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Abstract

Laser cladding processing allows rapid transfer of heat to the material being processed with minimum
conduction into base metal, resulting in low total heat input. The effects of Nd:YAG laser cladding with
wire feeding on the mechanical properties of Inconel alloy were investigated. Inconel alloy is used as
the material of nuclear steam generator tubing because of its mechanical properties and corrosion
resistance properties. The device for Nd:YAG laser cladding with wire feeding was designed. It consists
of the wire feeding system, the wire cladding system and the shielding gas system which prevents the
clad layer from being oxidized. Experimental as results indicated that the wire feeding direction and
position were important for laser cladding with wire feeding. The wire feeding speed should be adapted
according to cladding speed for good shaping of clad layer. The effect of heat on the HAZ size can be
limited and the growth of grain size of HAZ size was not serious. The hardness of clad layer and heat
affected zone increased with increasing of cladding speed.
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Table 1 Chemical compositions of Inconel 600 and
STS 304

C 3i [ Mn| 8§ Cr | Ni { Cu

Inconel 600| 0.01| 0.1 | 0.3 10.01|154|75.1| 0.2
STS 304 [0.06] 1.0 | 20 (003] 18 | 9.5
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Fig. 1 Device for wire feeding

S sholol FFAA AIE AA shaE A
& AHBEST seloldl FEEE A9 24z
Aolstion FFAAE VAP REoR Ao
AN gl 2REAY FAZL SRS GE 24
B9 4 JES Stk dolole] FAE folshe
& 9ede NES a4,

23 eflo[X Zae A

dolA Fe9 AXE B2 Nd:YAG #olA, ¢
olo] A% FFFA, XF ol% HolEE AA A7A
2 uE ¢ Itk 923 Nd:YAG Fo)A % 33loju]
(AE 1mm, Zo]:20m)E |Ast 2390 A
2 = QEE )

AU AZA) FaholmE T I o] 24
o] 7Vedt g AE L AAA AW F3jo)n 9
Adel6mmel ey d 4L 2.0 -2,.5mmo) A},
A AHEE Nd:YAG glo|A & ¥ 2= TEMOO, 3
F&Y 55kW, &Y 220W, ¥HE-& 20Hzolt}
XF o] Ho| B2 Fslo|H o 2Ho] Yo 2w &
THAA D dlo]E Aol HAE BEC] Aol nyE
T NEE sl Pl olFo] IR E HHA Y
o AlE ol Bstolw 2HAA G BEstaAwT o}
olo} AFFFTHo] slte] AT 4 YuHE FUS
FH3 T4

24 HSTtA

BE7tAaE 28 Nd:YAG dlo|A9 #3loly] &
28 BR3dtn, U9 7FA e 9] 9s)
A T RAA BABIESE AN, EEriAE 7
BARoR g4 F&9 AgE Wxstn, F99 714
of SuE YAt of g dojA qeo ety v FuE
#HAaztele golA B3| FE ST E AL W
A BA oz Ay, BE AE7tA AhvtA, o

Journal of KWS, Vol. 18, No. 3, June, 2000



sfojo] FFoll &3 Inconel®] Nd:YAG #lolA Zay

85

A ats, ol2RItA 5 Aeg)

Brhaw 28 ol odux| g did dHEE
Hu7ksolyg 715 7hE7) W&
Al Y_Oﬂ S.i‘ﬂ W EX] BE3lm gho] ¥R wo
Ti, Zr2e g7l & HE F40) A}
1 57k2e 7hA o] AYaaM dErta
J5& Holng gol ALgE X5l
= olitstgth 7}*‘;_
‘?“'t“ r%om e Aol
1 7395k ARg-3] ok }-c A <
: Z1Rth B35, 7H4 0] A
HelA F2 *Pi}“w% Hosaz ALSHD, 2 4

18 ol2 & 7tAS B3vtaz ARs, BE
7haB e GA AN EET Y REAEHA DA
2%t 151 /minS & BAFE T

=

2.5 Alglukd

ul P& STS EA STS 304 <olof(H7
0.3mm)& AH83te] 289 243-E 9. 94
olA Y& WBANIIUN F5F RIS R
BslolH ] 239 o] F, glolo] FFEE T H
A 71EA A NS Fol Btk B Al
A HolA Y (FTEY 220W)E AH&-ake
FERFEE HolE % &&, gdoloe 3F &
. Stolole] FF Wk, gholojo] 27 Fott.

%ﬂklflrr‘d:r’u

& ZSollE gfolo] FFo] A AL Wi wWE 9ol
JF&EAME FhYFol AR FHA Pk,
Fig. 28} o] s}oloy o)gupaky}l wmA)e] o] 4Hbako]
Zo) 714 & FAH AT WE go
o] OI% é‘r.‘ii A3hA ¢AT] =2 kL ol o
9] &FR dol| el 7] wFo

W %ki%} °]'6‘ Wako 7 golx g},
golA ] ol$ Sxrt AR e wf gholo]
b EMESE FHES gole Fvkeke
7"}-4 W3yl gl AE ¢ F Ut FYeS l;;:-og]
e golo] TEFFO] T4t w}a} IR IEEAD
91r°1°1°ﬂ E’r—’f— & ko] Zr}lely) wEQ Ao e BA
A3, Fol Wget g AL eﬂo]‘ﬂ B
9ge Wl mAS AR T A

e
H

F-E ol

KREREETE 184 B3, 20004 64

7 2 E) wzol vt
golo] 5 27t UYE ul sfolo} 40| B45
229 Eole Fh%n gHEe Fass AL
& 4 gek. ol shelo] FFFe] 271l Wt ¥
NI 7} sholole] F45E o] Z7helr o] 2
A=3 BolE IR BAY §§ BAL Fad

Aoz FAFUT.

Laser beam
Shielding gas |

ALCLLCCCCCC
E——

Moving of
base metal

Fig. 2 Wire feeding direction
32 90jo} 02T W B A

BAZREY Solofs) o|$AEE oF 15~30°7}
FBIYTE, 15018k o] % Z4Ei dolA W 2o
AEAA 01447717 o9 Ba&AY Sy
o BPAAL. 2 1% A% Al W 2AAN %
A g 1 Ao Wt %8 4 9] wEd] 7]
39 29 59| A LYSAT. Fig, 394015
Zzet 2P =Fe W/HYE (W=Width, H=
Height) #4% ¥ =% Auio] tala Jehhsict.
SZE o 307014 A% W/H W 8L Bou
ol 9 F=Sol BAEY

dold 283t golo] 2FEEE IR §A4

U 209 St S gel=d ol x
£ w7 4gHE doln
9 dgIs) sholelel ool 73 @RI 2

5.0 7] v
4.5 7] @
407 ®
357 ®
o .
s 307
B I B Porosity
E 2.5
= 20 A @ Sound
1.5 1 A Discontinuity
1.0 ¥ Crack
0.5 1
0.0 T T T T T T T T T T T
Q 10 20 30 40 50 60

Feeding angle(degree)
Fig. 3 Relationship between W/H ratio and feeding
angle

346



86 HA=Z - F -9 &

5 - ]
44 ®

3 ®

e

& 4 B Dj i

= 3 Discontinuty

) @ Sound

= 2 A A Crack
1 -
0 T T T T T T T T T i

0 1 2 3 4 5

Cladding speed (mm/s)

PFig. 4 Relationship between W/H ratio and
cladding speed

9 £57F Y5 wad golojrt ¢Hd] FeEHA ¥
3, UF »gd JddEE duyxrt dxdle oo
7} FdEol ¢33 FYcFE IFY T UUCh
Inconel600 EAjo] STS 304 ¢tole], Inconel 600
glojol 2 EY3 B¢ HAY FYd $Ee T 4
L BE 2~2 5mm/sYE & T JATt

Fig.4dlAX =39 W/HHIEE 4353 A
3 E%3 g TR BEFS dY9dXe

2d& =2, A% o) vdehges W/H 73
)49 W F5F FH= Fol FYHE Ao U
Ehytet.

33 EH=E Y

Fig. 4% 5% 2A 9} delofel dig 29 EFH&
JeR R 21t} Inconel 600 EA<l STS 304 9}0]<]
¢} Inconel 600 stolofol tigt Fed 3 BH BF
AR B4 ool vEhY led e #olA Ho
H ~ufo] 7| W) Bolth, AiA o2 STS gojojz Fi
9@ "7} Inconel 94¢]oi2 E¥PE WET} oS
e ¥9 AAZ Y= oJAL STSS
Inconel®] 3tshzAl 9] FoldA] 7|A% Ao
FAdg

3 98¢ Y= Z o] 5& W3 AR ek
=9 o]& STS 3049 Inconel 6009 &-&3¢] 47
oF 14009} 1395CE B3 GAEE(W/mK)
A oF 14,99 11.72 ¥i&d B8 44& /A
971 W& Reg oSEY EFEXAHSHAA
STS 304%} Inconel 6000] ¥ @AHUCIE Z7
olm& JAH Aol FAR A& T MAE A
o= FAHY

347

Fig. 5 The surface of clad layer when wire is
completely melted

(a) Top view of clad layer

(b) Cross section of clad layer

Fig. 6 Cladding Inconel 600 on Inconel 600,
cladding speed=1.5mm/s
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