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ABSTRACT
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Nowadays, hard turning is widely applied in Vietnam industry and it is usually the finished
operation so the quality of the machined surface plays a very important role to the use today and in
the future. This paper presents results of a research on hard turning of 9XC and X12M alloy steels
to explore the influence of workpiece’s hardness on machined surface roughness and topography
at selected cutting conditions. It is evident that the surface roughness was directly proportional to
the increase of the workpiece’s hardness from HRC = around 50 to higher than 60. Moreover,
lower hardness resulted in worse surface roughness. Even though when the cutting speed increased
by twice, the best surface roughness still achieved at the workpiece’s hardness of HRC= around
50. The cause is predicted to be involved with a change in chip/ rake face interactions depending

on workpiece’s hardness and tools wear.
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INTRODUCTION

Precision machined components can be
manufactured by hard turned or ground
operations. Surface integrity is a qualitative
and quantitative description of both the
surface and subsurface component including
surface topography, surface and subsurface
hardness, microstructure and residual stresses,
etc. The work of Schwach and Gue [1] used a
stylus instrument to measured surface
roughness created by hard turn stated that
surface roughness decreased when feed rate
reduced. Decreasing feed rates makes the
surface residual stress more compressive and
its maximal one closer to the surface.
Moreover, tools wear increased surface
roughness except at moderate mode. Sharp
cutting tool is recommended for hard turn to
get better surface integrity. Chou [2] stated
that fine structure of the workpiece PM M50
steel resulted in lower wear rate by delay of
delamination wear and this effect is much
stronger in intermittent cutting.

Barbacki and co-workers [3] carried out
experiments to compare the microstructural
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changes in the surface layer of hardened steel by
hard turning and grinding found that both
operations offered high surface quality of the
machined components. According to them,
favorable surface integrity can be achieved both
technologies and properly way to apply. Several
parameters such as thickness of white layer, its
hardness and stress level can be determined as a
function of cutting parameters and tools wear.

Kishawy and Elbestawi [4] studied effects of
process parameters on material side flow
during hard turning showed the formation of
material side flow based on two possible
mechanisms. First, the workpiece material
was squeezed between flank face and the
machined surface and it is clear when chip
thickness is less than minimal chip thickness.
Second, under high pressure and temperature,
the plastically deformed material was pressed
aside. The trailing edge notch was caused by
the chip edge serration. They also found that
feed rates, tools wear, tool nose radius and
edge preparation all have effects on material
side flow and of course on surface
topography. The formation of white layer on
the machined surface of hard turning was
studied by Chou and Evans [5], they stated
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that the surface layer consists of two layer the
white outmost and dark layer just below. The
formation of white layer involves dominantly
with a rapid heating — cooling process. Plastic
deformation also helps grain refinement and
phase transformation to facilitate its
formation.

The study in this paper concentrated on the
effects of workpiece’s hardness on the surface
integrity particular on surface roughness and
its topography in the relation with certain
cutting conditions and tools wear.

EXPERIMENTAL PROCEDURE
Tool and Machine tool

The tools used in the study were PCBN equal
triangle inserts made in Korea. Machine tool
is a turning center CNC-HTC2050 made in
China. The tool was set up on tool handle and
then on the machine with: rake angle y = - 6°;
flank angle o = 6°; clear angle: @1 = ¢, = 30°.

Workpiece

Two types of workpieces were used namely
X12M and 9XC hardened steels (Russian
standards). Their chemical compositions were
analyzed by spectrographic method shown in
table 1 and 2. The hardness of the two
workpieces was divided into three categories:
HRC=47+50; HRC=54+57 and HRC=60+63.
The microstructures of the two types of
steels were analyzed on optical microscopy
corresponding to the three categories of
hardness shown in Figure 1. When the
hardness of X12M steel increased from HRC
47+50 to 54+57 and 60+63, the carbides
were observed to be elongated in shape,
concentrated in lines and increased from 3-5
pum to 10-25 pm with high density.
However, the carbides in 9XC steels kept
quite stable with small size of approximately
1 um when the hardness increased from
HRC 47 to HRC 63.

Table 1. Chemical composition of X12M steel

Element C Si P Mn Ni Cr Mo
Percentage % 1,4916 0,3589 0,0112 0,2404 0,2125 11,393 0,3803
Element Cu Ti Al Fe \Y
Percentage % 0,3383 0,0063 0,0249 85,396 0,1799

Table 2. Chemical composition of 9XC steel
Element C Si P Mn Ni Cr Mo
Percentage % 0,823 1,2351 0,0241 0,5862 0,0332 1,113 0,0192
Element Cu Ti Al Fe \V
Percentage % 0,2876 0,1768 0,0299 0,0011 95,447 0,1499

.....

Figure 1. The microstructure of XI12M (a, b, ¢) and 9XC (a’, b’, ¢’) steels with the hardness approximately
HRC=47-50; HRC=54+57 and HRC=60-63, respectively
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Cutting conditions

The cutting conditions were selected as
follows:

Cutting speed: vi = 110 m/p; Feed rate: s;
0.12 mm/rev; un-depth of cut: t; = 0.15 mm.

Cutting speed: v, = 220 m/p; Feed rate: s,
0.12 mm/rev; un-depth of cut: t; = 0.15 mm.

RESULTS AND DISCUSSION
Surface integrity
Surface roughness

When the first cutting condition was applied
the surface roughness measured by stylus
surface roughness divide, Mitutoyo SI-201
showed that the surface roughness was better
for 9XC steel compared with X12M in the
range R. = 0.55 — 1.06 pym and R, = 0.75 —
1.37 um, respectively. The trends of surface
roughness of the two types of steels are
shown in Figure 2. It is clear that the higher
hardness of the steel was, the higher surface
roughness was. The surface roughness was
the lowest at the hardness of the workpiece of
HRC= 47+50 with the value of approximately
Ra =0.55 pm. This result kept the same when
cutting speed increased by double value (the
second cutting condition). It is very
interesting to note that when lower workpiece
hardness was applied (HRC=40-43) for
testing both 9XC and 12XM steels, the
surface roughness was much higher than at

the hardness of HRC= 47+50 with the value
around R,=0.75 um and 091 pm,
respectively. An effect of a change type of
chip formation at the workpiece’s hardness of
HRC=47+50 might be the major factor.

Moreover, the longer cutting time was, the
higher surface roughness was, especially
when the cutting time increased by three
times, the surface roughness could increase
nearly twice. This indicated that tools wear
has strong effect on increasing surface
roughness.

The surface topography was taken on
Scanning Electron Microscopy (SEM) shown
in Figure 3 with different workpiece hardness
in the range HRC=43+45; HRC=47+50 and
HRC=60+63. It is very clear that the side
effects are more serious at figure 3(a,c) and
much less effect in Figure 3(b) leading to the
best surface finish in this case. In Figure 3(a),
the type of plastic deformation in chip
formation is predominant and in Figure 3(c),
the type of cleavage in chip formation is
clearly observed. The evidence in Figure 3
supports for the ideas of a change of chip
formation at the workpiece’s hardness of
around the value of HRC=50. The ploughing
effect to smear work material on the
machined surface is also evident in this
figure.
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Figure 2. Graphs showing increases of surface roughness of 9XC and X12M hardened steels depending on the
workpiece’s hardness; cutting speed: v1 = 110 m/p; feed rate: s; = 0.12 mm/rev; un-depth of cut: t; = 0.15 mm
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Figure 3. SEM micrographs showing the surface topography after hard turning of X12M steel with
different hardness of workpiece: HRC=43-45; HRC=47-50 and HRC=60+63; Cutting speed: vi = 110
m/p; Feed rate: s; = 0.12 mm/rev; un-depth of cut: t; = 0.15 mm

The micro-hardness measurements on cross
section of the workpiece from the depth of 15
pum to 300 um showed evidence the effects of
smearing on the machined surface resulting in
an increase in surface hardness at a very
narrow layer with the depth less than 15 um.
It is reasonable because the depth of cut here
is quite small t = 0.15 mm at the level of
precision cutting and consistent with other
authors’ results.

Frictional Interactions between chip and
rake face

It is evident in Figure 4(a) that at low
workpiece’s hardness (HRC=43+45), the
length of contact is the longest (I = 300 pm)
and mainly covered by the work material.
However, the length of contact is reduced by

a half (I = 150 um) shown in Figure 4(b)
when workpiece with the hardness of
HRC=50-+54 were machined. The rake face is
nearly free of material transfer. Moreover,
when the hardness of the workpiece was
HRC=60-63, the length of contact increased
gain as shown in Figure 4(c) with | = 280 pm.

The main different compared with Figure 4(a)
is that material transfer is much less and
concentrated on the rear rake face. From
evidence in Figure 4, it is clear that there is a
change in frictional interactions between chip
and tool from mainly plastic type to cleavage
one in chip formation when the hardness of the
workpiece varied from around HRC=45 to 60.
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Figure 4. SEM micrographs showing the rake face of PCBN inserts after hard turning of X12M steel with
different hardness of workpiece: HRC=43-45; HRC=50-54 and HRC=60+63; Cutting speed: vi = 110
m/p; Feed rate: s; = 0.12 mm/rev; un-depth of cut: t; = 0.15 mm
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Discussion

From the results mentioned above in the study,
the best surface roughness (R. = approximately
0.55 um) was achieved when X12 and 9XC
steel with the hardness of HRC = around 50
was machined by the first and second cutting
conditions. With the hardness HRC = around
45 and higher than 55, the surface hardness
was much worse. The fact can be explained by
the change in chip formation from plastic type
toward cleavage type similar to machining
brittle materials as shown in Figure 4. This
also involves with the type of frictional
chip/rake face interactions. Short chip/rake
contact and free of material transfer results in
low surface roughness and better surface
topography. Long chip/rake face length of
contact and more material transfer in both near
the cutting edge and at the region where chip
breaks from contact with the rake face cause
the higher surface roughness and worse surface
topography. This is completely consistent with
the ideas that the length of chip/rake face
contact is directly proportional to the value of
cutting force and surface roughness as a result
of the level of adhesion between chip and tool.

The hardness of the workpiece could change
the frictional contact on the rake face. When
the hardness reached HRC=60+63, the first
crater with short length of contact formed
near the cutting edge and then the second
crater appeared at the rear of the first crater.
The harder of the chip shortened the length of
chip/tool contact on the rake face and after a
while when the crater developed enough it
formed the second one due to the depth of the
first crater changed the frictional contact on
the rake face.

CONCLUSION

From this study, conclusions can be derived
as follows:

The surface integrity estimated by surface
roughness and surface topography is consider
to the best for both type of workpiece
materials at the hardness HRC= 47+50. The

surface topography shows that at low
hardness of HRC = 47+50 chip formation
mainly in plastic type and at high hardness of
HRC = 55 and above the chip formation
changed toward cleavage similar to brittle
materials in cutting.

The frictional chip/tool interactions are also
changed depending on the workpiece’s
hardness. The lower hardness the longer
chip/tool contact is with full of material
transfer on the contact area. However, when
the hardness of the workpiece is higher than
HRC = 55, the contact length is shortened
with free material transfer and after a duration
of cutting, the second crater appears at the
rear of the first crater with not much material
transfer.
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TOM TAT : , .
ANH HUONG CUA PO CUNG PHOI
TRONG QUA TRINH TIEN CUNG THEP HOP KIM

Phan Quang Thé, Nguyén Thi Quéc Dung”, Phan Thi Phuwong Thao
Truong Pai hoc Ky thugt Céng nghiép — DH Thdi Nguyén

Hién nay, cong nghé tién cimg da duoc tng dung rong rai trong cong nghiép ¢ Viét Nam.

Tién cang thuong la qué trinh gia cong lan cudi nén chat hrong bé mat gia cong dong vai tro rat
quan trong ddi vai viéc sir dung cong nghé tién ciing trong hién tai va tuong lai. Bai bao nay trinh
bay két qua mot nghién ctru vé qué trinh tién cting thép hop kim 9XC va X12M nham xac dinh
anh huong ctia do cing phdi dén hinh hoc va nham bé mat gia cong trong diéu kién cdng nghé xac
dinh. Két qua cho thay trong dai d6 cing tir 50 dén 60HRC nham bé miat ti Ié thuan véi do cung
phoi. Tuy nhién & d6 cang thap hon chat hegng bé mat giam va nham bé mat ting. Nham bé mat
dat gia tri tét & do cang xap xi 50HRC ngay ca khi tbc do cit tang gip d6i. Hién twong nay dugc
cho 14 ¢6 lién quan dén viéc thay d6i tuong tac tiép xdc giira phoi va mit trudc caa dao phu thudce
vao d¢ ctitng phdi va mon dung cu.

Tir khoa: Tién ciing, nham bé mat, hinh hoc, phdi, mon dung cu.
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