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Numerical simulation of convergence characteristics of
laser cladding powder based on laser spot diameters

ZHAO Chen-min,LIAN Guo-fu,FENG Mei-yan, CHEN Chang-rong, HUANG Xu
(School of Mechanical and Automotive Engineering, Fujian University of Technology , Fuzhou 350118, China)

Abstract ; This paper aims to explore the coupling mechanism of laser and powder flow in the laser cladding
process. The influence of powder feeding speed on powder convergence characteristics was investigated by a numerical
simulation of laser cladding powder injection. This simulation demonstrated that the powder flow had good convergence
as its focus diameter gradually decreased with the increase of powder feeding speed. Through the analysis of laser spot
simulation diagrams,the relationship between the laser spot size and the focus diameter of the powder flow was exam-
ined and further verified by a laser cladding experiment. The results indicated that the cladding morphology was better
when the focus diameter of the powder flow was approximate to the laser spot diameter,but it became worse as the fo-
cus diameter decreased and the heat affected area of matrix increased by speeding up powder feeding. The optimum
feeding speed was confirmed to be 17. 0 m/s. The findings provide a theoretical basis for the powder utilization ratio
and the morphology control of laser cladding.
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Fig. 1 Model of coaxial powder feeding nozzle
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Fig. 2 Experimental comparison and verification of coaxial

powder feeding model
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Fig. 4 Trajectory diagram of powder particles under

different feeding speeds
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Tab. 3 Correspondence table of powder feeding

speed and powder focus results

T EASEIE/ (m - s7h) AR S/ mm
1 11.3 4.9
2 12.7 4.6
3 14.2 4.4
4 15.6 4.3
5 17.0 4.0
6 18.4 3.9
7 19.8 3.7
8 21.2 3.4

4.2 MAERGHOERENME X &

R BT B O T 4 R R LR,
MRREOOERE ER N 5 mm, JEATIHEAS R NE S
INBOECHERLIE , ] AT 6B FAR/N T 4
mm R RERE R . I 6 ] DIASHH B b L 1Y



732 5 RS AN

w51k

SEIN AT A A EAR D, SR AR AR AR T
4 mm [, FOOERE BTG/ TR AR, I
R AR 32 B0 RIS, AREIRTT LI RE
ORI AR BARAE 4 mm B B0 EAR
SRR AR S AR, R AR SO G R RE X
RN A RER R B R RE AR AL , AT BAF O
BOEAUSEORABEI AL, I 7 o,

1.0
0.8
0.6
0.4
0.2
-5 0 5 0

-5

£ o

=

5
xX/mm
K5 EirEIEROeL R
Fig. 5 Gaussian circular laser spot pattern
5.2 1
<o) R I
‘ HoLtsERz

4.8
4.6

=)

é 44

4.2

i
4.0 1
3.8 1
3.6 1
3.44
32

0 12 14 16 18 20 22
LR TS/ (mesT)
El6 oL oA S AR LS ERR

Fig. 6 Diagram of laser spot diameter and powder flow focal diameter
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