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small, which is plastic deformation of chip segment internal to make the scraps surface uplift, and
the parallelogram materials which need process became trapezoidal after cutting.

3.2. The simulation result of equivalent stress

Fig. 3 shows the simulation result of equivalent stress for a saw chip unit in its development
process. The initial stage a) and b) in the deformation process of saw chip unit, the biggest
equivalent stress appeared on the tip of cutting tool, decreased gradually outside and distributed
uniformly, in stage c) and d), the first deformation area appeared a large stress area, in the raw
side of the first deformation area appeared the maximum equivalent stress, at the time d) happened
adiabatic shear instability, the equivalent stress reached the material destruction stress in the first
deformation area, then produced fracture, as shown in Fig. 3(e). At this time the maximum
equivalent stress went back to tip area, and continued to happen plastic deformation, finally
formed a unit of saw chip.

a)

d)
Fig. 3. Equivalent stress for a unit of saw chip development process.
Stress — Effective (MPa): A =0.000, B =187, C =373, D =560, E = 747,
F=933,G=1120,H=1310,1= 1490

3.3. The simulation result of cutting temperature

Fig. 4 shows the simulation result of cutting temperature distribution for a saw chip unit in its
development process. In the early stage, the maximum temperature appeared on the tip of cutting
tool and the near area which was the contact area of cutting tool and scraps, with the cutting
proceeded, the first deformation area temperature raised gradually, after time d), there were a
higher cutting temperature area appeared closed to the tip of cutting tool in the first deformation
area, and subsequently happened plastic shear instability, there was a drop temperature process in
the first deformation area, after that the temperature picked up, eventually formed a complete
section saw chip.

3.4. The cutting force and cutting temperature description for a unit of saw chip
development process

Fig. 5 and Fig. 6 are the cutting force simulation results for a unit of saw chip development

process. The cutting temperature simulation result was close to tip of cutting tool in the first
deformation area. The former in point a) was shown as serrated, it has already fully formed in
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point b), at the same time the surface of new chip unit began to swell under the cutting tool
function, and produced a little deformation; the cutting force between point b) and point ¢) were
in biggest area, in point c), the chip surface continued to uplift, and the sliding of chip bottom was
less in rake face made the chip deformation for trapezoid, then the chip shape of this unit had
basically formed, the maximum value of stress, strain rate and temperature had all appeared near
the tip of cutting tool, which made the material on the tip of cutting tool soften and plastic shear
instability in the shear plane, then the concentrate shear slip produced. The cutting force dropped
quickly between point ¢) and point d), the chip unit which has slipped continued to slip under the
cutting tools extrusion, the cutting force raised between time d) and time e), and in time e) the unit
chip has already formed completely and the slip area of next unit chip.

a) b) c)

d) e) f)
Fig. 4. Temperature distribution for a unit of saw chip development process.
Temperature (C): A =20.0,B=118,C=217,D=315,E=413,F =512, G=610,H =708, = 807
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Fig. 5. Cutting force simulation of saw chip Fig. 6. Cutting temperature simulation of saw chip
development process development process

3.5. The description of simulation result at the time when happened shear instability

In point d) happened shear instability, observed the simulation results of the equivalent stress,
strain, cutting temperature and the cutting force at this time, we can see the strain, the strain rate
and temperature had the highest value on the tip of the cutting tool, the material on the tip of
cutting tool became softened made the overload of the first deformation area dropped, then
happened concentrate shear slip, after the saw chip unit formed, the cutting force dropped. The
slipped chip unit continued to slip under the cutting tools extrusion, after point e) the cutting force
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appeared the trend of rise.

The time when happened shear instability could be described as: the cutting tool squeezed the
cut layer, made the deformation and temperature higher on the tip of the cutting tool, which was
easy to form the heat softening area, the overload appeared by reducing the loaded area of the root
chip sliding area due to the heat softening area exist, at this time happened plastic instability.

4. The model of deformation process for saw chip

As shown in Fig. 7, the model of deformation for concentrate shear slip chip could be described
the three stages as follows.

b) ©)

Fig. 7. Model of saw chip development process

1) The cutting material changed trapezoid: after the former chip unit has completely formed,
the surface of new chip unit began to swell under the cutting tool function. The stress, strain rate
and temperature increased significantly, and produced little deformation on the top of the cutting
tool. The sliding of chip bottom was less in rake face, which made the chip deformation become
trapezoid, then the chip shape of this unit has basically formed;

2) Adiabatic shear slip: the cutting tool squeezed the cut layer, made the temperature rise in
local area, which formed the heat softening area ahead the cutting tool tip, and dropped the damage
stress value of material, then happened adiabatic shear slip in adiabatic shear zone;

3) Continue to slip formed chip unit: the cutting tool continued to squeeze the cut layer
material, and the chip unit which has slipped continued to slip, at the same time the slip area of
next unit chip has already formed.

5. The cutting experiment of chip deformation for hardened steel GCr15
5.1. Experiment condition

The cutting experiment was made in the CA6140 engine lathe; we used the type of rigid
clamping conventional cutter arbor and the basic configuration blade (1, = 0.4 mm) of negative
rake to cut the hardened bearing steel GCr15 by the type of external circular cutting, and studied
for the characteristic of chip deformation, the Fig. 8 is the photo of experiment. We used the EMS
JSM-6360LV and microscopic system KEYENCE to observe chip which was obtained in
experiment.

5.2. The microscopic observation of the saw chip cross-section

The Fig. 9 is the microstructure of saw chip cross-section; we could observe the white light
adiabatic shear zone corroded clearly due to the adiabatic shear failure, the organization changed
densification in adiabatic shear zone and the obvious slip line of dense distribution was shown,
after the organization was stretched thin through large plastic deformation in slip line, the crack
produced in direction of adiabatic shear zone.
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Fig. 8. Cutting experiment Fig. 9. Microscopic observation of saw chip
cross-section (x1500)

6. Conclusions

We could see that the strain, the strain rate and temperature had the highest value on the tip of
the cutting tool where happened to soften made the overload of the first deformation area dropped,
then happened concentrate shear slip and formed saw chip unit based on the FEA result of saw
chip deformation process for the hardened steel precision cutting. At the time when happened
shear instability, the cutting tool squeezed the cut layer, made the deformation and temperature
were higher on the tip of the cutting tool, which was easy to form the heat softening area, made
the overload appeared by reducing the loaded area of the root scraps sliding area due to the heat
softening area exist, the primary cause of saw chip formation is periodic adiabatic shear fracture
for the hardened bearing steel GCr15. The deformation process of saw chip can be divided into
the follow three stages: the cutting material changed trapezoid, adiabatic sheared slip, continued
to slip formed chips unit.
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