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Numerical modelling of chip formation is important for a better understanding thus for an 
improvement of the high speed metal cutting process. The challenge in the modelling of 
chip formation lies in the material model applied to capture the complex physics. The 
most common approach is to develop a material model based on the phenomenological 
observations and assumptions. However, this kind of model shows limitations in captur-
ing the material behaviors. As a new material modelling approach, the data-driven ma-
terial model, built with the experimental data directly by machine learning technology, 
gives a chance to improve the model accuracy continuously. 

In this work, the phenomenological model is applied to the metal cutting simulation first-
ly, where a recently developed Galerkin type meshfree scheme, the stabilized Optimal 
Transportation Meshfree (OTM) method, is applied as a numerical solution method. 
This enables the modelling of material separation and serrated morphology generation 
of the cutting process in a more realistical and convenient way. It can be seen that the 
classical fracture model shows limitations in capturing the fracture on the chip upper 
surface. Thus, a supplementary condition for the stress triaxiality is applied. This condi-
tion allows a more accurate measurement of the chip size, like chip spacing, peak and 
valley. These improvements are demonstrated by comparing the calculated chip mor-
phology, cutting force and chip formation process with experimental results. 

To substitute the classical material model with the data-driven model, the machine 
learning based material modelling framework is developed in this work. The data gener-
ation strategy for plasticity is proposed to guide the data collection from experiments or 
simulations. Since the strain stress data of plasticity is a time/history dependent da-
ta, the stress data is pre-processed with the Proper Orthogonal Decomposition 
(POD). Then the neural networks is applied to learn the pattern between the strain 
sequence and the stress sequence. The tangent matrix of the machine learning 
based material model is derived by the automatic differentiation tool AceGen. 
Based on this, the developed machine learning based model is validated in the fi-
nite element applications. 

Finally, the machine learning based model is applied in the metal cutting simulation 
within OTM framework, which shows the availability of data-driven approach for the 
engineering application. 
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