et Algrs]l = A, A34AE Al123, pp. 1877~1883, 2010 1877

(St=x=3D DOI:10.3795/KSME-A.2010.34.12.1877 ISSN 1226-4873

Avjd £3lupx23E o) 43k
Huld FeolA o7 mwste] L3 v

N

S
71 A58}

dv

A¥A4

T

*
-

£ 09

Acoustic Nonlinearity of Narmow-Band Surface Wave Generated by Laser
Beam with Line-Amayed Slit Mask

Sungho Choi", Tachyung Nam’, Tachun Lee’, Chung Seok Kim" and
Kyung-Young Jhang™
* Dept. of Automotive Engineering, Hanyang Univ.,
** School of Mechanical Engineering, Hanyang Univ.

(Received July 12, 2010 ; Revised October 23, 2010 ; Accepted October 25, 2010)

Key Words: Laser(2]°]4]), Surface Wave(3™H3}), Acoustic Nonlinearity(+3 H]/134)), Harmonic Generation

(Z£3h3t )

o
)
12

&8 vhrag o

Of
ol
s

o
z,
ox
>
™

== g-5to] grlel delAq o7 Este] Fs S o] £
o Bl gAY FAol 92 nA F Yx 27 nxAEe WA /TS PRSI,
e AR 6061-T6 Fe] SF MAFP e &R APER oA A FFS T &3
3 A 29 olgstel AYHow BASHAL nxks YR AFEL 23 dYFo| JEFy
2ol 49 28 MADAL 167 mm% sfo] 175 MHz] ®UTE BANRCH o 4% 59 o
YEo] 0.5 mmol A 1.0 mmE F/hFel whek 24 ;v PR AEL oF 80 % wadHATh 3t o
o)A A7 et 7] A3}

A123q_ AyZtoll = -3

Abstract: We examined the mechanism of generation of higher harmonics by theoretically analyzing the frequency
characteristics of a narrow-band surface wave generated by a laser beam with line-arrayed slit masks. We experimentally
analyzed the effects of slit opening width and laser intensity on the acoustic nonlinearity of aluminum 6061-T6 alloy by
using single-slit and line-arrayed slit masks. The magnitude of the harmonic wave depended on the slit opening width.
In our experiment, we generated a 1.75-MHz surface wave by using an arrayed slit with intervals of 1.67 mm. The
magnitude of the second harmonic component decreased about by 80% when the slit opening width was increased from
0.5 mm to 1.0 mm. In addition, the relationship between the magnitudes of the fundamental and the second harmonic
wave showed good linearity, which agreed well with the typical behavior of acoustic nonlinearity.
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Fig. 1 Schematic diagram of surface wave generated
laser beam with line arrayed slit mask

by

Specimen

=
=

oMol Wl wk

P
T

GENel ol

=

[eZ]

B 5475
A5l wol mag H Tk

]

A
fis

s

e

ol&

boh 53 A
4

o]
=

o]
o =
T =

1

e

A71e) dolAdl olal A7}

wste] gt

3
3t

Az el @dus TAAZIA " Fig.
i

doj et Aujd £33 mliazo] 9

A 7]

WA ghdste] FA Aud Feje ol

=%

el

=

a3

&
1

7.
A

o 7]

Hrt.

(@O, ZEF

HA

o]

g
o

Fal

deeow

stutel @lolA W2 qir)el B st

S

1

9
pl

7}

A e HE muA

b,

S

ml
™
=
—_
N
]

~

o A

W ook
—_

B OE

e ww
h)= 2 ()3 el vhehe} koD

3

9]

s

I

oj ]

ch

el

(1

N7je] oA He]

1

she] s o]t

7HA|
o JAbE Tk ghobd ) A g
8

)

=
=

A 713l 0]

q

O:
=

d|:|.|

o:
=

2.1 8lo|ME ol &gt

n-

iy
I
h

B

Zd

le3]

T

=l

4
EESY!

Hel W g A )9

R

o ¢

tg
g(t)= Zh(t—nAt)

o] A

@ol Uehllel A 4 k.

=

&l o] A

o

A A 1

°©

3z
ar

ol A
gt ol A o8 g WA

@

o)

o
s



Auld S8lvta2aE o] 83 FdY wolA 7] ®Hvte &3 HAIA 1879

A7NA AtE deE AZFH o R
AL oujdit} o] gt)9] #HS Fld
fo] Aud golA Wl o3 FwHute] Fut
=B GHE 7T F Atk

G(f) = NH(f)S(f) 3)

HH)E @49 @A Hlel o3 A= 19
o] Fu AHEY §(HE AMujd e EA] oA
e middrE origth s= A @)
Zomn &3 widel g N, xHETe] Fu f
T AIREARL £8 ol 14 Atell &S

_ sin(nNfAL)
()= Nsin(rfAt) @)
Fig. 2= 94 #olAHd vs #olArler
A= 2599 Fd9y FUgS 2 oE

ARl Fab 2~ ERS YERSITE o17]A] Fig.
2(a)v a=0.45 mm, N=6, d=1.67 mm, c=2920 m/s
oA we] HeF SHE e ZHe|th o] &9
FAo = HAEE Aujd #olA W og %
Wute] ~HER G(f)E Fig. 2(b)ol YERAA
o] A3z Mujd #HolAE o]&sto] 7]
T 7F odQl e ZWaE DAL 5
N

714 W] A Nol F7hgel wEk S(H<]
ApOl=E . gho] 7HAstAA HAEHE wu ke
GHE UL Jd9 Az= WeAl ®d. Fig
2b)ell A S35 £=1.75 MHzE 7HA &= 7123 A
& o] &= 3.5 MHz9] 22} 11zxu AHo] &4
e B F Ak aEE &5s 089
A 7] daWdE 2ddo=
sl ok Auld E8E 9
wATte] o]Z4Q BAAY &¥ 1+ dE
St ¢/d= 7183 Fu57F A4
deE wrt FHolAFE H(D)FT Iy ~FE
Hol dola Fa4(f)7t LTI 9o
&gk whel 22 sz R A7) 7 Fke)
Ak

f
=

ool o @
X 0 fo 5 o N [ o

(a)
1 4
H(f
N sw
0.8}
Q
S osf
c
g
= o4f
0.2}
0 ‘ ‘ ‘ ‘
0 1 2 3 4 5
Frequency (MHz)
1t (b) |
0.8t p G(f)
[}
S oe}
'c
g
= 04
0.2}
0 ‘ ‘ ‘
0 1 2 3 4 5

Frequency (MHz)

Fig. 2 Theoretical frequency spectra showing single
beam and multiple beam generation: (a)

H(f) and S(f), (b) G(f)
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Fig. 3 Frequency spectra of received wave: (a) receiver
sensitivity of commercialized 3.5 MHz PZT
transducer and (b) theoretical frequency spectrum
Gy(f) showing multiple beam generation
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Fig. 4 Schematic diagram of acoustic nonlinearity
system
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