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Direct drive of an implantable actuator
using a transcutaneous energy transmission system
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Abstract
We have been developing a transcutaneous energy transmission system (TETS) for a completely
implantable device. As for the conventional TETS, the AC current through the internal coil of
transcutaneous transformer has needed to be rectified by the internal circuit in order to drive the implanted
actuator. An important problem is how to reduce the volume and the heat dissipation in the internal circuit.
This paper proposes a new TETS that can supply AC electrical current directly to the implanted actuator
without an internal circuit. First, the transcutaneocus transformer is redesigned in order to expand the

operating frequency range from tens of hertz to hundreds of kilohertz. Second, /n vitro experiments with an
improved TETS are conducted with an induction motor and an ultrasonic motor for the implantable actuator.
As a result, a maximum energy transmission efficiency of 92% is obtained. And, the rotation-speed can be
controlled by the input frequency. Moreover, the new type of TETS reduces the volume of the internal device
by 65%. It is proved that the newly developed system is very simple and has the potential to provide better
quality of life for patients compared with the conventional TETS.
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Table 1 Specifications of the two-phase induction motor (RH6P4N, Japan
servo co.) and ultrasonic motor (USE60-S4, Shinsei-kougyou co.).

Induction Ultrasonic
motor motor
Number of poles of rotor: P 4
Rated output power [W] 4 5
Rated frequency [Hzl 50/60 40k
Rated input voltage [V] 100 110
Rated output torque [mNm] 29 1000
Rated number of rotations | 1300 100
[rpm]
Dimension [mm] 6 600%650 ¢ 54x27
Weight [g] 650 260

Skin  Transcutaneous
transformer

V£

|
& | o EE-' Em
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VLN
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LR

Fig.4 Connection diagram of the prototype
circuit (Induction motor)

Fig.5 Transformer T1

Table 2 Specification of the toroidal-type transformer

Transformer name T1 TT
Material Silicon Mn-Zn
steel Ferrite
Outer diameter 70 38
[mm]
Magnetic Inner diameter 40 22
core [mml
Height {mm] 20 14
Cross-sectional 300 110
area [mm?]
Volume{mm?] 52000 10500
Weightlg] 650 60
Coil wire diameter of the 0.25 0.7
secondary and primary (¢ 0.05%120)
coils[mm]
(K, [mm#AD 0.49) (3.8
Number of turns of the coils 980 : 980 10:25
(primary : secondary) [turns]
Thickness of the secondary coil 10 4.5
(= Nlmm]
Weight of the secondary coil [g] 15 100




S4 7H K~k

Truge[mNm}
Fig.6 Torque vs. rotational speed of induction motor.

10
& OmNery
a5 O 20mNm
wie JOmNm

8

W 40mNm
NM

.

0 20 40 60 80 100 120 140
Frequency[Hz}

Efficiencyls]
8 2

g
o
v

3

Fig.7 Transmission efficiency of T1 type transformer as a function of
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