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Artificial Urethral Valve Using SMA Actuators
(Fundamental Principle of Valve and the Verification
of Opening/Closing Functions)

Seiji CHONAN, Seiichi ORIKASA, Zhong Wei JIANG,
Takasige NAMIMA, Mami TANAKA, Keiichiro UCHI,
Jun TANIKAWA and Kentaro HIRANO

This paper is concerned with the development of an artificial urethral valve for treating urinary
incontinence, which is driven by shape memory alloy actuators. Two types of valves, one with hand-
drum form and the other with cylindrical configuration, are assembled and their opening and closing
functions are examined experimentally by using the urethrae of male dogs. It is found that the
cylindrical is better than the hand-drum form from the point of contact pressure with the urethra. A
metallographical-mechanical model of the SMA plate is constructed and applied to the analysis of
opening/closing functions of the valve. It is shown that the presented model well describes the motor
functions of the artificial urethral valve.
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Fig. 1 Geometry of Urethral valve-1.
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Fig. 3 Opening and closing functions of Urethral
valve-1.
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Fig. 4 Schematics of animal experiment.
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Fig. 5 Time variations of input current, valve tem-
perature and flow rate of water passing out
through urethra(Urethral valve-1).
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Fig. 6 Flow rate-temperature curve(Urethral valve-

1).
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Fig. 7 Measurement of temperature on surfaces
of (A)SMA plate and (B)urethra(Urethral
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Fig. 8 Variations of temperature(Urethral valve-1).
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Fig. 9 Measurement of urethral pressure(Urethral
valve-1).
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Fig. 10 Time Variations of valve temperature and
urethral pressure(Urethral valve-1).
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Fig. 11 Flow rate-temperature curve when the stiff-
ness of bias spring was reduced(Urethral
valve-1).
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Fig. 12 Time Variations of valve temperature and
urethral pressure when the stiffness of bias
spring was reduced(Urethral valve-1).
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Fig. 15 Time variations of valve temperature and
urethral pressure.
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Fig. 16 Time variations of input current, valve tem-
perature and flow rate of water passing out
through urethra of 10.5kg male dog(Urethral
valve-2).
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Fig. 17 Time variations of input current, valve tem-
perature and flow rate of water passing out
through urethra of 11.0kg male dog(Urethral
valve-2).
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Fig. 18 Time variations of input current, valve tem-
perature and flow rate of water passing out
through urethra of 11.5kg male dog(Urethral
valve-2).
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Fig. 19 Variation of flow rate of water to impulsive
change of fluid pressure in bladder(Urethral
valve-2).
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Fig. 20 Variation of flow rate of water to consecutive
change of fluid pressure in bladder.
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Fig. 21 Analytical model of SMA plate.
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Table 1 Physical properties of Ti-Ni alloy.

E4(Pa) Bo(Pa) | Bi(Pa/K) | cpr(Pa/K)
5.98 x 1010 | 6.61 x 107 | -2.3 x 105 | 4.5 x 10°
b4(1/Pa) | ca(Pa/K) My(X) A(K)
7.68 x 1078 | 6.0 x 108 326 331
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Fig. 24 Variation of induced displacement versus
temperature (theory).
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Fig. 25 Variation of flow rate of water in urethra ver-
sus temperature (experiment in hot water).
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