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Abstract

Piezoelectric jetting dispensing valves commonly adopt various displacement
amplification mechanisms to achieve the stroke necessary for precise glue dispensing.
However, conventional mechanisms often require bulky volume to realize sufficient
amplification ratios, resulting in low spatial utilization and limiting valve miniaturization.
To address this, this thesis proposed a compact piezoelectric jetting dispensing valve
incorporating an improved nested compliant amplification mechanism. This mechanism
integrates three compliant designs—diamond-type, lever-type, and semi-diamond-type—
within a compact rectangular space, maximizing spatial efficiency. The developed
mechanism measured 33.5 mm x 34.2 mm x 10 mm, achieving a maximum displacement
of 207.5 um and an amplification ratio of 13.65. Its maximum output force, stiffness, and
resonant frequency were 23.14 N, 0.1115 N/um, and 1946 Hz, respectively,
demonstrating compactness and jetting suitability. Based on this mechanism, a compact
valve was developed. Dispensing experiments investigated the effects of fluid viscosity,
firing frequency, opening time, and input pressure on jetting stability. Results showed
that with 1000 cP silicone oil, droplet sizes were highly consistent under identical firing
conditions and varied linearly with parameter changes. At higher viscosities, limited
output force led to unstable jetting. These findings suggest future work should enhance

output performance to expand applicability to a broader range of fluids.

Keywords : Piezoelectric jetting valve, Displacement amplification mechanism,

Flexible mechanism, Liquid dispensing, Non-contact dispensing
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152 £ (Rising time) 0.5ms
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MyRIO-1900 % - #t's & FPGA & fEtr s g2 B2 4 » U341 & > i b i
T Maeh Labview A2V i 74 B frsede o i g4 1T P - T Mpenit X &
AE kT fET c HER S48 IO £ 5 & 34 - Bi=fe PWM (Pulse-Width
Modulation) % zt %fuiii%] » ri’ﬁ%] 41> 4 i 5 DAC (Digital to Analog Converter) ¥

ADC (Analog to Digital converter) i #* o

332REHREF

~F 3 i@ * Piezomechanik GmbH 2. /& ¢ Z&# % SVR350 bip / 3 1% 5 Zfé &
HRBT A g R B dof] 301 STR > Mgt S B e U
Bl e R T DR RAG -

B 3.11 & T 5%H ® SVR350 bip/3 -

% R F SVR350 bip/3 £ § = B {7 ehdy A A o ﬁ%ﬂ:%’:’f’é%lﬁ%
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Z o
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BB LD 0¥ L2 R %1'@§1wv’§%ﬁ$?é
3000 Hz r+ + o %dic b ¥ & W3k 4 4442 (Rising) ~ # £z (Open) -~ =T
(Falling) ~ B B (Delay) P5& 121 2 #5 cffc> 2 ¢ 452 foff TP E A U7 21
024 ms{r 0.08 ms ; ¥ *k ¥ 354 iy 11 (Floating ground) £ 5% > 45 F = T i
MAFRITE > BAREI RS R R -
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3.4.1 § S5 2*

Ay it * KEYENCE = @ 2 § 8243 LK-H052 & 4741 % LK-G5001
4@ 3.14(a) ~ (b) “77 o

B 3.14 (a) § 5 =45 2+ LK-HO52 & (b) 34| ® LK-G5001

7ot LK-HO052 %63k & XY g i=# T 52+ > 2 > 84 (Full scale,
FS) 5 20mm > €484 & 5 0.025 pm > i & Bip| A7 3 2 845 420 L e T
BHCE 2 A @ AR F P72 392kHz » 7~ 7 % 3t FE I RET
(103Hz = &) i a5 BB Rl [44r Clo d 303 S B3t 6 - KPR
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4B LK-G5001 # &7 "8 § 6 B3 Faian o v 1 HAE RS
NIRRT S A AR e D] o & 33 56 & Bl

GAPFEHA R PR BRE RN BT M oS P R BR R Rl o

4033 & Bp kA T2 T A Sl o

ERIR % BHBHOCRI G FREBTEREEN
TS R T AR R 0.100 mm — 1.000 V 1000 ps
BT AL A AR R 0.010 mm — 1.000 V 1000 ps
K AR R 0.100 mm — 1.000 V 1000 ps
PR SRR 0.010 mm — 1.000 V 5 us
RO A AR E P 0.100 mm — 1.000 V 10 ps

2FERARBER
##7 # * Kuongshun Electronic 2. 7 € = YZC131-05KG » e i 48 /%

TEE T4 BP0 4B 3.15 27T o

Bl 3.15 & =~ YZC131-05KG frf& & T & o
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YZCI31 4 - B * Afez g &~ o o F § ¢ 300 ap QR Aok b o
PSR EE S FRAELAE AL VR E R A 2N s R KRR Ve
BRAEL AL AR w4 B T RS -

Ro RApis 4o 3.16 “im o P3N bk e 5 1F 5 A F RER
AP AP R § R RE T MR s FRET IR
TR 22 Pl e st (3.3) [28] -

dR dQ
—=¢e(1+2v) +— _
R, 0 (3.3)

HP RAFBHZAML e 3 BR v et QMZRIEF -

B2 e R RNT LR > (V@ PR AL E LA A

5
(g

a carrier material
3 . b measuring grid
c connections
d d effective grid length

®3.16 ¥ - R4 & B [28] -

E%*J’ééwﬂ@%%ﬂﬁm~*ﬁ CREERIEE RS R
Yol 317 “6F  HERARR TR BRSO BT LB T RS
g 2 Pl R SRR RO

F13.17 4 = 2 e s ch 2130 T4 [28] -
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3.4.4 % %t B

~F7 % # * Stanford Research Systems z_ # % 2% + % SR560 » 4§ 3.19 #7
1) fo@ st G F BB R) DR F i foic

FoHEFEA (YRR

)
= ©

DUAL TRACKING WITH 5V FIXED

[ iNSTEK g Gosouma

B 3.19 =+ & *x+ B SR560 -

N EE AN D R A E R TGS

BA G RELET RAARY S 7]

IEF TR, 0 L N

2 EE (Gain) e B E T
R

4o 3.4 %157

B RS

1B DD LSS (Cutoff frequency)
N ERE AN ES EE R RIS
R LR R R Sl R R R R s

2034 & Bip) s s BB B R MR

$¥ A /R E R BEFFERER

Coupling DC DC
Cutoff frequency 10 Hz 10 kHz
Filter 12 dB/oct rolloff 12 dB/oct rolloff
Low-pass Low-pass

Gain mode Low noise Low noise

Gain 500 1
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3.4.5 RFEH P 1S

A&7 g ¢ % Hefei I-TEK 2. 2 v #1445 40 % PAAKGV-80KM » e =45 T [
EEREAS o] 3.20 95T o F N dpEER TR R 3R E o

B 3.20 4 4 45 49 1% PAAKGV-80KM &7 (=48 T = o
MFRHAPPATEREHBT o2 0 AT S HF 8 Ld T LRER
HIT R R o PRI e E]l B 43S 5 4006 x 1 HE o ek <)
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241 € R i B RHGR e
Coupling DC
Cutoff mode Low-pass
Cutoff frequency 0.1Hz
Filter 12 dB/oct rolloff Low-pass
Gain mode Low noise
Gain 500

Loadcell correction

25 S T
2 — -
~ 15+ -
o
=
el
(]
S
1 — —
0.5 -
—&—y=-1.04x + 0.38
0 \ ! ! S
-2.5 -2 -1.5 -1 -0.5 0 0.5

Voltage (V)
R A2 E 22 f T RM AF -

@ﬁi?%@ﬂﬁiiij ff g R RN BB 420 3 F B dost

y (kg) = —1.0373x (V) + 0.3838 (4.1)

A XL N TE (V) YR REEBTE ko) o T ERBHEZBE
FREPF FERENEEEHRS Benlersd 52889 1E €4 ek B G
97890191 £ o (P seim W RrE 4 ABEEOF) > v BN (42) 2 FE ;uﬁgl 4
TREZA MG

Load (N) = —10.1545x (V) + 4.0392 (4.2)
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412 7

AEFRIBERTFHREFEAE @ F - t1 4 22 100 cP 2 60000
CPARR 2 # i (5 & » A AR F b iR fode ER3E P 1R -

Foh R - 7 A § = (Polydimethylsiloxane, PDMS) % i eh® 4~ + 8 &
PR nERERE AR K T BRER A FE Y
PDMS £d €4p 7w § =4 (Si-0) {7 & (CHs) -~ h& &K & 4 > ‘%?{&i 5
% (CH3)3SiO[(CH3),Si01,Si(CHy)3 » L 34 ¢ £4F 8 ~cntic® n § 5 » Re A
FE4 0 HAR 45[30,31] -

o

dRFR LA ARAFTERESF SR EY  HLABEZ TV 5] ]
EAPB G LRLPERERY T B TE R E A E AR A S
ii&@%%’ﬂ»@#é&%%ibm4§°Eﬁﬁ*kﬁﬁﬁﬁﬁﬁ’ﬂ
AR T OCE BB 2 0 4o (4.3) #ron [32]:

_ logny, — logm,
logn, — logny

(4.3)

et

R TTR PR PR S L O A RO ¥ (L R 1% SR
B A+ B b cnil 4% A #c (Volume fraction) = 12 1000 cP %k % &) » & * 100 cP
% 60000 cP 2_# 4 32 ﬁagé% > ”T%L%%b&;ﬁ ) {%ﬁﬁg/&\&é

log 1000 — log 100 3-2

= = =0.36 .
V1000 = 10560000 — log 100 4.778 — 2 (44)

TAALAMETFHBY NP RS AR L E ATT R FR L B

L 42 D AR HE e b -

PRt ILR 100 cP # @ 60000 cP # i@
1000 cP 64.0 % 36.0 %
2000 cP 532 % 46.8 %
3000 cP 47.8 % 53.2 %
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4.2 FRERS*
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Bl 4.4 40K SR T 3R B Gl L B AR R HER

PEARABETE RS AT EREAS BT RS F AR B
PN B AN G - ks AR T e T ERIE A Y - RIAI RS
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Yol 4.4 4755 o A Bl T A B HASBA £p|EE (7 0-150 V spde LR
Bl B R A uAcB 45@) (D) im0 B FE LW KR HEAE -
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Measuring point A Displacement Measuring point B Displacement
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Displacement (um)
\ N \

Expand | | -8 1 Expand
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4 | ] ! I I 9 I ] I | ]
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Displacement (um)

Piezoelectric Stack Displacement

16 .
12 7
8 i
4 i
0 Expand ||

Retract

0 30 60 90 120 150
Voltage (V)
B146 KA BT RS E Sl iy e iTae .
B 457 > ERBEA 0150V 7 BT £p 7 hk S =# 5 74um - £ B

BEB kot 4 5 7.8 um; Bed ARt 0 T IIE AR T RE E At

AP EAR S B 46977 0 S = 152um BY FS LW KIS
o RHEAAR S B A PET R S5

5

#2(um)  207.5pm

.?
TRAREEF

= 13.65 45
ﬁ(um) 15.2 ym (4.5)

BRIFIenF s 55 13651 c RANBE RS B {oixs FEpE

2214 % EEF TAE AT

e 51877 ) A S -

PRl (BASRIRPE 742149 pm -
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um)

Displacement (
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e

e A & ff 3R T R # B (PSt 150/10x10/20, Piezomechanik GmbH)
kA

- 1. Cofired monolithic solid stacks PSt 150/axb/... (osi-type)

max. Voltage range -30V/+150V

Dimensions a, b, L refer to ceramic body only,
coating not included
Length L: tolerance +/-0.1 mm

motion

Actuator PSt with thick epoxy-coating

type ceramic- length L max. stroke? capacitance resonance  stiffness  blockingforce®  max. load
osi-stack crosssection frequency force
(+) Upmax 150 V axh/mm mm pm nF kHz N/pm N N
PSt 150/2x3/5 2x3 5 6.5/5 100 150 45 300 300
PSt 150/2x3/7 2x3 9 13/9 170 100 25 300 300
PSt 150/2x3/20 2x3 18 28/20 420 50 12 300 300
PSt 150/3.5x3.5/7 3.5x35 9 13/9 350 100 50 800 800
PSt 150/3.5x3.5/20 3.5%3.5 18 28/20 800 50 25 800 800
PSt 150/5x5/7 x5 9 13/9 800 100 120 1600 2000
PSt 150/5x5/20 5x5 18 28/20 1800 50 60 1600 2000
PSt 150/7x7/7 7x7 9 13/9 1400 100 240 3500 4000
PSt 150/7x7/20 7x7 18 28/20 3400 50 120 3500 4000
PSt 150/10x10/7 10x10 9 13/9 3000 100 500 7000 8000
PSt 150/10x10/20 10x 10 18 28/20 6500 50 250 7000 8000
PSt 150/14x14/20 14x14 18 28/20 14500 47 500 15000 16000
PSt 150/25x25/20 25x25 18 28/20 32000  on request

" axis of motion 2 -30V-150V // 0V-150V ¥ max. force for (-)30V-150V activation (blocking)

Combined longer stacks for increased stroke

27 mm, 36 mm, 54 mm ... on request

Monolithic stacks with modified PZT ceramic
formula for

high temperature operation,
reduced capacitance values

—

on request

4 piezo data sheet www.piezomechanik.com
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Overview: main operating parameters -

Piezoactuators Strokes A/B

PSt 150, HPSt 150, PCh 150, HPCh 150 Max. ratings shown in data sheet
A, for max. semi bipolar

Max. Voltage ranges: -30V thru +150V B, for max. unipolar activation
Example:

Typical operating schemes: Max. stroke: PSt 150/7/20 VS12

Unipolar range: 0V/+150V A/B =27pm/20pum

for high power applications

Semi-bipolar range: -30V thru +150V Stiffness

for quasistatic low power applications with Inverse compliance,

enhanced stroke/blocking force —measured for open loop voltage control operation

- measured with a static preload of at least of
10% of actuator’s maximum load.

e Blocking force/max force generation
Means maximum force generation of an actuator.
Depends on the applied voltage variation.
\\ Stated values refer to maximum semi-bipolar
operation.

i \ + Maximum uni-polar operation gives about 30%
£ lower values

Resonant frequency
- Refers to axial mode
- Defined for one side fixed piezo-element
(other modes like planar diameter not taken into)

Actuator’s poling

Piezo-actuators are poled components from factory

Usually, the positive pole is indicated e.g. by Capacitances
red insulation wires , dots , longer wire — Measured at low field excitation at room
temperature

- Manufacturing tolerances up to +/- 20%
- Capacitance can depend on high field excitation
and temperature

www.piezomechanik.com piezo data sheet 3
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‘4 B B T 5k8 B(SVR350 bip/3, Piezomechanik GmbH)*.# %

SVR 350 bip/1 (single channel)
SVR 350 bip/3 (3 independent

channels)

Voltage range:
—350 V thru +350

\'

Manual setting of DC-Offset
(superimposed to external signal)

Variable attenuat

ion

100 pF 33 nF

\

Auw
LpF 047 pF 0,33 pF

700 v L - b
600V

>

S 480V

“

g

¥

.. 360V

§ \

=

«

= 40v
120V \\ \
ov

Input:
Signal:
Impedance:
Connector:

Output:
Connector:
Voltage total:
DC-Offset range:
Gain:

Max. current:
Noise:

Display:
Dimensions W x D

single channel:
3-channels:
Weight:

single channel:
3-channels:

\

1 2 34 6810 2 3

+/-5V (+/-10 V with attenuation)
5kOhms
BNC

BNC

—350V thru +350 V

—350 V thru +350 V

70 (without attenuation)

15 mA

1 mVpp (for 1 yFarad load)
LCD

x H (mm):

165 x 200 x 65

260 x 320 x 155

1.75kg
47 kg

4

f (Hz)
68100 2 34 681000 2 3 4 6 810000

Additional features of
3 channel SVR 350bip/3 amplifier:

Monitor BNC output per channel:
shows 1:1000 piezo voltage

LC-Display per channel
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4 C § 51+ 3+ (LK-H052, KEYENCE) 4.4t %

FERIREE R (/) oLEEa)

Bl LK-H008 LK-H020 LK-H022 LK-H050 LK-H052 LK-H080 LK-H082 LK-H150 LK-H152
RER FERE ERRE ERRE R FRIR WEURE fiio L) WERE ERRH
SEERE 8 mm 20 mm 20 mm 50 mm 50 mm 80 mm 80 mm 150 mm 150 mm
ElEE +0.5 mm =3 mm *3 mm +10 mm *10 mm +18 mm +18 mm +40 mm +40 mm
[ LI
R 655 nm 650 nm 650 nm 650 nm 650 nm 655 nm 650 nm 655 nm 650 nm
g Eh | IEC 60825-1 ZHE1 Z48 3R Z4E 0 248 3R ZHh 2 Z48 3R Z4H o Z48 3R Z4h2
| A | FDA (CORH) 21GFR Part 1040.10 B 11 ZHE llla ZHE %48 lla ZHE 11 Z4E llla Bl Z4E la Z8 1
Wit 0.3 mW 4.8 MW 0.95 MW 4.8 mW 0.95 mW 4.8 mW 0.95 mW 4.8 mW 0.95 mW
AREE (EBEEMIE) 020 pym 025 pm 050 ym 070 pm
. £0.05%F.S. £0.02% F.S. +0.02% F.S. £0.02% FS. £0.02% F.S.
(F.S.=1 mm) (F.S.=6 mm) (F.S.=20 mm) (F.S.=36 mm) (F.5.=80 mm)
EWHAE " 0.005 pm (0.001 pm) 0.02 pm (0.01 pm) 0.025 ym 0.1 pm 0.25 ym
g 2.55/5/10/20/50/100/200/500/1000 ps _( PI ¥ IFOTEEER) )
— 0.02% FS.C 0.01% ES./°C 0.01% FS.°C 0.01% FS./°C | 0.01% FS.°C
(F.S.=1 mm) (F.S.=6 mm) (F5.= 20 mm) (FS.= 36 mm) (F5.= 80 mm)
SHEPrE SR P67
2 mmmE BRI B 10000 lux | i
’% 0E +50°C ™ 0 % +50°C [ 0 Z +50°C ™
# 35  85% RH (#45)
10 E55 Hz * 15 mm SRR - X - Y - Z BREIE2
e $BEIR
R #2409 | #2309 | #1260 g | #1280 g #)300 g
BN 20ps LSOO MEE - "2 BAIARIS KEVENCE IS E IR e (Mt LCHOOS et 0 T4 siis A0 T#0) £ E MBI T AN -

SE{E2 15 KEYENCE SRS (@A LK-HO0B MBI R S T el e S R EE T fE RAFRISE S 16384 (S SR FOIRAIE - FEAMERER. 65536 .
A BRERE EFE 0°C LLER  RAR KT M L
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WHée D § 8 4 i 4] B(LK-G5001, KEYENCE)#.# %

4R /BB A
| masan | LK-GS001V | LK-G5001PV
== | W | LK-G5001/LK-HD500 | LK-G5001 P/LK-HD500 LIcHAT0D
HETE ESoil] ERlERR T
EEAERAE S HE
o] AR RIS 2 1
_ B T T 0.001 pm
ﬁ'ﬁmm BT | +000.009 pm  +0090.99 mm (7 R E ) | N/A
HET A E #1000 B
oo A REBAT RN (LK-HDS00) 8
Eraam | ToHMRE W FIRI2 R (LK-HD 1001) A
LED T8 = EHRRE T - ETETEE - RA2E - BEH
polea o R +10 W it + KA 100 O
AL 4 F 20mA 0 RARNERC 350 Q
ke R 2 1
EREA | LA A
Wi 1A
BRo L R T | A WA
B ] | MIA
EHEEEA A
Wi
NP PNP
—RERBRE b ] AR
TEFFA SRR WEEA
B A
it | A TN,
LA
REAREY s omman A
Wi
R NPN 38 PP 30 BT
#9600 F 115200 bps
RS-232C 7 # MRERE: 8 T R 1 RS S W&
USB {8 ) | B UsB2.0 EikkiAeE A
Zh@nE ™ 100Base-TX/108ase-T
1658 (BRST ) IBER (Implicit SEL)
EtherNetIP™ 718 BAzUIR RmET (Explj:ll .;.lt%g UCMM B Class3 A

12
EHEFFETEAR Version.CT14
=Y (£ ) MiE 38 MELSEC iQ-R R4 - iQ-F F¥ - Q M&*g B3 FXRH

ALY 58 EtherMet'lP™ ~ GG-Link - DeviceNet™ EE
AR R R AL E—EE R E S 8 10 AT
A48 CC-Link Hifl (LK-CC100) 2
WRMELES DeviceNat™ 84l (LK-DN10D) A
- LARE 24 VDG 210% 24 VDC +10% { BTHIERRH )
RARRHRE 1 EIREAEREE A 0.6 A LUT /89 12 BT R a5A LT
— R iR T —E L FAY AR TERAERS: 0 F 50°C iRiE T AL A EUAISRFTHIAERS 0 F a0°C
AEHRE 35 ¥ 85%AH | 4R
K #9600 g #9200 g

1 R TN PR P AR M -

2 W T W E 5 08 R - AR R IR A, - AR R A - A AR W -
{ EE—RHEEER IR SRR ERROR - ) BRE TRHTE 208 ORI - BHESRTREmE - EXNRERmR

3 WA T E M USE 1.1 5% USE 2.0 Ful speed f0ATIRES + FEELW FTSHAT0 R AR T RS -

4 Z MM AL A TR A T — T — 0 - SR LA RN LK-GE000 F3 S amE -

= MPR S R oY B0 mAl B A0 W) - FEATEE B 0BV

= PP M @M BT B 50 mA A 10V - RETA: BaaEY

- SRR (I SRR (ON) B B 1Y - TS (OFF) B R DE mA

- RN SR SR 264 - WA (ON) By 102 Y - AP (OFF) B C 0.6 mA

= LK-GEO00 FRIFEEA MR - W R R/ SR MR TRy
AFHMEMA T T - FEHE  EEAF RS RS EWE

5 S CC-Link 88301 ~ Devicehie™ WSS E R EtheratIP™ 520
Ethverhlet!IP 73800 B3 i 2048 - BRAS S HEAOFTIY - TREDAT S A -
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4k E M5 19 18 (PAAKGV-80KM, % 4 §) e 4

7 1874 yEEB

7= A

Eicee)

EAS

(1353 =Sl
LN
R
(LEPNIN
R BE L
B A%
B TaH
fub B X
sl
it Ia]

2t Yl

HEen
BN
ER/ ez m|
EERI B30 S
Ihit

HhaE RS
BATIRAE

AR
PR~

5

PA4KGV-80KM

4K [ 1 28 [ 2 AR L
Global Shutter CMOS

LS|

14. 33 mm

4096 * 1

3.5um * 3.5um

30kHz (80kHz with SAccel™)
8 bit

=54 dB

123 MB/s

HHZAT / ATRRAES] / itk )
TR / Ak 5 2 )
2.5us - 1s GbHK: 0.1ms)
1/2/4/8x CRHUIEEE)

0. 001-8. 000x (ErFHa)
GigE Vision

C Mount

HD15 (Female)

DC12-24V (+10%) 0. 5A

3.4 W

63. Omm (W) x 63.Omn(H) x 56. Smm (D)
0-65C

=20=75C

121

EALERD G A R A

www. i-tek. cn +86-0551-62622939 market@i-tek. cn
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