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Abstract

AISI P20 is prehardened mold steel that is commonly used to manufacture plastic injection molding. The surface characteristics of molds
play crucial role to control plastic injected molds parts. Besides, the characteristic of molds is mainly influenced by machining process,
the manufacturing process to produce molds. This study presents the extensive experimental work focusing on the machining processing
conditions on the surface characteristics of Plastic Injection mold steels. The input parameters are cutting speeds, feed rates and cutting in-
serts’ geometry (wiper and non-wiper). The measured output parameters are subsurface hardness of machined parts and phase transforma-
tion induced from cutting process. Experimental results show that wiper insert significantly helps to improve surface quality of compo-
nents. Besides, microhardness measurement shows that thermal softening occurs resulting from machining of this alloy. However, cutting
speed has limited effect on the thermal softening response of this work material. XRD data illustrates peak broadening and increased in-
tensity with machined samples.
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Oz

AISI P20, plastik enjeksiyon kalib1 iiretiminde yaygin olarak kullanilan sertlestirilmis kalip ¢eligidir. Kalibin yiizey karakteristikleri, plas-
tik enjeksiyon kalip pargalarini kontrol etmede dnemli rol oynar. {laveten kalibin 6zellikleri biiyiik 6l¢iide talasli imalat prosesi tarafindan
etkilenir. Bu ¢alisma plastik enjeksiyon kalip celiklerinin yiizey 6zellikleri tizerindeki isleme siireci kosullarina odaklanan kapsamli deney-
sel calismay1 sunmaktadir. Giris parametreleri, kesme hizlari, ilerleme oranlar1 ve kesici uglarin geometrisidir( silici ug ve normal ug ). Ol-
¢lilen ¢ikt1 parametreleri, islenmis pargalarin yiizey alti sertligi ve kesme isleminden kaynaklanan faz doniisiimiidiir. Deneysel sonuglar, si-
lici ucun pargalarin yiizey kalitesini artirmaya 6nemli dl¢lide katkida bulundugu géstermektedir. Ayrica mikrosertlik 6l¢timii, bu alagimin
islenmesinden kaynaklanan 1sil yumusamanin gergeklestigini gostermektedir. XRD verileri islenmis numunelerde pik genislemesi ve sid-
det artigin1 gostermektedir.

Anahtar Kelimeler: AISI P20, Plastik enjeksiyon, Mikrosertlik, Silici ug

I. INTRODUCTION

AISI P20 steels are widely used in industries to manufacture die and mold that are used for the plastic injection molding. Plas-
tic injection molds and dies should have some properties such as high durability, resistance to plastic deformation in use, etc.
For forming processes of dies and molds, machining is the one of the significant and required processes main processes. For
this reason, machinability for Impax Supreme Steel should be carefully investigated. In addition to machinability, the effects
of machining on surface and subsurface quality of machined dies and molds should be carefully examined. In the literature,
researchers investigated machinability of plastic injection mold.
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Gupta et al. [1] investigated the machining of this die
and mold steels. They conducted experiments to find opti-
mum cutting conditions so that they reduce cutting power,
and surface roughness. They also concluded that under cr-
yogenic cooling conditions, optimum outputs can be obta-
ined. Khan et al . [2] also investigated dies and mold steel,
and found that under the minimum quantity lubrication, ma-
chinability of this material increases by reducing forces, and
surface roughness. Optimization studies to increase machi-
nability of this materials have been conducted in the open li-
terature, and majority of these studies were able to find opti-
mum conditions to control surface roughness, cutting forces
including main cutting forces, tangential forces and feed for-
ces [1, 3]. But this material is used in dies and molds, and
more work is needed for the main output of workpiece so
that reliability of dies and molds can be increased. Some pre-
viously presented literature reported the surface roughness
that is important but not enough to see the quality of mac-
hined dies and molds. But just surface roughness is found
to be not enough to characterize surface aspects of machi-
ned components [4, 5]. If surface integrity is not control-
led appropriately, then some kind of problems might be seen
during injection molding processes such as crack initiation,
or failure of dies and molds. Because these components are
dynamic components and during injection molding process,
these components are subjected to stresses. But these stres-
ses are not only mechanical stresses but also thermal stresses
as temperature of dies and molds are changing during mol-
ding processes. Thus, just investigation of surface roughness
might not be enough to get reliable molds and die after ma-
chining processes. Compare to optimizing the cutting pro-
cess for this dies and molds steel, there are not enough stu-
dies mentioning about the surface integrity after machining
process in the literature.

Limited number of studies has focused on the surface in-
tegrity of this material. Zeilmann et al. [6] investigated sur-
face integrity characteristics of this material when it is mil-
ling. They reported that on the surface and subsurface the
machining affected layer takes place after machining process.
Under optic microscopy, they observed that plastic deforma-
tion occurs within this layer. Besides, they measured hardness
of these material showed that it does not show big increases.

But in the meantime, surface integrity studies of this dies
and molds steel is widely investigated for the nonconventio-
nal machining processing [6]. In these studies, generally fo-
cused points are surface and subsurface layer. During cutting
process, researchers investigated if white layer takes place,
and they measured the thickness of white layer. In addition,
surface crack was the main point to investigate [7].
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In addition, when the literature is carefully examined,
it is observed that the wiper insert had a positive effect on
the surface roughness[8, 9]. Wiper configuration has made it
possible to employ higher feed rates in turning, at the same
time keeping surface roughness as small as possible [10].

As literature review shows, there is not enough study
showing surface integrity of this material after machining
process. Thus, the effect of cutting speed, feed rate and cut-
ting insert on surface integrity characteristics is investiga-
ted and presented in this study. These surface integrity cha-
racteristics are surface roughness, microhardness and phase
transformation.

II. EXPERIMENTAL PROCEDURE

In this study, AISI P20 work material with 20 mm diameter
and 110 mm long were used. In each experiment, new work
material was used. As-received hardness of work material
was found as 270 Vickers hardness. Its ultimate tensile stress
is 1020 MPa at 20 °C, it is 930 MPa at 200 °C; its yield stress
is 900 MPa at 20 °C, it is 800 MPa at 200 °C. Thermal con-
ductivity of work material is 28 W/m °C. In this study, two
different cutting insert were used. One of them was CNMG
120408-WMX wiper carbide insert (Sandvik), another one
was CNMG 120408-FF2 conventional carbide insert. Wi-
per insert has some advantages like generating much better
surface [11], therefore it is considered to be useful for sur-
face integrity.

(@

Figure 1. Demonstration of conventional insert (a) vs wiper insert (b)

In this study, three different cutting speeds ( 60,120, and
180 m/min) are used. In addition, three different feed rates
(0.075; 0.15 ; 0.225 mm/rev) are used. Depth of cut was 0.8
mm. Dry cutting was employed during machining tests. The
cutting conditions are depicted in Table 1.

Table 1. Cutting parameters

Insert CNMG 120408-WMX Wipc?r
CNMG 120408-FF2 Non-wiper

V (m/min) 60,120, 180

SUmm/rev) 0,075,0,15, 0,225

a_(mm) 0.8

dooling Dry
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After machining process, surface roughness for each
samples were measured by using surface roughness measu-
rement device. For surface roughness measurement, arith-
metic average surface roughness (Ra) was considered. After
surface roughness measurement, each workpiece were cut to
prepare metallographic specimen. Precision blade was used
to cut the specimen. After cutting the specimen, each spe-
cimen was mounted. For the molding process, cold moun-
ting was preferred so that the possible effect of hot mounting
on the microstructural characteristics of sample were avoi-
ded. After that polishing and grinding machine were used to
grind and polish the specimen. After this process, the hard-
ness of each specimen was measured by using vickers hard-
ness measurement device. In addition to hardness, each spe-
cimen’s phase was measured by using XRD analysis.

IT1. RESULTS AND DISCUSSION

The surface roughness is very important for die and mold
applications. After machining process, it is desired to have
lower surface roughness so that the surface quality of mac-
hined parts can be improved [12, 13]. During plastic injec-
tion molding, having rough roughness on the surface of dies
and mold can negatively affect the product quality. Thus, it
is always desired to have surface roughness as low as pos-
sible. It also affects the fatigue life and failure of machined
dies and molds components.
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Fig. 2a shows the measured surface roughness of ma-
chined workpiece. In these tests, feed rates varied and wi-
per and non-wiper (conventional) inserts were used. Surface
roughness is high when non-wiper is insert is used at all feed
rates. The difference is small at low feed rate, but when we
increase feed rate, the difference becomes bigger. The effect
of feed rate on surface roughness is also presented in this re-
sult. When feed rate increases, both wiper and non-wiper in-
sert increases surface roughness.

Fig. 2b shows the effects of feed rate and cutting insert
geometry on surface roughness. In this figure, the measured
results are obtained at higher cutting speed. At higher cut-
ting, wiper insert increases the surface roughness and pro-
duce data that is close to conventional insert. But at the hig-
hest feed rate, wiper insert still produces the better surface.
This shows that when cutting speed is changed, the effect
of wiper insert on surface roughness shows variations. At
the very high cutting speed, the surface roughness changes
with feed rates is depicted. Similar data is obtained at very
high cutting speed (180 m/min). At high cutting speed, and
low feed rate, wiper insert does not help and conventional
insert can be used. But at high cutting speed, and high feed
rate, wiper insert reduces surface roughness, but non-wiper
insert produces very high surface roughness. As shown in
Fig. 2, the wiper geometry of the cutting tool reduced the
surface roughness. The measured surface roughness at the
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Figure 2. Surface roughness measurement at various feed rates and at various cutting speed a) 60 m/min, b) 120 m/min, c¢) 180 m/min.
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highest feed rate is close to 2 pm that cannot be acceptable
for die and molds application. For this reason, either sele-
cting lower feed rate or higher feed rate with wiper insert
can be possible. This shows the contribution of wiper insert
to increase productivity and surface quality simultaneously.

The effects of cutting tool geometry and cutting speed on
subsurface hardness of machined workpiece after machining
process at 0.075 mm/rev feed rate is presented in Fig. 3. In
this figure, two different cutting speeds are depicted. One is
60 m/min and another one is 180 m/min.

Microhardness measurement starts from 10 pm distance
of depth below machined surface. It shows that machining
process affects the microhardness at subsurface of machi-
ned parts. Fig. 3 shows that michrohardness is low close
to surface in all three conditions. For example, as received
part’s microhardness is 270 HV, but machined parts micro-
hardness at the surface is changing between 245 to 254 HV.
This shows that in these conditions, thermal softening takes
place. This mechanism called thermal softening and hap-
pens due to heat generation [13] as temperature increases
during cutting that results in thermal softening. The most
soften conditions is non-wiper at 180 m/min among all four
conditions. The second one is again non-wiper at 60 m/min
cutting speed. Wiper insert reduces thermal softening. Ano-
ther important result of this experimental study is that cut-
ting speed does not affect the softening response of the sur-
face and subsurface of machined parts. The effect of wiper is
much clear as we consider the effect of cutting speed.
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Figure 3. The effects of cutting speeds and cutting insert
geometry on microhardness at 0.075 mm/rev

When the feed rate is increased from 0.075 mm/rev
to 0.225 mm/rev, the measured micro hardness is presen-
ted at Fig. 4. Again, in these conditions thermal softening

e20

occurs in all four conditions. At this feed rate, the difference
between wiper and non-wiper insert is very clear. Wiper in-
sert at small cutting speed generates highest microhardness.
Its value is 264 HV close to as received material’s hardness.
At high cutting speed (180 m/min), wiper insert again helps
to not reduce microhardness compare to conventional cut-
ting insert.

Overall trend in hardness measurement is that thermal
softening occur. This is because of cutting high temperature
during machining process. But the point is with conventio-
nal cutting inserts, bigger thermal softening is observed in
almost all measurement indicates that with conventional cut-
ting insert, the cutting temperature is much higher. The effe-
cts of cutting speed on subsurface microhardness changes is
not very clear, but as cutting speed increase, we can say that
microhardness is getting reduces.
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Figure 4. The effects of cutting speeds and cutting insert
geometry on microhardness at 0.225 mm/rev

XRD analysis is an important measurement to unders-
tand if machining process is affecting crystal structure and
phase transformation of machined samples. Phase transfor-
mation is an important parameter for surface integrity study.
In this study the effects of feed rates and cutting insert geo-
metries on XRD analysis is presented in Fig. 5. At main peak
around 44.7 degree, clear phase is seen for as-received ma-
terial. All machined samples have this phase but wider pe-
aks are shown compare with as-received samples. Wider pe-
aks mean peak broadening happens. According to Kaynak
[14], peak broadening indicates increased dislocation den-
sity due to stress induced by cutting process. In this case,
biggest broadening occurs with non-wiper insert at 0.225
mm/rev feed rate. Wiper insert at the same feed rate gene-
rated less broadening. Another result with this measurement
is that at small feed rate, broadening is less than larger feed
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rate. Another important data this figure shows the relative

intensity. Relative intensity is smaller at small feed rate. This

result shows machining process affects crystal structure of

machined specimen. In literature, peak broadening also re-
ported for different steels [15].

= As-Received
) 075 Non-wiper
T . — 0075 wiper

1 N e () 225 Non-wiper
) Y — 0225 Wiper

Y Y
\
A

Relative intensity

40 42 44 46 48 50 52 54 56 58 60 62 64 66 68
Diffraction angle 2 Theta (degree)

Figure 5. XRD measurement at 60 m/min cutting speed

At higher cutting speed, XRD analysis for different in-
sert geometry and feed rates is depicted at Fig. 6. Similar
results with small cutting speed are obtained. Peak broade-
ning and increased intensity with machining process is depi-
cted. Again higher feed rates increased relative intensity, as
shown in Fig. 6. At 65 degree diffraction angle, peak broade-
ning at all machining is observed. But intensity at this angle

is smaller at machined.
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Figure 6. XRD measurement at 180 m/min cutting speed
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IV. CONCLUSIONS

In this study the effects of wiper and non-wiper(conventio-
nal) inserts, feed rates and cutting speed on machining and
surface integrity of dies and mold steel is investigated.

The following conclusion can be drawn from this work:

Wiper insert helps to generate better surface quality in
all cases. Compare to wiper insert, conventional insert
does not help much to make surface quality better.

Wiper insert causes less thermal softening compare
with conventional insert. But in all conditions, thermal
softening took place.

Cutting speed does not make considerable influence
on the microhardness variation on the surface and
subsurface of machined parts.

XRD analysis shows that peak broadening and
increased relative intensity takes place with machined
samples. Much bigger broadening with wiper inserts
is observed. But not clear phase transformation occurs
after machining process.
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