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Influence of cutting parameters on
residual stress during hard dry cutting

Tang Dewen2, 4, Peng Cong3, Zhao Ruilan3,
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Abstract. Dry cutting technology is a kind of machining method, shall not apply to the

coolant is a kind of green cutting technology. This paper mainly studies the cutting speed and

cutting depth on surface residual stress and the e�ect of residual stress in the surface of the forecast

and control to improve the machining quality and machining e�ciency is of great signi�cance. The

indentation method is adapted to measure with the result of the experiment results show that: due

to the increase of cutting speed, increase thequantity of heat, heat source movement speed also

corresponding increase at the same time, but is passed to the workpiece surface heat is limited,

and the e�ect of thermal stress. If increasing the cutting depth at this time, the metal deformation

increases, the e�ect of mechanical stress play, surface residual tensile stress decreases. At the same

time under the high cutting speed, feed less e�ect on the machining surface residual stress changes.
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1. Introduction

Manufacturing engineering is one of the important content of the 21st-century en-
vironment clean green manufacturing technology, dry cutting technology as a kindof
e�cient,environmentally of e�cient, environmentally friendly processing methods,
widely used in aerospace, mold parts processing, automobile and other �elds.But in
the dry cutting process, due to lack of cooling liquid lubrication cooling e�ect, friction
between tool and chip and workpiece, produce a large amount of cutting heat.Lead
to thecutting tool and the workpiece surface machining surface temperature has risen
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sharply, processing surface residual stress are more likely to produce.At the same
time, thehigh cutting temperature will speed up the tool wear, further improve the
cutting temperature and cutting force, resulting in processing surface residual stress
is more di�cult to predict [1].

Yang Wenming et al. [2] are found that suitable for dry cutting under the condi-
tion of large feed, low cutting speed, especially under the condition of feeding large,
dry cutting tool life and wet cutting tool life is quite, and heat release and heat
transfer also increases, the machining temperature will decrease, and the roughness
of the workpiece remain unchanged. However, with the increase of cutting speed,
cutting the temperature will rise, chip form more easily, leading to reduce the cutting
force, tool life can also be as reduced.Wang Baobao et al. [3] discovered that the
greatest in�uence on the milling force is turning back, followed by feeding, in�uence
is the least cutting speed.Improve the cutting speed can be e�ective to shorten the
time of heat producing and heat into the workpiece and reduce the cutting depth
can reduce

surface contact between the tool and the heat source and the load can be reduced
while cutting.But in smaller cutting depth, feed larger ultra-high speed machining,
due to the very short contact time between the cutter and workpiece, the cutting
heat can be processed for more than 90%.Sun Yazhouet al. [4] and others to study
the e�ects of cutting parameters on surface residual stress. For most of the material,
the surface residual stress is the biggest impact of the cutting speed, followed by feed
and cutting depth. Improve the cutting speed, surface residual stress will increase
accordingly, the thickness of the surface residual stress layer will increase. Within
a certain range, the increase of feed can cause deep residual compressive stress
increases, and the increase of cutting depth will cause processing surface residual
tensile stress and the increase of the depth of residual stress layer.R.S. Pawade et
al. [5] are found that Inconel 718 processing surface residual stress, it is concluded
that impact on the cutting parameters on surface residual stress.

2. Experimental conditions and methods

2.1. Experimentalpreparation

This experiment selects the45 hardened steel for dry cutting, the size is 330mm
×60mm×10mm (as shown in �gure 1), the 10 pieces of each piece of workpiece
processing area, processing area adjacent interval of 10mm in order to prevent the
mutual in�uence, 30 mm area set aside for workpiece each side so that the clamp-
ing.Choose TiAlN coating hard alloy cutter knives, cutting tool parameters for 4F-
D10×25C×10×75L. The experiment used machine tools for CNC machining center
V600. Machining residual stress measurement by indentation method, models for
TST3822 measuring instrument.
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Fig. 1. Workpiece shape

Fig. 2. The milling test scene

2.2. Experimental method

On CNC machining center V600 with integrated 45 hardened steel cutting ex-
periment, the cutting speed is from 50 m / min to 200 m / min, the feed is from 0.02
mm / z to 0.08 mm / z, and the cutting depth is from 0.2 mm to 0.8 mm, Cutting
layer width Ae = 8mm, to facilitate processing residual stress measurement, the
workpiece cutting area of 60mm×18mm size.

In-plane stress �eld, the materials produced by pressure into the spherical in-
dentation creep relaxation deformation can cause stress, the tensile stress area the
size of the material to shorten the size of the material elongation, compressive stress
area.At the same time, produced by indentation elastic and plastic zone and the
surrounding stress and strain in under the action of residual stress will produce
corresponding change.This strain produced by thesuperposition of two deformation
modes of variation can be called superposition strain increment (Hereinafter referred
to as the strain increment). Using spherical indentation induced strain increment of
solving method of residual stress is called indentation strain gauge.
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Fig. 3. Residual stress impact device Figure.4 Residual stress measurement of the
scene

Fig. 4. Residual stress measurement of the scene
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3. Experimental results and analysis

3.1. Cutting speed - feed on the in�uence of surface residual
stress

To study the e�ect of feeding on surface residual stress and the cutting depth
remains the same.The �gure 5 shows that with the increase of feed, the residual
stress of cutting surface of 45 # �rst decreases and then increases, the change curve
in U.For the same cutting speed, Reduce the cutting speed from 0.06 mm/z to 0.02
mm/z, metal removal rate increases, the surface of metal deformation and mechanical
stress e�ect is enhanced, the distribution of residual stress in depth, thus machining
surface residual stress decreases as a whole.But as the feeding increases to 0.08
mm/z, anincrease of metal removal e�ciency, increase in the number of calories per
unit time, dominate the action of thermal stress at this point, surface residual stress
increase rapidly. The lower the cutting speed, the greater the residual stress changes
in the degree of curvature of thecurve.The reasons for this phenomenon is:In the case
of lower cutting speed (v = 50 m/min), heat source movement speed slower, heat
cutting have plenty of time to the workpiece machining on the surface, leading to
the surface of the workpiece cutting temperature rise, thus caused by the feeding
e�ect of mechanical stress and thermal stress at the same time. To be speci�c, When
feeding is low (f = 0.02 mm/z � 0.06 mm/z), the mechanical stress is the main role,
processing residual stress decreases. When higher feeding (f = 0.06 mm/z � 0.08
mm/z), the thermal stress e�ect began to play a major role, therapid increase in the
surface residual stress. When the cutting speed is higher (v>150m/min), thermal
e�ciency increases, but the heat source moving speed, thereby reducing the heat
transfer time.At the same time, due to the low thermal conductivity of 45 #, so less
cutting on the surface of the heat transfer to the processing, thermal stress e�ects
play a role, thus machining surface residual stress vary with feed is smaller.

Fig. 5. Cutting speed - feed on the in�uence of surface residual stress
(Ap=0.4mm, Ae=8mm)
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Fig. 6. Cutting speed - cutting depth on the in�uence of residual
stress(f=0.04mm/z, Ae=8mm)

Figure 6 shows that in low speed down (v = 50 m/min, 100 m/min), with the
increase of cutting depth, 45 # processing surface residual stress increases �rst, then
decrease and then increase, change curve shows �uctuation. However, under the
condition of high speed (v = 150 m/min, 200 m/min), with the increase of cutting
depth, 45 # processing surface residual stress �rst increases and then decreases.The
reasons for this phenomenon is: Under the condition of high speed, because of the
increase in cutting depth heat production rate of heat increase, transfer heat to the
surface increases, the surface temperature rise and thermal stress e�ect, so lead to
surface residual tensile stress increased. Increase along with the cutting depth, the
e�ect of thermal stress leveled o� gradually, but metal plastic deformation continues
to increase, lead to the workpiece machining surface residual tensile stress due to the
e�ect of mechanical stress to strengthen gradually decreased. Under the condition of
low speed, the increase of cutting depth can lead to the e�ect of thermal stress and
mechanical stress e�ect at the same time, thus the surface residual stress �uctuation
change.

4. Conclusion

Under the condition of di�erent cutting speed, feed and cutting depth on the
in�uence of the residual stress is di�erent. In low-speed cutting (v = 50 m/min, 100
m/min), with the increase of feed, surface residual stress decrease then increase �rst,
and with the increase of cutting depth, surface residual stress increases gradually,
the change tendency is obvious. In high-speed cutting (n = 150 m/min, 200 m/min),
with the increase of feed, surface residual stress change is not obvious. But with the
increase of cutting depth, surface residual stress showed the change trend of increase
with the decrease of again then.

In short, when the dry cutting 45 #, due to the increase of cutting speed, increase
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thequantity of heat, heat source movement speed also corresponding increase at the
same time, but is passed to the workpiece surface heat is limited, and the e�ect of
thermal stress. If increasing the cutting depth at this time, the metal deformation
increases, the e�ect of mechanical stress play, surface residual tensile stress decreases.
At the same time under the high cutting speed, feed less e�ect on the machining
surface residual stress changes.
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