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Cutting fluids are used to achieve various purposes such as better
surface quality, less tool wear, and reduced cutting force. In this
paper, the effect of cutting tool cryogenic treatment on tool wear and
workpiece surface roughness in comparison with dry and
conventional turning of AISI 304 steel was investigated. The Taguchi
method was used to design the experiments. The signal-to-noise
ratio method was used to analyze the results of the experiments.
Genetic algorithm and regression were used to optimize and model
tool wear and workpiece surface roughness, respectively. Regression
was used to determine the relationship between cutting speed, feed
rate, depth of cut, and machining conditions as independent
variables with tool wear and surface roughness as the response
variables. The results demonstrated that machining AISI 304
stainless steel with cryogenic treated tool reduced the surface
roughness of the workpiece compared to dry and conventional
turning. Increasing the amount of ETA phase was one of the reasons
for reducing wear and increasing the hardness of the cryogenic
treated tool. Optimal values for tool wear and workpiece surface
roughness were 0.4 mm and 2.8 microns, respectively.
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EXTENDED ABSTRACT

Introduction

Different criteria exist for dividing machining methods. One of these criteria is cutting
fluid. Machining methods can be divided into green, conventional and dry machining
based on cutting fluids. Cooling machining and minimal lubrication are among the green
machining methods. The efficiency of cutting tools can be increased through various
methods such as cooling operations. Conventional cutting fluids, despite their positive
effect on reducing friction and temperature, cause breathing problems for the operator.
Due to the complications of conventional cooling for the operator and the environment, the
tendency to use refrigeration cooling methods has increased. Cryogenic cooling methods
include: a) cryogenic treatment b) workpiece pre-cooling c) spray cryogenic cooling and d)
indirect cryogenic cooling. The four stages of cryogenic treatment include a) lowering the
temperature b) soaking the samples, c) increasing the temperature and d) heat treatment.
Gases with high cooling power are used to cool and reduce the temperature. In the
cryogenic treatment, the temperature of the samples is slowly reduced between -80 and -
196 degrees Celsius using gases with high cooling power, such as helium, and after a
certain time halt at that temperature, the samples are then heat treated. In this article, the
effect of cooling operation of cutting tools on tool wear and surface quality was
investigated in comparison with wet and dry turning of 304 steels under different cutting
parameters. After modeling the results of the experimental tests, the experimental values
of tool wear and surface roughness were optimized with genetic algorithm.

Methodology

The workpiece used in this research was made of AISI 304 steel with a diameter of 40
mm. Quantometry was used to measure the percentage of alloy elements in the workpiece.
In this article, first, the influence of the parameters of soaking time in liquid nitrogen (24
and 72 hours), time (1.5 and 2 hours) and the number of heat treatment steps (1 and 3
steps) on the wear resistance of cutting tools was investigated and then the best observed
state was used for comparison with dry and wet machining methods. According to the
results, the optimal state of cryogenic treatment parameters included 24 hours of soaking
at-196°C and performing 3 stages of heat treatment each for 2 hours at 200°C.

Results and discussion

The microscopic structure of tungsten carbide includes: a) eta phase, b) cobalt or beta
phase, c) gamma phase and d) tungsten carbide or alpha phase. Among the four phases of
tungsten carbide, the eta phase is the hardest phase. Cryogenic treatment increases the
thermal conductivity of tungsten carbide by increasing the amount of eta phase, in
addition to the hardness and fracture toughness. Figure 1 shows the signal-to-noise ratio
of the effect of machining conditions on tool wear. According to Figure 1, with the change
of machining conditions from Cryogenic to wet and from wet to dry, the amount of tool
wear increased. The lowest wear was related to the machining mode with the Cryogenic
treated tool and the highest tool wear was in the dry machining mode.
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Main Effects Plot for SN ratios

Mean of SN ratios for tool wear

Cryogenic Wet Dry
Machining Condition

Figure 1. Signal-to-noise ratio diagram of the effect of machining conditions on tool wear

The average amount of reduction in tool wear in turning of cryogenic treatment tools
compared to dry and wet turning were 67% and 50%, respectively. The optimal values
obtained from the genetic algorithm for tool wear was equal to 0.4 mm. According to the
genetic algorithm, to achieve the least tool wear, the optimal mode was machining with a
cryogenic treatment tool, cutting speed of 42 m/min, feed rate of 0.2 mm/rev, and cutting
depth of 0.4 mm.

One of the targets of using cutting fluids was to achieve a lower surface roughness.
Ideally surface roughness only depends on tool cutting edge radius and feed rate. However,
in reality, surface roughness is also dependent on tool wear tool vibration, tool material
and cutting fluids. The cutting tool can be mentioned as one of the most important factors
affecting the surface roughness of the workpiece. Figure 2 shows the signal-to-noise ratio
diagram of the effect of machining conditions on the surface roughness of the workpiece.
According to Figure 2 the amount of surface roughness increased with the change from
cryogenic to wet machining and from wet to dry. The highest surface roughness was
observed in the dry state and the lowest surface roughness was observed in the machining
state with cryogenic treated tools. By reducing the wear of the tool and consequently
reducing the contact surface between the tool and the workpiece, the penetration of the
tool into the workpiece became easier and the amount of vibration of the tool decreased.
The reason for improving the roughness of the workpiece surface in machining with
cryogenic treated tools was to reduce wear and maintain the sharpness of the cutting edge
of the tool.
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Main Effects Plot for SNratios

Mean of SN ratios for surface roughness

Cryogenic Wet Dry
Machining Condition

Figure 2. Signal-to-noise ratio diagram of the effect of machining conditions on surface roughness

The average amount of reduction in tool wear in turning of cryogenic treated tools
compared to dry and wet turning were 63% and 46%, respectively. The optimal values
obtained from the genetic algorithm for the surface roughness of the workpiece was equal
to 2.8 microns. According to the genetic algorithm, the optimal surface roughness was
obtained at a cutting speed of 83 m/min, a feed rate of 0.4 mm/rev, a cutting depth of 1.2
mm, and a machining mode with a cryogenic treated tool.

Conclusion

The use of cryogenic treated tools in turning 304 austenitic stainless steels reduced
tool wear compared to wet and dry conditions. The reason for this is was the increase in
the eta phase, followed by an increase in hardness and a decrease in heat concentration at
the cutting edge of the cutting tool.

The optimal values for tool wear and workpiece surface roughness, according to the
genetic algorithm, were related to the machining method with cryogenic treated tools and
equal to 0.4 and 2.8 mm, respectively.
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