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In this research, the life of the tool and the wear rate of the cutting edge
of the tool were investigated using R410a coolant in cooling the
cutting edge of the tool and comparing it with the traditional fluid of
soapy water. In addition, dimensional deviation and surface
roughness of steel (ck45) 1045 in chipping with a high-speed steel
(HSS) tool at cutting speeds of 15, 25, 40, and 55 meters per minute
cutting depths of 0.5, 1, and 1.5 mm and feed rate of 0.05, 0.12, and 0.2
mm /rev were investigated in two modes of liquid cooling, soapy
water and R410a coolant. The obtained results showed that cooling
with R410a refrigerant, due to its high cooling power and better
control of the temperature of the cutting area compared to the soapy
water fluid in the machining process, reduced the amount of tool wear
and can be used as one of the suitable cooling fluids. Based on the
minimum values of dimensional deviation and surface roughness
under different conditions, by using R410a refrigerant, the cutting
speed can be increased by 60% from 25 m/min to 40 m/min.
Furthermore, in the most optimal mode, at a cutting speed of 40/min,
the chipping depth is 1 mm and the advance values are 0.05 mm per
round, the dimensional deviation and surface roughness are
improved by up to 6 and 10 times. In the optimal state, the
dimensional deviation based on the diameter difference in 300 mm
length is 14 microns and the surface roughness will decrease to 3.1
micrometers after 60 minutes of chipping time.
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EXTENDED ABSTRACT

Introduction

In various processes of machining and shaping of materials, the use of various coolants
and lubricants in different industrial machines such as lathes, milling and grinding machines
is very popular. The use of various types of coolants primarily causes the cooling of the
machining tool and lowers its temperature, and on the other hand, with its lubricating
properties, it reduces the friction between the tool and the workpiece. Choosing the right
cutting fluid by reducing friction, better cooling and preventing excessive heat in the
machining environment leads to longer tool life, reducing cutting force and improving
surface quality. One of the most important parameters affecting the cost of production of
products and their final quality is the surface roughness of the production parts, which
depends on several factors such as the type of tools, the type of workpiece, and cooling
fluids. The importance of this matter is that by reducing the roughness of the surface of the
manufactured parts, the value of the manufactured products increases and a much more
stylish and usable product is obtained.

Because 1045 steel with the brand name CK45 is one of the hard-to-turn metals in the
industry and its machining is always associated with damage to the tool and reduction of
tool life and tool operation time, and also due to its high wear resistance, it is one of the most
widely used metals in various industrial fields, increasing the tool life in the machining of
this steel is very important. Of course, since the supply of liquid nitrogen and its application
method are very expensive and require advanced equipment, in the present research, the
refrigerant R410a, which was previously used in the cooling systems of facilities and cold
stores, and its capability was investigated. As it reduced temperature by up to -50 degrees
Celsius, this refrigerant was used as a tool cooling fluid, and in the experiments, separate
application of water-soap fluid and R410a refrigerant jet on the cutting edge of the HSS tool
during turning of AISI1045 steel and the dimensional deviation and roughness of the
resulting surface under both cooling conditions were investigated and compared. R410A
refrigerant gas is a mixture of 50% difluoromethane refrigerant gas (R32) and 50%
pentafluoroethane gas (R125). This gas is completely colourless, non-toxic, non-flammable
and environmentally friendly.

Methodology

Pieces of steel 1045 (CK45) in the form of rebar with an initial diameter of 50 mm and
an initial length of 500 mm were selected for testing. The parts were cut in diameters of 50
mm and lengths of 350 mm, and a hole was drilled on one side of them. At each stage, the
pieces of 40 mm size were placed inside three systems and were restrained on the opposite
side by the bird device. The tools were made of HSS steel with dimensions of 12 x 12,
grinded and prepared under a 14° cutting angle and 8° front and side free angles.

The Tabriz TN50 lathe equipped with two step motors and gearboxes was used to
control the movement values of superts electronically and equipped with a three-phase AC
inverter to bring the revolutions of the machine to the exact values tested. Emco's CNC
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machine microscope was used to check the condition of the tip of the tool and the
Phertometer P1 roughness meter installed on the Supert set.

Results and discussion

Data related to the dimensional deviation of parts for cutting speeds of 15, 25,40 and 55
meters per minute, depth ofloads 0.5, 1 and 1.5 mm and advances of 0.05, 0.12 and 0.2 mm
was considered and the dimensional deviation recorded in lengths of 50 mm up to the final
length of 300 mm. In each stage of the test, to make the diameter of the piece uniform, HM
diamond tools were used to reduce the diameter by 0.5 mm so that the test conditions for
each stage were similar to the previous stage. For each selected cutting speed, a piece
different from the previous piece with a diameter of 49 mm was prepared and tested under
the same conditions.

To save consumables, the data related to the surface roughness was recorded in some
experiments simultaneously with the dimensional deviation data. Since in recording the
dimensional deviation data the length of 300 mm was the basis from the beginning to the
end of the test process, and in the recording of the surface roughness data, the time of 60
minutes was the basis of the examination, the duration of the test was different for these
two cases. Therefore, according to the different cutting speeds, the course travelled by the
tool was not the same for different situations.

Conclusion

In this research, by using R410a refrigerant and comparing it with the traditional soap-
water fluid in cooling the cutting edge of the tool, the effect of applying this fluid on the
surface roughness and dimensional deviation was investigated. Considering models made
of AISI45 steel with a diameter of 50 mm and a length of 350 mm and turning them using
HSS tools with a 14-degree cutting angle and 8-degree front and side free angles, the effects
of cooling fluid at cutting speeds of 15, 25, 40 and 55 meters per minute, load depth of 0.5,
1 and 1.5 mm and advances of 0.05, 0.12 and 0.2 mm per round were recorded. The results
obtained from the research indicated that cooling with R410a refrigerant, due to its high
cooling power and better control of the temperature of the cutting area compared to the
soap-water fluid in the machining process, reduced the roughness of the part surface and
increased the quality of the machining surface. It also reduced the dimensional deviation of
parts and can be used as a suitable cooling fluid.
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