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Experimental Study on Rotary Ultrasonic Countersinking of CFRP/Aluminum Alloy
Thin-Walled Laminated Structures
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(Nanjing University of Science and Technology, Nanjing 210094, China)

[ABSTRACT] For the problem of surface roughness and depth of countersink of weakly rigid CFRP/aluminum alloy
laminated members, an experimental study on rotary ultrasonic countersinking of laminated members was carried out. The
experiments focused on the comparison of countersinking with and without ultrasonic vibration under different rigidity
conditions, and revealed the influence of process parameters, ultrasonic field energy and rigidity of hole-making position
on axial force and surface roughness of countersinking. The experimental results show that ultrasonic vibration effectively
reduces the axial force and improves the wall quality of the countersink, with an average reduction of 12% in axial force
and 10% in roughness R,. The axial force and wall roughness of the countersink in the hole with the lowest transverse
stiffness are the highest, while the axial force and wall roughness of the countersink in the rest of the holes increase with
the decrease of axial stiffness. Meanwhile, the rotary ultrasonic machining can achieve effective chip breaking of aluminum
alloy and avoid secondary damage to CFRP countersink hole wall by long chips.
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Table 1 CFRP properties

HEHEPE {H
B/ MPa 3950
PR B/ GPa 232
W/ (g/lem’) 1.76

THR/% 1.7

£2 TS BELEM
Table 2 T7075 aluminum alloy properties

FEHE {E
BUhisi B/ MPa 572
BT YR/ MPa 150
PR I/ GPa 7.17x 10°
W/ (glem’) 2.81
THFALL 0.32
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Fig.2 Rotary ultrasonic processing system and force measuring
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Table 3  Stiffness values of different types of machining holes positions

N/mm
fLpzZER fLAz Al R K, B R K,
a 1.5.9.13 1749 18120
b 2.6.10. 14 426 12776
® 3,7 1,15 300 22498
d 4.8.12.16 240 65301

R4 mEHBEERENISH ™

Table 4 Parameters of rotary ultrasonic drilling and countersinking""”

2 L2 I%%ﬁ/ i&éﬁiﬁ&u/ P LA/
s (t/min) (mm/min) mA
1 a/b/c/d 2000 25 150, 0
2 a/b/c/d 2500 25 150, 0
3 a/b/c/d 3000 25 150, 0
4 a/b/c/d 3500 25 150, 0
5 a/b/c/d 2500 20 150, 0
6 a/b/c/d 2500 30 150, 0
7 a/b/c/d 2500 40 150, 0
8 a/b/c/d 2500 50 150, 0
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Fig.4 Influence of spindle speed on axial force of countersink and roughness of countersink hole wall
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