FASE HTH
2019 4F 7 H

H 3 b 2
ACTA AUTOMATICA SINICA

Vol. 45, No. 7
July, 2019

BN PR R R RGBT 5

MR BR xEE ROME E#F KRS

® E ACEERE M ORI R B RS, AL
FETAEMREEMS TRt 18 Sy Je AR5 R I 22 1Y 2549 1 1T
BT PR, SRR S5 M AR DA S I IR B 1 SR g B
WIS E B/ N ST MIE LR R, 456 B AR LR 16 5 (6 2 11
£ 71°8 1.383 N, #E TAERR K /N A 1.5 A, HRKFIH Proteus 4 ff
Ve B A AL gas il LIS, )R 4 o FL IR L I AL SRR R R D 2 A A
B A, HET A AR TN B SL08 A 0 RE AR MR R b 2 ) S8
BIPIR BL, DA TCRE VA %) D3 5 33 T 5 0 W FL 1) 56 3R 388 e AR U o 4k
L1, L4, 2P L2, L3, 2 L3. L4 1 TAERHES 58 0.1, 0.03s,
0.01s, 554K LA )z Bl H 8], ARHEIS Bl PRI i 2 123 2 J8 BT AN T 3%
FRIF AR, IR EAEER YA R, JTTHAPEAE iR ECMO
(Extracorporeal membrane oxygenation) %% [ Ml %% % & & L
K.
X82iE  WzEhRIZE, w7, BRERL, SR

SIAMER  FE, B, MR, kA, R, BKEE. SEha iR g
HISRGNBTIE. A3MbaAdR, 2019, 45(7): 1392—1400

DOI 10.16383/j.2as.2018.c170348

The Study for Electric Control System of
Electromagnetic Pulsate Blood Pump

GE Bin!
WU Jin-Ping!

LU Tong!
ZHANG Shao-Wei'

LIU Jing-Jing®
ZHANG Chen?

Abstract To design an electric control system of electromag-
netic pulsate blood pump and to verify its stability and power
as it works. The principle model was established firstly, based
on the structure design of this kind of blood pump to ensure
parameters, such as the magnitude of the magnetic force and
the driving force to pump blood. The magnetic force is propor-
tional to the current. The resultant force of blood pump was
calculated about 1.383 N as it works normally. The working cur-
rent of the pump was ensured 1.5 A. Proteus was used to design
extracorporeal membrane oxygenation (ECMO) MCU controller
circuit then. Acceleration sensor, oscilloscope, and other equip-
ment are used to do experiments in no-load condition, to obtain
the force and motion state of the slider and the condition of coils
and the acceleration waveforms. The working times were 0.1,
0.03s, 0.01s as the working sequences of coils were L1 and L4,
L2 and L3, L3 and L4, respectively. The time of its half-period
was obtained, so was the whole term according to the symmetry
of the work. The pulsate blood pump driven by direct-current
electromagnetism reached the clinical requirement of extracor-
poreal membrane oxygenation, and the design was significant to
the development of extracorporeal circulation blood pump.
Key words Pulsate blood pump, magnetic force, electric con-
trol system, process control
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Fig.1 Working principle of blood pump
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Table 1  Levels of magnetic test factors
e HFE  KEKE (m)  #ARKE (m)  KRBESME (m) LR
(iacs H h Ro N
1 0.01 0.04 0.0282 90
2 0.03 0.03 0.02 360
3 0.02 0.01 0.0323 180
4 0.04 0.02 0.0241 720
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Table 2  Magnetic test result and range analysis o X o -
MR S s 2R, S IBUK AR IRAETE N35 #ybe

g 1 2 3 4 5 ARG B, ELAR 435 mm, JEE h = 2a2 = 20mm; £
TOME AMRE BEKE KBEME KRBT 1 (N) BSERE N Ly, = 20mm, ZXEEFE N 2 )2, BULERE R
1 1 1 1 1 1 3518 $0.41 mm, VBT BEIE LR AT Ry = R4, IF 5 4 AN
2 1 2 2 2 2 16.566 PPk EIEFAE A 70 ~ 105 mmHg, W35 48 IR SR AY
3 1 3 3 3 3 3.249 MERR Fo = 113N, iR45E RIRAE, & IMEF 5 3280 bk
4 1 4 4 4 4 26.327 A 11 B 45 8% N A2 R 3/8in, BJ 9.525 mm, [ I ML FHL )
5 2 1 2 3 4 4.423 1 = 0.097N, M EREBEL v 274 0.01~0.001, B
6 2 2 1 4 3 15.090 JEH ) Fo = 0.02N. il &2/ K, LR Hh 2 #F
7 2 3 4 1 2 1.237 HuE, 158 Fi = 0.2N, F» = 0.06N, N fr 538K 3 )
8 2 4 3 2 1 6.026 F = Fy+ Fy, + F, = 1.383N. #]/f] Mathematica 2| A
9 3 1 3 4 2 19.538 LI T B BE B A ) B B s
10 3 2 4 3 1 5.271
11 3 3 1 2 4 5.721
12 3 4 2 1 3 2.558 W31 /N 9
13 4 1 4 2 3 6.774
14 4 2 3 1 4 1.443
15 4 3 2 4 1 8.647
16 4 4 1 3 2 2.611
ky 12.4151 8.5633 6.7352 2.1885 5.8658
ko 6.6939 9.5928 8.0486 8.7721 9.9879
ks 8.2721 4.7133 7.5639 3.8886 6.9177
K4 4.8689 9.3805 9.9021 17.4007 9.4786
R 7.5463 4.8795 3.1669 15.2122 4.1221
16
n 79_
127 \ HA4 B - EEXRHE
Z . /- Fig.4 The relationship between magnetic force and distance
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Table 3  Variance analysis of orthogonal test R4 % 2 = 0.02m BRI MG R )
Kl W ETHA df T F B Table 4 Different magnetic force caused by different current
e 1806.594> 13  138.969  8.797  0.049 when zq = 0.02m
R 124.247 3 41.416 2.622 0.225 I (A)
e 62.188 3 20.729 1.312 0.414 F (N) 05 1 = 5 25 3
LB IME 21.578 3 7.193 0.455  0.733
e 2 =0.02m 093 1.86 2.79 3.71 4.64 5.56
Bl 558.522 3 186.174  11.785  0.036
es 47.395 3 15.798 . N NN § . N
it 855 08 iy M 3 TTLAE i, WS 2Bl 2 8] 1% 7 45 2 el F i

: /N2 IR B R, M4 B R ML 0 TFIa3E
o TP = 0:974 (IR R = 0.864) WK, ) SRR AL T R T, KB
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Table 5  Different magnetic force caused by different current

and the friction on permanent magnet slider

FN) (A

1 1.5 2 2.5 Fy
1 1.35 2.26 3.35 3.81 0.35
2 1.39 2.19 3.19 3.81 0.35
3 1.37 2.28 3.1 3.8 0.21
4 1.32 1.95 3.25 3.75 0.34
5 1.41 2.1 3.21 3.74 0.22
6 1.37 1.97 3.15 3.76 0.25
7 1.35 2.28 3.35 3.67 0.19
8 1.41 2.1 3.26 3.9 0.38
9 1.36 2.15 3.35 3.65 0.35
10 1.35 2.12 3.21 3.71 0.34
11 1.45 2.28 3.36 3.95 0.25
12 1.32 1.95 3.15 4.15 0.36
13 1.39 1.95 3.21 3.76 0.25
14 1.36 2.15 3.35 3.75 0.37
15 1.41 2.14 3.3 3.9 0.2
16 1.35 2.09 3.15 3.87 0.34
17 1.31 2.09 3.4 3.75 0.35
18 1.36 2.16 3 3.85 0.25
19 1.38 2.28 3.29 3.79 0.2
20 1.35 2.1 3.25 3.71 0.34
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Fig.5 Schematic diagram of experiment
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IE N 10, JEBh B A HURTIE 10s HEA . TAFE0.1s W
UG, A OGE i2 3 FLE BN 0. AR, G M ZR
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Table 6 The relationship between current and voltage of
blood pump coils
I U (V)

Ura ULz Urs Ura

3 6.7 6.4 6.2 6.5
2.9 6.6 6.3 6.1 6.2
2.8 6.5 6.1 5.9 6.2
2.7 6.5 5.9 5.7 6
2.6 6.1 5.6 5.5 5.8
2.5 5.8 5.6 5.4 5.6
2.4 5.5 5.4 5.2 5.4
2.3 5.4 5.2 5 5.3
2.2 5.1 5.1 4.8 5.1
2.1 5 4.9 4.7 4.8
2 4.5 4.8 4.5 4.4
1.9 4.4 4.6 4.2 4.3

1.8 4.1 4.3 3.9 4
1.7 3.9 4 3.7 3.9
1.6 3.6 3.8 3.5 3.8
1.5 3.4 3.5 3.4 3.6
1.4 3.2 3.4 3.1 3.1

1.3 3.2 3.4 2.8 3
1.2 2.7 3.1 2.5 2.7
1.1 2.5 2.8 2.1 2.6
1 2.2 2.5 1.9 2.5
0.9 2 2.2 1.6 2.2
0.8 1.8 1.9 1.3 1.9
0.7 1.6 1.7 1.2 1.5
0.6 1.3 1.4 1 1.2
0.5 1.1 0.8 0.9 1.1

4.3 MEFEHETIELLE
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Fig.6 Output of acceleration waveform and output of 0.1s

sustained signal observed by oscilloscope
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Table 7 The working time of blood pump coils
1] (s)
Lir4 L2L3 L3L4 L1L4 L2L3 L1L2 L1L4
1 0.1 0.03 0.01 0.1 0.03 1

L AL IR 12 MHz, R ERES 775 2, W ek i
JEER 4000 Yot 1s, i AL SCHe 3045 1) 2 40 5 1y AT

R M

@ &M L4 |
(a) Coils L1724

(c) 28 1314
(c) Coils L3L4
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