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Abstract: The objective of this study is to investigate the influence of surface roughness on the morphology of aluminum 6061-
T6 alloy after irradiation with a Nd:YAG pulsed laser. The test specimen was prepared by a polishing process using a diamond
paste (1 um) and emery polishing papers (#100, #220, #600, #2400) to obtain different initial surface roughness. After irradiation
with ten pulsed-laser shots, the surface morphology was examined by using scanning electron microscopy (SEM), optical
microscopy (OM), and atomic force microscopy (AFM). The diameter of the melted zone increased with the surface roughness
because the multiple reflections and absorption of the laser beam occurred on the surface because of the surface roughness, so
that the absorptance of the laser beam changed. This result was verified using the relative absorptance calculated from the
diameter of the melted zone with the surface roughness and the diameter increased with the average surface roughness.
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Fig. 1 The mechanism of multiple reflection and
absorption
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Table 1 The average surface roughness of specimen
processing surface

A7IA I, & #olA W Ho ouyxdE, A & Diamond
gdol A e F5&, r 2 W FHoRYH 4F (1 pm)
Weke] A, w = frE W WEEEEE 2 2
= gads Aol
olele dol4 el
A7 2 clvtsio] 3
'R CERLEY
X+ Fig.2 9 A4 22 FH
71 Tnetting 2 Dimeting += 2H4F
A QA gl Aol ool Agoln)
T MUA BETE Lneing BE 2 G H A
£ ggol Aol R wHel AEsl FA
sk "ok vkl o] AT ofel #le] A
=]
7}

#2400 | #600 | #220 | #100

M
=2
2

70 300 | 350 | 600

o
i)
N
~~
=
&
|

—

nm]

_\ﬂ

o tEFwte dEE57t dolut Eadel

A B9 o gL dold N FreA B3
Fig. 29 443 2& Fe2 747 fek e
Frgo] SOl weh §459 AELS Dy
o Z7kelA Atk

23 M AETY|E e AdoHel S8
dol A W iy Aeel uel F4go] 2EkX]
A AT olF weshe] A B)emiE §ael
WA 5& ol&ste] 1W AHVE 18d F5&
(Ag )& AFs B 24 (4)ep 2k
1
melting ! :
R
_— Dm;:gal Fig. 3 The AFM image of the specimen processing

surface: (a)using the diamond paste(l pm),
(b)using the emary polishing paper #2400,

Fig. 2 The energy distribution on surface by laser (C)using the emary pohshlng paper #100
irradiation



1108 Az - 0N - 3G - Mg

My

Lneting &+ I & A= =43 #olA Ao ¢ Aol 1.84 mm AR A TH AZA7]7F 70 nm =
g W R AdASA nAGAIE 20 AFVIE 2 STl wel 88999 AEF2 208 mm 2 oF
Hak AL FrE(4 )= A ) 2ol e 13 %7HA S7Fskelch. Het 29 A7 o2 71
s 2= ot} 3tef 300 nm o wjolli= 8§52 AF0] 2.25 mm &

oF 22 % F7Vetal Het A AZ7I7F 600 nm 4w

1 [ D Jz ol 2.63mm & 43 %7H4] SVl
A, =expi— g (5)
‘ 2 w
3. AE g

AHo] AFRE Hol A= NEYAG Do) A=,
H2AEA R 5 ns o] H2oUA = Fie &
Hggo] HASIEE 133 m), HHEES wEFHA
o o3 FEFS WA FEF |1 Hz 2 3tk &7
A3 6061-T6 A tholobt= k(1 pum)ot <
TEA] (#100, #220, #600, #2400)S ©]-&3&lo] 7|4 4
ettt AN A S o] &8t XW dEHE =

Aot o™ A o|u|A = Fig. 3 ¥ i Hy & 8 Lom WD17mm

H AH7] S A= Table 1 ¥ 2t

0o

24 _Tl_l.

4. A¢ &

Fig. 4(a)= Ho T4 AZ77F 7 nm ¢ A &A
of 10 We] AxgolA7E A HAS o T
o] FARAAIAM A (x20) 578 oW A E, Al 7
FAe] 499 7)1 A 5-(Base zone)i= % A/FE H3}
7b il 8999 T4 (Melted zone) 18]l
S§999] 71 A2l (Heat affected zone) 3T -0l
A dlol A ZAtel oF i AE Wy dojd
S 2l & 4 Atk Fig 4b)E HH 1A A7
7} 600 nm §1 Al Hol 10 He] Do) A7 AL
HAAS v FARAREAR A (x20) 54 oA &, &

gAY G0l o FAHRE HA F

-

1mm WD 1 Pmm

Fig. 4 The SEM(%20) image on surface according to the
average surface roughness: (a) 7 nm, (b) 600 nm

B
<
T
o]

N
e
o
% s
oM,
i
frtl
mlo —ﬁ‘
2=
>,
o
v
ofy
ot
S
N

ML rir ¥o, mob ofN

o) HHEg o
Aot i < Melted zone
¥

= Fig. 6 2} 1}, Fi .
- N ig. 5 The OM(x150) image of the boundary of the
17 7 nm = 29747 2 Avty] specimen in which the average surface roughness

-
of ek AL Al AolAE £ggole is 7 nm



B2 dolA 24 F Aoy Firel

N
©

N
o
T
n

N
a
T

\:

<

-
©

100 200 300 400 500 600 700
Average Surface Roughness[nm]

Diameter of Melted Zone [mm]
o
\

Fig. 6 The diameter of melted zone according to the
average surface roughness (pulse energy 133 mJ,
pulse duration 5 ns and diameter of laser beam 5
mm)

SEI 18, BkY lﬂ} m H]:Il rmm

Fig. 7 The SEM(x1000) image on surface in which the
average surface roughness is 350 nm

Fig. 8 The AFM image on the surface of the specimen in
which the average surface roughness is 7 nm

1109

-
w
T

Relative Absorption

-
N
T

-
o
L}

0.9

0 100 200 300 400 500 600 700
Average Surface Roughness[nm]

Fig. 9 The relative absorptance according to the average
surface roughness

84 909 AR W ur A B

st7] SsiA FARA AR A (x1000)S o] -85
dZstg o 1 A3 Fig. 7 o YERIT €
o] A ZALR QI3 HHF-NA FA3] &7 F7t
sto] IH-How §§I Favt AP Aow &
e} w3 gEos d¥ Hol=Eo] FUEheE
AE s #FE = =, ol dolA A
of eafx EHol 8§ F SuHE AN E
Hol Hers}l ¥ F=g, &89 GFvE Faol
FHSHAA N4l Folgld T[AlEe] o &
5= Al 7198k Aoz wagh®
Fig. 8 & ¥+ W AA7I7F 7om Q1 AlH 9] =
o[ A XA F FWNFC] AN F4 on| A o]
ok WA fRAoR &§3 gt Aot
Het W AA7]E= 43 nm 2 238 F7FekSI T
o] UA 9183 Bonelli”2] 17 Ao} A3k
o}
gy H 59 AAZ7F 70 nm Q) AFEALS
A %W AA77F 63 nm = oF

l

=

o4 A F
al

3 s

350 nm ¢l 7 -0l =

4 AZ717F 2H2E 300 nm,
o] A 1/\} 5 W ¥ A

21717} 187 nm, 118 nm = = A 748t o=
AW Hesleles 4Ide] e %‘“&%OH og A

olgyte] 7jeldtt® A Hg wH A7)
600 nm 91 AgH] HAg-ol= Ho 7 ARV}
636 nm = °FZF Z713lQ = ol AwpA|(#100)S
o] &3S Aol dvkAle] 5% 8FH 9| o]
Wk Wk olyel Z wheko] Zo] mglk Zojx]/



N
~
~
S
B
oX,
folr
oy
ol
4%

o
LS
S
i 2
o X
ofo X
o N
2

4y 2o ot T
fitlo o8 N g
2o A D
VE ke ﬁo N

U my

o3

=

)

o

ol

>

o

rE

R=
[rt

)
)
e
N
N
N
=
=)
=
8
ro,
o
o
=2
o

—_ =

» e rlo b

W AR} FAEEE GEwALS o
S wol dofut YrjH o FoEol

oy f 2 so el g o o rff (&
ol ol

2
N
o7
o|\
N o
2
i
o ©

A Al A= e AEE
22 vgiAbet g5t
S R= e
sto] A
W A27]7F 600 nm ¢l A& A9
B AZEZ7F 7 nm ¢ A gHe w
A 5ol 43 % T7FsIlem H ®
7t &850 AFol F7ke

ofN 1o
o 9 g

do =
S o
o, E
B oMo
5 o
L j;
(03
=%
il
o
i
ath

i

onl ok

lo Ml

N
N
)
ol\

e,

e ol A A-Fe wwe BF mw
AR7) WaE AA4ANAL o gatd] Qe
o glolx xAdel B wW AR} 7 om 2

Aolls mRfelAe] SR 853 Sam
sl vt wl AAYIZE 43 om 2 SIHFAA
300 nm, 350 nm ¢1 A AL o2 Q1T Avta

ol ola) Fg TA A7 242F 187 nm, 118
nm = 7FA38F T}
AgHoz Z4¥ &§59 AEFS ol &3t

[e)
AAQ F4ES AAsid e Hd W AZ
Ag-ol= 7 °l

vl E A o

A A R A

ArHom

g~

7

o

Ta AEY % S
wol ATH e (Aok

rlo

£

o

o] =& EnEs
TAIE ] APz A
< UD090090GD)

x =
o2

ol

(1) Cui, C. Y, Cui, X. G, Zhang, Y. K., Luo, K. Y., Zhao,
Q., Hu, J. D, Liu, Z. and Wang, Y. M., 2010,
"Microstructure and Microhardness Analysis of the
Hexagonal Oxides formed on the Surface of the AISI
304 Stainless Steel after Nd:YAG Pulsed Laser
Surface Melting," Applied Surface Science, Vol. 256,
pp. 6782~6786.

(2) Chang, C. C., Chou, C. P, Hsu, S. N., Hsiung G. Y.,
and Chen, J. R., 2010, "Effect of Laser Welding on
Properties of Dissimilar Joint of AI-Mg-Si and Al-Mn
Aluminum Alloys," Journal of Materials Science &
Technology, Vol. 26, No. 3, pp.276~282.

(3) Son, Y. M., Jang, J. H., Joo, B. D., Yim, H. S. and
Moon, Y. H., 2009, "Characterization of Direct Laser
Metal Forming Technology for the Restoration of
Mold Surface," Trans. of the KSME A, Vol. 33, No. 7,
pp. 681~686.

(4) Cho, S. H., Park, J. K., Kim, J. G., Chang, W. S., Choi,
D. S. and Whang, K. H., 2010, "Ultra-precision
Machining using a Femtosecond Laser," Journal of the
Korean Society for Precision Engineering, Vol. 27, No.
6, pp. 17~23.

(5) Kim, K. W., Lee, J. H., Suh, J. and Cho, H. Y., 2007,
"Finite Element Analysis for Prediction of Band Shape
of Nd:YAG Laser Fillet Welding," Trans. of the KSME
A, Vol. 31, No. 8, pp. 839~846.

(6) Lim, H. T., Lee, M. H., Kim, P. K., Park, J. B. and
Jeong, S. H., 2009, "Enhancement of Surface
Hardness of Stainless Steel by Laser Peening,"
Journal of KSLP, Vol. 12, No. 3, pp. 18~22.

(7) Nam, G. J., K Kim,. W., Hong, J. U,, Lee, J. H., Suh,
J. and Cho, H. Y., 2006, "Finite Element Analysis of
Nd:YAG Pulse Laser Welding for AISI 304 Stainless
Steel Plate," Trans. of the KSME A, Vol. 30, No. 4, pp.
428~434.

(8) Perry, T. L., Werschmoeller, D., Li, X., Pfefferkorn, F.
E. and Duffie, N. A., 2009, "Pulsed Laser Polishing of
Micro-milled  Ti6Al4V ~ Samples," Journal of
Manufacturing Processes, Vol. 11, pp. 74~81.

(9) Bergstrom, D., Powell, J. and Kaplan, A. F. H., 2007,
"The Absorptance of Steels to Nd:YLF and Nd:YAG



A2 dolA 24 F AFE FE

Laser Light at Room Temperature," Applied Surface
Science, Vol. 253, pp. 5017~5028.

(10) Kruapech, S. and Widjaja, J., 2010, "Laser Range
Finder using Gaussian Beam Range Equation," Optics
& Laser Technology, Vol. 42, pp. 749~754.

(11) Mannion, P. T., Magee, J., Coyne, E., O’Connor, G.
M. and Glynn, T. J., 2004, "The Effect of Damage
Accumulation Behaviour on Ablation Threcholds and

awabelel dd mW ALs)e] 4%

1111

Damage Morphology in Ultrafast Laser Micro-
machining of Common Metals in Air," Applied
Surface Science, Vol. 233, pp. 275~287.

(12) Bonelli, M., Miotello, A. and Mosaner, P., 2002,
"Morphological Changes Induced on Aluminum
Surfaces by Excimer Laser Irradiation," Applied
Surface Science, Vol. 186, pp. 211~215.



