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MODELLING OF CONTACT INTERACTION FOR A TOOL IN THE CONDITIONS
OF OUTGROWTH

Modelling of machining processes with a cutting tool is currently an important stage for determining machining
performance, cutting tool wear, and ultimately evaluating the effectiveness of its use. Such virtual studies make it possible to
predict the service life of the cutting tool. Modern CAE systems allow such calculations to a certain extent, but cannot always
take into account all the specific properties of the processing process, in particular, such a phenomenon as growth formation.
The growth phenomenon makes serious changes in the cutting process itself by changing the actual angles and affecting the
heat transfer processes. Therefore, the task of machining processes with a cutting tool in the conditions of growth formation
is relevant. These processes occur in one way or another during processing with almost all types of cutting tools, in particular
cutters.

The paper substantiates that, regardless of the initial shape of the cutting blade, the main part of the contact zone
can be reduced to the contact between the chip and a flat full or shortened front surface, and a method of thermophysical
analysis of the cutting zone is proposed, which takes into account the equivalent coefficients of thermal conductivity of the
cutting blade, composed of materials of growth and tool

The practical implementation of this approach made it possible to determine that the stable shape of the wear
chamfer and the associated valid law of tangential stresses take place when the back surface of the tool and the cutting
surface are in full contact and the wear intensity is uniform at each point of contact.

Key words: modelling, cutting, growth, cutting tool, contact processes.

MUJIBKO BOJIOJUMMUP, COKOJIAH 101151, CABULIbKUI IOPIIA, POMAHIIIIMHA OJIbI'A

XMenbHUIBKHUI HalliOHAIBHUI YHIBEPCUTET
MOAEJIFOBAHHS KOHTAKTHOI1 B3A€MOI[Ii JJISA IHCTPYMEHTY B YMOBAX HAPOCTOYTBOPEHHS

ModenrwesanHs npoyecie 06po6KU pi3aAbHUM [HCMPYMEHMOM € HAPA3I € 8ANCAUBUM €MANOM 0151 BUSHAYEHHS NPOJYKMUBHOCMI
06p0o6KU, 3HOUIYBAHHSl PpI3A/IbHO20 [HCMpyMeHMa ma 3pewmor OoyiHKu egekmusHocmi liozo euxkopucmauHs. Taki eipmyanvHi
docaidoceHHs1 0038015110mb cnpo2HO3y8amu pecypc pobomu pisanbHozo iHcmpymenmy. CyuacHi CAE-cucmemu 8 negHiii mipi do3eoasiiomes
BUKOHy8amMu maki po3paxyHKu, aJe He 3a8x4c0u Moxcyms epaxysamu yci cneyugivHi eaacmusocmi npoyecy 06pobKu, 30kpema make siguuje
SIK HapocmoymeopeHHs. flauwe Hapocmy 8Hocumb ceplio3Hi 3MIHU 8 cam npoyec pi3aHHs 3MiHio4U OflicHI Kymu ma en/auear4u Ha
npoyecu nepeHocy menaa. Tomy 3adaua moden08aHHs1 npoyecy 06po6KU pi3anbHUM [HCMPYMEHMOM 8 YMO8AX HAPOCMOYMBOPEHHS €
akmyasavHoo. L]i npoyecu sid6ysaromuvcsi 8 mitl yu iHwill npu 06po6Yi npakmuyHo ycima munamu pisanbHUX iHCmpymeHmis, 30kpema
pisyie.

Y po6omi 06rpyHmogaHo, wo He3a/excHo 8id nouamkogoi popmu pi3anbHO20 /1e3a 0CHOBHA YACMUHA KOHMAKMHOI 30HU Modice
6ymu 38edeHa 00 KOHMAKMY Mixc CMPYHCKOIO I NA0CKOI0 NOBHOI0 60 8KOPOUEHOH NepedHbOI N08epXHel0 ma 3anponoHO8aHa Memoduka
men/10ghi3u4HO020 aHA1i3y 30HU PI3AHHMsl, sIKA 8pPAX0BYE eKgigaseHmMHi koediyieHmu menaonpogioHocmi pi3anbHO20 /1e3d, CKAAdeH02o i3
mamepiasie Hapocmy ma iHcmpymeHmy.

IlpakmuuHa peasisayis daHozo nidxody dossoauaa susHa4umu, wo cmitika opma gacku 3HOWYBAHHS | 38 A3AHUL 3 HEH
OfticHull 3aKkoH 0OMUYHUX HANPYXCeHb MAMb Micye Npu NOGHOMY NPU/As2aHHI 3a0HbOI nosepxHi IHcmpymeHmy i nogsepxHi pi3aHHs ma
PIBHOMIPHITl IHMeHCUBHOCMI 3HOWYBAHHS 8 KOJCHIL mo4yi KoHmakmy.

Katouosi cnoea: modentosaHHus, 06pobka pisaHHsM, Hapicm, pi3aabHull IHCmpyMeHm, KOHMAakmHi npoyecu.

Introduction

For the analytical determination of contact stresses on the front and rear surfaces of the tool in combination
with temperature phenomena, the cutting edge is divided into several areas, both real and reflected, the conditions of
which are equated to free cutting. At each section, the chip element, bounded on one side by the shear surface, and
on the other by the front surfaces of the tool, is in stable force equilibrium conditions. We established that the
property of the cutting system to restore a state of stable equilibrium with a random change of any parameter of the
cutting process is also characteristic of its adequate mathematical model. Then, without knowing any parameters of
plastic deformation during cutting or contact stresses, a "random disturbance" can be introduced into the
mathematical model in the form of an initial approximation of the friction coefficient. If it is adequate, it should
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come into equilibrium with some new value, the value of which satisfies all the conditions of the relationship, and
can serve as a new, more accurate
approximation, etc. The state at which the 9
system stabilizes will determine the set of 0 Y, ly Xoj
all parameters characterizing the stress and - =
temperature state of the cutting system [1]. main deformitos.zone
It is interesting to use the developed model
for tools with a strengthening chamfer on
the cutting blade and a shaped front ~ B
surface.
Presentation of main material v
According to the results of
V.S. Kushner [2], the role of the chamfer, 0 s
the dimensions of which are smaller than
the length of the contact area, consists in
the formation of a rigid retarded body with
a height of &> on it, which begins to
perform the functions of a cutting blade
(Fig. 1). In addition to it, on the other part Yoi
of the front surface, a thin inhibited layer
of chips with a length of /y is formed, and
at the very top - a wedge-shaped body, the shape of which is determined by the conditions of continuity of
deformation rates in the zone of primary plastic deformation [2]. Thus, regardless of the initial shape of the cutting
blade, the main part of the contact zone will be equivalent to the contact between the chip and the cutting wedge
with a flat front surface. The parameters of the inhibited body - growth were determined in the works of Kushner [2]
and Zorev [3] and are:

h=(0,5..09)a; L =01-a; h,=0]1-a; h, = f-(cosy, -tgy —siny,),

where @ - is the thickness of the sheared layer;

h
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Fig.1. The shape of a valid cutting blade for a chamfered tool

¥, Y. - front angle and chamfer angle.

Hence, the front angle of the retarded layer surface is valid:

: h o, .
siny, _Z_COS y+siny-
0

However, such a calculation scheme can be implemented only when the plastic zone covers the entire
chamfer and extends to the main front surface, which is expressed by the ratio:

[,-cosy, = f-cosy, (1)
In the case when the calculated values / i [, for the front angle do not meet the condition (1), the chip after

the plastic zone continues to move along the surface of the chamfer, as along the front surface. Since the plastic
deformation in the chip is already complete, it is unlikely that it can bend further to continue sliding along the very

front surface. If [ -cosy, < f-cosy, and

[,-cosy < f-cosy,, then the entire contact area

is located on the chamfer and the thermomechanical
model [1] can be used without modification, only

with a simple change of angles ¥ =y, (Fig. 2).

If ly-cosy, < f-cosy, and

[,-cosy > f-cosy,, then cutting with a tool

with an artificially shortened front surface takes
place. The method of calculating plastic
deformation parameters for this case is described in
[4]. All other components of the thermomechanical
model will function without changes.

The analysis of cited cases of cutting with
a tool with a strengthening chamfer made it possible
to reduce them to two that are of practical interest:
1. Cutting with a tool with a flat full front surface,
consisting of a braked "rigid body" with a plastic ~ Fig. 2. The shape of the actual cutting blade when cutting with a large
zone and a part of the front surface of the tool, chamfer
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inclined at an angle 7 or ¥,. The length of the folded front surface is greater than the length of the contact area.

2. Cutting with a tool with a flat shortened front surface consisting of the same parts.

The results of the calculation based on the developed model will be the stress at each point of the front
surfaces of the tool and the degree of deformation of the sheared layer. This makes it possible to calculate new,
refined values of contact temperatures on front and rear surfaces of the tool. For this purpose, the method of heat
sources acting on the area of the cutting edge is used. On each of the sections along the curvilinear front and rear

surfaces of the tool, there are elementary resulting heat sources of variable intensity and @;;taQ,; , which are

represented by a combination of N1 of constant intensity
Gy and Gy, J=1..N,, k=1.N, (Fig. 3).

Thus, the temperature at the i-th point of the m-th section
is defined as the sum of temperatures created by all
sources and acting on the sections. The intensities of these
sources are determined from the condition of equality of
contact temperatures at the boundaries: chip-front surfaces
of the tool, cutting surface-rear surfaces of the tool.
Moreover, for the first zone, data on the intensity of
tangential stresses between the chip and the front surfaces
of the tool obtained from the solution of the above model
[1] are used.

Representation of the cutting zone with the
participation of a composite tool with different
thermophysical properties of its parts requires a change in
the method of thermophysical analysis of the contact
surfaces of the tool. First of all, this concerns the
conditions of heat transfer between the k-heat source of
the j-th section to the i-th point of the m-th contact section.

Fig. 3. Scheme for calculating the shape of the wear surface In general, this problem requires consideration of the
volume picture of heat transfer, which is extremely

difficult and hardly possible at the current stage. But, taking into account the small influence of the change in the
coefficient of thermal conductivity of the tool on its contact temperature, it is suggested to use an approximate

method that takes into account the equivalent coefficient of thermal conductivity of the composite body A, .
A = L
e >
4, (6-4)
A A

where 4 i A - respectively, coefficients of thermal conductivity of tool material and chips;

2

Oy - the total distance between the heat source and a given point of the composite body;

é; - the distance travelled by the heat flow in the body of the tool.

Let's assume that the heat flow passes from the source, whose coordinate center is at point C (see Fig. 1) to
point D of the rear surface. Depending on the position of points C and D, line CD can cross lines 2 and 3 at points 2
and 3 with coordinates:

yp—h Yp—h—h
==, =y, K X% xy="——=; =y, —K_-X;,
K +tgy 2 D 20 V3 K. +tg7, 3 D ¢ 3
_JYp—JVc . . . . .
where K, =~"—== X, V.,V - corresponding point coordinates C i D.
Xe

Then the position of the CD line relative to the inhibited layer on the front surface will determine the
following calculation options 4, :

1. 1f Yp < h ix.<x,,then /1‘3 = A (that is, the heat flow goes through the chip), and if Vp < h i Xe 2> Xy
A, = A, (that is, the heat flow goes through the tool).
2. 1fth<y,<h+h,ix.<x,, then 4, =4,
h,+h,
gy, —187.

where x, = - coordinate of the point of intersection of the continuation of the chamfer with the line 1.
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0,
B.Ifh<y,<h+h,ix,>x.2x,,then 4, = — ,
@ + 5CD — 523
A, A
where O, i 0,; - distances between the corresponding points.
0,
4. 1fh<y,<h+h,ix, <x., then A = L .
% + 5CD — 503
A, A
: Scp
S5.If yy2h+h,ix,>x., then A, = .
53D + e 530
2, A
. Scp
6.1fy,>2h+h,ix;<x.<x,, then A, = .
%p + Sep =0p
A, A

1
IfyDZh,+h2ixASxC,then, A, =4

In the case when points C and D are located either only on the front or on the back surfaces, the value is
found similarly depending on the position of points C and D in relation to point 4 (on the front surface) or to point £
(on the back surface). It is known that the temperature on the back surface of the wear is the result of the combined
effect of friction processes on the front and back surfaces of the tool.

As for the magnitude and law of distribution of tangential stresses on the back surface, there are currently
no reliable dependencies. Therefore, it was proposed to determine them by the method of superposition of stress
fields from the zone of primary deformation and the zone of elastic recovery, each of which is calculated by the
method of finite elements [5]. This takes into account the variability of the active contact length depending on the
shape of the worn rear surfaces of the tool, the presence of friction between the rear surfaces of the tool and the
cutting surface, the coefficient of which in general can be variable along the rear surfaces of the tool, as well as the
fact that the surface layer of the cutting surface, which has passed through the zone of primary deformation, was
strengthened. It was established by calculations that the law of change of tangential stresses on the rear surfaces of

the tool ¢, is determined by the shape of the contact chamfer. Since no hypotheses about its profile have received

the necessary confirmation, a mathematical model of wear of rear surfaces of the tool was developed, which is based
on the structural energy theory of wear.
Conclusions

Thus, the proposed model allows you to determine temperatures, frictional stress, and then allows you to
calculate the amount of wear at each i-th point of the contact surface and the parameters of the new cutting blade.
Substantiates that, regardless of the initial shape of the cutting blade, the main part of the contact zone can be
reduced to the contact between the chip and a flat full or shortened front surface, and a method of thermophysical
analysis of the cutting zone is proposed, which takes into account the equivalent coefficients of thermal conductivity
of the cutting blade, composed of materials of growth and tool

The practical implementation of this approach made it possible to determine that the stable shape of the
wear chamfer and the associated valid law of tangential stresses take place when the back surface of the tool and the
cutting surface are in full contact and the wear intensity is uniform at each point of contact.
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