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Fig.2 Coordinate system for the vibrator and the

schematic diagram for its vibration mode

1.2 SEI%

Xof — B 41 784 i 432 B 4 1 1) — A R s sh itk AT T
D7 LRSI L 25 5 G 7R P R ) 48 Bl iR 1 ik B
AR ]

3 — B 4 8 422 3l i - S i — A SR
AB T A IRTER (K (b)—K (o)
(d)—& Ca) 1y 2o B v 58 BT oK il D DT A 7
T IE 1) (4 e KA B — P 68— B ) 1) de R AL A%
Qb V- A7 5 e i 1] B0 G 7 T — > SR ) — By
BRI . B 4 g — B PR B B 48 B 4 5 LR
FL — A~ JE 3 LR 2l R A R0 S I iR sl R S A T

K5 h— B SR e SR maE sk, —
B = A TR E i i . B BRI A5 R S —
YR I 3K B A A 5 A e TR A R T .
W25 3B T AR R 1) S B 25 5, P A — 3K
SCHGUE BT OB G 43 A A IE B PR S SEE O 46 Y w]
(FRE

VL BB R R A A 2 T R SR sl A
KRS et TR E T2 B U R 8 1 5%
R {5 fa R AR sh X TC IR i 5 . X PP 22 H A ob 1k 7
o2 B B 26 % TR R G IR E A A F
FEIFRE T B R b



1 T L 45 . 045 2l 5T IR P AR R O R 3

2 MREREATHEENRTFETEAER
S HETR

2.1 [RIE

e B8 1 FRE fifp B 22 TNy #0422 Sl o 14 30 ) PR
JEARBN AR TTIRBTBL AR . i i B IR 5 S8
R JSE R AE LU 5 A AL AR 1 24 A A AR AU B
HE WA — KR AT FE T RE R 12 5 I
P00 FE S 7 A B 18] 2 A5 08 i 7 A e g 2% Bl 2 )
AAT . XA~ I e k15O 1 A A0 4F B i) AR A B
VAR 1) S5 2l i 8 A8 70 A R A L 13 AR T LAY 4 0 I 4 g

B3 — AR 2 4 B 4 S g — A 3 BEHESh AR AR AT AT . (FR BB S HAT A5 R — ik
Fig. 3 Experimental results for the vibrator's first EARK AR R A ES sl A aE M {5 R &E
vibrator mode K@}ﬁﬁ%fj}%%jﬁﬁﬂ}f%%i&ﬁumﬂ 0 WE 58 &

TN = e A o ALHE By I B i 0K 5y g 0 R 452 Sl AR
TR SR JH Y w2 S T 13 8l Bl 3 He i i
-44X10" -25X10* -49X10°49X10° -25X10* -4.4X10*m) %Kﬁ%&kﬂ{ﬁﬁkfﬁﬁiﬁ/ﬂ%@‘ﬁa jﬂﬁt%ﬁﬁ?ﬂz{igﬁ
Ti] A0 72 i AR 452 3 U 1 R ) #4128 5 AR DL 5 [
P 3 38 0 HL 3 40 28 B S IR R < ST IR 15 Bl IR 0
TE T 3% T i ) 0 0 1977 2

Pl 6 S {5 e fif A8 AT 428 B 4R 1 G 1 1 L e o
A R AR S R . SR BRI — i
A 1ok S B N [ R i AT 3 7 T v B S P D T
FEAERL O St 1 B 9IE3E Bl s R ST 7 A B
T o W3 4R - 9 Bt A 1T A 0 I P T T AR 1)

B4 — I 2 I 428 3 i 07 RSB A — A 30

Fig.4 Finite element methood results of the vibrator's

®
first vibrator mode
2 ! |
88
P
g (a) ZHIRT
;E : (a) Vibrator of the pump
" o — g
02 : ' : : : x
45 47 49 51 53 55
f/Hz —Pir ey
5 — B PR Ry AR S A e gl 2 ) TR
Fig.5 Experimental relationship of the flow (b) Vibration mode of the vibrator

rate and the driving frequency for the 6 FEILER R R IR RS R A

first vibration mode Fig. 6 Structure principle and vibration mode of vibrator



4 & 3. W

w5 2 W

36 %

BSIF AR BIR T S0 BB (9 0 4 5 AT R D AR 1
Jol i 52 i+ 428 2l i 1 1) A 52 488 0 4 8l T B0 I MR AL
P A 1) B T2 Bk 1 SEBUR 9 T RE

2.2 SRI§

B 7 BT R B LR Ry 8OV B, IR T — S
PRA— DR . —Br S IRA BT S8 O f. 32
PR RN B AR ) AL S MAS . LB IR
— B PRI BR T S M L B SRR MN BLY)
K, P DOV (07 5 1) 41 3l 3 e v A 8 it I
RALFHy 0. 24mm , Sz 5 5 4K 2212 By 1] T 2800 F- £
A8 338 R A R s A2 8 4 —0. 24mm,

Bl 8 Mk F M. ke FMOPAMAE T 1 b
Peah B A I, v N 38 s K0, 04mm,
P Ee KAV S A 4k 52328 B ) T 283k S 4o 1 T 2035
BV, Lt R N S 8% —0. 04mm, iyttt I
P& Bl PR ) B S 45 07 B T o % B S 6 Fn B 8
GEOL LR 22 2500,

B7 0 — B R A AL 0 — 4R 3l
Fig. 7 One viration period of numerical simulation for

the first order bending modal

8 IR T — B IR E A4

Fig. 8 Fixed frequency scan for the first order mode

B9 O R REBLL AR 7RI 2R 0SS O IR R
102 22 - MRS S 0 T £ . 9K 2l 40 2 5 2 3
06 W R AT (5 R0 SE I AR B BB — 2L

(a) ZRHEHL
(a) Pump prototype

ey

() =¥
(b) Vibrator

B9 BRI R O S Ty

Fig.9 Pump prototype, vibrator and flow rate experiment

JEZ / mm
Ny

660 670 680 690 700 710 720
f/Hz
K10 k7 TARTE— B 35 4R 52 00 T 22
Fig. 10 Pressure head when the vibrator works

in the first order mode



1

T L 45 . 045 2l 5T IR P AR R O R 5

9% By I AR 2R T AR i HLIX A 9K Sl
FURBMREE 5.0 1 92 B o 3K 3l 3 1 114 st B iy R WO A
W5 . B0y R Sl LA A AL AT 42 Bl 4k 1
e Bt R I TARERE R EA R TAM
TS AN T T[] e B2 114 )7 e 6 XA T 12 Bl ik 1
T M B EE . BB A S IR A R R,
WS RS T IR A B 2 R A O A X
5t m il A S . FIA e s
PRAZS T2 S”IE 12 3l 4% Wi BV mT LA = A 8 0 )
{10 AR, SCRT LAk A 22 [ 432 Bl R A L ) I .

3 TEHBERENEFTEER

3.1 JRiE

TESNE J7 L] 1 AR f i B R 454 L 8 PZT
R A A B R RO R 5 4 AR AR T R AL T
LA 11 Py R EE IR T TN L AR AR 11 R i Al i SR
PE/NSE NT Bt fs fo 2 6% ) PR 42300 . R 12
AR BRI PZT A At B A9 3030 T 7= 2B A A
Wi > 5 R YR 7 1972 IR 3 BE WO R RN NT
24l PN EE S B

<
P T HAE PZT

K11 iRk T

Vibrator imitating caudal-fin

Fig. 11

B B RCR . B 2 D7 Ry O 1) AR
BRI A HOOR R & T ) 1 S iR I B RCTE
J7 ) B AR AL AR . R K T T BB & L R
0. 5mm, HAR FHARM 58 B K JEEE S PZT ) —3.

P12 S i = B [ A R B AR R R R T
— i PR B AR R — B IR LA AL, O — SR A
1T R /NS A AE B Pk B R = B iR 2 A A T
N A IR X A AR 10 iy 3 825 M
bl o TETRIRE HL T B SR T - — B 25 R A e B A Bl
55, AN AEME N TAEBES , TAEBS N IZAE B Al = B
R Y

WK 12 frs Ak 5 — B Ik BALEE 3 B — B iR

B 12 Pk R AR K PR BT = 4R B 5 45 2R
Fig. 12 The first three orders numerical results when the

vibrator immerged in water

TIML, 9 — AR H . B iR =B B i T2
PN AR AERETR N A RARAL AL L XA AT
4 e #0125 A R S AR o AR i o 45 SR SR
TE AT 14 FL L 9 DAl T > — I 25 4R A9 i oz 58 81 A
A DAL R AR 10— B R = i 25 4% A9 Wi 3 AT AR
5 BE S AT AL i 13 Fis .

201
181
16
1471
127
1.01
081
0.6

0.4

021 L
0 e ke 1 1 ]

0 400 800 1200 1 600 2 000

f/Hz

13 iR T 7E K HP A A A i it e AR 4 R
Fig. 13

PRIE / mm

Frequency response curve computation

result of vibrator immerged in water

3.2 =If

P14 S K g as s e g it £k . 18T 15 IR
16y ft F 800G 22 35 380 0 4R ASORS 4 5 I % 9 45
ScHHh 21 14 g AU R 832Hz 5 1 388Hz 41
R B R A8 AR K i I IR R S = B i R

03 TAETE B 45 Pk A = B i R AR A, 2R
KR GO R & 17 FlE 18 s . 3K
Sy 60V, B A5 R 4K Sl 45 A<l T40Hz I, B
(Ui i A B 266ml/min (1 04 {8 ; 3K 3 f s Oy 60V,
=R BK B AR A<y 1 280Hz B, B 1 Ui i 35 F)
105ml/min U1 ,



6 & 3. W

36 %

'S')

g
g
:.
=

Bl 14 4 78 7K r i 45 25 ) 7 i 2%
Fig. 14 Frequency response curve experimental result

of vibrator immerged in water

0(0"

B 15 fRT7EK o B4R B — A3k 3 S
Fig. 15 One viration period of Doppler laser scan for

the second order bending modal

00"

K16 R T7EK o =B dik B A — A iR 3 3

Fig. 16  One viration period of Doppler laser scan for

the third order bending modal

EHARN T RN E ) A i S B AW
TR R s TR RSP R T 02 8l
ok TR e AR Wit TR
17— RINEHEW] Tzt A R T8 TAERR

52

300 r
250
s
g 200
g
i 150
ES
100
50 L L I L L )
650 700 750 800 850 900
f/Hz
B 17 3R F AR B4R B 2R G O i
Fig. 17 Flow rate of the pump when the vibrator
operates in the second order mode
120 1
100
E sof
g
I 60
5
Ty
20 |
1220 1260 1300 1340 1380
f/Hz

18 Pk TAETE = [ 4ik 2L I 2 1 O 1

Fig. 18 Flow rate of the pump when the vibrator

operates in the third order mode

4 IBISFRHT

4.1 EHBESTHWIEBIREN

rxtpra RS X0 I R R A 15
P 2R Sy TR AR TR o (.0 B T
B EOEMBCa FARTCRETE AN AT 45 L MR (9 3
gl s WU Bl R I B o 2 R b R Sl R T
TE AR AT RS 5 10 B 3 4 26 DL 45 L 3%
Sk s e, 2 AR SR T AN AR S I R ABE AR 2R 5 d.
BAS N HE T4 3 B8 AR R 2R 5 U AR R L

AR TR E o(a.) Ny

dh(x,t) LU dh(x,t)
adt dx

Hp h(x,) MEEHIREFRE TR,

v(x,t) = (@D)



51 SRR L 45 . {5 4 B 2 T ) P o A 5 0 7
12 B 5 5 T AR N 1
h(zst) =a(x +Ut)sin2rfi)sin(2x(x + Ut) /A) 7.000°

2 M TSR R4 SR TR 4 X R 0 7 3

Hrh. o H—WETRBEG £ RSP, A s BE P2 el w] SR T v 2 A9 5 N 0 O O

B xS T AL RE SR AR A M A . — B S R AR

TR —AFHE— B4R, /TR RB R
sinQr(x+U)/A=1,
AR SRR T A L RAE ) F(xe.o) AT LIAR
I 2B WA o A E
Flx,t) :i{V(I,Z)m(I)} =
dr

U2V, om) (3)
dt dx

x b 518 B YR F 2 (R AH BRI AR R
m(x) TN,

BB S0 Ei R N 2 N I O Y R (S DA T s
T %y

FZJI MF(JT,Z)dx:Um (I)B‘,,. (D

0 dt
Hr

ah(le[) ah(kTaf) 9/’1(1,[)
dt I: dt +U dx :I} x=1

R RE B~y 18 56 &R 0L B3 Ik 7 F 2 Rl &
{2 ) 4R 1 FE I AR RE B R O 432 Bl Uk 7 AR B )
WA TR . TR B BSE S Pk 1 FE AL WA BE
B AR TR A A (o =) gl RISK i
TEBNR T X HE S DR

TU=F—%MMDV%L&=

B=/{

1 dh(x )" Ih(x,t).°
?Um(l){(—at ) U(ié)f ) ) J:l(5>

m(D) g =140 A S 4 S kAR A
PR B . AR B S AE T A4S 3

TUzéwMDW (6)
fai b Ja
T 2 T 2
LDy gy g (R0 ()
dt =1 aT =1

KO —KZT AR « SBR[ 2
[i) 7y 5 28 3 AT DUAR 3 I 0 B 453 21
_ b
_ Sy Iy
\/(1 fo) +(2cfo)
Horbe fo MIEIRIUR c HBHJE L s b HL i 2 8K
SR by c RS E R B E . — B

R c =0.015;6 =

(8

5o = b=
g ¢ = 0.06036 = =

Qi =q(/ (9
Horprs i =1,2 53 B0 E— B 25 iR F0 B 25 4%

S5 R TR T 7 S A W S 1 3
AR H A LS % — I SR i 458 Z e 3
I 2 ] S v ) 57 2% T 2 =2 8] B FB 43 T Bl K H Ak
PR — B 25 i E AT DA B 5 B A iR Y A I
[ ESF ORIV S W IO /S B 1 e 1 3
HER R KRR RS R & 19,20 s,

i / (ml * min")
W

35 40 45 50 55 60
f/Hz
— i 25 IR 1) TR 8l 3 5 A Y S OC AR il &

Curve of theoretical flow rate of the pump vs the

& 19
Fig. 19

driving frequency in the first order mode

18 ¢
16 t
14 |
12

10

ViE /(ml * min™)

450 500 550 600 650
f/Hz

T Y T 5 5 R R ) G O R il &

Fig. 20 Curve of theoretical flow rate of the pump vs the

A 20

driving frequency in the first order mode



8 & 3. W

w5 & W

%036 &

4.2 HIKFEIHIERER

SN 21 B BB A AR AR . BB R D TG
BT R 4R A U AR Bl AT A 52 85 00 0 4 L Uk
TER IR UG8 . BBk T A0 0088 07 F il 3

0 =0, sin (2nfi) (10)
RS A W] KR
6 =0,2x feos (2nfi) an
A 7 R R 1) B AT SRR
o =10 =, 2 feos (2nfi) (12)

Bl 21 FiMHESRF BRSO 32 )
Fig. 21  Force distribution of the fluid micelle

adhere to the vibrator

R T A 160128 Bl A= B T R R AR AT
A E I RIE S Ik 7 E— 8 A IR 2 [
— AL E RO E Eh 7 1 A B i X — s B 5 B i
Sl 1) A i o . L AE R A 2 A
HHORE AN 25 8] 1) 1E TR T A
DAL dom A5 IR SRR Bl 1) [ i A8 7 0 A7 19 1
R R B e O Mgz g, i+ B
M BT AR IR S . e —0E W AT B 3% B
J1h
dF = pdv <20

r

= pHr?0; (2 f) * (cos’) drdo

(13)
T NEHALE L 1/4 0 B EEEBI R 6, , N
F AR FE R T AE R 72 AR T R AR ) B IR B, X
TR e sl 0 39 45 F 3 A TE BB 4 I AR 1Y
g 1L RN
P :J;v([) dm :ﬁjv([)Apv([) dz :Apj;vz (1) dt

(b
Forfrc o S YA P I 2R T 1 Y R )
UAA JT 32 B ) 15 2 T 1w 114 o i

; , R*®
I :JH (cosf) dFdt :‘oHeé QCrf) 2 ? .

J [sin(sin@nﬁ)—‘*m (“1“3(27“%””& (15)

Bz (14) (15 A48
t 3
Ag[vzu)dt=yﬂ{%(2nf)2§%-
0

t .3 .
0

3
(16)
B LU AR 1 I e R A
v(t) =
\/Haﬁ 2rf)* « Rg [sin(% sin(2ref) ) —M}
A
an

1/4 JA 9 A 2 R g PR B

. 3
& :ZthgomAHR? .

J‘/ N/[sin(ﬁosin(hﬁ) y— Sin (‘9<"*‘§(2“ﬁ) ) }dz

(18)

. 3 M
J”\/[Sin(ﬁosin(hﬁ) ) — =2 (6081;1(2“]%) : }dt

(19
Horproo 9 174 J8 0% 30O 0 A BLs oA iR
HR500 N FIRNE 3 A Sy 7 TE ACE B s H O AR 1 119
TEIE s R MR TR B4
Bl 22,23 B THA — B B4R 2 IR )
R By 4t A 5 g it £ A

200 1

—
[
(=]

100

V& /(ml * min™)

50 -

740 780 820 860 900 940
f/Hz
B 22 — B &R B 2 0 B S IR
Fig. 22 Theoretical flow rate of the pump when the

vibrator operates in the first order mode



%14 ke, A 3 2 2 0 IR E R R 9
1200 1 RE T S B OF R [0, AR BE 2 TR 2% 4R 7, 2005,
Lono b . 22(4); 809-813,

Kan Junwu., Xuan Ming. Yang Zhigang. et al.
TE 800 - Analysis and test of piezoelectric micropump for drug

f 600 L delivery[ J]. Journal of Biomedical Engineering, 2005,

& 22(4); 809-813. (in Chinese)

o 400 (6] XA MR, HR A S TS R 09 IR

T el BRLIT. B R 2 2 T2 L 2007, 37(2),

/ ~__ 372-376.
01 — - . — Liu Guojun. Fan Zungiang. Dong Jingshi. ct al. Pie-
180 185 1.90 fl/‘lzls-lz 2.00 205210 zoelectric micro-pump for insulin injection[J]. Journal
of Jilin University: Engincering and Technology
Il 25 B HRAR 19 I Ui i Edition, 2007, 37(2): 372-376. (in Chinese)
Fig. 23  Theoretical flow rate of the pump when the (7] B, ], AL, . R R T 2
vibrator operates in the second order mode RS D). 75 28 % 3 e 2% 2% 4, 2007, 41 (5)
602-605.
5 #RIB Dong Jingshi. Cheng Guangming. Shen Chuanliang. et
al. Piezoelectric insulin pump[J]. Journal of Xi’an
AR s TR E R EEA . Jiaotong University, 2007, 41(5): 602-605. (in Chi-
e PR 5 R 52 ) 505 0 2 5 B nese
I L B R R 6 R O TG I 3 3 A (8] SREME, SFoRAfm. BB, 5. PO SE HE I ) 000 4
GiHBR . BRI 0K IR E T2 FETDA RIS W JR S SR BTTELL, LR
R AR T B R G A A6 555 LA St A 200 10D T |
. B . . e e e Zhang Jianhui, Guo Zongxin, Huang Yi, et al.
iy 4t K 3] g 55 5 A At I nT RE BB SR AR B Theory and experiment on the soft texture and conning
A ATRERCN 4 )5 (B FER A R HAE BRI L TLAE IR shaped single valve piezoelectric pump with different
fA5IRAT 210 interior and exterior taper[J]. Journal of Mechanical
Engineering, 2010, 46(24);: 143-149. (in Chinese)
& % X i (9] BBVLBY.B0ZA. R IRIAIT E RS XA
5 B 0 e PR A SE LML TN e ) AR R B A,
[1] LeeD G, Or S W, O’'Neill C, et al. Piezoelectric 2007 .87-97.
hydraulic pump with innovative active valves [ C] // [10] Meng E, Hoang T. Micro-and nano-fabricated
Proceedings of SPIE, The International Society for implantable drug-delivery systems [ J ]. Therapeutic
Optical Engineering. San Diego:[s. n. ], 2002(4301): Delivery, 2012, 3(12):. 1457-1467.
530-536. [11] Kang J, Scholz T, Weaver ] D, et al. Pump design for
(2] B, XUEE. HEN. % Bk E i 5 a4 a portable renal replacement system[]]. Journal of
$WFgE[)]. K57, 2005, 27(2): 118-120. Medical Devices, 2011, 5(3): 31001-31008.
Zeng Ping, Liu Guojun., Yang Zhigang, et al. [12] Locatelli F, Buoncristiani U, Canaud B, et al. Dialysis
Preliminary research of piezo-pump using ball check dose and frequency [ J]. Nephrol Dial Transplant,
valves[J]. Piezoelectrics Acorstooptics, 2005, 27(2); 2005, 20(2): 285-296.
118-120. (in Chinese) [13] Kang J. Pump design for a portable renal replacement
[3] TFeng G H, Kim E S. Piezoelectrically actuated dome- system[ D]. Atlanta: Georgia Institute of Technology,
shaped diaphragm micropump[J]. Journal of Micro- 2010.
electromechanical Systems, 2005, 14(2): 192-199. [14] JEsk. HEREAWRI R ALREL ] EIMNE
[4] Yoshida K, Watanabe K, Yokota S. Development of a 5. 2003(24) . 17.
piezoelectric micropump using resonantly-driven active Fei Lin. Implantable drug pump which can deliver
check valve[ C] // Proceedings of the SICE Annual Con- drug directly into the brain [ J]. Foreign Medical Infor-
ference. Okayama, Japan: [s.n. ], 2005: 2510-2513. mation, 2003(24): 17. (in Chinese)
(5] MAER.T W A &R, EE. B8 25 5 5k 2= nY [15] Lee D G, Or S W, Carman G P. Design of a



10 ® oW X5 & W %5 36 %
piezoelectric-hydraulic pump with active valves [ J]. Hu Xiaoqi. Zhang Jianhui, Xia Qixiao, et al. Influence
Journal of Intelligent Material Systems and Structures, from length of flexible caudal-fin for caudal-fin-type pi-
2004, 15(2): 107-116. ezoelectric  pump [J]. Journal of Mechanical

[16] Husband B, Bu M, Evans A G R, et al. Investigation Engineering, 2012, 48(8):167-173. (in Chinese)
for the operation of an integrated peristaltic [25] Hu Xiaoqi, Zhang Jianhui, Huang Yi, et al. Principle
micropump[ J]. Journal of Micromechanics and Micro- and experimental verification of caudal-fin-type piezo-
engineering, 2004, 14(9). S64-S69. stack pump with variable-cross-section oscillating

[17] Lee D' S, Ko J S, Kim Y T. Bidirectional pumping vibrator [J].  Chinese Journal of Mechanical
properties of a peristaltic piezoelectric micropump with Engineering, 2012, 25(1):128-136.
simple design and chemical resistance[J]. Thin Solid [26] %7, ok @0, B0 %, %, iR ERX 8 mEshik 1
Films, 2004, 468(1-2) ; 285-290. TR B A g A B LT ] St R TR,

[18] Lee D, Yoon H C. Ko ] S. Fabrication and 2011, 19(6) . 1334-1343.
characterization of a bidirectional valveless peristaltic Hu Xiaoqi, Zhang Jianhui, Huang Yi, et al. Structure
micropump and its application to a flow-type design of caudal-fin-type piezoelectric-stack pump with
immunoanalysis [J]. Sensors and Actuators B: variable cross-section oscillating vibrator [J]. Optics
Chemical, 2004, 103(1): 409-415. and Precision Engineering, 2011, 19(6). 1334-1343.

[19] Goldschmidtboing F, Doll A, Heinrichs M, et al. A (in Chinese)
generic analytical model for microdiaphragm pumps [27] SHEEH R BV, TR, 45, [ R 8 i XU 6 IR &
with active valves[ J]. Jouenal of Micromechanics and IR 55286 [T, JRah ik 532 W, 2011, 31(2):
Microengineering, 2005, 15(4): 673-683. 193-197.

[20]) o —MFPRHRAFTLEHEKH X bE, ZL Hu Xiaoqi, Zhang Jianhui, Huang Yi, et al.
02117260. 9[P]. 2002-04-23. Simulation and design of caudal-fin-type valveless

[21] Pires R F, Vatanabe S L, De Oliveira A R, et al. pump driven by piezoelectric bimorphs[ J]. Journal of
Water cooling system using a piezoelectrically actuated Vibration, Measurement &. Diagnosis, 2011, 31(2);
flow pump for a medical headlight system [J]. 193-197. (in Chinese)

Proceedings of SPIE, 2007, 6527 1-11.

[22] De Lima C R, Vatanabe S L, Choi A, et al. A E—1EEB AN okEE, B ,1963 44 H
biomimetic piezoelectric pump: computational and ex- AL O AR A S, 2001
perimental characterization[ J]. Sensors and Actuators FF H A E S LB R 2 T2k A 1
A: Physical, 2009, 152(1) . 110-118. 5. E BRI 1 O ML B K

[23] Huang Yi, Zhang Jianhui, Hu Xiaoqi, et al. Dynamics HS | TE O AR IR 3 B AS M Ak BT
analysis and experiment on the fishtailing type of TR . Wk 3 A G I8 3C 40 AR,
valveless piezoelectric pump with rectangular vibrator HiE BB EM LR 30 £, fEIE
[J]. Science China: Technological Sciences, 2010, 53 - - AL FRE 4 RERERB 2
(12); 3241-3247. EHEB . 1R SR W B R R R

[24] B A, SR WE, HH, & FHERERKXREEXE HLZ5 L% 10 R

MEMZm L] P T &%, 2012, 48 (8):
167-173.

E-mail: zhangjh(@nuaa. edu. cn



T L 45 . 045 2l 5T IR P AR R O R




