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Coaxial Powder Feeder

Interaction of the Laser Beam and the Metal Powder Conveyed by
Abstract
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% Research Center for Nonferrous Matels Composites, General Research Institute for Nonferrous Metals, Beijing 100088, China

A method to calculate the interaction time between metal powder and laser beam during laser direct
forming with the metal powder conveyed by coaxial powder feeder is introduced in detailed. A finite element method
(FEM) model based on ANSYS software is established to calculate the temperature of the metal powder while it

crosses through the laser beam. Under different laser power condition, after interaction with laser beam, the

temperature of the 316L stainless steel (SS) powder of different size is calculated. Thus the laser energy absorbed

from laser beam by metal powders is calculated. After 316L SS powders have entered laser molten pool, the energy

the heat loss due to thermal conduction.
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molten pool. The calculated results also show that during laser direct forming, approximately 5% of laser energy is
used to heat and melt metal powders and 95% of laser energy is used to form laser molten pool and to compensate

=

exchange between laser molten pool and 316L. SS powders is also calculated. The calculated results show that all
=]

316L SS powders are melted after they have crossed through the laser beam with power larger than 1000 W, It is to

say that the 316L stainless steel powders are turned from solid into liquid before they reach the surface of laser
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Fig.1 The schematic of interaction of laser beam
and 316L SS powders
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Fig. 2 FEM model to calculate temperature of the

powders passing through laser beam
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Table 1 Grain size distribution of 316L SS powder

Grain size /pm 35 55 75 85
Percent /% 9 40 30 21

F2 6L AERNPRMESH
Table 2 Thermal physical properties of 316L SS

. Latent heat Temperature Temperature
Density . . ..
/Ckg/m®) of fusion  interval of phase of liguid
g /(J/m®) change /C line /C
8000 2.94X10° 1399~1434 1434

£33 JLAEREEHERETHSRAKMLL A
Table 3 Coefficient of heat conductivity and specific

heat of 316L SS at different temperature

Temperature /°C 20
Specific heat /[J/(kg = K)] 494
Coefficient of heat

conductivity /[W/(m « K)] 14.7

200 400 800 1200
536 569 644 669

18 20.8 26.3 31.9
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\\\ —i P =1000 W
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2 1800 - S
2. 1600 |
S 1400 A
1200 A
1000
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Grain size /um
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Fig. 3 After interaction of the powder and the laser beam
of different power, the temperature of the 316L

SS powder of different size
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Table 4 After interaction of powders and laser beam with
power of 1000 W, the temperature of 316L SS

powder of different size

Grain size /pm 35 55 75 85
Temperature /'C 2137 1790 1550 1506
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Table 5 Amount of laser energy absorbed by single particle of
different size during 316L. SS powders passing

through laser beam

Grain size /ym 35 55 75 85

Energy of
absorption /] 2.3X107*7.4X107*1.7X107%2.4X1073
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Table 6 Numbers of 316L SS powder of different size

pass through laser beam per second

Grain size /pm 35 55 75 85

Numbers 19509 22388 6470 3188
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Fig. 4 FEM model to calculate the temperature field

of laser molten pool
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Table 7 Energy exchange between single particle of

different size and laser molten pool

Grain size /pm 35 55 75 85
Energy exchange /] —0.06 2.4 2.7 2.1
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Table 8 Percentage of laser energy absorbed by 316L SS
powders in laser output energy under different laser

power conditions

Laser power /W 800 1000 1200
Percentage /% 5.6 5.0 4,6
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