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Influences of ultrasonic vibration under amplitude variation on damage suppression in drilling of CFRP
ZHU Zhenyu, ZHANG Xu, ZHANG Ligiang
(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract : During conventional drilling processes, due to significant torque and axial forces, carbon fiber reinforced polymer
composite (CFRP) is prone to machining defects such as burrs and delamination. Ultrasonic vibration-assisted drilling can effective-
ly reduce torque and axial forces, suppress delamination, remove burrs, and improve the quality of the machined surface. In this
paper, based on the Hashin criterion for determining fiber damage and the Puck criterion for predicting matrix damage, a CFRP
model for ultrasonic vibration-assisted drilling was established and validated by experiment. Subsequently, the types and causes of
damage occurring during the drilling process were investigated, and the influences of machining parameters on the axial forces of
drilling CFRP were analyzed. By analyzing the motion path of the twist drill under ultrasonic vibration, the influences of the inter-
mittent cutting effect generated by ultrasonic vibration on the torque, axial force and delamination factor of drilling CFRP at differ-
ent amplitudes were studied. The results indicate that the axial force gradually decreases with the increase of spindle speed and the
decrease of feed speed of twist drill. Within an amplitude range of 0—12 wm, both torque and axial force gradually decrease with the
increase of amplitude. However, the delamination factor first decreases and then increases with rising amplitude, which is the mini-
mum gained at an amplitude of 10 wm. Therefore, when an amplitude is 10 wm, favorable reducing effects on torque, axial force,
and delamination factor are achieved simultaneously, and the torque and axial force decrease from 20.06 N+-mm and 30.47 N at an
amplitude of 0 wm to 12.49 N mm and 18.96 N, respectively, while the delamination factor is reduced from 2.07 to 1.23. This
ameliorates hole inner wall defects and improves the machined surface quality.

Keywords : carbon fiber reinforced polymer composite ; drilling ; ultrasonic vibration ; finite element analysis ; delamination

damage ; amplitude
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Tab.1 CFRP material parameters”!

Parameters Value Parameters Value
E,/GPa 163 X,./MPa 1571
E,/GPa 9.1 X,,/MPa 69
E,/GPa 9.1 X,./MPa 203
G,,/GPa 4.8 S,/MPa 92
G,5/GPa 4.8 S3/MPa 92
G,,/GPa 3.12 S,,/MPa 84

vy, 0.32 GY(N-mm™) 178
vy 0.46 G¥/(N-mm™) 178
sy 0.46 G™/(N-mm ") 0.56
X, /MPa 2721 G™/(N-mm") 0.56

Notes: £, E,, E, are elastic moduli; G,,G,;,G,; are shear moduli;
V5, Vg3, Uy; are Poisson's ratios; X, X, are longitudinal tensile and
compressive strengths; X,, X, are transverse tensile and compressive
strengths; S,,, S S,; are shear strengths; G", G, G™, G™ are fracture

energies for fiber/matrix failure modes.
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Fig.2 Drilling of CFRP Laminate
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Fig. 13 Cross-sectional stress simulation results of inner hole wall under CD and UAD at different time intervals (unit: MPa)
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