TI TLE OF THE | NVENTI ON FLUI D CONTROLLER BACKGROUND OF THE INVENﬂ?@g -3
present i nvention relates to fluid controllers, 5 and nore partlcularly to -
fluid controllers wherein fluid pressure is used for novi ng a val vé/&em
upward and downward. Fluid controllers are already known wherein a piston
attached to the upper end of a valve stemis driven by 10 fluid pressure to
nove the val ve stem upward and down- ward.,and thereby open and cl ose a
fluid channel. FIG 3 shows an exanple of "such a fluid controller, which

conprises a valve body 1, a bo 2 e pper end of the valve
body 1, a cylinder 3 fixed to ?Eg£55 33%@? qﬁgﬁg%gﬁﬁg bonnet 2 and having

an upward openi ng, a cylinder hea%&&t#}%@ﬁ?he cylinder 3, a valve
stem5 in the formof a solid cyli a a |lower portion
positioned in the valve body 1, an inter-
BACKGROUND OF THE INVENTION
The present invention relates to fluid controllers,
5 and more particularly to fluid controllers wherein fluid
pressure is used for moving a valve stem upward and
downward.
Fluid controllers are already known wherein a piston
attached to the upper end of a valve stem is driven by
10 fluid pressure to move the valve stem ﬁpward and down-
ward and therebf open and close a fluid channel. FIG. 3
shows an example of such a fluid controller, which
comprises a valve body 1, a bonnet 2 secured to the
upper end of the valve body 1, a cylinder 3 fixed to the
15 upper end of the bonnet 2 and having an upward opening,
a cylinder head 4 fitted over the cylinder 3, a wvalve
stem 5 in the form of a solid cylinder and having a
lower portion positioned in the valve body 1, an inter-
mediate portion positioned inside the bonnet 2 and an
20 upper portion positioned inside the cylinder 3, a valve
element 6 provided at the lower end of the valve stem 5,

a piston 7 mounted on the upper end of the valve stem 5,

an annular flange 8 secured to the intermediate portion



nmedi at e portion positioned inside the bonnet 2 and an 20 upper portion
positioned inside the cylinder 3, a valve elenent 6 provided at the |ower
end of the valve stem5, a piston 7 nmounted on the upper end of the valve
stem 5, an annular flange 8 secured to the internediate portion 2 of the
valve stem 5, and a coiled conpression spring 9 bearing on the top wall of
the bonnet 2 for biasing the valve stem5 downward. Wen the fluid
controller is in the usual state, the 5 vdlve stem5 is held depressed by
the elastic force of the conpression spring 9, closing a communication
passageway 12 dibttheenvaive rdtsm s gt Ve ycdidled ccamprrasian meskngdvhy 11.
The communi cation passageway 12 between the passageways 10 and 11 is opened
by a fluid bearing on the top wall of the bonnet 2 for biasing the
valve stem 5 downward.
When the fluid controller is in the usual state, the
5 wvalve stem 5 is held depressed by the elastic force of
the compression spring 9, closing a communication
passageway 12 between an inlet passageway 10 and an
outlet passageway l1l. The communication passageway 12
between the passageways 10 and 11 is opened by a fluid
10 flowing into a cylinder chamber 14 through a working
fluid inflow passageway 13 in the cylinder 3 and pushing
up the piston 7.
The piston 7 is connected to the valve stem 5, for
example, by an E-ring 16 fitted in an annular groove 15
15 formed in the valve stem 5 at the portion thereof
projecting upward beyond the piston 7.
FIG. 4 shows on an enlarged scale the portion of the
piston 7 connected to the valve stem 5. The E-ring 16
comprises a C-shaped member 17, and three claws 18
20 integral with the inner periphery of the member and each
having an inner end fitted in the annular groove 15.
Alternatively, a U-ring 19 is used in place of the

E-ring 16. FIG. 5 shows the U-ring 19. Base portions

of bifurcated part of the ring 19 are fitted in the



10 flowming into a cylinder chanber 14 through a working fluid inflow
passageway 13 in the cylinder 3 and pushing up the piston 7. The piston 7
is connected to the valve stem5, for exanple, by an E-ring 16 fitted in _an
annul ar groove 15 15 fornmed in the valve stem5 at the portion thereof
proj ecting upward beyond the piston 7. FIG 4 shows on an enl arged scal e
the portion of the piston 7 connected to the valve stem5. The E-ring 16
conprises a C shaped nenber 17, and threeXlaws 18 20 integral with the

i nner periphery of the nenber and each having an inner end fitted in the
annul ar gr ooveanBulart graavevibyfonmedringthe valveedtem Ptace of the
E-ring 16. FIG 5 shows the U-ring 19. Base portions of bifurcated part of
the ring 19 are fiThedE+nindgelé and the U-ring 19 have a spring

property, afe fittable around the valve stem 5 when
spread out at the'opening, and are prevented from

5 slipping off on contracting at the opening after fitting
around the stem. Thus, the piston 7 is connected to the
valve stem 5, and the fluid.pressure acting on the
piston 7 is transmitted to the valve stem 5 through the
ring 16 or 19.

10 The conventional fluid controller has the problem
that when the piston is subjected to a pressure greater
than the prescribed pressure, a shearing force due to
the fluid pressure acting on the piston breaks thelE—
ring or U-ring connecting the piston to the wvalve stem.

15 Even if it is attempted to give an increased strength to
the ring by using a different material for the ring, the
ring material is not selectable as desired because of
the limiting requirement that the ring needs to have a
spring property, consequently imposing a limitation on

20 the improvement of durability of the connection between
the valve stem and the piston.

SUMMARY OF THE INVENTION
An object of the present invention is to provide a

fluid controller wherein‘the connection between a wvalve



3 annul ar. groove 15 fornmed in the valve stem5. The E-ring 16 and the
U-ring 19 have a spring property, are fittable around the valve stem5 when
spread out at the opening, and are prevented from5 slipping off on
contracting at the opening after fitting around the stem Thus, the piston
7 is connected to the valve stem5, and the fluid pressure acting on the
piston 7 is transmtted to the valve stem5 through the ring 16 or 19. 10
The conventional fluid controller has the4roblemthat when the piston is
subjected to a pressure greater than the prescribed pressure, a shearing
force due to tétem| and prpisten istghvennimpeoyed: durapihksYthe E- ring or
U-ring connecting the piston to the valve stem 15 Even if it is attenpted
to give an increasBuespresenh iovembion provides ny Bluidfeeortrohderrial for
the ring, the ring material is not selectable as desired because of

wherein a piston connected to an upper end of a valve

stem i§ driven by fluid pressure to thereby move the

5 wvalve stem upward and downward and open and close a
fluid channel, the fluid controller being characterized
in that a ring divided in two is fitted around the valve
stem at a portion thereof projecting upward beyond the
piston, a C-ring being fitted around the divided ring,

10 the divided ring having an annular projection formed on
an inner periphery thereof, the valve stem being formed
with an annular groove having the annular projection
fitted therein, the divided ring being formed in an
outer periphery thereof with an annular recess having

15 fitted therein an inner peripheral portion of the C-
ring.

The divided ring has an inside diameter
approximately equal to the diameter of the annular
groove. The shearing stress acting on the ring is

20 expressed by the 1oad.on the piston divided by the
sectional area of the portion of the ring in contact
with the valve stem. The portion of the ring in contact
with the annular grooved portion of the valve stem has

an area which is approximately equal to the area of the



the |imting requirenment that the ring needs to have a spring property,
consequently inposing a limtation on 20 the inprovenent of durability of
t he connecti on between the valve stem and the piston. SUWARY OF THE
| NVENTI ON An obj ect of the present invention is to provide a fluid
controller wherein the connection between a val ve 4 stemand a piston is
given inproved durability. The present invention provides a fluid
controller wherein a piston connected to & upper end of a valve stemis
driven by fluid pressure to thereby nove the 5 valve sten1ugmard and
downwar d and opeltemdo#l she anhudpy emanwvel mulkdpiigidbyoRtB8l ter OpdiSng
characterized in that a ring divided in tw is fitted around the val ve
when the ring is an E-ring, or an area which is
approximately equal to the area of the bottom of the
annular groove multiplied by 0.5 to 0.55 when the ring
5 is a U-ring. On the other hand, the area is
approximately equal to the area of the bottom of the
annular groove multiplied by 0.9 to 1.0 in the case of
the divided ring of the invention. Accordingly to the’
invention, therefore, the divided ring is subjected to a
10 reduced shearing stress, giving an increased strength to
the connection between the valve stem and the piston.

The divided ring, which need not have a spring
property, can be made of a material having strength
against shearing forces. This affords an increased

15 breaking strength to the ring. This effect and also the
effect resulting from the configuration of the divided
ring further improve the durability of the connection
between the valve stem and the piston. The C-ring can
be a commercial one. The commercial C-ring is usable

20 when the annular recess in the outer periphery of the
divided ring is made to have a diameter in conformity
with the commercial C-ring.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a fragmentary view in vertical section



stem at -a portion thereof projecting upward beyond the piston, a Cring
being fitted around the divided ring, 10 the divided ring having an annul ar
projection formed on an inner periphery thereof, the valve stem being )
formed with an annul ar groove having the annular projection fitted therein,
the divided ring being fornmed in an outer periphery thereof with an annul ar
recess having 15 fitted therein an inner peripheral portion of the G ring.
The divided ring has an inside diameter apbroxi mately equal to the diamneter
of the annul ar groove. The shearing stress acting on the ring is 20
expressed by tishowiag &n fillwddpioondwodilerd egbegning dbe ieventdosd of t he
portion of the ring in contact with the valve stem The portion of the ring
in contact with th&FISnd ds gr vdewd ipocrioss skectheony alfv&#het e@dmeas an area
which is approximately equal to the area of the
FIG. 3 is a view in vertical section showing a
conventional fluid controller;
5 FIG. 4 is a fragmentary view in cross section
showing the conventional fluid controller; and
FIG. 5 is a fragmentary view in cross section
showing another conventional fluid controller.
DESCRIPTION OF THE PREFERRED EMBODIMENT
10 An embodiment of the invention will be described
below with reference to the drawings concerned.
The present invention is embodied as a fluid
controller of the type shown in FIG. 3, wherein the
connection between the valve stem and the piston is
15 given improved durability. FIGS. 1 and 2 show the main
feature of the improvement.
With reference to FIGS. 1 and 2, a ring 21 divided
in two is fitted around a valve stem 5 at the portion
thereof projecting upward beyond a piston 7. A C-ring
20 22 is fitted around the divided ring 21.
The divided ring 21 has an annular projection 23
formed on its inner periphery and fitted in an annular

groove 15 which is formed in the valve stem 5 at the

portion thereof projecting upward beyond the piston 7.



5 bottom of the annular groove nultiplied by 0.35 to 0.45 when the ring is
an E-ring, or an area which is approxinately equal to the area of the
bottom of the annular groove nmultiplied by 0.5 to 0.55 when the ring 5 is a
Uring. On the other hand, the area is approximately equal to the area of
the bottom of the annular groove multiplied by 0.9 to 1.0 in the case of
the divided ring of the invention. Accordtngly to the invention, therefore,
the divided ring is subjected to a 10 redluced shearing stress, giving an

e R e L
T3, br eaki ng. SPPENGER Seaass Aingavinds Tafred: CaRTeifs fhendaner 1 | #aSed
peripheral portion of the C-ring 22.
The portion of the valve stem 5 projecting upward
5 beyond the piston 7 has an outside diameter of 6 mm.
The annular groove 15 is 4 mm in diameter and 0.6 mm in
width. The divided ring 21 is made of SUS303 and is 1.0
mm in overall thickness, 0.6 mm in the thickness of the
annular pfojection 23, 0.7 mm in the width of the

10 annular recess 24, 6 mm in outside diameter, 5.7 mm in

‘ the diameter of the annular recess 24, 4.1 mm in inside
diameter and 3 mm in the diameter of the annular
projection 23. The C-ring 22 is a commercial standard
product with a nominal size of 8.

15 When a fluid is caused to flow into a cylinder
chamber 14 defined by a cylinder 3 and the piston 7, an
upward force acts on the piston 7 and is delivered to
the valve stem 5 through the divided ring 21. At this
time, the annular projection 23 of the ring 21 is

20 sﬁbjected to a great shearing force. With the strucfure
described above, the increase in the sectional area of
the portion of the divided ring 21 in contact with the
valve stem 5 (i.e., the annular projeétion 23) reduces

the shearing stress on the ring 21. The connection



effect resulting fromthe configuration of the divided ring further inprove
the durability of the connection between the valve stemand the piston. The
C-ring can be a .conmercial one. The comrercial Cring is usable 20 when the
annul ar recess in the outer periphery of the divided ring is nmade to have a
diameter in conformty with the commercial Cring. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a-fragnmentary view in vertical section 6 showi ng a
fluid controller enbodying the invention;8FIG 2 is a viewin cross section
of the same; FIG 3 is a viewin vertical section show ng a conventi onal
fluid control lertween the RMadve! stem 5 angndhieamishiaw 7 il riggrravrd  ¥h

durability by this effect plus an increased strength

imparted to the divided ring 21 by using a different

material for the ring 21 and giving an increased overall
5 +thickness to the ring 21.

Table 1 shows the result of comparison between the
fluid controller of the invention and the conventional
controllers wherein the E-ring and U-ring are used,
respectively. This table reveals that the shearing

10 stress in the connection between the valve stem 5 and
the piston 7 is smaller in the controller of the
invention than in the conventional ones. Consequently,
the invention gives an exceedingly higher durability

than the prior art.

Table 1
Invention E-ring _U-ring
Material SUS303 sUs304 505304
Ring thickness 1.0 0.6 0.6
(mm)
Area of contact
with stem (mm2) 5.0 2.11 2.91
Shearing stress
(kgf/mm2) 2.7 . 8.2 4.2
15 The arrangement described above is usable also in

fluid controllers other than the one shown in FIG. 3

insofar as the controllers are so adapted that a piston



show ng .t he conventional fluid controller; and FIG 5 is a fragnmentary view
in cross section showi ng anot her conventional fluid controller. DESCRI PTI ON
OF THE PREFERRED EMBCODI MENT 10 An enbodi nent of the invention will be
descri bed below with reference to the drawi ngs concerned. The present
invention is enbodied as a fluid controller of the type showmnm in FIG 3,
wherei n the connection between the valve stemand the piston is 15 given

i nproved durability. FIGS. 1 and 2 show t¥e main feature of the

i nprovenent. Wth reference to FIGS. 1 and 2,%£}ring 21 dividedB'n two is
fitted around Rreaided stenthe 4PpeE $RF 195rP t FRIEDFSHPD; 181 TR% ?ﬁard
beyond a piston 7. A Cring 20 22 is fitted around the divided ring 21. The
di vi ded ring 2upwexd sandndowavard opecflwid BressREd B therehvePPRRri phery
and fitted in an annul ar groove 15 which is formed in the valve stem5 at

t he and close a fluid channel.



portion-thereof projecting upward beyond the piston 7. 7 The ring 21 is
formed in its outer periphery with an annul ar recess 24 having fitted
therein the inner. peripheral portion of the CGring 22. The portion of the
valve stem 5 projecting upward 5 beyond the piston 7 has-an outside

di aneter of 6 nm The annular groove 15 is 4 nmin-dianeter and.0.6._nmMmin
wi dth. The divided ring 21 is nade of SUS and is 1.0 nmin overal

t hi ckness, 0.6 mMmin the thi ckness. of the annul ar mu m lﬂm&ﬁmﬂm mmin
the width of t Jtolagnrgﬁ] e EGESS 24, 6 mMmin outs mmin
t he di aneter e annu ar recess 24, 4.1 mmin inside di aneter® afd 3 mm

in the dianeter of the aypr. prol 90N de 1% Giddh Boriadt P TF © 2

an upper end of a valve stem is driven by fluid pressure
to thereby move the wvalve stem upward and downward and

5 open and close a fluid channel, the fluid control;er
being characterized in that a ring divided in two is
fitted around the valve stem at a portion thereof
projecting upward beyond the piston,'a C-ring being
fitted around the divided ring, the divided ring having

10 an annular projection formed on an inner periphery
thereof, the valve stem being formed with an annular
groove having the annular projection fitted therein, the
divided ring being formed in an outer periphery thereof
with an annular recess having fitted therein an inner

15 peripheral portion of the C-ring.



product .with a nom nal size of 8. 15 When a fluid is caused to flow
into a cylinder chanber 14 defined by a cylinder 3 and the piston 7, an
upward force acts on the piston 7 and is delivered to the valve stem5
through the divided ring 21. At this time, the annul ar projection 23 of the
ring 21 is 20 subjected to a great shearing force. Wth the structure

descri bed above, increase_ipn_the sectional area of the portion of the
di vided ring 21Apﬁq§6ﬁ?agf iﬁFhDFhEL9§PGE stem5 (i.e., the annular

proj ection 23) Flatit eONTROLIERAri ng stress on the ring 21. The connection
8 between the valve stem5 and the piston 7_is bi |

! ar g ] igproved in duaa g§ by
this effect plus ah FhBEegivdded LRgtHOi fifafitietoaFABNG; §i HBLVR RYSP1 by
using a different ]

at a portion thereof projecting upward beyond a piston,
with a C-ring fitted around the divided ring. The

5 divided ring has an annular projection formed on its
inner periphery and fitted in an annular groove which is
formed in the wvalve stem at the portion thereof
projecting upward beyond the position. The divided ring
is formed in its outer periphery with an annular recess

10 having fitted therein the inner peripheral portion of

the C-ring.

(Fig. 1)



material for the ring 21 and giving an increased overall 5 thickness to the
ring 21. Table 1 shows the result of conparison between the fluid
controller of the invention and the conventional controllers wherein the
E-ring and U-ring are used, respectively. This table reveals that the
shearing 10 stress in the connection between the valve stem5 and the
piston 7 is smaller in the controller of the invention than in the
conventional ones. Consequently, the ilnwerd i on gi ves an exceedi ngly hi gher
durability than the prior art. Table 1 Invention E-ring U-ring

Mat eri al . SUS303 304 S304 Ri ng thickness
1.0 0.619.1 706 (m Ay Ofﬂgﬁtﬁiw 5.0 2.11
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Shearing stress 2.7 8.2 4.2 (kgf/ me) 15 The
arrangenent descri bed above is usable also in fluid controllers other than

the one shown in FIG 3 insofar as the controllers are so adapted that a

pi-ston 9 provided at the upper end of a valve stemis novable upward and
downward by fluid pressure to thereby open and close a fluid channel.

What is clainmed is: 1. Afluid controller wherein a piston connected to an
upper end of a valve stemis driven b #18id pressure

Fig.3
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to thereby nove the valve stem upward and downward and 5 open and cl ose a
fluid channel, the fluid controller being characterized in that a ring
divided in tw is fitted around the valve stemat a portion thereof

proj ecting upward beyond the piston, a CGring being fitted around the

di vided ring, the divided ring having 10 an annul ar projection fornmed on an
i nner periphery thereof, the valve stem being formed with an annul ar groove
havi ng the annul ar projection fitted th&efr8 the divided ring being forned
in an outer periphery thereof with an annular recess having fitted therein
an inner 15 peripheral portioxc k- 14+ NQ. Flgl'




