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Design and Control of Jetting Dispenser Driven
by Piezoelectric Actuator
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Jetting Dispenser(3 8 tIA%A), Piezoelectric Actuator(@A2% 7)), Hydraulic Magnification

Device(+%% #9834=]), Lumped-parameter Model(dZF i/l 4+ =) Dispensing

Amount Control(EZ% Ajo])

ABSTRACT

This paper presents a new type of jetting dispenser for the integrated circuit {(IC) fabrication
and surface mount technology. The proposed system is featured by the piezoelectric actuator and
hydraulic magnification device. After describing structural component of the dispensing mechanism
and its operation principle, both the fluid modeling and the hydraulic magnification modeling are
undertaken with a lumped—parameter method based on the analogy of the fluid system and
mechanical system, A mathematical governing equation is then derived by integrating the fluid
model with the mechanical model of the driving piston and piezoelectric actuator. Subsequently, in
order to achieve a desired dispensing amount, control algorithm adjusting duty cycle of the driving
voltage is synthesized and control responses are presented in time domain.
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Table 1 Design parameter values (unit: mm)
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Fig. 1 Configuration of the jetting dispenser

ostack

Fig. 2 Schematic diagram of the jetting di_spenser
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Table 2 Fluid element definition
System Hydraulic | Mechanical Value
Inertance/ 42 _4pL

Mass L m=A"L 7 L= —52-
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Resistance/ 5 1284
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Pipe Section

Fig. 3 Lumped mode! of fluid pipeline

Table 3 Dispensing fluid section parameters

Section|Diameter| Height |Section|Diameter| Height
L, 3mm | 04mm | L, 4 mm 7 mm
Ly | 6mm | 28mm | L,y | 6mm 1 mm
L, | 4mm | 90mm | L, | 20mm | 30mm
Ly 104mm | 05mm | Ly | 02mm | 2mm
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Piezostack

Shaft
Fig. 4 Magnification device modeling

Fig. 5 Dispensing liquid modeling

Table 4 Piezoelectric actuator properties

Parameter Value Parameter Value

Oggﬂi;gg 0 to 100V |Time constant(r){ 1 msec

Coefficient(e) 9NNV Max. stroke 90 ¢m
Length 122 mm Stiffness(k,) | 10N/um

SASUSSHI=2T/A 16 A A 11 &, 20064/1167



I A R A R
3.2 Wy oy A7V My My s g, m, & 22k QARAET) 5
RARIY) T Fig 4004 B0l $HFE7), 3 g Trzﬂ AkﬁEJ AR, b, b= A2 A B

AT, W GA, 28, AFLER FAFY 1, 3}
FEE Fig 69 Yehdioh der)| 7= odz
F719 A HAE AEH FE= AojmE YR
FAE A (2)F o] &3t thg3 o] Yeglch

(m, 41, )%, + (K, + e )x, = Py, (6)

M X +b X k% — k%, =0
kX + KX =0 : @
Moo X0+ b, %,, + k%, ~k X, =0
K3 Xy + Ky Xy =0
m, %, + k3, = 0
: kp F:lol'!
%r*_m+m‘

Y
‘_1"'7
R, 7

R/sg fgj Vs

Pair

=
\Qh
H
:?a
:,N
t:h
t

|
e
=

e
t}h
w

w

N
~ |l
S |3

=

2

| E
Vsr— f6_£ﬁ Rf; _

Psyringe
Fig. 6 Free body diagram of the jetting dispenser
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Table 5 Magmflcatlon device propertles

1 Property 1 Value sl Property | - Value
: ES I ,
k., 1kN/m k., 1 kN/m
Density 891 keg/m’  |Bulk modulus| 1.38E9 Pa
Viscosity 0.29 pa's

/A 16 ¥ A 11 &, 20063



S AEr|2 TEEE AY fausg A 9 Ao]

3.3 ClAHA g9 ougl
AgutA o2 AMEHE tAHNA £H 2}
FA7E bt webd, 8] wEYLE & 1% #ds}

rlo
Hﬂ
i A
0,

71 98 A< (power law) REE ARSIt A
e o2 2ol a@drt
r=1,+Ky" ~ Ky" ' @
oi7lA & ARY, 1, & %}%%a, y& AE,
KX consistency index, n< fluid behavior
indexol® &L AYm JPYiith. webA
FAlY HrE ogga gol Yebd 5 ik
dr K 2
p=——=p——_ g 1 9
a7 T T

AN v, 4, d &= FAY 74 FHE HE,
A, Agolch Fig. 69 tadd &delr Trxqm
(R, Table 29 rE ol &3ttt 283 Fig. 7
7 2 4o fAATE ey 2o

~ 128;4;
T nd,t - d, d, ~d, )
d, —d. ), -d,
é’__: Z ( 40:// ) ( oul in ) , (10)
dom _din M(doul din ) / m(d(yxtl/ din)
e
A(dmzl —din)

ol wgeg 2 ()& olgdtd yady &9

& o Zof veEigith

Ly + R, =0

L9, + R0, =0

Lygvs + R,pvy =0

Loy + R v, =0

Lys¥s + R ysvg +(vg —ve)/C g =0 (an
LoV + R gV + (v +v6) Cpg = P,
Ly +R, 5, =0
Ly, + Rypvy =0

air

L s+ R gvs = P

AN Ly Ry vie 24 73008 A8, AR, 3,
Cﬁ% Al FEgoIAL, Bt AJUA o,
tizigkelrt. WHEd7lTS Pz §
A& Ydg vepdd g g

a)r o

MfI;f +Bfo +Ker :F{ (12)
FAe AEGo|QAE nEER god & F3¢

oh} o|EdtE Bujake] Ptk o] 2ROT PAY
& %Ed g 2o

v, 1 0 O
v, 1 ¢ ¢
vy i 0 0
(A 10 0y
Vj :TII—/}’ Vs =11 0 ] Vﬁ (13)
Ve 6 1 0 gy
vl io o0 1
v, ¢ 0
ve) L0 0 1
A7 TE FERY, Ve 94, Ve ddd
Aol F4FHE A}%SM A (1DE AR
=3 72k
”M","', +BJ, +K 7, =F, 14
4714 M= T'M,T,, B & T,'B,T,, K=&
T, 'K, T, F ¥+ T,"F oltt, Table 6% ¢A84 &
o] BAxYolrh Azo) By LnzA4A o

Fof &3 JH9 4 £50 o vk

3.4 Mg ClAHA e .

A} tAfME AFZEY 2o os A
|2 2 wzige] YAk ol T PSR
YA maFE HddgriTe gy X8 58
g girk e B3 54 7S5l

Mo

out

Fig. 7 Annulus shape pipe

BEAZTUSIHS =R /A 168 A 115, 2006:/1169



_ AUF - Fo5. a0 H52
v, o\ %) (8, of%.) (K, o(%.) (. o7]4 M¥ T™MT, BE T'BT, K€ T'KT. F~
(o M,j[;'/—'/]{o if][;r/ ]{0 K,)[V,]{E] TTFolth oo Rdgg whEoE AlEdHedE
s THESITH Fig. 8 A7 Q7RO ARz
: g}, £40 Volt, 100 Hzo]l: Al@=A] ¢k#Ho]l 1bar¥
MX +BX +KX =F 16)  w AlEFHold Aok GAFFII ARZES W
7t RPN ARk ol dadMg 2014
¥ ] (1 0 0 0 0 Bl7F 40 AR Q5 AFZESL w55 ga 9]
Y| |01 0 0 07 HEolt}, Fig. 8t ¢AZE7S #5509
x=TF, | _[0 0 174, 0 14, v:“ 3 t)AmA gl TEgko|th uj Ale|Z with o
O SR I e o) EPHE g YA 5 Qo
Ve 00 0 1 0 v: :
KA 4. Mo{7| A % Hz
an
7|14 4,& A}:_K_;'-_}__:._ zge] gmaolth ;L&_swg% A damse] -2 2] A8 A7)
AedA A (16) & WA oew ek £ A sl tEeE AgE A
go] 1 Hgtel i7l—t— TSk wetA w Aol
Ni¥+BE+KE=F ‘ 18 2 vl Ase 2RSS Aos] dd Atzatd

Table 6 Dlspensmg hqmd propertles
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index(K) 123.59e T index (n) ‘
- Housing . Syringe & Pipe
temperature (T) 50T temperature (T) 25T
80 £
2
2 * E 20
= x
g 40 § g
ERL § S0
£ ] %
0 aa
000 002 004 008 008 .0.1C C?DO 002 004 006 008 010
Time(sec) Time(sec)
@ . (b)
—_ D 025
E 400 E
= € 020
@ 300 §
£ £ 015
8 200 <
8 o 0.10
a £
8 100 %‘ 0.05
=4 Q
T 0 2 90
(-% 0.00 002 004 006 0088 01(. A 800 .002 004 006 008 010
Time('seL:.) Time(sec)
) . @

Fig. 8 Dynamic motions of jetting dispenser (a)
applied voltage; (b) piezostack displacement;
(c) shaft displacement; (d) dispensing amount
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