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Abstract: For the requirements of stable micro-feeding of micron metal powder in advanced metal part
manufacturing technology including laser cladding and 3D micro-printing, the pulse micro-feeding
mechanism of micron spherical metal fine powder was researched. To improve the resolution and
stability of metal powder micro-feeding, three driving voltage waveforms, including cosine-shape
rounded wave, sine-shape rounded wave and sine-cosine integrated rounded wave, were designed as
the driving voltages of the piezoelectric actuator. A pulse micro-feeding experiment for the uniform
spherical TC4 titanium alloy powder with an average diameter of 100 pm was performed. The
experiment result show that the cosine-shape rounded wave makes the powder go forward while the
sine-shape rounded wave makes the powder go back. The percentage of the dispersing state powder

transported one by one has reached 90%. The powder degree of compaction can be controlled. The
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powder micro-feeding process is stable without the phenomenon of powder arch accumulation. The

obtained results provide references for the micro-feeding of other kinds of powder with different

materials and different shapes.
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Fig. 1  Metal powder micro-feeding system actuated by

microfluidic pulse inertia force
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(a) Borosilicate glass pipe  (b) Micro-nozzle after pulling




Cb) Jon g 521 [a] il £k

AY AL} M i~
1622 e KREE TR %23 %
a a0 QD g @4
L 4 L L
; Rk St Rk il
i e Ji 47 Ja1E Ji 47 J 1l
OF
Y v Y Y
a,——w0 a;——wn a,—=w a;—=w
0 72 T I

(o) UL 1 e s <2 4 1 () AU 1o Bt e 2 o 1
(¢) Micro-nozzle after cutting  (d) Micrograph of micro-nozzle
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Fig. 2 Fabrication of borosilicate glass micro-nozzle
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(a) Voltage (displacement)-time

(b) Acceleration-time curve
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Fig. 3 Theoretical kinematics characteristics of micro
channel solid wall with driving voltage of

Square wave
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Fig.4 Diagrammatics of waves
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Fig. 5 Diagram of powder arch accumulation due to
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Fig. 6  Sine-cosine integrated rounded wave of driving voltage
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(a) Sine-shape rounded wave
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Fig.7 Influence of driving voltage wave on direction of

powder moving
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Fig. 8 Micrograph of dispersed uniform spherical TC4
powder order status in micro-nozzle when they

are micro-feeded one by one
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Tab.1 Recorder of spherical TC4 powder numbers with

each pulse inertia force

SRR Uk QS e Uk S Uk A U G e R
1 1 11 1 21 1 31 1 41 1

2 1 12 1 22 1 32 1 42 1
3 1 13 1 23 0 33 2 43 1
4 1 14 1 24 1 34 1 44 1
5 1 15 1 25 1 35 1 45 1
6 2 16 1 26 1 36 1 46 2
7 1 17 1 27 1 37 1 47 1
8 1 18 1 28 1 38 1 48 1
9 1 19 0 29 1 39 1 49 1

10 0 20 1 30 0 40 0 50 1
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Fig. 9  Micrograph of densely state uniform spherical

TC4 powder in micro-feeding process
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Fig. 10  Influence of integrated rounded wave on the

degree of compaction of powder in micro-

feeding processing
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