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tFig 1.  Mesh used for all cutting model

3 MODEL PARAMETER SETTING 

3.1 Material behaviour 

For the material behaviour of the machined workpiece 

(AISI4340), a Johnson–Cook model [10] is used. This 

model is a strain-rate and temperature dependent 

viscous-plastic material model suitable for problems where 

strain rates vary over a large range (102 to 106 s 1), and 

where the temperature changes, due to plastic deformation 

caused by thermal softening. This model uses the following 

equivalent flow stress, as Eq. (1).   

            

(1)

Where σ  is the equivalent stress, ε  is the equivalent 

plastic strain, ε  is the plastic strain rate, 0ε is the 

reference strain rate (1.0s 1), Troom is room temperature, and 

Tmelt is the melting temperature. A is the initial yield stress 

(MPa), B is the hardening modulus, n is the work-hardening 

exponent, C the strain rate dependency coefficient (MPa), 

and m is the thermal softening coefficient. The 

Johnson–Cook parameter values and the physical 

properties of workpiece and cutting tool used to simulate 

the behavior of AISI 4340 workpiece are specified in 

T.Mabrouki’s model [11].  

3.2  Chips separation criterion 

In order to simulate the appearance of chip formation, a 

fracture damage model that evokes chip detachment 

behaviour was used. This is a separation criterion allowing 

tool tip movement. This fracture damage is modeled with 

Abaqus/ Explicit software, according to a cumulative 

damage law:  

2

Where ε∆   is the increment of the equivalent plastic strain. 

According to the Johnson–Cook model, the cumulative 

strain fε∆ is updated at every analysis increment and   

fε∆  is the equivalent strain at failure and expressed as the 

following equation:  

          
                                     3

Where f
ε depends on the equivalent plastic strain rateε ,  

the ratio  , the ratio of hydrostatic pressure to 

equivalent stress   and the temperature. It also 

depends on the damage constants (Di, 1 i 5), which are 

determined experimentally.  

This shear failure model is used to carry out the chip 

detachment. It is based on the value of the equivalent plastic 

strain at element integration points; failure is assumed to 

occur when the damage parameter D exceeds 1. 

In the proposed model, in order to save calculation time, 

this damage behaviour concerns only a zone of 0.26mm in 

width as shown in Fig.1 with refined mesh. 

3.3 The parameter of SERR in the model     

The strain energy release rate is described as Eq. (4). 

             (4) 

Where μ is posson’s rate, E is elastic modulus, K is the 
stress intensity factor in front of crack. For AISI 4340, 

SERR, g, its value is 12.5 N/mm.  

3.4 Friction on the tool–chip interface 

The study of tool-chip interaction in finite element 

simulation concerns force transmission at the interface, and 

thus determines surface integrity of a machined layer. The 

key issue is the variation of frictional and normal stress on 

the rake face. Experiment observations [8] have shown that 
there are two distinct regions on the rake face of the cutting 

tool, i.e., sticking and sliding regions: in the sliding region, 

a constant coefficient of friction, μ, is assumed; whereas in 

the sticking region the equivalent shear stress limit,      ,is

imposed. The friction stress    on the interface can therefore 

be expressed as:  

   maxfr n fr
ifτ µσ τ τ= <

           (5)

max maxfr fr
ifτ τ τ τ= ≥

In this study, μ=0.2 and max
τ =500Mpa are obtained from 

[11].

4. THE EFFECT OF DIFFERENT FRICTION

COEFFICIENT ON CHIP MORPHOLOGY  

In order to study the effect of different friction coefficient 

on chip morphology, the values of 0.205 and 0.206 are 

selected for the sensitivity of different friction, and the 
simulation results are as Fig.3 and Fig.4. 
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