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Abstract: In this paper, a piezoelectric piston gas compressor with a flexible drive is proposed to im-
prove the gas driving capacity of a volumetric piezoelectric fluid driver. The operation characteristics
of the gas compressor are theoretically and experimentally studied. A vibration model of the flexible
support piezoelectric vibrator is developed. The effects of driving frequency and voltage on the vibra-

tion characteristics of the piezoelectric vibrator are analyzed through simulations. The flexible support
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piezoelectric vibrator is combined with a piston pump cavity to construct a piezoelectric piston gas
compressor with a flexible drive. A flow-pressure calculation model of the gas compressor is developed
to analyze the influences of cavity height and piston amplitude on the compressor output performance.
The system resonance principles can improve the gas drive performance of the compressor. In addi-
tion, certain structural parameters of the system can optimize the compressor performance. Test re-
sults show that the gas output flow and pressure of the compressor are approximately linearly related
to the driving voltage and significantly affected by the driving frequency. The best system output per-
formance is obtained when the system operates in the resonance state. When the driving voltage of the

piezoelectric vibrator is 220 V, the gas output flow rate and pressure of the compressor are 190 mL/

min and 20. 3 kPa, respectively.

Key words: piezoelectric vibrator; resonance; piston; flexible support; compressor
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Fig. 1 Piezoelectric vibrator based on flexible support
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Fig. 2 Structure of the compressor
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i 246 B AR G2 R [ A7 030 R R 45 2 T S B 46 BILAE
SEHRAR ST T AR e I JE 4R - Hp 0 4R 1R e KT
VISR 2l % 26 BN AER s g, 2% %10 iz g
I 2R AR T B AR O B0 2 R AT T R
W8 S PAT 33k IR UM T S A I AR 5 20 2E 1] T
128 Bl S M A A T iR 4 DR O (0 E A G A
AR TT 3 I AAGE R R 2R AR A
LR E LIRS .

3 ELZGATAEH MM

3.1 FUZEERRFHESH

ARSCHE A PZTS Yk B i % 5 60Si2Mn 4
e S ARG Bz 1 A AR R 4 B T L BK Bl BT,
Bt e R (ot N R N GRS



2270 e TR

% 28 &

1] G 1) 2% S 2B AR/ 0N B A 4 A8 98 L R AR 1 A
FI B B 25 4 o 1 78 T K 1) A i 7 #% A
J1. TR EAE Ansys XM SRR
3 19 I 3 5 2 2 AT 07 B B L 4R O SR M SR
F SR N e I R R VA5 2 1 Vi SO A = )

B RORS AR & Jm FE A LA s HLIA O P
W G o T P AR 1 9 D A R T I S 24 R TR
SN GRS S N TR (Bl S ) )| A i )
J o 3l 7 EL A Hr 45 B HL AR 5 69 1 B ik S
B I 4 Fros

NODAL SOLUTION AN NODAL SOLUTION AN
STEP=1 STEP=1
SUB=1 SUB=2
FREQ=372.631 FREQ=795.837
USUM  (AVG) USUM  (AVG)
RSYS=0 RSYS=0
DMX=17.3679 DMX=34.6624
SMX=17.3679 SMX=34.6624

B - I .

0 3.85953 771905 11578 6 15.438 1 5 i 3.1083 30.

1.929 76 5.789 29 9.648 82 ! 13.508 3 17.3679 3.851 38 220276 11.554 1 154035 19.256 9 23108 26.959 7 081 34.662 4
R R A — AR R A
(@) —fH RIS (b) ZFriREh s
(a) First order vibration mode (b) Second order vibration mode

NODAL SOLUTION AN NODAL SOLUTION AN
STEP=1 STEP=1
SUB=3 SUB=4
FREQ=801.791 FREQ=1843.11
USUM  (AVG) USUM  (AVG)
RSYS=0 RSYS=0
DMX=34.4837 DMX=48.5061
SMX=34.4837 SMX=48.5061

I — — — E— —

0 7.663 05 15326 1 229892 30.6522 0 10.779 1 215582 323374 43.116 5

3.83153 11.494 6 19.1576 26.8207 34.4837 5.389 56 16.168 7 269478 377269 48.506 1
=R A A HE 2R A
() ZMriRahiiizs (d) PURHREN RS

(c)Third order vibration mode

(d) Fourth order vibration mode

B4 IR T B4R SR A

Fig. 4 Vibration mode of the vibrator

i 2 X 23 AT R T R AR B SR — B R 2l
(LSS SIS i WA ERTTE SN DA I L = RS IN
(I ERIRE 3 25 /NS S 35 ol R o) PR - £ /e <1
— B IR R Ny 372, 6 Hz, HLR A8 T 542 7 4
J L A J] 300 DX i H P A TR R ARG 4
TR AR BN 12 S A S A T 3 — T T Al DL R
PR P 6 A B (R 4 1 T B T v R 8 A AT S
3 — 77 Tl AT LATE A S50 T HL B 6 R 3 8 Rk Al 22 )
APCAEOC R IS D0 T A H V8 8 T A 4R 1 I EE
A G ARy MR T 4 LR 50 28 8 W 14 o 230

AL
3.2 REFHAFERE

& FL T 2 SR R 46 MLA &R e SR R0 e L R
T B R MR R R S5 BIK B S T 2E L B R A PG 2R
JEZS BV AL i, DL A o (i PR RE . R T A ST R
TG ZE R TR 4 ML IR 3 R 52 19 3 ) 2 AL, BF X &
G S BN R B & G 1Y [ G 0% AL RS K R AL
R RIK BN BE T7 19 52 e R .

5y s g ML I fa] A 3l ) A 8 8L, M Ry J5 B
JEHL R 505 28 1 S R BT i ko R TR R LR



5 10 41

TR A VR IR Sl U T 2 SR A LA BT 5 1 2271

T Yo

e
5 RGNS

Fig.5 Dynamic model of the compressor

18 25 BRI BE s ke Sy s T AR 10 55 8 W 2 220 i
g Z Geh s TT O 5 4 RERELJE L TR I AR S I T
Z I8 A HAE TSRO B 0 o 2 5 T8 e HL 3R
T/ RIS, Fy o J7 I8 T WL 3k 5 3K 3 )
AR AEL 0 N AR S SRS A

FEE LR G i is 3 5 T FE R

My, 4 cyo + (kg +k)y, = Fycos wts (1)
P Focos wt RITIE AR T 0 rY i .

28 2 (D) AT A 2R 58 1 ] A7 991 3

w0, — “gﬁ. 2)

i 4 BIL 2R S8 A 250 i«

F,cos wt
Yo — ’

<k+@>/p—wfﬁﬂz+(%fﬂz

(3)
. .
= C*mﬁl‘ﬂ)ﬁtto
o FoAEH T A6 20 F
_ F
0w = b (4)
DU E A 28 (3) HIA 2K (4) 315 3] 22 45 3R 1 ik
KA
Y- 1 NG

Out w 22 o \Z
[i-(2) ] + ()
HH Y, N RGP IE RS AR .

h RZ2GRIE R KR ZBOTE AR G5, 8
55 MM R 0=, . R G ILIE . b B 3R 08 5k
RSN KME, A TR RGEHE A E . (E
P ah RGP PR IR R R B2 B R . X FF) A TG
EEEEENSEEHABENSKEEZE RS FE
Js L /N TR 2E 506 222 2 ) G T EE HEBEL B BT L) [

IR AR Bl A G2 A9 BE 1t 1 FE - 384 ORI ZE4R 3 ) R 1L -
M i e R 4 AL A UM B S P RE

J 446 BIL B4 375 28 2 I LA S i R 2 TR R B
PRI S P B ) OC B 2 B A 57 T 4 AL UM
MU T A B T SRR R G B 2 B AT
Mro WIRAEHLEG TG 26 BAR N d . R EWIIG I =l
B JUPRT 3 B8 BRAE RS B0 R s 46 AL A UM B i
Tt

Q==—%Amwa@, (6)

Kh A AR BB AERREE T RE
T B2 ZBORN 9% B R BER G5 W 1 R 46 DL 3R e <Ak
UK 2l it i ZHL
MIRGHLE e R, ERSE A REHRAR
BEARRB AT, AR
A =1—alen —1), (7)
Koo HAHXRB e BRI, m T of
5L
46 FLAG 2E 5 s v SR 19 R 46 1L
e= —. (8)

28] DU 3R AR SR T 4 BIL A 1 BR

R
_htY,

=Y,
X PN RGEHLA T SRR TS .

e TS T 48 AL A A L e A R
(9 73 Mt 5 nl R T 28 B AR RO — A G S R
i T — A e A BB A LR 31 2R 8 5 R R i
HUARAT HOK Y 2 G 3 16282 X £ T T 4 BL G <
PRIRZhBE S oG H B . R I AR PRI R A 2L 4%
25 LB i IR AT 3R W 7 ) S a2 I Y R
AR il i o3 2 (2) 7] IR M T 46 AL A HE ik
PR AT I VO . R R AL R G A3
BRAR A KR M 5282 i 114 A9 [ BF g 8 5 T 446 BIL 1Y
RIS BE 7 £5 43 5 18 TR 40 HILAY i H L A
FE 9 45 % S 5 M 0 140 8 D 2 ) RO W O R
RS HCZ A TE R R L E ¢ & L OF 45 5 15
BIF 5 I AL e 2 FRE i 114 1) O i S O i LA

Pm;\ P(J ? (9)

4 XIENXE5 oM

Sy i — 2 AR AT T L T 2 SRR A LR 26 U



2272 e TR

B B M BB 5 K Sl A R | H R RIS R R T 1Y
KRLBE TR 6 FrR il & 5 . il 56 4%
METAMEE S K2 RS R P T 0~
25 MHz) (IR A% s B 0 o QO G
E0. 1 ND R HE L BT R 5 i A LG
2400 A FIBOEI AN A . I FENL B ek
P R 1 A0 2E 2O B e 20 A o s
2R B 2 A R AT A S R BIL I M v R A A
%, FENL R SR 1,

HOEMIRIL

i

-

Rasian

SRR - _
e

T

FEL L R v

S

HFIE NI

6 gL MK R

Fig. 6 Compressor and test system
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ARG 11 187 28 S T LR T IR S S i 5
SR HTE R AT A — B R OR SR L e i
£ 8 NS I S B ol N G I R A 1 R D
SR B T IR B I E IS Bl . 1 L R BK Bl L R
220 'V, Jf38 5 3 56 W 3 3% M S B R LR b
R 051 7% B AR L 25 R A& 8 BT . FEBKBh
W% 350 Hz B, e L 4R (9 B i 1 B0 7 B KA
502. 606 o, AT LK) B 52 14 S 4% 1R L 9k 1 78 1% 9K
SR T KA IR L X 5 5 AT B — B R A
#372.6 Hz NI .

600
500
400+
300

Amplitude/um

200
100

0 T T T T T T T T 1
260 280 300 320 340 350 360 380 400

Driving frequency/Hz
8 R R IR Bl A AR R

Fig. 8 Dynamic characteristics of the vibrator

4.2 EHNIRIZSEHIBAEFEIE

FEJG 00 3R T 00T X i F % 2 MR 45 HL IR B
RS IR R PE DEAT IR BR IR AT . B SR B
220 V', BUAE BK Bl 4% I 38 ok 30O I ARSI 3 T
FERPRIE . M RN 9 Fras , Bl & 3K 3l R
FR 18 R L 3R 3h 2R G HP I 6 A IR 1 5 B =2 398 K T Bt
ZUH/N . TEIR SR N 136 Hz B, JK HL 4R - F1
FE (1945 i BUS A AR {H 0. 328 705 mm. AT 2 454t
Po LRI 4 U0 W L A TG 2 MR R 46 HLIR



5 10 41

TR A VR IR Sl U T 2 SR A LA BT 5 1 2273

B R G852 WS AR B2 . B T AR AR 3L RR
i 28 45 AT LA RAG o A A9 060 8 i Hh A e 1k i AT LA
P e AU A LAY AR R B fig

0.354
0.3

0.25
0.2-

0.15-

Amplitude/mm

0.1
0.05-

Driving frequency/Hz

B9 TR 4R HLIR 3 3 G0 i AR v
Fig. 9  Amplitude-frequency characteristics of the

compressor

4.3 E@#ENMpRESHLKRE

T HL T SOV TR 4 AL A i 5 v 1) 37 2 I T
FNZE AR 2Z [B)AH P47 o 38 5 P Al 4% Bt O A AL gk A7
3 AT AT R S v AR 5 e s P Y JE MR R 4 AL AR
UL 20 5% 1) Bt B e OB 11 DG B 2 0 TE R R o FE 3R
NI AR G 28 B B R IR i 7 AR Y R R A
Fe BE TP 5 ISR H s BRI S /) 1 S R 2 14 O A4
TEWE RGP R S B . AR B R 2 B
RCZE I s 4 L i 45 T 46 AL 7R B T A T 48 v okt
UK Bl AR BE 15 B AT 280 kb e 4 A TR, 5 BOUR 46
PLUAARIR B RE J) T K . ZEHT DA s 45 AL AR SR 3
PERE 73 M 5 09 Al b 3 A S s AR SR
FEAEHLRERL . B & 43 %1 7 0. 4 mm, 0. 6 mm, 0. 8
mm,0.9 mm,1.2 mm,1.6 mm fl 2 mm, iE & 5C
BT 5T S i Xk R 4 AL M RE S e R . RE
HL R IR Bl HL R A 220 'V, 9 B BR 3 50 R DL AR AL
TARAE LIRS R 4 P A AU i It 5 AR )
DA 25 R & 10 Fros , XF b e we il 2k i 28 Akt
PAT DL B A AL 0 i 1 O i B A A B Y
HmAe KRG & wE TRE E &SR 2 mm B R
A HLBUAS e K i 190 ml/min, 1 B 5 B = 19
S 250 L 147 T3 52 90K
YA 1.2 o T 46 BLIR A5k B 2T
20,3 KPa, HACIE 5 HE 44BN S o S
45 eI o 35T P T AR

200, —O— Flow rate ~25
=7 Pressure

= 150 20
g £
z 15 8
§ 100 E
£ F10 8
£ o

= 504 Ls

0 0

04 06 08 09 12 16 2
Pump chanmber height/mm

B10 AN [ e 1) s 40 AL P e

Fig. 10 Output performance under different cham-

ber height

4.4 EBmYLAYH HEFHERE

He HL I FE SR R 4R AL F B4R 3 R 4 AT L T ik
L E R B R G T A SRR A AR A il
L PR SR B AR 2 A FAK SR g B AT AR R
AHAE I 2R g8 4R O 3R A5 B A i SR IR 3 M BE .
T AT A S 5 W3 4 AL A R B B AR R R
% U AR T BARSE RnE 11 R 8
KB oy 220 'V, 3K AR 1 ) 145 Hz fif
VT I FR S8 A 2RI IR B i Kt B I AR )
184.5 ml/min 1 17. 5 kPa, &% T 1EVEGEZ 3
BBl A0 A 52 ) 5 I 2 B0 L B I ) 3 IR AR 1 S AR TR IR
AR BB DY o e 8 AL A5 B AR A o (BB A AT D
R RARHLIERE 2 BT B, Sy i — 20 1 KR4 ALy
PERE TAEAR T 58 . AT LUE o 38 BCG 35 4 kS
AT R H R - B BELJE L 8 22 BB AE B TE Y
AR R PN Ak T B AR SRR 9 9 e A AL v 8 L
VR 22T 58, 338 98 X R[] T AR PR 09 38 NV e T o

200 - =O= Flow rate 20
=7 Pressure
E 150
g 150 15 .
E Z
3 e
g 100 10 §
o
Z &
=
50 5
0 LI TT T TT T LI T 0

‘ g
40 70 100 120 135142 150 170 200 240
Driving frequency/Hz

PT1 b B A9 R A i £

Fig. 11 Frequency characteristic curve



2274 P e

G T

% 28 &

I TAT 2 2808 2o S 56 S0 E 1 SR P S R AR
ORI EVR NI R VPA RO 62 1 SNE I DES 4 & S |
DA 3 40X 0y R A A 4 o s r AR 1 ) i L 52 B
T3 TR T HL T 2O 4R BIL AR IR S 1 BE
FL IS A9 5 2R AT A A o 1 T R R K B R Ll
FETARAE R GRS - P 8] 58 0K Bl i s 5 003k
FERL A O Bt T ) A L S5 R AN 12 B .
J 2 AL At L e A g 5 K Bl F R B AR R R
F o Al DA ot SISl v T AT R ) 4 LAY AR K
ke .

200 —=O=TFlow rate 20
=\ Pressure

150+

100

Flow rate/(ml-min')
Pressure/kPa

50

LI L L L L T T
40 60 80 100120 140 160 180200 220
UN

P12 iV AR A R R 2

Fig. 12 Voltage characteristic curve

S & k-

[1] WANG Y N, FU L M. Micropumps and biomedical
applications-A review [ J ]. Microelectronic Engi-
neering , 2018, 195.121-138.

(2] ma, Z&E. #ok, F. AARERIE R KE
RE[]]. k% #E T4, 2018, 26(5):1140-1147
CHEN S, WANG SH Y, XIE X Y, etal.. Practi-
cal rearch on computer chip water cooling system
with combined piezoelectric pump unit[J]. Opt.
Precision Eng. , 2018, 26(5):1140-1147. (in Chi-
nese)

[3] I AA, RE., Fiam. AWM K HB W i
BHEREL)]. W Tk x FF 4R, 2018, 44(6).812-
824.
LIU BD, ZHANG ZH, L1 D SH. Review on micro
pump for microfluidics[J]. Journal of Beijing U-
niversity of Technology. 2018, 44 (6): 812-824.
(in Chinese)

[4] ZHANG ] H, WANG Y, HUANG J. Advances in

valveless piezoelectric pump with cone-shaped tubes

Ry 4 v 25 R K HE U AR K B 2% 1 AR BK B e
T3 48— 2 R 3K 8 X LS FE AR R AR AL
SEHAR B R G ) E LR I M S R
P F0 R A8 AL R HEAT it Sl . B
SRR R, 2 S e HL R T A — B IR AR S
THILfrh ORI R R B FE R LT Bl
P B g A% 32 LA rh 7R 4 R R AR Y A 32 DI T
T HL P e 5 4 B AROR 422 8 40 AR BN I AR
SCHE T AT I3 e B g R B R PR . I e
UE T IE 5% M R 3K 3 T M s R R+ o iy
iy b A RS A S 0 5 B Bl R 1 2Pl O R R E
HIAE SR 48 AU BIL I X A AR B 2 1 e 2 17
i IR B 4 ML SR 3K B0 1k g 32 3K 3 i %
S B I Y 8K Sl 3R 2R G [ A0 AR 4 3 A A
R0k RIS e A kg . JF HUR4E HL
AR EK 2 P BE 5 R TR SR Bl B R I R R Sk M G
AT DL ) 3K B L e A A58 R 4 AL B A BIK
Zhie . B R4 ALY K S B R S 220 VR
T30 DU A5 e 46 AL A <0 R U R ) 43 i
190 ml/min #1 20. 3 kPa,

[J]1. Chinese Journal of Mechanical Engineering ,
2017, 30(4).766-781.

[5] QIANCP, CHENS, WANG ] T, etal.. A piezo-
electric hydraulic linear motor with velocity self-mo-
nitoring[ ] ]. Sensors and Actuators A Physical ,
2020, 306.

[6] DENKENA B, HULSEMEYER L. BERGMEIER
M. Performance of a piezo-hydraulic fine positio-
ning device: Experimental analyses with a scaled
model[ J]. Production Engineering , 2017, 11 (4-
5):613-619.

[7] LUS, CHAIB, LIU Y. etal.. The experimental
study on the influence factors in adhesive dispensing
dot diameter of impact jetting valve [J]. IEEE
Transactions on Components Packaging & Manu-
facturing Technology, 2016, 6(2).1-5.

(8] WA, HER, xif, & KoK ER KK
Wi RGE[]]. F % T 4,2015,23(6):1627-
1634.

GU SH D, YANG ZH G, JIANG H, etal.. Piezo-

electric driven hydraulic amplification jetting system



5 10 41

TR A VR IR Sl U T 2 SR A LA BT 5 1

2275

[9]

(10]

(11]

[12]

[13]

[14]

[J1. Opt. Precision Eng., 2015, 23 (6); 1627-
1634. (in Chinese)
WANG ] T, ZHAO X L., CHEN, X F, etal.. A
piezoelectric resonance pump based on a flexible
support. Micromachines, 2019, 10(3):169.
AT A, dh. HRICRE AL 55 e L] ].
K M IA, 2019, 27(12); 2639-2649.
ZHAO L Q, JI]J. Principle and experimental veri-
fication of valve-less pump [ J]. Opt. Precision
Eng., 2019, 27(12): 2639-2649. (in Chinese)
DAUA VT, DINH T X. Numerical study and ex-
perimental validation of a valveless piezoelectric air
blower for fluidic applications[J]. Sensors & Ac-
tuators B Chemical , 2015, 221:1077-1083.
LIU C, ZHU Y. Simulation and experimental
study of direct spray type piezoelectric air pumps
based on synthetic jet[J]. Microsystem Technolo-
gies, 2019, 25(12) :4445-4454.
WADA Y, KOYAMA D, NAKAMURA K. A-
coustic streaming in an ultrasonic air pump with
three-dimensional [inite-difference time-domain a-
nalysis and comparison to the measurement [ J].
Ultrasonics, 2014, 54(8) . 2119-2125.
ik, NBE, A, F. CREREIEKSE
IR AA )], &% 38 K & F 4k, 2018, 52
(1): 92-99.
WANG J B, LIU G J, MA X, etal.. An integrat-

ed micro-mixer driven by valveless piezoelectric

EEE

FEFE 988 ). Bl FaPh AL
Ui L2010 AE T E B R Rk A
20,2014 AFH 2018 4F F 3 AROR 2
53 53 BRAF A 2 0 A A 20, E TN
35 AR E) 5 S HOR UM LS A
AL 7 F gE . E-mail: wit@

ysu. edu. cn

[15]

[16]

[17]

[18]

[19]

[20]

pumplJ]. Journal of Xian Jiaotong University ,
2018, 52(1): 92-99. (in Chinese)

NAM J, LI M, C S. Micromixing using swirling
induced by three-dimensional dual surface acoustic
waves (3D-dSAW) [J]. Sensors and Actuators B
Chemical, 2018, 255(3) . 3434-3440.

LIU G J, SHEN C L, YANG Z G, etal.. A dis-
posable piezoelectric micropump with high per-
formance for closed-loop insulin therapy system
[J]. Sensorsand Actuators A Physical , 2010, 163
(1):291-296.

ANIS Y, MELDRUM D. Static and transient re-
sponse analysis of a piezoelectric actuator driven
diaphragm pico-liter pump[C]. TEEE Ras & Em-
bs International Con ference on Biomedical Robot-
ics and Biomechatronics, IEEE, 2012.:652-656.
MA H K, CHEN R H, HSU Y H. Development
of a piezoelectric-driven miniature pump for bio-
medical applications[]J]. Sensors & Actuators A
Physical, 2015, 234.23-33.

WU Y, LIU Y, LIU J F, et al.. An improved
resonantly driven piezoelectric gas pump [ J ].
Journal of Mechanical Science and Technology ,
2012, 27(3):793-798.

WANG J T, LIU Y, SHEN Y H, etal.. A reso-
nant piezoelectric diaphragm pump transferring gas
with compact structure. Micromachines, 2016, 7

12): 1-9.

BIRIEE .

BT IE (1965 —), B W B FH A, #
B AR 90,1985 4E TP h 4 1
S BE AR A 2 A 6, 1988 4EFT 1992
AP T ARl K 2 43 50 AR A5 A 1 A
R A2 47, B e Il KRR, £
TSN E VMRS 8h %
KAl B2 )7 M AF 5T . E-mail: zdx@

ysu. edu. cn



