1 DESCRI PTI ON COMPACT VALVE Technical Field [0001]
The present invention relates to a conpact val ve which
utilizes a shape nenory alloy to control open and

cl ose of paths for various _fluids such as air,

liquid, or the |ike. Backgrbund Art [0002] As for
such a conpact valve, it is conventionally known that
an actuator for a valve body that opens and cl oses an

orifice is formed OfDESORIPTEONY alloy, and the
val ve body is displaced by applying electric current

to the actuator, as shown in Japanese Lai d- Qpen
Pat ent Publication No. 05-99369, for exanple. In such

a control valve, ;‘JI@M’P{AGT VAgregse sealing
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Background Art

[0002]

As for such a compact valve, it is conventionally known that
an actuator for a valve body that opens and closes an orifice is formed
of a shape memory alloy, and the valve body is displaced by applying
electric current to the actuator, as shown in Japanese Laid-Open
Patent Publication No. 05-99369, for example. In such a control
valve, in order to increase sealing property of the orifice, it is
necessary to increase a pressure applied to the orifice, so that the
shape memory alloy serving as the actuator contracts after contacting
the orifice and further pressurizes the orifice in closing operation of
the valve. In addition, the orifice is additionally pressurized due to
variation of the shape memory alloy in manufacturing process thereof.
The shape memory alloy receives a stress (a load) from the orifice
that is fixed on the valve body. The stronger the pressure to the
orifice from the shape memory alloy becomes, the larger the stress

becomes.



[0003] GCenerally, a shape nenory alloy which fevers by
energi zation has repeatability that it takes an
ext ended shape at normal tenperature, fevers by
energi zation, takes a prevhgusly menori zed contracted
shape when a tenperature thereof becones higher than a
certain tenperature value, and returns to the
ori gi nal shape when the tenperature thereof returns
[0@93]he nor mal tenperature. However, when an overl oad
is applied to the shape nmenory alloy in a state of
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pressurized to be closed. Since the shape nmenory all oy
detgrioration with age by repetition of the overloads.
[0004]

On this account, in a valve using a shape memory alloy as an
actuator, when repeatability of recovery of the shape memory alloy is
deteriorated, control performance of the valve falls off. In addition,
the valve shown in above mentioned Patent Publication needs two
shape memory alloys as the actuator, so that configuration thereof
becomes complex and it causes high cost of production.

[0005]

In addition, as shown in Japanese Laid-Open Patent
Publication No. 09-313363, for example, there is a valve in which a
coil spring formed of a shape memory alloy extends when a
temperature thereof becomes above a predetermined value, and

overcomes a biasing force of a biasing spring, so that a valve body in

open state is pressurized to be closed. Since the shape memory alloy



is formed in the coil spring shape, so that a profile
of the valve becones |arger, and thus, downsizing of
the valve is difficult. In addition, when thickening
a diameter of a wire of the,coil spring to obtain a
predet erm ned force, respon%iveness in heat radiation
becones worse due to increase of heat capacity of the
coil spring. In addition, as shown in Japanese
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to operating limit, the shape memory alloy suffers from overloads,
and thus, deterioration with age occurs.
Disclosure of Invention
[0006]

An object of the present invention is to solve the problems
mentioned above, and to provide a compact valve in which an orifice
is sealed by transforming a wire formed of a shape memory alloy by
heating, and which maintains resistance to deterioration and increases
reliability, by preventing occurrence of deterioration with age of a
shape memory alloy because of enabling elastically to transform an
overall length of a movable structure including a sealing body, and to
reduce a stress in heating of the wire by the elastic deformation of the
movable structure.

[0007]

In order to achieve the above mentioned object, an aspect of



the present invention is a conpact val ve that opens
and closes a fluid path with utilizing transformation
of a shape nenory ally due to energization heating,
characterized by that the conpact valve conprises: a
stationary structure of a d§|indrical shape havi ng an
orifice that constitutes the fluid path; a noving
structure that contacts an inner periphery of the
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high reliability of the valve can be obtained. [0009]
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structure is forned of an elastic nmaterial. Thereby,
len@thaifl thepwiing duer to edeaiirgtion heating to the wire; and the
moving structure elastically transforms when sealing the orifice, and

thereby, a stress that the wire receives can be reduced.
[0008]

According to the present invention, a cushion effect by elastic
deformation of the moving structure, a stress applied to the wire, that
is, the shape memory alloy can be reduced in the energization heating
to the wire. Thereby, it is possible to prevent the overload due to an
excess pressure to the shape memory alloy, so that repeatability of
memorized shape of the shape memory alloy is not deteriorated, and
thus, dufability and high reliability of the valve can be obtained.
[0009]

It is preferable that a part of or whole of the moving structure

is formed of an elastic material. Thereby, a coil spring for reducing



the stress that the wire receives in the energization
heating to the wire beconmes unnecessary, and thus, a
number of el ements can be reduced and the structure
of the noving val ve body c%p be sinplified. [0010] It
Is preferable that the novi‘ng structure has a spring
menber. Thereby, elastic function of the noving
structure can be realized by a spring that has a
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[00ddhnection of a lead wire for ener gi zation to the
second el ectrode that serves as a noving side
ent ilt & preferabe peatf drevepring mesnber onprgvididiey candact
thus, reliability of connection of the Iead wires can
an deted periphery of the stationary structure. Thereby, the spring
member appears outward of the stationary structure, so that the wire
between the first electrode and the second electrode can be disposed
without penetrating the spring member, and thus, manufacture of the
valve becomes easier.
[0012]

It is preferable that an end of the second electrode is fixed on
the stationary structure, the other end thereof is connected to the wire,
and a center portion between both of the ends contacts the moving
structure, and thus, the moving structure is moved by bending of the
electrode. Thereby, although an end of the second electrode is fixed,
the other end to which the wire is connected becomes movable, so
that connection of a lead wire for energization to the second electrode

that serves as a moving side entirely can be performed in a stationary

side, and thus, reliability of connection of the lead wires can be



increased. [0013] It is preferable that the first

el ectrode is fixed on the stationary structure and

the second el ectrode is connected to the noving

structure. Thereby, an end of the wire can surely

fixed at a fixing positioﬁsand can pull the

stationary structure at the other end, so that

contraction of the shape nenory alloy in energization
in&@agsgrely transmt to the noving structure, and

thus, normally open nmechanism that the valve is
[0@p§Ped in energization state and closed in

non- energi zati on state can easily be realized. [0014]
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It is preferable that the first electrode is fixed on a

predetermined position on the stationary structure and the second
electrode is fixed on another position other than that mentioned
before on the stationary structure, a center portion between both ends
of the wire pressurizes an end of the moving structure, and a direction
of contraction and expansion of the wire is perpendicular to a moving
direction of the moving structure. Thereby, it is possible to obtain a
large stroke of displacement of the moving structure can be obtained
by a small contraction of the wire. Consequently, the length of the
wire can be shortened in comparison with the necessary stroke of the
moving structure. In addition, since the electrodes to which both
ends of the wire are connected are fixed, reliability of connection of

lead wires for energization which are connected to the electrodes can

be increased.



[0015] It is preferable that an end of the noving
structure has a contacting portion that contacts the
wire and the contacting portion is forned of a netal
with a resin coating. Ther%by, heat conduction of
heat generated in the wire ‘by energization to the
contacting portion can be reduced, and heat radiation
fromthe wire to the stationary structure can be
[00Jest rai ned, so that contraction efficiency of the
shape nenory alloy due to energization can be
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conpact valve conprises; a stationary structure of a
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that constitutes the fluid path; a novi nf] structure
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structure and is freely novable to seal the orifice; a
meoharichdstesngth ef thehapatasimg paiticsycan beowesttesl.

novi ng structure; a first electrode and a second
[00ébgctrode that is held by one or both of the

stationary 8

It 1s preferable that surfaces of the first electrode and the
second electrode are coated by resin. Thereby, heat radiation from
the wire to the stationary structure can be restrained, so that moving
response of the moving structure can be fastened.

[0017]

Another aspect of the present invention is a compact valve that
opens and closes a fluid path with utilizing transformation of a shape
memory ally due to energization heating, characterized by that the
compact valve comprises: a stationary structure of a cylindrical shape
having a built-in orifice member that constitutes the fluid path; a
moving structure that contacts an inner periphery of the stationary
structure and is freely movable to seal the orifice; a wire formed of a

shape memory alloy to move the moving structure; a first electrode

and a second electrode that is held by one or both of the stationary



structure and the noving structure, hold the wire and
energize the wre; afirst elastic nenber to apply a
tensile stress to the wire as a bias; a second

el astic nmenber to reduce a stress that the wire
receives in energizing heéiing to the wire, and
wherein the noving structure is configured novable to
seal the orifice by varying a length of the wire due
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structure of a cylindrical 9

memory alloy in closing operation of the valve by heating can be
reduced by cushion effect of the elastic deformation of the second
elastic member. Consequently, reliability of memorized shape of the
shape memory alloy may not be deteriorated, and durability thereof is
maintained and reliability of the valve can be increased. In addition,
since the orifice member is independently configured from the
stationary structure, manufacture of the orifice becomes easier and
machining accuracy thereof can be increased.
[0018]

Still another aspect of the present invention is a compact valve
that opens and closes a fluid path with utilizing transformation of a

shape memory ally due to energization heating, characterized by that

the compact valve comprises: a stationary structure of a cylindrical



shape having a built-in orifice nmenber that
constitutes the fluid path; a noving structure that
contacts an inner periphery of the stationary
structure and is freely novable to seal the orifice; a
wire formed of a shape neﬁ%ry all oy to nove the
nmovi ng structure; a first electrode and a second

el ectrode that is held by one or both of the
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of the above nentioned valve in opening operation and
corfigered npeabld thsohl thheriiate by wayifpG l@feth 08 the wire
graph show ng contraction characteristics of a coil
duspo iemgrgihtaobihesiimy twihe vAre; tid€ djrst electsede ihmrsad plate
vi ew of a conpact valve in accordance 10
spring structure serving as a function of the second elastic member;

and the second clectrode has a plate spring structure serving as a
function of the first elastic member. Thereby, a number of elements
that constitute the valve can be reduces, and thus, productivity of the
valve can be increased.

Brief Description of Drawings

[0019]

FIG. 1 is a sectional view of a compact valve in accordance
with a first embodiment of the present invention.

FIGs. 2(a) and 2(b) are respectively sectional views of the
above mentioned valve in opening operation and closing operation of
the valve, and FIG. 2(¢) is a graph showing contraction characteristics
of a coil spring and a biasing coil.

FIG. 3(a) is a sectional view of a compact valve in accordance



with a second enbodi nent of the present invention, and
FIGs. 3(b) and 3(c) are sectional views of the sane
val ve in opening operation and closing operation of
the valve. FIG 4(a) is a sectional view of a conpact
valve in accordance with d%hird enbodi ment of the
present invention, and FIGs. 4(b) and 4(c) are
sectional views of the sane valve in opening operation
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FIG. 6(a) is a sectional view of a compact valve in accordance
with a fifth embodiment of the present invention, and FIG. 6(b) is a
sectional view of the same valve in closing operation of the valve.
FIG. 7(a) is a sectional view of a compact valve in accordance
with a sixth embodiment of the present invention, and FIG. 7(b) is a
sectional view of the same valve in closing operation of the valve.
FIG. 8(a) is a sectional view of a compact valve in accordance
with a seventh embodiment of the present invention, and FIG. 8(b) is
a sectional view of the same valve in closing operation of the valve.
FIG. 9 is a sectional view of a compact valve in accordance
with an eighth embodiment of the present invention.
FIG. 10 is a sectional view of a compact valve in accordance
with a ninth embodiment of the present invention.

FIG. 11 is a sectional view of a compact valve in accordance



with a nodification of the eighth enbodi nent of the
present invention. FIG 12(a) is a sectional view of
a conpact valve in accordance wth a nodification of
t he ei ghth enbodi nent of the present invention, and
FIG 12(b) is a magnified Vilew of a portion designated
by a character "A" in FIG 12(a). FIG 13 is a
sectional view of a conpact valve in accordance wth
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with a first inent of the present invention is
chafagter bad %Fg&;o\(iﬁ(ﬁ)r eference to FIG 1, FIGs. 2(a),

2(b)_and 2(c). The compact valve 10 of this, enbodi rent
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formed of a nmetal or a resin that constitutes the
abdveindepaohetuidlyeiin opengig dpepatpen Bndacksing operation of
the valve.

FIG. 15(a) is a sectional view of a compact valve in accordance
with an eleventh embodiment in opening operation, and FIGs. 15(b)
and 15(c) are respectively sectional views of the same valve in
closing operation and closing operation under overload.

Best Mode for Carrying Out the Invention
[0020]

A compact valve in accordance with a first embodiment of the
present invention is described below with reference to FIG. 1, F1Gs.
2(a), 2(b) and 2(c). The compact valve 10 of this embodiment
utilizes a phenomenon that a shape memory alloy is transformed by
heating due to current supply for opening and closing a fluid path. It
comprises a cylindrical shaped guide pipe (stationary structure) I

which is formed of a metal or resin; an orifice 2 formed of a metal or

a resin that constitutes the fluid path built-in the guide pipe I; a



novi ng val ve body (noving structure) 3 that seals the
orifice 2 in freely novable state; a wire 9 nade of a
shape nmenory alloy (or a shape nenory resin, a shape
menory rubber, or the Ilke) that drives the noving
val ve menber 3; and a b|a3|gg coil 8. The noving val ve
body 3 has a first noving portion 4, a second noving
portion 6, a sealing portion (sealing nmenber) 5 which
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el ectrode) 12 at both enﬁs t here ‘iﬁa‘wllhe stati on
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at _a position between the first noving ﬁgrtlon 4
memmercfmr sshmiag eroeilagdpdrprovided belveer these aoving
el ectrode 12 is provided on a rear end of the second
pontimrisng et ¢aih sprivg 7 or disposshapet weerotlye dinsbynoving
constitutes the wire 9, an energization heating type
portivn @fand thaaspbad Fiovihggymteon shapel redmres strésy/jo the
whi ch contracts when a tenperature thereof becones
shapegiemohanll@ypiretiettng. ne@heabiasing £01B8 is provided
between the moving valve body 3 and the orifice 2 and contacts a part
of an outer periphery of the first moving portion 4, so that it supplies
tensile stress to the wire 9 as a bias.
[0021]

The wire 9 is held by a stationary electrode (first electrode) 11
and a moving electrode (second electrode) 12 at both ends thereof.
The stationary electrode 11 is provided on the stationary guide pipe 1
at a position between the first moving portion 4 and the second
moving portion 6, and the moving electrode 12 is provided on a rear
end of the second moving portion 6. As for the shape memory alloy
that constitutes the wire 9, an energization heating type one (for

example, Ti-Ni system shape memory alloy), which contracts when a

temperature thereof becomes higher than a predetermined value, is



used. Thus, when a DC voltage is supplied to energize
the shape nenory alloy, the tenperature thereof

i ncreases by self fever, and it recovers to a
previously nenorized contracted shape. Such shape
recovery force is |arger thah elastic forces of the
biasing coil 8 and the coil spring 7. In addition, an
el astic coefficient k2 of the coil spring 7 is set to

- h o ¢
s, ST EIhBA: P SSHRAEI £REDIIEHAN elbathe the shape
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the FSH SRS Tppol B 0P e or PeT Rt oo Tidial k2 of e soilg
portion 4 is departed fromthe orifice.2. T , A
SPBgce 1§ 8¢k B P@oﬁm@ikﬁééﬁapw gfastc eogfeféw&rttﬁgfgé&hﬁng
.portion 5 in a normal state with no energization, so
biaspag corbSseal i ng portion 5 does not close the orifice
2 (normally open). [0023] In the above nenti oned
[OGbAlfi guration, when the wire 9 formed of the shape
mam)rﬁ alloy is energized through the stationary .
el ecThederst mawihg pertion 4gsalcadigacsl by a ifirst eybingder
and transforns to contract when the tenperature
potthen ddf tHreoommeacts ghdnnehgreraplernt af nhe tenderpiper b, and a
this tinme, since an end of the wire 9 on the

seceirat cohaddyr g@tiomde thhtiextéhdedrem e fiost tplibeer portion
noved, the end of the 14

41 toward the orifice 2 and has a diameter smaller than that of the
first cylinder portion 41. When the first cylinder portion 41 receives
a pressure by the biasing coil 8 in a direction opposite to the orifice 2,
the first moving portion 4 is departed from the orifice 2. Thus, a
space is formed between the orifice 2 and the sealing portion 5 in a
normal state with no energization, so that the sealing portion 5 does
not close the orifice 2 (normally open).

[0023]

In the above mentioned configuration, when the wire 9 formed
of the shape memory alloy is energized through the stationary
clectrode 11 and the moving electrode 12, it fevers and transforms to
contract when the temperature thereof becomes higher than a certain
temperature. At this time, since an end of the wire 9 on the

stationary electrode 11 is fixed so as not to be moved, the end of the



wire 9 on the noving electrode 12 noves with the
second noving portion 6. Myvenent of the second
novi ng portion 6 pressurizes the coil spring 7, and
the coil spring 7 further pressurizes the first noving
portion 4 to the orifice 2,14nd consequent |y,
pressurizes the biasing coil 8 to the orifice 2. The
sealing portion 5 at the front end of the first

ng@g' tl%’%b?fhél P APSdE "1 ?n%\?’éseuhﬂq %H@'sebbﬁd%‘ofv'lﬁg

pressurfzing. I'n this way, the valve
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contagts the qrifice gw re 9 further, contracts
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Wi th pressure for tlghtly sealin Such cont act
shewnhnpk Hes (@) tapidataiseowa unkil |2(§h)of the wires 9

as elenents, so that the contraction of the wire 9 is
[0G24] to be Iarger to adnmit the variation of the

el enents, beforehand. In tightly sealing, the biasing

coi | Wehers stappEngother essirizatianelo te wiae %, bedemperature

spring 7 is started to be conpressed, additionally.
valueo@bthd svire 9 falls down, and the wire 9 extends when the
temperature comes back to the original value, so that the first moving
portion 4 returns to the original position, the sealing portion 5 departs
from the orifice 2 by the actions reverse to the above, and thus, the
orifice 2 is opened.
[0025]

In the above mentioned motions, after the sealing portion 5
contacts the orifice 2, the wire 9 further contracts so that the sealing
portion 5 contacts the orifice 2 with pressure for tightly sealing it.
Such contact with pressure varies due to variation of the wires 9 as
clements, so that the contraction of the wire 9 is set to be larger to
admit the variation of the elements, beforehand. In tightly sealing,
the biasing coil 8 is in a compressed state, so that the coil spring 7 is
started to be compressed, additionally.

[0026]



Such processes are expl ai ned bel ow. Wen assum ng a
contraction force of the wire 9 is designated by "F"
a contraction length of the spring is designated by
"x", an elastic coefficient is designated by "k", and

an overall length with no éxt er nal pressure is
designated by "L", a length of the contracted spring
“"L" is shown by the follow ng equation. L = -x+LO
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8 is selected to be larger than the

t bi asi ng coi |
thejloingg:ng:@ tQ%nt k2 of the coil spring 7.
Therefore he bi asin oi | ontracts earlier than
t he legi TX%bbi(igO:pV@i@gl fm&t,h gﬁéﬁr@owrl@aﬂlﬁ@h rarely
contracts unti] the seali ng portion 5 contacts the .
ori fli ¢® agsamed thes thenkonaths o therbiasbeg swsk Srnd pae goil
contacting them when contracting force F is applied
spring t/hafter icointeacion aredasignatedcbyit lakt and['dg2%|the
Contraction of the coil spring 7 serves as a cushion
lenpths efldbhemabéfore contraction are designated by "La" and "Lb",
and elastic coefficients of the springs are designated by "k1" and
Il'k2"'
From the relationship of F = -kx,
L1 =-x+La=-F/kl+La
L2 = -x+Lb =- F/k2+Lb
are established. Relationships among these L1, L2 and the
contraction force F are shown in FIG. 2(c). Hereupon, the elastic
coefficient k1 of the biasing coil 8 is selected to be larger than the
elastic coefficient k2 of the coil spring 7. Therefore, the biasing coil
8 contracts earlier than the coil spring 7, and thus, the coil spring 7
rarely contracts until the sealing portion 5 contacts the orifice 2 and
the contraction force becomes Fr. After contacting them, when
contracting force F is applied to the orifice 2, it starts to contract.

[0027]

Contraction of the coil spring 7 serves as a cushion to reduce a



stress that directly acts on the wire 9, so that an
overload to the wire can be reduced. Thereby, it is
possible to prevent the transformation of the shape
menori zed in the shape nenpry alloy at a high
tenperature, so that repeal@bility and durability of
the shape nenory alloy and repeatability of open and
close of the orifice can be inproved due to
tyr. 0o ' . tihe
streSSRERRERIER aBls BB (R BARL D o ihal oRRy cplbHd (o e
. . i ng P ) . , . >
can B BRIARAT TG PYET! P88k E i 8ot T Bt thation
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body, 3 and the coil ing 7, f,or .reduci styess
termpRgyiiiea SO R s cRaaiag LR AR EERP Sl e ShERE memory
seriglly, and .the .elastic, cpefficient of the
alloy; 48§ T§Pearb Ity ©fePER el £ P%eot %@ﬁ%ﬁ%ﬁanﬁ%
. elastic coefficient k2 of .the coil_sprinﬁ 7, so that
imprRy efoii ¢ §0 WHPIRPCHEIRF 0 L dRtHaoKEION vEdRAg i cal | y
in closing operation, and thus, th above nentioned
Furtliianeryedesy eecears beadeHenes: easiby wigh ighuagaurpcy by
[0029] Subsequently, a conpact valve_ in accordance
congtitutingsdeonidsingised! FewithoBsingea spsbanmembenttheh ans
described with reference to FIGs. 3(a), 3(b) and
clagicroefheiadripapecificallylbnofvit.hi s embodi ment  uses an
el astic material such as a resin or a rubber for a
[00R8]t of or entire of a noving valve body 3a. Elenents
that are substantially the sane as those in the first
enbddipaticuddae tHeshigeaigedoby8 tgrevides benweenathe (tifece 2
sane goes for other enbodi nents), so that differences
and¥he moving valve body 3 and the coil spring 7 for reducing stress

provided on the moving valve body 3 are arranged serially, and the
elastic coefficient k1 of the biasing coil 8 is selected to be larger than
the elastic coefficient k2 of the coil spring 7, so that the moving valve
body 3 can be deformed elastically in closing operation, and thus, the
above mentioned advantageous effects can be obtained, consequently.
[0029]

Subsequently, a compact valve in accordance with a second
embodiment of the present invention is described with reference to
Fi1Gs. 3(a), 3(b) and 3(c). The compact valve 10 of this embodiment
uses an elastic material such as a resin or a rubber for a part of or
entire of a moving valve body 3a. Elements that are substantially
the same as those in the first embodiment are designated by the same

numerals (the same goes for other embodiments), so that differences



fromthe first enbodi nent are described bel ow. The
nmovi ng valve body 3a is configured by a noving
portion 4a that contacts an inner periphery of a

gui de pipe 1 and a sealing portion 5 to seal an
orifice 2, and a biasing fldrce is applied thereto by
a coil spring 8 (SIC). [0030] The noving portion 4a is
configured by a nmain cylinder portion 43 having a
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d(ﬁth) is provided between an end of the main cavity 1
[0 the guide pipe 1 and the cylinder portion 44 of

t he vi ng, portion 4a, .and nt ac t he i.nner,.
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of the main cylinder portion 43, and pressurizes the
poripeon g baving Boupabsar shameder; a @yﬁn&ﬁea‘émtm dfpodtt e

to the orifice 2. Thus, it is_configured that the
corfagts blge poner paripheay ohthe ghode pipe lordnd aeydindrigal

normal state as shown in FIG 3(a). In addition, the
colmmwi rp iy ¢ Sbay exdends ffoomean ehdanf thamain eptiedeal |

and shows elasticity as a whole. Besides, a stationary

porieetddoged hks the sédlchg oremd 6f al'ke paiidefpipeed hat a
shape nenory alloy to drive the noving val ve body 3a

cavisy fliaxgdwdrichhéegeyldedpi perfiohhd $ugmtacts! interfaldy, and a
shown in the figure) provided on a wall surface of the

““‘,?.’éh"%ydg‘zli??‘g 23@3&'3121\2)(1@?18&@@@% tomrmhbGicaesntic
orifice 2. The coil spring 8 (SIC) is provided between an end of the
main cavity la of the guide pipe 1 and the cylinder portion 44 of the
moving portion 4a, and contacts the inner periphery of the guide pipe
1 and an outer periphery of the main cylinder portion 43, and
pressurizes the moving valve body 3a entirely to a direction opposite
to the orifice 2. Thus, it is configured that the sealing portion 5 may
not close the orifice 2 in a normal state as shown in FIG. 3(a). In
addition, the moving valve body 3a is formed of an elastic material,
and shows elasticity as a whole. Besides, a stationary electrode 11
to which an end of a wire 9 formed of a shape memory alloy to drive
the moving valve body 3a is fixed on the guide pipe 1 through a slit

(not shown in the figure) provided on a wall surface of the moving

valve body 3a (the same goes for FIG. 4 and FIG. 5 described below).



[00311 In the above nentioned configuration, when the
wre 9 formed of the shape nenory alloy is energized
to fever, the wire 9 is contracted and the novi ng
portion 4a conpresses the bhiasing coil 8 due to such
a contraction, so that thejé%aling portion 5 at a
front end of the noving portion 4a contacts the
orifice 2, and thus, the orifice 2 is sealed. In this
[Ogggﬁ the condition of the valve is varied froma
state shown in FIG 3(a) to a state showin FIG 3(b).
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deforns to_expand in a radial direction (designated by
state AhABIMIN Eﬁf 3(a3 termoskate shevain (&) 3@Ed tiHescupor, an
orifice 2 is sealed. By such a_deformation, a stress

elastigtcadficientkd obths beasiag eoil dats salgctedibe tgelarger than
orifice 2 due to the contraction of the wire 9 can be

an etarice doefioRsit Mherf theogpstig reatemgalzaf the movite pairtien
9, tenperature value of the wire 9 falls down. Wen

4a,t e themyier atoviagvadreon etauforsned cdrthtOelastic material is

rarely contracted by a contraction force until the sealing portion 5

contacts the orifice 2.

[0032]

After contacting the sealing portion 5 with the orifice 2, when
the wire 9 is further contracted and the sealing portion 5 pressurizes
the orifice 2 for sealing more tightly, the moving portion 4a formed of
the elastic material starts to be contracted, and the moving portion 4a
deforms to expand in a radial direction (designated by a numeral 43a)
as shown in FIG. 3(c), and thus, the orifice 2 is sealed. By such a
deformation, a stress that the wire 9 receives as a reaction from the
orifice 2 due to the contraction of the wire 9 can be reduced.

[0033]

When stopping energization to the wire 9, temperature value of

the wire 9 falls down. When the temperature value returns to an



original tenperature, the wire 9 extends and the
nmovi ng portion 4a returns to the original position as
shown in FIG 3(a) due to inverse operations as

nmenti oned above, and thus, the sealing portion 5 cones
off fromthe orifice 2 andl®he orifice 2 i s opened.
[0034] In this way, since the noving valve body 3a is
formed of the elastic material and is contracted by
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Lve body 3a as well as the thing which is forned

[Ooé%ﬂi rely of the elastic material. [0035] Subsequently,

a caonpact valve in accordance with a third . enbodi t
of tRdhps é?‘é@htSmHQéE?iTBﬁVil%g d’é‘ﬁ% H%%H’ aﬁtlﬁ ﬂoéﬁé?(gﬁggﬂe
to FIGs, 4(a), 4(b) and 4(c). The conpact valve 10 of
elasthe navasondi aredis contsiedityalhs owesl t £ $RIYE INa
the above nentioned enbodi nents, but it is different
cushihan te redaiceridrepsiresoapplietl to themige Pal vin bélsr sords,
formed of an elastic material. [0036] The noving val ve
the hndy iy vadwpticsks 3a itsalif igispofunctionbot the abdvefmantioned
metal or a resin and a sealing portion 5 to seal an
elasti¢ fhembe? tat raatucenthe beedofad. anThebebgeilis e gsobie tn
5is formed of an elastic 20
reduce a number of elements of the compact valve further to the
effects obtained by the above mentioned embodiment. In addition, it
is possible to form a part of the moving valve body 3a as well as the
thing which is formed entirely of the elastic material.
[0035]

Subsequently, a compact valve in accordance with a third
embodiment of the present invention is described with reference to
FIGs. 4(a), 4(b) and 4(c). The compact valve 10 of this embodiment
is essentially the same as those in the above mentioned embodiments,
but it is different that a sealing portion 5 of a moving valve body 3b is
formed of an elastic material.

[0036]
The moving valve body 3b comprises a moving portion 4b

formed of a metal or a resin and a sealing portion 5 to seal an orifice

2 at an end thereof, and the sealing portion 5 is formed of an elastic



material such as a resin or a rubber. Since the noving
val ve body 3b has the sealing portion 5 forned of the
elastic material, it becomes an elastic nenber as a

whol e. Hereupon, an elastic coefficient of the noving
val ve body 3b as a whol e i £0desi gnated by a synmbol U.

[0037] In the above nentioned configuration, when the
wire 9 formed of the shape nenory alloy is energized

matté’ri%lagﬁﬁg 418 r i or al SIbIRAN I @ RU RN d AR PYIVEIbody 3b
portion so that

b noves due to such a contraction,
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wn in FIG 4(b). Opening operations of the orifice
[0(;3 y stopping the energization to the wire 9 are the

sane as those descr,i bed aboye. [.0038], Due to the
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an excess contraction force of the wire 9 is absorbed.
of the shape mamary, aldepnaanesgizete davendghgowiicon 15 to

the orifice 2 with pressure_ followng to the )
confoactescandthefmoengipasrt®n dbsee vesrdae £ stichr d woftgaction,

orifice 2 tothe wire 9, and thus, the wire 9 receives
so thatt theskiasing adik 8 istecasacted vdtid diemealing portion 5

deformation of the sealing portion 5. [0039] In this
contayts thaoeifibe 2seaWingn phe twire % iotonkenotedifogtheivere,

body 3b is fornmed of the elastic material, it can
theselave camemloers bt ohe tsealihg portion 5 is compressed and
deformed. At this time, the valve is varied from a state shown in
FIG. 4(a) to a state shown in FIG. 4(c) through a state shown in FIG.
4(b). Opening operations of the orifice 2 by stopping the

energization to the wire 9 are the same as those described above.
[0038]

Due to the above mentioned deformation of the sealing portion
5, an excess contraction force of the wire 9 is absorbed. In other
words, contact of the sealing portion 5 to the orifice 2 with pressure
following to the contraction of the wire 9 causes a reaction from the
orifice 2 to the wire 9, and thus, the wire 9 receives a stress, but the
stress is reduced by the deformation of the sealing portion 5.
[0039]

In this way, since the sealing port.ion 5 of the moving valve

body 3b is formed of the elastic material, it can serve as a cushion to



reduce the overload acts on the wire 9 by contraction
for the overload, and thus, it is possible to reduce
the stress acting on the wire 9. Therefore, the
novi ng val ve body 3b has the el astic nenber for
reducing the stress in thi £lenbodiment, so that it is
possi ble to reduce a nunber of elenents

simul taneously to obtain the same advant ageous
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structure) 3c conprises a poving portjon 4a of a
effegts asithess méﬁﬁ%%ﬁ@téo’é iR EUNeBY-unn porti on
45 at a front end thereof, a sealing portion 5 to
[OHAl an orifice 2 provided at a front end of the
cylindrical columm portion 45, an el ectrode, supporting
pl atBubseqentlysopmyracs walweviingasiosdanegevith, a faurth
coil spring éspr ing menber) 7a that is provided
embbetdissmitdre étsoibedevidhpederdnee 1 kles13(apdSdn amd S(c).
of the noving portion 4c. The noving val ve body 3c has
Thebadtgiesyaredtes peotiviedy ehidw sliffergn?axafpii¢g] 1'hhe he
above nentioned configuration, when energizing the 22
compact valves 10 in this embodiment are essentially the same as
those in the above mentioned embodiments, but moving valve bodies
(moving structures) 3¢, 3d and 3e reach comprise a spring member.
[0041]

In the example shown in FIG. 5(a), the moving valve body
(moving structure) 3¢ comprises a moving portion 4a of a cylindrical
shape having a cylindrical column portion 45 at a front end thereof, a
sealing portion 5 to seal an orifice 2 provided at a front end of the
cylindrical column portion 45, an electrode supporting plate 13 that
supports a moving electrode 12, and a coil spring (spring member) 7a
that is provided between the electrode supporting plate 13 and an end
of the moving portion 4c. The moving valve body 3¢ has elasticity

due to the coil spring 7a.

[0042]

In the above mentioned configuration, when energizing the



wire 9 formed of a shape nenory alloy to fever, the
wre 9 contracts. At this tine, a stationary

el ectrode 11 to which an end of the wire 9 is
connected cannot be noved, so that the noving

el ectrode 12 to which theZ8ther end of the wire 9 is
connected noves with the noving portion 4c with each
ot her. By such novenent, the noving portion 4c
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orifice 2.
[0043]

After sealing the orifice 2 by contacting of the sealing portion
5, when the wire 9 further contracts so as to pressurize the sealing
portion 5 with the orifice 2 for sealing more tightly and the biasing
coil 8 cannot be contracted moreover, the coil spring 7a starts to be
contracted. Besides, the opening operations of the orifice 2 by
stopping the energization to the wire 9 are the same as those as
mentioned above.
[0044]

In this way, since the coil spring 7a is provided on the moving
valve body 3¢, the moving valve body 3¢ serves as an elastic member
that varies an overall length thereof by pressure. When overload

acting on, it serves as a cushion to reduce the overload acting on the



wire 9 by contracting the coil spring 7a, so that the
nmovi ng val ve body 3c can serve as the el astic nenber
to reduce the overload. Then, the sane advant ageous
effects as those in the above nentioned enbodinments
can be obtained. [0045] In2Bhe exanple shown in FIG
5(b), the noving val ve body (noving structure) 3b
conprises a coil spring (spring nenber) 7b in a wall

witl g by B0 Bt e TEVI 561iRa% 46 (91 Qe SRARHE! eably,

novi n npri ses movi ng—porti on

th h i1y SAC ' ' [
bodf 3ol éﬁeﬁgﬁ ggﬁ.ﬁlé\%ﬁglrégﬁlielb@o%%% U B rladt 1
COi ], sprin IS sel ect to_be smal | t a .
ThéRthe Bl TGl Hietscns T ip Shr BV EBepigned
he.bi asin oil .8 .contracts earlier, and thus, the
emé@ﬁl‘“@ﬁ‘ﬁ‘ ﬁgn%e PRtaINEdont racts until the sealing
ortion 5 contacts the orifice 2. [0046] In this
[0 npl e, since the noving portion 4d has elasticity,

the _ npvi ng val ve body . 3d sery as an el asti nber
t hatlnvihye example shevan in gt ?ﬁ%s)h éﬁ%dﬁoﬁy“% W@iggﬁewdey
Thus, the noving val ve body 3d serves as a cushiaon_ tQ
(meeng strowtnraatb sommpisoes a ¢eil wiprtng (sprnghaembeg 7b 1n a
overload acting on the wire 9 can be reduced. In
waHdati 4 icentersoficke mbeinbodyptd (§I1TY. i sSpecideally.ythe
built in the noving portion 4d, it is possible to )
mowdmg ivgilive boodo Bplact mpoidesgtheatnoey ibgdyoddomddl tratiihescoil
to downsize the whole of the valve. [0047] In the
sprév@ml B bhdwinitheRvEll & the ceerntheragf.valAme ebaxiyc 24
coefficient k2 of the coil spring 7b is selected to be smaller than an
elastic coefficient k1 of the biasing coil 8, so that the biasing coil 8
contracts earlier, and thus, the coil spring 7b rarely contracts until the
sealing portion 5 contacts the orifice 2.
[0046]

In this example, since the moving portion 4d has elasticity, the
moving valve body 3d serves as an elastic member that varies an
overall length thereof by pressure. Thus, the moving valve body 3d
serves as a cushion to reduce overload acting on the wire 9, so that
the overload acting on the wire 9 can be reduced. In addition, since
the coil spring 7b is integrally built in the moving portion 4d, it is
possible to configure a compact moving valve body 3d and enables to
downsize the whole of the valve.

[0047]

In the example shown in FIG. 5(c), the moving valve body



(nmoving structure) 3e conprises a coil spring (spring
nmenber) 7a between a cylindrical colum portion 45 of
a noving portion 4c and a sealing portion 5. °
Specifically, the noving partion 4c of (SIC) the
novi ng val ve body 3e conpr?ées the noving portion 4c
of a cylindrical shape having a cylindrical colum
portion 45 at an end thereof, a sealing portion 5

(mGEMESHERHR % 8008 YA horiod wamber e
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i cal “col umm por Fi‘on
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the .orjfjce can be received b t he cail ring 7a
eylinguce] shire bagRnert ok Batig siurbh hetlian FardtiyARd
the_ noving portion 4c. Accordingly, evepn when.the.
theﬁ%@f,r?gs‘aglmg RPrtRn %a@@l%crtsa, %%%&%deog s cyhuptical
pressure against_ the, overload _ because it js forned Pf
columrpoition $hand realingithsanilbsetd arddeeod wpring 7a for
over| oad can be obtained quickly by the coil spring
redpgingisteessithet ispvpntdedibeswessythgesesding @ortogsd and the
cushion to reduce the overload directly acting on the
cylndrcgl anthmanporitordse t he thisspansdt ivppesibde totfigam the
stress to the wire 9. [0048] Subsequently, a conpact
movahy &7l ve deabr darmempath by it hati entuddiheeotilcfprimg 7a
present invention is described with reference to

withl G sé(la)g prdtiorh .of the hicvieghpditientdc.a twiaddsponngn

7 and a brasing coil 8 that constitute a noving val ve
ovdibeyd 3h Abeindi spesedohdrdm the orifice 2 can be received by
the coil spring 7a directly through the sealing portion 5 earlier than
the moving portion 4¢.  Accordingly, even when the moving portion
4¢ has a slow response to transmit pressure against the overload
because it is formed of a resin or the like, a function to reduce the
overload can be obtained quickly by the coil spring 7a. Thus, the
moving valve body 3e can serve as a cushion to reduce the overload
directly acting on the wire 9 and can increase the response to reduce
the stress to the wire 9.
[0048]

Subsequently, a compact valve in accordance with a fifth

embodiment of the present invention is described with reference to

FIGs. 6(a) and 6(b). In this embodiment, a coil spring 7 and a

biasing coil 8 that constitute a moving valve body 3f are disposed to



contact an outer periphery of a guide pile (stationary
structure) 1. [0049] The guide pipe 1 conprises a
main cavity la, alittle cavity Ib that extends from
the main cavity la to an orifice 2 so as to include
the orifice 2, and a stoppéP lc for the biasing coi
(first elastic nenber) 8 that contacts on the outer
peri phery of the guide pipe 1. The noving val ve body
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an 1 nner pe avity of the
[O(ﬂl@ de pipe 1, a second noving portion 6a that
orJt acts the outer periphery of the guide pipe 1, a

sealjn ertian (s ' S i t
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rific for, seal.ing the.orifice 2. and the .coi]
thaigixterats SeuBheCTalh e b aar 4% rfeE%so A Raiislude
bet.ween, the first nmovin rtion.4e an e, second
therafiig Borid GrBRPRRG ook B DITHEEAR LIRSt EBRRRy of
the guide pipe 1. [0050] The fi,rst novi ortion 4
mengaqrgr&gaato@%tar%% an auFf‘erspfﬁf,lpﬁﬁay of&ﬁ%ré’@@te Jaln?afn
cylinder portion 43 that contacts an inner peri pher%/1
Themeving velve begy 3§ compiiseha fgistdaoyipg portion 4e that
cylindrical colum portion 45 that extends fromthe
contarcts eylinndepeppharynot the hidtlereavice 1b ohlae guide pipe 1,
protruding portion 46 that is partially protruding
a sectmdimioving pergondea thipeontdatethe aquar peniphefryt dethe
mai n cylinder portion 43. The biasing coil 8 that
guidenpipet 5, & lseabmigepopéon fhealingf menebey)i Wehpt peprovisled at
di sposed between the protruding portion 46 and the
an shdppethel fiestofdiiaggpodeopideeinla s26e of the orifice 2 for
sealing the orifice 2, and the coil spring (second elastic member) 7
that is provided between the first moving portion 4e¢ and the second
moving portion 6a and contacts the outer periphery of the guide pipe
1.
[0050]

The first moving portion 4¢ is formed of a metal or a resin, and
comprises a main cylinder portion 43 that contacts an inner periphery
of the little cavity 1b of the guide pipe 1, a cylindrical column portion
45 that extends from the main cylinder portion to the orifice 2, and a
protruding portion 46 that is partially protruding outward of the guide
pipe 1 from a rear end of the main cylinder portion 43. The biasing

coil 8 that contacts the outer periphery of the guide pipe 1 is disposed

between the protruding portion 46 and the stopper 1c of the guide

pipe 1.



[ 0051] The second noving portion 6a is forned of a
metal or a resin, and seals an end of the guide pipe
1 with contacting the outer periphery of the guide
pipe 1, and a noving electrode 12 is provided on a
rear end thereof for energi?®ing the wire 9. The coi
spring 7 that contacts the outer periphery of the
gui de pipe 1 and reduces a stress to the wire 9 of
[06§flshape menory alloy in heating is provided between
a front end face of the second noving portion 6a and

t he tr.udi [ bk ] [ .
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elastic coefficient k2, but is transntted . to the .
stress t@ theovirad péithe shape mismoaphatley dbneatpe wgprevided
and thus, the biasing coil 8 having a larger elastic
betowved iacirent ekid facecohphe ssedndunovong mertinnees gl thom
the first qnvigg portion 4e. Consequent| the sealing
pratoudimgn pbréontde. f loraddtidmfan kiastia soehpviong kbefitba
4e stops at a state of sealing the orifice 2 in a
coidtspiréngs Holensdlectddsio bebymatlemthantat elastwoneficienGk1 of
6(a). [0053] 27
the biasing coil 8.
[0052]

In the above mentioned configuration, when the wire 9 formed
of the shape memory alloy is energized to fever, the wire 9 contracts
and the second moving portion 6a is pulled toward the orifice 2, so
that the coil spring 7 contacting the second moving portion 6a is
pressurized. The pressure does not compress the coil spring 7
having a smaller elastic coefficient k2, but is transmitted to the first
moving portion 4e through the coil spring 7, and thus, the biasing coil
8 having a larger elastic coefficient k1 is compressed due to the
pressure from the first moving portion 4e. Consequently, the sealing
portion 5 at the front end of the first moving portion 4e stops at a
state of scaling the orifice 2 in a state shown in FIG. 6(b) from a state
shown in FIG. 6(a).

[0053]



After closing the orifice 2 by contacting of the
sealing portion 5, when the contraction of the wire 9
further proceeds and the sealing portion 5 further
pressurizes the orifice 2 for sealing nore tightly, a
reaction force fromthe ori¥ffice 2 acts on the wire 9
as an overload. At this tinme, the coil spring 7 starts
to contract, so that the overload acting on the wire
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thasedac sntj@osd pbemesequent |y, a conpact val ve in

accordance with a sixth enbodi mrent of the present
[0G5%jention is described with reference to FIGs. 7(a)

and 7(b). In this enbodiment, an end of a noving

el eclir tide wWagcsimtcefhectoddgridg 7 snddhaduinethg ool 8 are

gui de pipe 1, and a noving valve body 3g is nmoved by
providelng ebntdee theviutgr geeipliedeo8he guide pipe 1, these
spring portions are arranged within an overall length of the moving
valve body 3f, and thus, it is possible to downsize the compact valve
10 entirely. In addition, since the wire 9 can be configured without
penetrating through the spring portions, manufacture of the valve 10
becomes easier. Moreover, since the moving valve body 31 has
elasticity as a whole, it can serve as a cushion to reduce the overload
acting on the wire 9, and thus, the overload for the shape memory
alloy can be reduced.
[0055]

Subsequently, a compact valve in accordance with a sixth

embodiment of the present invention is described with reference to
FIGs. 7(a) and 7(b). In this embodiment, an end of a moving

electrode (second electrode) 12 is connected to a guide pipe 1, and a

moving valve body 3g is moved by warping of the moving electrode



12 due to contraction of a wire 9. [0056] The guide
pipe 1 has a main cavity 1 a to which the noving

val ve body 3g contacts internally, and a little cavity
I b that extends fromthe main cavity la toward an
orifice 2. The noving val véSody 3g conprises a first
novi ng portion 4f that contacts an inner periphery of
the guide pipe 1, a second noving portion 6b that

12 AN AFLontRR HANBT PEAHPoEry of the guide pipe 1 and
y

pressuri ze 6 contacting the noving el ectrode 12, a
Unﬁﬁgging portion (sealing nenber) 5 that is provided
a front end of the first noving portion 4f and
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el ectrode 15. [0057] The first Vi n ortion 4f is
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cylindrical colum_portion 48 that contacts % i_nner
pepphepnefytherguide ping Il eacwrond MOwng periyen & fidde 1
a cylindrical colum portion_ 45 that extends fromthe
comfgichs ¢ty iinaer paripduirynal theoguide page toand drasswidaed dnd
side, and a second cylindrical colum portion 47 that
comtact g the heovimgeelquéragehd 2y aofealieg guirtionp(ssalingat an
end of the main cylindrical colum portion 48. [0058]
mehtleeget ehat piogduatl 41 arfréht esdfaf thex fiost monangl portian
resin, 29
Af and seals the orifice 2, and a coil spring 7 for supplying elasticity
to the moving valve body 3g. A biasing coil 8 that contacts an outer
periphery of the moving valve body 3g is provided in the guide pipe 1.
A lead wire 15b and a lead wire 15a are respectively connected to a
stationary electrode 11 and the moving electrode 12.

[06057]

The first moving portion 4f is formed of a metal or a resin, and
comprises a main cylindrical column portion 48 that contacts an inner
periphery of the little cavity 1b of the guide pipe 1, a cylindrical
column portion 45 that extends from the main cylindrical column
portion 48 toward a front end side, and a second cylindrical column
portion 47 that contacts the inner periphery of the guide pipe 1 at an
end of the main cylindrical column portion 48.

[0058]

The second moving portion 6b is formed of a metal or a resin,



contacts the inner periphery of the guide pipe 1 and
has a protruding portion 61 that contacts the noving
el ectrode 12. The noving electrode 12 has a fixed end
14a that is fixed on the guide pipe 1 and a noving
end 14b connected to an end9f the wire 9 other than
an end connected to the stationary electrode 11, and
the noving end 14b is noved by contraction of the
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In the above nentioned configuration, when the wire 9

lower pertéogiarethe buteyphetiphergaan wincer toal of tee iggade itips 1
15b, the stationary electrode 11 and the noving
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toward the stationary electrode 11 by the contraction
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the protruding portion 61 of the second noving
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nmovi ng el ectrode 12. The second noving portion 6b is
profBy@ighg3fortion 61. The coil spring (second elastic member) 7 is
provided between the first moving portion 4f and the second moving
portion 6b so as to reduce a stress acting on the wire 9 of the shape
memory alloy in heating. An elastic coefficient k2 of the coil spring
7 is selected to be smaller than an elastic coefficient k1 of the biasing

coil 8.

[0059]

In the above mentioned configuration, when the wire 9 is
energized through the lead wire 15a, the lead wire 15b, the stationary
electrode 11 and the moving electrode 12, the moving electrode 12 is
pulled toward the stationary electrode 11 by the contraction of the
wire 9 corresponding to fever thereof, so that the protruding portion
61 of the second moving portion 6b is pressurized by a center portion

of the moving electrode 12. The second moving portion 6b is moved



toward the orifice 2 by such pressure, so that the
coil spring 7 and the first noving portion 4f which
" are serially contacted to the second noving portion
6b with pressure nove to seal the orifice 2 by the
sealing portion 5 as showmn30n FIG 7(b) froma state
shown in FIG 7(a). The biasing boil 8 is contracted
until the sealing portion 5 contacts the orifice 2.
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t he movi ng. .valve body 3g has elasticity as a whol e,
confagts MR OTHes Koad can be reduced. In addition, since
the nmoving el ectrode 12 has the fixed end 14a, it is
[008ddsi bl e to increase strength of connecting portion
between the | ead wire_15a for energi zation and . the )
moviAftesidosmgithe p2ificodsby coussetnenet the sealapgaeqrtion
valve in accordance with a seventh enbodi ment of the,
5, whesetite ¢owraction o6 thieseire s fusthen precesdneadt the sealing
FIG. 8(a) and 8(b). In this enbodinent, it is
portio Sgfurehlet patssarizassthe3arifice 2 so as to seal more tightly, a
reaction force from the orifice 2 acts on the wire 9 as an overload.
At this time, the coil spring 7 starts to contract, so that the overload to
the wire 9 can be reduced.
[0061]

In this way, since the coil spring 7 is provided between the
first moving portion 4f and the second moving portion 6b, the moving
valve body 3g has elasticity as a whole, and thus, overload can be
reduced. In addition, since the moving electrode 12 has the fixed
end 14a, it is possible to increase strength of connecting portion
between the lead wire 15a for energization and the moving electrode
12.

[0062]
Subsequently, a compact valve in accordance with a seventh

embodiment of the present invention is described with reference to

FIGs. 8(a) and 8(b). In this embodiment, it is configured that a first



stationary electrode (first electrode) 11 a and a
second stationary electrode (second el ectrode) 12a,
whi ch are respectively fixed on an wupper portion and
a lower portion of an end of a guide pipe (stationary
structure) 1, are conprised®l a wire 9 forned of a
shape nenory alloy is connected between these

el ectrodes | la and 12a; a noving valve body 3h is
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MoyilpgE qalvwrr%@%\?ﬁhgs pmaﬁ@rb@dfbm E8RRT E@gﬂgnfqlﬂfg@ wire 9;
novi ng portion 4g that _contacts the inner, periphery.
angp ¢oreirgotioa girpetion of the srige rﬂ)@l’@ﬁ?espﬁiﬂﬂggﬁ apgle neith a
contacts the inner penipheréﬁff t he gui de pipe 1 and
mooongatirectine of the maeiing vabie badytHer eof, a seal ing
portion (sealing nenber) 5 provided at a front end of
[0Q6i first nmoving portion 4g so as to seal the orifice
2, and a coil spring 7 that is provided between the
fi r sAnnend Mgceoftthengdigleapihe heorsposine town ogfpor 2iten
6¢c and supplies elasticity to the noving val ve body
op&iied haA6A]akte: 1 dristforavédionpdre evd fAgei s The fedtof a

metal or a resin, 32
stationary electrode 11a and the second stationary electrode 12a are
fixed at the upper portion and the lower portion of the flange 1d by a
resin adhesive or welding. A biasing coil 8 is provided to contact an
outer periphery of the moving valve body 3h in the guide pipe 1.
The moving valve body 3h comprises a first moving portion 4g that
contacts the inner periphery of the guide pipe 1, a second moving
portion 6¢ that contacts the inner periphery of the guide pipe 1 and
contacts the wire 9 at a rear end thereof, a sealing portion (sealing
member) 5 provided at a front end of the first moving portion 4g so as
to seal the orifice 2, and a coil spring 7 that is provided between the
first moving portion 4g and the second moving portion 6¢ and
supplies elasticity to the moving valve body 3h.
[0064]

The first moving portion 4g is formed of a metal or a resin,



and conprises a first cylindrical colum portion 41
that contacts the inner periphery of the guide pipe
1, and a second cylindrical colum portion 42 that
extends fromthe first cylindrical columm portion 41
toward a front end side. TRé second cylindrical colum
portion 42 has a sealing portion 5 at a front end
thereof to seal the orifice 1. A biasing coil 8 is
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thethineiid epilog. t he expansion and contraction of the
wire 9. [0066] 33

[0065]

The second moving portion 6¢ has a first cylindrical column
portion 61 that contacts the inner periphery of the guide pipe 1 and a
second cylindrical column portion 63 that extends from the first
cylindrical column portion 62 toward a front end side. A contacting
portion 64 of a cylindrical shape is provided at a center portion of the
first cylindrical column portion 62 so as to be pressurized by
contacting with a center portion of the wire 9. The contacting
portion 64 is freely rotatable, and moved by a pressure in an axial
direction of the guide pipe 1 due to contraction and expansion of the
wire 9. Consequently, the second moving portion 6¢ is moved along
the guide pipe 1 by pressure in a vertical direction of the expansion
and contraction of the wire 9.

[0066]



In the above nentioned configuration, when the wire 9
contracts by heat due to energization, the contacting
portion 64 of the second noving portion 6¢ is
pressurized toward the orifjce 2, so that whole of
the noving val ve body 3h i $3 aned toward the orifice 2
froma state shown in FIG 8(a) and stops the novenent
when the sealing portion 5 contacts the orifice 2 as
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overl oad acting can.,be reduce
fromq a Hpke 9wnsnh$ﬁci %éa sk af&nsoﬁher %I&V@r%?nf Wé{ ﬁéé
converted to the_ novi di.rection of
sealmg«@oma@yi IeONsa¢isehe; @UEQ LRt #@WBME?@ gﬁb )."9 When
direction, a stroke that enables to displace the
thempiten§ Ruather boairages s@mageloyPERss e ebfiien }b&ll%sea ing
m nute contraction of the wire 9. Therefore,
poxien &, Ithedrigsingtoilhé haning aglar@erteﬂ@sm@@@@iﬁlcye@& Foke
of the noving val ve body 3h can be shortened. In
comttditddaarlstmand hecetvonrfides fromblie brifocs 2eaets it the

the wire 9 are connected are fixed, reliability of
mosdnpeetlverbady B subsaduentlys 1$hemtﬁd)rb5hltﬁmugh a load

energi zati on can be increased. [0068] Subsequently, a
acte U aled wiak\e the mestenhdandeevbody & aidbding4he coil spring
7 has elasticity, so that the overload acting on the wire 9 can be
reduced.

[0067]

In this way, since the contraction force of the wire 9 is
converted to the moving direction of the moving valve body 3h
perpendicular to the contraction direction, a stroke that enables to
displace the moving valve body 3h largely can be obtained by a
minute contraction of the wire 9. Therefore, an overall length of the
wire 9 for the necessary stroke of the moving valve body 3h can be
shortened. In addition, since the electrodes to which both ends of
the wire 9 are connected are fixed, reliability of connection of the
lead wires 15a and 15b for energization can be increased.

[0068]

Subsequently, a compact valve in accordance with an eighth



enbodi nent of the present invention is described with

reference to FIG 9. This enbodinent is essentially
*the sane as the above nentioned seventh enbodi nment,

but it is different that a contacting portion 64 that

contacts a second noving péftion 6c and a wire 9 in

an end portion of a noving valve body 3h is configured

by a netal nenber (netal) 65 with a surface coating
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section is provided on a, first cylindrical ¢colum -
PORAT Pdrthe BMIACEe SRECRERY BEMATSIPTEEC Grnd Brgite 9 in
novi ng val ve body .3h in a direct.ion suhstanti.ally
an gafReIIQuIRAa MY Vingevalvieebady b i cqufiguregsby ggmetal
circular section of the contactin portion 64 .
mepnmpes (uetal) Contdth @ sHdage @@@élv@gﬁ @ﬁo AdESimbaving a low
contacting portion 64 contacts both of the second .
heatosamdpgiovityon As fana mméexipt of the 186t cgahieneabadit is
the wire 9 by energi zation may be conducted to a
prederald egiopkave fgood heat wisistadiceh voeayhrasigtapestand i ng
portion 64, the second noving portion 6¢c and a coil
lubsprdting propertyt bush dst PHRE eesin.y be radi ated. Such
heat radiation of the wire 9 is not desirable because
[00a9]may cause the reduction of contraction efficiency
of the shape nenory alloy for the energization.
[ 007R]grbbeR. 624 hakisg enhdskitamnital 1yt ties same rsdiiato fothe
advantageous 35
contacting portion 64 and a semicircle cross section is provided on a

first cylindrical column portion 62 of a second moving portion 6¢ of
the moving valve body 3h in a direction substantially perpendicular to
the wire 9. About a half of the circular section of the contacting
portion 64 internally contacts the groove 62a. Since the contacting
portion 64 contacts both of the second moving portion 6¢ and the wire
9, heat generated in the wire 9 by energization may be conducted to a
guide pipe 1 from the wire 9 through the contacting portion 64, the
second moving portion 6¢ and a coil spring 7, and thus, it may easily
be radiated. Such heat radiation of the wire 9 is not desirable
because it may cause the reduction of contraction efficiency of the
shape memory alloy for the energization.

[0070]

Then, in this embodiment, thermal insulation advantageous



- effect due to resin coating is realized by coating a
surface of the netal nmenber 65 which constitutes the
contacting portion 64 with the resin coating 66. By
such a configuration, heat conduction fromthe wire 9
to the contacting portion &® can be reduced, and heat
radi ation of fever of the wire 9 by energi zation can
be restrai ned. Consequently, the contraction

e &L idﬁieetr(])gyesgﬂ gto%gi\/%gserec’aﬁ%d %%#%tﬁﬂéiaog‘u%% the metal

I'ncreased, n response-o e-“novi ng val ve
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In additi al 1 hough.t he gontactin ortiQne6 .
coplditfes B sigh o Qe fizdtaion, HeehABrRRRHAT gtpybe wire
wire 9, the contacti orntion,64 s hard and,stron
9 tgdhg RANtAETNg BORIT VR ARSI RIS, HihDEAT ediayipn of
that the pressure fromthe wire 9 can pbe ,transmtted
fevies ahhenire§ Duiener s 13k Canﬁé%f@%ﬁ,ralaw&l-t hGonsequently,

transm ssion_efficiency of the pressure can be
the penasten afficisugh o wige O far eReitEigRtlng ¢t bron
64 may be forned of a resin, the resin having good
increased,exid naocil wesponsso§ the deowing vabye b&)@i)fngh can be

property is expensive. Thus, the contacting portiaon .
fas6einednaibeé thasufespansedo iheespergizatiopyof tin&rn\fnagve lsevitching

contacting portion 64 of a netal in this enbodinent.
cai] B8 7hkr&drzkquéntddditianc atfirmigly the e omacidngrptanioen 64

wth a ninth enbodinent of the present invention is
recdéses bes gnbidssueé efuenue coatraetion o8 thdhivareedpidm ment

is essentially the same as the above nentioned

corftaROBOft3onBY id haté adidf §teoaptbédralser skreardagurgbof a

11c and 12c are provided on surfaces of a first
me@AeRieRBEr b5 3oathét ahe §reAsuRB rom the wire 9 can be

transmitted to the moving valve body 3h directly, and thus,
transmission efficiency of the pressure can be increased. Although
whole of the contacting portion 64 may be formed of a resin, the resin
having good heat resistance, wear resistance and Jubricating property
is expensive. Thus, the contacting portion 64 can be manufactured
inexpensive by forming the contacting portion 64 of a metal in this
embodiment.

[0071]

Subsequently, a compact valve in accordance with a ninth
embodiment of the present invention is described with reference to
FIG. 10. This embodiment is essentially the same as the above
mentioned embodiments, but it is different that resin coatings 11c and

12¢ are provided on surfaces of a first electrode 11a and a second



el ectrode 12a (SIC). [0072] The first stationary

el ectrode 1la and the second stationary electrode 12a
are respectively configured by netal nenbers | |b and
12b each of which is a rectangular solid, and the
resin coatings 11 ¢ and 126 that coat surfaces at

| east contacting faces of the surfaces of the netal
menbers 11b and 12b with a flange Id. The first

i ctrode | la and the second stationary
elegfecqér)ggg)(gat%'coat ed by resin are fixed on the flange

[0017 by a resin adhesive or the Ilike. [0073] In such a
configuration, heat generated by fever of a wire 9

due . . . e
dve 0595 SLAgbhaLy Ddlikqfie 106 AAE AArid ity
cleghO DS RET el BRI PR R RLPY anc

fi i | ect [ . d.th .
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and 0 A s e o ok B CacsEaaant i Wiabes of
radi ation of the wire 9 can be restrained,. Therefore,
thecoetabmamhersef { bankhd¢bowitha la%ea or T@ﬁe’?elét?tz ation

can be increased and the noving response of the
statiowiany elattredsobiia 3ndcthe srcand stafsenary glastngdal2a

nodi fi ed exanpl e of the above nentioned eighth
coatatldoly mesin are fiesck bhalicvilange diebgraceesio wilwsive onthe

this nodified exanple, the first stationary el ectrode
liké. la, the second stationary 37

[0073]

In such a configuration, heat generated by fever of a wire 9
due to energization might be conducted and radiated from the wire 9
to a guide pipe 1 through the first stationary electrode 11a and the
second stationary electrode 12a. However, since the surfaces of the
first stationary electrode 11a and the second stationary electrode 12a
are coated by resin in this embodiment, heat conduction can be
reduced by heat insulation effect of the resin. Consequently, heat
radiation of the wire 9 can be restrained. Therefore, contraction
efficiency of the wire 9 for energization can be increased and the
moving response of the moving valve body 3h can be increased.
[0074]

A modified example of the above mentioned eighth
embodiment is described with reference to FIG. 11. In this modified

example, the first stationary electrode 11a, the second stationary



el ectrode 12a, and the wire 9 held by the stationary

el ectrodes 11 a and 12a are covered by a cover 16
that is provided on the flange Id. [0075] The cover
16 consists of a housing fornmed of a resin having |ow
heat conductivity, and fixed on the flange Id by a
resin adhesive or the like so as to seal the first
stationary electrode 11 a, the second stationary

eie%h‘?ﬂer pde 128 ARdxiReY vn[ By (BY sPiGnar ettfdt%laeé i198,and
ect ro

first stationary e de 11 a, the second
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[O(ﬁ@mthe wire 9 that fevers due to energization and
mthe first stationary el ectrode 1l1la and the
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or il %@ SCrBatei ! SRS SRt ORBT ST RER:h lghakesie
enbodi nent i s descri MWth reference to FIGs. 12(a)
staipgary @gctrode 13a angoidne Waee 8x anBYeSUctes Biardue watian ) the

| e and 12e are forned deburrln the vicinities of
firgpgaiingerpielogiredear bla, r%lehtﬂc‘émd statiofiry alzgtigde héa and
first stationary electrode 1l a and the second
theswaid Breaeyinsslatetl hoen pRdepaovi dBy rch hesulatings haptof
- the guide pipe 1, from which the wire 9 connected to
radiidngont fxbiro tiae Wl&'b&:th&iﬂﬁslel‘SIde tmengPgizatem dndviimom the
out. The deburred holes 11 e and 12e are formed by
firstatuiingarheletieotdecdes and theveecordeyetamanyi aleguiade 12a
section from 38
that are heated by heat conduction from the wire 9 are restrained.
Therefore, contraction efficiency of the wire 9 for energization can be
increased and the moving response of the moving valve body 3h can
be increased.
[0076]

Another modified example of the above mentioned eighth
embodiment is described with reference to FIGs. 12(a) and 12(b). In
this modified example, deburred holes 11e and 12¢ are formed by
deburring the vicinities of openings of wire drawing holes 11d and
12d of the first stationary electrode 11a and the second stationary
electrode 12a provided on the flange 1d of the guide pipe 1, from
which the wire 9 connected to the stationary electrodes 1la and 12a
are drawn out. The deburred holes 11e and 12e are formed by

carving the electrodes to have a reverse triangular section from



surfaces in the vicinities of the openings. The
stationary electrodes 11 a and 12a are fornmed of
‘metal nmenbers | |b and 12b each having a rectangul ar
cross section and both ends of the wire 9 are fixed in
the nmetal nembers | |b and®2b by wel ding or the
like. I'n addition, the netal nenbers | |b and 12b are
arranged on a surface of the flange ld wth

sullf%gleb '?ﬂtthgnw%‘?nft{l%l of fge Y é:{egll §W' %@Q{aﬁ%ﬁaweﬁé&'lﬁodes

col nci de draw n ctions of the
[ r t 1 é@@,
llé%éﬁgg?n%e%rgl%gpfeéh X€ ﬁﬁ Iﬁ?@efqga%ﬂg%ﬁg %b%gp in 1,ng 4
r.esi n adhesj ve V/ '
SR S Gl SR e by g SRtbUT the
t he a holes 11.d and. 12 hat S
megaggra@dp e 1 Thata 2ppory SifiDece! 1hF it ac T Bhgiippa the
hol nd 12d of t
meiAMORbrs | 1R diIED 8 HaengS Pa@eé%fspﬁgge Rallage 1d
to.contracti on and, expansioon. . act .
Witly (R BAIGR ShEhal e B ITaA B RS ﬂé%ﬁ@#% cpingige
possi ble tg prevent braking of t he wire 9.
withidrawong directipne@fitbgswitsy Odr i agd1tHoR Kher %ta@wnary
substantially coincide with the direction of _the wire
eledgteodenyl halassl 12adrarsy mmetsical e fimsdapn thafdarge ldby
and 12b, so that the wire 9 rarely contacts the netal
weﬂréntgrmslin laldhasove, 2r tHoObk8] By the conpact val ves 10
in accordance with the above nentioned enbodi nents
[OGFA] t he nodi fied exanpl es thereof, since the coil
spring 7 for reducing stress is provided on the noving
val vin teidymodified ¢temel@sthecdebeffadchelds kPe ahdt h2e are
coil spring 7 is selected to be 39
formed on the wire drawing holes 11d and 12d, so that it is possible to
reduce opportunities to contact the wiré drawing holes 11d and 12d of
the metal members 11b and 12b with the wire 9 that displaces
corresponding to contraction and expansion. Consequently, contact
friction of the wire 9 can be reduced, and thus, it is possible to
prevent braking of the wire 9. In addition, the directions for drawing
the wire 9 substantially coincide with the direction of the wire
drawing holes 11d and 12d of the metal members 11b and 12b, so that
the wire 9 rarely contacts the metal members 11b and 12b.
[0078]
| By the compact valves 10 in accordance with the above
mentioned embodiments and the modified examples thereof, since the

coil spring 7 for reducing stress is provided on the moving valve body

3 and the elastic coefficient k2 of the coil spring 7 is selected to be



smal l er than the elastic coefficient kl of the biasing
coil 8, the stress that receives the wire 9 due to
the reaction force fromthe orifice 2 can be absorbed
in closing operation of the orifice 2 due to
contraction of the wire 9.3§y such cushi on effect of
the noving valve body 3, the overload to the shape
menory alloy in the closing operation of the valve
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ere or e, e transformation of the nmenbrized’ hape
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structure) 1 sqg that it % freely ﬁ heh
Thejiafase pihsetransformagtion @ﬁ %%@I&l@rh@ei’é ﬁp?fq shape
el astic nenber) 8 for b|a5|ng agalnst awre 9 forned
mepfory eHayeanéni@rcyngrat@yn aloiepeatabdity ahéne wm&rm}f
of the guide pipe and is provided between
shapa! dee bodhe(arouilogdstanube preyestehdamd the |&ur@blhty of the

Furthernore, a coil spring 7 for reducing a stress to

shapleememapey r{ialruyr gandid mcreastéat i ng process is provided
between the orifice 2 and an end 1 a (opposite end to

fo0c79g orifice) of the guide pipe 1. The wire 9 is held

between a stationary electrode 11 and a noving

el e@uindeubhtly,[H088]p#A& valve in accordance with a tenth
embodiment of the present invention is described with reference to
FIG. 13 and FIGs. 14(a) and 14(b). In the compact valve 10 of this
embodiment, an orifice (orifice member) 2 is independently provided
from a guide pipe (stationary structure) 1 so that it can freely movable
in the guide pipe 1. In addition, a biasing coil (first elastic member)
8 for biasing against a wire 9 formed of a shape memory alloy
contacts an inner periphery of the guide pipe and is provided between
a moving valve body (moving structure) 3 and he orifice 2.
Furthermore, a coil spring 7 for reducing a stress to the shape memory
alloy in heating process is provided between the orifice 2 and an end
la (opposite end to the orifice) of the guide pipe 1. The wire 9 is

held between a stationary electrode 11 and a moving electrode 12.

[0080]



The noving val ve body 3 has a cylindrical colum
portion 3a that extends froma main cylinder portion
internally contacting the guide pipe 1 toward the
orifice 2, and a sealing portion (sealing nenber) 5
formed of a resin or a rubB8r to seal the orifice 2 is
provided on a front end of the cylindrical colum
portion 3a. As for the shape nenory all oy, one that
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than_an elastjc coefficient kIl _of .the biasing,coil, 8,
proyided. ooy 7 fent spdrot U5 eKlipdiica el ufan RATHEE 3pet whSifor
the orifice 2 gnd the sealing portion 5 due to the
the shagengegaery agoxs %%@?qug%%fér‘ﬁgﬁﬂe% LEMPErALEE t he
orifice 2 is opened (normally aqpen)., [0081] In the
thergndvbeermcs dnghes Jhangu £attash valHe Py heatingedoe te
energi zed, the wire 9 fevers, and when the tenperature
energiradin iposodes Whyen Phavottagedsranplied 4p gnerghee the
wre 9 contracts to transformthe nenorized shape. At
shapkimenony, aHoyeidfeorershandvithe tompetratire grarenhetiasd spo
the stationary electrode 11 fixed on the guide pipe

thatlit fegunod tomvpdedoushy et orfeedtbatraened chapeeabwvye the
9, which is connected to the noving el ectrode 12

cerfinvictigserauidioahmyi ndnvaldiciorhedy eBistiscpaffietmid® of
nmoves wth the noving val ve body 3. Thus, 41

the coil spring 7 is selected to be smaller than an elastic coefficient k1

of the biasing coil 8, as described later, so that a space is formed

between the orifice 2 and the sealing portion 5 due to the biasing coil

8 at a normal temperature, and thus, the orifice 2 is opened (normally

open).

[0081]

In the above mentioned configuration, when the wire 9 is
energized, the wire 9 fevers, and when the temperature thereof
becomes higher than the certain value, the wire 9 contracts to
transform the memorized shape. At this time, an end of the wire 9,
which is connected to the stationary electrode 11 fixed on the guide
pipe 1, is not movable, so that the other end of the wire 9, which is

connected to the moving electrode 12 provided on the moving valve

body 3, is pulled and moves with the moving valve body 3. Thus,



the noving val ve body 3 noves toward the orifice 2 by
contraction of the wire 9, and the biasing coil 8 is
pressuri zed and contracteéd by such novenent, so that
the biasing coil 8 is pressurized to the orifice 2.
The sealing portion 5 at tHé front end of the moving
val ve body 3 <contacts the orifice 2 and stops the
novenent in a state of sealing the orifice 2.

T : i iaC ' r t : d
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rar el ontracts until the orifigce IS sealed, by,th
2. S e lasehos Steieng ot snst phae Srovhte SRLYY both 3
y stopping.the energization to the wire 9 are.the.
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sealing the orifice 2 by contacting of the sealing.
orifigetd.on Tisrelethe Reitire € & ¢loserelosw Bt 1188 § o im&1G.
sealing portion 5 :fressurizes the orifice 2 so as to
14(s94b astasetshgrwnyin ¥He bite).ngAddhiis gime, ths ekasiiG zed
between the orifice 2 and the noving val ve body 3 in
coafficiegukdeopihpecoilasnting © insolected dorle eadleraihan the
nore. The coil spring 7 starts contraction at this
elastioedafSiceadt ki dfehébiming al I8, 80 (1ea8RE hiksing coil & is
contraction of the coil spring 7 serves as a cushion

cothpressedugied akerdoibgpeipy 7adrely toatnacteudtditheodtifice 2 is
and thus, an excess |load to the wire 9 can be

seal &dl@sethe Jbulingtdrtiotes| oabpeaibfesorapensnefitiey oalfiay 2
can be avoided, so that it is possible to prevent 42

by stopping the energization to the wire 9 are the same as those as
described above.
[0082]

After sealing the orifice 2 by contacting of the sealing portion
5, when the wire 9 further contracts and the sealing portion 5
pressurizes the orifice 2 so as to seal more tightly, the biasing coil 8 is
pressurized between the orifice 2 and the moving valve body 3 in the
guide pipe 1 and it cannot be compressed any more. The coil spring
7 starts contraction at this time instead of the biasing coil 8.
[0083]

The contraction of the coil spring 7 serves as a cushion to
reduce overload applied to the wire 9 directly, and thus, an excess

load to the wire 9 can be reduced. Thus, the overload to the shape

memory alloy can be avoided, so that it is possible to prevent



transformation of the nenorized shape of the wire 9 at
the higher tenperature, and thus, the shape nenory
alloy can return to the original nenorized shape at
any tinme. In addition, it is possible to prevent
deterioration with age of ﬁﬁ% menori zed shape due to
repetition of the overload, to increase the
durability, and to perform open and close of the

traﬁgg&rﬁﬁti%nbdf FHLE brokd At A 519%19@%%6%%3 9GE thatlflcher
84] According to this enbodi nent, the orifice
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the overload of contraction stress for the shape
aCﬁ#ﬁ%@bﬂalloy of the wire 9 in energization can be
reduced, and thus, the durability is increased by

[OQﬁ%]venti ng the deterioration of the repeatability of
the nmenorized shape of the shape nmenmpry alloy, and
consAgaending ta Helsrembgisiimant, dhe wrsliesFolat I9al ve 10
can be increased. Furthernore, the orifice 2 is

indepeelemdbn gy ghlevindte gnode phpe dyithe bigispeg Tow 8hout
integration, so that freedomfor arranging elenments in
prashdedubetaveipehd ocaiicbe amdthasedyvingnaluethadyng, ahd the
the orifice 2 that needs mcrofabrication becones
coiéapriig 7aprhiegdesetsfear chue @yl perddn 1a of the guide pipe 1
and the orifice 2 are arranged in series, and the elastic coetficient k1
of the biasing coil 8 is selected to be larger than the elastic coefficient
k2 of the coil spring 7, so that the coil spring 7 can be deformed
elastically due to the overload for the wire 9 in the closing operation
of the orifice 2. Thereby, the overload of contraction stress for the
shape memory alloy of the wire 9 in energization can be reduced, and
thus, the durability is increased by preventing the deterioration of the
repeatability of the memorized shape of the shape memory alloy, and
consequently, the reliability of the compact valve 10 can be increased.
Furthermore, the orifice 2 is independently provided {rom the guide
pipe 1 without integration, so that freedom for arranging elements in

the guide pipe 1 can be increased, manufacturing of the orifice 2 that

needs microfabrication becomes easier, and degree of accuracy is



increased. Still furthernore, since the wire 9 can be
formed as a fine straight shape instead of a thick
coil shape, it is possible to downsize the valve that
occupies as little space as _possible, and response to
heat radiation of the sha menory all oy can be nade
faster. [0085] Subsequently, a conpact valve in
accordance with an el eventh enbodi nent of the present
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L0086] The first sem -stationary electrode 11 is
embodiingunted fofstaemi-stdiapearypebacsrage (Agst alastrede)al 11 has
stationary end portion | Ig fixed on the guide pipe 1
a péatd sprspgistgigtare ithat infelpratest an oveehvad reauction elastic
stationary end portion 11 g and inserted into the
memmyémGecande kot Siembbe) $bhi(hgrporaftan abbraviaed as
di sposed near to an end portion 35 of a nmain 44
"spring portion"), and a second semi-stationary electrode (second

electrode) 12f has a plate spring structure that integrates a biasing
elastic member (first elastic member) 12h (hereinafter, abbreviated as
"spring portion"). Hereupon, the first semi-stationary electrode 11f
is fixed on a guide pipe 1 at an end thereof, and the second
semi-stationary electrode 12f is fixed on the guide pipe 1 at an end
thereof and contacts a moving valve body 3 at the other end thereof so
as to cooperate.

[0086]

The first semi-stationary electrode 11 is configured of an
L-shaped plate spring, and has a stationary end portion 11g fixed on
the guide pipe 1 and a spring portion 11h that is bent from the
stationary end portion 11g and inserted into the moving valve body 3.

The spring portion 11h is disposed near to an end portion 35 of a main



cylinder portion 31 of the noving valve body 3 in a
side of an orifice 2. The second sem -stationary
el ectrode 12 is configured of an L-shaped plate °
spring, and has a stationary end portion 12g fi xed on
the guide pipe 1 and a spr#fig portion 12h that is bent
fromthe stationary end portion 12g and inserted into
the noving val ve body 3. The spring portion 12h is
| $RO . 0 [ -0f [ :
oy i Faaiof AT BRSOV RBEE LY 8 e o grifice
sikde opposite.t . I fql . -el |
2. 3B RRBRE B GRalidBaE stk ol (7 4F Pl Eueq pLan
irst sem-stationa electrode | if,is selected.to,be
L-shabRHa o0 3Rt Al fn oty g posfiSin b8 ik o
portion 12h of, the . second sepi-statiopary .el ectrode
the gitidepipeshandyd SeFMSROFUPR Lo helhis BBRY on
12h are respectively cqonnected to both ends of . a wre
statgonar ¥ P Gt weean H@sgﬁﬁﬂrﬂ@tgaﬁ@ir@ﬁvmg Valia Rady 3.
spring portion 12h is substantially equal to.a | ength
Theysprisgnperieorddlpy disprsesbtapantard anangopeitoon 33 ai the
both ends of the main cylinder portion of  the nmoving
mairatyEndedp@tian 31 rof thd mevipgr wtlveebody 3 hawr side
al | onance of novenent of the noving valve body 3 is
opposste to thedl orific087] Ameclastingoetfivendddyof the shoimged
of an elastic material such as a resin or a rubber,
portiogh hbls dfhthenfirst sorhi+sderiopary iedbectdddehiat! iscorleatadstabe
i nner periphery of the guide pipe 1, a cylindrica
smaldeutian pardlasticTddiffaticaxkenoibtie springependond2hi ofi the
35 of the main cylinder portion 31 in the side of the

secOhllfdesRi-2iatib@agnglaarddeon 233 iThé Reriig@ortipnos b enido
the orifice 2, a stopper 34 that stops the spring

e fotin 3 onesbtcauely sspykcam Lbectn of 5
wire 9. A distance between the spring portion 11h and the spring
portion 12h is substantially equal to a length between the end portion
35 and the end portion 33 at both ends of the main cylinder portion of
the moving valve body 3 at a normal temperature, so that an
allowance of movement of the moving valve body 3 is restrained.
[0087]

The moving valve body 3 is formed of an elastic material such
as a resin or a rubber, and has the main cylinder portion 31 that
contacts an inner periphery of the guide pipe 1, a cylindrical column
portion 32 that extends from the end portion 35 of the main cylinder
portion 31 in the side of the orifice 2, the end portion 33 in the side

opposite to the orifice 2, a stopper 34 that stops the spring portion 12h

to transmit a stress from the spring portion 12h to the moving valve



body 3, and a spring insertion portion 36 of a cavity
encl osed by the stopper 34 and the end portion 33
into which the spring portion 12h is inserted. A
sealing portion 5 to seal the orifice 2 is provided at
a front end of the cylinddPcal colum portion 32.
[0088] FIG 15(a) shows a state that the wire 9 is not
energi zed. In this case, the spring portion 12h of

bod3. SHPPYEPEIL 1 A1ARENIGR FELILERRD SRR 05
stoPgE 3tk 6 thE BB PO Ofot LB s ek SR iy 120 is
s BT Bt P osBRRLs oSBT L L1 BEb G A 20
froB] Aeq b ORHI T I AOTEIO 8- 26 an el ast i

nenber for biasing the orifice 2, and the first

[008%st i ¢ menber is int egrated to the second
sem -stationary el ectrode 12f as ,an e| ectrode f.or

enedtfizak (8. sHoows 9] strtesthatihy wirRRsisanat anergigge. ¢ Ha

wire 9 is energized. The wre 9 fevers by
thiepese thet spnngmbromm dad ef due seeondmsanistatéonage.

At this time, the spring portion 11 h of the first
elesewidest 2f contaats theeutd poetion 33 sboatt phesttlenthoving

the wire 9 is connected rarely bends because the
valekdsddy 3cived fdiceetnon kb pdrate o the canfite &. t Bansuéle

elastic coefficient kl of the spring portion 12h of

prebiers abenaleig gata'bhoilajty:he dirent eadenfléfe nendnighealve
spring portion 12h mainly bends so as to be pulled

bodfg\g%ﬁﬁgf é‘@dtfvﬂrl]ﬂ; n}gef?%f“gfe’a/%t@?ﬂgﬂgmf ofilffieSPHet®Res hhon
, pring portion 12h

opdilifbegatd8t alRRR] Bdnplrd@ire. In this way, the second

semi-stationary electrode 12f serves as an elastic member for biasing

the orifice 2, and the first elastic member is integrated to the second

semi-stationary electrode 12f as an electrode for energization.

[0089]

FIG. 15(b) shows a state that the wire 9 is energized. The
wire 9 fevers by energization and contracts due to temperature rise.
At this time, the spring portion 11h of the first semi-stationary
electrode 11f to which an end of the wire 9 is connected rarely bends
because the elastic coefficient k2 thereof is smaller than the elastic
coefficient k1 of the spring portion 12h of the second semi-stationary
electrode 12f, and the spring portion 12h mainly bends so as to be

pulled toward the orifice 2. By bending of the spring portion 12h

toward the orifice 2, the spring portion 12h pushes the stopper 34 of



t he noving val ve body 3 so that the noving val ve body
3 noves toward the orifice 2. Wien the sealing
portion 5 at the front end of the noving val ve body 3
contacts the orifice 2, novenment of the noving valve
body 3 stops approxi matel y,46and the orifice 2 is
closed. 1In this way, the spring portion 12h contracts
(SIC) earlier than the spring portion 11 h, and the

the; g%éﬁ%lépgﬁf\;eoﬂohgl 1 s[)a[hﬁk Bth% MRS ﬁ/ggv% go[dégghiflbﬁ??e

ortion cont ac he ori

j . st ' er qi ' | ,
PR DEIEE D o SPRLAIDEETE Poflbb™ ab dpiidb fudof
tenperature retyr to the,origi-nal,val ue, th ire 9

the, OIS Valye hadyheonbrtighs v Teeaioyegpenf ot the
el.ast i nber returns to the original,posifion, .th ,
SRR VI VEohS0B1 S S AR el oo B P Beg s AfRsed.
the orifice 2 is opened._ [0091] FlI (c),.sho a
In ghig waynhthe spEINg perigonsl 3 contracds g’%& <rligf ghan the
seal i%g_ portion 5 contacts the orifice 2, After the
spropgfpaision 1ih, ead: B springd@iteen drlihzearehy coméracdal(She)
portion 5, even when the wre 9 further contracts and
untihthe sehling portionrd coptastsihe xusfichel. orifice 2 so as
to seal nore tightly, since the spring portion 12h and
[0GMY] st opper 34 are already contacted, the spring
portion 12h cannot bend any nore. At this tinme, the
spr i lngagditiompwhenhstsipgring the deegibytiondoeheiwige 9, the
stress due to contraction of the wire 9, and thus, the
tensperatgre pdrtheowide dégrenses] kad WichhhevdenepSraaorasetuans

bend toward the orifice 2. By such transformati on of

to tHeosidihADvANid, (2 Wird9 @iteavel koatat ehé eodihg valve
body 3 of an elastic member returns to the original position, the
sealing portion 5 departs from the orificé 2 and thus, the orifice 2 is
opened.
[0091]

FIG. 15(c) shows a state that the wire 9 is further energized
after the sealing portion 5 contacts the orifice 2. After the orifice 2
is contacted and pressurized by the sealing portion 5, even when the
wire 9 further contracts and the sealing portion 5 pressurizes the
orifice 2 so as to seal more tightly, since the spring portion 12h and
the stopper 34 are already contacted, the spring portion 12h cannot
bend any more. At this time, the spring portion 11h starts to bend by
receiving stress due to contraction of the wire 9, and thus, the spring

portion 11h is pulled by the wire 9 so as to bend toward the orifice 2.

By such transformation of the spring portion 11h, an overload to the



wire 9 fromthe orifice 2 corresponding to an excess
stress to the orifice due to the contraction of the
wire 9 can be reduced. Hereupon, the first

sem -stationary el ectrode 11f serves as a second

el astic nmenber for the wird79 of the shape menory

all oy, and the second elastic nenber is integrated
with the first senmi-stationary electrode 11 If as an

wig G GipRee SR ?gé%ﬁééﬁgndir% il SRCGR bR To

f d
ori ¢ 't@iégfqoﬁ*f R 18D AL Sl B R ety
eféfﬁ%é" 3 g aé%@{le%@%ife#?&r%ﬂ@pf L6l 3 HiBeond
t tat | 11
clagficaReBaier ferahe WES P oL (e SRADEHREPGNAY 9 18D cBneghe

11 | f serves as a.cushion tp .reduce_.the overload
secgndeelasyicagrampenis (Hearpted witl he Hagstieaisgadianary

load to the wire 9 can be reduced. Furthernore, the
cleginoste 1 keas ast eleicoreds for esergi@ationr. (SIC) is

configured as a plate spring structure to integrate
[0092d second el astic nmenber, and the second

sem -stationary electrode 11 If (SIC) is configured as

a plAteosfingng tlsisrembodentent] thedirat eettiesthtiogtary

el astic nenber, so that a nunber of elenents that

electyose 1 Uf & tbﬁﬁtg@lfedcas ¥ apring Struanuie haedug edsandler
productivity thereof can be increased. [0093] This

eladhe! Jdticoeni, b sles s@éoﬂd%ﬁn?@te&%n&%p Elaatodad 2as
2005- 215601, ’2006- 120351 and 2005- 215 and contents

corﬁfl fff,ﬁgéed; gg _aaggmgcgm@mbqﬂamgt A sreantliag il @vetficient, so
that the first semi-stationary electrode 11f can be bent for an excess
load. The first semi-stationary electrode 11f serves as a cushion to
reduce the overload directly acting on the wire 9, so that the excess
load to the wire 9 can be reduced. Furthermore, the first
semi-stationary electrode 12f (SIC) is configured as a plate spring
structure to integrate the second elastic member, and the second
semi-stationary electrode 11f (SIC) is configured as a plate spring
structure to integrate the first elastic member, so that a number of
elements that constitute the compact valve 10 can be reduced and
productivity thereof can be increased.
[0093]

This application is based on Japan Patent Applications No.

2005-215601, 2006-120351 and 2005-215555, and contents of which

are incorporated in this application by reference.



CLAIM5 1. A conpact val ve that opens and cl oses a
fluid path with utilizing transformation of a shape
menory ally due to energization heating, i
characterized by that the conpact val ve conprises: a
stationary structure of a &Jlindrical shape having an
orifice that constitutes the fluid path; a noving
structure that contacts an inner periphery of the
stationary structure, aﬁﬂgﬁﬁﬁdg seal i ng nenber freely
novable to seal the orifice; a wre forned of a shape
nmenory alloy to nove the noving structure; and a
first electrode and a second el ectrode to hold the

B R BT Bt SRPRE DL P

.elasticall.y vari able, and is novable,tg seal the. ..
utilizig Bans{OvARHIORGOE 2 s MORoTRallY Autdgeengreization

energi zat i on_he&%}i&n to the wire; and the noving
heading,gharactsrize t ransforms when sealing the

orifjce, and thereby, a stress that the wire receives
can the qosapaetvalve sREREEPECt val ve in accordance
with claim1, wherein a part of or whole of the
moviangfagtongey wtenegirearine ¢ ydidnicel skkape haying@napritisee
3. The conpact valve in accordance with claim1,
thatvhenstitutieiseheoflinng psthuct ure has a spring menber. 4.
The conpact valve in accordance with claim3, wherein
a moving structure that contacts an inner periphery of the
stationary structure, and has a sealing member freely movable to seal
the orifice;
a wire formed of a shape memory alloy to move the moving
structure; and
a first electrode and a second electrode to hold the wire and to
energize the wire, and wherein
the moving structure is configured so that a length thereof is
elastically variable, and is movable to seal the orifice by varying a
length of the wire due to energization heating to the wire; and

the moving structure elastically transforms when sealing the

orifice, and thereby, a stress that the wire receives can be reduced.

2. The compact valve in accordance with claim 1, wherein
a part of or whole of the moving structure is formed of an elastic

material.



the spring nmenber is provided to contact an outer

peri phery of the stationary structure. 5. The conpact
val ve in accordance with one of clains 1 to 4,
wherein an end of the second electrode is fixed on the
stationary structure, the4$ther end thereof is
connected to the wire, and a center portion between
both of the ends contacts the noving structure, and

thusy the Trgc\-f idh?%ﬁ%%ﬂégﬁﬂkeiﬂ ScEBYELh Y WAgR U1 B Of, $A&rein

el ectT ode. act valve in accordance w t’h one

theinel BgrReie b Hrs RAR e ARREY “ang 1 he second

el ectrode is connected to the noving structure. 7. The
conpact val ve in accordance with one of clains 1 to

4, erei he first electrode is,fixed.on . .

ot ectbt er i hRg GERPRFoATGnIE AECOTdeRSnaYish faif d,rwherein

and .the second. el ectrode is fixed on another position
theos rAREtREM PHats H’é‘h‘t’li‘i?%e@ GentAE ah outer Q?é‘ﬂh&ﬁé{rgﬁt the

structure, a center portion between both ends of the
stafjonargrdseeiirtees an end of the noving structure, and
a direction of contraction and expansion of the wire
is perpendicular to a noving direction of the noving
structure. 50 8. The conpact valve in accordance wth
claim 7, \ihee compacteval vsf in Becandames stithoner of kiainas I
contacting portion that contacts the wire and the
to 4pntteatimgnpend iodrthiessdoanmb dlaftradess dixed ph ther sistronary
coating. 9. The conpact valve in accordance with claim
structurefihe Ghkeeendsiticiec£$s ebnhketdd tstthelwentr ade ardnter
the second el ectrode are coated by resin.
portion between both of the ends contacts the moving structure, and

thus, the moving structure is moved by bending of the electrode.

6. The compact valve in accordance with one of claims 1
to 4, wherein the first electrode is fixed on the stationary structure

and the second electrode is connected to the moving structure.

7. The compact valve in accordance with one of claims 1
to 4, wherein the first electrode is fixed on a predetermined position
on the stationary structure and the second electrode is fixed on
another position other than that mentioned before on the stationary
structure, a center portion between both ends of the wire pressurizes
an end of the moving structure, and a direction of contraction and
expansion of the wire is perpendicular to a moving direction of the

moving structure.



10. A conpact val ve that opens and closes a fluid path
wth wutilizing transformation of a shape nenory ally
due to energi zation heating, characterized by that

t he conpact val ve conprises:. a stationary structure of
a cylindrical shape having®4 built-in orifice nenber
that constitutes the fluid path; a noving structure
that contacts an inner periphery of the stationary

an | nne _stationary
i 151 or A G PO AN AEER Col QR HTEIANL 7, (Fhefbin

y to nove

st UG e: fir t :Sec .
an Bhfi6F e inl! SuChfe 80T SPtRanEBoftion bt 8bfitacts
structure, and the,.novi ng.structure,, hel d_t N n
thegiiiasd SpRGtREaTg pORiSH df SorfBd SR pdrtPd wilif § 35k
tensile stress to the wire as a bias; a second
CoqdInit i ¢ menmber to reduce a stress that the wire 51
receives in energizing heating to the wire, and
wherein the noving structure is configured novable to
seal the orifice by varying a length of the wire dge

g .

to éhergi Zdte sANHRAL VRl VEJ T BeCORanCe wh gkaim deor

menber is novably provided in the stationary
wherelacsunfacenoé ;ibncfgmth}ec?r@nhetmd ghatsesnadyelectiasteunes

the first elastic nmenber is provided between the
coatedflisceesimenber and the noving structure in the

stationary structure; and the second el astic nenber

IS provided between the orifice

10. A compact valve that opens and closes a fluid path with
utilizing transformation of a shape memory ally due to energization
heating, characterized by that

the compact valve comprises:

a stationary structure of a cylindrical shape having a built-in
orifice member that constitutes the fluid path;

a moving structure that contacts an inner periphery of the
stationary structure and is freely movable to seal the orifice;

a wire formed of a shape memory alloy to move the moving
structure;

a first electrode and a second electrode that is held by one or
both of the stationary structure and the moving structure, hold the
wire and energize the wire;

a first elastic member to apply a tensile stress to the wire as a
bias;

a second elastic member {o reduce a stress that the wire



menber and an end portion of the stationary structure
opposite to a side for sealing the orifice. 11. A
conpact val ve that opens and closes a fluid path with
utilizing transformati on of a shape nenory ally due to
energi zation heating, chabPdcterized by that the
conpact val ve conprises: a stationary structure of a
cylindrical shape having a built-in orifice nmenber

recEeE'g‘%s ?ﬁ%ﬁgkégﬁgg Rdgids gbd[hg%ﬂf,gafﬂlf\é}g{éqe ructure

con I nner=peripher stationary

strugtu ' [ I the I fice.:
i r PP RRE B CHEE 4¥ ABRTS G B TPIE Ml Be
b structurﬁ; atfi rst el ectrodﬁ and a.segcon eltect rtod[?l
Y MRV aHEPE B Iothe BITe BP0 Pkl ZatQr Iyt 1o the
.Structure and the noving structure, hold the wre and
Wlignergi ze the wire; 52 a first elastic menber to apply
atensile stress to the wre as a, bias; a second
el adfeOTHEgEe Rl LB A el Rk idRgriny the §iationary
receives in energizing heating to the wire, and
strygfeneiindenengdentygirom foewtatipaagy stTuflbEd novabl e to
seal the orifice by varying a |length of the wre due
to dherfgrstatlastichegmbry sopraiaded; betweer the ogifice
el ectrode has a plate spring structure serving as a
membt a0d the mbyisgstnutarasnitbersationarursdrudtersesndd
el ectrode has a plate spring structure serving as a
the second elastic member is provided between the orifice
member and an end portion of the stationary structure opposite to a

side for sealing the orifice.

11. °~ A compact valve that opens and closes a fluid path with
utilizing transformation of a shape memory ally due to energization
heating, characterized by that

the compact valve comprises:

a stationary structure of a cylindrical shape having a built-in
orifice member that constitutes the fluid path;

a moving structure that contacts an inner periphery of the
stationary structure and is freely movable to seal the orifice;

a wire formed of a shape memory alloy to move the moving
structure;

a first electrode and a second electrode that is held by one or
both of the stationary structure and the moving structure, hold the

wire and energize the wire;



function of the first elastic nenber.

52

a first elastic member to apply a tensile stress to the wire as a
bias;

a second elastic member to reduce a stress that the wire
receives in energizing heating to the wire, and wherein

the moving structure is configured movable to seal the orifice
by varying a length of the wire due to energization heating to the
wire;

the first electrode has a plate spring structure serving as a
function of the second elastic member; and

the second electrode has a plate spring structure serving as a

function of the first elastic member.



