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Abstract; A novel piezoelectric microspray dispensing system was designed based on a compliant mech-
anism. The system consisted ol a glue supply device, driving device, and pin-impact valve. The mo-
tion characteristic of the dispensing system was that the elastic deformation of the compliant mecha-
nism drived the colliding needle to move in a straight line to and {ro, so that the opening and closing of
the colliding needle valve could perform the function of microspray dispensing. The driving force, out-
put displacement, and {requency characteristics of the dispensing system were obtained by using a
pseudo-rigid-body method. The results show that the maximum of driving force, output displace-
ment, and [requency of the system are 56.4 N, 808 pum, and 245 Hz, respectively. Thus, the driving

force, stroke, and dispensing speed of the dispensing system can be guaranteed. The prototype was
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built and the effects of duty cycle, amplitude, frequency of driving voltage signal, and viscosity of

glue on the droplet diameter were analyzed experimentally; the conditions for the formation of normal

droplets were also determined. The experimental results show that the highest dispensing frequency of

the system is 210 Hz, the minimum diameter of the droplets is 630 pm, and the consistency error of

the droplets is 5. 62 %. In a word, the advantages of the proposed dispensing system are verified,

which provides a new concept for the design and application of microspray dispensing system.

Key words: micro-spray dispensing system; compliant mechanism; piezoelectric actuator; pseudo rigid

body method
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Fig. 5 Pseudo-rigid body model of driving mechanism
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Tab.1 Factor level in orthogonal test

K EEsH/ % BE/Hz  BE/VEE/(mPa - s)

1 30 60 80 200

2 40 90 90 400

3 50 120 100 600

4 60 150 110 800

5 70 180 120 1 000
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Fig. 19 Influence of various factors on droplet diam-

eter
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Tab. 2 Results of orthogonal test

gy Nl B UK AE B EAR

1 1 1 1 1 1. 04
2 1 2 2 2 0.96
3 1 3 3 3 0. 86
4 1 4 4 4 0.77
5 1 5 5 5 0. 67
6 2 1 2 3 0. 88
7 2 2 3 4 0.78
8 2 3 4 5 0.72
9 2 4 5 1 1. 03
10 2 5 1 2 0.94
11 3 1 3 5 0.74
12 3 2 4 1 1.12
13 3 3 5 2 1. 04
14 3 4 1 3 0.92
15 3 5 2 4 0.82
16 4 1 4 2 1. 04
17 4 2 5 3 0.91
18 4 3 1 4 0.87
19 4 4 2 5 0.74
20 4 5 3 1 1. 14
21 5 1 5 4 0. 96
22 5 2 1 5 0.71
23 5 3 2 1 1.19
24 5 4 3 2 1. 04
25 5 5 4 3 0.89

4.7 RE—BMHERR

2 ) — B0 1 S Do o S A R G RE Y
— DEEEIR . T O U R SR T
— B A R R O 100 Hz, fdi 45 He ok 50 %, 3K
HRIRIE N 80 V YN IL F AT T 50 IREE & 52
56,3k BE SIS g3 S 10 4, AR S AN AR RY



2000 b=

T TR

527 &

S-S B AE R 4 1 T AR S BT AR 43 A A 1
20 s, @& 20 ATRT, RS HARTE 2. 34 mm |
VRSN B AR — B R 2 5. 62 Y0, Ui
SRS R 38 LA AT 4 IR — Bk .

3 =
£— Test value
—g— Average value
E
£ 25t A ;
2 F—f =} — = S —*
S = = =
5
: 2
(=)
1.5 I I 1 | i
2 4 6 8 10
Test times
B 20 B EAR i
Fig. 20 Distribution of droplet diameter
S 30K

(1] wkE%, s, 3 ik, F. MEWIEKA SR

PARDIFELERLT]. bk A2 F 3R, 2013, 49(14) .
140-153.
YAO YF., LUSH ZH, LIU Y X, etal.. Research
on automated micro-liquid dispensing technology
[J]. Jowrnal of Mechanical Engineering, 2013,
49(14): 140-153. (in Chinese)

[2] &, &K, BEY, F. BEOEAKITIESER
[J]. k% #1142, 2013, 21(8): 2071-2078.
ZHANG Q, XU C, XU CH Y., et al.. Approach
and experiment of ultra-micro dispensing[ J]. Opt.
Precision Eng. ,» 2013, 21(8): 2071-2078. (in Chi-
nese)

[3] KUNCHALA P, KAPPAGANTULA K. 3D print-
ing high density ceramics using binder jetting with
nanoparticle densifiers [ J]. Materials & Design.,
2018, 155: 443-450.

(4] e, H440 . A, F. R FERAREAR

o gE B LT]. o BALH T4, 2011, 22(20).
2513-2519.
SUND H., GAOJ CH, DU J, etal.. Advances in
fluid dispensing technology for micro-electronics
packaging [ ] ]. China Mechanical Engineering,
2011, 22(20): 2513-2519. (in Chinese)

5 £ #®

AR SCHEF ML T T — Fh o 2 o, Uk
W R RS % R G R IR Bl R A
MLk, B sl B R AR 2 2 ML SE E, )
FH 2 AL AE) B 58 1k AR T s s Y B R R R s
B, R B WA R A5 31 00 2R G0 0 3K 3 0 i i
PR FUT R R L 45 3R I I R G 3R 30 )
S B FATR 43 9]k 56. 4 NL,808 pm, 245 Hz, it
B2 B 2R G RE T R AN [ ) WS S R, E
T 5 R GEREBIL L 23 AT 9K B i R AR 5 1 s B
WIS PRI S B X G T R A AN R, S
SRR R BRI IR AR R
2 AR 26 o s LR AT S T AR RN L R/
WEi% B AR A 0. 67 mm, IH — B kR E N
5. 625, 14 BT AT B B i Y B 1 A2 1 2 1, A ik
W5 I R SR AL T BT R B,

(5] #ezok, 8, 2Tk, ¥. Wik A sh e

TARWIFELERLT ], bk T2 % 3], 2013, 49(14):
140-153.
YAO Y F. LUSH ZH, LIU Y X, etal.. Research
on automated micro-liquid dispensing technology
[J]. Journal of Mechanical Engineering, 2013,
49(14): 140-153. (in Chinese)

(6] *®H. FaA. &, F. H PRI pL gl

Wikl kg #hE T4, 2012, 20(12); 2744-
2750.
SHIY L. LI F D. YANG X, etal.. PL class adhe-
sive dispensing approach for micro bonding [ J].
Opt. Precision Eng. , 2012, 20(12). 2744-2750.
(in Chinese)

[7] KHAN S. NGUYEN T P. LUBEJ M, et al..
Low-power printed micro-hotplates through acrosol
jetting of gold on thin polyimide membranes[ ] ].
Microelectronic Engineering, 2018, 194 71-78.

[8] NGUYEN Q H. HAN Y M, CHOI S B, et al..
Dynamic characteristics of a new jetting dispenser
driven by piezostack actuator[ J]. IEEE Transac-
tions on Electronics Packaging Manufacturing,
2008, 31(3): 248-259.

(9] S, i, BT &, . WOE UK AL 8K 8 54T A3
BB 5586 []]. @l K F FR (M FIR),
2015, 47(3): 167-173.



FoM

BRI 25 L T SR AL AL 1) He v R AT AR SR BT S P RE 2

2001

(10]

[11]

(12]

[13]

LU S, JIANG H. GU SH D, et al.. Experiment
and design for the hydraumatic and piezoelectric
driven jet dispensing value[J]. Jowrnal of Sichuan
University ( Engineering Science Edition), 2015,
47(3): 167-173. (in Chinese)
BT A, HER, Zd, FORBRIKSHIEEBRRR
WIS RGE[T] F M E A, 2015, 23(6):
1627-1634.
GU SH D. YANG ZH G, JIANG H, etal.. Pie-
zoelectric driven hydraulic amplification jetting sys-
tem[ J]. Opt. Precision Eng. . 2015, 23 (6);
1627-1634. (in Chinese)
DENG G L, CUIW J, ZHOU C, etal.. A piezo-
electric jetting dispenser with a pin joint[J]. Op-
tik, 2018, 175: 163-171.
MITCHELIL-SMITH ], SPEIDEL A, BISTEROV
I. et al.. Electrolyte multiplexing in electrochemi-
cal jet processing[ J]. Procedia CIRP, 2018, 68;
483-487.
YR, FEE. O R BRI BT AR
SRR A A2 F 3R, 2018, 54(13);
79-85.

EE R

BB IE (1978 —) . YT P IR I A 1
+ BB B A S, 2010 4 T AR
BT R Z G 2, BN
IR A4 K P 2l 45 ) 9 BF 5% . E-mail:
hifsuper@126. com

AR AE1993—) , B W FF R BH A L A+
Wtk EE N ZIRALE 5T . E-
mail:969197563@qq. com

[14]

[15]

[16]

YUY Q. LT Q Q. On the design, manufacturing
and experiment of a new type flexural joint[]].
Jouwrnal of Mechanical Engineering, 2018, 54
(13): 79-85. (in Chinese)

FH., XA B A, FORIREE BN
WIF[I]. k% #hE T4, 2018, 26(6): 1370-
1379.

LIY, WUHT, YANG X L, etal.. Optimization
design of circular flexure hinges[J]. Opt. Preci-
sion Eng. , 2018, 26(6); 1370-1379. (in Chinese)
WARE, Ay R . RO 2 IR A 1Y Bt
[J]. k% #%E 142, 2018, 26(1) . 122-131.

HU J F, YANG ZH H. A novel inchworm linear
micro actuator[ J]. Opt. Precision Eng., 2018,
26(1): 122-131. (in Chinese)

PR, ARt AR, TR L AT A TR A
FaZ AR bF H% T, 2015, 23
(4): 1096-1104.

HUJF, XU G Y, HAO Y ZH. Multi-objective
optimization of micro-manipulation stage based on
Opt.
Eng., 2015, 23(4): 1096-1104. (in Chinese)

response surface method [ J . Precision

R R1994—), B WAL E BB AL
T TR A, BN FE AL 1 4F 5T,
E-mail: 2833772790@qq. com



