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The aim of the present study is to facilitate the machining process of cast steel (HSS)
through cooling and lubricating by compressed air with liquid in three directions and
consisting of (oil, soap, carbolic acid, and sculpture) and was compared with the lubricant
process in one direction and at different cutting speeds (2.08, 6.25, 10.4, and 14.16 m/sec).
The Auto Desk Inventor programme is used to simulate the cutting process by applying
cutting forces to the tool's shear surface. The interface equipment is used to measure
cutting tool strains by the response of a strain gauge and the Arduino equipment to measure
cutting tool temperature. In addition, the tool strain equations were used assuming that the
cutting tool is fixed between the two walls (fixing region and surface of the workpiece) to
get the best results at the same speed. The results refer to the lubricant in three directions,
which is better than one direction due to decreasing cutting tool strain, reaction of cutting
force on the shear surface of the cutting tool, and cutting tool temperature. The
experimental results show that a cutting speed of 10.4 m/sec is the best for the cutting
process. Furthermore, the numerical results are converged with practical results in a small

correction factor (0.428), preventing the tool from vanishing.

1. INTRODUCTION

The study investigated different conditions for cooling of
cutting processes and machining factors on wear flank region
(Vs) and surface roughness (Ra) in the state of steel hard
machining AISID2 by using multi-coating layers of carbide
insets. The results analysis showed that the effect of machining
time (72.5%) was greater than the cutting speed effect (16.02).
These parameters have a high effect on tool wear distribution
and surface roughness [1, 2]. The slow flow of lubricant fluid
and high cutting speed show good distribution to reduce tool
wear and improve surface finishing [3, 4].

The machining of titanium is more required to improve new
techniques for lubricant and cooling of tools, which are needed
in the most extreme state [5]. The ester shows high
performance lubricant fluid during cutting. The work
investigates the molecular structure ester effect in oil to form
an emulsion and interface with the surface to form an oil film,
resulting in efficient cutting fluid. The lubricant performance
protects the tool from wear and dimpling such as (Ti 6A1 4V).
The lubricant is improved because of the origin film formation
on the metal surface, which depends on the molecular structure
of the ester and its ability to adsorb on the surface. The best
percentage of ester is 12% to produce active cutting fluid,
while the percentage of 26.8% and above leads to tool wear.
This work is useful in the machining of difficult metals such
as Ti6Al4V and g-TiAl, which require more efficient
lubricants and are sustainable [6, 7].

The cutting processes produce heat generated at the cutting

region (around the tool and work piece when interfacing them).

This heat generated causes different effects on the cutting tool
and work piece, the finishing of the product, and the
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performance of machining. Previous research focused on
various machining conditions, heat generation effects on tool
and work piece, and reducing heat generated at the cutting
region. This study dwelled on simulation by the Ansys 19.1
programme to get the percentage ratio of heat removal. The
heat is generated due to two types of cutting tool wear, crater
and flank wear. Variables studied in research include cutting
tool life, dimension accuracy, surface finishing, and work
piece corrosion. The defects and pros are discussed [8-10].

The study deals with comparing simulation and practise in
cutting force, cutting stress, and easy chip streamline during
nano and macro cutting. Single crystal copper is cut and sliced.
The finite element method was used as the (Johnson—Cook)
metal strength and failure samples were used to a macro
cutting sample, cutting force, cutting stress, and cutting
displacement. The molecular dynamic simulation is used to
produce a cutting sample with cutting forces and Von Mises
stress. Then analysis comparison is done to attain simulation
results for the macro cutting sample, as following: 1-The
changing of cutting force direction in x and y is different, but
the cutting force ratio in x and y in nano and macro cutting
processes is convergence. 2-The stress in nano cutting is one
hundred times more than in macro cutting. 3-The chip length
in nano cutting is larger than the chip length in macro cutting.
4: The change of practical cutting force is similar to force
change in the simulation process, but there is a difference in
values [11-13].

The heating is generated in a metal cutting process which
led to resist of the chip interface between tool and work piece.
The high temperature at cutting point because of high
generated heat can be led to damage of cutting tool, hence,
high cutting force subjected on metal and tool due to high
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roughness of surface, reduce of surface life and inaccuracy in
part dimensions [14, 15]. The cutting fluid is used to help
metal removed, cool of cutting region, chip flushing and
lubricant. The minimum quantity of lubricant fluid with high
pressure in cutting region give minimum pollution in
machining industries [16, 17].

Based on the above survey, most research attempted to cool
the cutting region in order to reduce cutting tool strain caused
by cutting force and thermal stress. Therefore, the goal of this
study is to find the optimal lubricating liquid for cooling the
cutting region and facilitating the chip slipping process. When
compared to the results cited in references, the best results

were obtained when subjected to liquid flow in three directions.

2. EXPERIMENTAL SETUP

The present work's experimental rig was put up in the
workshop of Almusaib Technical Institute. Horizontal turning
machine with high-speed steel cutting tool. The strain gauge is
attached to the cutting edge by an interface device, which
measures cutting tool strains and then converts the readings to
a computer programme. The thermocouple is linked to the
other side of the cutting tool, and an amplifier is used to
amplify the responses. The thermocouple is then connected to
an Arduino, which then translates the temperature readings
from the cutting tool to a computer programme, as shown in
Figure 1.
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Figure 1. Experimental set up of the current study

In the first state, the lubricant process of the cutting tool is
performed on the top tool face by lubricant liquid whose
properties are illustrated in Table 1 [18]. In the second state,
the lubricant process of the cutting tool is done in three
directions by the same of lubricant liquid and air compressed
with liquid to enhance the performance of the cutting tool and
to reduce strain and temperature as shown in Figure 2.

Table 1. Details of the lubricant liquid

. Contact:
Stuff Office o\l /Vol. of fixed oil)
Fixed oil Base oil 80%
Washing soap  Emulsifier 10%
Carbolic acid ~ Germicide 5%
Sculpture Extreme 5%
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Figure 2. Lubricant process in three directions on cutting
tool
3. NUMERICAL SIMULATION

According to the previous studies, can express about the
theoretical model of the current study as shown below:

Cutting power = F_.1, (1)
e =v.(AT).L ©)
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where:
AT = Ttool - Tlubricant oil befor cutting

Asquare cross section of tool — I? = (10mm)2
m
y = cof ficent of heat translate = 11.8 * 107 WCO

The simulation process is done by Auto Desk Inventor
program for different cutting speeds. Explicit dynamic
methods are used to estimate the stress and strain in the cutting
tool. In this research, sold cutting tool material (HSS) with
dimensions of (60*8*8) mm cross section, (15°) Rag angle (a),
(10°) Tolerance angle, (75) Tool angle (B) and (8) mm tool
edge width is used for the analysis process. The mechanical
properties of these materials are listed in the Table 2.

Table 2. Mechanical Properties of (HSS) materials

No. Properties Values

1 Ultimate tensile strength 540 MPa

2 Poisson’s ratio 0.28

3 Young’s modulus 233 GPa

4 Mass density 7.6 kg/m?3

5 Yield strength 250 MPa

6 Specific heat 0.42 [J/(kg K)]
7 Thermal Expansion Coff. 12,610 -5 [K™]
8 Thermal conductivity 20.2 [W/(m K)]
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4. RESULTS AND DISCUSSION

The interface equipment records strains readings of cutting
tool in two cases of lubricant process and in different cutting
speed as shown in Figures 3, 4, 5, and 6. Also, the Arduino
device records temperature readings of cutting tool with
changing of cutting speed and inconstant cutting depth
(0.4mm) as shown in Figures 7, 8, 9, and 10.
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Figure 3. The practical strain readings of the cutting tool at a
cutting speed 2.08m/sec
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Figure 4. The practical strain readings of the cutting tool at a
cutting speed 6.25 m/sec
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Figure 5. The practical strain readings of the cutting tool at a
cutting speed 10.4m/sec

Table 1 shows volumetric ratios of lubricant liquid. The oil
ratio is high percentage as well as the soap ratio, which helps
to prevent chip slipping on the rack angle surface. Figure 1
shows the three directions of lubricant liquid flow with
compression air to reduce cutting temperature and strain,
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which are produced on the tool edge and in the interface region
between tool and work piece, and then keep the tool and work
piece from deformation by reducing temperature and strain on
the surfaces of tool and work piece.
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Figure 6. The practical strain readings of the cutting tool at a
cutting speed 14.16 m/sec
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Figure 7. The practical temperatures of a cutting tool in
speed 2.08m/sec
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Figure 8. The practical temperatures of a cutting tool in
speed 6.25m/sec

The practical Figures 3, 4, 5, 6 show the relationship
between cutting time, which is limited to 30 seconds, and
practical strains by interface device, which depends on the
changing of whatston bridge resistance as in Figure 1, which
gives digital strain reais dings by computer program. The
response is by a strain gauge (120 Hz) fitted on the cutting tool
edge. The property of strain gauge helps to get the maximum
strain value during 30 seconds.

The practical Figures 7, 8, 9, 10 illustrate the relationship
between cutting tool temperature in a close region from the



cutting edge by a thermocouple fitted in this region of the
cutting tool and cutting time is limited by 30 seconds. The
readings are recorded for two lubricant flows in one direction
and in three directions at different cutting speeds. The
maximum cutting temperature is specified for the previous two
lubricant states. At cutting speed (2.08 m/sec) in Figure 7,
cutting temperatures in two lubricant states are more closely
related, especially at 13 seconds from cutting time, as shown
in Figure 3, for the same speed at strain reading. This refers to
true practical results for strains and temperatures readings.
While in Figures 8, 9, and 10, the difference between the
temperatures of the two lubricant states is stable and constant
approximately. The maximum temperature difference between
two lubricant states for different speeds (2.08, 6.25, 10.4,
14.16) is (15, 70, 78, 81 Co). The results refer to an increase
in cutting speed due to the improvement of the lubricant
process, and as in strain readings, the cutting speed (10.4

m/sec) gives good results for cutting tool temperature and
strains.
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Figure 9. The practical temperatures of a cutting tool in
speed 10.4m/sec
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Figure 10. The practical temperatures of a cutting tool in
speed 14.14m/sec

Figures 11 and 12 show the difference between lubricant in
one direction and three directions with maximum values of
strains and temperatures of cutting tool.

Moving to the numerical results, when turning tool collides
in in work piece to start cutting process, the constraining of
cutting tool is occur between tool fixing region and work piece,
because of longitudinal vibration in turning tool and that is led
to effect on metal tool as displacement, strains, stresses. They
are translating to tool root; therefore, the tool temperature
increases because of compression force in opposite direction
of its feed rate. The tool deformation has isotropic and
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proportional with temperature variation. The strain function
with temperature variation, coefficient of thermal expansion is
constant value [19, 20].
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Figure 11. The relationship between Max. Temperatures,
Strains and Cutting Speed in one direction of lubricant
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Figure 12. The relationship between Max. Temperatures,
Strains and Cutting Speed in three directions of lubricant

Lubricant in one direction
Cutting speed=2.08misec Lubricant in threedirection
Cutting speed=2 08misec

Figure 13. The simulation of one and three direction
lubricant in cutting process at 2.08m/sec
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Figure 14. The simulation of one and three direction
lubricant in cutting process at 6.25m/sec
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Figure 15. The simulation of one and three direction
lubricant in cutting process at 10.4m/sec
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Figure 16. The simulation of one and three direction
lubricant in cutting process at 14.16m/sec

Table 3. The theoretical, practical and simulation results of turning tool strains

Cutting Theoretical Theoretical Practical Practical Simulation Simulation
speed Strains of 1D Strains of 3D strains of 1D strains of 3D strains of 1D strains of 3D
m/sec lubricant lubricant lubricant lubricant lubricant lubricant

2.08 0.0004 0.0003 0.00144 0.00138 0.0018 0.00173
6.25 0.00343 0.00268 0.0006 0.00048 0.000487 0.0004

104 0.00483 0.00392 0.000387 0.00029 0.000303 0.000227
14.16 0.006 0.00511 0.00032 0.00025 0.000245 0.00019

As mentioned earlier, the simulation process is done by
Auto Desk Inventor program for different cutting speeds as
illustrated in Figures 13, 14, 15, 16 and the results of
theoretical, practical and simulation strains are inserted in
Table 3.

The Auto Desk inventor programme generated simulation
Figures 13, 14, 15, and 16 that were subjected to the same
loads values on the shear surface of the cutting tool in two
cases of one-direction lubricant and three-direction lubricant
with changing cutting speed (2.08, 6.25, 10.4, and 14.16
m/sec) and strain difference between two cases of lubricant
(0.000068, 0.000087, 0.000076, 0.000055). The results show
the high difference in strain is in the second speed (6.25m/sec),
but the strain value of the third speed is close to the strain value
of the second speed. Therefore, this refers to the convergence
of simulation results with experimental and theoretical that
this speed is the best for cutting tool (HSS) during the cutting
process. Hence, the correction factor between experimental
and theoretical results is (0.425), while that between
experimental and simulation results is (0.428) as shown in
Table 3. This refers to convergence of simulation and
experimental results because the correction factor is very
small, while unconference of theoretical and experimental
results occurs because thermal stress is added to the value of
the cutting force effect, and this can be taken in experimental
values as an added ratio.

5. CONCLUSIONS
The present investigation yields the following conclusions:

1. The three-direction lubricant process is the best way to
reduce cutting temperatures in tool and to reduce strains
due to subjected cutting forces in opposite directions on
tool, and this leads to an increase in tool life and keeps it
from wear.

2. The best cutting speed experimentally, theoretically, and
in simulation is 10.4 m/sec. At this speed, one can get the
best value of temperature and strain.

3. The use of the Auto Desk inventor programme in
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simulation has helped to reach convergence between
experimental and simulation results. It can therefore be
used to get the best of cutting conditions.

4. To achieve the convergence between theoretical and
experimental results, a correction factor (0.425) can be
used to add thermal strain due to cutting temperature
increasing to the cutting strain value.
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