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Electromagnetic characteristics of outside magnetic driving axial flow blood pump and
peripheral red blood cells

PENG Ge, YUN Zhong, SUN Shuming, HU Jiyu, DONG Zhe
School of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China

Abstract: The strong magnetic induction intensity of outside magnetic driving axial flow blood pump has an effect on the blood
and surrounding tissues and cells. Therefore, performing a theoretical calculation and simulation analysis for the electromagnetic
field of the blood pump and peripheral red blood cells is necessary. Herein we use three-dimensional (3D) transient magnetic
field module in ANSYS Electronics Desktop to simulate the transient magnetic field, and establish the model of magnetic field
distribution in the cell membrane with theoretical method. Subsequently, 3D transient electric field in combination with magnetic
field module is applied to analyze the red cell membrane and its internal and external electromagnetic fields. The 3D and two-
dimensional magnetic induction intensity distributions with blood pump in the steady state are given and the maximum magnetic
induction intensity acting on the cell membrane is obtained. According to the maximum magnetic induction intensity and the
characteristics of blood pump, we obtained the distribution law and amplitude of the electric fields of red cell membrane in time
domain. The electric field coupling distribution of the cell membrane is obtained by comprehensively considering the resting
potential of the cell membrane. Based on the above-mentioned conditions, the induction magnetic field distribution of the cell
membrane and the maximum magnetic field force on the cell membrane are able to be calculated. Despite the great residual
magnetic induction of NdFeB materials, the maximum magnetic induction intensity acting on blood and red blood cells is only
812 mT. The electromagnetic properties of red blood cells provide the theoretical basis for the analysis of electromagnetic damages
to red blood cells under the influence of the driven magnetic field, as well as the clinical application and the optimal design of
the blood pump structure.
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Fig.1 Blood pump system structure
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Tab.1 Material characteristic parameters of axial flow blood pump

Parts Materials Relative permeability/H - m™
Axis SisNy 1.000 00
Bearing Titanium alloy 1.000 07
Impeller Titanium alloy 1.000 07
Pump shell Titanium alloy 1.000 07
Permanent magnet NdFeB N35 1.268 00
Partition Titanium alloy 1.000 07
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a: Three—dimensional magnetic field distribution
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b: Central magnetic field distribution
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Fig.2 Magnetic field distribution of outside magnetic driving axial flow blood pump
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Fig.3 Magnetic induction curve under a particular path
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Tab.2 Electromagnetic parameters of red blood cells

Parameters Conductivity (S/m) Dielectric constant (F/m) Relative permeability
Extracellular fluid 0.6 7.08x 107" 1
Cell membrane 1x10° 8.85x10™" 1
Cytoplasm 0.5 5.31x10™" 1

S/m: Siemens per meter; F/m: Farad per meter
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Fig.4 Electric field distribution of the red cell membrane in a quarter
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Fig.5 Periodic electric field distribution of the peripheral red cell

membrane microelement
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Fig.6 Cell membrane microelement coupling electric field distribution
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a: Magnetic field distribution inside and outside the red cell membrane
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b: Induced magnetic field distribution of the red cell membrane
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Fig.7 Internal and external magnetic field distributions of red cell membrane under the influence of induced electric field
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