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Fig.1 Structure diagram of piezoelectric pump
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Fig.4 Pump chamber internal structure
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Tab.1 Pump chamber internal dimensions
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Fig.6  Output performance versus driving frequency for

deionized water transportation

2 5005 B K I TR 5 R B e T 5 R R 7
B R . AT 4 3R B R fE 50~125 V,, 2 ]

70

= 8 Hz
60F - 12Hz
=+ 16Hz
50r .+ 20Hz

50 100 150 200 250 300
KB/ V,,
&7 dz k2= 81K I i S 9K Sl i R i OE R
Fig.7 Flow rate versus driving voltage for deionized water
transportation

BF, it 0 T S T 92 Y 9K B R AE 125~
300 V,, Z [ B, it i b A i 2. X R H
T W65 3K 3 R A 3G 0, 2% P R R I 1 e 3 34 ¥ 1
B, R — A SR e e PR R Pl A T AR A
T BRDIR A 55 78 2 A IR A .

3.2 MmikiEkike

FEH AT, 38 %6 ik B H il A K TR & W
B4 3.1 mPass, % % 8 1090 kg/m”, BE % 1fE 1 455
O 908 7 PR ST, R O o B TR A Y Y AT A AL i
T2 B 0 Pk AR, AR ARL I YA i I R S K
Bl R ) O R A 8 i o H AT 3K B i
9300V, BRENHR 10 Hz i, 1% R i KN
40.90 g/min; X4 3K 2 B J& 24 300 V,, . 3K 3l 451 R
8 Hz I}, fir KJE J1 258 3.57 kPa. Siz i 285 1K
AH LG, B0 I V3 i 1) e KU e S R ) 2 AR —
TR N R 3 p T I AT KR B VR B R
TERETFK.

45

Witk /(g - min")
S

10 v/—o—-\\

5+ M

s 8 10 12 14 16
RSN / Hz

(2) RSB LKR

(a) Flow rate versus driving frequencyt

=100V,

3.5¢ 150V,

200V,

3.0r 250V,

§2.5. —--300V,,
_Rz.o-
B 1sf
1.0f

s M

0 1 1 1 1 1 1 1

6 8 10 12 14 16 18 20

XSS / He
(b) EHESWIFREGER

(b) Pressure difference versus driving frequency
P8 AP T I e N i o P R 5 R Sl AR 0 O R
Fig.8 Output performance versus driving frequency for simu-

lating blood transportation
LY 32 i IR, 21 200 B R /N A R 23 7R AR
L AS B R, DA X A i it 3 ™ A . R
BT 50 JE UG — A% 5 5 P M R s b, 2 0 £ 240 i 5 /)



1150 P& oshom

46 %

M ) A DR 50, 688 FH 70 35 S L 1E 4T AR BIL Y i i
B VR I i A 2k T 00 20 A B A An 1A 9
JIE R o V32 B T, A1) R 7K T 0 4 B it 4 v 1
I 3 N AR S 37°C, LA B 1k AR A2 i e AR B B D)
73 %68 1L VR 3 B R o AR AR U L VR A i 1 U A
g5 U UK B B R R B0 AR 43 1)l 300V, F
10 Hz, B8 5 ZEREHLIT B T4, 1M 780 M\ Bl 1 48 i 22 5
A2 iy 4 4%, 32 i — BERT (8] 5 457 0k o 1S B
Ji o DN I 48 A 1 4 Hh B TR 1 I VR RE A 1
LI A5 20 4 1t 406 AT SO 32 i i S I YR AR 1 21
98 it 50k R /0 Al i SR AT RS

(a) MVEZHIEE

(a) Blood transportation device

(b) MANfESHTIL
(b) Blood cell analyzer

PO il 32 i i 0 2 7555 0l 0 40 BT A
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Fig.10  Number comparison of erythrocytes and platelets

IR 50t A Al 8 S B S B R B A LR R T
LR B4 € B2 53 A A 51, 3R T RS — 1A 532
IR ] PR 2 1L YRR 35 i i 0T £ 200 5 /N AR R
BER /NG — RO BN I B R 5~10 mL/min,
At K Y I BB A PR I R B i a3 R 50~
100 mL/min"""", AR AFF 55 38 11 A9 s i — M 2 52 1 e
Wi P P 252 T 7 T A A o A 1 PR S A o

4 &

1) B0 B 22 05 s b, R AR B 22 2 IR
SE B M RE AR S5 () B, 48 T — A S — R SR
e 1] s P, 258, F 2 A O R Ay — A 5 0 O TN
TAREICER AR T 4% Ho o T/

2) 5% 25 BT K R — A 23 P i
FL 2 0 i 1 B A L I A 2 P I R I s v, A A 3
AR L FE IR S R 300 V), I K R A g 22
Al ik 61.26 g/min i1 4.98 kPa.

3) YR 3 H R AE 125~300 V,, 22 el i), HoAe & T
50~125 'V, 9K B3 5 i i i b TR E S B L 3R
WY Bt 2 K 20 H s 0 380 s RS — 4% 2 3% M 0 ]
HLZ 1) AR DR 2 W TG IR S A A IR S

4) MRS LT R 300 VB B — ot 2 v
IR ] Hs R, 2 A 400 1L VR 32 i 194 e UL = AR R g 22 43 )
} 40.9 g/min 1 3.57 kPa, H.Ifil # iz % J5 Xt 21 40 Jifd
51/ A BR IR AR BE /I, AT R T A O il A
F18 PR T2 A

s % x o

[1] MENG H, CHEN F, HE L H, et al. The effects of
using a micro-infusion pump without accompanying fluid
at a low flow rate on patients undergoing cardiac surgery
[J]. Transplant Immunology, 2022, 73: 101611.

[2] ASSERI A A, MANNA M M. Role of smart infusion
pumps in reducing intravenous medication administration
errors[J].  Computer Methods and Programs in
Biomedicine, 2021, 205(S): 105975.

[3] COPPETA J R, MESCHER M J, ISENBERG B C,
et al. A portable and reconfigurable multi-organ platform
for drug development with onboard microfluidic flow
control[J]. Lab on a Chip, 2016, 17(1): 134-144.

[4] MISL, PUHT, XIA S Y, et al. A minimized
valveless electromagnetic micropump for microfluidic
actuation on organ chips[J]. Sensors and Actuators A :
Physical, 2020, 301: 111704.

[5] KANT R, SINGH D, BHATTACHARYA S.



%551 PERAE A TR — R x5 T R R A ) i B T 5 1151
Digitally controlled portable micropump for transport of [14] HUANG J, LIU J M, LI K, et al. Piezoelectric pump
live micro-organisms[J]. Sensors and Actuators A: with flexible venous valves for active cell transmission[J].
Physical, 2017, 265: 138-151. Frontiers of Mechanical Engineering, 2022, 17(4): 56.

[6] SUNP, LIU C K, HE Z Z. A compact double-spiral ~ [15] Z=50%, 8, HE AT, 5 WA DR IR RS
electromagnetic pump for liquid metal cooling[J]. i B AT S8k [T]. MR /R I T K5 524, 2016,
Annals of Nuclear Energy, 2023, 180: 109486. 37(8): 1124-1129.

(7] F2RPE. Joaksr, MRMEpe, 4 = S PU5E A5 0 I R L 5 LI Lian, ZENG Ping, DONG lJingshi, et al. Simula-
BB SR (1], T R 2224 (SRR 22 ) tion and cxpcrimcmal Sludy on fluidic mixing of a dual-
2023, 44(5): 25-30 inlet piezoelectric pump[J]. Journal of Harbin Engineer-
YAN Tianxiang, LONG Zhiwen, CHEN Huiging, et ing University, 2016, 37(8): 1124-1129.(in Chinese)

SR B WewERE S B i 2 4 L 925
al. Design and experiment of valve-less piezoelectric [16] }Ejﬂ%’ Jii 2 %ﬁﬁeﬁi, E x@gﬂaﬁ[ﬁ]fu*@[ﬁ{m
. B . o TR TC I s B e [T ). LA B3 5 A 5T, 2023,

pump with four-way pipe[J]. Journal of Henan University
of Science &. Technology ( Natural Science) , 2023, 391:5): 95°99. N |
YAN Tianxi , QU J , CHEN Huiqing, et al.
44(5): 25-30. (in Chinese) ' ianxiang, Q unc'en ' ulqmg et a
o Experiment on valve-less piezoelectric pump with cob-

[8] CHEN S, LIU H D, JI J, et al. An indirect drug ) ) )

) ) } ) ) ble-like surface structure bluff body[J]. Machine Design
delivery device driven by piezoelectric pump [J]. Smart .
) &. Research, 2023, 39(5): 95-99.(in Chinese)
Materials and Structures, 2020, 29(7): 075030. ) ) ) )
- I P B [17] PENG T J, GUO Q Q. YANG I, et al. A high-flow,

(9] #fR, sk, Fre. AR Y B i 4 0 | & 2R - . . . .

; . self-filling piezoelectric pump driven by hybrid

i 5 CHRB MK 5 2 W, , : . .

R R ] a5 2, 2014, 34(1) connected multiple chambers with umbrella-shaped
15719. _ _ ' valves[J]. Sensors and Actuators B: Chemical, 2019,
HUANG Jun. ZHANG Jianhui, WANG Shouyin. The- 301 126961.
ory and experimental verification on valveless piezoelec- (18] Widrk . WA, TAA. 25 Ml 5% L5 A0 T 1
tric pump with variable crass section Y-shape tubes[J]. ZPERE S N BFgT [J]. TR0 B 22 4, 2018,
Journal of Vibration, Measurement &. Diagnosis, 39(3): 539-544.
2014, 34(1): 15-19. (in Chinese) YU Zheqin, TAN Jianping, WANG Dailing, et al.

L10] WA B, S W, B ali W, A . 08 24 i i i T v S 1Y 1 Study on the influence mechanism of axial blood pump's
BEor BT SIS WR 5T [T]. AR e 2 TR S 20K, 2005, splitter blades on multiple performances[J]. Journal of
22(4): 809-813. Engineering Thermophysics, 2018, 39 (3) : 539-544.
KAN Junwu, XUAN Ming, YANG Zhigang, et al. (in Chinese)

Analysis and test of piezoelectric micropump for drug [19] M3, EHERFE, 2R WP I @& T T]. el
delivery [J]. Journal of Biomedical Engineering, 2005, EE2E, 2017, 12(5): 725-727.
22(4): 809-813. (in Chinese) YANG Xue, TAN Chunze, LI Julin. Detail manage-

[11] MA H K, LUO W F, LIN J Y. Development of a ment of blood transfusion care[J]. Journal of Minimally
piezoelectric micropump with novel separable design for Invasive Medicine, 2017, 12 (5) : 725-727. (in Chi-
medical applications [J]. Sensors and Actuators A: nese)

Physical, 2015, 236: 57-66.

[12] JEE, DR ¥, A, & . WZIE 8 IR b A . .
f5 05 50 50 (1), 4R 3 W% 5 2 7, 2021, 41(1) B ARE@ AT IAR. B 16T 4]
561 o LU N S o [ 6 20 O L B

' i3 S . W % # (Struct

TANG Ming, BAO Qibo, ZHANG Jianhui, et al. B SH M. BB R (Sructure

) ) ) ) evolution, dielectric, and conductivity be-
Simulation and experiment of streamlined flow tube ) ) ) )

) } ] ) havior of (K,;Na,;)NbO, Bi(Zn,,,Nb,,,)O,
valveless piezoelectric pump[J]. Journal of Vibration, .
u % Di s 2021, 41(1) : 5661, ceramics) ({Journal of Advanced Ceram-
R t & SIS, . : -01. . Dt AL e
ihe‘asuremen iagnosis in 02021 Vol.10. No.4) 456 i .
Chinese) » ) ) E-mail: yangtxboy@163.com
[13] sz, EEM . KI5 A 583000 22 3% BF 5T

[J1 MUK SW T, 2017, 45(19): 23-25.
ZHANG Limin, WANG Guoxu. Simulated hematologi-
cal pumping system research on piezoelectric pumps
driven by large vibrator [J]. Machine Tool &. Hydrau-
lics, 2017, 45(19): 23-25. (in Chinese)

BREEEE I H A, 20,1986 4F 9 1
Az AREE B AR, FEOEIT R
i 22 SRR R R A

E-mail: 461210227@qq.com



