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Experimental and numerical investigation of the
effects of preheating temperature on cutting force,
chip shape and surface roughness in hot turning of
AlS1630 hardened stainless steel
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FEM analyses have been used, respectively. The numerical analysis showed
that hot turning in 300°C causes a reduction of 28% in cutting forces and
consequently decreases stressed on the cutting tool. It is found that the
main factor affecting the fluctuations of the cutting forces in turning of
hardened AISI630 is the saw-tooth formation phenomenon (chip
segmentation) as well as the shear band generation due to thermal
softening of the workpiece material. Furthermore, the relation between
cutting force fluctuation and the machined surface roughness has been
investigated applying numerical analysis and experimental data. The
results of roughness measurement revealed that hot turning in 300°C
reduces the machined surface roughness up to 23%. In addition, it has
been observed that hot turning technique decreases side flow and surface
damages in comparison to conventional turning.
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1. Introduction

Machining operation is one of the sustainability in order to increase its efficiency.

manufacturing processes which is used widely
in all industries in the production of various
parts. In recent years, this process has received
alot of attention in terms of economy and
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By changing the input parameters of the
process, such as cutting speed, feed rate, and
depth of cut, the optimized performance and
sustainability can be achieved. Reduction of
cutting fluid consumption, decreasing cutting
tool consumption, reduction of process power
consumption and increasing productivity are
among the characteristics of a sustainable
machining process. In other words, chip
formation mechanism, as well as chip type, are
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other issues that should be considered in
sustainable cutting processes. To this end,
various methods have been developed,
including optimizing the dry machining process
as well as minimum quantity Iubrication-MQL
machining techniques. In dry machining, due to
the lack of cutting fluid in the cutting area,
cooling and lubrication of the process is not
done well and therefore leads to tool wear and
an increase of power consumption. Therefore,
although dry machining is acceptable from
economically and environmentally standpoints,
it does not create suitable conditions in terms of
process performance. Additionally, machining
of some hard-to-cut materials, such as
martensitic steels, superalloys, and titanium
alloys, is associated with tool wear and poor
surface quality. Therefore, to increase the
efficiency of the dry machining process, it is
done in combination with or the assistance of
other physical/electrical/chemical/thermal
processes. Today, many researchers use a new
method for machining these metals called hot
machining or thermally assisted machining. In
this method, the workpiece is preheated by
means of some equipment such as plasma arc,
laser beam, gas flame, induction furnaces, and
elemental furnaces [1-3]. Preheating the
workpiece reduces the strength and strain
hardening of the metal and therefore, reduces
the cutting forces [4]. The reduction of cutting
forces reduces the tool wear, but despite the
force reduction in this process, with the
workpiece temperature rise the tool temperature
increases and consequently increases the tool
wear. Some researchers performed the hot
machining process experimentally on hard-
cutting metals, and in most cases, tool wear and
surface roughness were studied [5-7]. Others
also looked at the process of hot machining
utilizing numerical simulation. Germain et al.
[8] simulated the conventional and hot
machining of 42CrMo4 steel using FEM. Their
results indicated that the shear plane angle in the
hot machining is reduced, and the cutting force
is reduced by a maximum of 34% compared
with conventional machining. Xi et. al. [9]
simulated the hot machining process of titanium
alloy using the smoothed  particle
hydrodynamics method. They calculated the
cutting force and compared it with the
experimental results. In addition, they studied

the formation of the saw tooth chip. A few
studies have been carried out on the
conventional machining of AISI630 steel. Chein
and Tsai [10] provided a model for predicting
flank wear and the optimum cutting conditions.
Mohanty et al. [11] investigated the effects of
cutting speed on tool wear and machined
surface roughness. Sivaiah and Chakradhar [12]
also measured the tool wear and surface
roughness in dry turning and compared their
results with the corresponding values for wet
and MQL turning. Khani et al. [13] performed
the hot turning of AISI630 steel using a plasma
arc. It has been shown that hot machining at
temperature 200°C increases the tool wear, but
if the tool is cooled simultaneously by a
cryogenic system, the tool wear decreases.
Bermingham et al. [14] performed the laser-
assisted milling of AISI630 steel. Their results
showed that hot milling reduced the tool wear
by 50% compared to conventional milling.

There is a lack of study in the field of hot
turning of hardened AISI630 stainless steel.
Most studies examined specific cutting tools
and machining parameters, although 2D and 3D
simulations of chip formation of AISI630
stainless steel have not been fully addressed.
Therefore, it is necessary to investigate the
effects of workpiece initial temperature and
different machining parameters on the hot
machining performance. In this paper, the
conventional and hot turning process was
carried out at 25°C, 200°C and 300°C on a
precipitation AISI630 hardened stainless steel.
The turning process was simulated 2D and 3D
FEM using AdvantEdge software. Average
cutting force and the amplitude of cutting force
fluctuation have been calculated using
simulation results. The relation between cutting
force fluctuation and machined surface
roughness has been investigated by the results
of numerical analysis and experimental data.

2. Experimental setup

The settings of machining parameters used in
the present study are summarized in Table 1.
AISI630 hardened stainless steel bars with
solution condition and hardness of 38HRC were
prepared. After one-hour aging treatment at
482°C (900°F) in the furnace the specimens’
hardness has been increased to 471 HRC and
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Table 1. Machining conditions

workpiece material and
dimensions

AISI630 hardened stainless steel with 47+1 HRC (235

mm X 240 mm)

cutting tool inserts

tool holder

cutting tool geometry

process parameters

workpiece initial temperature

Environment/coolant-lubricant

SANDVIK DNMG150608 Grade GC1115

PDJNR2525M1506

rake angle= -6°, clearance angle=6°,
nose radius=0.8mm, cutting edge radius=0.02mm, major

cutting edge angle=93°

cutting speed (V)= 62, 96, 123 m/min
feed (f)=0.102,0.175,0.241 mm/rev

depth of cut (d): 0.9 mm
T=25°C, 200°C, 300°C

dry turning (conventional turning)

dry hot turning (hot turning)

their structure changed to H900 (according to
ASTM A564 standard). All machining
experiments have been conducted on bars
35mm in diameter and 240mm in length for 3
minutes. SANDVIK DNMG150608 Grade
GC1115 cutting tools (with rake angle of -6°
and clearance angle of 6° (Fig.1)) and
PDINR2525M1506 tool holder have been used
for turning experiments. The main cutting edge
angle of 93° and the cutting depth of 0.9mm was
kept in all machining experiments (Fig.1).

o B

Fig.1: Tool and w6rkpiece set-up

The cutting edge radius, as well as nose radius,
were 0.02 mm and 0.8 mm, respectively. The
feed was set at 0.102, 0.175, and 0.241 mm/rev.
Turning was carried out at 25°C, 200°C and
300°C. To carry out hot turning for example at
300°C, the workpiece was first incubated in a
furnace at 350°C for 45 minutes. The workpiece
has been mounted on the lathe (Fig.2) after
exiting the furnace for about 30 seconds.

Fig.2: Lathe and furnace used for hot turning

Then the turning process was performed for
three minutes. The workpiece surface
temperature was measured at intervals of 15
seconds using a contact thermocouple type
CHY-502A (Fig. 3a) and plotted in a diagram
shown in Fig. 3b. In addition, the simulation of
temperature drop was performed using Fluent
software, and it was observed that after three
minutes, a maximum of 50°C temperature drop
occurred at the workpiece surface. The reason
for the low-temperature drop is the low
conductivity of AISI630 stainless steel. The
conductivity of AISI630 is 17 W/m’C at
ambient temperature, while the conductivity of
low carbon steel is 48 W/m’C. As shown in
Fig.3b, the hot turning process was performed
in the temperature range of 300-330°C because
of the short machining time. Machined surface
roughness was measured applying
HOMMELWERKE Turbo Roughness V3.34
surface roughness tester. The microstructure of
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the chip and its dimensions were investigated
using OLYMPUS BH2-UMA  optical
microscope. To evaluate the microstructure of
the chips’ cross-section, fry's reagent (Sgr
CuCl2, 40mL concentrated HCI, 30mL methyl,
30mL H.O) was used for etching. The
microstructure of the machined surfaces and the
cutting tool wear was investigated using a
scanning electron microscope (SEM).

3. Finite element model of turning process

Numerical analysis was performed using FEM
using AdvantEdge software [15]. A validated
FEM model was used for simulation [16]. The
turning process was simulated in both 2D and
3D environments. To predict the chip
morphology a two-dimensional analysis of the
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turning process has been made. This assumption
is acceptable especially in predicting the chip
morphology [5, 17]. The tool was kept constant
during the analysis, and the workpiece was
displaced to the tool with constant cutting speed
V., as shown in Fig.4. The cutting tool has been
considered rigid with a cutting edge radius of
0.02 mm (Fig.4). The thermal conductivity of
the tool was considered 100 W/m°’C. The
friction coefficient between the tool rake face
and the chip was considered 0.5. Conductivity
and specific heat of the hardened AISI630 steel
were considered to be 17 W/m°C and 500
J/kg’C, respectively. Numerical analysis was
performed as a thermo-mechanical coupling. In
2D model, the number of elements of the
workpiece was 30,000 and the size of the

Simulation
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0
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Time (sec)

Fig. 3: a) contact therocouple CHY-502A, b) workpiece surface temperature versus time

to=feed X sin 93°~ feed
I : Uncut chip thickness

Tool

R 0.02 mm

2

2mm Ve

gﬁﬁ%ﬁﬁ&ﬁ

Clear

Angle

Y direction: Feed direction

L

chip thickness t, = (t; +,)/2

ance

—
Tool feed

Fig.4: Two-dimensional (top) and three-dimensional
(bottom) model of turning process in finite elements analysis
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smallest and largest side of the elements in the
primary and secondary shear zones were 7
microns and 80 microns, respectively. During
the finite element analysis, AdvantEdge
automatically uses the adaptive remeshing
process in the primary and secondary shear
zones. To obtain the correct results from
numerical analysis of the turning process, the
precise determination of the properties of the
workpiece material, especially the flow stress
under high strain, high strain rate and high
temperatures, is required. In this paper, Power
Viscosity Law (PVL) model [15] was used as a
constitutive equation for the flow stress
behavior of AISI630 hardened stainless steel.
This model is expressed by Eq. (1):

i NERG)
g\ £E\m
o(e?, €, T) = gy (1 + —p> X (1 + ,—)
£ &o
X (Co + C,T + C,T? + C5T?)

The first term in Eq.(1) describes the strain-
hardening behavior of metal. Where O is flow
stress, gy is initial yield strength, P is plastic
strain, sg is reference plastic strain and 7/ is
strain-hardening exponent. The second term
describes the behavior of the metal at high strain

rates. € is the plastic strain rate, &, is reference

plastic strain rate and m, is strain rate sensitivity
coefficient. The third term represents the
thermal softening behavior of metal. C, to Cs are
the constants of the thermal softening equation.
T is the temperature of the metal at each
increment. The constants parameters of PVL
models are shown in Table 2 [16].

4. Results and Discussion

4.1.Effects of preheating temperature on
machining forces

As the initial temperature of the workpiece
increases, the average value of the cutting force
decreases. Cutting forces are shown in Fig.5 for
conventional and hot turning operations in a
cutting speed of 96 m/min and feed of 0.175
mm/rev. It can be seen that the cutting force plot
is fluctuating versus time for both conventional
and hot turning processes. The main reason is
the chip formation mechanism of this steel. The
average cutting force in conventional turning is
530 N, however it is reduced to 384 N in hot
turning operation at pre-heating temperature of
300°C. The amplitude of the cutting force
fluctuations (AF.) as Peak-to-Peak has been
shown in Fig.5.

Table 2. Constants of the PVL model for hardened AlISI630 [16]

o, (MPa) n mi &
1370 18 179 0.001
T cut(OC) Co C Cs
750 1.01 -5.54E-4 -2.63E-7 -5.23E-10
700

600

500

400

300

Average: 384 N

Cutting Force,Fc(N)

200

100 f

0 0.0005  0.001

0.0015

0.002  0.0025 0.003  0.0035

Turning Time (S)
Fig.5: Calculated cutting force in conventional and hot turning for V=96 m/min and f= 0.175 mm/rev
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It can be seen that, in addition to decreasing
the average cutting force, the amplitude of the
cutting force oscillations is reduced in hot
machining in comparison to the conventional
turning. The influence of the initial workpiece
temperature on the cutting forces is shown in
Fig.6. It is shown that compared to conventional
turning, hot turning at 200°C and 300°C reduces
the cutting forces by 19% and 28%,
respectively. The amplitude of the cutting force
fluctuation has been calculated using finite
element analysis (Fig.7). Moreover, Fig.7
shows that with increasing initial cutting
temperature and cutting speed, the amplitude of
cutting force fluctuation decreases. In addition,
the amplitude of fluctuation increases with
increasing feed. It is observed that hot turning

reduces the amplitude of cutting force
fluctuation by 37%.

4.2.Investigation of the saw-tooth chip
formation mechanism

Due to the low thermal conductivity and high
strength of AISI630, the obtained chips are
mainly saw-tooth type. Therefore, it is expected
that the cutting force fluctuates with the
machining time. In addition, a segment or tooth
formation, as well as the shear stress contour,
have been shown in Fig.8. In Fig.8a, segment A
has been formed and the applied force on the
cutting tool is at its minimum value at point “a”
shown in Fig.5. As the workpiece feeds toward
the cutting tool the material under segment A
deforms (Fig.8b).

400 600 700
f=0.102 mm/rev f=0.175 mm/rev f=0.241 mm/rev
. — MVc=62 m/min
[ M Ve=62 m/min = ;
g350 € 0 | BB avee 06 /min 2 600 | WE] 8ve=06 m/min
v MVe=62 m/min o F c=96 m/min 3] 5 _ .
s 25 . _ . = ,{8Ve=123 m/min
& BVc=96 m/min @ 1 EVe=123 m/min @
e N ; o > © 500 I = =
5 *10Ve=123 m/min 5 s = —
t, 300 4 m 400 o = =
2 £ £ 400 = E
£ E £ = JE
S 250 S 300 G = —
300 E E
200 LEE- 2 k! 200 LEE- oL 200 LHELL HEC BE
25 200 300 25 200 300 25 200 300

Workpiece [nitial
Temperature, Ty(°C)

Workpiece Initial
Temperature, To(°C)

Workpiece Initial
Temperature, Ty(°C)

Fig.6: Average cutting forces calculated by 3D-FEM in conventional turning and hot turning
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Fig.7: The effects of initial temperature and cutting speed on the fluctuation amplitude of the cutting force (peak
to peak)
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Fig.8: Chip formation in conventional turning at V=96 m/min and f= 0.175 mm/rev

This deformation is the base of new segment
formation called B. At this step, the applied
force on the cutting tool increases slowly (point
“b” in Fig.5). As the workpiece moves
continuously toward the tool, the bulk
workpiece material on the rake face of cutting
tools will undergo severe shear deformation
(Fig.8c) and the applied force on the cutting tool
edge reaches its maximum value (point “c” in
Fig.5). By increasing deformation in the initial
deformation zone, the local temperature at this
area increases and consequently results in
material softening. This phenomenon causes
local deformation and the beginning of shear
banding. Therefore, the metal is deformed with
lower force at the shear zone and the force is
reduced compared to the previous step (point
“d” in Fig.5). As the deformation and strain of
metal increase, the damage mechanism results
in cutting the material (Fig.8d). By continuing
the cutting process, the local deformation along

Fig.9: formation of shear bands in conventional turning

the shear zone proceeds with lower force and
segment B is fully formed (Fig.8e). For this
case, the force diagram at point “e” is shown in
Fig.5. As segment B is completed, new segment
C begins to form.

In order to understand the formation of the
shear band phenomenon in the turning of
AISI630 hardened stainless steel, the chips
obtained under conditions of Figs. 5 and 8 were
mounted, followed by polishing with soft grains
and alumina powder, and the cross-sectional
microstructure images were observed after Fry's
reagent etching. The shear bands are shown in
Fig.9. Areas that undergone low plastic
deformation are shown with the Low Strain
phrase, where they have larger grain sizes. In
other words, the grains are fine and long in the
areas where the shear band phenomenon
occurred. An example for these areas is
represented by the phrase High Strain in Fig.9.

at V=96 m/min and f=0.175 mm/rev
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Figure 10 compares the geometry and
dimensions of the chips obtained from finite
element analysis and experiments. However, the
plastic strain contour shown in Fig.10 indicates
that the local deformation on the shear plane
applies higher strains in some areas and results
in chip segmentation. Higher strains are in the
areas marked with red and green colors, while
lower strains are applied on other areas shown
in blue which is consistent with the Low Strain
areas defined in Fig.9.

4.3.Effects of preheating temperature on
chip shape

The effects of the initial workpiece temperature
on the chip shape are illustrated in Fig.11 using
finite element analysis. By increasing chip
temperature, the distance between the two
successive shear planes which is the saw tooth
pitch (P) increases. Figure 12 shows the
obtained chips from conventional and hot
turning operations.

Fig.10: Comparison between experimental (left) and numerical results (right). Strain localization and formation
of shear bands in conventional turning at V=96 m/min and f= 0.175 mm/rev.

Temp(°C) 0.146 Temp(°C)

w.,

0.069

el 0.14

Fig.11: Predicted chip forms for turning under different workpiece initial temperatures and V=123 m/min and
f=0.102 mm/rev
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4.4 Effects of preheating temperature on
fluctuation frequency of cutting force

In addition to affecting the force fluctuation
amplitude, hot turning also influences the force
fluctuation frequency. The main fluctuation
frequency of cutting forces can be calculated
using the Fast Fourier Transform (FFT).
Moreover, the chip segmentation frequency
should be calculated to find the origin of these
fluctuations and their relations to the shear band
formation on the shear plane as well as the
formation of segmented/saw tooth chip. The
chip segmentation frequency can be obtained
using Eq. (2) [17]:

fo 100V, 2)
Cs 6 P

where fcs is Chip segmentation frequency or
frequency of the formation of shearing planes
determined from chip geometry, Vs is the chip
slip speed on the tool rake face and P is the
distance between two consecutive shearing
planes measured in the direction of the tool rake
face (Fig.4). Vs (m/min) is given by Eq. (3) as
[17]:

4E+06 .
F 6402 Hz
3E+06 |
5 [ I
2 ; |
E—_ 2E+06 _- |
m
< [ |
1E+06 lmm ]f {
[ %u | ‘ I||
B ‘ nég%
0 f_g-_g i Li_g_a_y
0 500010000 15000 20000 25000

Frequency (Hz)

Fig.13: FFT representation of cutting force in
conventional turning for V=96 m/min and f=0.175
mm/rev
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where V¢ is the cutting speed (m/min), £is the
feed rate (mm/rev), a, is the depth of cut (mm),
t- is the mean chip thickness (mm) and /- is the
width of the chip (mm). The cutting force
fluctuation frequency (7») has been calculated
using Fast Fourier Transform (FFT) in FE
simulation. For example, Fig.13 shows the FFT
of cutting forces calculated in Fig.5. It can be
seen that there is a peak at a frequency of 6402
Hz, which is the same as the main frequency of
cutting force fluctuation. The chip segmentation
frequency extracted from the experimental and
simulated chip forms is compared with the
simulated cutting force frequency. It is indicated
that the values of chip segmentation frequency
are close to the cutting force fluctuation
frequency, and both frequencies reduction in a
similar way with increasing workpiece initial
temperature. Therefore, it can be concluded that
the main factor affecting the cutting force
fluctuations in Fig.5 is the saw-tooth formation
as well as the shear band generation due to
thermal softening. As shown in Fig.14, the
frequency of cutting force fluctuation decreases
with increasing workpiece initial temperature.

3)

12000
e-l- -- i
10000 T Grmmeeoeee- @
e .
8000 r
6000 -, frequency of Cutting foree oscillation-Simulation
o frequency of chip segmentation- Simulation
4000 - # frequency of chip segmentation- Experiment
2000 L L 1
0 100 200 300

Workpiece Initial Temperature, T, (°C)

Fig.14: Comparison of the frequencies of the force
oscillation and the chip segmentation in conventional

and hot turning for V(=123 m/min and f=0.102
mm/rev
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4.5.Effects of preheating temperature on
surface roughness

The roughness profiles are shown in Figure 15
in conventional and hot turning at 300 °C for a
cutting speed of 62 m/min and a feed of 0.241
mm/rev. The effects of initial temperature and
cutting parameters on the workpiece surface
roughness are shown in Fig.16. It can be seen
from this figure that the machined surface
roughness decreased during hot turning at 300
°C up to 23%, 20% and 11% compared to
conventional turning at feeds of 0.102, 0.175,
and 0.241 mm/rev, respectively. By increasing
the workpiece initial temperature in hot turning,
the temperature rise in the primary shear zone
will be increased. Therefore, the hardness and
strength of the uncut chip will be reduced and as
a result cutting forces will be decreased.
Therefore, workpiece surface roughness is
reduced and the efficiency of the cutting process
will be increased. Another reason for surface
roughness reduction in hot turning is the
reduction of cutting force oscillation (AF,)
during hot machining compare to conventional
turning operation (Figs. 5 and 7). Calamaz et al.
[18] observed that when saw-tooth chips are
formed, the cutting tool is under cyclic
deflection with a frequency close to the
fluctuation frequency of the cutting force.
Therefore, rake angle and cutting speed will be
changed locally, and accordingly, the tool's
cyclic deflection increases workpiece surface
roughness. In hot turning not only the average
cutting forces is reduced (Fig.6) but also the
fluctuation amplitude of the cutting forces

decreased compare to conventional turning
operation (Figs. 5 and 7). Therefore, surface
roughness is reduced in hot turning operation in
comparison to conventional turning.

According to Fig.17 the obvious differences
in the morphology of machined surfaces with
different initial temperatures suggest a
considerable influence of the preheating
techniques on the chip-formation mechanisms.
It can be observed that there are hardly any side
flows and defects on surfaces machined with
applying hot turning technique. However,
surfaces generated under conventional turning
are characterized by side flow and more surface
damages. Moreover, with increasing cutting
speed for each feed rate, workpiece surface
roughness is reduced (Fig.15). In addition, by
increasing the workpiece initial temperature in
hot turning, the workpiece surface roughness
decreases in comparison to conventional
turning. Increasing cutting speed as well as
workpiece initial temperature, the hardness and
strength of the uncut chip will be reduced and as
a result cutting forces will be decreased (Fig 6).
Therefore, workpiece surface roughness is
reduced and the efficiency of the cutting process
will be increased.

4.6.Effects of preheating temperature on
cutting tool stresses

The Von-Mises stress distribution on the cutting
tool edge is shown Fig.18 for conventional and
hot turning operations. As shown in Fig.18, a
smaller area of the cutting tool edge is exposed
to stresses more than 2800 MPa for hot turning

T

fum] [ L P

R- Profile leveled Filter M1 DIN4777 Lc=8.000 mm

100 ----- SRERERE P AR SRR AREEEREE :

Tl i W'--'

100+ oo REREREE S SRR ;

0.0 l |.

100 - L L . . [ 21004 L. B [P [ . !

R- Profile leveled Filter M1 DIN4777 Lc¢=8.000 mm

Fig.15: Surface roughness profile after (left) conventional and (right) hot turning at 300 °C for V=62 m/min and
f=0.241 mm/rev
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Fig.16: The effects of initial temperature of the workpiece and cutting parameters on the surface roughness
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Fig.17: SEM micrographs of machined specimens under V=62 m/min and f=0.175 mm/rev
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process. In addition, for other feeds and cutting
speeds, the simulation results also prove that the
tool stresses in conventional turning are always
higher than hot turning at 200°C and 300°C.

4.7 Effects of preheating temperature on
flank wear

Cutting tool wear values have been measured
using SEM and optical microscope after three
minutes turning at ambient temperature, 200°C
and 300°C. As can be found from Fig.19 that
tool wear in hot turning decreased by 23%
compared to conventional turning. In addition,
tool wear is so severe in conventional turning
that the tool coating layers are removed and the

Exposed WC

ST

workpiece initial temperature=25°C

HV [mag O] WD | HFW |

P i . 500 pm
20.00 kV| 200x |24.0 mm|1.49 mm H

WC exposed, whereas in hot turning only the
tool top coating layer was abraded. One of the
reasons for the reduction of tool wear in hot
turning is a 27% reduction of cutting force in
comparison to conventional turning (Fig.6),
which reduces the stress applied to the cutting
edge (Fig.18). According to Figs. 6 and 20, the
force applied to the tool during hot turning is
19% lower than that in conventional turning and
therefore tool wear is reduced from 0.116mm in
conventional turning to 0.099mm in hot turning.
Moreover, tool wear measurement of all cutting
tools shows that hot turning of AISI630
hardened steel at 200°C and 300°C reduces
flank wear by 15% and 33%, respectively.

workpiece in

HV ‘mag O

20.00 kV| 200x [16

Fig.19: Comparison of flank wear in conventional turning and hot turning at 300°C for V=62 m/min and
f=0.102 mm/rev
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| s e
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Fig.20: Comparison of flank wear in conventional turning and hot turning at 200°C for V=62 m/min and
f=0.175 mm/rev



Mohammadjafar Hadad et al./ Energy Equip. Sys. / Vol. 9/No.2/June 2021 157

5. Conclusion

In this research, the conventional turning and
hot turning process at 200°C and 300°C were
investigated experimentally and numerically on
hardened AISI630 stainless steel. The main
results of this research are:

Hot turning at 200°C and 300°C reduces the
cutting force up to 19% and 28%, respectively
and consequently, reduces the stress. Moreover,
in hot turning, the

1. Fluctuation amplitude of the cutting forces
decreased in comparison to conventional
turning.

2. FFT analysis of cutting force shows that the
main factor affecting the cutting force
fluctuations is the saw-tooth chips
formation as well as the shear band
generation due to thermal softening of
AISI630. However, by increasing the
workpiece initial temperature, the saw-
tooth pitch increases and the frequency of
cutting force oscillation decreases.

3. Machined surface roughness decreased
during hot turning at 200°C and 300°C up to
9% and 23% compared to conventional
turning. In hot turning not only the average
cutting force is reduced, but also the
fluctuation amplitude of the cutting forces
decreased compare to conventional turning
operation. Therefore, surface roughness is
reduced in hot turning operation in
comparison to conventional turning.

4. Hot turning decreases the side flows and
other defects on the machined surface in
comparison to conventional turning. In
addition, hot turning at 200°C and 300°C
reduces the tool wear up to 15% and 33%
compared to conventional turning.
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