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Annotation - For the past fifty years metal cutting
researchers have developed many modeling techniques
including analytical techniques, empirical approaches and
finite element techniques. In recent years, the finite
element method has particularly become the main tool for
simulating metal cutting processes. Finite element models
are widely used for calculating the stress, strain, and
temperature distributions. In consequence, temperatures
in the tool, chip and work piece, as well as cutting forces,
plastic deformation, chip formation and possibly its
breaking can be determined faster than using costly and
time consuming experiments. It is especially important
that FEM analysis can help to investigate some thermo
dynamical effects occurring in the cutting zone which,
as so far, cannot be measured directly. An example for
such effects is the influence of cutting tool coatings
on the heat transfer and friction, and resulting cutting
temperature distribution in the chip and the tool. In our
days, the finite element method based on upgraded -
Lagranian formulation has been developed to analyze the
metal cutting process The accuracy of the solution can be
improved by increasing the number of elements, although
with associated increases in the computing power and time
required for the simulation.

Introduction

For the past fifty years metal cutting researchers
have developed many modeling techniques
including analytical  techniques,  slip-line
solutions, empirical approaches and finite
element techniques. In recent years, the finite
element method has particularly become the main
tool for simulating metal cutting processes [1].
Finite element models are widely used for
calculating the stress, strain, strain-rate and
temperature  distributions. In consequence,
temperatures in the tool, chip and work piece, as
well as cutting forces, plastic deformation
(shear angles and chip thickness), chip
formation and possibly its breaking can be
determined faster than using costly and time

consuming experiments. It is
important that FEM analysis can help to
investigate some thermo dynamical -effects
occurring in the cutting zone which, as so
far, cannot be measured directly [2]. An
example for such effects is the influence of
cutting tool coatings on the heat transfer and
friction, and resulting cutting temperature
distribution in the chip and the tool. The
numerical simulation of chip formation during
the metal cutting process has been a challenging
research topic due to the difficulty in accurate
modeling of the contact and work-material
deformation with large plastic strain and friction,
high temperature and strain-rate, and their
coupling effects. In our days, the finite element
method based on upgraded - Lagranian
formulation has been developed to analyze the
metal cutting process [1]. Several special finite
element techniques, such as the element
separation, modeling of worm cutting tool
geometry, mesh rezoning, friction modeling, etc.
have been implemented to improve the accuracy
and efficiency of the finite element modeling.
The finite element simulation results have also
been validated by comparing with experimental
measurements [3]. During the orthogonal metal
cutting of 420L stainless steel using 5° rake angle
cutting tool at 90 m/min and 112 m/min cutting
speed and feeding 0,1 mm/Rpm and 0,35
mm/Rpm the Third Wave AdvantEdge program’s
finite element simulation results show the work-
material deformation zone and temperature in the
cutting tool and workpiece contact zone (from
to 700 to 1150 °C) .

especially



Finite element modeling principle and
description of the simulation model

The basis of all finite elements methods is the
approximation of a material continuum by an
assembly of small finite elements for which the
relevant variables and quantities are determined
only at the nodes of the elements. The accuracy
of the solution can be improved by increasing the
number of elements, although with associated
increases in the computing power and time
required for the simulation. In modeling the
plastic material flow there are two basic
approaches for assigning elements, both of which
have advantages and disadvantages (figure 1a, b):
1. Fixing the elements in space and allowing
material to flow through them (Eulerian
technique) (figure 1a.).

2. Dividing the material into elements that
move with the flow (Lagranian technique)
(figure 1b.).

The main advantage of the Eulerian technique
is that the shapes of the elements do not alter

k)

Fig.1. Approaches to finite element modeling
of machining. Eulerian approach, material
flows through a fixed element mesh (a);
Lagranian approach, elements move with
material and distort and rotate with position

(b).

with time, so associated coefficients require
computing only once and this considerably
reduces the computational complexity. This
presents a problem in the Eulerian technique
since placement of the fixed elements is not
obvious and an iterative approach to locating the
element mesh boundaries is therefore necessary.
For this reason the Eulerian technique is
inherently more suitable for analysis of steady
flow conditions. Thus, in machining, the
modeling of intermittent cutting, transition
conditions at tool entry and exits and cyclic chip
formation mechanisms are difficult or not
possible. Another problem to be faced is the
description of material property changes with
strain, strain rate, and temperature as the material
slows through the element mesh.

In the Lagranian [4] technique the elements
change shape and orientation as they flow
through the deformation zone. Thus, the
coefficients associated with each element must be
continually updated, increasing the computational
complexity considerably and this can also lead to
problems of geometric nonlinearity. A finite
element analysis can be made more accurate by
using smaller elements, but computation times
are increased dramatically as the number of
elements is increased. For modeling of the
machining process, a finer mesh is generally
needed in the primary and secondary deformation
zones. Using the Eulerian technique, this is
straightforward as the elements in the fixed array
can be made smaller in appropriate regions. For
the Lagranian technique, in order to improve the
computational efficiency, the mesh should be
made course to start with and then be refined as
the material pases through the deformation zones,
before being made course again. This progressive
mesh refinement in additional complication and
is particularly a problem near to the cutting edge
of the tool, where the work material divides and
the chip is formed (figure 2, 3, 4). For Eulerian
technique the separation of material at the tool
edge presents problems.

Material and cutting tool selection

As technical progress going forward and in our
days metal cutting tools evolution going fast we
chosen new Duratomic TM4000 nanocoated
turning insert for medium/finish cutting
operations with chip breaker MF4 (Chipbreaker



intended for medium/finishing of stainless steels.
Machining range: feeding = 0.15 — 0.5 mm/rev,
depth of cut = 0.5- 4 mm. According to
martensitic structure of this hard machining
material (420L), carbon (0.15 %) and high
Chrome (13 %) containing, manufacturer
(SECO) recommendations for this type of cutting
insert and possibilities of the lathe 16K20, such
as 315 Rpm and 400 Rpm for feeding 0,1
mm/Rpm and 0,35 mm/Rpm, on which
experiment was done, we chosen cutting
parameters for our experiment (tablel).

Simulation and experimental results

During the simulation of the orthogonal metal
cutting of 420 L stainless steel using 5° rake
angle cutting tool at 90 m/min and 112 m/min
cutting speed and feeding 0,1 mm/Rpm and 0,35
mm/Rpm the Third Wave AdvantEdge program’s
finite element modeling results are received to be
compared to the experimental data.

The simulation processed in the Helsinki
University of Technology (TKK) by V.
Gutakovskis, S.Laakso and professor E.Niemi. In
result four cutting parameters combinations was
made and graphical results are received.
Comparing to experimental data which were
received in RTU by V. Gutaovskis, G. Bunga and
G.Pikurs, the temperature flow through the
cutting insert is correct and is 280 °C at the
distance of 1,5 mm from the cutting edge. Chip
formation process during metal cutting is well
seen in Fig.2. The heat results in a rise in
temperature and the contours of the temperature
field and rate of temperature during this cutting
process are shown in Fig. 2, 3, 4. On the
simulation results (Fig.3, 4) we can see, that
sometimes on the cutting edge temperature
changes from base cutting temperature (600 to
700 °C) to the maximum mark of 1100 °C —
1200°C.

Conclusion

The aim of this finite element modeling was to
create a FEM simulation model in order to obtain
and research: numerical solutions of cutting
forces, temperature in the chip/tool contact region
and plastic strain during turning the stainless
steel. Program Thirdwave AdvantEdge has been

Table 1.
Finite element modeling cutting process
parameters
Parameter comb. Nr. 1 2 3 4
Feeding, mm/Rpm 0,1 | 0,35 0,1 0,35

Cutting depth, mm 05| 0,5 0,5 0,5

Cutting speed, m/min. | 90 | 112 | 112 90

used in simulations of cutting process performed
by means of TM4000 Duratomic coated carbide
turning insert. Results show us how cutting

parameters influence to the temperature
distribution fields.
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Fig.2. Simulation of cutting process, chip
formation process, temperature field in the
cutting tool and material
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Fig.3. Simulation result of cutting process:
temperature field in the cutting tool and material
with meshing (a), without meshing (b)
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Fig.4. Simulation result of cutting process:

temperature field in the cutting tool and material
with meshing (a), without meshing (b)
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Viktors Gutakovskis,Guntis Bunga, Esko Niemi,
Sampsa Laakso. Galigo elementu metodes pielieto§ana
neriiséjoso téraudu apvirpoSanas procesa modelésanai ar
dazadiem apstrades parametriem

Pedejas piecdesmit gadu laika metalapstrades pétnieki
atklaja vairakus modeléSanas panpémienus , empiriskus
panémienus un galigo elementu metodi. Pédéjos gados
galigo elementu metode ir palicis galvenais simuldcijas
instruments metalapstrades procesa modelésanai. Galigo
elementu metode plasi pielietojas spriegumu, deformdcijas
un temperatiras  sadalijuma  aprékinasanai. Tagad
temperatiras grieSanas instrumentd, skaida un apstridama
detala, ka ari griesanas spéku vértibas, materiala plastiska
deformésana, skaidu veidoSana un tas lausanas varianti,
viss tas tagad var aprékinat atri un bez dargo eksperimentu
veikSanas. Galvenokart ir svarigi ka galigo elementu analize
var palidzét izpetit termodinamiskus efektus un tas ietekme



grieSanas zond, kuri nevar izmeérit pataisno. Ka tada efekta
paraugs var biit griesanas instrumenta parklajuma ietekme
siltumvadisanai,  vibrdcijam un temperatiras lauka
sadalijumam skaida un griezéjinstrumenta. Misdiends tiek
pielietots uzlabots Lagranza formuléjums metala grieSanas
procesa modelésanai.  Aprékindsanas precizitate var
paaugstinat  ar  sadalijuma  elementu  daudzuma
palielinasanu, bet tas protams palielinds simuldcijas
izpildes laiku.

Buxrop I'yrakosckuii, I'yaTuc Bynra , 9cko Huemmu,
Camnca Jlaakco. IlpumeHenue MeToAa KOHEYHBIX
9J1€eMEeHTOB 51 MOJETHPOBAHHUS MpoIecca TOKAPHOI
00pa0oTKH HepKaBelOLlell CcTaau @NpPpH  Pa3IMYHbIX
napamMerpax o6padoTku.

3a nocneonue mnamvoecam Jjem  uccreoogamenu  no
Memannoobpabomke — paspabomanu  MHO20 — Memooo8
MOOEUPOBaAHUs, — BKIIOYAA — AHATUMUYECKUE — MemOoob,
amMnupudecKue Memoovl U Memood KOHEUHbIX dlleMeHmos. 3a
nociedHue 200a Memoo KOHEYHbIX 9IEMEHMOo8 Cmai
OCHOBHbIM — UHCMPYMEHMOM 0Nl CUMYIAYUU  npoyecca

Memaniooopabomxu. Moodenu  memooa  KOHEYHbIX
9/IeMEeHMO8  WUPOKO  UCNONb3yIomca Ol pacuema
HanpsaxceHu, Odeghopmayuii u pacnpeoenenus

memnepamypbvl. Tenepv memnepamypa 6 uHcmpymenme,
cmpydcke u obpabamvleaemoll 0emanu, maxxice KaxK Cuibl
pe3anus, niacmuveckas —Oegopmayus,  Gopmuposanue
CMPYICKU U €€ U3LOM, 8CE MO MONCEm Oblib ONPeOeeHO
Ovicmpo u 6e3 3ampam Ha OOPOLOCMOAWUL IKCHEPUMEHN.
Ocobenno 8adicro, Ymo menepo aHAAU3 MENMOOOM KOHEUHbIX
9NIEMEHMO8 ~ MOJCem — NOMOYb 6  USYUEHUU  GIUAHUS
MePMOOUHAMUYECKUX IPHPEKMO8 6 30He pe3aHus, Komopuie
He mocym 6vimb usmepenvl Hanpamylo. [Ipumepom maxoeo
appexma modxcem 0Ovimv GAUAHUE MONUUHBL NOKPLIMUA
pedxcyweco UHCmpymMenma Ha menionepeoavy, eubpayuu u
pacnpeoenenue memnepamypHozo nois 8 obpabamoléaemou
demanu u uHcmpymenma. B Hawu OHu npumersiemcs Mmemoo
KOHEYHbIX — OJIeMEeHMO8  YIAYYWEHHOU  (DOPMYIUPOSKU
Jlazpanica 0ns ananuza MoOenupoOBaHls npoyecca pe3aHus
memannos. TouHOCMb pe3yibmama MoOeaupOBaHUs MOICEM
Obimb  NOBbIUIEHA NPU NOMOWU YEENUUEHUS KOIUUeCmed
9/IeMeHmOo8, HO 9MO 6 CB0I0 ouepedb YEenuuum epems
npoyecca MooenuposaHus.



