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Abstract

Mold steels lead the production of products used in all areas of our lives. Performing the machinability tests of these materials with the
finite element method (FEM) provides cost and time savings. In addition, it provides to get away from physical experiments that provide
high power consumption. Because consumption must be eliminated in order to ensure a sustainable and clean production. In this study,
AISI P20 mold steel was milled using the finite element method. Same directional milling and corner milling operations were performed.
The effects of the cutting parameters used in the milling process on the power consumption were investigated. Four different feed rates
(0.075-0.113-0.169 and 0.253 mm/tooth) four different cutting speeds (170-200-230-260 m/min), and two different cutting depths
(0.075-1.5 mm) were used in the study. Power consumption values were obtained by taking the resultant values of the cutting forces
(Fx, Fy and Fz) occurring during cutting. According to the results obtained, it was concluded that the power consumption increased
with the increase in feed rate, cutting speed and cutting depth. The highest power consumption value was determined as 8041.91 W, and
the lowest power consumption value was determined as 1748.10 W. As a result, it has been shown that the FEM and statistical evaluation
yield consistent results.
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AISI P20 Plastik Kahp Celiginin Sonlu Elemanlar Yontemi ile
Frezelenmesinde Giic¢ Tiiketiminin Incelenmesi

Oz

Kalip gelikleri hayatimizin her alaninda kullanilan {irtinlerin iiretimine onciiliik etmektedir. Bu malzemelerin islenebilirlik deneylerinin
sonlu elemanlar yontemi (FEM) ile yapilmasi maliyet ve zaman tasarrufu saglar. Ayrica yiliksek giic tiiketimi saglayan fiziksel
deneylerden uzaklagmay1 saglar. Ciinkii siirdiiriilebilir ve temiz bir iretimin saglanabilmesi igin tiiketimin ortadan kaldirilmasi
gerekmektedir. Bu ¢alismada, AISI P20 kalip ¢eligi sonlu elemanlar yontemi kullanilarak frezelenmistir. Ayn1 yonlii frezeleme ve kose
frezeleme islemleri yapilmigtir. Frezeleme isleminde kullanilan kesme parametrelerinin gii¢ tiikketimi {izerindeki etkileri arastirilmistir.
Caligmada dort farkli ilerleme miktari (0.075-0.113-0.169 ve 0.253 mm/dis) dort farkli kesme hizi (170-200-230-260 m/dak) ve iki
farkli talas derinligi (0.075-1.5 mm) kullanilmistir. Kesme sirasinda olusan kesme kuvvetlerinin (Fx, Fy ve Fz) bileske degerleri alinarak
giic tiikketim degerleri elde edilmistir. Elde edilen sonuglara gore ilerleme miktari, kesme hizi ve talas derinligi arttik¢a gii¢ tiiketiminin
arttig1 sonucuna varilmstir. En ytiksek giic tiiketim degeri 8041,91 W, en diisiik giic tiiketim degeri ise 1748,10 W olarak belirlenmistir.
Sonug olarak FEM ve istatistiksel degerlendirmenin birbirleri ile uyumlu sonuglarin elde edildigini gdstermistir.

Anahtar Kelimeler: Kalip ¢eligi, AISI P20, Frezeleme, Sonlu elemanlar, Gii¢ tiiketimi.
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1. Introduction

In mold production, material selection is important for the
quantity and quality of the product to be produced. Not only the
mechanical properties of the steel material to be selected, but also
its chemical properties and the machinability criteria of
machining in the manufacturing industry should be considered
[1]. Machining methods in the manufacturing industry include
milling, drilling, grinding and turning etc. High quality
production of complex geometry materials with these methods is
more efficient than other manufacturing methods (casting,
forging, etc.). However, the selection of processing parameters is
important in order to produce materials with the desired quality
and desired efficiency with machining methods. As a result of
choosing these parameters properly, the process outputs (Cutting
force, surface roughness, cutting temperature and power
consumption, etc.) will lead to a good result [2,3,4]. With the
developing technology, the cost of experimental research with
machining is also increasing. For this reason, alternative
numerical models for research processes are increasing
nowadays. The most widely used method in numerical modeling
is the FEM. Mechanical properties of materials, machinability
tests etc. with finite element method operations can be done easily.
In experimental studies, the obtained cutting force, cutting
temperature, moment, power consumed and the rate of stress
between the material and the tool can also be done by the finite
element method [3,5,6].

When the studies in the literature are examined, the
machinability tests performed with the finite element method
increase, although not as much as the experimental studies. To
summarize the research and development studies carried out are
as follows. Kuram et al. investigated the specific cutting energy
(SCE) by measuring the cutting forces in the milling process [7].
Gok, studied, compared the cutting forces and temperature values
that occur by turning AISI 1045 steel with both physical and finite
element methods [8]. Yasar et al., examined the cutting forces
generated in the turning process of AISI P20 steel as experimental
and numerical analysis [3]. Valiorgue et al. evaluated of AISI
304L steel in a hybrid method combining both experimental and
numerical [9]. Ozel and Zeren, using the Arbirary Lagrangian
Eulerian method, processed AISI 1045 steel with the finite
element method [10]. Korkmaz and Giinay, on the other hand,
investigated the cutting force and consumed energy by making the
machinability of AISI 420 steel with finite elements [5].
Ezilarasan et al. performed the turning experiments of Nimonic
C-263 superalloy using the finite element method [11].

The literature studies are evaluated, it is seen that turning
experiments are generally carried out. Therefore, in this study, the
amount of power consumed during milling of AISI P20 steel with
the finite element method was investigated. Feed rate per tooth,
cutting speed and cutting depth values were evaluated as
machinability parameters. In addition, the values obtained as a
result of the FE analysis were evaluated by the Taguchi method.

2. Material and Method

AISI P20 mold steel, which is widely used in the mold
industry, was used in the study. Milling of this material was done
using the FEM. The chemical and mechanical properties of AISI
P20 die steel material are given in Table 1 and Table 2.
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Table 1. Chemical composition (%) [12].

C Si Mn P S Cr Mo
0,40 | 0,8 1,00 | 0,03 0,03 2,00 0,55
Table 2. Mechanical properties [12].
Properties Metric
Hardness, Rockwell C 30
Tensile ultimate strength (MPa) 965-1030
Tensile yield strength (MPa) 827-862
Elongation at break (in 50 mm) 20.00%
Poisson ratio 0.30
Elastic modulus (GPa) 190-210

Machining parameters were determined as a result of the
suggestions of the cutting tool company and literature reviews,
and two different cutting depths were selected with four different
feed rates and cutting speeds. Processing parameters are given in
Table 3.

Table 3. Cutting parameters and levels.

Machining parameter Levels
Cutting speed (m/min) 170-200-230-260
Feed Rate (mm/tooth) 0.075-0.113-0.169-0.253
Depth of Cut (mm) 0.75-1.50

The Johnson-Cook (JC) model parameters required for the
finite element method of AISI P20 material were obtained from
the study by Shatla et al. [13]. JC model parameters are given in
Table 4.

Table 4. JC parameters [13].

A (Mpa) | B(MPa) | n c m Tm
145 565.5 0.154 | 0.03 1.8 | 1753

The equation of the JC model parameter used in the study is
given below.
o°=(A+B(e?)"(1+CIn (£) )72 ") (1)
Milling operations were performed using the finite element
program. In this context, AIST P20 material used in the milling
process is defined as the length 50 mm, its width is 25 mm and its
thickness is 25 mm. For the purpose of define the cutting tool to
the program, the drawing data was made with the CATIA program
(Figure 1). In the study, carbide cutting tool with the code
AOMTI123608PEER-M, which was coated with the PVD method
produced by Mitsubishi company, was used. In the milling
simulation process of AISI P20 steel, the surface relationship
between the workpiece and cutting tool materials was chosen as
the Coulomb friction law. The milling method was chosen in the
down milling. The representation of the milling process in the

simulation program is given in Figure 2.
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Fig. 1. Cutting tool.

Fig. 2. Milling in finite elements method.

3. Results and Discussion

In the evaluation of the analysis results of the milling process
with the FEM, the resultant values of the cutting forces, which are
important in terms of power consumption in the milling process,
were taken into account. Evaluation of power consumption was
made with the formula in Equation 2 [5].

—
P=Fx— 2)

The results obtained as a result of the studies are given in Table
5 and their graphical representations are given in Figure 3 and
Figure 4.

Table 5. Power consumption values obtained depending on
cutting parameters.

Cutting | Feed Rate Depth of Power
Speed | (mm/tooth) | Cut (mm) (W)

(m/min)
170 0,075 0,75 1748,10
170 0,113 0,75 2472,57
170 0,169 0,75 3465,26
170 0,253 0,75 2531,74
200 0,075 0,75 2251,42
200 0,113 0,75 2945,36
200 0,169 0,75 3505,73
200 0,253 0,75 3125,08
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230 0,075 0,75 2807,45
230 0,113 0,75 3735,72
230 0,169 0,75 429941
230 0,253 0,75 3517,60
260 0,075 0,75 2732,75
260 0,113 0,75 3331,57
260 0,169 0,75 5250,29
260 0,253 0,75 3958,83
170 0,075 1,50 2574,90
170 0,113 1,50 3606,12
170 0,169 1,50 5214,51
170 0,253 1,50 4773,10
200 0,075 1,50 2927,66
200 0,113 1,50 5375,69
200 0,169 1,50 4731,19
200 0,253 1,50 6462,89
230 0,075 1,50 3308,59
230 0,113 1,50 6451,96
230 0,169 1,50 6872,32
230 0,253 1,50 6759,91
260 0,075 1,50 4002,06
260 0,113 1,50 6308,09
260 0,169 1,50 7741,63
260 0,253 1,50 8040,91

In general, there is an increase in the amount of power
consumed depending on the increasing cutting speed and feed.
This situation is similar to the literature [5]. However, when both
amount of depths of cut are evaluated according to the, it is seen
that there is a fluctuating change in some machining parameters.
This can be attributed to the milling mechanics having different
cutting mechanics.
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Fig. 2. Power consumption change graph according to cutting
speed and feed rate at 0.075 mm depth of cut.

By examining the graph in Figure 2, the lowest power value
(1741.10 W) at a cutting speed of 170 m/min and a tooth feed rate
of 0.075 mm, and it is seen that the highest power value (5250.29
W) is at 260 m/min cutting speed and 0.169 mm/tooth feed. There
was a 201.55% variation between the lowest and highest power
amount. The highest change between successive parameters was
observed with an increase of 57.59% from 0.113 mm/tooth feed
to 0.169 mm/tooth feed at 260 m/min cutting speed. The lowest
change between the successive parameters was observed in the

515



Avrupa Bilim ve Teknoloji Dergisi

increase from 0.169 mm/tooth feed rate to 0.253 mm/tooth feed
rate at 200 m/min cutting speed with 10.85.

—o— 0,075 —— 0,113 —— 0,169 —— 0,253

1000 — T T T
170 200 230 260
Cutting Speed (m/min)

Fig. 4. Power consumption change graph according to cutting
speed and feed rate at 1.5 mm depth of cut.

According to the graph in Figure 4, it is seen that there is an
increase in the amount of power in general with increasing cutting
speed. Although it is observed that there is a fluctuating change
according to the feed rate, it can be said that there is an increase
in the amount of power with the increase in the feed rate in
general. The lowest power value (2574.90 W) occurred at a
cutting speed of 170 m/min and a tooth feed rate of 0.075 mm, as
in the cutting depth of 0.075 mm, and the highest power value
(8040.91 W) at a cutting speed of 260 m/min and it is seen that it
is 0.253 mm/tooth feed rate. There was a 212.28% change
between the lowest and highest power amount. The highest
change between successive parameters was observed in the
increase of 95% to 230 m/min cutting speed from 0.075 mm/tooth
feed to 0.113 mm/tooth feed. The lowest change of about 1.63%
among consecutive parameters was observed at the cutting speed
of 230 m/min and the increase from 0.169 mm/tooth feed to 0.253
mm/tooth feed.

According to the analysis results obtained in terms, it was
observed that the optimum parameters were 170 m/min cutting
speed and 0.075 mm/tooth feed at both cutting depths.

The reason why machinability studies are difficult both in
physical experiments and in finite element analysis is the
determination of combinations of machining parameters.
Depending on the parameters, metal removal can be time
consuming and complex. For the purpose of save time and cost,
the number of experiments can be reduced by the taguchi method
in determining the optimum processing conditions [14,15]. The
criterion used for the measurement and evaluation of quality
characteristics in the Taguchi experimental design method is the
S/N ratio. S (Signal) indicates the actual value given by the system
and wanted to be measured, and N (Noise) indicates the share of
uncontrollable and undesirable factors in the measured value.
There are 3 types of S/N ratios [16]. These are given below.

The nominal-the best: S/N=10log (}7/533) 3)
The larger-the better: S/N=-10log (1/n}-, 3%) 4)
The smaller-the better: S/N=-log (1/n}.I~, ¥?) %)
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In equations; “y” is the mean of the observed data, “Sﬁ” is
the variance of y, “n” is the number of observation experiments,

and “y” is the observed data [17].

For the purpose of determine the optimum combinations of
processing parameters that should be used in order to keep the
amount of power at a minimum, an orthogonal experimental
design was implemented of for the purpose of distribute the effect
levels of each parameter. In the study, S/N ratios were determined
by considering “the smaller-the-better” quality characteristic
objective function in order to find the optimum parameter values
using the L32 orthogonal experimental design (Table 6) [18].

Table 6. Average S/N response for the power consumption.

Level Cutting Feed Rate | Depth of Cut
Speed (mm/tooth) | (mm)
(m/min)

1 -67.86 -68.70 -69.90

2 -71.36 -72.14 -74.05

3 -72.99 -73.89 -

4 -73.68 -73.17 -

Delta 3.83 5.19 4.15

Rank 3 1 2

The parameter with the highest Delta values given for each
level in Table 6 has the greatest effect on power consumption.
Impact rankings are expressed as Rank in the table. Accordingly,
in order to reach the optimum power value, it has been determined
that the possible parameter combination is firs level of cutting
depth, first level of feed rate and first level of cutting speed.

In Figure 5, graphs of S / N ratio responses for power are
given. The maximum points of the slopes in the figure give
information about the efficiency levels of the cutting parameters
on the power consumption.

Main Effects Plot for SN ratios
Data Means

Cutting Speed (m/min) Feed Rate (mm/tooth) Deep of Cut (mm])

]

Mean of SN ratios
80y

'

74

7 200 230 260 Q075 0113 0169 0253 075 1,50

Signal-to-noise: Smaller is better

Figure 5. S/N chart for power consumption.

Anova method was used to determine numerically the
interactions between control factors and processing parameters
[17]. The analysis of variance results for power consumption
values are in Table 7.

Table 7. ANOVA for the power consumption.

PCR
Df | SS MS F P | (%)
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Cutting

Speed

(m/min) 3 70.55 | 23.517 | 23.35 | 0.000 | 18.53
Feed Rate

(mm/tooth) | 3 126.84 | 42.278 | 41.98 | 0.000 |29.52
Depth of 0.000

Cut (mm) 1 137.90 | 137.898 | 136.93 38.93
Error 24 | 24.17 | 1.007 13.02
Total 31 {35945

R?=%93.28

In Anova, it is decided whether each parameter has an effect on
each other by looking at the p value. Considering the 95%
confidence interval, it is concluded that the parameter has an
effect on the response when P<0.05 (5% significance value).
Whichever factor has the highest F value, it is the factor that most
affects the result [19]. As a result of examining the data in Table
7, it was concluded that the most effective parameter for power
values was the cutting depth with 38.93% and the feed rate with
29.52%. It was concluded that the least effective parameter was
the cutting speed with 18.53 percent.

4. Conclusions and Recommendations

In this study, the analysis of AISI P20 die steel material with
the finite element method was carried out. The optimum
parameters of the obtained findings were obtained by using the
statistical method. The simulation and statistical results are
summarized below.

In general, it was determined that the amount of power
increased with the increase of cutting speed, cutting depth and
feed rate.

The lowest power value (1741.10 W) occurred at 170 m/min
cutting speed, 0.075 mm/tooth feed and 0.075 mm cutting depth,
and the highest power value (8040.91 W) at 0.253 mm/tooth feed,
260 m/min cutting speed and 1.5 mm cutting depth.

In order to reach the optimum power value, it has been
determined that the possible parameter combination is first level
of cutting depth, first level of feed rate and first level of cutting
speed.

According to the Anova results, it was determined that the
parameter with the least effect on the power consumption value
was the cutting speed at a rate of 18.53%.

It was concluded that the FEM is useful for machinability
experiments and the taguchi method is useful for parameter
determination.

In order to obtain more comprehensive research and results,
the number of experiments can be increased and comparisons can
be made with physical experiments.
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