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Abstract- In centrifugal blood pumps, contactless support of the 

impeller and a sufficient fluid gap in the pump head have been 

identified as features that have the potential to keep blood 

damage to a minimum and enhance the durability of the blood 

pump. We have developed three types of cost-effective magnetic 

bearings and contactless torque transmission mechanisms for 

disposable centrifugal blood pumps which can be used for 

extracorporeal circulation. In this paper, we introduce 

prototype maglev centrifugal blood pumps that utilize these 

mechanisms and we present both the experimental results and 

the results of simulations carried out on them.  

INTRODUCTION 
For bridge to implant of a donor heart or expensive 

implantable ventricular assist device, a cost-effective, highly 
durable extracorporeal blood pump system that does not cause 
thrombus formation and hemolysis is required. We have 
developed three types of magnetic bearing and contactless 
torque transmission mechanisms for centrifugal blood pump 
systems that have disposable simply structured magnetically- 
levitated impeller-rotors.  

First, in this paper, we introduce these three types of 
magnetic bearing and contactless torque transmission 
mechanisms [1]-[5]. Then, the designs and prototypes of three 
types of disposable maglev centrifugal blood pump that use 
these mechanisms are described. Finally, the mechanical 
performance of all three pumps in mock circulatory systems is 
described. Details of biocompatibility of Types 1 and 2 pump 
heads evaluated using animal tests [6]-[9] are given. 
Furthermore, the possibility of blood damage in Types 1 and 3 
pump heads is discussed based on CFD simulation results. 

MAGNETIC BEARING AND TORQUE TRANSIMISSION 
MECHANISMS FOR EXRTACORPOREAL MAGLEV PUMPS 

Figures 1(1), (2) and (3) show the proposed magnetic 
bearing and contactless torque transmission mechanisms.  
The stators in each case are placed on the outer side of the 
disposable rotors. The radial motion of the rotor is actively 
controlled by the electromagnets in the stator.  The axial and 
tilt motion of the rotor is passively supported by the magnetic 
coupling between the rotor and the core of the electromagnet. 
In Type 1, the rotor consists of a rare earth magnet ring 
sandwiched between two slotted-iron rings.  In Types 2 and 3, 
in order to reduce the cost of the permanent magnets, the 
disposable rotor consists of slotted iron parts only.  
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Figure 1. Proposed magnetic bearing and noncontact torque transmission 
mechanisms for disposable centrifugal blood pumps. 
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To rotate the rotor, three types of torque transmission 
mechanism are proposed. In Types 1 and 2, the magnetic 
couplings are placed on the inner side of the disposable rotor. 
The motor torque is transmitted to the rotor using the 
magnetic coupling between the rotor and a coupling disk, 
which is directly driven by a motor.  

Type 3 also uses magnetic coupling mechanism to 
transmit the motor torque, but the coupling disk is placed on 
the outer side of the disposable rotor. Compared with Types 1 
and 2, the configuration of Type 3 has high design flexibility 
for the impeller-rotor and smooth secondary flow can be 
generated under the impeller-rotor in the pump head as shown 
in Figure 2. The smooth secondary flow is expected to reduce 
blood damage. 
 

DESIGN AND FABRICATION OF THE MAGLEV 
CENTRIFUGAL PUMPS 

Three types of maglev centrifugal blood pump were 
designed and fabricated as shown in Figures 3 (1), (2) and (3).  
Figure 4 shows a photograph of the preclinical maglev 
centrifugal blood pump system including the magnetic 
bearing and motor drivers, the monitor for the Type 1 blood 
pump and an artificial lung. 

All the pumps consist of a pump head, a two-degree-of -
freedom controlled magnetic bearing, a magnetic coupling 
disk and noncontact displacement sensors and a motor. The 
pump head consists of disposable top and bottom housings 
and an impeller-rotor. The external dimensions of the 
impeller used for these pumps are almost the same. The 
impeller has six straight vanes and its diameter is 50mm. The 
radial and axial minimum fluid gaps between the rotor and 
the bottom housing is set to be 300m and 1mm, respectively. 

These magnetic bearings were designed to have the same 
magnetic gaps and almost the same passive stiffness in the 
axial and tilt directions. Furthermore, the designed maximum 
transmittable torque using the magnetic coupling is almost 
the same. 
 

EVALUATION OF PUMP PERFORMANCE AND 
BIOCOMPATIBILITY 

In the development of blood pumps, not only pump 
performance but also evaluation of the biocompatibility is 
important. All the maglev pumps achieved contactless 
levitation and rotation at speeds of more than 3,250rpm. The 
rotational accuracy of the impeller-rotor was measured. The 
radial vibration of the three types of pump during pumping 
was approximately within ±50m which is much smaller than 
the fluid gap of 300m. 

Figure 5 shows the measured H-Q characteristics of the 
Type 2 blood pump in a 40 per cent glycerol–water solution.  
The other H-Q characteristics of Types 1 and 3 blood pumps 
are the same. This performance satisfies the requirements for 
both left ventricular assist and heart-lung support. 
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Figure 2. Magnetic bearing and magnetic coupling configurations and the 
secondary flow channel design in the pump heads.  

 

(1) Outer magnetic bearing and inner torque transmission mechanism
using  a rare earth  magnet ring in a disposable rotor (Type 1)

(2) Outer magnetic bearing and inner torque transmission mechanism
using  no rare earth  magnet ring in a disposable rotor (Type 2)

(3) Outer magnetic bearing and outer torque transmission mechanism
using  no rare earth  magnet ring in a disposable rotor (Type 3)  

Figure 3. Designed and fabricated maglev centrifugal blood pumps. 
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Hemolytic characteristics of Types 1 and 2 blood pumps 
were evaluated by in-vitro tests using fresh porcine blood. 
The normalized index of hemolysis (NIH) is half of that 
generated by a conventional centrifugal blood pump using a 
contact bearing (BioPump BPX-80, Medtronic).  

In the Tokyo Medical and Dental University, Types 1 and 
2 blood pumps were implanted into young Holstein calves for 
ventricular assist tests for up to two months as shown in 
Figure 6 and for cardiopulmonary bypass tests for up to three 
weeks as shown in Figure 7. After the improvements of 
manufacturing process of the pump heads, no problems 
occurred during the animal tests and the disposable pump 
heads did not need to be changed. Both types of blood pump 
achieved high durability and high biocompatibility. 

 

 
Figure 4.  Preclinical maglev centrifugal blood pump system using Type 1 

magnetic bearing and magnetic coupling mechanisms 

 

 
Figure 5. Experimental HQ characteristics in a 40 per cent glycerol–water 
solution (Type 2 blood pump). 
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Figure 6. Left ventricular assist test using a centrifugal blood pump of Type 1 
blood pump.  

In order to evaluate the effectiveness of using a Type 3 
pump head on blood damage, streak-lines in the secondary 
flow in Types 1 and 3 pump heads were simulated and 
compared using the CFD models shown in Figure 8. The 
pump head profile of Type 1 is the same as that of Type 2. 
Assuming a flow rate of 5L/min at 2,000rpm, the transit time 
and the length of the trajectory of each particle passing 
through the area between the impeller and bottom housing 
were calculated and the results are summarized in Figure 9.   

The transit time and length of trajectory of the particle 
passing through the Type 3 pump head are smaller than those 
for Type 1 pump head. It is concluded that the secondary 
flow pass in the Type 3 pump head is much smoother and the 
damage to blood cells is expected to be less compared with 
Types 1 and 2 pump heads. 
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Figure 7. Cardiopulmonary bypass test using a centrifugal blood pump of 
Type 1.  

  

 
Figure 8. CFD models of Types 1 and 3 pump heads 
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 CONCLUSION 
In this paper, three types of disposable centrifugal blood 

pump using cost-effective maglev impeller-rotors were 
introduced and the pump performances and biocompatibilities 
reported. In future work, we plane to carry out in-vitro and in 
vivo tests using a Type 3 blood pump and to develop a more 
compact bearingless motor using disposable rotor-impeller 
without a permanent magnet. 

This work was partly supported by JSPS KAKENHI Grant 
No. 24360059 and a research grant from the Mitutoyo 
Association for Science and Technology. 
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Figure 9. Analysis of streak-lines in the secondary flow of Type 1 and 

Type 3 pump heads 
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