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Study of the Porosity Phenomena in Laser Cladding
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Abstract
experiment, the laser cladding has been applied to build up the bulk clad on the thin layers formed by selective laser

This paper investigates the effects of porosity of the forming parts by laser cladding method. In the

sintering, and the surface porosity with various laser powers has been characterized by imprint method. In the
numerical analysis, a computation model was developed to analyze the porosity based on the surface tension and
energy of cladding powders at various temperatures. The results show a good conformity between the numerical
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analysis and the experimental measurement.

Key words laser processing; laser cladding;surface tension; porosity

1 5 7

PO B WOE N T BB AR I T AP i E
PRZ — BT RlG & m R TR KM, JL4F
oK A 9 SO Al B < T L MR U AR L R R 2ok
FHPOL I B 1 0 48 G W06 R 58 K 2 i B (CNC)
TR T A =4k A b 2R A2 7 07 5K
91 0 L 2 S AR A < e A L AR S AB A 2 RO

TOE A B T SR FE IR AR5 T 17 it {3
JR AR S5 A B DU R 0 75 202 & IR B B2
Ro WOCK BB IR BA Z I W de BLE A1 i 1)
AR RE/IN VA5 A TR B IR A /N CER B DC/NE
EAENE SO L P G A 2 T A R A 4 R
NTAFATI AT VRIXE 5 A A S B4 hn 23 H Sy H Rij 2
AOBIFTE PR, BEANOE N B 25 5 ] fE 32 S 14 4 I
i K S AN SR 7= AR BRAE BR G IR T . 2006 4F C.
Lalas 5% 4 W — A 0f T WO 1 B A0 43 B A6 Y L 1206

KR EH: 2009-10-23
* BIEBEE Ao Email: linfjem@mail. ncku. edu. tw

TR LA RE & 2 B OGIE B8 )2 98 B L BE VIR BE 5
Sy BITRR RN 2 1T AT 5K 7 0 5 (LA 2 A O
BRI B D OS5 #2007 4F AL V.
Gusarov %5 X T O IE 8 $2E H— A8 1 BRAS AL
Ffe PR IEAT 20T, 25 B R 4w 3% 1 e 5 3R 1H g
ST o ST SO o T ) B R L 3R R [ R K e K
R AL B 8 1 5 0 AL AE ORI 53 o O I R IR
JEE 6T 2R T 1 8 ) 5 T

AR SCHR VIO BT 1 R/ A 1 AL B Ry
PE SR FIEOE i #A 4 Ja M R I8 B A R A5 I SRR I
G AT S B0 3L R 1 AT A7 e R HL L B 0 AR 1) 5
] o AR AR i o ST I TSRS R 9 B TR AL R T S
FIGWEAE— L.

2 BES
SRS 58 2 2 0 4934 0 I 1 90 R A



3252 G 5|

# ot 36 &

UL AP SR 3 B B SE Rk R R i [R]
Mg s EE 3 Tt b WSRO BT R A R B O S B
[ YROIR A8 5 7 T T Tt Y R e R L R AN 2 Ok R Wl
WOE T A (1] F) A% A ) 0, AT X A 2o P AR 46 ) R
T T4 R, K AL V. Gusarov
SEPCER I M B E Fe T TR ) R B IR SR
T B i 3 2R T RE 728 X YOG AR 0 S )
2.1 EEBME|E
TEFEAT WO KB o g, O 1 (R R W AT XS 3t
ARV T R -
DA & 37 7k, R 3 3 8 R AL

@
particle @

(28,

substrate

BRAA

2) S 0 T B SR A R T 4 fi BRI T T BE 2
[ YROR A8 IR » g 3 A O 5 0 A A A 2 Sl IS i
YR o8 1Ak

3) AR 2R — SR B3 W 5 b A Y BB R 7 R AR
% B R BLYE T IS 2 BE LA S R TR A % TE M K
BB B ) BE =

443 A 1) AN Sy A AR AR B S A
W3 AR AE B IE 1T G AR FRAAE

FEVHEE B AT SCmk 4 ] BT $2 th i iy BEAC AL,
LR o

()

substrate

M1 SOt E AR E R

Fig. 1 Tllustration of the powder deposition in laser cladding

2.2 BEHFERX
2.2.1 #EHEX

TR B B S AR SE i B as Y g ST
W)

Ex, +Ey = Eg +W + AEg. (D
X Exi BTV 4G S RE - E R W0 1 4 % 16 BE
Es, 0 V0 5105 I 10 22 10 B8 W 0 V0T AR TR SR P 26
PR M BE I, AEx W IR AR T2 1 sh BE 4 % .

DABE 5 57 8 00 ME S OG0 AR PR oK
G RAE RO, (D AR R A A 24 KL R
Pa A v f 5 = a5 B (1) 2 A 9 A TR R B B
PEFT T 19 A8 (WD R A2 T8 16 3h g 1 2k (AEK)
2, ok (D AR A

Ex +Eg = Eg,. (2)

VRBEIRY R UR EhAE (Ex) RETRE (Es) KA ERY

REEIE G B AE (Es) 20517 FR K

Ey, =&V, (3)

KA o MBI AL > u Jy AR LV, B AR
LGRE NI

Eqg =06+S5,, 4)
Kb o HFERMIK .S, W RIF G R
Ey =06+ 8S,, (5)

S, AR T e - B s AR

M AR TR WA I R AR ) 2 T 5K T K 2 52 3]
PR o TR R W 2 T RE & DR 0 2 2 T 9 ) 37 D il 2
PRAL. RUT IO B AR 8 A5 SUS 304, H
K T 5 R

o(T) = 1840 —0.4(T —1823), (6)
A T B R B . 48 B n] 45 321 RE 1 07 2
‘OTL‘ZVIJ = 1840 — 0.4 (T —1823) (S, — Su).

(7

2.2.2 JUMFAEX
SRRE LS E T RSN — AN s O R R R
(] (8 JLART 7 R o T 9 3 A ) R g 22 fk: ) A
RECH VLR E T R AR 5 3 e b AR ] A B 28 6 =

Vo= A=m R 7R — B3 (®)
i =1 i =1

[rp Vo, ok K i 5 B2 il 5 AR R n B R
FVERT SN MR MM d Vg TR S H
FHAEZ R K B O BB AT 3R R
di =/ (xg —x:)" + (3o — ya)" + (=0 —24)7,
9
P (o syasza) N5 BV B AR 2 il 19 B K
AR




12 11 R T4

WO B L LR U5 3253

AR e o~ 1E 7 R s LA T e B AT RS
MRE P ARG BRI T IE AL E . LA T 1%
B AR BEES A D0 » 0 A B R IR S ALBURAE R
2.3 BWHIER

5 AN [R) 5y A T B o O 8 B A A R AU D0 A
FLBRAR BRI 23 5 5 ARORLAR 9 100 pm, AR

HEEETE 1550~2050 Cla), &R fH 100 C 458, 3
S A A L X A T B g R AL R AR F A5 1k

2 Ry R IR EE 1550 C Ay o BRI 0 M
0.15 mm5 0.25 mm T [ # & . & 3 kB3 o i
2050 CHHERUNGE 5 M = % 0. 15 mm 5 0. 25 mm T
A I

& /mm

B2 (AR 1550 CHMERUEIL ; (D) BGR EE 0. 15 mm B AN 5 (o) @ B 0. 25 mm T (Y L  1&]

Fig. 2 Powder deposition at 1550 C (a) and cross-sectional view at 2=0. 15 mm (b), 2=0. 25 mm (c¢)
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Fig. 3 Powder deposition at 2050 C (a) and cross-sectional view at 2=0. 15 mm (b), 2=0. 25 mm (c¢)
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Fig. 4 Relationship between the clad porosity and powder

temperature for the powder diameter of 100 pm
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Fig. 5 Illustration of the laser cladding system
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Fig. 6 Photograph of the clad surface at the laser

power of 15 W
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Fig. 8 Photograph of the clad surface at the laser
power of 50 W
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