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Visualization of Drop Formation and Droplet Velocity Measurement
of a Piezoelectric-type Inkjet

D. H. Kwon, Y. S. Choi and S. J. Lee,

Abstract. The reproducibility of water droplet formation which is indispensible in the investigation of
a drop-on-demand piezoelectrically driven inkjet was verified by checking the size of droplet and distance
from the nozzle tip of inkjet head to droplet. Based on the reproducibility of droplet formation, we visu-
alized the formation of micro-scale droplets by acquiring consecutive images at the jetting frequency of
500 Hz for which air bubbles were not generated. Two different electric waveforms were used to drive
the piezoelectric actuator. The visualization system consists of a high-speed camera that can capture
images up to 250,000fps, a long-distance microscope and a halogen lamp as a light source.
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Fig. 1. Experimental setup

CMOS 7}l 2H(Photron Fastcam)®} 71 23 A& 7t
7 #¥v)7 (Long-distance microscope)s H3l Hol&
ol AA3I AE-S Aetsict. 22 rAEE 9

71e) 71918 o218 #WA|s| f3 ol=E A= W
£ AF} 39 (chamber) S04 A8E 38T
A I = =FollA Yehte Ze- A A o E
ZHYXE F3lo] YA AR G712, CMOS
FH g AEZE (controller)?} FZ FEAHY 73
DAARNE 57) 4= (delay generator)E ©]-E31d &
7INA Y3k w3l FFE F5E F UA=EE s
o AA B AREY A7) ASE _?_Qi
2327 BHA 5734 & gRlsi). pAl 979
Aol Age A7 ¢ W mlo|AZE Proln, g
He] ES Alo|E(cycleyESt o] FolA = AW 24
o] A& PAA 9 olsfol HAAQ] HETg b @
MRS B2 FE 53] Aot £ 7o) AE
g CMOS 7HEE Algshs 7P #e =&3AIT
(shutter speed)?] 4 usZ =&t IA4& -,450}%11:}
Fe o Akl ©E FET L34S 93A
=& JFFoEA sFsdth 28 J’M]X 5
21352k CMOS FH2} Afe]of A7k A< (time delay)s:
ol g3l A {43 71X 3719 FBAAAE 73
At

3.2 ¥ E9

3.1. X FM2PEo| XY

A= P AHRL FAsl) Ast Fig. 29+ 2
L % A% (driving waveform)E ©]-2-31 500 Hz9]

Z FuFolA AGAQA WA FAdo] ojRAHES
AT 2 AN A FeiAe SFF

o] Ay

204

=1
1

Voltage (V)
o

3

T v T v T T J
o 5 40 15 20 25 30

Time  (f4s)

Fig. 2. Driving waveform type I
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Fig. 3. Reproducibility of droplet formation : () images taken after 100 s from triggering; (b) t=290 ps; {c) overlapped
5 images of (a); (d) overlapped 5 images of (b); (e) differential image subtracted third image from fourth one

of image (b)

Table 1. Comparison of main parameters for 5 different droplet formation experiments

After 100 ps

After 290 us

Experiment -
Droplet Dist: fi . . Dist: fi .
number mgﬁn)sme ;gzzrige(uﬁgn Difference (um) Droplet size (Lm} nlggllge(uig? Difference (wm)
1 42.0 102.2 0 40.9 250.9
2 42.0 102.2 0 40.9 247.5
3 420 102.2 0 409 246.3 less than 3.4
4 42.0 102.2 12 40.9 248.6
5 42.0 101.0 ’ 40.9 247.5
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Fig. 4. Visualization of drop formation process for the
driving waveform of Fig. 2
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Table 2. Droplet velocity for driving waveform type I

Elapsed time after triggering {(ls)
110 145 180 215 250

0766 0795  0.851  0.937

Velocity
(m/s)
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Fig. 5. Driving waveform type II
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Table 3. Droplet velocity for driving waveform type II
Elapsed time after triggering (Js)
65 75 85 95

Velocity
(m/s) 12.71 14.08 14.53
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Fig. 6. Visualization of drop formation process for the
driving waveform of Fig. 5.
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