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Abstract: Finite element simulation of the cutting procesincreasingly used by researches in the field
to the detriment of experimental tests because #reyexpensive and time consuming. Another ad-
vantage of this method is that it provides inforimaton deformations, stresses and temperatures that
occur during the machining process but also abdup shape and tool wear rate. This paper studies th
influence of cutting speed and feed rate on tooingetry, temperature and cutting forces in machining
AISI 1045 carbon steel. For this research were sintrials of simulation. The machining parameters
(cutting speed and feed rate) were considered bé&iand tool geometrical parameters were kept con-
stant. Finite element simulation was performed wlith software Deform 2D Machining. Simulation re-
sults are showing that increasing the cutting spieedeases the temperature values but the valuéseof
cutting forces are decreasing. When cutting witghhialues of the feed rate, cutting forces and &ayp
ture are rising, causing modification of the to@ognetry and thus a higher wear.

Keywords: finite element simulation, cutting process, feetd r®eform 2D, cutting forces, tool geome-
try.

1. INTRODUCTION authors present a wear model [4] in order to obtain
suitable geometry of the tool so that it can belement-

In the last years the cutting and cutting toolddfie . . .
. . ed in finite element program to describe the evotubf
have been object of study for many researchersotar . L - ~
wear during machining process. Patricia Mufioz

methods and models have been proposed, which ar o .
v prop Wi Escalona, S. Melkote and Kai Liu [6] were studyirg
based on fundamental cutting theories. Some rdse@c . . ;
ing software Deform 2D and experimental tests tfie-

have relied on experimental tests others have used .
. . . L e ence of the stress, strain and temperature onuitiace
ting process simulation with finite element methBdie . .

roughness in machining AISI 52100 steel.

to the proven performance of finite element simatat So. by using finite element simulation of the auiti
programs most researchers have opted for this metho ' Y N _ . g
Thus, H. Yanda in his work [3] made seven caseslsi process can be predict values of strains, stressagact
tion using finite element software Deform 3D in erdo pressure, temperature, cgttmg forces a.nd tqol vaar .
study the effect of rake angle of cutting forceieaive Finite element analysis performed in this papersaim
: ) to study the influence of cutting speed and fedd om
stresses , strains and temperatures; the resaltshamv- . .
) , the tool geometry, temperature and cutting foroesa-
ing that the lowest values of forces, stressessarains - . . .
chining AISI 1045 steel. This analysis was consder

were recorded for a rake angle of +15'. Attanasib @- necessary because the cutting process parameber inf
authors have developed a wear model [1] which com- y gp P

bines both the model of abrasive wear and weaiiffiy- d ences t h.e tool vx{ear, prod-uctllwty and costs, bso ale-
. X : cause it is less discussed in literature.

sion with the purpose to predict tool wear and pdate

the geometry tool, simulation accomplished with @ef

3D software. N. Senthil Kumar and T. Tamizharasan a

showing in their paper [5] how different combinasoof Nomenclature

tool shapes and tool geometries influences thewealr,

. i o f feed rate, mm/rev;
cutting forces and heat generation gt .the to.ol-uhﬂtpr- v cutting speed, m/min;
face using Deform 2D software. Luigino Flice and co a depth cut, mm;
Fy cutting force, N;
" Corresponding author: 103-105 Muncii Blvd., Clujpdaa, Fy thrust force, N;
Tel.: 0755/047124; a clearance angle, degrees;
Fax: ... , Y rake angle, degrees;
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Marian.Borzan@tcm.utcluj.ro



246

2. CUTTING PROCESS SIMULATION WITH
FINITE ELEMENT METHOD
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3. RESULTS AND DISCUSSION

Simulations were performed under the conditions

To run the simulation was used Deform 2D Machin- shown in Table 5 and the results are presentealteTo.

ing V9.0. Machining parameters, cutting speed aetl f
rate, were considered as variable. The values egeth
parameters are given in Table 1.

Analyzing the trials of Fig. 2 it can be seen thke
angle modification, clearance angle modificationd an
nose radius modification. Due to higher feed ratd a

The tool was considered as a rigid body with rakecutting speed, the rake angle of the tool increathis

angle and clearance angle of +5° and the nosesadiu
0.4mm. The tool mesh was set to 1 500 elementghrend
material was chosen tungsten carbide coated VifilCH
layer with a thickness of 5 microns. These charaties
of the tool can be seen in Table 2.

The workpiece is considered as a plastic body with

mesh of 3 000 elements. AISI 1045 carbon steel was

result is in according with the references [1].

In Fig. 3 the temperature distribution in the ta®l
shown. In according with the literature [2], at
temperatures of 76@00°C occurs the oxide layers.
Thus, the wear oxidation process of the tool cde ta
place.

Effect of the feed rate on the cutting forces ug do

chosen for the workpiece material. Table 3 shoves th change of the chip thickness [2]. The results oleiiby

chemical composition of the AISI 1045 carbon steel.

finite element simulation (Figs. 4 and 5) showst tihe

Figure 1 shows the general scheme of finite elementutting force increases as the feed rate is inerkakhe-

simulation of an orthogonal cutting process.

There were six cases of simulation run presented i

Table 5. The simulations were carried out in twagss.
In the first stage has been generated effectivellation
of the cutting process. In this stage the inpuapeters
of the process were set: cutting speed, feed dafeth of
cut, tool and workpiece geometry and tool and wisg
materials. Output parameters of this stage arekpiece
strain and stress, tool-chip interface temperatcuétjng
forces, contact pressure and wear rate. In thidystill
focus on cutting forces and temperatures becatese th
parameters are influenced by the cutting speedfesd
rate. In the second stage analysis on the tool peas
formed. This step is necessary because it provides
mation about the tool geometry modifications.

Table 1
Cutting parameters
v a, f
[m/min] [mm] [mm/rev]
180 0.5 0.08
230 0.5 0.14
285 0.5 0.2
Table 2
Tool parameters
y a re Tool Tool ma- Tool
] ] [mm] mesh terial coating
5 5 0.4 1500 wWC TiCN
Table 3
Chemical composition of AlSI 1045 carbon steel
C Si Mn Cr Mo Ni
0.46 0.286 0.609 0.150 0.1 0.219
Toal

Cutting direction

Workpiece
Fig. 1. General scheme of finite element simulation.

se results are in agreement with the literature [6]

In according with the references [7], from analysi
Fig. 6, it can be observed the influence of thel fege on
temperature: increasing the feed rate, temperatue
creases.

Fig. 7 and Fig. 8 show the influence of the cugtin
speed on the forcds, andF, It can be seen that in the
cutting speed domain of the 180...230 m/min, thedsrc
tend to increase. So, an increase of the cuttirepdp
leads to lower values on the forces.

In Fig. 9 the influence of the cutting speed oge th
temperature is shown. It can be observed thatetimper-
ature increases as the cutting speed is increddweal.
result is in according with the references [8].

The maximum values of the tool displacement were
obtained for the highest values of the cutting ésrrial
No. 3 and trial No. 5).

Table 5
Simulation trials
Trial Y f
no. [m/min] [mm/rev]
1 285 0.08
2 285 0.14
3 285 0.2
4 180 0.2
5 230 0.2
6 280 0.2
Table 6
Simulation output parameters
Trial Maximum Maximum Fx Fy
no. | displacement| temperature [N] [N]
[mm] Y
1 0.00328035 850 731 997
2 0.00571097 855 870 1198
3 0.00624987 889 1005 120p
4 0.00573132 757 888 112
5 0.0120524 775 991 1170
6 0.00570883 945 881 1108
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(a)trial No. 1 (c)trial No. 3

(d)trial No. 4 (e)trial No. 5

(b) trial No. 2

(f) trial No. 6

Fig. 2. Tool displacement.
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Fi

g. 3. Temperature field of the tool.
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Fig. 4.Influence of the feed rate on the cutting foleg;
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Fig. 5. Influence of the feed rate on the thrust fofeg,
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Fig. 6. Influence of the feed rate on the temperature.
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Fig. 7. Influence of the cutting speed on the cutting foFge
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Fig. 8. Influence of the cutting speed on the cutting foFge
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Fig. 9. Influence of the cutting speed on the temperature.



4. FURTHER RESEARCH

Further, the effect of the feed rate on the strand
stresses in the workpiece is presented. Table Wsskiwe
values of the strains and stresses.

Fig. 10 shows the evolution of the strains in
according to the feed rate. It is a variable evoiytthe
lowest value of the strain recording for a feeckraf

0.14mm/rev.
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As shown in Fig. 11, the evolution of the stresses
ascending. Increasing the value of the feed rageyalue

of the streeses increases. Thus, the higher véline o
strees recording for a feed rate of 0.2 mm. Fieléeent

analysis shows that the chip becomes thicker with t

feed rate increases (Figs. 12, 13, and14). Thidtrissin

Fig. 12.Chip thickness fof = 0.08 mm/rev.

according with previous research [2 and 6].

Table 7
Values of the strains and stresses
f Strain Effective Maximum
[mm/rev] [mm/mm] Principal Stresses
[MPa]
0.08 2.97936 589.617
0.14 1.88480 834.653
0.2 3.506360 1074.78
v =285m/min
4 r 3
35
pt
€ 3
=
Fall 2.5
g 2
2
1.5
1 L=
0.05 0.15 0.25
Feed rate [Inin/rev)
Fig. 10.Influence of the feed rate on the strain effective.
Fig. 14.Chip thickness fof = 0.2 mm/rot.
;=285 m/mi
oo 5. CONCLUSIONS
Z * This paper presents the results of the finite eletm
z 1000 analysis, which refer to the effect of the cuttisjgeed
= and feed rate on the tool geometry displacement,
S 850 ;
T temperature and cutting forces.
E Based on the simulation results, it can be corsdud
700 }
g that:
= « for large values of the feed rate and cutting spted
5 550
= tool geometry changes: the values of the rake angle
2 100 N clearance angle and nose radius increase. The
- maximum values of the tool displacement were ob-
0.05 0.15 0.25 tained for the highest values of cutting forcesaldr
Feed rate [mm/rev| No. 3 and No. 5);
e cutting force increases as the feed rate is inerkas

Fig. 11.Influence of the feed rate on the principal stresse

The highest value of the cutting force recordedlier
feed rate value of 0.2 mm/rev;
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e increasing the feed rate, the temperature increasefREFERENCES
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