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Feasibility study on magnetic coupling-driven pulsate blood pump

TAN Jiang-hao', GE Bin', FANG Xu-chen’, CAO Hai-tao', WANG Han-li' (1. School of
Medical Instrument and Food Engineering, University of Shanghai for Science and Technology, Shanghai
200093, China; 2. Department of Critical Care Medicine, Shanghai East City Hospital, Shanghai 200438, China)

Abstract; Objective To propose the design of a pulsate blood pump driven by magnetic coupling and verify its
feasibility. Methods The blood pump was designed based on the magnetic transmission reciprocating force mod-
el and the push-and-pull structure, and the coupling force was calculated by building the magnetic force-driven
model. The prototype of the blood pump was then manufactured, on which the extracorporeal circulation simula-
tion test was conducted to obtain the pressure and flow rate. Results Physiological saline was used as the circu-
lation medium. When the afterload was fixed and increase the preload, the output of the blood pump would de-
crease, but showing no obvious linear trend. While the preload was fixed and increase the afterload, the output of
the blood pump was reduced, showing a linear trend. With the driving frequency set as 75 per minute, and the
preload and afterload adjusted in the range of 0. 665-3. 990 kPa (5-30 mmHg) and 5. 320-11. 970 kPa (40-
90 mmHg) , respectively, the output of the blood pump could reach 2.0-3. 1 L/min while guaranteeing the linear
relationship. Conclusions The proposed magnetic coupling-driven pulsate blood pump can basically meet the
need of extracorporeal membrane pulmonary circulation, while it still needs further improvement. The research
results have a valuable application prospect, especially with great significance in replacement of blood pump cur-
rently used in the extra-corporeal membrane oxygenation (ECMO) equipment in clinic.

Key words: Extracorporeal membrane oxygenation ( ECMO) ; Extracorporeal circulation; Magnetic coupling;
Pulsate blood pump

U fs HHE:2015-01-06; &E HEY:.2015-01-24
EEWA : [ R=AERIHE S5 H (SH2013135)
BEEE . Sk, B1#E%, Tel:(021)55271290; E-mail; ¢h13992@ hotmail. com,,



EiLis, % wBaRmEsX IR ATTIERR
TAN Jiang-hao, et al. Feasibility study on magnetic coupling-driven pulsate blood pump 459

PR IEI B8 255 E (acute respiratory distress
syndrome, ARDS) J2&Iifi R I Ho 48 DL A 9 W% 362 36 £
VTR, ZRIN Al ] VAR AU LAE A7 i T g I i
RIS 1O I 3, ST T AR R A B i AR
(extracorporeal membrane oxygenation, ECMO ) 3 AR
YE )y ARDS i (A S P0G Bha 7 O X, T LAY
RN TE AR AR I AE  [R) P R A I I BTL R S il
151 FRE, ECMO {1119 it 52 8 A5 V8 R A AN S
Do WL A A 5% 3 R b, 22 2E RTE iy
SR T B R T8, HHE 0 00BN T i i O B
T 79 25 D) 2 308 3 285 A [0 S 255 i P 4 i e P 1
WS AN I 0 7, (R LR 0 2 T 2, K
TESN MK AT 2. SR ER AL, B0 FRiBsir A
T SN MR AT 5, X MR/ B A T
I [E]E il ECMO I RZ MO0, B0 A
YEH ECMO H ML, b1 T4 By 5t X A
FeARBLR & W) 8, 15 ECMO A& B iZ P, i
PRI 2T S T A R BB ) Mii 4l B 2R 5 JA 1240
BTG BT 55 o 7 IR B T — Rl £ 5
IR B 2 5t (& W& #1145:201210352055. X) ,
DI H ARG IR iy ECMO 368 o I 2% EAE N
HCI B RGEAIAZ ORI, X R G AT A
S

PRSI B4 B P12k 8 v 1 220 B A AR 2
FATR], m] o3 R s AR sh = Umn 2 . OF5Eilh,
TEARSMIGER b i TR AR AT M R AR S 25
X 2H 2RI e A 2 21 3 S — 45005 , T SR P 49 5l e
T A 0 e IOk 26 AT DA e R Ay 0 A A A B
FIR 5 L SUMARER | ELASh I 1 30 A A 0 i 1
SMEIRE B IE 05, B S DO REBIAFE RS , A A TR
JEBE R R, 5 R Y 0 AR
FESEAR L, HA 330 52 i A8 # iy 2 =il 526 1) T
AR T2 A5 14 0LV D008 B T, o 1k AR S
WA ) — ARSI I . BT, E TR SMIE R
L2 A RIFSE 22 4R v A 1800 2 5 T, A O % T3 A8 5 BIK
S TS ME RS M A S ARXT D, A
PR BT I 4 — b 2l =B 2R, >R 0
GIRSNVE N E Ty, @ AR o AR
BLIEXF M PR RE AT DN XA 55 31, S 202 i 52 7
SEFNE R ) R e P IR,

1 ST

1.1 MmMEREH

1 1 9K B0 2 BRARHE 2 i ZERb B e, A1) F gk
SCKBER R A B 37, 375 320 1 % A R] it i e
338 1 0 B A, T LA SI2 B R R IG5 M % 328 DA
KB 1A% Sl AR i i RS B O ML 2 1)
WG HAR o X5 E 5 NS A8 BT %
i, ANAEAE WINPT 2 [m) T, AT S TAE B - Fis
VET o 2y S R T A 3 T — Rl il 1) A B BRI
WERR A EE ) (DL 1) o AN EIE B B2 5))
B, 3 BT RES R G AR AT, N REIR 2 U SN BE A
[ 7 iz 5l .

Z i

E1 w#sttEEsERnRE

Fig.1 Principle of the magnetic transmission reciprocating force
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Fig.2 Structure diagram of the pump body
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Fig.3 Structure diagram of the magnetic force calculation
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Fig.4 Relative displacement-axial force curve of internal and

external magnetic ring in the blood pump
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Tab.1 Flow of the blood pump

Wit/ J& f i/ kPa( mmHg)
kPa 5.32 6.65 7.98 9.31 10. 64 11.97

(mmHg)  (40) (50) (60) (70) (80) (90)

0.665(5) 3.08 2.87 2.63 2.38 2.12 1.83
1.330(10) 3.06 2.75 2.59 2.38 1.98 1.76
1.995(15) 3.05 2.85 2.66 2.42 2.10 1.69
2.660(20) 3.15 3.00 2.70 2.50 2.18 1.74
3.325(25) 3.08 2.88 2.58 2.45 2.02 1.87
3.990(30) 3.12 3.05 2.71 2.46 2.15 1.91
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Fig.5 Driving frequency-flow curve of the blood pump
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