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Foaeword 
ISO (the International Organization for Standardization) is a worldwide federation 
of national Standards institutes (ISO member bodies). The work of developing 
International Standards is carried out through ISO technical committees. Every 
member body interested in a subject for which a technical committee has been set 
up has the right to be represented on that committee. International organizations, 
governmental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated 
to the member bodies for approval before their acceptance as International 
Standards by the ISO Council. 

International Standard ISO 3002/2 was developed by Technical Committee 
ISO/TC 29, Small tools, and was circulated to the member bodies in August 1977. 

lt has been approved by the member bodies of the following countries : 
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Germany, F.R. 
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INTERNATIONAL STANDARD ISO 3002/2-1982 (E) 

Basic quantities in cutting and grinding - 
Part 2 : Geometry of the active part of cutti’ng tools - 
General conversion formulae to relate tool and working 
angles 

0 Introduction 

This part of ISO 3002 presents formulae which tan be used to convert tool angles to working angles and vice versa. The 
formulae are general and tan 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 ISO 3002/1, together with the sign conventions for these 
angles. 

The tool-in-band 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. lt 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 following 
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. Definitionsl for the machine axes and planes are based on ISO 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 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 (NN% However, only the terms given in the official 
languages tan be considered as ISO terms. 
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ISO 3002/2-1982 (E) 

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, (Pp P,),Z, (Pf Pr). 

The Xf-axis is positive in a direction which is away from both the reference corner at the tool, (as defined in ISO 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 2.1 

NOTE -The resul ting defined axes may confer m to either a right hand or a left hand coordinate axis 
tool considere d, its intended use and the location of the sel ected poin t on the cutting edges. 

System depending upon the type of 

In a similar way, other sets of tool-in-hand axes tan 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 exampie, 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,, (Pr, Pr,,), Y,, (P,, P,,), Z,, (Pf, Pr& 

Similarly in this System, the Xfe-axis is positive in a direction which is away from both the reference corner at the tool, 
(as defined in ISO 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 2.1 

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-use axes tan 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 “f,-set of coordinate axes”. 

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

Unfortunatel Y, the defined axis nomenclature is not suitable for direct use in this part of ISO 
to determine the or ,ientation of a machine reference System of pl anes. 

rection and the orientation 

3002, however, it has been used 

With the tool in its “zer-0 position” in the machine such that the tool-in-hand reference System of planes (P,-P,-P,) 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 natura1 
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 “zer-0 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 Zf. 

2 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 30

02
-2:

19
82

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


3 

ISO 3002/2-1982 (E) 

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,, ZJ (see figure 3) and the second set to define the orientation of the tool-in-use 
axes (X,,, Yf,, Zr,) in relation to the same machine setting axes (see figure 4). 

lt 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 31. 

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). lt 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 tool (see 2.2). The tool is then rotated successively through the angles G, H, L, as illustrated 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 
definitions assu m e that the angles are applied in the seque nee G, H, L. 

3.1.1 The plan setting angle G 

The an gie between the a 
measu r ,ed i n the tool refe 

ssumed 
rence pl 

working plane P, in its ze 
ane P, in its zer 0 position. 

lt corresponds to a rotation around the machine setting Y, -axis. Performing this rotation Causes the tool-in- 
axes to take up an intermediate Position in which they are designated Xi, Y,, Zi. [See figures 3 a) and 3 b).] 

embod ied in the 

ro Position and the assumed working plane P, in its final Position, 

hand coordinate 

The sign convention is defined thus : 

Increasing the plan setting angle G in the positive direction decreases the angle ~~~ and increases the angle &,. 

3.1.2 The elevation setting angle H 

The angle between the mac hine setti 
the tool. I t corresponds to a rota tion 

w y,- 
around 

,axis and its p rojection on the final Position of the assumed working plane P, of 
the intermedi ate Z;-ax is. 

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; is unchanged. Thus, the tool-in-hand axes in this second intermediate Position are designated 
x,, y;, Zi. 

The sign convention is defined thus : 

Increasing the elevation setting angle H in the positive direction increases the angle y,, in the positive direction. 

3.1.3 The roll setting angle L 

The angle betw een the tool reference plane P, in its zero Position and the tool reference 
measu red n the assumed working plane P, in its final Position. 

It corresponds 
axes X,, Y,, Z, 

to a rotation 
in relation to 

plane P, in its final position and 

around the final tool-in-hand 
the machine reference axes. 

The sign convention is defined thus : 

X,-axis. This rotation gives the final Position of the tool-in-hand 

Increasing the roll setting angle L in the positive direction increases the angle CY+. 
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ISO3002/2-1982( E) 

3.2 The motion angles 

The Position of the tool-in-use reference System of planes defined by X,,, Y,,, Zfe with respect to the machine reference 
System of planes defined by X,, Y,, Z, tan be determined by three angles : the plan motion angle M, the elevation motion 
angle N and the roll motion angle T. An alternative method of determining the relative positions is described in 3.3. The 
definitions of the motion angles are given below. lt 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 tan be made coincident with the tool-in-use axes X,., Y,,, Z,, by means of three 
Eulerian rotations. 

3.2.1 Plan motion angle M 

The angle between the Y, -Z, machine plane and the working plane P,, measured in the X,--Z, machine plane. lt 
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’, Y,, 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 \Ilre, 

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 top angle T : /M =-; 

2 

- for most other operations the plan motion angle M is equal to Zero. 

3.2.2 Elevation motion angle N 

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

lt 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 fe, 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 : 

lncreasing the elevation motion angle N in the positive direction decreases the angle y,, in the positive direction. 

In conventional cylindrical turning, if the selected Point on the cutting edge has an offset height h below the rotational 
axis [see figure 5 b)], the angle N is found from 

2h 

sinN =d 

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

In drilling, N 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 T 

The angle between the X, -Z, machine plane and the working reference plane Pr, measured in the working plane P,,. 

lt corresponds to a rotation about the Xfe-axis of the second intermediate System X,,, y’, z’ into the tool-in-use System 

xf,f yf,f Zf,. 

The sign convention is defined thus : 

Increasing the roll motion angle T in the positive direction decreases the angle afe. 
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iSO3002/2-1982( EI 

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 Speed angle q), 

f 
tg T =- 

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 q (See 
figure 6). 

In drilling, T is equal to the resultant cutting Speed angle q. 

33 
&S 

Alternative metho 
tem of planes 

d of relating the tool-in-use reference System of planes to the machine reference 

lf 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, tan be determined form the X,, Y, and Z, components of 
the feed Speed yf and cutting Speed v,, which are designated : 

components of feed Speed (v,)X 
m’ 

(vf),, 
m’ 

(vf)= 
m 

components of cutting Speed (v& 
m’ 

(I&, 
m’ 

(v& 
m 

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 
either zero or 90”. 

complex, in practice they are simplified considerably since certain angles are equal usual ly to 

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 tan be used for the working angles provided that the suffix ‘Ie“ is 
added to all angles. 

4.1 

4.1.1 

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

Working cutting edge inclination 

sin h se = Cash, sin Kr cos (I,2) -+ sin x, cos (2,2) - cos As CoSK r COS (3,2) 

4.1.2 Working cutting edge angle 

tCJKre = - 
COS~ssinK,cos(l,l) +sir$ cos(2,1)-COShsCOSKrC0S(3,1) 

c 1 cos h, sin K~ cos (1,3) -t- sin hs cos (2,3) - cos As cos K~ cos (3,3) 
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ISO 3002/2-1982 (E) 

4.1.3 Working normal rake 

sin Y”, 
’ I 

=- ,[-siny, sinh,sinq +cosy, ~~~K~]cos(I,~) + 
cos Ase 

Alternatively : 

i- [sin y, sin h, cos K r i- cosy, sin KJ cos (3,2) + sin y, cos AS cos (2,2) ) 

‘Os (Yn e -‘y,) = [COSK~ cos (1,I) + sinKr cos (3,1)] cosKre -k [cos K~ cos (1,3) 4- sin Kr cos (3,3)] sin Kre 

NOTE - To make use of this latter relationship it is essential to have previous knowledge of whether the working normal rake is [arger or 
smaller than the tool normal rake. 

4.1.4 Working normal clearance 

’ I 
cos an e =- ,[ 

cos Ase 
sin a, cos Kr -COscYn sin& sinK,]cos(I,2) + 

+ [cosq, sinh, COSKr + sin q-, sin Kr] cos (3’2) + cos o+, cos h, cos (2’2) ) 

Al ternatively : 

cos bne -an) = [COSK~ cos (1,l) -t sinq cos (3,1)] COSKre -k [cos K, cos (1'3) i- sin Kr cos (3,3)] sin ~~~ 

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. 

lt should be further noted that if either the working normal rakey,, or the working normal clearance ane has been determined, 
the other tan be derived from the relationship : 

ane + ß,, + Yne = ‘O” and P,e = ßn 

4.1.5 Working side rake 

- 
ClYf, - 

tg yf cos (3,3) + tg y, cos ( 1’3) - cos (2,3) 

cos (2,2) - tg yf cos (3,2) - tg y, cos (1’2) 

4.1.6 Working back rake 

tg yf cos (3,l) + tg y cos(I,l) -cos(2,1) 
WY,, = cos (2,2) - tg yf cos (3,2) - tg yP cos (1,2) 

4.1.7 Working side clearance 

ctg a),, = 
ctg cyf cos (3’3) -t ctg cy, cos ( 1’3) - cos (2’3) 

cos (2’2) - ctg af cos (3’2) - ctg cyP cos ( 1’2) 

4.1.8 Working back clearance 

ctg CYpe = 
ctg cyf cos (3’1) + ctg cIP cos (1'1) - cos (2'1) 

cos (2'2) - ctg af cos (3,2) - ctg CU, cos ( 1’2) 

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

4.2.1 TOOI cutting edge indination 

sin X, = cos X,, sin tc,, cos (2,1) + sin hS, cos (2,2) - cos X,, cos K,, cos (2’3) 

4.2.2 Tool cutting edge angle 

cos (1,l) + sinhs, COS (1'2) - COS x,, COS Kre COS (1’3) 
tgKr = - 1 cos (3,1) + sin XSe cos (3,2) - cos X,, cos K,, cos (3’3) 

6 
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ISO 3002/2-1982 (E) 

4.2.3 Tool normal rake 

sin y, 
1 I 

= - \ [- sin y,, 
cos h 

sin XS, sinK,,-+ COS& COSKre] COS (21) + 
S 

+ bw,, sin X,, cosKre +cosy,. sin KJ cos (2,3) + sin y,, cos X,, cos (2,2) I 

Alternatively, the tool normal rake T,., may be derived from the expression for cos (y,, -7,) 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 

1 I cos a, =- 
cos h, \[ -Cosa,, sinXse sinKre + sinar,, cosK,J cos (2,l) t 

+ [cosane sin X,, cos K,, + sin ane \ sin K,,] cos (2,3) + cos cy,, cos X,, cos (2,2), 

Alternatively, the tool normal clearance cy, may be derived from the expression for cos (ane -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 tan 
be derived from the relationship : 

an + p, + y, = 90” and P” = P,, 

4.2.5 Tool side rake 

tgY, = 
tg yf, cos (3,3) + tg y,, COS (3,~ ) - COS (3,2) 

- tg yf, cos (2,3) - tg y,, cos (21) + cos (2,2) 

4.2.6 Tool back rake 

WY, = 
tgy,, cos (1,3) + tg+y,, cos (1,l) -cos (L2) 

- tg yf, cos (2,3) - tg y,, cos (Zl) + cos (2,2) 

4.2.7 Tool side clearance 

ctg afe cos (3,3) + ctg spe cos (3,l) -cos (3,2) 
ctg cyf = - 

- ctg CYAN cos (2,3) -ctg cw,, cos (2,l) + cos (2,2) 

4.2.8 Tool back clearance 

ctg cr, = 
CtgCYQOS (1,3) + CtgO!p~COS (1,l) -cos(1,2) 

--ctg afe cos (2,3) -ctg cy,, cos (2,l) + cos (2,2) 

4.3 Auxiliary angles 

The geometrical meaning of the auxiliary angles (i, j) is as follows : 

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

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

The angle (3,l) is the angle between the axes 2, 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,, 
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The angle 

The angle 

The angle 

The angle 

3,2) is the angle between the axes 2, and Y,, 

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

2,3) is the angle between the axes Y, and Z,, 

3,3) is the angle between the axes Z, and Z,, 

The values of cos (i, j) tan 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 

am W,,, Y,,, Zf,) and the machine setting axes (X,, Y,, Z,) on the other hand : 

cos(l,l)=cos(X,,X,)cos(Xfe,Xm) +cos(X,,YJcos(X,,,Y,) +cos(X,,Z,)cos(X,,,Z,) 

cos(2,1)=cos(Y,,Xm)cos(Xfe,Xm) +cos(Y,,Ym)cos(Xfe,Ym) +cos(Y,,Z,)cos(X,,,Z,) 

cos (3,l) = cos (Z,,X,) cos (Xfe,Xm) + cos (Z,, Y,) cos Mf,, Y m ) + cos (Z,, z, 1 cos (Xfe,Zm 1 

cos (1,2) = cos (X,, X, ) cos (Y,,, X,) + cos (X,, Ym) cos (Y,,, Y,) + cos (X,, Z, ) cos (Y,,, Z, ) 

cos (2,2) = cos (Y,, x, ) cos (Y,,, X,) + cos (Y,, Y, 1 cos (Y,,, Y,) + cos (Y,, z, 1 cos (Y,,,Z,) 

cos (3,2) = cos (Z,,Xm) cos (Y,,,X,) + cos (z,, y,) ~0s (yfe, y,) + cos (z,,z,) cos (y,,,z,) 

cos (1,3) = cos (X,, X, ) cos (Z,,, X,) + cos (X,, Ym ) cos (Zf,, Y,) + cos (X,,Z, 1 cos Efe,Zm 1 

cos (2,3) = cos (Y,, X,) cos (Z,,, X, ) + cos ( y,, y,) cos (Z,,, Y, ) + cos (Y,, z, 1 cos (Z,,,Z, 1 

cos (3,3) = cos (Z,, X,) cos (Z,,, X,) + cos (Z,, y, 1 cos IZ,,, Y,) + cos (z,, z, 1 cos (Z,,, Z,) 

The angles between the tool-in-hand axes and machine setting axes tan be expressed as a function of the setting angles : 

cos(X,,X,) = cosG cosH 

cos (X,, Y,) = sin H 

cos(X,,Z,)=-sinGcosH 

cos(Y,,X,)=-cosGsinHcosL +sinGsinL 

cos (Y,, Y,) = COSH COSL 

COS (Y,,Z,) = sin G sin H cos L + cos G sin L 

cos (Z,,X,) = cos G sin H sin L + sin G cos L 

Cos(Z,,Y,)=-cosHsinL 

cos(Z,,Z,)=-sinGsinHsinL +cosGcosL 

The angles between the tool- ,in- use axe 1s and the machine setting axes tan be expressed in 
function of the motion angles (1 st way) or as a fu nction of the CO Impon ents of cutting Speed 

1st way 

cos (X,,, x, ) = cos M cos N 

cos Mf,, Y,) = sinN 

cos (X,,, Z, ) = - sin M cos N 

COS(Y,~,X )=-cosMsinNcosT+sinMsinT m 

cos w,,, v,) =cosNcosT 

COS &,Z,) = sinM sinN cos T + cosM sin T 

COS (Z,,, X,) = cosM sin N sin T + sin M COS T 

different ways : as a 
feed Speed (2nd Wad. 

cos (Z,,, Y,)=-cosNsinT 

COS (Z,,,Z,) = - sinM sinN sin T + cosM COS T 
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2nd way 

( 1 vc Y, (Vf )z m 
- b& 

cos txfe, xm 1 = 
m (Vf)Y, 

Isin cp v, vf 1 

( ) 
cos lxf,, ‘m) = 

” 2, (Vf)Xrn - k)J(, (Vf)Zrn 

Isin cp vc Vf l 

( ) 
cos lxfe, zm) = 

vc Xm bf)ym - k)y, (Vf)J(, 

bin v v, Vf I 

( ) 

cos (v,,,X,) =- 
vc x, + (Vf)Xm 

1 I % 

( 1 
cos (Y,,, Y,) = - 

vc y, + (Vf)Ym 

I I % 
( 1 

cos (Y,,, Z,) = - 
Vc z, + lVf)Zm 

I I % 
cos (z,,, x, ) = cos IX,,, ym 1 cos ( yf,,‘zm 1 - cos txfetzm ) cos ( yf,, ym ) 

cos E,,, Y,)=cos(x,,,zm)cos(Y,,,xm)-cos(x,,,xm)cos(Y,,,zm) 

cos tzfetzm 1 = cos txf,, xm 1 cos ( yf,# ym 1 - cos txf,I ym ) COS ( yfe, xm) 

The product sin q vc vf tan either be computed directly or tan be derived from the following expression : 

lsinqv, vfl= 
-/[ kJym (Vf)Z, -k)zm <vf>ym] 2 + @zm bf)X, -(v,)x, <Yf)qJ 2 + p&o bf)ym -k)ym (Vf)X,l 2 

where 

q is the feed motion angle; 

vC is the magnitude of the cutting Speed; 

vf 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 * 
edge (for example, for a selected Point located on the major cutting edge of a L.H. turning tool or for a sel 
cutting edge of a R.H. turning tool), the value of the term [(v,) Y 

m 
(q)z 

m 
- (v,)z 

m 
(vf)~ 

m 
] may be negative. 

In such cases Isin q vc vfl shouid be replaced by - Isin rp V, vfl in all formulae. 

The resulting cutting Speed v, tan be derived from 

the selected Point on the cutting 
ected Point located on the minor 

I I v, = 
IN 

( 1 vc x, + (Vf)x, 
] 2 + ~vc’ym + (Vf)Ym] 2 + [tvC)z, + (Vf)zm] 2 

5 Conversion formulae for cases where the working plane Pf, 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 arc : 

- 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 Pfe 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. 

Gdld 

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

HrN 

. . . (1) 

. l . (2) 

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

From relationships (1) and (2) above, the evaluation of the auxiliary angles Iisted in 4.3 gives : 

cos(l,l) = 1 cos (1,2) = 0 cos(1,3) =o 
cos (2,l) = 0 cos (2,2) = cos (T-6) cos (2,3) = - sin (T- 6) 
cos (3,l) = 0 cos (3,2) = sin (T- 6) cos (3,3) = cos (T-6) 

In the machining operations listed above, the roll setting angle L and the roll motion angle T are the only ones required for 
the conversions. The angle (T- L) is the angle between the assumed direction of primary motion (Y,-axis) and the resultant 
cutting direction (Y,,-axis). 

NOTE - From the expressions of the auxiliary angles and the physical meaning of the angle (T- L), it follows that the tool-in-hand axes and 
tool-in-use axes are directly related to each other without using the machine setting axes. Therefore, the “Zero Position” of the tool on the 
machine need not be defined for the machining operations listed above. 

5.2 Direct transformation 

By substituting the above values for the auxiliary angles in the general conversion formulae, we have : 

sin hSe ~sinhScos(T-L)-cosX,cos~rsin(T-L) 

Cos X, sin K 
wre = 

sir-$sin(T-L)+cosX ct&~o~(T--L) 
S 

1 
sinyne = - 

cos h,, 
] (sin& sin+os~~ +cosyn sinicr) sin(T-L) +siny, cosh,cos(T-L)] 

5.3 Inverse transformation 

Again by substituting the above values for the auxiliary angles, we have : 

tgKr = 
- cos h,, sin Kr, 

sin Ase sin(T-L) -cosx,, ~0s~~~ cos(T-L) 

sin y, ~~[-(sin~~~sin~s~cos~~~~cos~~~sin~~~)sin(T-~)~sin~~ecoshse~os(T-~)] 
S 

6 Practical examples 

6.1 Cylindrical turning (see figure 5) 

In general, the tool reference plane Pr 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 tan be determined by 

f 

tgT=z 

10 
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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. 

The auxiliary angles have the following values : 

cos (1,l) = cosG cos (1,2) = - sin T sin G cos(1,3) =-cos TsinG 
cos (2,l) = 0 cos (2,2) = cos T cos (2,3) = - sin T 
cos (3,l) = sin G cos (3,2) = cos G sin T cos (3,3) = cos G cos T 

The resultant conversion formulae are : 

6.1.1.1 Direct transformation 

sin X,, =sinh,cosT-cosX,sinTcos(~~--G) 

wre = 
COSA, sin (Kr -G) 

cos h, cos T cos (IC, - G) + sin h, sin T 

sin Y,, =--&cos(Kr- GI sin T sin As sin y, -i-- cos T sin y, cos As + sin (K~ - G) cos y, sin T] 
se 

6.1. ‘1.2 Inverse transformation 

sin h, = sin As, cos T i- cos Ase cos K,, sin T 

tCJK, = 
- cos Ase sin Kr, cos G i- sin h,, sin T sin G - cos Ase cos ~~~ cos T sin G 

cos Ase sin Kre sinG -t sinhse cosG sin T-cosXSe ~0s~~~ COSG COST 

sin y, 1 I =- \sinyne 
cos x, 

Cos h,, Cos T - [sin y,, sin h,, cos ~~~ i- cosy,, sin Kre] sin T I 

NOTE - Using the 2nd way of describing the relationship between the tool-in-use System and the machine setting System, the auxiliary angles 
have the following expressions [with the exception of components (v,)y 
turning Operation ] : 

m 
and (v~)z 

m’ 
all other components are equal to zero for a cylindrical 

cos ( 1,l) = cos G 

cos (1,2) = sin G - 
IV,1 

(Vf) y, 
cos(1,3) =sinG- 

IV,1 

cos (2,l) = 0 

(v,)y 
cos (2,2) = - - 

lVe Im 

cos (2,3) 
(Vf)Zrn 

=- 
IV,1 

cos (3,l) = sin G 

(vd, 
cos (3,3) = -cos G - 

IV, Im 
Since 

(Vf )Irn k)y 
sin T= - - 

IV,1 
and cos T= - -2 

IV,1 
these values correspond to the ones given above. 

11 
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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 tan be found by 

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(l,l) =cosNcosG 

cos (2,l) = sin N 

cos (3,l) = cos N sin G 

cos (1,2) = - sin N cos T cos G - sin T sin G 

cos (2,2) = cos N cos T 

cos (3,2) = cos G sin T- sin G sin N cos T 

cos (1,3) = sin N sin T cos G - cos T sin G 

cos (2,3) = -cos N sin T 

cos (3,3) = cos G cos T + sin’G sin N sin T 

The resultant formulae are : 

6.1.2.1 Direct transformation 

sin X,, = - cos&sinNcosTsin(~~ - G) - cos hs sin T cot (K~ - G) i- sin X, cos N cos T 

twre = 
cos As cosN sin (K~ - G) i- sin hS sin N 

- cos As sin N sin T sin (K~ - G) + cos As cos T cos (K~ - G) i- sin hS cos N sin T 

siny,, = sin As sin N cos T sin (K~ - G) + sin y, sin As sin T cos (K~ - G) - 

-cos&, sinN cosTcos(~~ -G) +cosy” sinTsin(~~ -G) i- siny, COSA, cosN cosT] 

12 
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6.1.2.2 Inverse transformation 

sin h, = cos h,, sin K,, sin N .f sin Ase cos N cos T -t cos h,, cos ~~~ cos N sin T 

tCJK,= 
-cos h,, sin K,, COSN COS G -i-sin h,, [sin N cos T cos G -t- sin T sin G] -t cos X,, cos ~~~ [sin N sin T cos G -cos T sin G] 

cos Ase sin K,, COS N sin G i- sin Ase [cos G sin T- sin G sin N cos T] - cos h,, cos K re [cos G CGS T + sin G sin N sin T] 

1 
sin y, =- [-sinyne 

cos h, i sin Ase sin ~~~ -t cos y,, cos KJ sin N + sin yne cos X,, cos N COS T - 

- bin Y”, * Sin h,, cos ~~~ + cos 7,. sin Kre] cos N sin T ] 

NOTE - Using the 2nd way of describing the relationship between the tool-in-use System and the machine setting System, the auxiliary angles 
have the following expressions [only the components (v,)~,, (IJ&, and (vf)z m are not equal to zero for a cylindrical Operation] : 

wx, 
cos (2,l) = - 

IV,1 

w Y, 
cos (3,l) = - sin G - IV,1 

wx, (Vf )z 
cos ( 1,2) = - cos G - 

IV,1 
+ sin G lv,Im 

k) y 
cos (2,2) = - ~ 

IV, Im 

wx, 
cos (3,2) = - sin G - - 

(Vf )z, 
- 

IV,1 cos G IV,1 

cos (1,3) =-cos G 
k), m (vf)Zm . IV,1 

IV,1 IV,1 - s’n G IV,1 

cos (2,3) = - 
(vc) y, (Vf)Zm 

IV& IV,1 

(vc )x 
cos (3,3) = - sin G 

m (Q)z, IV,1 
Iv,l IV,1 + cos G IVJ 

it tan be 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 h in relation to the rotation axes. Suppose that 
H=L=OandG#O . 

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 )x fVf )z, k IX, ( 1 m vc Y, 

The following values tan be computed : 

Jsin p v, vfI = V (V& m (v& m + cvc,; m b& m + (v,)2y m bf$ m 

IV,I = ( EV,)X, + tvf)x,l * + (vc)2ym + (vf):, 

The auxiliary angles have the following values : 

cos G (vJy 
cos (1,l) = 

m (vf)= m + sin G (v,)y m (dx, 

Jsin p v, vf 1 

- b,)* 
m (Vf)z 

cos (2,l) = 
m 

Isin p v, vf I 

sin G (v,) y 
cos (3,l) = 

m bdzm - cos G bJym br)X, 
bin cp v, vf I 

- cos G (vJx 
cos (1,2) =- 

C m + bf)Xml + sin G (vJZm 

I I “e 

- (v,)y 
cos (2,2) = 

m 

l I % 
- sin G (v& 

cos (3,2) = 
C m + CVf>x,l - cos G (vdZm 

1 I % 

’ cos G (vJx 
cos (1,3) = 

C m (vfl:m - (~J’y, (vf)x 
m 

] + sin G (vf)z 
m [Ic,J’ + k)x, ‘“f)Xm]’ 

bin cp vc vf I IV& 

( 1 vc Ym L- ( 1 “, Xm (“f)X + IV I 2 

cos (2,3) = 
m f ] 

Isin p “, “fl I”,l 

cos (3,3) = 
sin G [(V,)x, (Vf)$ 

m - (V,)$, (Vf)xm] -cos G (Vf)z, [lvcl* ’ (“c)Xm (“f)Xm] 

Isin v “, “fl I”,l 

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 tvpe 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 [(v,)Y ] may be negative. 

m 
(vf)z 

m 
- (v,)z 

m 
(vf)y 

m 

In such cases ]sin q V, Vfl should be replaced by - jsin rp v, vf 1 in all formulae. 

The following Situation generally occurs : 

- ( 1 V, y, and (v& are negative; 
m 

- if the selected Point on the cutting edge is below the rotation axis, then (Qx is positive; 
m 

- if the cone to be turned has an increasing diameter in the direction of feed motion, then (vf)x is positive. m 
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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 h, = the helix angle; 

b) the tool cutting edge angle K, = 90”; 

c) the angle (T- L) = the resultant 
assumed direction of primary motion; 

cutting Speed angle 7, since the direction of primary motion coincides with the 

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 Direct transformation 

sin X,, = sin X, cosq 

cos h, 
wre = sin A, sin V 

sinyne = --& (COSY, sin77 + siny” COSA, ~0s~) 
se 

6.3.2 Inverse transformation 

sin h, = sin h,, cos7j + cos h,, cos Kre sin 7-j 

sin y, =--& [- (sinyne sinX,, cosKre + cosy,, sinKre) sinq + siny,, COSX,, cowj] 
S 

NOTE - As explained in 5.1, the “Zero Position” of the tool on the 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 
tan be used for deriving the general conversion formulae given in this part of ISO 3002. The matrix method has been used 
because it is particularly suited for computerized application. 

A.l General transformation scheme 

The procedure which is followed 
be explained briefly as follows : 

to establish the relationships between the tool-in-hand System and the tool-in-use System tan 

Initially, a System of coordinate axes is established for the tool in relation to the cutting edge and this is called the O-Set of 
coordinate axes. The axes in this System are designated X,, Yo, Z,. Figure 7 illustrates these axes, which are defined by the 
intersection of tool-in-hand planes as follows : 

X, = line of intersection of the tool cutting edge plane Ps and the tool reference plane Pr. 

%.l t= line of intersection of the tool orthogonal plane Po and the tool cutting edge plane Ps. 

Z, = line of intersection of the tool orthogonal plane P, and the tool reference plane Pr. 

Within this coordinate axis System two characteristic lines are considered, firstly the tool cutting edge and secondly the line 
of intersection of the cutting edge normal plane Pr, and the face. The orientation of these lines within the coordinate axis 
System is determined by the tool cutting edge inclination As and the tool normal rake y, (see figure 7). 

The direction cosines of the lines tan be written : 

cutting edge : (cos h,, sin h,, 0) 

intersection of P,., and face : (- sin y, sin h,, sin y, cos X,, cosy,) 

These direction cosines are combined in the matrix G : 

cos xs sin h 0 
S 

G= 
- sin yn sin Xs sin y, cos h, COSY” 

If now a second System of axes, the O,-set of coordinate axes, is considered and defined in relation to the working cutting 
edge plane Pse, the working reference plane Pr, and the working orthogonal plane P,, and the same lines considered within 
this coordinate System, it follows that : 

cos x,, sin h 0 se 
Ge = 

- sinyne sin Ase sin y,, cos Ase ‘Os Yn 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 O,-set of coordinate axes is 
transformed into f,-set of coordinate axes. 

Th us, two d ifferent expressions for the direction cosines of the same I ines in the 

bY equatin Cl the corr ,esponding elements, the requi red rela tionships are obta ined. 
same reference axis System are obtained and 
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Esch 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 O-Set of coordinate exes to the f,-set of coordinate axes 

Rotation angle 

90” - Kr 

-L 

-H 

-G 

M 

N 

T 

Rotation axis 

Yo 

Xf 

z; 

‘rn 

‘rn 

Actual reference System 

O-Set of coordinate axes X,, Yo, Z, 

f-Set of coordinate axes X,, Y,, Z, 

I ntermediate System 2 

I ntermediate System 1 

Machine setting System X,, Y,, Z, 

I ntermediate System 1 

I ntermediate System 2 

Reference System after transformation 

f-Set of coordinate axes X,, Y,, Zr 
(final Position) 

I ntermediate System 2 

Intermediate System 1 

Machine setting System X,, Y,, Z, 

I ntermediate System 1 

I ntermediate System 2 

f,-Set of coordinate axes X,,, Y,,, Z,, 

Table 2 - Transformation from the O,-set of coordinate axes to the f,-set of coordinate axes 

Rotation angle Rotation axis Actual reference System Reference System after transformation 
I 

90” -Kr Y Oe O,-Set of coordinate axes X,,, Yo,, Zoe f,-Set of coordinate axes X,,, Y,,, Z,, 
I 

A.2 Details of the transformations 

Esch of the transformation Steps described above is characterized by a transformation matrix of Order 3. 

The general method for setting up an elementary transformation matrix is given in annex B. 

In the following Paragraphs, the transformation of the G-matrix and of the G,-matrix into the f,-set of coordinate axes 
will be discussed. 

A.2.1 Transformation from the O-Set of coordinate axes to the f,-set of coordinate axes 

A.2.1.1 Transformation from the O-Set of coordinate axes to the f-set of coordinate axes transformation Kr) 

The reference Systems have their Y-axes in common. lt is therefore obvious that one System tan coincide with the other by 
rotation around its Y-axis. From the definition of the tool cutting edge angle K, (angle between the tool cutting edge plane Ps 
and the assumed working plane P,), it follows that the O-Set of coordinate axes tan coincide with the f-set of coordinate axes 
by rotating the first around the Yo-axis through an angle (90” -K,). 

A positive rotation is assumed and consequently the transformation matrix TK, has the following form (see annex B) : 

sin K r 0 -CoSK r 

TK~= 0 1 0 

COS K r 0 sin K r 

17 
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The transformed Gf-matrix is obtained by multiplying the matrices G and Tìcr : 

cos h, sin K r sin h, 

G,=GTK = r - sin y, sin As sin Kr 

i 1 sin y, cos h, 

+ COSY,, COSK, 

(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 the f-set of coordinate axes. 

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

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

In 3.1, three elementary rotations are defined which when performed make the f-set of coordinate axes coincident with the 
machine reference System (see figure 3) : 

- rotation around the Y-axis through the plan setting angle G; 

- rotation around the new Z-axis through the elevation setting angle H; 

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

The elementary transformation matrices, TG, TH and TL are : 

TG = 

cos G 0 sinG 

0 1 0 T,, = 

- sin G 0 cos G 

1 0 0 

TL = < 0 cos L -sin L 

0 sin L cos L 

cos H -sinH 0 

sinH cos H 0 

0 0 1 

lt must be noted that the tool angles are defined in relation to the f-set coordinate axes X,, Y,, Zf and it is necessary to 
evaluate them in relation to the machine reference axes when the tool is positioned in the machine with the setting angles 
defined above. Consequently, the transformations must be performed in the inverse Order using the inversed matrices. Since 
all the transformation matrices are orthogonal, the inversed matrices are obtained by interchanging rows and columns. 

The complete transformation matrix which transforms the matrix G, to the machine reference System is equal to the product 
of the eiementary transformation matrices in the following sequence : 

G, = G, FL TL T-,!,! . . . (2) 

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

Ist way : using the motion angles M, N, T 

The orientation of the f,-set coordinate axes X,., Y,,, Zfe with respect to the machine references axes X,, Y,, Z, 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). 
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The elementary transformation matrices TM, TN and T, are : 

cos M 0 sinM 

T,,,,= 0 1 0 

-sinM 0 cos M 

1 0 0 

T,= 0 cos T - sin T 

0 sin T cos T 

. 

T,,/ = 

cos N - sin N 0 

sin N cos N 0 

0 0 1 

of coordinate axes is equal to the 

. . . (3) 

The compl ete transformation matrix which transforms the matrix G, into the f,-set 
product of the elementary transformation matrices : 

G fe = G, TM T,,/ T, 

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

I nstead of using 
be def ined by th 

the motion 
e componen 

angles, the Position of the f,-set of coordinate ax es in relation to the mach 
ts of CU tting Speed and feed Speed in the machine setting System. I ndeed, 

- the direction of the Yfe-axis is according to its definition opposite to the resultan 
by the components of the resultant cutting Speed v,, which have the followin g values 

( 1 ve x, = (v,)x m + bf)X, 

( 1 ve Ym = (VJy 
m 

+ bf)Ym 

( 1 63 2, = (v,), 
m + bf)Zm 

By changing the signs of these components and d 
direction cos ines of the Yfe-axis in the machine sett 

,- the Xfe-axis is perpen dicular to the 
the direction of feed moti on (feed Speed 

t cutting direction. The latter is given 

i 
viding them by the 
ng System are found 

absolute value of the resultant cutting Speed, the 

working plane P,, defined by the direction of primary moti,on (cutting Speed) and 

The direction numbers of the P,,-plane (and thus of a vector along the X,,-axis) are : 

( ) vc Y, bf)Zrn - b&, bf)y 
m 

( 1 vc z, (Vf)x, - bJx, bf)Z, 

( 1 vc x, (vf)ym - k)ym bflXrn 

The vector length is equal to the absolute value of the product 

Isin v v, Vf I 

cp is the feed motion angle; 

vc 

vf 

is the cutting Speed; 

is the feed Speed. 

ine setting System tan 

By dividing the direction numbers given above by the vector length, the direction cosines of the Xfe-axis are found. 
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- the Zfe-axis is perpendicular to the plane X,, - Y,,. For obtaining the direction cosines of the Zfe-axis, the same 
procedure is followed as for the Xfe-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 Zfe-axis is equal to 1. 

The matrix containing the direction cosines of the X,,-, Y,,- and Zfe-axes replaces the product TM TN TT in equation (3). 

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 Ge defined in the O,-set of coordinate axes is the starting Point. The O,-set of coordinate axes tan be made to 
coincide with the f,-set of coordinate axes by rotation through an angle (90” - K,,) in the same manner as for the trans- 
formation from the O-Set sf coordinate axes to the f-set of coordinate axes. Thus : 

Gk, = Ge TK~~ , . . (4) 

The resultant matrix Gie is identical in form to the matrix G, (see expression 1) if the angles of the latter are provided with 
the additional suffix “e”. 

A.2.3 Equating procedure 

90th the G,, matrix and the G;, matrix contain the direction cosines of the cutting edge and the line of intersection of the 
cutting edge normal plane Pr, and the face in relation to the f,-set of coordinate axes. 90th matrices must therefore be 
identical and their corresponding elements may be equated. 

The resulting equations define the values of the working angles as a function of the tool angles, setting angles and motion 
angles resulting from the cutting conditions. Indeed, the elements of the G,, matrix (right part of the equation) are dependent 
only on the tool angles x,, y,.,, K,, the setting angles G, H, L and the motion angles M, N, T. On the other hand, the elements 
of the G& matrix (left part of the equation) are dependent only on the working angles hSe, yne, K,,. 

In Order to simplify the expressions 0 the re 
For this purpose the tr ansformation etwee 
only one transformation matrix Taux : 

sultant formu lae, a set of auxiliary angles s defined with the 
n the f -set of coordinate axes and the f, set of coordinate 

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

T aux = cos (2,1) cos (2,2) cos (2,3) 

cos (3,l) cos (3,2) cos (3,3) 

T aux = Ti TL TL TM T,,/ T, 

general 
axes is 

notat ion (i, j). 
perfo rmed by 

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

A.2.4 

Besides the direct transformation, 
formati on c an be performed. The 

Note on the inverse transformation 

where 
inverse 

the working angles are determined as functio ns of the tool angles, an inverse trans- 
tra nsformation enables the tool angles to be deter mmined if the work ing ang es are 

. . . (5) 

For this purpose, both the matrices G and Ge 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,,), - T, - N, -M, G, H, L [see figure 8 b)]. 

lt must be noted that between the f,-set of coord inate 
sign of the rotation angles are inversed with respect to th 

axes a 
e direc 

nd th 
t tran 

e f-set 0 f coordinate axes, the transformation Order and 
sforma ti on, 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;, : 

G fe = G;, . . . (6) 

where 

G fe = G TK, 

Gie = Ge Tqe T; TL Tb TG TH TL 

= Ge TKre CLJX 

A.3 Derivation of the conversion formulae to give the incremental angles (y,,- y,) and (a, - ane) 

The line of intersection of the cutting edge normal plane P, and the tool reference plane Pr is considered [see figure 8 c)] and 
the direction cosines of this line within the f-set of coordinate axes of axes X,, Y,, Zf tan be expressed in a matrix : 

I COS K r 0 sin K r I 

The direction cosines of this same line within the f,-set of coordinate axes X,,, Y,,, Zfe tan be obtained by multiplying the 
above matrix by the Taux matrix : 

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

I 
COSK, 0 sinK r 

I 
cos (2,l) cos (2,2) cos (2,3) 

cos (3,l) cos (3,2) cos (3,3) 

If now a similar line of intersection of planes in the f,-set of coordinate axes is considered, i.e. the intersection of the cutting 
edge normal plane P,, and the working reference plane Pr, [see figure 8 d)] the direction cosines of this line in relation to the 
f,-set of coordinate axes of axes X,,, 

. 
Y,,, Zfe tan be expressed in a matrix : 

l COS K re 0 sin Kre 
I 

The included angle between the two cons idered lines is the Change in normal rake and is also the Change in normal clearance. 
The cosine of (Y ne - y,) is given by taking the scalar produc t of the two consi dered I ines such that : 

cos (y,,-y,) = 

COS Kre 

0 

sin Kre 

i.e. cos (y,, -y,) = cos b, -(Y,.) r 
= COS Krel cos~,~os(~,~)~sinK,~0~(3,1)]~sinK,,[cosK,c0~(1,3)~sinK,c0s(3,3)~ 

A.4 Deri vation of the 
and back cleara nee 

conversion formulae for working side and back rake and working side 

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 Xf, Y,, Zf may be expressed in a matrix : 

tg Yp -1 tg Yf 
I 
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The relationship of the same vector with respect to the f,-set of coordinate axes X,,, Y,,, Z,, is obtained from 

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

Kl Yf 
‘1 

cos (2,l) cos (2,2) cos (2,3) 

I cos (3,l) cos (3,2) 0s (3,3) 1 

The elements of the resulting matrix are the components of the vector along the X,,, Y,, and Zfe axes respectively 
[see figure 8 f)]. Thus it follows that : 

‘9Yfe = 
tg y, cos (1,3) - cos (2,3) + tg yf cos (3,3) 

- tg y, cos (1,2) + cos (2,2) - tg yf cos (3,2) 

and 

tSY,e = 
tgy, cos (1,l) -cos (2,l) + tgy, cos (3,l) 

- tg y, cos (1,2) + cos (2,2) - tg yf cos (3,2) 

From similar considerations it tan be shown that : 

ctg Q’,, = 
ctg Er cos (3,3) + ctg cyP cos ( 1,3) - cos (2,3) 

- ctg cyf cos (3,2) - ctg aP cos (1,2) + cos (2,2) 

and 

ctgape = 

ctgcu, cos (3,l) + ctg&, cos (1,l) -cos (2,l) 

- ctg cyf cos (3,2) - ctg aP 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 

lt 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 setting up a transformation matrix, the following rule applies : the rows of the matrix are respectively the direction cosines 
of the axes X, , Y, ,Z, in the X,, Y,, Z, System of coordinates. 

The expressions of the elements are very simple if both Systems of coordinates possess a common axis. 

Assume the axes X, and X, are coincident (see figure 9), then if x is the angle between the Y, and the Y, axis, the trans- 
formation matrix T, tan be written following the general rule given above : 

Tx = 

n 

1 0 0 

0 cos x - sinx 

0 sinx cos x 

The coordinates of a Point A, given in the X,, Y, , Z, System, are transformed to the X,, Y,, Z, System by multiplying the 
array of coordinates with the matrix Tx. 

Example : If the coordinates of Point A in X,, Y,, Z, are 0, 1, 1, the coordinates of Point A in the X,, Y,, Z, System will 
be : 

0 1 1 

In the case where the 
expression : 

1 0 0 

'0 cos x - sinx = (0 cosx + sinx - 

0 sinx cos x 

sinx + cosx) 

or the Z-axes are common, the respective transformation matrices TV and Tz have the following 

cos y 0 sin y cos z - sinz 0 

TV= 0 1 0 Tz = sin z cos z 0 

- sin y 0 cos y 0 0 1 I 

If further successive transformations have to be performed, the resultant 
transformation matr ices. 

transformation matrix is the product of the elementary 
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