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Abstract: Stable micro-feeding of micron-size metal powder is one of the core issues in advanced metal
parts manufacturing technology, including laser cladding deposition and 3D micro-printing. This study
solves the difficult problem associated with the aggregation of irregular shape metal powder, which is
unavoidable in existing methods when the feeding mass has a broad range. Such methods are based on
the use of a gas-powder feeding system, ultrasonic vibration, pulse inertia force and etc. This study u-
ses acoustic radiation force in an ultrasonic standing wave field as the driving force, so that the aggre-
gating powder is suspended in a nozzle to realize a stable pulse dose in a continuous feed mode. The
commonly used irregular shape chromium and titanium alloy powder, which can block the nozzle easily
during laser cladding deposition, is adopted as the research object to conduct experiments on micro-
feeding accuracy and stability. The particle sizes are 100-mesh, 200-mesh, and 300-mesh. The experi-

mental results show that the pulse dose mass for the 300-mesh irregular shape chromium powder is in
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the range 0.4 to 16 mg and that the continuous feed rate is in the range 6.0 to 65 mg/s. The coeffi-

cient of variation for the pulse dose process decreases with an increase in the outlet diameter of the mi-

cro-nozzle, and the minimum value of the coefficient of variation is below 2%. All the coefficients of

variation for the continuous feeding rate are below 6%. As a result, the proposed method for micro-

feeding micron-size irregular shape metal powder, actuated by acoustic radiation force, has high accu-

racy, high stability, and good universality for different particles. Thus, this method can solve the

problem of powder aggregation. The results proposed in this paper can also serve as reference for the

micro-feeding of other kinds of powders based on different materials and with different shapes.

Key words: laser cladding deposition; metal powder; micro-feeding; ultrasonic standing wave; acous-

tic radiation force
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Fig. 1 Irregular shape metal powder micro-feeding
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Tab.1 Particle size distribution of metal powders

Powder
. Mesh dav/;im d]o/,um dso/}im dsm/;im Dloo/;im
materials

Chromium 100 157.1  34.3  123.8 272.1 300
Chromium 200  78.2 21.8 62.6  142.0 160
Chromium 300  45.4 15.1 36.7 95.1 120
Titanium

Alloy

200 75.2 23.2 63.4  148.3 163
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Fig. 3 SEM images of irregular shape metal powders
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Fig. 8 Micrograph of chromium powder pulse micro-dosing
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Tab. 2 Data of stability experiments for pulse micro-dosing of

200 mesh irregular shape chromium powder (mg)

D/pm
Samples

200 250 300 350 400 450
1 0.6 1.1 1.7 2.2 4.8 7.2
2 0.7 1 1.8 2.3 4.2 7.3
3 0.8 0.9 1.6 2.1 4.3 7.2
4 0.6 0.9 1.9 2.2 4.6 7.4
5 0.8 1.2 1.8 2.2 4.5 7.6
6 0.9 1.1 2 2.3 4.4 7.3
7 1.1 1.3 1.9 2.5 4.5 7.1
8 0.8 1.3 1.8 2.1 4.3 7.2
9 0.9 1.1 1.7 2.5 4.5 7.3
10 1 1.2 1.8 2.4 4.7 7.4
x 0.8 1.1 1.8 2.3 4.5 7.3

C-V/% 20.2 13.1 6.42 6.47 4.16 1.9%4

3.2 EFZHEREKX

R PR W Y N R R Nk R AR S
it TN TR W PR %) A A ORI Al s B 3
FR R AR S DA S LG8 B R R RS ) T
B, MEHE (=1/3 s B, H kit R B W TR
ELIE 11 iR,

BT AR R I S ik R A

Micrograph of continuous micro-feeding of

Fig. 11

irregular shape chromium powder
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60F g 200 mesh chromium powder
A 300 mesh chromium powder
50F w200 mesh titanium alloy powder
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Fig. 12 Variation of metal powder micro-feeding ac-

curacy with outlet diameter of nozzle
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Tab. 3 Data of stability experiments for continuous mi-
cro-feeding of 200 mesh irregular shape chromi-
um powder (mg/s)

Samples D/ pam

200 250 300 350 400 450
1 11.5 13.1 15.1 18.6 25.7 35.9
2 11.5 12.4 16.8 18.9 26.5 34.2
3 10.2 13.9 16.7 19.3 23.8 37.8
4 10.7 14.1 15.2 19.8 25.6 36.3
5 11.7 13.8 15.4 18.1 24.4 35.2
6 10.5 12.6 16.5 19.3 25.8 34.5
7 11.8 13.5 15.9 20.7 26.3 37.7
8 11.3 12.1 16.6 19.7 24.3 33.5
9 11.7 13.4 15.4 20.2 23.6 36.7
10 12.1 12.9 15.1 20.6 26.8 34.1
x 11.3 13.2 15.9 19.5 25.3 35.6

C-V/% 5.52 5.11 4.48 4.35 4.59 4.29
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Fig. 13 Lines of irregular shape chromium powder
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