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(57) Abstract: The quick release valve has a chamber (32), an inlet opening leading (30) into the chamber for leading in pressurised
gas and a connection opening (16) for connecting to a space (100) to be pressurised. The valve further has at least one outlet opening
(24), through which the gas can quickly exit from the pressurised space in connection with the connection opening, and a piston
(34), which is moveable between a first position closing the outlet opening and a second position opening the outlet opening. The
piston is an substantially rigid plate-like part placed in the chamber, which part moves freely under the influence of air pressure. The
chamber has a first surface (14a), where the mouths of the connection opening and the outlet openings open up, and the piston has a
closing surtace (36), which in the first position of the piston is arranged to settle against the first surface of the chamber. The closing
surface of the piston thus simultaneously closes the mouths of both the connection opening and the outlet openings. The valve fur -
ther has a bypass route (22, 23, 37) for leading pressurised gas into the connection opening past the piston in the first position.
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Quick release valve

The invention relates to a quick release valve, which has a chamber, an inlet
opening Iéading into the chamber, a connection opening for connecting to a space
to be pressurised, at least one outlet opening and a piston, which is moveable
under the influence of air pressure between a first position closing the outlet
opening and a second position opening the outlet opening.

Many pneumatic devices have a space to be pressurised, for example a pressure
cylinder, which it must be possible to pressurise and discharge quickly during use
of the device. Such devices are among others air blowers and percussion
hammers functioning in pulses. Air is led into the pressure cylinders of the devices
and removed from the cylinder through a quick release valve.

Publication US 2003/0132241 describes a quick release valve, which has a
moving piston arrénged inside a cylindrical chamber. In the upper part of the
chamber there is an inlet opening for the inflow of inlet air and in the wall of the
lower part of the chamber there is a connection opening for leading air from the
chamber into a pressure vessel. In the side walls of the chamber there are a
number of outlet openings, through which air can flow out of the chamber. The

position of the piston is controlled with the aid of the pressure of the inlet air. In a |
filling situation the pressure of the inlet air pushes the piston into the first position
against the bottom of the chamber, whereby the side walls of the piston close the
outlet openings exiting from the chamber. Air thus flows through a bypass duct
passing through the piston from the chamber into the pressure vessel. In a

discharging situation the pressure in the pressure chamber raises the pistonw

upward into the second position against the lid of the chamber, whereby the
cylinder moves away from in front of the outlet openings and the air can exit from
the pressure vessel through the connection opening and the outlet openings.

In this solution the outlet openings are situated in the sides of the chamber,

‘wherefore there must be a sealing preventing bypass flow in the edges of the

piston. The bypass ducts pass through the piston and they have a clbsing
arrangement implemented with a spherical part. The quick release valve thus has
a complicated structure. ] '

Publication WO 2007/020387 describes a quick reléase valve, which has an inlet
opening, a connection opening and an outlet opening. Between the inlet opening
and outlet opening _there is a plate, which can move under the influence of air
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pressure between a first position closing the outlet opening and a second position
closing the inlet opening. The plate is moved into the second position by cutting
off the air supply from the inlet opening, whereby air starts to flow into the valve
from the connection duct. In the solution according to the publication the mouth of

the connection duct opens in a ring-like manner onto the edges of the plate,

whereby the air flow discharged from the connection opening can affect both sides
of the plate, which significantly slows down the opening of the outlet opening.

Publication GB 1090169 presents a quick release valve, which has a flexible plate
inside the chamber, which moves under the influence of air pressure. The first wall
of the chamber has an inlet opening for the inflow of air and the second wall of the

~chamber has an outlet opening for the outflow of air. The second wall further has

a recess surrounding the outlet opening, as a continuation of which recess there is
a connection opening. The plate inside the chamber can move into a discharge
position against the first wall or into a supply position against the second wall. In
the supply position the plate closes the outlet opening and air can flow from the
chamber into the connection opening by passing around the edges of the plate. In
the discharge position the air can exit from the connection opening to the
discharge opening and out of the valve. The back-and-forth movement of the plate
is controlled with a shaft peg in the middle of the plate, which is fitted to move in a .
sleeve in the inlet opening.

Other quick release valve solutions are presented in publications US 3285267, US
4703869 and US 4767024. '

It is an 'objec,t of the invention to provide an improved quick release valve, by
which the drawbacks and disadvantages relating to the prior art can be reduced.

The objects of the invention are obtained with a quick release valve, which is
characterised in what is presented in the independent claim. Some advantageous
embodiments of the invention are presented in the dependent claims.

- The quick release valve according to the invention has a chamber, an inlet

opening leading into the chamber for leading in pressurised gas and a connection
opening for connecting to a space to be pressurised. The valve further has at least
one outlet opening, through which the gas can quickly exit from the pressurised
space in connection with the connection opening, and a piston, which is moveable
under the influence of air pressure between a first position closing the outlet
opening and a second position opening the outlet opening. The basic idea of the
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invention is that the chamber has a first surface, onto which the mouths of the
connection opening and the outlet openings open, and the piston has a closing
surface, which in said first position is arranged to settle against said first surface.
The closing surface of the piston settled against the first surface thus
Simultaneously closes the mouths of both the connection opening and the outlet
openings. Said first surface and said closing surface are advantageously
substantially even surfaces. An substantially even surface here means that the.
surfaces do not have significant bulges or recesses or convex or concave parts.
On the edges of said first surface there may be a peripheral surface, which is at a-
different level than the middle part of the first surface. '

In an ‘advantageous embodiment of the quick release valve according to the
invention the piston is a part placed in the chamber, which part is freely moving
under the influence of air pressure. The piston is advantageously an substantially
rigid plate-like part. The material of the piston can be for example- polyacetate.
The clasing surface of the piston may have a flexible coating. '

In a second advantageous embodiment of the quick release valve according to the
invention the piston is a layered structure, which has an upper plate, a lower plate
and an attenuation layer between the upper plate and lower plate.

A third advantageous embodiment of the quick release valve according to the
invention has a lid, which has a cylindrical side wall, and a bottom, which is
attached to the edge of the side wall. The lid and the bottom form a cylindrical

- chamber. The lid and the bottom are separate structural parts, which are attached

together with some suitable attaching method, for example with compatible
threads in the edge surface of the lid and the edge of the side wall. The lid and
bottom are advantageously of metal, such as aluminium.

A fourth advantageous embodiment of the quick release valve according to the
invention has a bypass route for leading pressurised gas into the connection
opening past a piston in the first position. Said bypass route advantageously
comprises a bypass groove in the side wall of the lid, a groove in the edge of the
bottom and at least one bypass duct leading from the groove to the connection
opening. The bypass route may also comprise a supply hole leading through the
piston.

In a fourth advantageous embodiment of the quick release valve according to the
invention the surface area A4 of the piston is substantially larger than the cross-
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sectional surface area A, of the connection opening. The larger surface area of
the piston ensures that the piston stays in its place in the first position, which
closes the outlet opening, when supplying pressurised gas.

It is an advantage of the invention that |t IS structurally simple, small and
functionally reliable.

It is further an advantage of the invention that it is suited for usein bneumatic
devices, which require very large flow capacmes for release air, such as in
percussion hammers. '

It is still an advantage of the invention that its operating mechanism is not

_substantially disturbed due to thermal expansion of the parts. The quick release

valve thus retains its operating capability also in use circumstances that are dirty,
dusty, hot and have varying temperatures. '

In the following, the invention will be described in detail. In the description,
reference is made to the appended drawings, in which

- Figure 1a shows as an example a quick release valve according to the invention

as a vertical cross-sectional view, when the piston of the quick release valve is in
the first position,

Figure 1b shows the quick release valve of Figure 1a as a horizontal cross-
sectional view, '

Figure 2a shows as a cross-sectional view the quick release valve of Figure‘ 1a
and 1b, when the piston of the quick release valve is in the second position,

Figure 2b shows the quick release valve of Figure 2a as a horizontal cross-
sectional view,

_Figure 3a shows as an example an advantageous embodiment of the qwck

release valve according to the invention as a cross-sectional view,

Figure 3b shows as an example a second advantageous embodiment of the quick
release valve according to the invention as a cross-sectional view and

Figures 4a—4c show as an example a third advantageous embodiment of the
quick release valve according to the invention as cross-sectional views.
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Figure 1a shows as an example a quick release valve according to the invention

as a vertical cross-sectional view and Figure 1b shows the same quick release

valve as a horizontal cross-sectional view cut along sectional plane A-A. The quick
release valve has a frame 10, which is constructed of a lid 12 and a bottom 14

attached to the lid. The bottom is shaped as a circular plate-like part, which has a
first surface 14a, a second surface 14b and an edge surface 14c. On the outer
edge of the first surface of the bottom there is a circulating groove 20, the cross-

section of which has a rectangular shape. In the middle of the bottom there is a

circular connection opening 16, the crosS—sectional area of which is Ay. On the

second surface of the bottom there is a cylindrical collar 18 circulating the edges

of the connection opening. The quick release valve is connected with the aid of
the collar to a space 100 to be pressurised, which may for example be the

pressure cylinder of a striking tool. Inside the bottom there is a bypass duct 22 in

the direction of the first and second surface, the first end of which duct opens up

into the groove 20 and the second end into the connection opening 16. The

bottom further has a number of penetrating outlet openirig‘s 24, the first ends of
which open up onto the first surface of the bottom and the second ends onto the |
second surface of the bottom. In the device shown in Figure 1a there are nine

outlet openings (Figure 2b), but there may also be some other number of them.

The outlet openings are placed in a ring-like manner around the connection

opening. Through the outlet openings a flow connection opens up from inside the

quick release valve to its outside.

The lid 12 is a uniform shaped metal part, which has a circular plate-like part and
a cylindrical side wall 26 circulating the plate-like part. In the middle of the lid there
is a penetrating inlet opening 30. The bottom 14 is attached by its edges to the
free edge of the side wall, so that a cylindrical chamber 32 is formed inside the
frame. For attaching the bottom there are compatible threads (threads are not,
shown in the figure) in the edge surface 14c of the bottom and the inner surface of

~ the side wall, which threads make it possible to attach the bottom into place by

screwing. Inside the chamber there is a plate-like circular piston 34, the diameter
of which is slightly smaller than the inner diameter of the chamber 32. There is
thus a gap between the outer edge of the piston and the inner surface of the
chamber, which makes possible the movement of the piston inside the chamber in
the direction of the longitudinal axis of the chamber. The piston is manufactured
from polyacetate. The piston is uniformly substantially evenly thick and both of its
surfaces are substantially even. The thickness of the piston can be 1-5 mm. The
surface area Aq of the piston is substantially larger than the surface area A; of the
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connection opening. On the inner surface of the side wall there is a bypass groove
23 in the direction of the longitudinal axis of the chamber, the first end of which
groove opens up into the groove 20 circulating the edge of the bottom 14 and the
second end close to the plate-like part of the id.

The piston 34 can move freely inside the chamber 32 under the influence of the
gas pressure influencing it in the direction of the longitudinal axis of the chamber.
Figure 1a shows a quick release valve according to the invention in a situation
where gas is supplied, where the piston is in the first position set against the first
surface 14a of the bottom 14. In the supply situation pressurised gas is led into
the chamber of the quick release valve from a source 200 of pressurised gas
through the inlet opening 30. The pressurised gas can for example be pressurised
air or steam and the source 200 of pressurised gas can for example be a
compressor or a steam generator. Qverpressure is thus generated into the
chamber in the space delimited by the lid 12, the side wall 26 and the piston,
which overpressure pushes the piston tightly against the bottom 14. The piston set
against the bottom closes the mouths of the connection opening 16 and the outlet
openings 24. Pressurised gas can however flow through the bypass groove 23
past the edge of the piston into the groove 20 and further along the bypass duct
22 into the connection opening, finally ending up in the space 100 to be
pressurised. Pressurised gas thus flows from the gas source into the space to be
pressurised as long as the supply of pressurised gas is active. When the supply of
gas continues long enough, the gas pressure prevailing in the pressure vessel is
finally as large as the gas pressure prevailing in the chamber 32. Because the
surface area A4 of the piston is larger than the surface area A, of the connection
opening, the force pushing the piston against the bottom is larger than the force
pushing the piston upwards from the bottom. The piston thus remains in its place
in the first position shown in Figure 1a, which position closes the ends of the outlet
openings, as long as the gas pressure in the chamber is larger than the gas
pressure in the space to be pressurised.

Figure 2a shows the quick release valve shown in Figures 1a and 1b as a vertical
cross-sectional view, when the quick release valve is triggered, i.e. when the gas
in the space 100 to be pressurised is suddenly allowed to flow out of the space
through the guick release valve. Figure 2b shows the quick release valve of Figure
2a as a horizontal cross-sectional view cut along sectional plane B-B. The quick
release valve is triggered by cutling off the supply of pressurised gas from the
source of pressurised gas to the quick release valve, i.e. by closing a closing valve

RECTIFIED SHEET (RULE 91)
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80 on the gas supply route. When the closing valve closes the pressurised gas
can flow through the closing valve out of the chamber, whereby the gas pressure
in the chamber drops quickly. The gas pressure in the space 100 to be

‘pressurised is thus higher than the gas pressure in the chamber 32, so the force

directed onto the piston from the connection opening 16 is substantially larger

~ than the force directed onto the piston from the chamber. The pressure directed

onto the piston through the connection opening raises the piston from the bottom
and pushes it into the second position shown in Figure 2a, where it is pressed
against the lid. When the' piston is in this position it no longer closes the mouths of
the outlet openings 24, whereby the pressurised gas can flow freely from the
space to be pressurised through the connection opening into the chamber and
through the outlet openings further out of the chamber. The gas is thus quickly

~ discharged from the pressurised space immediately after the quick release valve

is triggered. It is clear that the gas starts to flow from the space to be pressurised
into the chamber also along the bypass duct 22 immediately when the gas
pressure in the chamber drops. Because of the small cross-section of the bypass
duct the gas flow occurring along this path is in practice however so small, that it
has no effect on the operation of the piston in the triggering situation.

Figure 3a shows as an example an advantageous embodiment of the quick
release valve according to the invention as a cross-sectional view. The
advantageous embodiment of the invention shown in the figure has the same

parts as the above-described figures. The same names and reference numbers as
above have been used for these parts in the description. The embodiment shown

in Figure 3a does not have a bypass duct and there is no bypass groove in the
bottom, but the gas is led into the sbace 100 to be pressurised along a bypass
pipe 60 on the outside of the quick release valve. The bypass pipe has a check
valve 62, which allows gas to flow in the direction of the space 100 to be
pressurised, but prevents the gas from flowing in the opposite direction. In this
embodiment the triggering of the quick release valve occurs in the same way as
above, i.e. by cutting off the supply of pressurised gas into the chamber 32 and
the space to be pressurised with the aid of the closing valve 80, whereby the gas |
pressure in the chamber drops and the piston 34 moves into the second position.

_In the embodiment shown in Figure 3a the closing surface 36 of the piston settling

against the bottom 14 has a flexible coating 35. The material of the coating can be
any flexible material suitable for the purpose, such as rubber or silicone. The
coating functions as a sealing member, which ensures that the pressurised gas
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cannot flow between the piston and the first surface of the lid into the outlet
openings 24. The coating further also functions as an attenuation member
protecting the piston in the beginning when pressurising the quick release valve,

~ when the piston strikes against the first surface of the lid with high speed.

Figure 3b shows as an example a second advantageous embodiment of the quick
release valve according to the invention as a cross-sectional view. The
advantageous embodiment of the invention shown in the figure has the same
parts as the above-described figures. The same names and reference numbers as
above have been used for these parts in the description. The embodiment shown
in Figure 3b does not have a bypass duct and there is no bypass groove in the
bottom. Instead, there is a penetrating supply hole 37 in the middle of the piston,
through which the gas can in a pressurising situation flow from the chamber 32
into the space 100 to. be pressurised. The cross-sectional area of the supply hole
is substantially smaller than the surface area of the piston or the connection
opening 16. The closing surface 36 of the piston may have a flexible coating 35.

Also in this embodiment the triggering of the quick release valve occurs in the
same way as above, i.e. by cutting off the supply of pressurised gas into the
chamber 32 and the space 100 to be pressurised, whereby the gas pressure in

~ the chamber drops and the piston 34 moves into the second position.

Figure 4a—4c shows as an example a third advantageous embodiment of the
quick release valve according to the invention as cross-sectional views. Figures 4a
and 4c show an embodiment of the quick release valve as vertical cross-sectional
views and Figure 4b as a horizontal cross-sectional view cut along sectional plane
C-C. In Figure 4a the quick release valve is in a pressurising situation and in
Figure 4c in a triggering situation. The advantageous embodiment of the invention
shown in the figures has the same parts as the above-described figures. The
same names and reference numbers as above have been used for these parts in
the description. | - -

In this embodiment there is a peripheral surface 14d on the edges of the first
surface 14a of the bottom 14, which peripheral surface is on a different level than
the other area of the first surface. The first surface thus has two substantially
parallel parts on different levels, the circular middle part of the first surface and the
ring-like peripheral surface 14d surrounding it. The mouths of the outlet openings
24 and the connecting opening 16 penetrating the bottom open up into the middle
part. The piston 34 has two plate-like parts, an upper plate 34a and a lower plate
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34b, between which there is a flexible attenuation layer 34c. The attenuation layer
can be of any flexible material suitable for the purpose, such as rubber or silicone.
The upper plate and lower plate are attached together via the attenuation layer.
The upper plate is to its shape a circular part, the diameter of which is slightly
smaller than the internal diameter of the cylindrical chamber 32. The lower plate

" also has a circular shape, but its diameter is significantly smaller than the diameter

of the upper plate. The diameter of the lower plate is dimensioned so that the
lower plate covers the mouth of the connection opening 16 but does not extend

- over the mouths of the outlet openings. When supplying pressurised gas Vthe

piston 34 settles against the first surface 14a, so that the lower plate 34a covers
the mouth of the connection opening and the edge part of the upper plate covers
the mouths of the outlet openings. The closing surface 36 of the piston is thus
formed by the lower plate and the part of the upper plate, which extends outside
the edge of the lower plate. The gas moves from the chamber 32 into the space

100 to be pressurised through a supply hole 37 passing through the upper plate,

the attenuation layer and the lower plate.

Also in this embodiment the triggering of the quick release valve occurs in the -
same way as above, i.e. by closing the closing valve 80, whereby the supply of
pressurised gas into the chamber 32 and the space 100 to be pressurised stops,
the gas pressure in the chamber drops and the piston 34 moves into the second
position.

The quick release valve according to the invention is suitable for use in various
pneumatic devices, where the gas in the pressurised space must be discharged
very quickly. Such devices are for example so-called air cannons, which are used
to generate air pressure pulses to be directed towards structures. One important
application for a quick release valve are striking tools, which have a mass piston
moving inside a pressure cylinder and a spring setting the mass piston in a striking
motion. The striking tool is tuned into striking readiness by leading pressurised air
into the pressure cylinder, whereby the mass piston moves toward the second end
of the pressure cylinder. Simultaneously the spring between the end of the striking
cylihder and the piston is compressed. When the pressure is quickly removed
from the striking cylinder, the force stored in the spring sets the mass piston in a
striking motion. In a striking tool equipped with a quick release valve according to
the invention the discharging of the pressure cylinder occurs so quickly that the air
pressure in the cylinder does not slow down the movement of the mass piston at
all.
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Some advantageous embodiments of the quick release valve according to the
invention have been described above. The invention is not limited to the solutions
described above, but the inventive idea can be applied in numerous ways within
the scope of the claims.
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Claims

1. A quick release valve, which has a chamber (32), an inlet opening (310) |
leading into the chamber, a connection opening (16) for connecting to a space
(100) to be pressurised, at least one outlet opening (24) and a piston (34), which
is moveable under the influence of air pressure between a first position closing the
outlet opening and a second positioh opening the outlet opening, characterised
in that the chamber has a first surface (14a) and the mouths of the connection
opening and the outlet openings open up onto said first surface, and the piston
has a closing surface (36), which in said first ‘positionvis arranged to settle against
said first surface and to cover the mouths of the connection opening and outlet
openings, and the quick'release valve has a bypass route (22, 23, 37) for leading
pressurised gas into the connection opening (16) past the piston (34) in the first
position. '

2. The quick release valve according to claim 1, characterised in that said first
surface (14a) and said closing surface (36) are substantially even.

3. The quick release valve according to claim 1, characterised in that there is a
peripheral surface (14d) on the edges of said first surface (14a), which peripheral
surface is on a different level than the middle part of the first surface.

4. The quick release valve according to any of the claimsr 1-3, characterised in
that the piston (34) is a part placed in the chamber (32), which part moves freely
under the influence of air pressure. |

5.  The quick release valve according to any of the claims 1—4, characterised in
that the piston (34) is substantially a rigid plate-like part.

6. The quick release valve according to any of the claims 1-5, characterised in
that the material of the piston (34) is polyacetate.

7. The quick release valve according to any of the claims 1-6, characterised in
that the closing surface (36) of the piston (34) has a flexible coating (35).

8. The quick release valve according to any of the claims 1-7, characterised in
that the piston (34) is a layered structure, which has an upper plate (34a), a lower
plate (34b) and an attenuation layer (34c) between the upper plate and lower
plate.
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9. The quick release valve according to any of the claims 1-8, characterised in
that it has a'lid (12), which has a cylindrical side wall (26), and a bottom (14),
which is attached to the edge of the side wall, so that the lid and the bottom form a
chamber (32).

- 10. The quick release valve according to claim 9, characterised in that the lid

(12) and the bottom (14) are of metal, advantageously aluminium.

11. The quick release valve according to any of the claims 1-10, characterised
in that said bypass route comprises a bypass groove (23) in the side wall (26) of
the lid (12), a groove (20) in the edge of the bottom and at least one bypass duct
(22) leading from the groove to the connection opening (16).

12. The quick release valve according to any of the claims 1-10, characterised
in that said bypass route comprises a supply hole (37) leading through the piston
(34). ' '

13. The quick release valve according to any of the claims 1-12, characterised
in that the surface area A of the piston (34) is substantially larger than the cross-
sectional area A, of the connection opening (16).

14. The quick release valve according to any of the claims 1-13, characterised
in that it is the quick release valve of a pneumatic striking tool.
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