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A Method of Crack Control in Laser Cladding Process with Changing
Power Density Distribution of Laser Beam
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Abstract In order to reduce thermal stress and crack of clad layer in laser cladding process, a method through
changing power density distribution of laser beam was presented. A thermal-mechanical coupling finite element model
of laser cladding by using uniform shape and convex shape laser spot was established. The results show that laser
cladding with uniform shape spot has a typical character of quick heating and cooling rate as the conventional laser
manufacturing. However, laser cladding with convex shape beam could preheat and slow cooling rate of sample to
some extent, and reduce the temperature gradient between the clad area and non-clad zone. In addition, the thermal
stress of clad layer with convex shape laser beam is lower than the uniform shape laser spot dose, so it can effectively
reduce crack of the clad layer.
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Fig.1 Schematic of the laser cladding process
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Fig. 2 Power density distribution of laser beam
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(BRI Y, A5 TR i1 LA S TR WL SR 15,161

3 BALFE AR KATiE

L3 5 B A P R T SRR WO FI L 5 i
F L 57 25 P 22 P oL 3 1460 C (TiAL & %
50 B0 DO T B . WAL o LR 8 AR T
A5 B P 55 D6 BRESE 565 L 0 58 S 2 X Ik

(a) Setl

20 2560 500 750 1000 1230 1460 1700 1906

MN

(b) Set2

20 250

500 750

1000 1230 1460 1640 1820

F3 1.5smiREGA
Fig. 3 Temperature field distribution at 1.5 s
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Fig.4 Cross section temperature field distribution of
the highest temperature point at 1.5 s
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Fig. 5 Thermal circulation curves of middle point of

laser scanning centerline on the top surface
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Fig. 6 Stress circulation curves of middle point of

laser scanning centerline on the top surface

7 O AR L IR RE B SR OG0 R TR
300 s A4S ) 13 3 73 A 5 BT LA 067 3t 7 3 P9 Rb 2
FAF BRI o3 A FE AR A A A B 0 £
BB 1) IO AT R A IV FD s A O A A i i Y
AR T iR S T () DI PR XA AR i 4 R K
HEBOCH L SN A A B B AR S L
Set2 LR ERAR N 14 Setl L2 5AF/N TEH
[ X 8P {40 MPaZifq .

450

—o—Setl

400+

350+

Stress /MPa
W
(=1
(=]

0 5 10 15 20 25 30
Distance from the beginning point /mm

7 _EFRWEHOCE O LR AR N 4 T
Fig. 7 Residual stress distribution of the laser scanning
centerline on the top surface
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