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Developing a Methodology for Calculating the Working
Angles of Cutting Tools with Replaceable Cutting Inserts

Tanya G. Avramova

Abstract— Taking into account the kinematics of the cutting
process and the trajectory of the relatively working movement is
described trajectory of an arbitrary point of the active part of
the cutting edge of a specific tool.

The rake face and the clearance angle face of a tool are
described and also the surface of the cutting. Mathematical
dependence for the determination of direction of flow of the chip
is obtained.

The obtained results are used for: design of cutting tools;
analysis of method of machining and developing a strategy for
the chip breaking.

Index Terms— Cutting tools; Replaceable cutting inserts

1. INTRODUCTION

In determining the geometric parameters, the cutting tool is
considered as a spatial body in a resting state [1-5]. For a base
point for formulating definitions of static parameters appear
[3,6]:

e Technological design of the tool;
e Opportunity to control the tool as a production site.

Depending on the complexity of the principal kinematics
scheme and the ratio between the linear and angular velocities
of the individual movements, they may be varied in both the
character and complexity of the trajectory of the relative
motion of the instrument and the workpiece [5,7]. In general
case, the real geometrical parameters during operation of the
tool are not identical to the static either in magnitude or the
direction of their dimension [8,9]. That is why it is necessary
to establish a new system for determining the kinematic
geometric parameters, considering the instrument not as a
space geometric body in a resting position, but as an object
carrying out a certain work movement on the work surface of
the workpiece.
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II. METHODOLOGY OF CALCULATING THE WORKING ANGLES
OF CUTTING TOOLS WITH REMOVABLE CUTTING INSERTS

A. Nomenclature

o, kinematic clearance angle, [°]

s  feed, [mm/rev]

R radius of treated surface (identical with radius of circular
cylinder), [mm]

® angle of elevation of the helical trajectory of the working
movement, [°]

oo rake angle, [°]

As  tool cutting edge inclination, [°]

XYZ major coordinate system
X,V,2Z coordinates of major coordinate system, [mm]
Xos Yo, Zy coordinates of point M, [mm)]

S major cutting edge, [mm]

Ofe working side clearance angle, [°]

Ve actual cutting speed, [m/min]

€  corner angle, [°]

K tool cutting edge angle, [°]

0  angle of leakage of the chip, [°]

Yoe working rake angle, [°]

Ay face

Ase  working angle of tool cutting edge inclination, [°]
A'se  projection of working angle of tool cutting edge
inclination, [°]

Oloe working clearance angle, [°]

Yo rake angle, [°]

h  the position of the active cutting edge of the insert
relative to the tool axis of rotation, [mm)]

For a base point for determining the geometric parameters
in the cutting process appear:

e The trajectory of the relative displacement of the
cutting element of the instrument relative to the surface of the
workpiece;

e The regularity of the deformation process during
the chip forming and the direction of leakage of the separated
chip on the contact surface of the front surface of the tool.

A fundamental requirement to the design of the tool is the
ability of all the points on its major flank to perform
unobstructed, in the cutting process, working movement on
the trajectory of the relative displacement predetermined by
the adopted principle kinematic cutting scheme [9].

Basic geometric parameter predetermining the performing
of the unobstructed working movement of the tool in the
cutting process is the clearance angle. Determining the
clearance angle in working process is directly related to the
trajectory of relative working movement of the tool and the
concept of simple and complex work movement. Expressing
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the real magnitude of the space between the major flank of the
tool moving in the cutting process and the cutting surface of
the workpiece (the workpiece).

For tools with complex work movement, a total force load
is formed on the basis of [8-10]:

e Effort from deformation of the metal removed in
the form of chip;

o Friction forces of the separated chip at the contact
surface of the face;

e Friction forces between the cutting surface and the
contact surface of the clearance angle;

e Effort from deformation ;

e Effort from deformation of the separated layer of
metal from the unsharpened part of the cutting edge of the
tool.

For tools with a helical trajectory of relative work
movement result of the combination of one main rotational
and auxiliary rectilinear motion, the kinematic clearance
angle o, is determined using Fig. 1 and the following
dependence:

a, = arctg s ® arctgw (1

The dependency analysis shows that for tools with helical
working movement the kinematic clearance angle is a variable
magnitude whose value depends on the distance between the
considered point and axis of rotation.

Fig. 1 Determining of kinematic clearance angle and clearance angle of the
tool.

For the considered metal cutting tools with a complex
working movement each point M of the cutting edge describes
helical line relative the axis of the workpiece which represent
a complex spatial trajectory of movement of the points on the
major flank of the tool to the surface of the cutting.

The forming line of the cutting surface is identical with the
trajectory of the relative movement of the examined point M,
and the position of the cutting edge.

According to Fig. 1 the equation of the line on which the
vector Ve lies at the nominal cutting speed, at any point on the
cutting edge, point M (Xy, Yy, Zy) adopts the following form:

y-Y, _ 2=2,
R.sin( w) R.cos(w)

2
The kinematic clearance
angle locked between the tangent to the helical trajectory of
the relative movement in the pt. M (X,, Yy, Zy) and the
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direction of the V vector of the nominal cutting speed is
determined by the following dependence:

S
— + Rz.sinzw + 00520)

2z

cosay =
s
\/(7)2 + R2Asin2m + R2Acos2mA\/R2Asin2m + R2.coszm

2z 3

cosak = M—R = cos(a)) )
\ (2.7[.R)2 + s2

In unilaterally cutting tools having to trajectory of the
relative working movement helical line, the kinematic
clearance angle is equal to the rise of the helical trajectory.

The angle locked between the tangent to the helical
trajectory of the relative work movement and the tangent to
the intersection line of the major flank and a cylinder surface
is the working side clearance angle of the tool during the
cutting process:

R.S
(Cc)S/ls.sinw—tgot()cosw)JrRz.sinza)+RZ.<:os2 2]
27.sin A
ag = .
TR s s L, ®
> A(coslsAsin(u—tgaOAcosa)) +R”. 72+R
sin” Ag (2.71')
sin Ag .(x - XO)

R(cosls .sino - tgag .cosa))

@, =2 ©)
; Rsnw®w R.cosw

To determine the chip leak angle, analytical dependencies
are required to determine of:
e The directional cosines of the vector of the actual
cutting speed Ve.
o The directional cosines of the major cutting edge S.
A single-sided drill with one disposable carbide insert and
a positive angle of inclination of the major cutting edge in the
XYZ spatial coordinate system is being considered (Fig. 2).
The X axis coincides with the axis of rotation of the
workpiece and the vector of the actual cutting speed Ve with
the applied point M (X, Yo, Zo) crosses the plane XY at point
M, and forms the angles a4, B, y; with the axes X, Y and Z,
the magnitudes of which are expressed by the dependencies:

cosay = sin @
cos B = cosw.sin & @)
COS y| = COS®.COS &

The major cutting edge S forms, with the axes of the XYZ
coordinate system, the angles oy, B, and v, (Fig. 3), whose
magnitudes are determined by the following dependencies:

COS @y = COS yy.COS Ag

cos 3y = sin yp.cos Ag (3)
COSypy = COS Ag
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Fig. 2 Determining of the directional cosines of the vector of the actual
cutting speed Ve.

Fig. 3 Determining of directional cosines of the major cutting edge.

The dependence of determining the angle of leakage of the
chip 0 takes the form:

sin@ = cos(k, ).cos(Ag).sin(w) + sin(x,- ).cos(Ay ).cos(@).sin(e) +
+sin(Ag).cos@).cos(E) )

To determine the working rake angle y,. of the tool it is
necessary to use:

e the equation of a plane perpendicular to the vector
of the actual cutting speed Ve in pt. M (X, Yy, Zo) from the
major cutting edge of the tool;

o the equation of the tangent to the contact surface on
the face Ay of the tool and coinciding with the direction of
leakage of the chip.

The directional cosines of the vector of the actual cutting
speed Ve in pt. M (Xo, Yo, Zg) are determined by the
following dependencies:

COS @y = COS Kp.COS Ag
cos B> = sin ky.cos Ag
COS 75 = COS Ag

(10)

The equation of the tangent to the helical trajectory of the
complex spatial working movement is the following:

x—X, _ z—2Z,
sin( @) B cos(w).sin( &) B cos(w).cos(&)

y=YX
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1)

The equation of the plane perpendicular to the vector Ve in
pt. M (Xo, Yo, Zy) is of the type:

sin( @).(x— X )+ cos(w).sin( €).(y—Yy) +

+cos(w).cos(&).(z—Z,) =0 (12)

The most probable direction of chip flow is at a distance
from the perpendicular to the major cutting edge by an angle
equal to the working angle of the inclination of the major
cutting edge S, measured in the plane of the face of the tool
Ay. The projection of the angle Ase in the XY plane is
determined by the dependence:

_18(4.)
cos(7y)

18(4,.) (13)

\,/’ /N

“\
Fig. 4 Determining of direction of chip flow.

For determining the angle of the leakage of the chip at
considered trajectory of relative working movement and a
positive angle of the inclination of the major cutting edge S is
used Fig. 4.

In the direction of actual chip flow, the rake angle y' <1.

sin y'= sin y().cos Ag,e

(14)

cos y'=4/1—sin }/0.0052 Age

The projection of the straight line, which coinciding with
the direction of the actual chip flow on the face of the tool in
the plane XY, forms with the feeding vector s an angle y, +
A'se.

cos az = sin(ls + A'ge )\/1 — sin2 70.0082 Ase
2

cos /33 = cos(ﬂs +A'ge )\/1 —sin 70.0082 Age

s)
COS 3 = sin y().cos A,

The equation of the straight is of the type:
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X—XO

sin(/ls "’”se) 1-sin2 70.0052 Age
=Y
_ =0 _ (16)
sin(ﬂs +ﬂ‘se). 1-sin? }/O.cos2 Ase
Z—ZO

sin y(y.c0s Age

The working rake angle y,. at unilaterally cutting tools is
expressed by dependence:

sin 7 e = \/1 —sin2 70.0032 0.

(sin(/ls + A'ge ) sin @ + cos(/ls +A'ge ) COS @.sin g) + (7
+ sin y(y.cos 6. cos @.cos &

The proposed dependencies for de, Yo. and 0 allow to
model the operation of different tools and the spatial
arrangement of their cutting elements. Knowing the equations
of the trajectories of the movements for the different
treatments, it is possible to conclude about the working angles
at each point of the cutting edge.

III. RESULTS

A tool for drilling holes @26 mm, working by the method
of dividing the metal cutting layer, is subjected to a survey of
geometrical parameters.

The most significant influence on the clearance angle
variation, which determines the working efficiency of the
instrument, is the parameter "h". This parameter determines
the position of the active cutting edge of the insert relative to
the tool axis of rotation (Fig. 5). The central insert of the drills
with interchangeable insert can only be placed under the axis
at a distance of not more than 0.4 mm. Otherwise, breakage of
the cutting wedge occurs due to cutting speeds close to "0"
m/min.

Fig. 5 Changing of working angles of drills with disposable carbide inserts.

(a) central cutting insert; (b) peripheral cutting insert
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The spatial diagrams shown in Fig. 6 and Fig. 7 give a

visual idea of the influence of the other geometric parameters
defining the construction.
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Fig. 6 Change of working angles depending on the distance (h) and the tool
cutting edge angle (y).
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Fig. 7 Dependence between working angles of drills with disposable carbide
insert, tool cutting edge inclination As and the distance (h).

IV. CONCLUSION

An approbation of the developed calculation methodology
is conducted and the modifications of the above mentioned
working angles, their relation with the static geometric
parameters and their change along the length of the cutting
edge are shown.

The developed methodology allows to calculate the
working angles in areas with a minimum cutting speed
converging to "0" as it is at the center of a tool for machining
holes. Also it allows to solve the following tasks of the
designing of the cutting tools with a replaceable cutting part.

e to determine the spatial location of the insert places
on the tool shank to provide a rational working geometry;

e to avoid areas from the active cutting edges of the
tool where there would be unfavorable cutting and friction
conditions;

e to determine the direction of the chip flow that
would ensure its reliable breakage and transportation in open
"V" grooves (especially for collapsible drills).
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The developed mathematical model is easily adapted to the
creation of programs for automation design of collapsible
tools with replaceable cutting part.

Development includes contributions in the part of the
designing of the cutting part of collapsible tools and solving
of forward and inverse problems at determining rational
cutting geometry

REFERENCES

[1]Astakhov, V.P., Turning. (Chapter 1), Astakhov, V.P., Drilling (Chapter
2),. In book "MODERN MACHINING TECHNOLOGY: A practical
guide", Edited by J.P. Davim, WOODHEAD/CHANDOS Oxford (UK),
2011.

[2]Astakhov, V.P., Geometry of Single-Point Turning Tools and Drills:
Fundamentals and Practical Applications, Springer, XXII, 2010

[3]B. L. Juneja, G.S. Sekhin, Nitin Seth, Fundamentals of Metal Cutting and
Machine Tools, second ed., New Age International Publishers, New
Delhi, 2003

[4]N.K. Mehta, Machine Tool Design and Numerical Control, third ed.,
Mcgraw Hill Publishing Co Ltd, 2012

[5]Puneet Tandon, Cutting Tool Geometry: 3D Perspective, LAP, 2011

[6]Z.M. Kilic, Y. Altintas, Generalized modelling of cutting tool geometries
for unified process simulation, International Journal of Machine Tools
and Manufacture, Volume 104, May 2016, pp 14-25

[7]IC.B. KapamoB, OueHka mnapaMerpoB U IPOTHO3 JIBUXKEHUS
Bpalamuerocs 00beKTa UMEIOLIEr0 TPOXOUAAIBHYIO TPACKTOPHIO MO
Bumeonzobpaxenuto, International Conference Graphicon 2006,
Novosibirsk Akademgorodok, Russia, http://www.graphicon.ru/

[8]JIedrepos EJI., Baee A.IL., ,,i3cnenBatne Ha FEOMETPUIHHUTE HTAPAMETPH
Ha cBpea 3a Ababoku orBopu ¢ ase HTII”, ci. MammHOCTponTeHA
TEXHHKA U TEXHOJIOTUH, KH.2, 2006, cTp. 8 — 12

[917Teprepor E.JI; Hukonos C.H., BUCOKOIIPOU3BOIUTEIHA HHCTPYMEHTH
3a 0bpaboTka Ha orBOpH., Texuuka, Codust 1989

[10]Shi Han-Min, A new method for analysing and calculating angles on
cutting tools, International Journal of Machine Tool Design and
Research, Volume 22, Issue 3, 1982, pp. 177-196

Ph.D. Eng. Tanya Avramova is graduated from the Technical
University of Varna, Bulgaria. She is with Bachelor’s degree and Master’s
degree in the specialty “Manufacturing engineering and Technologies”. She
successfully defended her PhD dissertation in 2014. She works as an Assist.
Prof. in Faculty of Mechanical engineering and technologies at Technical
University of Varna, Bulgaria since 2009 and give lectures of disciplines:
Manufacturing  technologies, Cutting Tools, Design Automation
(AutoCAD), etc. Her professional development is in the field of the cutting
tools.

Administrative  activities: Person responsible for a specialty
"Computerized Technologies in Mechanical Engineering"; Person
responsible for learning activity of students and lecturers in the Master's
degree; Organizer of the National Olympiad in Technical Drawing.

21

www.ijerm.com


http://www.ijerm.com/
http://www.newagepublishers.com/servlet/nagetbiblio?bno=000322
http://www.amazon.in/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Puneet+Tandon&search-alias=stripbooks
http://www.sciencedirect.com/science/article/pii/S0890695516300062
http://www.sciencedirect.com/science/article/pii/S0890695516300062
http://www.graphicon.ru/
http://www.sciencedirect.com/science/journal/00207357
http://www.sciencedirect.com/science/journal/00207357
http://www.sciencedirect.com/science/journal/00207357/22/3

	I. INTRODUCTION
	II. Methodology of calculating the working angles of cutting tools with removable cutting inserts
	A. Nomenclature

	III. Results
	IV. Conclusion
	References

