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methods, including ultrasonic-assisted drilling (UAD). An ultrasonic spindle
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with a 30 kHz resonant frequency was designed to apply UAD to hole
processing. The resonance frequency and vibration mode were predicted using
the finite element method (FEM), and a vibration nodal plane was selected. The
resonance frequency and impedance characteristics of the ultrasonic spindle
were determined using an impedance analyzer, and an error of approximately
1.9% was predicted using the FEM. Next, the vibration characteristics of the
ultrasonic spindle were analyzed using a laser displacement system. The

vibration displacement tests showed amplitudes of 39.7 and 0.5 pm at the end
of the drilling tool and the nodal plane, respectively. The design validity of the
manufactured ultrasonic spindle was demonstrated based on experimental
drilling results.
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Table 1 Material properties used in FEM analysis
. Density Elasticity Poisson’s
Material (ke/m3) modulus ratio
(GPa)
Tool Carbide 14,400 719 0.194
Front
block Titanium 4,430 114 0.31
Backing
ER Stainless 7750 193 031
collect steel
BT40 SCM440 7,800 190 0.29
Piezo PZT 8 7,600

411

Amplitude

Nodal plane

Fig. 3 Nodal plane according to wave length

(a) Result of resonance frequency(28.041 kHz)

14224 Min

(b) Result of nodal plane position
Fig. 4 FEM result of the designed ultrasonic unit
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Fig. 5 Electrical impedance of ultrasonic unit

Ultrasonic
generator

Fig. 6 System configuration for amplitude measurement

Holder Nodal Collet  Tool

Fig. 7 Amplitude measurement position
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Table 2 Amplitude of ultrasonic unit(unit: (m)

Measure
point| BT40 | Nodal ER Tool
Input power

20 W 0.051 0.503 7.890 29.697

4. SUY NYS 0|88 £3T |UO M5TI

AE 253 FH9] 4587HE 910l =Y ARS #3013l
o, CFRPE tiidez A 4 ue vlus B3l Aldd 23

FHY Y5 HAESIGH. HAEE 9Jd Fig. 83 o] A
ol AE 233t fYWle Feta F1EYAE ol&sto]
230 25 A /50 wE AAES Stk =8Y 7h
< 93t JAAEE 6 mm F719] CFRPE AREsIglon, Fte
W&o 2 ARgSHE 27 6 mm, AT (point angle)°] 118°91 H]
Y 27 I8 ARsilth. =Y 7 Re 35 isE
4,000 rpm, 0|54 0.01 mm/irev. 9 7H5-R71& ARSI oM,
ol & 37 5 2% A

" rr

ol ARG 8 HlolN =

s Ariest] A 270l olg Bef Al4E 2w
We) 713 458 HAEsh, SYY 7139 295 48 7H5

ol
<

171 9l % 3)%4= 4,000 rpm, °]$4 = 0.01 mm/re
& A4ttt Fig. 9= 223 1% A& 4/7d
Z] 0ol

qo8 AA ATts

N
dl
i

)
>
)
o
T
iu)
2

7

718 % % ANl Wske

f 1o mo Ho of
J
o,

i
i
r

NG
2
11‘.0
e
L)
e
-

4

ox,
i o
2
1> of
i
10
o,
=
gy
filo
>
ofo
_O|L
8,
(x)
[N
o P
L2 o
> a
ne 2
@ > b
o 3o
oSN g 8

B
dlo
_‘E_“
o)
off!
X
ofo
>
N
S
&
lo
w
&
Z.
-
N
S
@
i)
S
w
N
X
N
B
oL

413

Dry 4000rpm_001Feed_10Hole
UAD 4000rpm_001Feed_10Hole

Fig. 9 Thrust force in conventional

4 5

10 11

and ultrasonic drilling

1.08

1.07

1.06
1.05

1.042

1.04

1.024

1.03
1.02

Dalamination factor

1.01

1.00

UAD

Dry

Fig. 10 Delamination factor in conventional and ultrasonic drilling

= 22 g9 stglth 259 502 37 Aol e
=7 egstA S 3] o] Arert S7KHA| Hal o= 9
o Aol ZAadh oz WHET. Fig. 102 & E7% 9]
+2 10719] HEE Bastol vdeigith. 253 A48 f/5ol
o R AL FARBHA UEAT 2E0HE A8 A4
dfElel 2717F QA WYstalom, =3t Wil Al A
s asioint. =99 7k Al AAEE 9 7R agla
HAAS] Sl wreh Z2gute] A /R0 W THeEd Y

gpo] The eI £ <

R

LY
283t A§ A AT Y N4t st
Agict



An Mok Jeong

S48 BYsiEn 2AE0R ofET A 26%2] 0AE
Bl % W9 ABE Fo A% AW S=T F Tuio} W5
Aol AN 7H3 A WSl WS S st =
3 A ato] o|SolAt 37 B BolA by 2 sz Bayst
glov og £33 B WAl 7MY 2 WFE 2 BEAY
235} QY AVE H91eS SRS, AR 235 Fue)
H5tE 98l =87 UPL 2Astglon CFRPY) 2 73S
S5 HAIo] 39% Ao, el A4 At 2 s
k. olefa A%E vigoz B AgolN AA AN 23t
fe) AL RERE & 4 Yo, CFRP & 715 A] BAkE]
% uhe) Zhao] EgHolRD BEEY

2 ATE 71EAAES] AAPPA 27| &AT ARl
Ugto 2 S88% [E0220001, IHAE: vl Adeh ths E2Y
YER2F A (3/6)].

References

[1]Kang, M. G., Kim, G. H., Shin, G. W., Jeong, A. M., Kim, H. Y.,
Kim, C. H,, Lee, S. W., Kim, T. G., 2018, Mechanical Cutting
Process Trends for Difficult-to-Cut Materials : A Review, J.
Korean Soc. Precis. Eng., 35:3 253-267, https://doi.org/10.7736/
KSPE.2018.35.3.253.

[2] Neugebauer, R., Stoll, A., 2004, Ultrasonic Application in
Drilling, J. Mater. Process. Technol., 149:1-3 633-639,
https://doi.org/10.1016/j.jmatprotec.2003.10.062.

[3] Vakili Azghandi, B., Kadivar, M. A., Razfar, M. R., 2016, An
Experimental Study on Cutting Forces in Ultrasonic Assisted
Drilling, Procedia CIRP, 46 563-566, https://doi.org/10.1016/
j-procir.2016.04.070.

[4] Li, Z., Zhang, D., Jiang, X., Qin, W., Geng, D., 2017, Study on
Rotary Ultrasonic-assisted Drilling of Titanium Alloys
(Ti6Al4V) using 8-facet Drill under no Cooling Condition, Int.
J. Adv. Manuf. Technol., 90 3249-3246, https://doi.org/10.1007/
s00170-016-9593-1.

[5] Wei, L., Wang, D., 2019, Comparative Study on Drilling Effect
between Conventional Drilling and Ultrasonic-Assisted Drilling
of Ti-6Al-4V/AI2024-T351 Laminated Material, Int. J. Adv.
Manuf. Technol., 103 141-152, https://doi.org/10.1007/
s00170-019-03507-6.

414

[6] Azarhoushang, B., Akbari, J., 2007, Ultrasonic-Assisted Drilling
of Inconel 738-LC, Int. J. Mach. Tools Manuf., 47:7-8 1027-1033,
https://doi.org/10.1016/j.ijmachtools.2006.10.007.

[7] Liao, Y. S., Chen, Y. C., Lin, H. M., 2007, Feasibility Study of
the Ultrasonic Vibration Assisted Drilling of Inconel Superalloy,
Int. J. Mach. Tools Manuf., 47:12-13 1988-1996, https://doi.org/
10.1016/j.ijjmachtools.2007.02.001.

[8] Dold, C., Henerichs, M., Bochmann, L., Wegener, K., 2012,
Comparison of Ground and Laser Machined Polycrystalline
Diamond(PCD) Tools in Cutting Carbon Fiber Reinforced
Plastics(CFRP) for Aircraft Structures, Procedia CIRP, 1
178-183, https://doi.org/10.1016/j.procir.2012.04.031.

[9]Kim, H. Y., Kim, T. G., Lee, S. W., Yoon, H. S., Kyung, D. S.,
Choi, H., Ko, J. M., 2016, Development of Manufacturing System
Package for CFRP Machining, J. Korean Soc. Precis. Eng., 33:6
431-438, http://doi.org/10.7736/KSPE.2016.33.6.431.

[10] Gupta, A., Ascroft, H., Barnes, S., 2016, Effect of Chisel Edge
in Ultrasonic Assisted Drilling of Carbon Fibre Reinforced
Plastics(CFRP), Procedia CIRP, 46 619-622, https://doi.org/
10.1016/j.procir.2016.04.026.

[11]Kuo, C., Li, Z., Wang, C., 2017, Multi-objective Optimisation
in Vibration-assisted Drilling of CFRP/AIl Stacks, Compos.
Struct., 173 196-209, https://doi.org/10.1016/j.compstruct.
2017.04.026.

[12] Jeong, A. M., Kim, C. H., 2012, Design Method for Ultrasonic
Transducer to Bonding with Dissimilar Materials, Transactions
of the Korean Society for Noise and Vibration Engineering, 22:1
3-8, https://doi.org/10.5050/KSNVE.2012.22.1.003.

[13] Kim, H. L., Kim, S. C., Kim, K. G., Kim, Y. W., 2013,
Classification of Organs Using Impedance of Ultrasonic Surgical
Knife to improve Surgical Efficiency, Journal of Biomedical
Engineering Research, 34:3 141-147, https://doi.org/10.9718/
JBER.2013.34.3.141.

An Mok Jeong

Researcher in Department of Smart
Manufacturing System, Korea Institute of
Industrial Technology.

His research interest is Machine.

E-mail: amjeong@kitech..re.kr




	드릴링 가공을 위한 초음파 유닛 설계
	ABSTRACT
	1. 서론
	2. 초음파 유닛 설계
	3. 초음파 유닛 제작 및 특성 분석
	5. 결론
	References


