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Development of a Multi-arc Hydrodynamic Bearing Type Centrifugal Blood Pump
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Abstract: The purpose of this work is to develop the multi-arc hydrodynamic bearing in a centrifugal blood pump with a
high bearing stiffness and hemocompatibility. We performed a numerical analysis to optimize three design parameters of
the multi-arc bearing: number of arcs N, bearing clearance C, and groove depth H. To validate the accuracy of the
numerical analysis, we measured the impeller trajectories. Additionally, we conducted an in vitro hemolysis test and
anti-thrombus test to evaluate the hemocompatibility of the developed pump. By the numerical analysis, the optimal
parameter combination was determined as follows: N =4, C = 100 um, H > 100 pm. Through the measurements of the
impeller trajectories, the accuracy of the numerical analysis was validated. Through the hemolysis and anti-thombus tests,
the developed pump was found to have clinically acceptable hemocompatibility. In conclusion, we could develop the
multi-arc bearing with a high bearing stiffness and hemocompatibility.
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Fig. 1

Schematic diagram of the hydrodynamic levitation blood pump

Groove depth: H
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Fig. 2 Four bearing angle phases for calculation.
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Fig.3 Measurement system of the impeller trajectory.

Tablel Geometrical parameters of tested pumps for the
measurement of the impeller trajectory

Model number 1 | 2 3] 4 5 ] 6
Bearing clearance C [um] 100 90 80
Number of arc N 0 4 0 4 0 4
Groove depth A [um] 0 100 | 0 | 100 | O | 100

2-3 in vitro A M ER

% MRS O BT FE R A M K IE TR EEZR 57
W, in vitro IEMRBR 21T - 72, RBREMITFE 4 L/min,
J£77 200 mmHg, R 37 °C & L, RBREFEIL 4 BrRI& L
7o, MR Y > OS2 Lz, sBRg, mEL
MR OWEEE~T 7 o v v BE, WEEERIC L > TER
L7z. £ L CHIMIEEK TH 5 NIHNormalized Index of
Hemolysis) % &R > 7T MIOWTHEH L., RBRICHE
H LR ANL, 707 VR R, 2R H 80 um
OEMEZOET IV 5 &, PREE 80 um THEI %
100pm & L7=, 4 Az oeF L6 0 2 @EE L. &
R & L, Bl > 7 (BPX-80, Medtronic #L8L) %, [F]IHF 1
HER L7,




2-4 in vitro M2 i E&

% M52 OPTIARE % FEAT 3 2 728 in vitro HLifLFEFK
BR21T o 7-@. SBRSMEITIEE 4 L/min, £/ 200 mmHg,
JREE37°C &L, ABREFMIL 2 BFRE L7z, migicixy v
DOWENA 12 U7z, iR 16 (b e [E R [ (Activated
Clotting Time, ACT) %, B 5E5R % 54 L 72 200 s THERF L
NG, R T EBENHERER I K2 IRR S .
DL EPEEAIE LT BT MY v Ak, FRAlE L
TN T LEZNENHWE. REBEKTHREZEDBIC
MIEAR > 7250, MR OAHE B CHEE L7,
RBRICHR LR 7%, 79T AVBIEEZ IR, et
BRE 80 pm THEE S % 100pum & L7-, 4 Hil#sz o5 v
6 & W=,

-
—

3. ERBERLEER

M OB 2 KD B 720, B LIRS %2 100
pm [ZEEL, MO LEZZELI L &0, Wik
£ T 2 M O BAEMATRE R A X 4 1R, 21
I VX O R FNIC X > THISRIPE N B 5. B
AAZ KD MMED O L LT, &MIT, @Rl
M D EHANFRIZ X T DR MR ZE 2 KD 5 &, 2 FELT 0.004
N/um, 3 ML T 0.0009 N/um, 4 51T 0.0006 N/pm & 72
D, MBS ERERAAC & B RED LA /& <
BT ENbhote. —EOMZEINEE AT 22X AR
PEFBIZ K AHMEDZALR /NS W EREE LWDT, K5
TV SZ {4 O [ BRALABIZ K B 2L e b/ &0 4 P
ZHERMA L.

WA R SR S OREEZ kD 5. Hill%k% 4,
sz BIERA AR 2 2/4 FAMNC[EE LT, PR RS %
FNENEA ST & & O AIED BT R EZE 5
7. KSIZBWT, A TrRLEELAEY Bilo~
2oy b3, B E SN O ) & A B % IS AR T h
5. S OICEIMEEMEOB S O PRI TE 27210 AW
FREROWOT, B 100 um, EE S 100 pm LA Lo &
WEE LW, Lo THEMAT R SIE, 4 [,
B 100 pm, VRS 100 pm ML E L3 2 LA, EL T
e (8 D Az fPE 2 R LoD, TX BT IRV L
ERiOE MM IR TH D EHETE .

0.01 1

-B-2-arc

0.008 - A 3-arc

O 4-arc

e S e

I o o

S S S

51 i x
>

~

Bearing stiffness [N/pm]

=)
L

-0.002 T T
2/4 3/4
Bearing angle [of arc]

1/4 4/4

Fig.4 Phase variation of the bearing stiffness of the model
with various numbers of arc
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Fig.6 Impeller trajectories for six pump models.
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Fig.7 NIH value for newly designed blood pump
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Fig.8 Photos of the pump after in vitro thrombus test.
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