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Nickel superalloys
ü High creep resistance
ü High corrosion resistance
ü High oxidation resistance
ü High mechanical strength
ü Good surface stability

But also…
ü Low productivity
ü Poor surface quality
ü Short tool life
ü High cost
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Surface integrity
ü Surface topography
ü Surface metallurgy
ü Mechanical characteristic
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Coolant and Lubricants (CLs)
ü Cool cutting area
ü Reduce force
ü Extend cutting  edge life
ü Transport the chips away from 

cutting area
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ü Temperature lower than 120K
ü LN2 absorb heat and evaporate
ü LN2  is an inert gas
ü LN2  is lighter than air
ü Safe for workers' health

4 di 4

State of art FE model setup and 
post-processing

Dry vs cryogenic 
machining

Conclusions and 
future developments

Department of Engineering for Innovation – TSL Group



üFinite Element Model AdvantEdge
(Third Wave Systems Inc.) is a
commercial implementation of the finite
element method designed to analyze the
behavior of metals encountered during
machining operations.

üThe code embodies an explicit scheme
capable of modeling coupled, non-linear
thermo-mechanics at large strains and
strain rates incorporating constitutive
deformation behavior, contact, friction,
fracture and adaptive meshing.
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ü New Project

ü Turning Options
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ü Turning Workpiece

ü Advanced Options
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ü Custom Materials

ü Johnson-Cook model
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ü STEP Tool Import

ü Advanced Options
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ü Check/Orient Tool
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ü Tool Material

ü Custom Material
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ü Tool Coating Parameters

ü Custom Coating Material
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ü Turning Process Parameters
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ü Friction Coefficient

ü Coolant 
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ü Simulation Options
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üF=0.10 [mm/rev] S=80 [m/min] - Length of cut = 1mm
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üF=0.10 [mm/rev] S=80 [m/min] - Length of cut = 2mm
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üF=0.10 [mm/rev] S=80 [m/min] - Length of cut = 3mm

State of art Experimental 
activityThesis objective FE model setup and 

post-processing
FE calibration 
and validation

Results and 
conclusions

14 di 19

State of art FE model setup and 
post-processing

Dry vs cryogenic 
machining

Conclusions and 
future developments

Department of Engineering for Innovation – TSL Group



üF=0.10 [mm/rev] S=80 [m/min] - Length of cut = 4mm
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üF=0.10 [mm/rev] S=80 [m/min] - Length of cut = 5mm
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üF=0.10 [mm/rev] S=80 [m/min]
Length of cut = 5mm
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ü Forces and max temperature
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Conclusions…
• With LN2: temperature lower than 120K;
• LN2 absorb heat and evaporate;
• LN2 is an inert gas;
• LN2 is lighter than air Safe for workers' health;

• Numerical/experimental errors on the main cutting force below 10%
can be obtained. The main cutting force trend can be correctly
predicted;

• Numerical/experimental errors on the feed/radial force obtained vary
in a range of 50-80%;

• Numerical/experimental errors on the temperature below 10% can be
obtained. Numerical temperatures that differ from experimental ones
by about 10 °C, in the case of thermocouples, is widely acceptable;
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…and future developments
• Cryogenic fluid affects material thermomechanical behavior (few studies explore this aspect);

• The cooling approach for effectively using cryogenic machining and dispensing method shall
be identified: FE simulation can be a valid support tool for the process understanding;

• In order to improve the prediction of the FE model the research lines suggested include:
Friction and Rheological models

• Experimental characterization of the cryogenic machining of Waspaloy, is still at an early
stage.
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