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Ultrasonic nanocrystal surface modification (UNSM) is an example of a
nanoscale-surface modification that has become noticeable because of its effects
on the mechanical improvement of metallic materials. UNSM equipment needs
to be both utilized and improved. The equipment is based on an ultrasonic
waveguide whose role is to strike surfaces of metallic materials to achieve
nanoscale deformation. In this paper, we introduce the development of one kind
of UNSM equipment. Using piezoelectric elements, we repeatedly design and
fabricate a 20-kHz ultrasonic waveguide. With respect to the composition of the
equipment, the waveguide is automatically transferred by two axial stages
automatically. In addition, a static force is constantly applied by pneumatic
devices. We perform an experiment to verify the feasibility of the equipment.
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Fig. 1 Schematic of UNSM equipment

Fig. 2 Piezoelectric element (outer dia.: 5 cm, inner dia.: 2 cm,
t: 0.5 cm)
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Fig. 3 Frequency measure of piezoelectric element
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Fig. 5 First resonator

F T Yol oF 32 kS ol83krk dlo|ustol=e] Foi
£ QhaaA doluslelesl v B 24 249 et gk
o, 2 A ke Ngsink e A5Ae) Bk
$A9] Bl oFRAE Qo] Fale BT shehe T 241
o] ol 358 L SR WS el Tl

2 2F 39.2 N9 35 #8313tk
2.5 kW9 Z2oA 20 um¢] ¥
A=A AP E 30% AF3h= 6

_l
of
2L

Zko

& AT
2.2 1&t ZSKt H|=

gojBrte| =9 FalE 1 2ol wel RIzkeHA eS| o
ol el S o] 83t FAkel XS Saisted dikAel 9]
o|Hrto|=9] AAAE T3t AZ3Atol whe} gufE= EE}
Fo AEEe] t2uE A4 AZ2 Hiteis Aot 9] o
W Ao] MglE AlEste] Aok Tl stof stk hxaat
o] ZYL Fig. 49 9Zl|X Pt 4785 AAA71L sbdaat
9] Z9} o] M14 QuhALE Y ETAXZE Y} 1 3
glolHrtel=e] FulrE S48kl T £4 7Hs2 sl ofd
HxReo 2 go]Brto| =7} 20 kHzoll 248 Ful7} 2 w7t
olg] W WHESIGIT) Fig. Sv aaAte] A A2 2 AojxE
Ag AFAe] Bt} Fig. 6914 Hxo] 13} IEAR= ¥
FI571 19.95 kHz2 SRIH AT Ao]2E AAg go|Brto]
T FWA| FEE go|HIfo|=9] Mol Havl He AHoRE
A glolrrlel=o] Fularo] thdk ko] A<l Qith

a8BE FWA e FFo] WA gom Aol Ak
o] glo|Hro|=8] Fulere| S FA] et YojHIte| =9
BollA AEES S7717) 8l SR g S 23k 1



H-G. Shin, H. Kim, E. Lim

A: 1Z1 TOF 2 o BOTTOH

£26.625 o ,
20,3334 kHz
Cat

L VI ---
500 Vol BTOP 25 KHz

AL -
oS5

WAL -—
STRRT 1S KHz

Marker STIMULUS WAL
1] 21,3334 kH=z 626,626 =l
1 19,95 kilz 51.85%1 mi
2 20.2802 kiz 1.52527 7

Fig. 6 Frequency measure of first resonator
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Fig. 7 Shape design of second waveguide
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Fig. 8 Frequency measure of second resonator

Fig. 9 Second resonator
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Fig. 10 Established UNSM equipment
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Fig. 11 Manipulation software of two-axes stage

Table 1 Experimental conditions

Area 10 mm x 10 mm
Velocity 2 mm/s
Static force 392 N
Amplitude 6 um
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Table 2 Hardness results

Unit (HLD) Before UNSM After UNSM
SUS304 353 420
SCM435 317 360
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