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HIGHLIGHTS
 This study is concluded that TiAlN coatings had a positive effect on the machinability of PMD 23 cold work steel
material.
 Another result of this study is that PMD 23 cold work steel material can be manufactured by milling with MQL with
TiAlN coating.
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ABSTRACT
In this study, the surface roughness of PMD 23 cold work tool steel in milling with multilayer TiAlN coated cutting tools was experimentally investigated. The effect of surface
roughness on the rotation, feed ratio, and MQL flow rate was investigated. The Taguchi
technique was used to optimize the milling process. Also, variance analysis (ANOVA) was
used to determine the effect of each parameter on the obtained results. Finally, the
relationship between dependent variables and independent variables was modeled by
regression analysis. In this study, the optimal machinability of PMD 23 cold work tool steel
with multi-layer TiAlN coating was determined.
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1.

Introduction

Machining methods have an essential place in manufacturing
processes. Materials with high mechanical properties have
been obtained with the developments in materials. The
selection of the appropriate cutting tool during material
removal from such materials is essential to ensure efficiency

[1–5]. The choice of tool material and cutting geometry is
critical. For efficient and economical processing, academic
activities are required for each of the materials and cutting
tools to be processed [1, 2, 6–9].
Milling method is widely used in machining methods. There
are many methods of milling. One of these methods, the
surface milling process, is the most widely used type of
machining. The surface milling process can be carried out
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with cutters having a variety of features, but it is also
common to use the indexable insert. These indexable inserts
can process materials with different properties. To realize
this idea, we tested PMD 23 material by using different
indexable insert. First of all, let us give some information
about PMD 23 material. This material is cold work steel,
which is a product of powder metallurgy. Wear resistance
and toughness are much more than the known 12% Cr-steels.
Its difference in cutting, punching, pressing, blowing staples,
and molds is very evident. It also provides perfect results for
cutting tools such as milling and reamers. Compared to
1.3343, it gives many times more strength and can run at a
higher speed.
Austenitic stainless steels, which indicates similar behavior
to this material, consist of a class of chromium-nickel steels
and provide very high corrosion resistance. It is not
recommended to use with other alloys for a wide range of
excellent mechanical properties. The austenitic group of
stainless steels are non-magnetic materials and are not
hardened by conventional heat management process despite
their cold strengthening for cold works [10]. AISI 304
austenitic stainless steel is categorized under a group of
materials which are difficult to process. In the machining
operations of austenitic stainless steels, generally side wear,
crater surface, and irregular wear occur in the tool [11]. Some
reasons, such as poor machinability of this material, work
hardening ratios, high infrangibility resistance, high leaning
power, high ductility, and very low thermal conductivity
explain the situation [11, 12]. The working hardness of this
steel will cause tool wear and increase in tool damage. There
is a way to reduce the effect of working hardness on tool life.
This is a high level of feed rate progress with a hard tool [13].
Milling of high hardness steels leads to reduced tool life.
Besides, sporadic refrigeration repetition, along with the
cutting and periodic temperature, cause micro cracks to
occur in inserts. Therefore, the thermal properties of tool
materials such as thermal conductivity are a very important
characteristic in hard milling materials. Measurement of the
tool temperature is necessary to evaluate the applicability of
the tool for milling. In contrast, it is difficult to measure the
temperature of the tool directly because the cutting tool
rotates at high speed, and the measurement area is small.
In this study, by using L9322 carbide multi-layer, TiAlN
coated end mill with PMD 23 material, the machinability of
material at different progress and cutting depth was
investigated. Considering the industrial conditions, Taguchi
Experiment Design method was used both in order to
perform these experiments most efficiently by considering
economic conditions and time constraints and to get the best
results by optimum experiment interpreting the results.

2.
2.1.

Material and Method
Test Sample and Experimental Setup

PMD 23 cold work tool steel used in mold industry is a
material which does not lose high-temperature stability,
thermal conductivity, toughness, and wear resistance. PMD
23 cold work tool steel can be hardened by heat treatment.
The samples used in the experiment are square shaped and
have a thickness of 135x70mm and 50mm, and chemical
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properties are shown in Table 1, and mechanical properties
in Table 2.
Table 1 Chemical properties of PMD 23

PMD23

C

W

Cr

V

Basic

1.30

6.40

4.2

3.10

Table 2 Mechanical properties of PMD 23

Tensile
Strength
(N/mm2)

Notch-Impact
Resistance
(N/mm)2)

Elongation (%)

Hardness
(HRC)

460

530-650

24

25-36

In the experiments, JOHNFORD VMC-850/550 + APC
CNC Fanuc 0T with x-y-z-axis CNC milling machine,
L9322 carbide multi-layer TiAlN coated endmill, MAHRPerthometer surface roughness tester for surface roughness
measurement, KISTLER 9265B dynamometer for cutting
force measurement, KISTLER 5019b type load amplifier
and DynoWare software program for analysis were used.
2.2.

Experimental Design and Measurement

The experiment design was done by using Taguchi
technique. Thus, it was possible to reach more
comprehensive results with less experimentation. In this
case, time and cost savings were provided. When
determining the quality characteristics, since the surface
roughness and cutting force ratios to be measured are
desired to be the least, the smallest the best principle was
applied. In this experimental study, tool path, progress, and
cutting depth were selected as parameters.
In all experiments, TiAlN coated carbide end mill with
multilayer were used, the parameters and levels to be used
in the experiment are presented in Table 3, L9
experimental design and surface roughness and cutting
forces obtained in the experiments were presented in Table
4. The experimental setup is shown in Figure 1.
Table 3 Variables Used in the Experiment
(A)
Rotation
(rpm)

(B)
Feed Rate
(mm/min)

(C)
MQL Rate
(l/h)

Level I

1800

100

20

Level II

2200

200

30

Level III

2600

300

40

Parameters

Table 4 L9 Experimental design and surface roughness and cutting force
values
Experiment
No.

Variables

1
2
3
4
5
6
7
8
9

A1B1C1
A1B2C2
A1B3C3
A2B1C2
A2B2C3
A2B3C1
A3B1C3
A3B2C1
A3B3C2

(A)
Rotation
(rpm)
1
1
1
2
2
2
3
3
3

(B)
Feed Rate
(mm/min)
1
2
3
1
2
3
1
2
3

(C)
MQL Rate
(l/h)
1
2
3
2
3
1
3
1
2
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Here, Ra denotes to surface roughness,

Figure 1 Experimental setup

3.

Results and Discussion

3.1.

Signal / Noise Ratios and Optimal Levels

The results obtained with the Taguchi design are converted
to signal/noise (S/N) ratios and expressed in decibels (dB).
The signal value represents the real value that the system
gives and is wanted to be measured, and the noise factor
represents the share of unwanted factors within the
measured value [14]. Since the goal in our study is to reach
the best surface quality, the equation we used for the
Signal/Noise ratio is the smallest the best equation [14–17].
1 n

S / N  10x log.  y i 2 
 n i 1


(1)

f

: feed, r: radius of

insert tips and D: the diameter of the cutting tool. As shown
in Equation 2, the Ra surface roughness value increases with
the increase of the feeds and decreases with the increase of
the cutting tool tip radius. However, this is a very general
equation. The results obtained in our study have coincided
with this equation. In general, the obtained roughness value
was between 0.114-0.536 µm, which meets the expectations.
According to machining parameters of surface roughness
value, S/N ratios have been presented in Table 5 and Figure
2 below. As seen in Table 4, when the effect of the machining
parameters on the cutting forces according to the S/N ratio
obtained in the nine experiments carried out were examined;
it is understood that when the federate is 100 mm/min,
rotation is 2200 rpm and the MQL rate was 40 l/h the lowest
surface roughness value was obtained. However, because
this experiment transaction was not available in the
experiments, validation tests have been performed.
Validation experiments were performed, and it was found
that there was a difference of approximately 0.06 µm (Table
6).
Table 5 Max. S/N ratios of cutting force values
Level
1
2
3
Delta
Rank

A
(Rotation r/min)
12.391
13.082
14.625
2.233
2

B
(Feed mm/min)
17.156
12.957
9.984
7.172
1

C
(MQL ratio l/h)
12.653
14.172
13.272
1.519
3

Table 6 Optimal Results for force

A2 B1C3

Verification
Test
A2B1C3

0.159 µm

0.213 µm

Estimated
Level
Surface roughness values (µm)

The effects of the parameters used in experimental studies on
surface roughness are shown in Figure 3Figure 4Figure 5.

Figure 2 S/N ratio

3.2.

Evaluation of Surface Roughness Results

One of the subjects discussed in the experimental study was
the roughness values of the processed surfaces. After years
of studies, parameters effective in the occurrence of surface
roughness have been determined, and even empirical
equations related to this have been produced.
f.r2.1000
R a=
4D

(2)

Figure 3 Effects of Rotation and Progress on Surface Roughness
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criterion under the ideal conditions, were selected at three
different levels and applied in the experimental study. The
results were summarized below.

Figure 4 Effects of Rotation and MQL rate on Surface Roughness

Figure 5 Effects of Progress and MQL rate on Surface Roughness

3.3.

Variance Analysis

Nine experiments were performed using three different
factors in PMD 23 cold work steel material turning on three
different levels, and different Ra response values were
measured from each of these experiments. Variance analysis
is used to determine whether these differences are fully
coincidental or originate from factors and the effect of each
factor on this response. As it is seen in Table 7, the most
effective factor in the occurrence of roughness on the
machined surface as a result of the machining of PMD 23
material with TiAlN coated cutting tools is federate with
73.72%.
Table 7 ANOVA results according to Ra values

Notations
A
B
C
Error (e)
Total

4.

Degree of
Freedom

Total of
Squares

Variables

F
rate

2
2
2
2
8

0.01482
0.06654
0.00835
0.06570
0.15541

0.00741
0.03327
0.00418
0.03285

0.23
1.01
0.13

Percent
Ratio
(%)
16.78
73.72
0.09
9.41
100

Conclusion

Beneficial results were obtained in this study in which the
machineability of PMD 23 cold work steel material with
TiAlN coated indexable inserts were investigated. The
criterion for machineability was the surface roughness. The
three control factors (cycle, feed amount and MQL ratio),
which were considered to be effective in realizing this



In machineability of PMD 23 cold work steel with
TiAlN coated cutting tools, the most effective
control factor on the value of roughness occurred on
the machined surface is feed rate. In the formation
of surface roughness, all three control factors
(rotation, feed rate, and MQL ratio) were also
active. In the result of the experiments, rotation at
1800 rpm, feed rate amount with 100 mm/min, and
MQL ratio with 20 l/h gave the best surface quality.



When the effects of the machining parameters on
the cutting forces according to the S/N ratio
obtained in nine experiments were examined, it is
understood that the lowest surface roughness value
is obtained when the machining is 100 mm/min, the
rotation is 2200 rpm, and the MQL ratio is 40 l/h.



It has been seen that in machinability of PMD 23
cold work steel material experimental design and in
ranging of response values in desired ratios by the
optimization of parameters, Taguchi optimization
technique was an effective technique.



With Variance analysis (ANOVA), it was
successfully determined which control factor has
how much importance on the formation of the
results obtained from the experimental study.
Accordingly, the feed rate with 73.72% effect is
seen as an effective parameter on the surface
roughness.

When the results were evaluated taking the literature into
account, it was concluded that TiAlN coatings had a positive
effect on the machinability of PMD 23 cold work steel
material. Another result of this study is that PMD 23 cold
work steel material can be manufactured by milling with
MQL with TiAlN coating.
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