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Abstract. In the process of work the tool angles change their
value to become the working angles. This results in a
variation of the work conditions of the cutting tools. The
variation depends on the characteristic of the resultant
cutting motion — the sum of the cutting motion and feed
motion.

In this article the characteristics of motions of cylindrical
turning, drilling, coredrilling and reaming are derived,
which can serve as a basis for determining the relations
between the tool and working angles.

These relations can be used in programming the CNC to
prevent the formation of negative working clearance angle
and the destruction of the tool.
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I. INTRODUCTION

The ISO 3002-1982 standard helps to solve many
engineering tasks, but it is not generally valid and computer
oriented. The simultaneous existence of two standards -
ASME B94.50-1975 and 1SO3002-1:1984, which deal
with unchangeable terminology and definitions, has a large
share in the confusion and misunderstanding of the basic
geometric parameters of cutting tools [1].

A critical analysis of both the advantages and
disadvantages of ISO 3002-1:1984 can be found in a
number of sources [1] - [6].

In the alternative methodology of [7], proposed in [2],
the dependencies between tool and working angles are
derived by defining in a new way the setting angles G, H
and L that give the correlation between the tool-in-hand
system f'and the machine system 7, and the motion angles
M, N and T that connect the tool-in-use system f. with the
machine system .
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The transformations of tool angles in working ones in
the process of operation is due to the feed rate D The feed
rate Dy, summed with the cutting motion D,, determines the
resultant cutting motion D.. The placement of the tool in
relation to the workpiece also has an impact.

For transformations of the tool angles into working
ones and vice versa it is necessary that the main
characteristics of the cutting motion D., feed rate Dyand the
resultant cutting motion D,.: trajectory, path, speed,
acceleration are known. The local elements of the
trajectory: the tangent, the principal normal, the binormal
(which form an accompanying trihedron), curvature and
torsion should be known as well.

For the practical application of these dependencies the
parametric equations of resultant cutting motion in
cylindrical turning, drilling, coredrilling and reaming have
been derived in [8] and [9]. In this article the equations of
the characteristics of the cutting, feed and resultant cutting
motions are derived.

1L

A.  Equations for the resultant cutting motion and the
motions of cut and feed.
Two rectangular right oriented coordinate systems,

METHODS

and the machine O, Kot ?

fixed to the workpiece O

1717,
respectively, were introduced. Axes Xj, Yy and Z; are
colinear with the axes of a standard coordinate system as
in [10].

The case of cutting motion —C’ and feed motion
-Zr is considered (Fig. 1 and Fig. 2).
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Fig. 1 Cutting motion and feed motion -Z; when cylindrical turning.

The resultant cutting motion for a point of the cutting
edge of a tool with coordinates x const.,
y = const. and z = -z(¢) is defined in O with the

0X0¥oZo

equation of a helix curve

x.(0) r.cos[[N —gam(t)]]
@) =y.@)|=|rsin[N-p,(@®)]|, (1)
z.(t) Z —z(1)

where @o1 is the angle of rotation around Zo = Z; of the
workpiece coordinate system O, against coordinate
o

>
0X0¥oZo

r=+/x>+y* = const. 2)

The tool-in-use system f. [8] is orientated in the
machine system m (Fig.3) according to the cutting
direction giving angel N

system of the machine and

N = arctg(—lj = const. 3)
X
The motion of cut —C’ in Oy, 18 defined by the
equation:
x.(2) ’”-CQS[[N—%I(f)]]
(D)= |y ()| = r.sin| N = @oi (1) |- “4)
Zc z
The feed motion -Z; in Oxone is described by:
Xr r.cos N
() =| yr |=|r.sinN|. 6)
zp (| |Z-z()

When both the revolutions n, min’', and the feed f,
mm/min, are constant, the values of the angular speed w
and the feed speed v, are

w=27n 6)
vr=fn. (7
In this case the angle of rotation is
Qo1 = .t = 2. w.n.t, )
and the translation along the direction of feed is
z(t) = Vit =f n.t. ©)
Then the equations (1), (4) and (5) get the form
x,(¢) r.cos[[N - 2.7z.n.t]]
@) =|y.()|=|r.sin|N-2.z.nt||, (10)
z.(1) Z- f.nt
x.()| |- cos[[N - 2.7r.n.t]]
7(t)=|y.()|=|r.sin|N -2.znt||, 11)
Ze z
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Fig. 2 Cutting motion —C’ and feed motion -Z, when drilling.

r.cos N
r.sin N
Z— fnt

Xy
@)= ys
zp ()

. (12)

B.  Characteristics of cut motion.
The cutting speed v, is:

v, ()| |27nr.sin(N—=2.z.nt)
Ve (1) =|v,, (1) = |-2.wnr.cos(N-2.7nt)|,
v 0

oz

(13)

and the value v, is:

Ve = Ve, +V5, +V2 =2.rn = const.

The unit vector e, of the cutting speed v, is:

_ sin(N —2.7.n.t)
ve(t) _ —cos(N —2.7.nt)|.
VC 0

(14)

(15)

gvc (0= =

The acceleration of cutting a, is:

a., ()| |47 n’r.cos(N-27mnt)
a.(1)=|a,, ()| =|-4.7° 0’ rsin(N -2.z.nt)|,
a., (1) 0

and the value a, is:

ac =,Ja;, +a, +a’ =4x'n'r=const. (17)

(16)

Fig. 3. Tool-in-use system f, (T Yoo T pes b, e ) and angle N when

cylindrical turning with cutting motion —C: and feed motion -Z;



Environment. Technology. Resources. Rezekne, Latvia

Proceedings of the 14" International Scientific and Practical Conference. Volume 3, 200-203

The unit vector ¢, of the acceleration of cut a. is:

—cos(N —2.z.nt)

2 (="D _| sin(N-22n1)|.  (18)
a. 0
The value of the tangent acceleration a,, is:
a =0, (19)

and the value a., of the normal acceleration a,, is:

Qen =A@’ —a’, =a. =4.7° n’r=const. (20)

The radius Rk1 of the curve k,, is:
c

=—=7

k

le

21)

le
The unit vectors of tangent 7., the principal normal 7z,

and binormal b of the trajectory of cutting motion are:
sin(N -2.7.nt)

Te(t) =@y, (1) =|-cos(N —2.z.nt)|, (22)
(Vi +VE )=V (Vi 1y + Ve
ﬁc (t) = ac_v (viv + chz ) - ch vcx 'acx + ve: 'acz =
a. (vfx + vzv ) Ve (vcx Ay + Vc;v 'acy ) (23)
—167" n*.r’.cos(N —2.7.n.t) ’
=|-167"n'r sin(N —2.7.nt)
0
bl V. Xa.
be =———+= (24)
V. xa,
Vol — A,y .V,
\/(vcx.aq,, —a.v,) +(vya.—a,, )2 +(vea, —a. .v(,x)2
B Vellyy = A Ve _
YOty = a9, ) + (vt =y ) + (vt —av.)
Villyy = Aoy Ve
JOway —av, ) +(vpa. —a,n.) +(vea —acv,)

=[0,0,-1]

C. Characteristics of feed motion.
The feed speed Vf is:

— T
v, 0 =[0.0-nfT, (25)
and its value vy is
vr=fn = const. (26)
The unit vector e, - of the feed speed Vf is:
2 = [0,0,-1]". (27)

D.  Characteristics of resultant cutting motion.
The speed v, is:

202

v () |27nr.sin(N-2.znt)
Ve(t) = v, ()| =|-2.7nr.cos(N —2.7nt)|, (28)
Ve (t) —n'f

and its value v, is:

Ve = \/v; +V, Ve = n.\/4.7r2 7+ f* =const. (29)

The unit vector e,, for the speed v, is:

2.r.sin(N—2.7nt)
Jart s+ f?
_ v (t 2.wr.cos(N -2t
HOEACIR (Nm2rnt) )
e \/4.7r F+f
[
Jari e+ f?
The acceleration a, is:
a.(t) |47 n°r.cos(N—-2.mnt)
a.(1) =|a, ()| =|-4.7" 0’ r.sin(N-2.znt)|, (31)
a.(t) 0

and its value a, is:

a, =.ja, +a, +a. =47’y =const. (32)
The unit vector ¢, of acceleration a, is:

—cos(N —2.7.nt)

e ()=2D | n(N-27n1)|. (33
e 0
The value a,, of the tangential acceleration a,, is:
a,; =0, (34)

and the value a,, of the normal acceleration a,, is:

2

e

2

aen -

Radius Rk1

al —a. =a, =47’ .nr =const. (35)

of the curve £, of the trajectory of

e

resultant cutting motion is:

1 Vv fP+4ntr
=—=—t=- " " 36
Ye  k, a, 4r’r (36)
The derivative @, for acceleration is:
—8.7°.n’ r.sin(N —2.7.nt)
(37)

4. (1) =|8.7°n’ r.cos(N —2.w.nt) |.
0

The torsion k,, of the trajectory of resultant cutting
motion is

_ 8. r.f
(4.7rz.r2 + 17 )2

The unit vectors of tangent 7 Iz the principal normal

. (38)

via
e en

ﬁfe and binormal b fe of the trajectory of resultant cutting

motion (Fig. 3) are:
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2.zr.sin(N—-2.z.nt)
\/4.7r2.r2 +f?
2.zr.cos(N—2.z.nt)

T(0=8,0)= . (39)
fel i Jorir+ [
B /
Jariri+ f?
A (Vo Ve )=V (v + Ve
ﬁﬁ (t) = aey vir + vezz - V(’y V(’x 'ac\‘ + V(’z 'ae: =
a, (v2 +v, )= V.. (vﬂ, Ay +V,, .aq.) 40
—A4x’n'r (470 + [7).cos(N—2.znt) > (40)
=|-4x’n'r(47°0 + f*).sin(N—-2.7.nt)
- v, Xa,
oo YeXde _ 41
fe v, Xa, “h
Vol — AoV

eyUez ez

\/ ( Vorellyy = Qo Vo )2 + (vk,\. Ay =y V. )z + (v a, —a,.\v, )2

V..d, —d,.,

ez Wex z+Vex

= \/ (Veotty = 0.0, ) + (Ve =g v) + (Ve —am.) |~

Vully, — A, V,

ey ey

VOt —a.v, ) + (vt =, 0. + (vt —av.)

_f.sin(N+2.7r.n.t)
Vit + f?
f.cos(N +2.z.nt)

2.

III. CONCLUSIONS

The change of tool angles in some working cases

(turning acme threads, face turning, milling of complex

203

profile surfaces, high speed cutting) leads to significant
changes in the values of clearance angles, sometimes
leading to tool destruction. The coordinate systems, setting
angles and motion angles, defined in ISO 3002/2-1982(E),
lead to complicated, unclear and in some cases impossible
transformations of tool angles to working angles.

The derived equations for the characteristics of the
cutting, feed and resultant cutting motions are the basis for
deriving the dependencies for straight and inverse
transformation between tool and working angles in
cylindrical turning, drilling, coredrilling and reaming.
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