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Design and Experiment of Inchworm Active Valve
Piezoelectric Pump with Three Chambers

WEN Jianming', ZENG Ping"?, HU Xionghai*, KAN Junwu'?, CHENG Guangming'
(1. Institute of Precision Machinery, Zhejiang Normal University, Jinhua. Zhejiang 321004, China; 2. College of Mechanical
Science and Engineering, Jilin University, Changchun 130022, China)

Abstract: Due to the shortage of blockage performance and working output pressure of valveless
piezoelectric pump, a new type of inchworm active valve piezoelectric pump with three chambers
was developed. The structure of the piezoelectric pump was designed, and its working principle
was analyzed. The structure model of the valve body was then set up, and the structure parame-
ter was optimized by software ANSYS. The piezoelectric pump was manufactured and experimen-
tally verified. The experimental results show the active valve piezoelectric pump is able to achieve

the maximum water flow of 220 ml./min, the maximum backpressure of 15. 8 kPa, and the maxi-
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mum gas flows of 5 142 mL/min,

Keywords: piezoelectric pump; inchworm; active valve; optimization

H T 1 F A AT S0 A0 B LR R R L TR
B4 ) A5 i DR PR R SR RO B 5 T e v 4 21
A IFE R B AT E A AN T

SEEG I R AT 1T L A A SR A R AR
AR R IR 1 s R 2R A U A B L K Y
PR FRAR AT AR e 2 1) AR 6 L gl s 2 P R
IEPERE AT At IR 250 Rt 75 2 H
R R AR BRI ST R TR R T
PEPERB Y CBEHOR T ARSI T = i sh =X 3h

ks B9, 2010-03-31.

W F A R IF T 07 58 B T RSl R HL SR A 2544
HESE T SR SRR Xof R S B AT AL,
VR £ R i A SR AR AL IR BEAT T AR 1 S5 e
.

1 T30 s R AR A5 it

1.1 &5l
=i sh X 32 3 R B R AT Es A ARl 1 fir
7N B H AR R, R B % B R R A R

eI IR 1980—) 58 . JHIM. LA H . ER AREIAR SR H (50575093) s

T AR e A A AR B TR ORI F B A B BB H (708028).



55 9 39

IREW 45 =k sh X I s i R S LR 79

KT 2 AW 1 ADRIE.
WER B

AR R b
AN N

e ——

THE RE RAERAF T

1 8532 s I R A i 45

1.2 TIEHEIE

WA 2 R S0 TAE R F2 i e v i i sl =X
18 SRS BL TR E 0132 2 - 1) AR ) s Ak 2 3R 3% I
PR AT ) 1 . 0% 3h X 32 3 1 e FR 2R 1
UK zh 5 A R (100) L (110) ,(011) (001, Hirfr 1 4436
JEHL i 1AMz 31 B AR AR Y, 0 438 R Ly
F 181 938 3 B A D s i e 2. AE R L AR TAE
1) 1~2 BB TARBE R AZE H , hi7E 3~4 Bir B Pkt
TARHE R IR AR, AR XA S AR TP A )32 3, 7] 9

R/
Fir Bt 1 @

Wr B2 @

W B3 @

B B4 @

B2 MU A
2 EDhiE R

WV oAy s FL 5 B A Do A R A 1R R AR
Wi, E 57 A 32 Sl IR AS A B RLINTE] 3 B 7. MR I P
AL IR WA 1] 1 Sh S SR 3l - il
[VBRAE /N AR B — oA = - ELAEAR 1) B JC BT

TR r(r<r<<rp) ALBRGEE N dr BIURAR)Z
WU T2 R B8 Bl AT L A7 AR A B AP Y
WA IR y=0.u=0. y=h,.u=0(y K
BEBRN AR SHL o A R ) 155

u(y) zz—luccllry@—hv) (D

WL b PR P ER S0 BT I R
3
Py hvdr
6

hy
G = ZTEpJO udy =

|

§

1

ry
ruar s IR T PSR o IR PR F B E 5 ey < 1 T ERIFFIE 5
P PR P 2 T ) I P U PR B8 185 5« AU L O
Pl H’ﬁ{ZISV\]JTJJ,Pzﬁ%H'JEJ'J
Bl 3 DA R E
do . 6 g, ()

dr wrh?
2 G FOR PRV I 3 07 1) 0 R 12 N 5 e
S EEBR R TR BN IR B s o IR B B p R
J153 4.
Xt F AR TR T R4, B
dp —— g,

o’

6
p :—;}%lnr+c (3)

Mr=r 0. p=P,=0;Y r=r, i ¥ p=P, KA
K OAR IR HEL ¢, IR
_omhianp whd P,
4= 6ulnCry/r1)  6ulnCry/r))
BT ro=r w, Hik

€Y

_ Tthf, Pz
17 6uln(1+ (w/r )

3 EREHSHRIIL
sk (5) T DA th 76 2R 46 1y U 7 1

L R AR R PR T B A i R Ao
w A . A IR R ) s T A R Ry

— e bpy (12
Ap &nhiln<r1>q+&

(5

(6)

K& WEPERUR RS AR R AL

iz ANSYS-Flotran #8238 1 JE S 4t 2% .
i 5 I T IR T P AR R A T Y G R
3.1 EWOFEHRE

HE 4 AT, B Ay B9U0/0N, RIS I, )
P B 2 38 K. 25 E I At T s R T PR IE R i
RO I8 T R R RS, S8 e
0. 3 mm.
3.2 WEEENREE

it - 1R A T B AR 2 & 5 s L B w

http: / www. jdxb. cn



80 [ - ' NS B S ¢ 5 44 &
ar WE 7 s, M4 f=60 Hz i, 1F [ i &2
I _hvéfrzlm KoM 178 mL/min, BE&E £ 4kE T . i & 2 T
3 0 Fa LEARAR Cf /NT 40 Hz) Mg # (f KT 100
Eap 08 H I JEHL 2 2 5K ). Tt 58 W LA IR 2
| ) AN I FAFAE 2 50 R B PR  « D3 th 1 R B p
PRI T LR % 098 AL 1 0 B 32 3901
et L BRI @ 1 T R AT T A A
ol e B TR DR 2 2 R R I R 4
B4 sk - R Rk i 2k .
200
OSSR R T T A e R e ol
ANBIFE IR o AL 2R MR 25055 T E
IjEE 5 3K L 265 w 24 0.5 mm. 2
< —o— IE ]
a0 s0f —~—RR
~ 301 0 ! L L !
' 30 50 70 90 110
E ol f/Hz
-
& ol PTG - R 26
| ] | 4.2 B ERSENR

0 T ’ W 8 %, % f—60 Ha if, B2 45 FE A9 1

Nl = Ry v Aoy o o = Hdb o . , 5

5 k- IR G AR FRE 28 N, FEBEEHTHLN IEFIER T 15. 8 KPa, 132
30189 1 1L B LA B (1 7R

3.3 @WORNEEMIEE 200
HIFE 6 T, TR SRR 8T 3 60
G A ARAR SRR Y 1o R /N T 345k 1 g L
W BEHE 7 2K 7~9 mm 18] 08 PSR g : )
SERFBFRI 64 K 7.5 mm, s
2.5 10
2.0F ;ﬁ%%ﬁﬁ/m{l 0 5 p/i(i)a 75 20

--- 0.01

K8 it - IRsmAF e L
4.3 REERKEHELENK
J HL AR R A5 25 IR L K U o L 28 U o -
AR ML & 9 s, th TR ABE I R TAK
REST- BT 2 AN B E TAE AL Y =100 Hz
Bf RSN 5 142 ml/min, 24 f=120 Hz,
JEH Ay 3 488 mL/min i, /K e K H

F6 ik - I E AR AR n R 26

SRR o

VR T = 3 2 32 Bl I R L A 0 S SR FE LT F B L R AR T K TR RE T, &
X HHEAT T A OC A S gl i SR O H L i 7 7R S S IE e K R,
4.1 RE-MEBHFMHEK PR Ry 23 A %8 BE RN G LK /IS, K SR T 5K ) L2

MR O 5 D RTEE TAERME T AORRE AR R LAUK R @i SR Y
SET SRS IRk 2 P s IR A IR s 5 St T L Sh D 36 % b, 20 C kK B9 30 1 68 9 1. 005
SIS FRL 2 R [ CRIDIE 1) 152 1] ) S 36 U A mPa « s, 23 TAYZH HI RN 0. 018 3 mPa « s.

http: / www. jdxb. cn



55 9 39

TR L 45 = 3 X B R s R B S LR Y 81

g/L-min !

At At A—A )
0 40 80 120 160
f/Hz

B O K28 B B R L 2
5 %5 8

(DA SO 7 1Y = s s 5 =X 3 3 1) e HL 2 10 &4
MHEAT T JESr T S I A AS F AR, i a0
M ZEA S B TRAL A5 A0 I 1 JF B 9 B S
2435024 0.3 mm.0. 5 mm Al 7. 5 mm.

() A FRoTr BAR 2] T E3h S5 i fifk
SR bR HIE T F SRR A, IR AT T T
JE A S IR, SEaer s R WY - A SCRIF R ) He HL 2 L
BEIFHE RRE T, HAE SR RE 7 K T 2K 1Y

2l
He /JJ.

B2 3K

[1] FARID A, ZHOU Y, TOM ]. Current micropump
technologies and their biomedical applications[ ] ]. Mi-
crosyst Technol, 2009,15(5) :647-666.

[2] KAN Junwu, TANG Kehong, LIU Guojun, et al.
Development of serial-connection piezoelectric pumps
[J]. Sensors and Actuators, A;Physical, 2008, 144
(2):321-327.

[3] CHENG Guangming, LI Peng, ZENG Ping, et al. Pi-
ezoelectric pump used in bionic underwater propulsion
unit [ J]. Journal of Bionic Engineering, 2007,4(3):
159-164.

(4] RWEdE, B Wl 89O 45, SR XU A s H 52 14 %
HAPERE S B [) ] 04 22 52 il R 242441, 2007, 41(5)
628-630.

WU Liping, YANG Zhigang, ZENG Ping, et al. Ex-
perimental research on the performance of piezoelec-

tric pump with single bimorph-double chambers[ J].

Journal of Xi'an Jiaotong University, 2007,41(5) :628
-630.

[5] VAN THANH D, THIEN X D, TANAKA K, et al.
A cross-junction channel valveless-micropump with
PZT actuation [J]. Microsyst Technol, 2009,15(7);
1039-1044.

[6] MAJID N, LUC M. Numerical analysis of high fre-
quency pulsating flows through a diffuser-nozzle ele-
ment in valveless acoustic micropumps [ ] ]. Microflu-
id Nanofluid, 2009,7(5):669-681.

(7] Z=ms, B0, B, A5, rE Ik s E IR R HL 8 i i
TRICPERE [T 3 MROR 222 4l (T2 JO » 2008, 38
(S0):111-114.

LI Peng, CHENG Guangming, DONG Jingshi, et al.
Piezoelectric pump with active electromagnetic driven
valve [[J]. Journal of Jilin University (Engineering
and Technology Edition) ,2008,38(S0) ;111-114.

[8] GEIPEL A, GOLDSCHMIDTDO F, DOLL A, et al.
An implantable active microport based on a self-
priming high-performance two-stage micropump [ J].
Sensors and Actuators, A: Physical, 2008, 145/146
(7/8):414-422.

(9] WAZIl SBAKAE i g2 [M AL & HE Tl K%
WL 2008:149-153.

[ A< Fil #8 5 STk $i% 3

B 3% RAR R SE IR b R R AT 5 X AT .
3B K F I, 2010,44(3) :82-85.

R IR A B ERGB R, BE KT TR,
2007,41( 5):602-605.

IR TF AR R A A S 0. 15 Rl K
F IR, 2007,41(5): 628-630.

BT AR RGFIR., HERBREF
1R, 2007,41(3):380-382.

W, 5B R A IR B o) LI R 69k 5 A B
B K FFIR, 2009 ,43(7):92-95.

A3 IR 1) BRI HE AR B A AL BE R, B 3L
X FFR. 2008,42(9):1091-1095.

M

(J3H & okas)

http: / www. jdxb. cn



