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Powder Delivery Behavior During Laser Solid Forming from
Blended Elemental Powders

Zhang Fengying Chen Jing Tan Hua Lin Xin Huang Weidong
(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University,

Xi’”an Shaanxi 710072, China)

Abstract The delivery behavior of the elemental powder has important influence on the composition of as-deposited sample
during laser solid forming (LSF) from blended elemental powders. In order to ensure the consistency of the elemental
powders delivery processes, and further to realize the composition control, the delivery behavior of the elemental powder
during LSF is investigated. Based on the analysis of gas-powder two-phase flow, a mathematical model is established to
describe the motion of the powder particles inside and outside the nozzle, and the influence of the powder characteristics on
the powder delivery behavior is investigated. It is found that both the powder particle exit velocity and the motion
acceleration increase with the decrease of the powder particle size and density. The consistency condition for different
elemental powders delivery process is obtained, which is the identity of the exit velocity of the elemental powders. Based on
the consistency condition, the match relation among the elemental powder characteristics (including the particle size and
density) can be obtained, which ensures the consistency in composition between the laser deposits and the premixed
elemental powders during LSF from blended elemental powders.

Key words laser technique; powder delivery behavior; motion model; laser solid forming; blended elemental
powders
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Fig. 1 Force diagram of the powder particles group in nozzle
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Table 1 Parameters used in the computation

Pg/ /lg/ g/ ° Q./ PTi/ ,01\1/ pv/

P ) ) d . S. \ \ \
arameter (kg/m*)  (kg/s+*m) (m/s*) /m 6/0 (m®/s) /m (kg/m*)  (kg/m’) (kg/m?®)

Value 1.623 2.294X107° 9.8 2.5X10°° 5X10°° 0.05 4510 2696 6110
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Table 2 Processing parameters of the LSF route

Laser power / Scanning velocity /

W (mm /min) mm

Spot diameter /

Carrier gas flow /

(L /h)

Nozzle inside Powder feeding

diameter /mm rate /(g /min)

1250~2300 150~600 3.0

2.5 4.5 180
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Table 3 Characteristics and calculated exit velocities of

Ti, Al, and V powders

Powder Powder Equivalent  Calculated exit
material morphology  diameter /pum  velocity /(m/s)
Ti Spherical 65. 40 1.73
Al Spherical-like 83.55 1.77
\% Irregular 56. 81 1.71
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Table 4 Chemical compositions of the premixed

powders and as-deposited samples

Composition of the Compositions of deposits (mass fraction, %)

premixed powder Ti Al v

90% Ti +6%Al+4%V 89.72~90.63 5.78~6.12 3.62~4.14
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Fig. 5 Proportions by weight of Ti to Al and Al to V

of the deposits obtained at various processing parameters
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