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Milling Based on Mesoscopic Simulation Model
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Abstract: In order to reveal the material removal mechanism of CFRPs in longitudinal-torsional
ultrasonic vibration milling, a simulation study of CFRP mesoscopic-cutting was carried out. The ki-
nematic characteristics of longitudinal-torsional ultrasonic vibration milling were analyzed, and a 3D
mesoscopic-cutting model of CFRPs was established. The fiber removal mechanism, matrix damage,
chip morphology and cutting force of conventional cutting and longitudinal-torsional ultrasonic vibra-
tion cutting were compared under different {iber orientation angles. The results show that when the fi-
ber orientation angle is 0°, the longitudinal-torsional ultrasonic vibration cutting impact characteristics
accelerate the fiber bending processes, and the fiber removal mechanism at the cutting-edge changes
from conventional rolling to scratching. When the fiber orientation angle is 45° and 90°, the impact
characteristics enhance the shear effects of the cutting-edge on the fiber, especially when the fiber ori-
entation angle is 90°. When the fiber orientation angle is 135°, the fiber removal mechanism changes
from large area bending to local fracture. Longitudinal-torsional ultrasonic vibration milling is benefi-
cial to restrain matrix damage, improve chip morphology and reduce heat accumulation in the cutting
areas and decrease the average cutting forces. The experiments verify the accuracy of the simulation a-
nalysis.

Key words: carbon fiber reinforced polymer (CFRP) ; longitudinal-torsional ultrasonic vibration;
mesoscopic simulation; material removal mechanism; fiber orientation angle
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Fig.1 Kinematic characteristics of longitudinal-torsional

ultrasonic vibration milling
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Fig.2 Mesoscopic model of CFRP longitudinal-torsional

ultrasonic vibration cutting
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Tab.2 Tool geometry and process parameters
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Fig.4 Fiber fracture mode at 0° fiber orientation angle under different cutting methods
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Fig.5 Fiber fracture mode at 45° fiber orientation angle under different cutting methods
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Fig.6  Fiber fracture mode at 90° fiber orientation angle under different cutting methods
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Fig.7 TFiber fracture mode at 135° fiber orientation angle under different cutting methods
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Fig.8 Matrix damage and chip morphology of different cutting methods with different fiber orientation angle
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