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Abstract: High speed cutting is an effective technique to achieve high efficiency and high quality machining of titanium alloy and
other difficult materials. The high speed cutting process of titanium alloy has the nonlinear dynamic characteristics of high
temperature, high strain and high strain rate. In order to accurately describe the dynamic mechanical behavior of titanium alloy in
high speed cutting, the research on dynamic constitutive model of titanium alloy is reviewed. The application conditions, advantages
and disadvantages of Johnson-Cook model, Zerilli-Armstrong model and Bammann model are analyzed from the perspective of
phenomenological model and physical model with Ti-6Al-4V as the research object. After comprehensive comparison, the Johnson-
Cook model is selected for further exploration, and the Johnson-Cook modified model is classified based on the influence of
temperature and competition mechanism. The prediction accuracy of the Johnson-Cook modified model is improved compared with
that of the classical model. At the same time, it is proposed that the construction of phenomenology-physics composite constitutive
model can be taken as the key direction to explore the dynamic constitutive model of titanium alloy, and the method of experiment
and computer synchronization can be used to obtain the optimal solution of constitutive model parameters, so as to improve the
prediction accuracy of dynamic constitutive model.
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Fig. 1 Variation trend of strain rate with cutting speed
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-1
$ C
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1000 20 3.74 3.20
3000 20 0.78 0.37
200 4.03 5.67
400 4.23 4.72
5000 20 1.13 1.87
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Coefficient of
association

L Average
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relative error/%
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Table 4 Advantages and disadvantages of constitutive model in high speed cutting simulation of TC4 titanium alloy

Constitutive model Advantage

Disadvantage

Phenomenological model  J-C model

parameters

Z-A model and Z-A
modified model

Physical model

interpreting the deformation
mechanism from the microscopic

perspective

(2 ) The dependence of flow stress

(1) The accuracy of prediction
results can be improved by

(1) There is no specific requirement The three effects are independent of
for TC4 material lattice

(2) Compared with other models,
it has simple form and fewer

each other, and the coupling
phenomenon between strain, strain
rate and temperature during high-
speed cutting of TC4 titanium alloy is

ignored.
(1) The coupling effect among

strain hardening rate, temperature
and strain rate was ignored

(2 ) The expressions are complex
and different, and the applicable
conditions of the constitutive model

on strain of BCC lattice material is not are strict
affected by temperature and strain

34
rateL !

Bammann model

strain failure criterion is used to
remove the failure element without
using the equation of state

The maximum equivalent plastic

(1) Ttis difficult to establish a direct
relationship between damage
evolution index and tensile test data of
smooth or notched specimens

(2) The model contains two internal
variables, and the damage evolution
index cannot be accurately
determined, so only trial and error

method can be usedm'%]
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