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Evaluation of Properties of Temperature Control Transformer for Artificial Sphincter
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The implant medical device discussed here is an
artificial sphincter that utilizes shape memory alloy
(SMA). This device is implanted into the body of a
patient to provide independent evacuation for a patient
using an artificial anus. The artificial sphincter operates
based on the phase transformation of the SMA that
occurs when it is heated. The phase transformation
completion temperature of the SMA that we used is 55°C.
To prevent the SMA from being overheated in a living
body, a transformer utilizing thermosensitive ferrite is
used as a temperature control device. In an earlier
prototype, we confirmed that temperature control of the
SMA was possible. We examined suitable core design and
composition. The transformer core type is composed of a
hybrid core that uses thermosensitive Ni-Cu-Zn ferrite
(Curie-point 7¢ = 60°C) and non-thermosensitive Mn-Zn
ferrite. Effective saturation magnetic flux density of the
thermosensitive ferrite and the Mn-Zn ferrite are 250
mT and 520 mT respectively at room temperature. Class
10 W power transmission is possible through this small
transformer. When the temperature of the SMA is higher
than 7¢ magnetization of the thermosensitive ferrite

disappears and power transmission to the heater
weakens.
Key words: temperature control, thermosensitive

magnetic ferrite, Curie-point, artificial sphincter, shape
memory alloy, transcutaneous energy transmission
system (TETS)
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Fig. 1 Structure of SMA artificial sphincter.
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Fig. 2 Function of the thermosensitive ferrite core.
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Fig. 3 Relative placement of thermosensitive
transformer and SMA board.
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Fig. 4 Equivalent circuit of artificial sphincter with
TETS and thermosensitive ferrite core.
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Fig. 5. Structures of thermosensitive transformers.
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Fig. 6 Output power vs primary current.
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Fig. 7 Magnetic flux density vs primary current.

Power loss P2~P1[W]
(V]
|
|

3.3 AR EHNOBME (TLUTIZHITH8EH)
Fo ) —RELLTORETE T 212 2000 A K48
e L TS 100 kHz DB H & faek LIz & Z([TAFFICED
NDHHA%E Fig. 6 1277F. £72Z D0 o 7 NEORE RS
E% Fig. TIORT (BIR7=254 F® 3 mmX3 mm O ‘ ‘
I —F A A EECCTRE) . SRMOBIRASEA S T Q BT
@ 120 mT ODHiET“jEM’EéﬁZ) ET2E, bTURAD—K 0 02 04 06 08 1
A2 0.7 AREETRLTLEWI LITRY, ZoBEOH
AEHI 6—8W T 5. Z DB SMA 2 HE BHS5 Primary current I, [A]
DICHELRETHS. FHLIOMO SRz A8EE Fig. 8 Power loss vs primary current.
740 BAIGHBSFESE  Vol. 28, No. 5, 2004

NI | -El ectronic Library Service



The Magnetics Society of Japan

Table 1 Change of impedance |Z].

40°C 65°C
Type A | 33.40Q 10.1 O
TypeB | 31.5Q 16.6 O
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Fig. 9 Temperature change of transformers.
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