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Vibration Assisted Drilling of Carbon Fiber Reinforced Plastic

and Titanium Stacks

HOU Shujun , GAO Xiaoxing , LI Kai, PEI Tengfei, QU Yunxia
(School of Mechanical Engineering, Hebei University of Technology. Tianjin, 300130, China)

Abstract; CFRP/Ti stacks have been widely used in aviation industry. Mechanical characteristics of Car-
bon fiber reinforced plastic (CFRP) is greatly different from that of the titanium alloy. The low thermal
coefficient and elastic modulus of Titanium alloy lead to long spiral chips with high temperature during
drilling which may cause surface scratches of machined hole and damages to the CFRP layer. In the pa-
per three types of drilling methods: conventional drilling, rotary ultrasonic assisted drilling and low-fre-
quency vibration assisted drilling are compared and analyzed from the following points of view: Cutting
temperate, drilling quality and chip morphology. It is shown that compared with conventional drilling,
both the ultrasonic vibration and low frequency vibration assisted drilling could reduce the temperature
and improve the drilling quality. The low frequency vibration assisted drilling method could break the
cutting chips belts of titanium alloy material to small chips. Due to the reason, the cutting temperature
could be reduced by 45%. As a result, the CFRP damages caused by over heated cutting chips belts of
titanium alloy could be avoided, and the drilling quality could be improved to a great deal.

Key words: CFRP/Ti stacks; rotary ultrasonic; low frequency vibration
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(a) Schematic diagram

(b) Physical object

K1 dRah Bl s

Fig. 1 Equipment of vibration assisted drilling

B2 K10 fifl i A 4 sk
Fig. 2 Tungsten carbide drill bit (K10)
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Tab.1 Main performance parameters of CFRP

S K
/(g cm ?) 1.8
P &/ GPa 53
THAL 0.3
Wi 245 B/ (MPa » m'"?) 11.5
YRS AL e A i B /°C =230

K2 HESTEMESH

Tab.2 Main performance parameters of titanium alloy

S BE
R/ (geem ?) 4,44
PPERL I/ GPa 108
HER /N4 0.33

JE AR/ 0% 10

J A 5 & / MPa 860

SHR/(Wem '+ K) 7.5(20 °C)

CEFRP
Ti6A14V

B3 T1040 w53 LA AR AR s 1

Fig. 3 Placement of T640 thermal infrared imager
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Tab.3 Experiment parameters

ZH e
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CD
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K 4 CD(N;=600 r/min, f,=0.03 mm/r)
Fig. 4 Conventional drilling(N, =600 r/min, f,=0.03

mm/r)

5 RUAD(N; =600 r/min, f,=0.03 mm/r)
Fig.5 Rotary ultrasonic assisted drilling (N, =600 r/

min, f,=0.03 mm/r)

6 LFVAD (N,=600 r/min, f,=0.03 mm/r)
Fig. 6 Low frequency vibration assisted drilling(N, =

600 r/min, f>=0.03 mm/r)
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Fig. 7 Relationship between temperature and process-

ing parameters
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Fig. 8 Apertures under three drilling conditions
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Tab.4 Surface Roughness under three drilling conditions

ym
HWiflr=X 8 CFRP CD RUAD  LFVAD
CFRPJZ 0.8351 1.4751 0.8928  0.617 9
PN 0.6848 0.3916  0.4306

MR G AL BT DL AR I, &l 9 fr
7~ TE N, =600 r/min, f,=0.03 mm/r, fZ5 5L
T AN AEAE L™ ) B R R B TR A
R 5 7S B B AL R R R 1 R R AT R A
AR A3 3 %t B 8 L 75 20 09 B L s 0 6 0 )
% H s T

(a) Conventional drilling

(b) Rotary ultrasonic
assisted drilling

(c) Low frequency vibration assisted drilling

B9 3 Rl AL 7 30T B 0BT

Fig. 9 Export qualities of three drilling conditions
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(b) Rotary ultrasonic
assisted drilling

(a) Conventional drilling

(c) Low frequency vibration assisted drilling
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Fig. 10 Damages of CFRP-layer of three drilling condi-

tions
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Tab.5 Damage factor of entrances under three drilling con-

ditions
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W F Fo 1.18 1.12 1.04
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Cutter trajectory of LEVAD
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Fig. 12 Stress-strain curve of Ti6 Al4V
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Fig. 13 Force analysis of titanium alloy chips
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