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In a fuel cell cooling device, sliding damage to a piston and the deterioration of sealing performance are prevented despite using a
simple structure in which a portion sliding with the piston is made of a brass bush and a simple and inexpensive method of setting
the assembly of the brass bush to a press-fitted state by light press-fitting and ball burnishing. Provided is a stainless steel
cylindrical guide member (32) slidably holding a stainless steel piston (11a) provided at the open end of a bottomed cylindrical case
(31) containing a thermal expansion body and moving forward and backward according to the expansion and contraction of the
thermal expansion body. A brass bush (33) is fitted into the inner peripheral portion of the cylindrical guide member (32) by light
press-fitting and subjected to precise finishing on the inner peripheral surface, for example, by ball burnishing, to be expanded

radially by the pressure from the inside and press-fitted.
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ABSTRACT

In a fuel cell cooling device, sliding damage to a piston
and the deterioration of sealing performance are prevented
despite using a simple structure in which a portion sliding
with the piston is made of a brass bush and a simple and
i nexpensi ve method of setting the assembly of the brass
bushing to a press-fitted state by light press-fitting and
bal I burnishing. Provided is a stainless steel cylindrica

gui de member (32) slidably holding a stainless steel piston
(11a) provided at the open end of a bottomed cylindrical
case (31) containing a thermal expansion body and movi ng
forward and backward according to the expansion and
contraction of the thermal expansi on body. A brass bushing
(33) is fitted into the inner peripheral portion of the
cylindrical quide member (32) by light press-fitting and
subj ected to precise finishing on the inner periphera

surface, for example, by ball burnishing, to be expanded

radi ally by the pressure from the inside and press-fitted.
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ABSTRACT

In a fuel cell cooling device, sliding damage to a piston
and the deterioration of sealing performance are prevented
despite using a simple structure in which a portion sliding
with the piston is made of a brass bush and a simple and
i nexpensi ve method of setting the assembly of the brass
bushing to a press-fitted state by |ight press-fitting and
bal | burnishing. Provided is a stainless steel cylindrical
gui de member (32) slidably holding a stainless steel piston
(11la) provided at the open end of a bottomed cylindrical
case (31) containing a thermal expansion body and movi ng
forward and backward according to the expansion and
contraction of the thermal expansi on body. A brass bushing
(33) is fitted into the inner peripheral portion of the
cylindrical gquide member (32) by light press-fitting and
subj ected to precise finishing on the inner periphera
surface, for example, by ball burnishing, to be expanded

radi ally by the pressure from the inside and press-fitted.
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DESCRI PTI ON

Title of | nvention

THERMOSTAT DEVI CE AND METHOD FOR MANUFACTURI NG THERMOSTAT

DEVI CE

Technical Field
[ 0001]

The present invention relates to a thermostat device
suitable for use in a fuel cell cooling device in a fuel
cell automobile or a stationary type fuel cell power
generation system, for example, and to a method for

manuf acturing the thermostat device.

Background Art
[ 0002]

A water-cooling type cooling system using a radiator
is used for cooling an engi ne (an i nternal combusti on engi ne)
for automobi |l es, for example. |In such kind of cooling system,
a thermostat with a thermal expansion body for adjusting the
cool ant amount circulating in the radi ator side to be able
to control the temperature of the coolant introduced into
the engine or an electric-controlled valve wunit is

conventi onal | y empl oyed.
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[ 0003]

A control valve of the thermostat device using the
thermal expansion body is inserted in part of a cool ant
passage, for example, on an entrance side or exit side of
the engi ne. When the temperature of the coolant is |ow, the
coolant is circulated through a by-pass passage without
passing the radiator by closing the control val ve, and when
the temperature of the coolant is high, the coolant is
circul ated through the radi ator by openi ng the control val ve,
whereby the temperature of the coolant is controlled in a
predetermi ned state.

[ 0004]

As a conventional thermostat device of this type for
the cool i ng device of the engine of an automobile, there is
one disclosed in Patent Literature 1, for example; that is,
a thermo-element is disclosed having a configuration that a
pi ston made of stainless steel (SUS) which advances and
retracts respondi ng to the expansion and contracti on of the
thermal expansion body is retained slidably by cylindrical
guide made of brass in an opening end of a bottomed
cylindrical case made of brass in which a thermal expansion
body i s encl osed.

[ 0005]

I n the thermo-el ement in Patent Literature 1, a bushing
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made of stainless steel, achieving excellent slidability of
the piston and chemi cal stability against antifreeze or rust
inhibitor in the coolant, is disposed at the inner
circumferential portion of the cylindrical gquide made of
brass. This configuration allows to ensure the motion of
the piston in a predetermined state.

[ 0006]

The above-configured thermostat device is probl ematic
to be employed in use as a fuel cell cooling device in a
fuel cell automobile and a stationary type fuel cell power
generation system which have been actively devel oped
recently, though | ess probl ematic for the use in the cooling
devi ce of the engine.

[ 0007]

When described more in detail, in the thermo-el ement
in the thermostat device for fuel cell automobiles, for
exampl e, the dissolution of ions into the coolant in the
cool ant circuit may cause the risk of electric |eakage in
contrast to the case of gasoline-powered automobiles now in
general. For this reason, it is preferable that the guide
may al so be made of stainless steel for the pi ston made of
stainl ess steel to reduce ion dissolution from brass material.
[ 0008]

In other words, the conductivity of the coolant for
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cooling the fuel cell must be kept |ow to prevent el ectrica

| eakage. Since brass is a material whose ions are subject
to being dissolved, there may be a possibility of increasing
the conductivity of the coolant due to the dissol ved ions
and anxi ety of loss of function due to the stress corrosion
cracki ng of brass material originated by the i on di ssol uti on.
Accordingly, in thermostat devices for fuel cell automobil es,
etc., to reduce the dissolution of ions, there are some cases
where a gui de that retains a stainless steel piston slidably
in place is made of stainless steel, and a bottomed
cylindrical case is made of stainless steel.

(See Patent Literature 2, for example)

List of Citations
Patent Literature
[ 0009]
PTL 1: ) P-UM-A-SHO57-25114

PTL 2: ) P-A-2005-285398

Summary of | nvention
Techni cal Probl em
[ 0010]
When a stainless steel piston retained by a stainless

steel guide slidingly moves or a stainless steel piston
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slidingly moves in a stainless steel bushing placed on the
inner circumferential portion of a cylindrical guide as
descri bed above, there might be a problem that the pistonis
scratched during sliding, and the sealing performance
deteriorates.

[0011]

To prevent this problem, the piston could be surface-
treated (plating or quenching), but this may cause to raise
the cost. In addition, the piston sliding portion of the
stai nl ess-steel-made guide has greater difficulty in
machi ning than the brass-made one, and the problem of an
increase in cost cannot be avoi ded.

[0012]

That is, of the stainless-steel-made guide, the
di mensi onal control of the inner diameter is difficult
because the piston sliding portion is formed by cutting.
When the bushing is press-fitted into the inner
circumferential portion of the guide, the outer diameter of
the bushing is made |arger than the inner diameter of the
gui de to prevent the bushing from comi ng off. Further, there
are various problems in machining such that since, when the
press-fitting is performed, it is necessary to firmy push
usi ng an appropri ate processi ng machine, the work difficulty

becomes hi gher, and the inner surface of the bushi ng becomes
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rough, possibly damagi ng the piston.
[0013]

The present invention is made focusing on the above
situation, and the object thereof is to provide a thermostat
devi ce that allows the prevention of the deterioration of
sealings at the sliding portion of the piston, the
elimination of surface treatment to prevent damaging the
piston, and the cost reduction, and a method for

manuf acturi ng thereof.

Sol ution to Probl em
[0014]

According to a first means to accomplish the object,
a thermostat device includes a cylindrical guide made of
stainl ess steel, provided at the opening end of a bottomed
cylindrical case made of stainless steel in which a therma
expansi on body is sealed, slidably retaining a piston made
of stainless steel advancing and retracting in response to
the expansi on and contraction of the thermal expansi on body
and is provided with a brass bushing in a press-fitted state
in the piston sliding portion in the inner circumferential
portion of the cylindrical guide.
[ 0015]

With this configuration, since the sliding damage of
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the piston is prevented by empl oyi ng a brass bushing for the
sliding portion agai nst the piston, deterioration of sealing
is prevented, surface treatment for preventing damage to the
piston i s not necessary, and cost reduction is achi eved.

[ 0016]

Further, in the thermostat device, the brass bushing
is fitted into the inner circumferential portion of the
cylindrical guide in a lightly press-fitting state and al so
may be in a press-fitted state with the di ameter expanded
under pressure from the inside by performing precision-
finishing of the inner surface. With this, since the
cylindrical gquide, even made of stainless steel, should be
machi ned to the extent that the brass bushing can be lightly
press-fitted in the inner circumferential portion and the
work difficulty can be inhibited in comparison to the piston
sliding portion, cost reduction can be achi eved.

[0017]

Further, in the thermostat device, the brass bushing
is fitted into the inner circumferential portion of the
cylindrical guideinalightly press-fitting state, and al so
the brass bushing is provided in a press-fitted state by
expandi ng the di ameter under appli ed pressure from the insi de
due to ball burnishing as a finishing processing of the i nner

circumferential surface of the brass bushing. With this,
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since the brass bushing is expanded in diameter, causing it
to inhibit from coming off by performing ball burnishing to
the sliding portion against the piston as a fini shing process,
the bushing is only to be lightly press-fitted when the
bushing is assembl ed, the assemblability comes better, and
the assembly equipment can be simplified compared to the
conventi onal ones. Further, since the inner diameter
portion of the brass bushing is finished precisely, it is
al so advantageous that the piston is hard to damage.

[ 0018]

Further, in the thermostat device, an annular step
forming an annul ar groove may be provided at a portion of
the inner circumferential surface of the cylindrical guide
corresponding to the tip portion on the press-fitting side
in the axial direction of the brass bushing. With this
structure, when the brass bushi ng whose i nner
circumferential surface is performed by the finishing
process is expanded in the inner diameter by the applied
pressure from the inside, the deformed porti on pushed out
escapes to the annul ar groove. This prevents the deformed
portion from projecting toward the nei ghboring parts side,
such as an O-ring to contact, and a problem of adversely
affecting the sealing state is prevented.

[ 0019]
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Further, in the thermostat device, a tapered portion
gradually reducing in diameter from the tip end may be
provided on the inner circumferential surface of the tip end
on the press-fitting side in the axial direction of the brass
bushing to be press-fitted to the inner circumferenti al
portion of the cylindrical guide. With this structure, when
the brass bushing, whose inner circumferential surface is
performed by the fini shing process, is expanded in the inner
diameter by the applied pressure from the inside, the
def ormed porti on pushed out escapes to the gap between the
tapered portion and the piston. This prevents the deformed
portion from projecting toward the nei ghboring parts side,
such as an O-ring to contact, and a problem of adversely
affecting the sealing state can be avoi ded.

[ 0020]

Further, the thermostat device may be the one that is
used in a fuel cell cooling device for the fuel cell power
generati on system. Since making only the piston sliding
portion of the cylindrical gui de made of brass bushing al | ows
the reduction of the dissolution of ions, the thermostat
device is suitable for use in the fuel cell cooling device
in fuel cell automobiles and fuel cell power generation
systems.

[0021]
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According to a second means to accomplish the object,
a method for manufacturing a thermostat device includes the
thermostat device including a stainless steel cylindrical
guide, provided at the opening end of a stainless steel
bottomed cylindrical case in which a thermal expansion body
iS sealed, slidably retaining a stainless steel piston
advanci ng and retracting in response to the expansion and
contraction of the thermal expansion body, wherein a brass
bushing, slidably retaining a stainless steel piston, that
is fitted into the inner circumferential portion of the
cylindrical guide in a lightly press-fitting state, and by
performing finish the inner surface to a precise finishing,
the brass bushing is provided in a press-fitted state by
expandi ng the di ameter under pressure from the inside.

[ 0022]

With this configuration, since the sliding damage of
the piston is prevented by empl oyi ng a brass bushing for the
sliding portion agai nst the piston, deterioration of sealing
is prevented, surface treatment for preventi ng damage to the
piston is not necessary, and cost reduction is achieved.
Further, since the cylindrical guide even made of stainless
steel shoul d be machi ned to the extent that the brass bushi ng
can be lightly press-fitted in the inner circumferential

portion and the work difficulty can be inhibited in

10



CA 03215503 2023-10-13

comparison to the piston sliding portion, cost reducti on can
be achi eved.
[ 0023]

I n the method for manufacturing the thermostat device,
the brass bushing is inserted into the i nner circumferenti al
portion of the cylindrical guide in a lightly press-fitting
state, and, as well the bushing may be in the press-fitted
state by applying a ball burnishing process as a finishing
process to the inner surface of the brass bushing and
expanding the diameter of the brass bushing by applying
pressure from the inside. With this, since the brass bushing
is expanded in diameter causing it to inhibit from coming
off by performing the ball burnishing process to the sliding
portion against the piston as a finishing process, the
bushing is only to be lightly press-fitted when assembl ed,
the assemblability comes better as well, and the assembly
equi pment can be simplified compared to the conventional
ones. Further, since the inner di ameter portion of the brass
bushing is finished precisely, it is also advantageous that
the piston is hard to damage.

[ 0024]

I n the method for manufacturing the thermostat device,

an annul ar step formi ng an annul ar groove may be provi ded at

a portion of the inner circumferential surface of the

11



CA 03215503 2023-10-13

cylindrical guide corresponding to the tip portion on the
press-fitting side in the axial direction of the brass
bushing. With this structure, when the brass bushi ng whose
inner circumferential surface is performed by the finishing
process is expanded in the inner diameter by the applied
pressure from the inside, the deformed portion pushed out
escapes to the annul ar groove. This prevents the deformed
portion from projecting toward the nei ghboring parts side,
such as an O-ring to contact, and a problem of adversely
affecting the sealing state is prevented.
[ 0025]

I n the method for manufacturing the thermostat device,
a tapered portion may be provided gradually reducing in
di ameter from the tip end at the inner circumferenti al
surface of the tip end on the press-fitting side in the axial
direction of the brass bushing to be press-fitted in the
inner circumferential portion of the cylindrical guide.
With this structure, when the brass bushing whose inner
circumferential surface is subjected to the finishing
process is expanded in the inner diameter by the applied
pressure from the inside, the deformed portion pushed out
escapes to the gap between the tapered portion and the piston.
This prevents the deformed portion from projecting toward

the neighboring parts side, such as an O-ring to contact,

12
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and a problem of adversely affecting the sealing state can
be avoi ded.
[ 0026]

Further, in the method for manufacturing the
thermostat device, the thermostat devi ce may be the one that
is usedin a fuel cell cooling device for the fuel cell power
generati on system. Since making only the piston sliding
portion of the cylindrical gui de made of brass bushing al | ows
the reduction of the dissolution of ions, the thermostat
device is suitable for use in the fuel cell cooling device
in fuel cell automobiles and fuel cell power generation

systems.

Advantageous Effects of | nvention
[ 0027]

With the thermostat device and the method for
manuf acturing the thermostat devi ce according to the present
invention, the prevention of the deterioration of sealings,
the eliminati on of surface treatment to prevent damagi ng the

pi ston, and thereby cost reduction can be achi eved.

Bri ef Description of Drawings
Figs. 1A, 1B, 1C, and 1D are the expl anatory drawi ngs

of a first embodiment of the method for manufacturing the

13
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thermostat device according to the present invention.

Figs. 2A and 2B are a schematic side view of the whole
system and an enl arged cross-sectional view of the main part
illustrating the first embodiment of the thermostat device
according to the present invention.

Figs. 3A, 3B, and 3C are enl arged cross-secti onal views
of the main part of a second embodi ment of the thermostat
devi ce and the method for manufacturing the thermostat devi ce
according to the present invention, and Fig. 3D is an
enl arged cross-sectional view of part A of the Fig. 3B.

Fig. 4A, 4B, and 4C are enl arged cross-secti onal views
of the main part illustrating variation examples of the
thermostat device and the method for manufacturing the

thermostat device of Figs. 3A, 3B, and 3C.

Description of Embodi ments
[ 0029]

Figs. 1A through 1D and Figs. 2A and 2B show the first
embodi ment of the thermostat device and the method for
manuf acturing the thermostat devi ce according to the present
invention. In this embodiment, cases in which the thermostat
device is used in a cooling device for a fuel cell of a fue
cell automobile or a stationary type fuel cell power

generati on system.

14
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[ 0030]

I n these drawi ngs, a thermostat device, a temperature-
sensing automatic valve, is denoted by a reference sign 10
as a whol e. The thermostat device 10 is annexed at an
intersection of the cooling passage of the radi ator side and
the by-pass passage from the exit side of the fuel cell
cool i ng passage in the fuel cell cooling device (not shown)
in the fuel cell power generation system of a fuel cell
automobi | e, for example. The thermostat device 10 is used
to control the temperature of cool ant toward the entrance of
the fuel cell cooling passage by sel ectively switching the
cool ant flow in the flui d passage composed of these passages.
Fig. 2A exemplifies the flow of coolant in the inlet-contro
type thermostat device, but the flow shown in the drawing is
obvi ously reversed in the outlet-control type one.

[ 0031]

As shown in Figs. 2A and 2B, the thermostat device 10
has a thermo-element 11, which is an actuator that is
activated by temperature changes in the fluid, and a first
val ve body 12, which is almost umbrell a-shaped, is provided
at one-end side (upper side in the drawing) of the thermo-
element 11, and a second valve body 13, which is al most
pl ate-shaped, is provided at the tip-end side (lower end

side in the drawing) of the valve stem (described bel ow)

15
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that extends to the other end (lower side in the drawing).
Further, in the central area in the axial direction of the
thermo-el ement 11, a coil spring 14, which is a bi asi ng means
to bias the first valve body 12 to the val ve-cl osed posi ti on,
and a frame 15 al so serving as a spring retainer are provi ded
by insertion. The frame 15 is a member biasing the first
val ve body 12 to the val ve-cl osed di recti on through the coi
spring 14 by being fastened to the support | egs on the val ve
housing side, a fixing member to be described below, and
slidably hol ds the thermo-el ement 11

[ 0032]

The thermo-el ement 11 is provided with a temperature
sensing unit in which a thermal expansion body such as wax
is sealed that expands and contracts by sensing the
temperature of the fluid, and a piston rod (hereinafter
referred to as piston) 1la protrudes advancing and retracting
freely from the tip end of the temperature sensing unit
(upper end in the drawi ng)

[ 0033]

Reference sign 20 in the drawi ng denotes housi ng that
constitutes a passage through which the coolant from the
radi ator, the fluid inlet/outlet, flows in and is
communi cated with the inl et of the fuel cell cooling passage,

as well as housing and arranging the thermostat device 10

16
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inside. Inside the housing 20, a valve chamber 21 is formed
i n whi ch thermostat device 10 is di sposed, and al so a cool ant
passage (a first passage) 21A from the radiator shown in the
upper side in the drawing, a coolant passage (a second
passage) 21B toward the fuel cell shown on the right side in
the drawing, and a fluid passage 25 from the by-pass passage
(a third passage) shown at the | ower side in the drawing are
formed. In this case, housing 20 has a structure of being
di vided into upper and | ower portions.

[ 0034]

A valve seat 22, to which the first valve body 12
opposes so as to able to seat, is formed inside the flange-
i ke member disposed at the middle of the | ongitudina
direction of the thermostat device 10. The thermo-el ement
11, the frame 15 holding it slidably, and others are
incorporated, in a state the first valve body 12 can be
seated on the val ve seat 22.

[ 0035]

Further, reference sign 23 in the drawing denotes a
| ocki ng portion that | ocks to hold the tip end of the piston
lla. It is constructed that in the state of Fig. 2A, when
the piston 1la protrudes upward in the drawing due to the
thermal expansion of the thermal expansion body, the thermo-

element 11 and the first valve body 12 relatively move

17
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downward in the drawing, the first val ve body 12 becomes in
a val ve-opened state appropriately, and the coolant from the
radi ator is delivered to the engi ne si de.

[ 0036]

Meanwhi l e, at the | ower end of the rod 18, as the val ve
stem, extended downward from the thermo-element 11, the
second valve body 13, approximately plate-shaped, is
inserted and attached and fixed with an E-clip, for example,
and is elastically supported by being biased by the coil
spring 19. At the |lower portion of the housing 20, a fluid
passage (communi cati on passage) 25 which i s opened and cl osed
by the second val ve body 13 opens, and a val ve seat seat 26
is formed at the peripheral edge of the opening.

[ 0037]

The second valve body 13 is constructed to be seated
on the valve seat seat 26 and configured to function as a
relief valve which is opened and closed depending on the
cool ant pressure at the by-pass passage si de.

[ 0038]

The present invention is characterized in that the
thermo-el ement 11 has a constitution as shown in Fig. 2B in
the thermostat device 10 in the descri bed above consti tuti on.
That is, the thermostat device 10 is provided with a

stai nl ess-steel -made cylindrical guide 32 which holds the

18
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stainl ess steel piston 1la slidably, which is provided at
the opening end of the stainless steel bottomed cylindrical
case 31 in which a thermal expansion body (not shown) is
sealed and performs an advancing and retracting operation
according to the expansion and contraction of the thermal
expansion body. |In addition, a brass bushing 33 is provided
inapress-fitted state at the piston sliding portion in the
inner circumferential portion of the cylindrical guide 32.

[ 0039]

The brass bushing 33 is formed having a brimmed shape
capabl e of constraining movement in the axial direction.
Reference sign 33a in the drawi ngs denotes the brim. In the
brass bushing 33, the end of which side is press-fitted in
the inner circumferential portion of the cylindrical guide
32 is defined to be the tip end, and the brim 33a side is
the back end. The opening end of the bottomed cylindrical
case 31 of the thermo-element 11 is crimped in a state where
the cylindrical gquide 32 slidably holding the piston 1la is
fitted in, and | ocked in a wi thout-comi ng-off state. Further,
reference signs 35 and 36 in Fig. 2B are O-rings respectively
sealing between the bottomed cylindrical case 31 and
cylindrical guide 32, and between the cylindrical guide 32
and the piston 1la.

[ 0040]

19
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In the above configuration, the assembly of the brass
bushing 33 into the cylindrical guide 32 is carried out as
described below. That is, as shown in Fig. 1A, the brass
bushing 33 is lightly press-fitted in the inner
circumferential portion of the cylindrical guide 32 from the
tip-end side. The setting value for the press-in margin due
to the inner-outer diameter difference between the
cylindrical guide 32 and the brass bushing 33 is set to be
0.06 mm to 0.10 mm, for example.

With this, machining accuracy is not required at the
assembly portion of the cylindrical guide 32 and the brass
bushing 33; it is advantageous not only in machinability, no
particul ar tools for assembly are requi red, but al so assembly
is easily and surely carried out, and cost reducti on can be
possi bl e.

[0041]

In a lightly press-fitted state described above, as
shown in Fig. 1B, the ball burnishing process, for example,
as a precision finishing process, is applied to the inner
circumferential surface 33b of the brass bushing 33; the
precision finishing of the i nner circumferential surface 33b
is carried out while expanding the brass bushing 33 by
appl ying force from the inside. The design setting val ue of

the change of the inner diameter of the brass bushing 33

20
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before and after the ball burnishing process is to be around
0.01 mm. As a precision finishing process, roller burnishing,
for example, other than ball burnishing, can be applied, and
another process capable of performing the precision
finishing to the brass bushing 33 from the inner
circumferential surface 33b may be applicable.

[0042]

As a result, the brass bushing 33 is placed in the
i nner circumferential portion of the cylindrical guide 32 in
a press-fitted state. Thus assembled cylindrical guide 32
with the brass bushing 33 is fitted in the opening end of
the bottomed cylindrical case 31 in a state where the piston
1la is held slidably and is fixed by crimping the opening
end of the bottomed cylindrical case 31 to complete the
thermo- el ement 11
[ 0043]

The ball burnishing process is also applied to the
pi ston sliding portion of the conventional brass guide and
is a process for adjusting the inner diameter size of the
pi ston sliding portion and reduci ng the surface roughness of
the inner circumferential surface thereof by passing a ball
40 with a slightly larger diameter (a ball burnishing
processing tool) through the piston sliding portion of the

gui de after cutting machi ni ng processi ng.
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[ 0044]

According to the thermostat device 10 and the method
for manufacturing the thermostat device 10 of the present
invention, since, by using the brass bushing 33 at the
sliding portion with the piston 1la, the sliding scratches
of the piston 1lla can be prevented, the deterioration of
sealability is inhibited and surface finishing for
preventing scratches of the piston 1lla isS unnecessary,
wher eby cost reduction can be achi eved.

[ 0045]

Further, according to the configuration described
above, even when the cylindrical guide 32 is made of
stainless steel, it only needs to be machined to the extent
that the brass bushing 33 can be lightly press-fitted into
its inner circumferential portion, and further, the
machining difficulty can be reduced compared to that of the
pi ston sliding portion, whereby costs can be reduced.

[ 0046]

Further, according to the <configuration and the
manuf acturi ng method descri bed above, the brass bushing 33
is prevented from comi ng off by being expanded in the inner
di ameter by performing the ball burnishing process to the
sliding portion with the piston 1la as the finishing

processi ng, the brass bushing 33 is only to belightly press-
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fitted when assembled, and the assemblability becomes
excellent. Further, since the inner diameter portion of the
brass bushing 33 can be finished precisely, it is
advantageous that the piston 1la is hard to scratch.

[0047]

When, as descri bed above, the brass bushing 33, which
is lightly press-fitted into the inner circumferenti al
portion of the cylindrical guide 32 made of stainless steel,
is subjected to the ball burnishing process as the finishing
process and the inner circumferential portion of the brass
bushing 33 i s expanded, there may be a risk of inconvenience
that the brass bushing 33 extends in the axi al direction due
to the pushed and wri nkl ed materi al and protrudes i n a convex
shape into the space 32a where the nei ghboring O-ring 36 is
mount ed.

[ 0048]

To solve such a problem, the |length of the brass
bushing 33 to be fitted to the i nner circumferential portion
of the cylindrical guide 32 may be shortened in the axial
direction in advance. This eliminates the protrusion
probl em due to performing the ball burni shing process to the
inner circumferential portion of the brass bushing 33 as a
fini shing process.

[ 0049]
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Figs. 3A through 3D show a second embodi ment to sol ve
the protrudi ng probl em due to performing the ball burnishing
process to the inner circumferential surface of the brass
bushing 33 as a finishing process. In the drawings, the
same or equivalent portions in the above-described
embodi ment are denoted by the same reference signs, and the
detail ed description thereof will be omitted.

In this embodiment, an annular step 51 forming the
annul ar groove 50 is formed at the correspondi ng portion to
the tip end of the press-fitting side in the axial direction
of the brass bushing 33 in the inner circumferential surface
of the cylindrical guide 32.

[ 0050]

In the detail ed description, an axial hole for press-
fitting the brass bushing 33 opens at the end facing space
32a for mounting the O-ring 36 at the inner circumferenti al
portion of the cylindrical guide 32. At the periphery of
the axial hole, an annul ar step 51 constituting the annul ar
groove 50 is formed as a recess along the axial direction
agai nst the seating surface 32a for the O-ring 36.

[ 0051]

In the case where the annular groove 50 is formed by

the annul ar step 51, the brass bushing 33 is fitted into the

i nner circumferential portion of the cylindrical guide 32 by
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light press-fitting. |In addition, when the ball burnishing
process is applied to the inner circumferential surface of
the brass bushing 33 using the ball 40 as a finishing process
as shown in Fig. 3A, the brass bushing 33 is extended in
di ameter by the applied force from the insi de, and a def ormed
portion 33c pushed out then escapes into an annul ar groove
50 formed by an annular step 51 formed on the inner
circumferential surface of the cylindrical guide 32.

[ 0052]

That the deformed portion 33c due to the raised
material of the brass bushing 33 by the ball burnishing
process escapes i nto the annul ar groove 50 al | ows preventing
protruding as a convex shape into the space 32a (the upper
than the seating surface 32b in Fig. 3B) where the
nei ghboring O-ring 36 is mounted. Accordi ngly, when the
thermostat device 10 is assembled, the deformed portion 33c
of the brass bushing 33 is prevented from touching the O-
ring 36, whichis the part adjacently provided. As aresult,
such a problem that the O-ring 36 may adversely affect the
sealing status is completely and safely prevented.

[ 0053]

In the above-descri bed embodiment shown in Figs. 3A

through 3D, an annul ar groove 50 formed by the annul ar step

51 is formed at the portion corresponding to the tip end of
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the press-fitting side in the axial direction of the brass
bushing 33 of the cylindrical guide 32, and the present
invention is not limited by this structure.

For exampl e, as shown in Figs. 4A through 4C, a tapered
portion 52 may be constructed, having an inverted truncated
cone that gradually reduces in diameter from the tip side,
along the entire circumference of the inner circumferenti al
surface of the tip end of the press-fit side in the axial
direction toward the inner circumferential portion of the

cylindrical guide 32 of the brass bushing 33

[ 0054]

When the tapered portion 52 is formed, the deformed
portion 33c, pushed out when the brass bushing 33 i s expanded
in diameter by the applied pressure from i nside by the bal
burni shing process, can escape to the annul ar space formed
with the tapered portion 52. This can prevent the deformed
portion 33c due to the ball burni shing process to the brass
bushing 33 from protruding as a convex shape i nto the space
32a (the upper than the seating surface 32b in Fig. 4B) where
the neighboring O-ring 36 is mounted.

[ 0055]
Accordingly, when the thermostat device 10 s

assembl ed, the deformed portion 33c of the brass bushing 33

26



CA 03215503 2023-10-13

is prevented from touching the O-ring 36. As a result, such
a probl em that the O-ring 36 may adversely affect the sealing
status is completely and safely eliminated.

[ 0056]

The effect, of course, is not Iimited to the tapered
portion 52 formed at the inner circumferential surface of
the tip-end side of the brass bushing 33. For example, the
brass bushi ng 33 may be confi gured to have a tapered portion,
having an inverted truncated cone that gradually increases
in outer diameter from the tip end side, along the entire
circumference of the outer circumferential surface of the
tip end side of the press-fit side in the axial direction;
it is easily understood that this will achieve similar
ef fects.

[ 0057]

The inventionis not limited to the structure descri bed
in the above-menti oned embodi ments. The shape, structure,
etc., of each part, composing the thermostat device 10 and
the method of manufacturing the thermostat device 10, can be
modi fied or changed as necessary. For example, various
vari ations are possible for a structure other than the
assembly consisting of the cylindrical guide 32 fitted into
the opening end of the bottomed cylindrical case 31 and the

brass bushing 33, which is attached to the inner
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circumferential portion thereof in a press-fitted state.
[ 0058]

In the thermostat device 10 of inlet- or outlet-
controll ed type used for fuel cell cooling devices, such as
in fuel cell automobiles or stationary fuel cell power
generation systems, the invention also has the thermo-
element 11 as its characteristic part in particular. The
above-menti oned thermostat devi ce 10 can be effectively used
in cooling devices for automobile engines (internal
combusti on engines), for example, and even in hot water

temperature control in hot water mixing faucets.

Ref erence Sign List
[ 0059]
10 Thermostat devi ce
1la piston rod (piston)
31 bottomed cylindrical case
32 cylindrical guide
33 brass bushi ng
40 bal I (ball burnishing processing jig)
50 annul ar groove
51 annul ar step

52 tapered portion
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Cl ai ms

1. A thermostat device, comprising:

a cylindrical guide made of stainless steel, provided at an
opening end of a bottomed cylindrical case made of
stainless steel in which a thermal expansion body is

seal ed, slidably retaining a piston made of stainless steel
advanci ng and retracting in response to the expansi on and
contraction of the thermal expansion body; and

a brass bushing provided in a press-fitted state in a
sliding portion of the piston in the inner circumferenti al

portion of the cylindrical guide.

2. The thermostat device of claim 1,

wherein the brass bushing is fitted into the inner
circumferential portion of the cylindrical guide in a
lightly press-fitting state, and also is provided in a
press-fitted state with the di ameter expanded under
pressure from the inside by performing a finishing process
for precision finishing of the inner circumferential

surface.

3. The thermostat device of claim 1 or claim 2,
wherein the brass bushing is fitted into the inner

circumferential portion of the cylindrical guide in a
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lightly press-fitting state, and also is provided in a
press-fitted state by expandi ng the di ameter under applied
pressure to the brass bushing from the inside due to the
bal | burnishing process as a finishing process of the inner

circumferential surface of the brass bushing.

4. The thermostat devices of claim 2 or claim 3,

wherein an annul ar step forming an annul ar groove is
provided at a portion on the inner circumferential surface
of the cylindrical guide corresponding to a tip portion on
the press-fitting side in the axial direction of the brass

bushi ng.

5. The thermostat devices of claim 2 or claim 3,

wherein a tapered portion gradually reducing in diameter
from the tip end is provided on the inner circumferenti al
surface of the tip end on the press-fitting side in the
axial direction of the brass bushing press-fitted to the

i nner circumferential portion of the cylindrical gquide.

6. The thermostat device in any one of claims 1 through 5,

wherein the thermostat device is to be used in a fuel cel

cool ing device of a fuel cell power generation system.
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7. A manufacturing method for the thermostat devi ce having
a cylindrical guide made of stainless steel, provided at an
opening end of a bottomed cylindrical case made of
stainless steel in which a thermal expansion body is

seal ed, slidably retaining a piston made of stainless steel
advancing and retracting in response to the expansi on and
contraction of the thermal expansion body,

comprising a step of:

provi ding a brass bushing, which slidably retains the
piston, in a press-fitted state in the inner
circumferenti al portion of the cylindrical guide by
expandi ng the di ameter of the brass bushing |ightly press-
fitted in the inner circumferential portion of the
cylindrical guide by the applied pressure from the inside
by performing a finishing process as a precision-finishing
process of the inner circumferential surface of the brass

bushi ng.

8. The manufacturing method for the thermostat device of
claim 7, comprising a step of:

providing a brass bushing in a press-fitted state in the
inner circumferential portion of the cylindrical guide by
expandi ng the di ameter of the brass bushing |ightly press-

fitted into the inner circumferential portion of the
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cylindrical guide from inside by the applied pressure by a
bal | burnishing process as a precision-finishing process of

the inner circumferential surface of the brass bushing.

9. The method for manufacturing the thermostat device of
claim 7 or claim 8,

wherein a deformed portion pushed out due to the expansion
in diameter of the brass bushing by the applied pressure
from the inside when the inner circumferential surface of
the brass bushing is subjected to the finishing process is
configured to escape into an annul ar groove formed by a
step provided at a portion of the inner circumferential
surface of the cylindrical guide corresponding to the tip
portion on the press-fitting side in the axial direction of

the brass bushing.

10. The method for manufacturing the thermostat device of
claim 7 or claim 8,

wherein a deformed portion pushed out due to the expansion
in diameter of the brass bushing by the applied pressure
from the inside when the inner circumferential surface of
the brass bushing is subjected to the finishing process is
configured to escape into a space formed by a tapered

portion gradually reducing in diameter from the tip end
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side formed at the inner circumferential surface of the tip
end on the press-fitting side in the axial direction of the
brass bushing that is to be press-fitted in the inner

circumferential portion of the cylindrical guide.

11. The method for manufacturing the thermostat device in
any one of claims 7 through 10,
wherein the thermostat device is to be used in a fuel cel

cool i ng device of a fuel cell power generation system.

33

CA 03215503 2023-10-13



WO 2022/224982

[E41]

32a

(b)

32a

P
h]
—

CA 03215503 2023-10-13

32

33

32

33b

1/4

112

(d)

33a

32

36

J2a

(c)

12

32

PCT/JP2022/018257

35

33a

33b




2/4

PCT/JP2022/018257

WO 2022/224982

[E42]

YUYy oy

€e

Gg bl

-

¢l 4 ——

€11
(9

CA 03215503 2023-10-13



3/4

WO 2022/224982 PCT/JP2022/018257
[E3]
322\ (a) 32a
0 32
™
51
33
40—
32b 32a
32
33¢ »
1, 51 P
A 33
g d

33b 33a

CA 03215503 2023-10-13



4/4

WO 2022/224982 PCT/JP2022/018257
[E4]
32b (e) 32a
. 2& /,32

40 -

33b 33a

CA 03215503 2023-10-13



372
32

33




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - CLAIMS
	Page 33 - CLAIMS
	Page 34 - CLAIMS
	Page 35 - CLAIMS
	Page 36 - CLAIMS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - REPRESENTATIVE_DRAWING

