Vf| |Ve|

Special attention should be paid to the signs of the components of the feed speed and cutting 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 g v vgl should be replaced by — [sin ¢ v vl in all formulae.

The following situation generally occurs :

— (Vc)Ym and (VC)Zm are negative;

— if the selected point on the cutting edge is below the rotation axis, then (Vc)xm is positive;

— if the cone to be turned has an increasing diameter in the direction of feed motion, then (vf)Xnn is positive.

14
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6.3 Roll (slab) milling (see figure 6)

If a helical milling cutter is considered, then :
a) the tool cutting edge inclination A, =.the helix angle;
b) the tool cutting edge angle k, = 90°;

c) the angle (T— L) = the resultant cutting speed angle n, since the direction of primary motion coincides with the
assumed direction of primary motion;

d) the planes P, and P, are coincident.

Substituting the above conditions in the conversion formulae developed in clause 5, we have :

6.3.1 Pirect transformation

sin] ., =sin A cosn

cos A,

tgk =T o
9¥te sm)\ssmn

1
SinY o = oo (cos7y,, sinn +siny, cos \_ cosn)

se
6.3.2 [Inverse transformation
sin] =sin\ , cosn + cosA_, cosk , sinn

sinY, =

ooy [ iy, sind cosk  Fcosy, sink lsinn +siny,, cos A, cosn]
S

NOTE -} As explained in 5.1, the “zero position’’ of the tool anjthe machine need not be defined for this operation.

15
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Annex A

Elaboration of conversion formulae

Many methods including the geometric projection method, the trigonometric method and the matrix transformation method
can be used for deriving the general conversion formulae given in this part of 1ISO 3002. The matrix method has been used

because it is part

icularly suited for computerized application.

A.1 Genergl transformation scheme
The procedure which is followed to establish the relationships between the tool-in-hand system and the tool-in-usé-systgm can
be explained briefly as follows :
Initially, a system of coordinate axes is established for the tool in relation to the cutting edge and this\is"called the (-set of
coordinate axes| The axes in this system are designated X, Y, Z,. Figure 7 illustrates these axes which are defined py the
intersection of tpol-in-hand planes as follows :

X = line of intersection of the tool cutting edge plane P_ and the tool reference plane P_.

Y, = line of intersection of the tool orthogonal plane P and the tool cutting edge plane-P..

Z, = line of |ntersection of the tool orthogonal plane P_ and the tool reference plage P .
Within this coofdinate axis system two characteristic lines are considered, firstly\the tool cutting edge and secondly the line
of intersection pf the cutting edge normal plane P and the face. The orientation of these lines within the coordinate axis
system is deternjined by the tool cutting edge inclination )\S and the tool normal rake 7, (see figure 7).
The direction cdsines of the lines can be written :

cutting edge | (cos A, sin},, 0)

intersection ¢f P_ and face : (—siny, sinA_, siny, cos )\s, cosvy,)
These direction fosines are combined in the matrix G :

cos A, sin A 0
G =
—siny] sinA, siny, cos A, cos Y,
If now a second system of axes, the 0 %et of coordinate axes, is considered and defined in relation to the working ¢utting
edge plane P_, [the working referencé plane P, and the working orthogonal plane P__ and the same lines considered |within
this coordinate §ystem, it follofys-that :
cosA | sin A, 0
G, =
—sin Csin A, siny, , Cos A, COS7Y, e

Figure 8 a) outlines the transformation order. The matrix G which defines the two characteristic lines of the tool in the O-set
of coordinate axes is transformed through the f-set of coordinate axes and machine reference system into the f_-set of coordinate
axes. Similarly, the matrix G, which defines the same two characteristic lines of the tool in the 0_-set of coordinate axes is
transformed into f_-set of coordinate axes.

Thus, two different expressions for the direction cosines of the same lines in the same reference axis system are obtained and

by equating the

16

corresponding elements, the required relationships are obtained.
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Each transformation step consists of a rotation of the considered coordinate axis system about one of its axes. Tables 1 and 2

summarize the rotations performed, the axis about which rotation occurs, the original coordinate axis designation and the
resulting axis designation :

Table 1 — Transformation from the 0-set of coordinate exes to the f.-set of coordinate axes

Rotation angle Rotation axis Actual reference system Reference system after transformation
90° - K, Yo 0-Set of coordinate axes X, Yo, Z, f-Set of coordinate axes X, Y, Z;
(final position)
TL X f-Set of coordinate axes X, Y, Z, Intermediate system 2
+H Z; Intermediate system 2 Intermediate system_ 1
TG Y Intermediate system 1 Machine setting system X _ Y, Z
M Ym Machine setting system X, Y, ,Z,, Intermediate’system 1
N z Intermediate system 1 Intermeédiate system 2
T Xie Intermediate system 2 f,-Set of coordinate axes Xebo Yier Zso
Table 2 — Transformation from the 0.-set of coordinate axes, to the f.-set of coordinate axgs
Rotatjon angle Rotation axis Actual reference system Reference system after tragsformation
90[ —«, Yoe 0,-Set of coordinate axes Xg,¢Y .. Zge f,-Set of coordinate axes X, Y., Z,,

A.2 Details of the transformations
Each of| the transformation steps described above is . characterized by a transformation matrix of order 3.
The gerferal method for setting up an elementarytransformation matrix is given in annex B.

In the following paragraphs, the transfotmation of the G-matrix and of the G, -matrix into the f -set of goordinate axes
will be dliscussed.

A.2.1 | Transformation from_the 0-set of coordinate axes to the f.-set of coordinate axes

A.2.1.1| Transformation/from the 0-set of coordinate axes to the f-set of coordinate axes transformation K)

The refgrence systems_have their Y-axes in common. It is therefore obvious that one system can coincide with the other by
rotatior] around its Y-axis. From the definition of the tool cutting edge angle k, (angle between the tool cutting edge plane P_

and the| assumed-working plane P;), it follows that the O-set of coordinate axes can coincide with the f-set of doordinate axes
by rotating the first around the Y-axis through an angle (90° — K,).

A posit{ve-rotation js assumed and consequently the transformation matrix Tk _has the following form (see anrdex B) :

sink, 0 —COSK,
Tk, =10 1 0
COSK, 0 sink,

17
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The transformed G,-matrix is obtained by multiplying the matrices G and Tk, :

cosA_ sink, sin A —COS A, COSK,
G =G Tk, =| [=siny, sin A sink, sin7y, cos A, sin7y,, sin A  cosK,
+cosy, cosk, +cosy, sink,

1)

The matrix G; contains the direction cosines of the cutting edge and of the intersection of the cutting edge normal plane

and the face in

he f-set of coordinate axes.

A.2.1.2 Transfprmation from the f-set of coordinate axes to the machine reference system (transformation L, H, 'G)

In the most genpral case, the two reference systems have an arbitrary orientation in relation to one another.

In 3.1, three el¢mentary rotations are defined which when performed make the f-set of coordinate axes coincident w

machine referer

— rotation pround the Y-axis through the plan setting angle G;
— rotation pround the new Z-axis through the elevation setting angle H;

— rotation pround the new X-axis through the roll setting angle L.

The elementary

cos G
T =10
—sin
1
T, =10
0

It must be not
evaluate them
defined above.
all the transforn

The complete t
of the elementa

G,=6G:T,

ce system (see figure 3) :

transformation matrices, 75, T and 7 are :

0 sinG cosH -@inH 0
1 0 Ty = |sinH cos H 0
G 0 cos G 0 0 1
0 0
cos L —sinL
sinl cosL

n relation to the miachine reference axes when the tool is positioned in the machine with the setting
Consequently, the transformations must be performed in the inverse order using the inversed matrice
hation matricesare orthogonal, the inversed matrices are obtained by interchanging rows and columns.

ansformation matrix which transforms the matrix G, to the machine reference system is equal to the p
Fy transformation matrices in the following sequence :

TG

A.2.1.3 Transformation from the machine reference system to the f,-set of coordinate axes

1st way : using

the motion angles M, N, T

ith the

bd that the tool anglés-are defined in relation to the f-set coordinate axes Xy, Y, Z; and it is necessary to

angles
. Since

oduct

. (2)

The orientation of the f_-set coordinate axes X;,, Y., £;, With respect to the machine references axes Xt YmiZm is
determined by the three motion angles M, N and T. The definitions of these angles are similar to those for the angles G, Hand L

(see 3.2).

18
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The elementary transformation matrices 7y, Ty, and T are :

cosM 0 sinM ) cos N —sinN 0
Ty=10 1 0 Ty =|sinN cosN 0
—sinM 0 cosM 0 0 1
1 0 0
Tr10 cosT —sinT
0 sinT cosT

The complete transformation matrix which transforms the matrix G, into the f -set of coordinate axes |is equal to the
product of the elementary transformation matrices :

Giol= G Ty T Ty )

fe

2nd way : using the components of feed speed and cutting speed

Instead| of using the motion angles, the position of the f_-set of coordinate @xes in relation to the machine setfing system can
be defiled by the components of cutting speed and feed speed in the machine setting system. Indeed,

e direction of the Y, -axis is according to its definition oppesite to the resultant cutting direction. The latter is given
by the components of the resultant cutting speed v, which havethe following values :

(ve) K (Vc)xm + (Vf)xm
(ve) m o (Vc)ym + (Vf)ym

(Ve)"rn = (Vc)zm + (Vf)zm

By ¢hanging the signs of these componentsiand dividing them by the absolute value of the resultant cufting speed, the
dire¢tion cosines of the Y, -axis in the machine setting system are found.

.- lhe X;o-axis is perpendicular to the'working plane P, defined by the direction of primary motion (cufting speed) and
the ¢lirection of feed motion (feed(speed).

Theldirection numbers of theR -plane (and thus of a vector along the X, -axis) are :
Wolp vz =)z owdy
(Vc)‘?m (Vf))(m - (Vc)xm (Vf)zm
(Vc)‘(m (Vf)ym = (Vc) Ym (Vf)xm

The|vector tength is equal to the absolute value of the product

Isinkp vy,
-

where
¢ is the feed motion angle;
v, is the cutting speed;

v, is the feed speed.

By dividing the direction numbers given above by the vector length, the direction cosines of the X, _-axis are found.
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— the Z; -axis is perpendicular to the plane X, — Y,,. For obtaining the direction cosines of the Z; -axis, the same
procedure is followed as for the X, -axis. However, in this case the direction cosines of both the X, - and Y, -axes are
known. Moreover, the two axes are perpendicular, so that the vector length along the Z;_-axis is equal to 1.

The matrix containing the direction cosines of the X

fe'r

Yo~ and Z; -axes replaces the product Ty, Ty Tt in equati

This transformation completes the left transformation array of figure 8 a).

A.2.2 Transformation from the O.-set of coordinate axes to the f,-set of coordinate axes

The matrix G,
coincide with t
formation from

Gy, =G, Tk

The resultant m

the additional su

A.2.3 Equati

Both the G;, m
cutting edge no

identical and the

The resulting ed

only on the too
of the G;_ matri

In order to simp

For this purposq
only one transfol

cos
Taux =] cos
cos
and
— T
Taux - TL U

From the last eq

!

on (3).

the O-set of coordinate axes to the f-set of coordinate axes. Thus :

e

htrix Gy, is identical in form to the matrix G, (see expression 1) if the angles of the'fatter are provide
fffix e’

hg procedure

htrix and the G;e matrix contain the direction cosines of the cutting edge and the line of intersection

ir corresponding elements may be equated.

k (left part of the equation) are dependent only on‘the working angles A_., Yne, K e-

ify the expressions of the resultant formulae, a’set of auxiliary angles is defined with the general notatio|

fmation matrix 7 :

1,1) cos(1,2) cos (1,3)
2,1) cos (2,2) €0s.(2,3)
3,1) cos (3,2) cos (3,3)
b TG Ty T

uation it follows that the values of cos (i, j) are as given in 4.3.

efined in the O_-set of coordinate axes is the starting point. The 0_-set of coordinate axes can bé m
e f -set of coordinate axes by rotation through an angle (90° — K,o) in the same manner as for'the

mal plane P_ and the face in relation to the f_-set of coordinate axes. Both matrices must theref

uations define the values of the working angles as a function of the tool angles, setting angles and n
angles resulting from the cutting conditions. Indeed, the elements of the\G, matrix (right part of the equation) are dep{
angles A_, v,,, K,, the setting angles G, H, L and the’motion angles M, N, T. On the other hand, the elg

Lde to
trans-

. (4)

i with

of the
bre be

hotion
ndent
ments

h (i, j).

the transformation between the f-set of'coordinate axes and the f_-set of coordinate axes is performed by

. (5)

A.2.4 Note on the inverse transformation

Besides the direct transformation, where the working angles are determined as functions of the tool angles, an inverse trans-
formation can be performed. The inverse transformation enables the tool angles to be determined if the working angles are

given.

For this purpose

, both the matrices G and G, are transformed into the f-set of coordinate axes.

The transformation from the O-set of coordinate axes into the f-set of coordinate axes is obtained by one rotation through
the angle (90° — k,). The transformation from the O.-set of coordinate axes into the f-set of coordinate axes is performed by
the following successive rotations : (90° — K.o),—T,—N,—M,G,H, L [see figure 8 b)].

It must be noted that between the f_-set of coordinate axes and the f-set of coordinate axes, the transformation order and
sign of the rotation angles are inversed with respect to the direct transformation, summarized in table 1.
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The general formulae resulting from the inverse transformation are summarized in the second part of clause 4. They are
obtained by equating the corresponding elements of the matrices G, and G;e :

Gfe = G;e e (6)
where
G =G Tk,
Gre =G Tk Tr TN T To T T,
= GC—F Tt
e "“re "aux

A.3 |Derivation of the conversion formulae to give the incremental angles (y..— 7,)|land (¢, — a,.)

The ling of intersection of the cutting edge normal plane P, and the tool reference plane P, is cdnsidered [see figure 8 c)] and
the dirdction cosines of this line within the f-set of coordinate axes of axes X¢. Y4, Z; can be expressed in a maltrix :

coyk 0 sink,

The dirpction cosines of this same line within the f.-set of coordinate axes X
above matrix by the T, . matrix :

Y}e. Z5o Can be obtained by multiplying the

fer

cos (1,1) cos (1,2) cos (1,3)
coslk 0 sink, | cos (2,1) cos (2,2) cos (2,3)

cos (3,1) cos (3,2) €os (3,3)
[cosk, cos (1,1) cosk, cos (1,2) cos k7 cos (1,3)
+sink, cos (3,1) +sink, cos (3,2) #csink, cos (3,3)

If now ja similar line of intersection of planes in the f_-set of coordinate axes is considered, i.e. the intersectiof of the cutting

edge ndrmal plane P and the working«eference plane P, [see figure 8 d)] the direction cosines of this line irf relation to the
fo-set of coordinate axes of axes X, ¥}, Z;, can be expressed in a matrix :

cos|k . 0 SINK ¢

The indluded angle between the two considered lines is the change in normal rake and is also the change in ndrmal clearance.
The cogine of (v,,, =¥5) is given by taking the scalar product of the two considered lines such that :

COSK'e

|>cosxrcos(1,1) ‘| I_COSKrCOS(‘I,Z) <’ ’;osxrcos(1,3) ‘H
| e ci g r\rl',1l\ o EPSIO (32 b ot (2 D\ 0

cos (Vigr7,) =

S eSO SRS n )_.l SR COSIoT]

sin Kve

i.e.cos (7, ,—7,) =cosla, —a,.)

= cosk,[cosk, cos(1,1) +sink, cos (3,1)]+ sin K'e[COSKr cos (1,3) + sink, cos (3,3)]

A.4 Derivation of the conversion formulae for working side and back rake and working side
and back clearance

A vector perpendicular to the face is considered. Its magnitude is such that the component along the tool-in-hand Y;-axis
is — 1 [see figure 8 e)]. This vector in relation to the f-set of coordinate axes X;, Yy, Z; may be expressed in a matrix :

97, -1 tg ¢
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The relationship of the same vector with respect to the f_-set of coordinate axes X

cos(1,1) cos (1,2)

tg97, -1 tg ¢ || cos (2,1) cos (2,2)

The elements of the resulting matrix are the components of the vector along the X, Y

[see figure 8 f)].

cos (3,1) cos (3,2)

Thus it follows that :

fe

Yo Zse is Obtained from

and Z;, axes respectively

g7, cos (1,3) —cos (2,3) + tgy, cos (3,3)

tg 7fe =

and

~ tgfy,, cos (1,2) + cos (2,2) — tgy, cos (3,2)

g7, cos (1,1) —cos (2,1) + tgy, cos (3,1)

tg’)/pe == 19

From similar co

(2]

Y, cos (1,2) + cos (2,2) — tgy; cos (3,2)

hsiderations it can be shown that :

fg o, cos (3,3) + ctg o, cos (1,3) —cos (2,3)

ctga,, =

and

—dtga, cos (3,2) — ctg a, cos (1,2) + cos (2,2)

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

ctga,, -

—qtga, cos (3,2) — ctga,, cos (1,2) + cos(2,2)
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Annex B

General method for obtaining the transformation matrices

for elementary rotations around the X, Y and Z axes

It is assumed that the coordinates of a point in a system of coordinates X, Y, Z, are given. When it is required to determine
the coordinates of the same point in a second system X, Y,, Z, with the same origin as X, Y;, Z,, a transformation matrix

is used.

This transformation matrix is a quadratic orthogonal matrix of order 3.

For set
of the 3

The ex

Assum
format

The co
array o

Examp
be :

In the
express

If furth|

ting up a transformation matrix, the following rule applies : the rows of the matrix are respectively the g
xes X,,Y,,Z, inthe X,, Y,, Z, system of coordinates.

bressions of the elements are very simple if both systems of coordinates possess a common axis.

the axes X, and X, are coincident (see figure 9), then if x is the angle between the~Y\ and the Y,
on matrix 7, can be written following the general rule given above :

1 0 0
F10 Cos X —sinx
0 sinx cos X

brdinates of a point A, given in the X, Y,, Z, system, are transformed to the X,, Y,, Z, system by
coordinates with the matrix 7, .

e : If the coordinates of point A in X,, Y,, Z, are 0, 1; 1, the coordinates of point A in the X,, Y,

1 0 0
1 1110 Cos X = sipx = (0 cosx + sinx —sinx + cos x)
0 sinx COoS X

ase where the Y-axes or the Z-axes are common, the respective transformation matrices Ty and 7, ha
on:

cosy 0 siny cosz —sinz 0
F10 1 0 T,=]|sinz cosz 0
—siny 0 cos y 0 0 1

prisuccessive transformations have to be performed, the resultant transformation matrix is the product of

transfo

TITation Matrices.

irection cosines

axis, the trans-

multiplying the

Z, system will

e the following

the elementary
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Xfe
gt

Figure 1 — Right-hand turning tool
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Figure 4 — Motion angles
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