(®)
2012 2014

Design of maglev ventricular assist devices considering bearing performance and
blood damage
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Continuous flow type ventricular assist devices (VADs) have been clinically
approved and used used in Japan, Europe and United states. In order to improve the durability and
hemo-compatibility, the use of magnetic bearings and hydrodynamic bearings have been studied. In this
research, in order to reduce the hemolysis and thrombus formation in the pumps using non-contact
bearings, the VAD design method considering not only basic non-contact bearing characteristics such as
load capacity, stiffness and damping, but also blood flow between the impeller and the stator has been
studied. This project mainly consisted of the CFD analysis and PIV based flow measurement of the blood
pumps, the development of new bearingless motors considering the blood flow and the sensorless estimation
of blood viscosity.



1,800

CFD

200

QOL

CFD

PIV

FLUENT13(Ansys Inc.)
4,000
TSUBAME 2.0

Top housing

Pump inlet

Impeller

Pump outlet

§__ Battom
housing

Pump inlet Top housing

Pump outlet Impeller

Bottom
housing

() TP 2 RN B BT IR Tk

CFD



Maglev blood pump head

Al
‘ Reservoir

.1 High speed 5
b= microscope

Electromagnet

Magnetic
coupling disc

754

4000fps
PIV FlowExpert2C,

Control coil
Stator =
Support coil
Disposable
Control coil Rotor

- = Bias magnetic flux generated
by support coil

—= Control magnetic flux generated
by control coils

“ibrational excitation:
K 0L 1)

Electromagnet of
magnetic bearing

Fluid velocity
synchronized with
____the excitation

Narrow fluid gap

Recircuration
Il

A:Separation region

)R TR O2RFANAE DIz IREL IR T Ay FigE



360mmHg,

3,250rpm
12L/min

2,000rpm

1200

@
=]
=]

e
=]
=]

=]

Flow speedmm/s]

‘ ; :
0 10 20 30

40 50

Displacement[mm]

3,500rpm

123

PIV

Coordinate of
the rotor

Displacement
sensor
Spacer

Rotor

Stator tip
Control coil
Support coil

nnnnnn
cor

PIV

Measured VISCOSY jiweas MPAs

RZ=0.992

1

1

1

1

1
0 1 2 3 4 5 5]
Reference viscosity g mPa s

8

. Wataru Hijikata, Jun Rao, Shodai Abe,

Setsuo Takatani, Tadahiko Shinshi,

Sensorless Viscosity Measurement in a

Magnetical ly-Levitated Rotary Blood

Pump, Artificial Organs , (
).

DOI: 10.1111/a0r.12440

. Wataru Hijikata, Jun Rao, Shodai Abe,

Setsuo Takatani, Tadahiko Shinshi,
Estimating Flow Rate Using the Motor
Torque in a Rotary Blood Pump, Sensors
and Materials , Vol. 27, No.
4 (2015) pp.

297-308. http://myukk.org/SM1068.html

( ), 54, 3 (2015),pp.53-58.

http://ww._nikko-pb.co. jp/products/d
etail .php?product_id=3487

, Vol. 80, No. 1 (2014) pp. 81-88.
https://ww.jstage. jst.go. jp/article
/jjspe/80/1/80 81/ pdf
( ), Vol. 42, No. 4,
p. 8, Nov. 2013.
http://ww. jidoka.net/serv/mokuji.ht
ml#2015-2

6. Eiki NAGAOKA, Tatsuki FUJIWARA, Daisuke

SAKOTA, Tadahiko SHINSHI, Hirokuni ARAI,
Setsuo TAKATANI, MedTech Mag-Lev,

Single-use, Extracorporeal



Magnetically Levitated Centrifugal
Blood Pump for Mid-term Circulatory
Support, ASAIO Journal 2013 )
Vol. 59, 3, (2013) pp. 246-252.
DOI: 10.1097/MAT.0b013e31828a75e3
. Tatsuki Fujiwara, Eiki Nagaoka, Taiju
Watanabe, Naoto Miyagi, Takashi Kitao,
Daisuke Takota, Taichi Mamiya, Tadahiko
Shinshi, Hirokuni Arai, Setsuo Takatani,
New Generation Extracorporeal Membrane
Oxygenation With MedTech Mag-Lev, a
Single-Use, Magnetically Levitated,
Centrifugal Blood Pump: Preclinical
Evaluation in Calves, Artificial Organs
, Vol. 37, No. 5 (2013) pp.
447-456. DOI: 10.1111/a0r.12006

Vol. 78, No. 792 (2012) pp. 345-353.
http://ci.nii.ac.jp/naid/13000205154
8

8

. Wataru HIJIKATA, Rao JUN, Shohei ABE,
Setsuo TAKATANI, Tadahiko SHINSHI,
Estimating the flow rate in a MaglLev
centrifugal blood pump using accurate
measurements, The 18th International
Conference on Mechatronics Technology,
Oct. 21-24, 2014, Taipei, Taiwan.

. Jun Rao, Wataru Hijikata, Tadahiko
Shinshi, A Permanent Magnet Free
Bearingless Motor For Disposable
Centrifugal Blood Pump, 14th
International Symposium on Magnetic
Bearings, pp- 183-186, Aug. 11-14, 2014,
Linz, Austria.

. Tadahiko Shinshi, Wataru Hijikata,
Taichi Mamiya, Setsuo Takatani,
Development of Extracorporeal Maglev
Blood Pumps, 14th International
Symposium on Magnetic Bearings, pp.
433-436, Aug. 11-14, 2014, Linz,
Austria.

. Setsuo Takatani, Tadahiko Shinshi,
Tatsuki Fujiwara, Eiki Nagaoka,
Hirokuni Arai, Kin-ichi Nakata, Hiroaki
Hata, Motomi Shiono, A Single-Use,
Mag-Lev Centrifugal Blood Pump, MT-Mag,
for Mid-Term Extracorporeal Circulatory
Support, 21th Congress of the
International Society for Rotary Blood
Pump/ISRBP2013, P-8, p. 95, Sep. 26-28,
2013, Pacifico Yokohama, Yokohama,
Kanagawa, Japan.

. Jun Rao, Ko Momose, Taichi Mamiya,
Wataru Hijikata, Tadahiko Shinshi,
Setsuo Takatani, An Extracorporeal
Centrifugal Blood Pump Employing a

Permanent Magnet-free Disposable Pump
Head with A Smooth Secondary Flow, 21th
Congress of the International Society
for Rotary Blood Pump/I1SRBP2013, P-11,
p- 98, Sep. 26-28, 2013, Pacifico
Yokohama, Yokohama, Kanagawa, Japan.

6. Shodai Abe, Tadahiko Shinshi, Setsuo
Takatani, Sensorless measurement of
blood flow rate and viscosity using a
maglev centrifugal blood pump, 21th
Congress of the International Society
for Rotary Blood Pump/I1SRBP2013, P-21,
p. 108, Sep. 26-28, 2013, Pacifico
Yokohama, Yokohama, Kanagawa, Japan.

7. TADAHIKO SHINSH, A Maglev Centrifugal
Blood Pump Utilizing a Disposable
Magnet-free Impeller and an Outer
Magnetic Coupling, The 6th
International Symposium on
Interdisciplinary Research and
Education on Medical Device
Developments (IREMD),pp- 93-94,
Sep.12-13, 2013, Hirosaki Univ.,
Hirosaki, Aomori, Japan.

8. Taichi Mamiya, Wataru Hijikata,
Tadahiko Shinshi, A Disposable
Magnetic Bearing System for an
Extracorporeal Centrifugal Blood Pump,
The 13th International Symposium on
Magnetic Bearings, Aug.6-8, 2012,
Washington, USA.

5540272
2010/08/27
2014/05/16

http://www_nano.pi.titech.ac.jp/

o
TADAHIKO ~ SHINSHI
60272720

®
TAKATANI SETSUO

40154786






