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An Air-core Transcutaneous Energy Transmission System for an Artificial Heart
—Controlling and Stabilizing the Output Voltage Using External Information—

Kenji Suisa,* Masayuki NUkava,” Toshio Tsuj,* Kohji Kosair**

Abstract In this paper, we propose new control techniques to stabilize the drive voltage {(output voltage) of
a total artificial heart {TAH). To supply the electric power for driving a TAH, one of the methods is a transcuta-
neous energy transmission system (TETS) with air-core coils. It is possible to transfer energy by means of elec-
tromagnetic induction between two air-core coils placed face-to-face on each side of the skin. With such a design,
however, the output voltage fluctuates due to the change in the value of mutual inductance between the two coils
when the relative positions between two coils are changed. In order to stabilize the driving voltage of an artificial
heart, it is necessary to control the output voltage using a feedback loop. Considering the problems of infectious
disease and quality of life (QOL), it is desirable that the output voltage is controlled without a feedback cable.
This paper reports on new control techniques that control the output voltage using a primary coil current that
can be measured outside the body. As a result, we found that the efficiency of the transcutaneous transformer is
more than 90% between the frequencies of 500-800 kHz, and the fluctuation of the output voltage, when the coils
were shifted parallel to each other and the gap between the coils were varied, can be controlled to within 22 V

(without control: 194 V).
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Fig. 1 Block diagram of the energy transmission system for
a total artificial heart (TAH).
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Fig. 3 Equivalent circuit of the energy transmission system.
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Fig. 4 Arrangement of the transcutaneous transformer.
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Fig. 6 Output voltage control circuit.
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