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Flow Estimation Method of Centrifugal Left Ventricular Assist
Device Based on Motor Parameters
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Abstract; Objective To study CH-VAD blood pump developed by CH Biomedical Inc., a method for estimating
the real-time flow of blood pump was established by using the voltage, current, speed, duty cycle, and fluid
viscosity as the input data. Methods The blood pump system was disassembled into two modules, the motor
and the centrifugal pump. Firstly, the output torque of the motor was calculated according to the voltage, current,
speed and duty cycle of the motor, then the relationship between flow and torque at different speeds and
viscosities was tested through experiments, and a fitting model was established based on the experimental data.
Results The fit goodness of Pump 1 and Pump 2 reached 0.982 6 and 0.982 9, respectively. The fitting
parameters were used for verification. When the viscosity changed, the root mean square error for the estimated
flow of Pump 1 and Pump 2 was 0.260 and 0.274 L/min, respectively. The fitting parameters and estimated
results of the two blood pumps were in good agreement. The flow estimation method could follow the actual flow
waveform in real time, and the accuracy of the estimated average flow was not affected by the pulsation.
Conclusions The flow estimation method proposed in this paper is suitable for CH-VAD blood pumps. It can
accurately estimate the flow of blood pumps in the range of speed 1 600-3 600 r/min, flow 0. 4-8 L/min, viscosity
1.2-5 mPa-s, and can follow the flow waveform well under pulsating conditions.

Key words: flow estimation; viscosity; heart failure; left ventricular assist device; centrifugal pump

Wo#s B H#A:2021-02-23; &[] H #7:2021-03-04
BEEE A, 4%, E-mail; chenchen@ suda.edu.cn



¢ % ETHRISENB O ELEHMEEREMERE
LU Tengfei, et al. Flow Estimation Method of Centrifugal Left Ventricular Assist Device Based on Motor Parameters 113

H T, 0 77 %98 O 8ok A BRPE Y B8 7 fit B )
AL 7R ) A B A R TR B 4 R A S
TAEFCRE KES . AR ME SO E7E
PR 225000 I A5 SR AR T RE R A S B Xt
THEEOERE, 2067 AWK, HalfER KD,
DR AR H EAYT O ) il e A 3 F- B (0 G
A E R R R A BRY R, PEBRAY
890 J .U EEHFH (HAE 2015 ~ 2018 4EF& FE A58 B>
EREAE 1 583 B, fE &A%, LISEE Thoratec
INFEITH B HeartMate 1T #1135 B HeartWare 2 &)
Hilf HVAD AR R 2 0 E B B T
IBITIFUE R A AR IR R EE R,
I [0 B 7 2 A PR R BIF i 11 4 8 7 22 0
Z 5 Bh2E B CH-VADL B 3R A5 I R AT 1L

T2 U 28 8 Bl 2k B I PR FH b, O — A
FAELRS BB AT TO0AY T2 S50, i FH I & 1% B
ST A A AR BRI DR [R] B A7 A AT A
PERIE PR, — 3 e i 2R A LR A OR
G AL T R e, EAMFR LA 2
MR ASE D FE RN AL B i, I 5] A TR B
ST A TE I T Z AR
(], b AN [ i 20 T 45 1 B A 53 7 RA AR K 2 5%,
WA 55— (A B )5 1. Khare 2507 fi FH %k = %
AT I 2R P T ) 57 B A0 B I 2R R e 1 T 25, 9F
FRAE M ZE HQ M2l B0 2 5 1% 7 15 32 AR 3 i 52
Wi 58 /0N (ELHE LS, P AE B0 20 28 E Pai 450 3
TR0 AR TR M AR 3 s S Al B 2, 1%
BFIRESZ BE R M /0N, (078 B e A kG B AN
W T B ALIIFE MGk, STk [ 15-17] Hizs
BP 12 W 28 il 50 38 2, LA I 2 ) A A S 4 A i
A AR EARELE AR 1L

AR SO I G053 FEL LA O S BB,
SEFE T HL AL A K I AR B 2 ST L AL T R
7 s, AR I 7K 0 23 5 AN ) 2 3 R K 2
JETR MR A AR A 0GR I A S A
B IFERSMIK SN L & F Bk,

1 REMEFE

1.1 HEHHEAEITE
CH-VAD WHRAYER S ML TCRI B AL, R
P 1 e LAY B 2l Ee R S A T £

SEHHLA R B, AR AT 2R B p B i, FALR
M H_PWM_L_ON 3K zh 73X, P U AH 45 558
WA T4 S8 M6, 24 PWM TR, Q,.Q, FTHF,
FEL T P L R 20 R R 2 P I M IR R 4 N £
PR TARSE . 24 PWM CIREET, Q, . Q, TR4F
FIFF AL A AE A L i Q, v A Ak A 45
LB EA B2k H L, ML R 2R RE R AE
PWM FTFFB BRI, BELR IR R TV B ¥ K (U
W5 TSR AR B 1 A B AIK T 2 18 Fl 9, (E AR 405 I il
FATL A BR 2 AR TR | 133 F AL F A ) 6 T 75 1) S L AL
14 2% P FEL YA

Y e

R o
ozje‘j Qi ¥ QAE,} Wv

B 1 mEYEsIERK

Fig.1 Schematic diagram of the motor drive circuit
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Fig.2 Relationship between flow and torque at different speeds
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Fig.3 Relationship between fitting coefficient and speeds
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Fig.6 Flow waveform comparison under pulsation
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