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Processes with thermo-mechanical impact in precision cutting
FO5/Préazisionsspanen — Karpuschewski, Riemer

Objective and approach

The main research focus of this sub-project is the development of
fundamental findings on internal material loads and material modifications
in the surface and subsurface during high precision cutting using a Workpiece with
geometrically determined cutting edge. With the help of experimental | temperature sensors
investigations and the characterization of thermal and mechanical loads,
a process simulation is validated. Furthermore the simulation is used to
determine the correlation between internal material loads as a result of
the thermo-mechanical load introduced by the cutting process and the
material modification of the residual stresses.
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Current state of knowledge

E 200 In subproject FO5/Prazisionsspanen (precision cutting), material
= 0 modifications in from of stresses were investigated and characterized in
5 2 -200 machining experiments and corresponding process simulations. The
=9 -400 workpiece materials were steel 42CrMo4 in two heat treatment states,
2 g -600 ferritic-pearlitic (FP) as well as quenched and tempered (QT). An
"g 2 300 identification and correlation of the generated material modifications of
=8 -1000 the surface layer were analyzed spatially resolved. The numerical
% -1200 determination of the temperature occurring directly in the cutting zone
g von-Mises-stresses [MPa] has a.suﬁ|C|entIy high spa_tlal resolptlon for conS|derat|_o_n as an internal
@ ; material load and was validated with the data of specifically developed
Internal material load : e .
temperature sensors. A material modification due to thermally induced
Temperature plastic flow can be excluded because of the comparatively low
[°C] 100 200 ----- 300  temperatures. With the process simulation, it was possible to correlate
Cross-face turning with single tool engagement the internal material loads in form of the von-Mises-equivalent-stress ,
42CrMo4 (QT) v, = 100 m/mina, = 7 ; ... ; 150 pm the total strain and the absolute temperature with the experimentally

- - determined residual stresses in a process signature component.
Correlation between residual stresses and

L numerical determined internal material loads )

[ Conclusion and further procedure

The experimentally and numerically obtained results show that the generation of modifications by internal material loads is
mutually influenced due to thermal and mechanical loads during precision machining only at a very small depth below the
workpiece surface. Due to the low temperatures and short exposure times, thermally induced plastic flow or a tempering
processes cannot be assumed. Instead, the material modification and the separation mechanisms in cutting are both
influenced by temperature-dependent material properties. Therefore, a constant mechanical internal material load can lead
to different material modification and surface generation dependent of the thermal load. Following investigations, will
consider the modification of the surface topography as a material modification relevant for precision cutting, as the
X topography largely depends on the cutting mechanisms that occur during machining.

S

1

( Publications
[1] Brinksmeier, E.; Reese, S.; Klink, A.; Langenhorst, L.; Liibben, T.; Meinke, M.; Meyer, D.; Riemer, O.; Sélter, J.,
Nanomanufacturing and Metrology 1 (2018) 4, S. 193-208. https://doi.org/10.1007/s41871-018-0021-z.

[2] Willert, M.; Rickens, K.; Riemer, O., Proceedings of the 6th International Conference on nanoManufacturing,
nanoMan2018, 04.06.-06.06.2018, Brunel University London (2018).
[3] Willert, M.; Riemer, O.; Karpuschewski, B., Proceedings of the 18th international conference of the european

society for precision engineering and nanotechnology, 04.06.-08.06.2018, Venice, Italy (2018), S. 359-360.

[4] Willert, M.; Riemer, O.; Brinksmeier, E., Int J Adv Manuf Technol 94 (2018), S. 763-771.

[5] Willert, M., Dissertation Bremen, Germany (2019).

[6] Willert, M.; Zielinski, T.; Rickens, K.; Riemer, O.; Karpuschewski, B., Proceedings of the 5th CIRP Conference
on Surface Integrity (CSI), 1st E-conference, 01.06.-05.06.2020, Procedia CIRP 87, (2020), S. 222-227.

[7] Grabner, D.; Vovk, A.; Zielinski, T.; Riemer, O.; Lang, W., MDPI Sensors 2021, 21, 1530.
https://doi.org/10.3390/s21041530.

[8] Zielinski, T.; Vovk, A.; Riemer, O.; Karpuschewski, B., MDPI Micromachines 2021, 12, 526.

\_ https://doi.org/10.3390/mi12050526 )



https://doi.org/10.1007/s41871-018-0021-z
https://doi.org/10.3390/s21041530
https://doi.org/10.3390/mi12050526

