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Shafiless Disk.tune Selfbearing Mator for Artificial H

Seung-Jong Kim, Toru Masuzawa and Yohji Okada

ABSTRACT

In order to apply into a compact and reliable centrifugal blood pump, this paper introduces a self-

bearing motor in which a rotor is rotated without contact. The rotor is actively controlled in only radial

directions, while the axial and tilting motions are passively stable owing to the disk-shape structure of the

rotor. A prototype was made in outer-rotor type that is far better in the compactness than inner-rotor type.

The prototype could be driven up to 8000 rpm with the rotor vibration under 0.12 mm. The maximum

cardiac output and pressure head were 9 L/min and over 200 mmHg, respectively. These experimental

results show that the proposed self-bearing motor has sufficient performance for application to a real

blood pump.
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Fig. 4 Schematic view of the proposed
centrifugal blood pump
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Fig. 5 Cross—sectional view of the prototype

Table 1 Design parameters

Parameter Value
Diameter of stator 50 mm
Inner diameter of rotor 52 mm
Outer diameter of rotor 63.4 mm
Thickness of permanent magnet 1 mm
Thickness of stator and rotor 8 mm
Weight of rotor 62 g
Weight of stator 105 ¢
No. of turns (motor winding) 40
No. of turns (bearing winding) 100
Amplitude of motor current 1.5A
&S vidstzl 98 12 AFRES da 3

AZsd T Figdst 55 HAXY Adxe 2¢4
ANZAE GUEE Bo Fof 283 7] EHQ A
At%E Table 19 Attt T B viet
Zo] o} PP HAE B¢ BT A5
agEes £4 F dou, Fa ZFue H¥EH
#Y AP T, 1AL AFed e ol gl wEA
Ao, I3 AR A AFE LT
THE AlzgedA s dzte] 23 AlelE DSP
(TI-TMS320C30) Well A o]FolZit}h Ao} 329
FA4 3 PID A7) dAE 5% A7) #og9
AMoA G FAdsAT Ao AYg RE FF
Fagdd FxA7E BAFo] FrrdY. HEHY
Fa4E 6.7kHzolW, Aloiz]o] nvl&El Ao AN
10 V/m, "8 Al?1L 0.02 V-sec/m, A& Al
0.005 V/msec® 3ttt g H, AH 2E A&
Al =, 3Rt ofid 12719 #L& dF
Ag A4 pFog R aAstod Faio o
3Hzte 94 AL T(hal) ANZ SHE F
A=2 3ttt dA DSP9 PID Ao} 7]l A
Adsle 38 ZE Ao Az e 28 ¥ Ao

Nz $7 D/A WBrY 5HY Ay @

-562-



0.3
— X
E —— Y
g 0.2
E‘ 0.1 h C:“
o 1 1 1 A
0O 2000 4000 6000 8000 10000

Rotating speed [rpm]

Fig. 6 Unbalance response

olN

7]

i

A AF2 dEgHo 1Yz 38

3249 Az

+71%A #d 8000 rpm7tA 3 H A 7] A A
4k sldae v wEd HNFS Fig. 69
vebsicl Hg AE 0.12 mm o)WE, 2000 rpm
o]l A= 0.08 mm oW E 4T aA AES U

4 oleh v, dAsh v%Y HES RES A%d

N

=
=

250

150

1600r pm

1400rpm
1200rpm

Pump head [mmHg]

’_H—o rpm ?

Flow rate {I/min]

Fig. 7 HQ characteristics of the prototype pump

HhE )

Figure 72 A8 #7] 4 @2 o & 4%
Ad datolt), A3 A £ = 2000 rpmell A o
'8 E= 200 mmHg, 1800 rpmoilAl Hcol #-3%
8.66 Vmin7t 3= 1& Aol dag F=
%< 5 1/min o] 3] FF3 &&= 100 mmHg
EsteE 1600 rpme A
FREE 4 7 AUk @ A, vE g o] LEE

T°r

Fao gHs=2FE de dgd E3ag

e

T=-(0x107/60x1333x H) (8)
wn

g, @ He 77
ImmHglE 9vlgth dlE S0, 34
1800rpme] it 0.3012} 7HH&d 0.017
Nme] 8 Earzt A, ol 247 ¥4 ZE e
AAo) Fast AE7T ok

2yEle 2449 49 FiFo

fad

=
joj
FZF[Vmin]3 e =

&0

I

30 —
=
= 2000r pm
c 25 +
2 1800rpm |
ot (
2o |
?
S 15 L 1600r pm
: -/ |
]
o s
s 10s ' ' 14001 pm
g M
< T . 120w
"y l 1000rpm
|—.
0 R{)Orpm 8001'[)"1
0 2 4 6 8 10

Flow rate [I/min]

Fig. 8 Power consumption versus flow rate

-563-



100

& 600rpm

90 . 1%80rpm
— 80 Or pm
= M~ X 1200r pm
70 X 1400rpm

60 e 1600rpm

i + 1800rpm

50 |- = 20007 pm

Pump efficiency

10

Flow rate [1/min]

Fig. 9 Pump efficiency versus flow rate

Abghol €tk AL o 4& WY 4P =
E&S Fig. 8% 99 Jehd} 1600 rpmo &
B A3HEA 5 /min® FF& HE3s FF, 4 13
Wob ARET, o uje] HY 582 30%9L ¢ &

Aqot. BE 28

flo
)
o
j‘:_l‘
e
flo
=)
N
£
o
2
oo
‘91‘("‘
£

Bl
BEZ2HAE[W]= ¢H 3 =[mmHg] x 13.6 x
- ([1/min] / 60 / 1000 x 9.81

o7lM, 27l F EHAAE A7l BA4e Hd
HEo] AREE oFE 7|E9 RH Hls ZE
g0 ulf wolAl o 40%3 BHEFHAT. Tty
5H 98 AYe] dig B £ L5 u|d HA

a&2 oF12%7F At

% AE 8
A Thsafh

3714 8000 rpm7HA|

mgol erer Fzsh Alols]
AdE A7) Py
Nk

1. C. Nojiri, et al. "More than 1 year continuous
operation of a centrifugal pump with a
magnetically suspended impeller," ASAIO J.,
Vol.43, No.5, M548-M552, 1997.

2. P. Allaire, et al. "Performance of a
continuous flow ventricular assist device:
magnetic bearing design, construction, and
testing," Artif Organs, Vol.22, No.6, pp.475-
480, 1998.

3. T. Yamane, M. Nishida, T. Kijima and J.
Maekawa, "New mechanism to reduce the
size of the monopivot magnetic suspension
blood pump: direct mechanism," Artif Organs,
Vol.21, No.7, pp.620-624, 1999.

4. Y. Okada, K. Dejima and T. Ohishi. "Analysis
and comparison of PM synchronous motor
and induction motor type magnetic bearings,"

IEEE Trans. on Industry Appl., Vol.31, No.5,
pp.1047~-1053, 1995.

5. T. Masuzawa, et al. "Development of design

methods for a centrifugal blood pump with a
fluid dynamic approach: results in hemolysis
tests," Artif Organs, Vol.23, No.8, pp.757-61,
1999.

-564-



