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Abstract Recently, Laser surface treatment technologies have been used to improve wear charactenitics and
fatigue resistance of metal molding. When the laser beam is irradiated on the surface and laser speed is appro-
priate, the laser focal position is rapidly heated and the thermal energy of surface penetrates the material after
irradiation, finally imbuing it with a new mechanical characteristic by the process of self-quenching. This research
estimates the material characteristic after efficient and functional surface treatment using HPDL, which is more
efficient than the existing CW Nd:YAG laser heat source. To estimate this, microstructural changes and hardness
characteristics of three parts (the surface treatment part, heat affect zone, and parental material) are observed
with the change of laser beam speed and surface temperature. Moreover, the depth of the hardened area is
observed with the change of the laser beam speed and temperature. From the results of the experiments, it has
been shown that the maximum hardness is approximately 788Hv when the heat treatment temperature and the
travel speed are 1150° and 2 mm/sec, respectively.
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Table 1. Chemical compositions of specimens (wt%)

A AFE - e - ARE

Element] :
Material C Si Mn P S etc.
max max
HCI350 2.8 ~3.30 1.6 ~2.25 0.7 ~1.05 0.012 0.12 Mo, Cr
max max
FCD550 3.0 ~3.80 1.8~260 | 0.1~0.50 0.04 0.02 Mg, Cu
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Fig. 1. Setup of optics in laser heat treatment.

Table 2. Parameters in laser surface treatment

Beam size 40 X 7 mm
Temp. (°C) 1050, 1100, 1150, 1200
Travel speed (mm/sec) 2,3,5,7,10
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Fig. 2. Hardness profile of laser hardened zone on HCI350.
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Fig. 3. Hardness profile of laser hardened zone on FCD550.

o|EE A3l FEol Hol He= & 5 AUk

Fig. 2(b), Fig. 3(h)°] 7% W% 520 Hv ©]
3w 1,150°CelA] 73} Zlo)7F 0.75 mm oS
2 W glov 1,100°C ofstellxe] s} zlo]
€ 04mm °J3t2 I ol A3} Zlo|7}
7HERE 50°Ce] 2EAOIE AjEe] AdHEE
Aofeh=d] w9~ vIzekA 2Rg5ks gRlsidnt. 7}
2% 1,200°ColME gzl Tkt &
T3k 23} Zol7k 04mm olstE wEE AAe
JEF A= A2 S50 =olA] Zsizlolrt
Haebdtt.

Fig. 2(d), Fig. 3@°] 7% 71¥2% 1,150°CE
A AN ZAREE Wslet & 73} 21
o WA A0 E FAKEET} USE 7338} 2)0]
E4e Row AF =

glo]x] dxg] A st F3} A3} Zlol= A9

N

Ao - AE
1,200 =TT T
- 5 T=1,150TC
1.000 | -m- 2mm/s
® 3mm/s
A 5mm/s
2 sof A® v 7mm/s
w ] 2] < 10mm/s
@ 600} e : al ]
-E ------ 61 -"T-~7T~-1-" W -520Hyv-
£ 400} W & ]
200 - 4 a " ' 1
U 1 1 1 L 1 1 1 L Il
-25 20 15 10 5 0 5 10 15 20 25
Hardened width (mm)
(c) hardened width by various scanning
speed
1,200 ————T
‘-1—-": T=1,150TC
B 2mm/s
1.000 - ® 3mm/s
A 5mm/s
. 800 '—"l\‘ /-\. v 7mm/s
= ' < 10mm/s
& &3 ’-ll-ﬂ ® “ »
% 600} v \ 4
@ Y L L ] \\
ﬁ g --F--F-- R T e e 520Hv-
s 400 = aaA 4
< A °
200k ¥ .

0 1 1 1 1 1 1 1
00 01 02 03 04 05 06 07 08 09 10
Hardened depth (mm)

(d) hardened depth by various scanning
speed

E430] W} AjAeme} ZAEES e, o)
Ale) o] Fake mIAE Wgol7)E S o}
2 Aol wj} AReE B ZAEES Aclss
Aol 23S Bl

3.2 EHZst ™, Fo| AIH #HY

E AoA ARRE AEE ZEs FEFH =
29 FHo) AEEE Aot =29 gL Al
s AYehs TAHoE A A, T X5}
o tiste] Rizlelct. 1ejEE Mg wolA 71 Rk
28 25 1,150°CollA] A= w2 A2
7, Fo 33 SAE Bl Wys A SI9h

Fig. 4(2)° YR HCI350 2419 3¢ S
3, 10 mmy/secollA] —gkollA +gko = o|F3far it
ol B & AAle] WY Fer} vIEHHYP o

JeRte 2L ojm@d,



TEY o] 9 = Yo|AE o438t Tex =247 dxz] 54 343

HCI350, T : 1150°, V : 2mm/sec |
— A

Distortion value ()

-B0 i 1 i 1 i 1 i 1 i 1

Point of measurement

(a) Distortion value of HCI350 7

60

T=1,150C | ] i
45H-m- 2mm/s 4 Pearlite
—_ ® 3mm/s 1
§ 30p A 5mm/s 7
= 7mm/s
@ 150 4 a1}
~] =
2 4 10mm/s
c O ‘:.i}'f*"
'?_- A5} }.t' . i Fine grain zone(x500) | Base metal zone(*500)
% 0 } FCD550, T : 1150°, V : 2mm/sec
a’ ol ' ] .
45 1 4
_Bo 1 " 1 1 1 " 1
2 4 6 8 10
Point of measurement

(b) Distortion value of FCD550

Fig. 4. Distortion value after surface treatment.

Fig. 4(b)l Yehd FCD550 AA19] 74 WaEe]
Fept ZAKEE wet I Hekslar 9lo] B4
2] A, <] ¥ido] HIEH = VERA] 23Ut x50 | Hardened zone(x500) |

X A, Fo| HA Wy A 2Ho==
7]—% = 1150°C°ﬂ/\1 FAKEE 2mm/sec 4 W

Ek01 7P ke Aoz B HIk oluf I
ﬂ 4, 39 ﬂ tﬂ?ﬂ&# HCI3502] 7% 6.3 < Ferrite
pm, FCD550«] 749 16.6 pmo-Z 2 F 3t

Pearlite

Spheroidal
= graphite

3.3 OjM|=& EA Fine grain zone(*500) | Base metal zone(*500)
7tEes 2 AT 242 1,150°C 2 2 mmy/ Fig. 5. Micro structure of heat treated zone.

secs] B TAABAAA FHEH] 54

= ¥ S8tk Fig 5= PlAEAS WER AS HCI350 2AkE Avi, 7]AZ22Q] HdE<do]
B 7gshe, QT a2la BANE Ure] B9 Y71 S8k Jltk. 7IAEAe ek Fejol

Aelt. £} 591 29)0] ole] sejolEz FAE) Sk,



344 Y - 2S  PEE -
FCD550 axAll= ehxidh +33he S<iske 591

F=Z EolErt AL e = ool (Bulls-

eye) 215 Fakal ot EalA
FCD550 (0elAs} o] 7xzde Faplez &

TAEo) Qi 24 A F ofFe BEe T
5 Floln], 7 Fle] ¥ Mo S Seln
z4]o] Hejol 2o},

T o) BF AZ 08 24 XD IR
@S} o] B AIE]ES] BAv} Hejole

2 3:85o] riZrkolE 223 sk slow,

(b)2] Gk nfzElio|E 220 wglolE =
= AFoAHUolE 2Ao] EAE] Yt} (o=

wARE sjele]Esh Alulele]E
2ol z2jo] FAgsjo] glk.
ol gxjele] ZeAlze dolAel <@ Ew
7Bst=E glolARle] ZAF A 7IXEAS 71EH
- WA 27187 S A Z*‘*WO]
3} 3 vj=ERlo|EZ w24 He)"). o]2
o A5 AEE #olal v, Ws4 Ai
£ FoIA Hol 71414 A= FdET

zHog 748 B

mﬂww

Aol AR HCI350, FCD550 AAle gk
o Axelso] $5% ARl et B
TgEA0) Y FAT o) Y vhailo)

m

E z5o] 2 Y450 Sk,

4.4 B
B Aol 7% toles dolAE olgalel

FEFY] A Al A3 ATE s
e} 22 ZAES A

1. tole= #olAE o]&g FH7Ast A
HCI350 Ao HAd= 2 A3} zlole Z
864 Hv, 0.8 mme]$darl, FCD550 A1) Hoh7
2 A3} Zlol= 247} 832 Hy, 0.75 mme] it}

2. ¥W7A3} #g] Al HCI350, FCD5502]
HES 747} 63 um, 16.6 um= EHAZ ] 23k

E

BN >

B =R AAAAROIA A A

>

alefo|=s} 2 93:51]140115 BN J*FME

EAE 22o] BEEU.

s 7|

A=A

AR 2009)0] AT A19E o} oo on,
ofell FA=RHU.

10.

11.

12.

i
rak

k)

K. W. Park, Y. H. Han and S. Y. Lee : ]J. of the
Korean Society for Heat Treatment, 9(4) (1996)
271.

. K. S. Nam and K. H. Lee : ]J. of the Korean Society

for Heat Treatment, 9(4) (1996) 229.

. S. D. Park, O. Y. Lee and K. H. Song : ]. of the

Korean Society for Heat Treatment, 8(1) (1995) 32.

. F Dausinger : Proceedings of LAMP (1992) 697.
. J. D. Kim, W. J. Kang, J. J. Lee, J. H. Lee, ]J. Suh and

M. O. Lee : Proceedings of the Korean Welding and
Joining Society Symposium (2006) 248.

. H.]J. Shin, Y. T. Yoo, D. G. Ahn and K. Im : J. Mater.

Pro. Tech., 187-188 (2007) 467.

. H. J. Shin and Y. T. Yoo : J. Mater. Pro. Tech., 201

(2008) 342.

. P. Hoffmann, R. Dierken and T. Endress : J. of the

Korean Society for Heat Treatment, 20(4) (2007)
203.

. E. Kennedy, G. Byrne and D. N. Collins : J. Mater.

Pro. Tech., 155-156 (2004) 1855.

S. D. Choi, S. H. Cheong, S. C. Yang and J. G. Kim :
Kumoh National Institute of Technology, (2007) 380.
H. T. Hwang, H. S. Soo, J. D. Kim, M. K. Song and
Y. K. Kim : Materials Research Society of Korea, 19
(2009) 574.

J. C. KIM : MA Thesis(in Korean), Ulsan University
(2009) 380-385.



