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The paper presents simulation researches of the aer o-
plane part machining. A simulation model of Inconel  
718 alloy machining based on the Lagrangian formula -
tion contains the Johnson-Cook material model. The 
dependence of simulation results from the material 
model formulations (plastic strain, strain rate and  tem-
perature) was presented. 
KEYWORDS: simulation of machining, Inconel 718, ma-
terial model 
 
W artykule przedstawiono badania symulacyjne obróbk i 
części lotniczej. Model symulacyjny skrawania stopu 
Inconel 718, zbudowany w oparciu o sformułowania 
Lagrange’a, zawiera model materiałowy Johnsona- 
-Cooka. Zaprezentowano zale żność wyników oblicze ń 
symulacyjnych od charakterystyk modelu materiałowe-
go, opisuj ących odkształcenie plastyczne, pr ędkość 
odkształcenia i temperatur ę. 
SŁOWA KLUCZOWE: symulacja obróbki, Inconel 718, 
model materiałowy  
 

Modern metal constructions, especially in aerospace in-
dustry demand a basic understanding of the mechanical 
behaviour of materials [1÷4]. The modelling of metal cutting 
has proved to be particularly complex due to the diversity of 
physical phenomena involved, including thermo-mechanical 
coupling, contact/friction and material failure [5]. Through 
the use of simulation technologies, the properties of the 
materials are intensively considered [6]. The complex prop-
erties of metal alloys structures present significant challeng-
es during manufacturing processes. For this reason, the 
proper material model applied in the simulation procedure of 
machining is an essential tool to analyse the complex be-
haviour of materials under the high loads, high temperature 
and quick changes of loads.  

This paper presents simulation researches of the aero-
plane part surface turning. The engine block unit of cylindri-
cal shape and small wall thickness was applied in the 
simulation procedure. 

 
Modeling of machining  
 

Numerical simulations of cutting process were performed 
according to a Lagrangian FE code [7] for a time necessary 
to achieve the steady-state phase of chip creation. Tech-
niques such as adaptive remeshing and thermal analysis 
were integrated to model the complex interactions of the tool 
wedge and workpiece. The workpiece material, Inconel 718 
(0.4% Al; 0.04% C; 19% Cr; 18.5% Fe; 3% Mo; 0.9% Ti), 
was modeled as thermo-elastic-plastic, while the flow stress 
was considered to be a function of strain, strain-rate and 
temperature. Two material models were compared in the 

researches. The first constitutive model was a modified 
Johnson-Cook model [7]. The equivalent stress is defined in 
Equation. The table presents the main model parameters. 
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where: A is the yield stress, B is the strain hardening coeffi-
cient, c is the strain rate dependence coefficient, n is the 
strain hardening exponent and m is the temperature de-
pendence coefficient material parameters. Tmelt is the melt-
ing temperature for the material, ��  is an equivalent plastic 
strain rate and ���  is the reference strain rate. 
 
TABLE. Material constants of the modified J-C flow 
stress model for Inconel 718 alloy  

A, MPa B, MPa n c m Tmelt,oC 
1.012E9 3.93E8 0.125 0.027 2.42 1277 

 
In case of second material model, physical and mechani-

cal properties of Inconel 718 were used in simulation ac-
cording to the standard data implemented in the software 
[8], named a standard model in the next part of the paper. 

Calculations were performed for the roughing and finish-
ing operations. For roughing operations a sialon insert 
RNGN120700T01020 was used. Cutting parameters used in 
turning were as follows: vc = 200 m/min, feed 
f = 0.15 mm/rev. For finishing turning cutting data were as 
follows: vc = 160 m/min, f = 0.13 mm/rev. Fig. 1 shows the 
geometry of semi-finished part and tool paths for turning 
operations. 

 

      

Fig. 1. Engine block unit with tool paths for turning operations 
 

The simulation of the engine block unit machining was 
performed on the CNC machining center. Due to the thin 
wall nature of the workpiece, as a result of cutting forces 
influence, geometric deformation can take place which leads 
to incorrect execution of machined surfaces. During thin-
walled parts machining, the value levels of the components 
of resultant cutting force plays the important role. 

In the first stage of research a simulation of chip forming 
in the decohesion zone was performed. The comparison of 
example results of numerical calculations of temperature 
and stress-XX component field distributions for modified (1) 
and standard (2) material models are presented in Fig. 2÷5. 
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It can be noticed that chip shape as well as temperature and 
stress fields distributions are different.  

 

 

Fig. 2. Comparison of temperature field distribution for modified (1) 
and standard (2) material models. Cutting data: vc = 160 m/min, 
f = 0.08 mm/rev, ap = 1 mm 
 

 

Fig. 3. Comparison of temperature field distribution for modified (1) 
and standard (2) material models. Cutting data: vc = 200 m/min, 
f = 0.2 mm/rev, ap = 1 mm 
 

 

Fig. 4. Comparison of stress-XX component field distribution for 
modified (1) and standard (2) material models. Cutting data: 
vc = 160 m/min, f = 0.08 mm/rev, ap = 1 mm 
 

 

Fig. 5. Comparison of stress-XX component field distribution for 
modified (1) and standard (2) material models. Cutting data: 
vc = 200 m/min, f = 0.2 mm/rev, ap = 1 mm 
 

In the next research phase a physics-based NC program 
optimization software Production Module [9] was applied. 
The tool work along the entire tool path was simulated, ac-
cording to Fig. 1.  

The time course of the tangential cutting force compo-
nent and chip thickness during turning for modified (1) and 
standard (2) material models are presented in Fig. 6 and 7, 
respectively. The calculated force values differ for the two 
models in the range of 12–18%. The differences of the chip 
thickness are smaller, max. 5%.  

The built force model allows to calculate the cutting forc-
es values, depending on the cutting parameters and materi-
al properties, and then optimize the machining process 
through the changes of the cutting data, e.g. feed speed. 

 

Fig. 6. The time course of the tangential cutting force component 
during turning along the entire tool path for modified (1) and stan-
dard (2) material models 
 

 

Fig. 7. The time course of the chip thickness during turning along 
the entire tool path for modified (1) and standard (2) material mo-
dels 
 
Conclusions 
 

Based on the experience in machining and the use of 
modern software and hardware, it is possible to simulate 
machining operations precisely in condition that we are able 
to prepare the correct material model. Otherwise, the calcu-
lation results will be inaccurate. The simulation research 
shown that temperature and cutting force have higher val-
ues for the standard material model than for modified one, 
which translates into further optimization cutting data. 

After initial analysis of the force value during machining 
operations it is possible to change cutting parameters (e.g. 
feed speed) to increase productivity, tool life or shorten 
cutting time. It is also necessary to monitor simultaneously 
the influence of proposed changes on the shape and dimen-
sional accuracy, roughness of machined surfaces and the 
stability of Machine tool – Tool – Holder – Workpiece 
(MTHW) configuration.  
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