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Fig.1 Typical ultrasonic longitudinal-torsional

composite drilling system

R=0.5mm n=5000r/min f, =0.06 mm/r
A =0.005mm f=20000Hz ¢, =0.01 rad
MATLAB

2

Fig.2 Track of outermost point of drill cutting edges
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Fig.3 Motion speed curve of outermost point of cutting

edges in ultrasonic vibration drilling
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2.1
Deform-3D
Ti6Al4V
( WC—Co) o 2
1,
1 mm. 30°
$1.5mm x0.5 mm
4,
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0. 005 mm
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0.005 mm. 2,
1

Table 1 Material parameters of tool and workpiece

/ I(g- /

GPa em ™) (107°cC )
Ti6 A4V 110 0.31 4.43 9.5
( WC-Co) 524 0.23 15.7 6.3

4

Fig.4  Finite element model of twist drill and workpiece
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(5) -
5 o ) 2360 ps
w o 0.01 mm 3
5x10™°s 20000 Hz 6 .
6
0.01 mm,
2
Table 2 Simulation parameters
/ / / / /
(mme  (r- (0.0015 ~0.00236s) 6(a) ~(c)
1 . 1 Hz mm rad
s7)  min”) 338.4.190.9.173.6 N
5 5000 0 0 0
5 5000 20000 0. 005
43.6% 48.7% -
5 5000 20000 0. 005 0.01
5
Fig.5 Speed function of drilling simulation
2.2

6
Fig.6  Axial force curves of titanium alloy drilling with

different processing methods
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7(a) ~(c) 50~ 8(a) ~(c) 437
2360 ps 46.6.23.9 528  363°C
22. 1N * mm., 3

100.50 40°C o
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Fig.7 Torque curves of titanium alloy drilling with Fig.8 Contour of the highest cutting temperature during

different processing methods titanium alloy drilling simulation process
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Fig.9 Experimental devices of ultrasonic vibration drilling

Kistler 9256C2
SOIF
55XA

3

Table 3 Ultrasonic vibration parameters of twist drill

/mm 1
/Hz 21130
/mm 0.025

/rad 0.01
4

Table 4 Experimental parameters of ultrasonic

vibration drilling

/ / / /
(mmes™')  (remin’") Hz mm
0.05 5000 0 3
0.05 5000 21130 3
3.1
10 o

10

Fig. 10  Axial force data acquisition results
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Table 6 Experimental results of average torque
° /
(N« mm) 1%
11
1 35.29
17
o 14
9
2 40.00
15
1 6 45.45
11 '
0 12 .
0.025 mm 2 36.36
11
1 3.3
15
5 14 1
Table 5 Experimental results of average axial force 12
IN 1% . 12
15.07 °
1 19.01 20.72 7
14 ' 4
) 16.19 19. 81
20.19 ‘ 2
12.48 °
1 23.01
16.21
12
13.80
2 17.66
16.76
11
Fig. 11 Variation of axial force with amplitude
3.2
12

Fig. 12 Micrographs of exit burrs
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Table 7 Measurement results of hole

diameter and exit burrs height

/

mm /mm

1.022 ~1.042 0.027
1.020 ~1.061 0.061

1.026 ~1.052 0.024
1.023 ~1.075 0.073
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Simulation and experimental study on ultrasonic vibration drilling
process characteristics of titanium alloy
ZHAO Ganlin' FENG Pingfa' >°  ZHANG Jianfu'

(1. Beijing Key Lab of Precision/Ultra-precision Manufacturing Equipments and Control Department of Mechanical Engineering
Tsinghua University Beijing 100084 China; 2. Division of Advanced Manufacturing Graduate School at Shenzhen
Tsinghua University Shenzhen 518055 China)

Abstract: Issues of high cutting force high cutting temperature and bad machining quality in the case of
conventional titanium alloy drilling are widespread. Thus a study of ultrasonic vibration drilling process charac—
teristics of titanium alloy was carried out. Firstly the characteristics of both interrupted cutting and high-speed
cutting were analyzed using the equation of motion of ultrasonic vibration drilling. Secondly Deform3D was
then employed to simulate the axial force torque and cutting temperature of titanium alloy ultrasonic vibration
drilling. In the final step ultrasonic vibration drilling of titanium alloy was conducted. This aided the investi—
gation of relative change in cutting forces torque as well as exit burrs of ultrasonic vibration drilling in com—
parison to conventional drilling. The results show that ultrasonic vibration drilling of titanium alloy can reduce
the axial force by about 20% the torque by about 40% and the average cutting temperature by about 50% .
And the processing quality by ultrasonic vibration drilling of titanium alloy is superior when compared to con—
ventional drilling. The longitudinal-torsional composite ultrasonic vibration drilling of titanium alloy is more
effective than one-dimensional longitudinal ultrasonic vibration drilling as it has much greater influence in the
reduction of axial force torque and cutting temperature which shows superior drilling processing characteris—
tics.

Keywords: titanium alloy; ultrasonic vibration drilling; longitudinal-torsional composite vibration; cut-

ting force; torque; cutting temperature
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