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Sensorless Blood Viscosity Measurement in a Magnetically-Levitated Centrifugal Blood Pump
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Yuki SUZUMORI, Tokyo Institute of Technology, 4259 Nagatsuta-cho Midori-ku, Yokohama

Wataru HIJIKATA, Tokyo Institute of Technology
Tadahiko SHINSHI, Tokyo Institute of Technology

A sensorless noninvasive method for measuring blood viscosity has been developed for a magnetically-levitated
centrifugal blood pump. The blood viscosity can be calculated from the measured phase difference between the
input current to the magnetic bearing and the impeller displacement. The experimental results using porcine blood,
which has a non-Newtonian property, showed the difference between the viscosity measured by a cylinder
viscometer and one by the magnetic bearing was 0.3 mPa-s. In the range of 0.5 to 4.5 L/min, the variation of the
measured viscosity was less than 0.2 mPa-s. The results indicate the proposed method can be applied to measure

the blood viscosity for clinical use.
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Fig. 1 Signal flow of magnetic levitation and viscosity
measurement system
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Fig. 2 Photograph of the experiment setup
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Fig. 3 Configuration of the viscometer with temperature
control and varjable shear rates
ARG LRZED, 50 mm, 300 pm ThD, SMEEVICERE TS
TOUNr—R %, EIRE CIREHIE LK ERER 5. {HE
BHRIEROBRIREL, SMENEICR T B E X
DOHALL, MER 7 ORBHREZ BRATETHD. AER
OFEEEHEERIE, MR 7 LR 2,000 rpm (17,500 s1) &

L, BRI EDBRERBEU RV EEERTNICHERLE.

4. MFEHEEEER| & KA ETE

4 -1 MERABBORE

B BUSE 54T E (FRAB022, NF Co.) 2V, B2 RE
DIYEIREIRIZOWT, EEERROMKISE O AT ER
| INDEAL x TCORBEEIGEE, K 4 1R TEFRLE. AT
SN, 3 60 Hz THRRER L. ZhED, REOFRIRE
EELT B0, A TREIEMMBEROMIEEEEIL 60
Hz (wey, = 377 rad/s) ERFEL T
42 FYwYUKBEIZLBIRIE

BB ED YRV KIBRIZOWT, (U2 ¢ LEE u
DOEMEEAT. ZORBREZN 51T, RRIER RS
DIRIE|x,, [EFHRIET 100 pm LRBEIICHRIE L. ARzE
DORTEDE R EHEIM TR 2 B2 B mml ST,
4 - 3 mEEsEEHR

b IRLEIEEF —#%b eI, 72 MIROKEFHI%1T
feofe, MRF T A NVER, 1 TEMBIURE
HAMEDHRF|F—F%ER 6 1R, MRS, 20
BIRBL A _SEMN OB IEEMT 2. FEEFHAEIL, =
— AT AN DEENGH 10 T CRBEICHR TS, ki
BEEHAMES B B B IC LA A EIIZIE— &KL, MED
213 0.8 mPass Thole. ZOFREEND, FE=a— P RETH
HMBIHL, AFEPBEA AR THIZLER L.
4+ 4 FELLHOHEIHIE~DORE

7 WA ~_FEEEE 2,000 pm TEEL, HEEREZEL
SR AOMEHEHAEEZRT. £7—F1IK 5 OKIE
F— PR EA~BE L. FEFHMECREREKTFIL 0.5
Limin 75 4.5 L/min O T 0.2 mPa+:s L FChotz.
T, RS A TRESHAMEBIRICR W TRE R RS
B RIBITRADBTEN R,

5. % §

oo A THAMIRIC L, BET DL A E
EHEEOM A R REMA R U, 0.5 Limin 235 4.5 Limin O
ELLROF R ELENT 0.2 mPars LITTHY, R Lk
ERBELE. DRI, ARESBRGACBWCEA
REBRLRBIENREIN, 45 1%ITEEEEE X RO
{ifi, BHABKEE A ST B EOBREL, KEHHICES
MBRFROBRMERNT DT ETHD.

T 160 —
O R 51 mPa-s T
g cweee- 4.0 mPars
B, -170} --- 24 mPa-s|
< :0.9_@
N et e O
Q MB0L Lo e T ~
@ T
£ . i
o 1 10 100
Frequency [Hz]
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Fig. 5 Relationship between the phase difference, ¢ , and
reference viscosity at 2000 rpm (3 L/min)
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Fig. 6 Viscosity measurement of blood at 2000 rpm (3 L/min)
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Fig. 7 Relationship between the flow rate, ¢ , and the viscosity
of blood at 2000 rpm
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