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Effect of cutting speed on temperature cutting tools and surface
roughness of AISI 4340 steel

Sobron M. Lubis*, Steven Darmawan’ Adianto,Ericsen
Mechanical Engineering, Faculty of Engineering, Universitas Tarumanagara

*sobronl @ft.untar.ac.id

Abstract. During the machining process, a few cutting parameters are implemented such as cutting speed, depth
of cut, and feeding speed. Variation of cutting speed beside affect the result of machining also could affect the
rise of temperature during the machining process. In this study, carbide and ceramic cutting tool was used to
see the comparison of temperature growth between two different tools. Tool temperature was estimated by
simultaneous temperature measurement using K-type thermocouple and a digital thermometer to measure on
tool temperature. Experiments were carried out in dry machining using workpiece material of AISI 4340
alloy steel. A DNMG 150404HQ CVD-coated carbide insert and the ceramic insert was used during the turning
process. The result of the experiment show The highest measured temperature value on carbide cutting tool was

114 °C at 240 m / min cutting speed while the lowest temperature value was 87.8 OC at 160 m / min cutting speed.
While on the ceramic cutting tool the highest measured temperature value is 52,5 °C at 240 m / min cutting
speed and lowest is 47,5 °C at cutting speed 160 m / min

1.Introduction

In the lathe machining process, the parameters specified to affect the resulting machining results.
Machining parameters, such as cutting speed, depth of cut, and feeding speed have an influence on the final
results of the machining process. One of the things that are also affected by the variation of the machining
parameters specified is the temperature in the machining process. By varying the machining parameters give
effect to the temperature changes that occur, both on cutting tools or workpieces. The temperature increase in
lathe machining can be affected by cutting speed, depth of cutting, feeding speed, and others. Heat is
produced by several sources, namely through the deformation of the workpiece in the shear plane, and
through the friction generated when the chip friction occurs on the cutting tool surface [2]. Based on the
results of the research on various cutting conditions, the percentage of heat distributed in the shear plane,
furious plane, and the main fields respectively ranged from 80%, 18%, and 2%. Some of the heat is carried by
the chip, some flows towards the cutting tool and workpiece. The heat that occurs during the cutting process
is largely carried away by the chip, some of it propagates through the tool, and the rest propagates through the
workpiece. The heat that is formed is quite large, and because the area of the contact area is relatively
small, the cutting tool temperature, especially in the furious area and the main plane, will be very high.
Due to the large pressure due to the cutting force causes high temperatures. [1]

Low and high temperatures during the machining process can affect the life of cutting tools [5]. Wear
of cutting tools certainly also affect the performance of the tool which has an impact on the value of the resulting
surface roughness.

Based on this, this study was conducted to determine the effect of cutting speed on the steel turning process
of AISI 4340 using cutting tools carbide to the cutting temperature and its relation to the value of the surface
roughness of the workpiece.

2. Method and Materials

This research was conducted using Mazak CNC lathes. The cutting tool used is
Carbide inserts DNMG 150404HQ CAS5515 type which is attached to the VMDINR-2020-15 tool
holder.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



TICATE 2018 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 508 (2019) 012053 doi:10.1088/1757-899X/508/1/012053

Figure 1. Carbide dan tool holder VMDIJNR-2020-15
Table.1 The chemical composition of Steel AISI 4340

Content (%)

Iron, Fe 95.195 - 96.33
Nickel, Ni 1.65-2.00
Chromium, Cr 0.700 - 0.900
Manganese, Mn 0.600 - 0.800
Carbon, C 0.370 - 0.430
Molybdenum, Mo 0.200 - 0.300
Silicon, Si 0.150 - 0.300
Sulfur, S 0.0400
Phosphorous, P 0.0350

Table.2 Mechanical properties

Density 7.85 g/lem’ 0.284 1b/in3

Melting point 1427°C 2600°F

Tensile strength 745 MPa 108000 psi
Yield strength 470 MPa 68200 psi
Bulk modulus (typical for steel) 140 GPa 20300 ksi
Shear modulus (typical for steel) 80 GPa 11600 ksi
Elastic modulus 190-210 GPa 27557-30458 ksi
Poisson's ratio 0.27-0.30 0.27-0.30
Elongation at break 22% 22%
Reduction of area 50% 50%
Hardness, Brinell 217 217

Hardness, Knoop (converted from Brinell hardness) 240 240
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Hardness, Rockwell B (converted from Brinell

hardness) %

Hardness, Rockwell C (converted from Brinell
hardness. Value below normal HRC range, for 17
comparison purposes only)

Hardness, Vickers (converted from Brinell hardness) 228

Machinability (annealed and cold drawn. Based on 100

machinability for AISI 1212 steel.) >0

Figure 2. Steel AISI 4340

1. Surface tester

-

Figure 3.Surface Tester
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2. Measuring the cutting temperature is carried out using a thermocouple type K attached to the end of
the cutting tool. Cutting temperature reading using a digital thermometer. Turning results in the value
of the surface roughness of the workpiece. Measurement of the value of the surface roughness of the

workpiece is done using a surface tester.
2. Digital Thermometer
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T
Figure 4.Digital Thermometer
3. Thermocouple Type-K

Figure 5. Thermocouple Type K

4. Clamp

Thermocouple groove

Figure 6. Clamp

Thermocouple mounting mechanism at the cutting tool.

The research used cutting speed variation 160-250 m / min and feed rate 0.12 mm / rev which
was determined based on the specifications of the tool used and paying attention to the capacity of the
CNC turning machine in supporting high rotation speeds. In experiments, thermocouples are used to
measure temperature. The thermocouple is attached to the cutting tool using a clamp made of 7075
aluminium. Before attaching it to the cutting tool, the clamp is first made into a groove so that the
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thermocouple cable can be clamped properly. The clamp is coated with sealer glue and epoxy to
prevent heat coming from the cutting tool to the thermocouple sensor to move to the clamp. An
experiment in determining the position point of the thermocouple sensor to obtain the most accurate
and safe measurement point does not interfere with furious income movements. The measurement point
is carried out at a distance of 0.3 cm from the angle of the cutting tool.

Cutting tool

Clamp

Thermocouple

Thermometer Digital

Cutting tool

Figure 7. Clamp circuit, cutting tool and Testing Tool

Experimental procedure

The studies begin with the calculation of spindle (n) which will be used based on the diameter of the

workpiece and the cutting speed to be achieved.

d
= 7T—n;m/min (D)
1000

d : workpiece diameter (mm)
n : spindle speed (rpm)
v : cutting speed (m/min)

Then the workpiece is attached to the chuck and the cutting tool is placed close to the workpiece. The
spindle is activated and the cutting process is carried out, the cutting tool is moved to the surface of the
workpiece. At this time there is an interaction between the cutting tool and the workpiece so that heat
occurs. The machining process is carried out for 5 seconds to obtain a stable temperature value to be
noted in the table. Then the machining process continues with a span of 5 seconds to reach 25 seconds.
After machining is complete, measurement of the surface roughness of the workpiece is carried out.
Then changes in cutting speed are carried out. With the same method, the cutting process is carried out
to measure the temperature of the tool and the surface roughness value of the workpiece.
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3. Result and Discussion

The results of the machining temperature measurement at the cutting tool based on the average
time and temperature obtained from 3 experiments are presented in the following table. From the data
obtained it can be seen that the temperature at the cutting tool increases with time.

Table.3 Temperature Measurement Based on Time

Cutting Speed Temperature Temperature ~ Temperature = Temperature = Temperature

(m/min) ’C) ’C) ’C) 0 0
5 second 10 second 15 second 20 second 25 second
160 55,4 67,8 75,3 83,2 87,8
180 53,6 71,1 82,3 91,4 96,4
200 56,7 74,1 85,7 95,7 101,7
220 58,03 76,5 87 100,2 106,2
240 77,1 92,2 101,8 108,6 114
120
110
G 100
eg 90
g 80
g 70
2 60
50
40
5 10 15 20 25
e 160 e 180 Redik 220 @ 240
"""""" Log. (160) --------- Log. (180) Log. (200) Log. (220) ++-++--+- Log. (240)

Figure 8. Temperature Change Chart Based on Machining Time at different cutting speeds

From Fig. 10 it can be seen that the increase in the time of the cutting process increases the
temperature at the cutting edge of the tool. This happens because the friction that occurs is increasing
due to the longer cutting time.

The following are the data taken with 3 attempts at each different cutting speed. From the 3
trials the average temperature was taken to obtain valid data.
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Table.4 Average Measurement Results

Cutting Speed Temperature Temperature Temperature Average
(m/min) °0C) °0C) °0C) Temperature (°C)
experimental 1  experimental 2  experimental 3
160 82,1 89,5 92 87,8
180 90,1 95 104,3 96,4
200 97,8 102.3 105 101,4
220 104,4 106,9 107,5 106,2
240 112,2 114,1 115,8 114
120 114
110

Temperatur (°C)
-
~ o (e} o
o o o o

D
o

160 180 200 220 240
Kecepatan Potong (m/min)

Figure 9. Effect of cutting speed on temperature on Cutting tools

Based on the above data it can be concluded that if the cutting speed is higher, it has an influence on
the temperature changes that occur in the tool's eye, along with the cutting speed that increases the
temperature in the tool's eye increases. The smallest temperature is 87.8 OC which can be obtained at a
cutting speed of 160 m / min and the highest temperature of 114 OC can be obtained at a cutting speed

of 240 m / min.

From Figure 3 and Figure 4 it can be seen that the measurement of ceramic cutting tools also increases
the temperature along with the change in cutting speed. However, it can be seen that the measured
temperature is lower than the temperature at the carbide cutting tool.

* Example calculation of heat transfer rate that occurs at cutting speed of 160 m / min

gl
Q=kAZ

Q =34.0,16x107%.

2)

360,8°K — 339,5°K

0,003 m
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Q=386W

Based on the formula used above can be calculated heat transfer that occurs at each cutting speed with

the results as obtained in table 4

Table 5. Heat Transfer value

Carbide cutting tool

Cutting speed QW)
160 3,86
180 2,06
200 2,72
220 3,37
240 4,49

From the table, it can be seen that the increasing
cutting speed and accompanied by an increase in
temperature at the cutting tool, the rate of heat
transfer that occurs is greater. The value of Q
obtained at the carbide cutting tool is greater than
that of the ceramic cutting tool. This means that the
heat delivered by carbide cutting tools is greater than
that of ceramic cutting tools. From the Q value
obtained then it can be predicted that the heat that
occurs at the end of the cutting tool is based on the
formula of heat transfer.

Based on the heat transfer rate data at each cutting

speed obtained. The temperature that occurs at the tool nose radius of the cutting tool is calculated. The
temperature is calculated based on the first point temperature measurement data on the tool.

_ 1Ty
Q =k.A AL e

Where:

Q = Heat transfer rate

k =Conductivities Thermal

A = Cross-sectional area (mz)

Ti=Trp

[3]

T, = The temperature at the first measurement point °K)

AL = length (m)

* Example calculation of the temperature of the carbide cutting tool insert taken at a cutting speed of

160 m / min
_ Ti— T,
Q=kA™2
3.86 = 34..0,16x10~*, L 5008
00 = 3% A T 003

5,45 x 0,003 = 0,000544T; — 0,1962
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_0,01158+0,1962

T, = = 381,94 °K =108,7 °C
0,000544

Table.6 Temperature theory values In the nose radius of cutting tool

Carbide cutting tool

Cutting speed Tip (OC)
160 108,9
180 107,7
200 116,2
220 124,6
240 137,7
160
140
g 120
*é 100
g 80
T 55.7 52.8
40
160 180

From the calculations that have been done, it is
obtained the temperature results at the end of the
cutting tool. Temperature changes obtained are
directly proportional to the increase in cutting speed.
As observed at the first and second measurement
points there is a temperature difference at the end of
the cutting tool between carbide and ceramic cutting
tools. Where the temperature at carbide cutting tools
is higher than in ceramic cutting tools. The lowest
temperature was obtained at a cutting speed of 160 m
/ min and the highest temperature was obtained at a
cutting speed of 240 m / min.

137.7

64.6

60.1 61.8

200 220 240

Kecepatan Potong (m/menit)

Ttip Karbida Ttip Keramik

Figure 10. Comparison of temperature at the tip cutting tool

Based on the results presented in the graph, it can be seen that the temperature calculation at the end of
the cutting tool has increased in temperature along with the increase in cutting speed. It can also be
seen that there are temperature differences between carbide and ceramic cutting tools, this is due to
differences in the constituent materials of each cutting tool. Based on the formula used, the temperature
that occurs at the bottom of the cutting tool can be predicted. The calculated temperature is at the same
point but on a different side. in this case, the heat transfer that occurs is assumed to occur by

conduction.

* Example calculation of carbide cutting tool temperature at a cutting speed of 160 m / min.

Tiip calculation at the bottom side of the cutting tool.
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_ Ti—T,
Q=lkall 3)

381,996 — T,

— -4
3,86 =34.0,18x107". 0,004

3,86 x 0,004 = 0,233 — 0,000612T,

_0,01504—-0,233

T, = = 356,1°K =83,1°C
-0,000612

The temperature at the first point
L —T
AL

Q =k.A

360,8— T,

— -4
3,86 =34.0,18x107". 0,005

3,86 x 0,004 = 0,2208 — 0,000612T,

_0,01504—-0,2208

T, = = 347,3°K=63,2°C
-0,000612

The temperature at the second point
nL—-T
AL

Q =k.A

339,5— T,

3.86 = 34.0,18x10*.
’ LoX 0,005

3,86 x 0,004 = 0,2077 — 0,000612T;

T, = 2222222 = 313,5 °K = 40,6 °C
—0,000612

Table 7. Results of temperature calculation on the bottom side of a carbide cutting tool

Cutting speed Ty (°C) T, C) T, (°C)
160 83,1 63,2 40,6
180 93,5 82,9 71,5
200 97,3 83,7 68,7
220 100,9 84,1 65,5
240 108 84,6 59,8

10
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The uses of varying cutting speeds turned out to produce different surface roughness values. If the
cutting speed used varied the higher, then the measurement of the surface roughness of the workpiece
obtained the value of roughness getting smaller. In the graph, it can be seen that with higher cutting
speeds, the temperature that occurs at the cutting tool also increases. The increase in cutting speed and
temperature is inversely proportional to the change in the surface roughness value of machining results.
This is due to the contact area of the cutting tool that friction with the workpiece undergoes a
deformation change due to temperature rise in the cutting tool area, so that the cutting corner cutting
surface undergoes a change of shape, which of course gives an effect on the impression of scratches
that occur on the surface of the workpiece.

Grafik Data Pengukuran Pada Mata Pahat Karbida

3 160
— 2.578 137.7 140
f:: 2.35 . 6 120 5
c 2 - . 2.013 <
o 1.76 100 5
@ 1612 g5 &
g o
(o
g1 60 2
5 40 &
= 20
0 0
160 180 200 220 240

Kecepatan Potong (m/menit)

Nilai Kekasaran —ess=T tip

Figure.11 Graph Effect of cutting speed on roughness value and carbide cutting tool temperature

Based on the graphs in Figures 10 and 11 it can be seen that the increase in cutting speed has an effect
on increasing the temperature at the temperature on the cutting tool. The intersection between the
temperature curve and the roughness value can be seen the optimum point of machining parameters for
the conditions of roughness and cutting tool wear. The optimum value becomes a reference for the use
of cutting speed which causes a temperature rise not too high but still has a good roughness value. The
increase in temperature occurs because the heat generated due to deformation that occurs in the sliding
plane on the workpiece and friction between growls and cutting tools is greater. [3] A similar thing
happened to both cutting tools. But at the cutting tool carbide, the temperature during the cutting
process is higher than the temperature in ceramic ceramics. This is because carbide cutting tools have a
higher thermal conductivity compared to ceramic cutting tools. With increasing temperatures can be
seen the value of surface roughness decreases. This shows that the machining with variations in speed
increases the surface roughness value produced is inversely proportional to the temperature at the
cutting tool.

11
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4.Conclusion

Based on the analysis of carbide and ceramic cutting tool temperature points on the AISI 4340 Steel
turning machining process that has been carried out, it can be concluded that the temperature of
machining results is directly proportional to the cutting speed. The higher the cutting speed, the higher
the temperature measured at the cutting tool. The highest measured temperature value at the carbide
cutting tool is 114 °C at a cutting speed of 240 m / min while the lowest temperature value is 87.8 °C
at a cutting speed of 160 m / min. While at the ceramic cutting tool the highest measured temperature
value is 52.5 °C at a cutting speed of 240 m / min and the lowest is 47.5 °C at a cutting speed of 160 m
/ min. With increasing cutting speed, the smaller the roughness obtained. As the cutting speed
increases, the temperature at the cutting tool increases. The lowest roughness value in the carbide tool
was 1.612 um at a cutting speed of 240 m / min with a cutting tool temperature of 114 °C and the
lowest roughness value at ceramic cutting tool was 0.88 pm at a speed of 240 m / min with a
temperature at the cutting tool 52.5 °C. This shows that the value of surface roughness is inversely
proportional to the value of cutting speed and cutting tool temperature.

Based on the analysis of carbide and ceramic cutting tool temperature points on the AISI 4340 Steel
turning machining process that has been carried out, it can be concluded that the temperature of
machining results is directly proportional to the cutting speed. The higher the cutting speed, the higher
the temperature measured at the cutting tool. The highest measured temperature value at a carbide
cutting tool is 114 °C at a cutting speed of 240 m / min while the lowest temperature value is 87.8 °C
at a cutting speed of 160 m / min. While at ceramic cutting tool the highest measured temperature
value is 52.5 °C at a cutting speed of 240 m / min and the lowest is 47.5 °C at a cutting speed of 160 m
/ min.

With increasing cutting speed the smaller the roughness obtained. As the cutting speed increases, the
temperature at the cutting tool increases. The lowest roughness value for carbide cutting tool was
1,612 um at a cutting speed of 240 m / min with a cutting tool temperature of 114 °C and the lowest
roughness value for ceramic cutting tools was 0,88 um at a speed of 240 m / min with a temperature at
the cutting tool 52.5 °C. This shows that the value of surface roughness is inversely proportional to the
value of cutting speed and cutting tool temperature.
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