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Artificial Urethral Valve Using SMA Actuators
(Improvement of Urethral Valve and Introduction of Transcutaneous Energy
Transmission System)

Mami TANAKA, Kentaro HIRANO, Hiroki GOTO, Takasige NAMIMA,
Keiichiro UCHI, Zhong Wei JIANG, Hidetoshi MATSUK]I,
Yoshikatsu TANAHASHI, Seiichi ORIKASA and Seiji CHONAN

This paper is concerned with the development of an artificial urethral valve for treating urinary
incontinence, which is driven by shape memory alloy actuators. Three types of valves are assembled
and their opening and closing functions are examined experimentally by using the urethrae of male
dogs. The latest model is driven by the non-contact induction heating system using power transmis-
sion coils. It is found that all of them show good opening and closing functions. The energy to drive
the valve is transmitted by using an implanted coil of which outside diameter is 60 mm.

Key Words: Urinary Incontinence, Shape Memory Alloy, Artificial Urethral Valve, Animal Exper-

iment, Induction-Heating System
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Fig. 1 Geometry of valve 2°.
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Fig. 2 Heating part.
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Fig. 3 Geometry of urethral valve 3.

Fig. 4 Heating part.
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Fig. 5 Schema of animal experiment.
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Fig. 6 Time variations of input voltage, valve tem-
perature and flow rate of water passing out

through urethra(valve 2°).
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Fig. 7 Time variations of input voltage, valve tem-
perature and flow rate of water passing out
throuvgh urethra(Urethral valve 3).
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Fig. 8 Variation of flow rate of water with increasing
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Fig. 9 Variation of flow rate of water with increasing

intravesical pressure(Urethral valve 3).
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Fig. 10 Time variations of valve temperature and
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Fig. 11 Time variations of valve temperature and
urethral pressure(Urethral valve 3).
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Fig. 12 Schema of heating experiment.

Table 1 Characteristics of coils.

. Outside
h b

Coil N diameter[mm] L[pH] Style
No.l 6 50 1.94  Single
No.2 6 50 6.55 Double
No.3 8 60 3.66  Single
No4 8 60 134  Double
No.5 10 70 6.03  Single
No.6 10 70 21.5 Double
No7 12 80 9.34  Single
No8 12 85 40.1  Double
No.9 6 60 2.60  Single
Nol0 6 70 3.45  Single
No.ll 8 50 2.74 Single
NolZz 8 70 487  Single
No.13 10 50 3.15 Single
No.1l4 10 60 4.46 Single

TN = Number of turns , *L = self inductance
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) #BE L. ©13 K, HE/IRE =2/1 02Kl
TANDERBEL e b EDAAT 3245 °C T T
SR BERERT. S o A A0, SiEinE
PERREET. ANBES 50(Vy_,],, BWeABHR
% 50[kHz] & L, 2 AAfECEE s 4, BBEE% 0,3,
5mm & L%k FAnkeafrid 1iIRa {13531 @ No.
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Fig. 13 Time for heating with secondary coils of
outside diameter/inside diameter = 2/1.
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Fig. 14 Time for heating with secondary coils of
constant outside diameter.
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Fig. 15 Equivalent circuit.
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Table 2 Physical properties of circuit.

I; 401[pH] | By 05[Q
L, 3.66[uH] | B2 02[Q
V: S0[Vppl | k04

R Lo[Q] Ts 1.30[uH]

M17 388 =2 v 7 v 2BAL RSSO SMA
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Fig. 16 Frequency dependence of secondary volt-
age(theoretical).

Secondary Voltage V, [V]
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Fig. 17 Frequency dependence of secondary volt-
age (experimental.) V; = 50{V,_p], Gap =
3mm.
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Fig. 18 Time for heating at resonance point (exper-
imental). Gap = 5mm.

3.24 1RIAIDFE

zze, BUK(3) IKXY SMA MHERE v, %3
H+5. ot 1RIANODERAYE 7 2V R
L BBEIERCE D LS KBTI r2HET 5.
19(1) ~ (2) B LNABERERT. HECHRRAS
AR—BR2ICRENDZEY TH S, 1LIR=24 1D
HOAY &2 2 v 2 L 2FfkEeTn3. H19(1)
it L;=215[pH], (2) & L1=9.34[pH] & L7cES 0k
Beds. MLy, BOCAYE 7 2 v X [ 3Ph&EL
5 & SMA FHRERE Vo XREL A BERAICS B, D
Y 1RIAANDETA v E 7 2 v X(ERNELTS
T ETE LIRSS R C L ATEENS.
ZTC, 1{IR=2A1r%F1HD No. 7 (L1=9.34[uH])
L L CEEISSERR R Tor. 20 iERERT.
&0, 1R ANOEERTTH K18 LT, DA
BEAERL TR T EBDh5. LdoT, &Y
INEBEANEFECAAT RBATER LR S.

4. ROBBEN LEEHEREICE S/ LT OEEE)

4.1 ATIRE/ LS

EIHiCENWT, REE~ LT 2 LT3 OFWEF
WA REE L 223, C o THE biCHE% B0 /Ng
CLAEANTREALT 4 €D TiTo eERER TR

— 242 —



BHEESS BV ATRE NV 7 Db 1099

z z
s S
3 :
i 3
> >

>
g g
: H

60 100 140 180 6 100 140 180

Frequeacy [kHzl

(1) Ly=21.5[uH]

Frequeacy [kiz]

(2) L1=9.34[uH]

Fig. 19 Frequency dependence of secondary volt-
age for various values of Lq(theoretical).
(a) C2=2.19[uF], (b) Ca=1.00[uF], (c) C»=0.47
[6F], (d) Cp=0.33[uF], (e) Co= 0.22[uF}, (f)
C»=0.10[uF], (g) without Cs.
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Fig. 20 Time for heating at resonance point (exper-
imental). L;=9.34[uH], Gap = 5mm.
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Fig. 21 Geometry of urethral valve 4.
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Table 3 Characteristics of coils for experiment.

. Outside Di- Thickness
t 4

Coil N ameter [mm)] L{uH] [mm]

Primary 12 70 12.0 1.2

Secondary 8 60 5.7 1.2

TN = Number of turns , 'L = self inductance
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Fig. 22 High induction coils and urethral valve.
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Fig. 23 Time variations of input current, valve tem-
perature and flow rate of water passing out
through urethra(Urethral valve 4).
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Fig. 24 Opening/Closing functions of valve 4 driven
by transcutaneous energy transmission.
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