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(54) Flapper finger valve

(57) A flapper finger valve assembly for use in an
exhaust system. The flapper finger valve assembly in-
cludes a tube (24) having a plurality of orifices (22)
therethrough. The flapper finger valve (12) assembly al-
so includes a plurality of flapper finger valves (12) gen-
erally having a C-shape wherein the flapper finger
valves (12) are arranged on an outside surface of the
tube (24). The flapper finger valves (12) are capable of

radial movement with respect to the tube (24). A plurality
of retainers (28) generally having a C-shape are ar-
ranged around the flapper finger valve (12). These re-
tainers will define a maximum radial movement for such
flapper finger valves (12) on the tube (24). The flapper
finger valve assembly also includes a fastener (36)
which will secure the flapper finger valves (12) between
a tube (24) and retainers (36) in the flapper finger valve
assembly.
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Description

[0001] The invention broadly relates to exhaust sys-
tems and mufflers, and more particularly relates to a
flapper finger valve and a flapper finger valve assembly
that will be used in an automotive exhaust system to de-
fine a flow path for exhaust gasses that are released
under high pressure and high flow conditions.
[0002] It is well known in the art to use mufflers on
automotive vehicles to silence exhaust noise and to con-
trol the back pressure on the power train. Generally,
mufflers are stamped from typically known steel, alumi-
num or the like and will use multiple internal baffles and
tubes to silence the exhaust noise from the power train.
In prior art mufflers exhaust enters one end of a muffler
and is moved through a series of baffles and tubes in
the interior of the muffler, to an exhaust tube and then
on to a tailpipe. The design of the baffles, the number
of baffles, the holes in the baffles, and any piping within
the muffler all relate to the pressure and flow conditions
through the muffler and exhaust system of the automo-
tive vehicle. The size of the prior art muffler and exhaust
systems of automotive vehicles is rather large in order
to accomplish the baffling and noise reduction required
by the muffler systems. The size of the exhaust systems
require a lot of the packaging room available on the un-
dercarriage of the chassis system of the automotive ve-
hicles. The tuning and control of other characteristics of
the muffler also can increase the performance and other
associated characteristics of the automotive vehicle de-
pending on the design of the baffles and the amount of
pressure allowed to be released and at what flow rate
the pressure is released through the exhaust system.
Therefore, the performance characteristics of the vehi-
cle that are effected by the release of pressure through
the exhaust system in many prior art vehicles is fixed
once the exhaust system is installed. Hence, the size of
the muffler had to be large to correctly tune and dampen
noise as required by the exhaust muffler system.
[0003] Therefore, there is a need in the art for a low
cost exhaust system that reduces the package size of
the muffler for the underbody of the chassis. There also
is a need for an exhaust system that can be tuned or
controlled without changing the size of the muffler and
the number of baffles or tubes within the muffler system.
[0004] An aim of the present invention is to provide a
low cost flapper finger valve and flapper finger valve as-
sembly which defines a flow path for the exhaust gasses
of an exhaust system to be released under high pres-
sure or high flow conditions.
[0005] Another aim of the present invention is to pro-
vide an exhaust system that is capable of a variety of
configurations to control and/or fine tune the exhaust
system per application requirements of the motor vehi-
cle characteristics.
[0006] Still another aim of the present invention is to
provide an exhaust system that includes a muffler with
a smaller package thus reducing the amount of room

used on the chassis underbody.
[0007] Still another aim of the present invention is to
provide flapper finger valve assembly that can inde-
pendently operate or operate within an existing muffler
to regulate the flow path for exhaust gasses in an ex-
haust system of an automotive vehicle.
[0008] In one aspect of the present invention, the fore-
going and other aims are obtained by a novel design for
a flapper finger valve assembly for use in an automotive
exhaust system. The flapper finger valve assembly
would either be an independent mechanism or integrat-
ed into an assembly for a muffler or exhaust system to
create and regulate flow through a path for exhaust gas-
ses to be released under high pressure and high flow
conditions in the exhaust system. The flapper finger
valve assembly includes at least one flapper finger valve
connected to an exhaust tube and an exhaust pressure
relief valve retainer or backer.
[0009] One advantage of the above aspect of the
present invention is an improved exhaust or muffler sys-
tem.
[0010] Still another advantage of the above aspect of
the present invention is to create an escape path for ex-
haust gases to be released under high pressure and
flow conditions.
[0011] Still another advantage of the above aspect of
the present invention is the reduction in overall size and
packaging requirements for the exhaust system of an
automotive vehicle.
[0012] Yet another advantage of the above aspect of
the present invention is the reduction in weight of the
exhaust system for the vehicle.
[0013] Still another advantage of the above aspect of
the present invention is the tuneability and variability of
the exhaust system by changing design requirements
of the flapper finger valves.
[0014] The invention provides an exhaust system,
said system including:

a muffler; and
a flapper finger valve assembly arranged within said
muffler.

[0015] The invention also provides, a muffler for use
in an exhaust system, said muffler including:

a body; and
a flapper finger valve assembly arranged within said
body.

[0016] Preferably, said flapper finger valve assembly
has a tube.
[0017] Preferably, said tube has a plurality of orifices
therethrough.
[0018] Preferably, said flapper finger valve assembly
system has at least one flapper finger valve, said flapper
finger valve having a generally C-shape.
[0019] Preferably, said flapper finger valve is ar-
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ranged around said tube, said flapper finger valve cov-
ers said orifices when said flapper finger valve is in a
closed position.
[0020] Preferably, said flapper finger valve has a pre-
determined spring coefficient.
[0021] Preferably, said flapper finger valve moves in
a radially outward direction when exposed to a prede-
termined pressure.
[0022] Preferably, said flapper finger valve is capable
of being tuned to specific exhaust system characteris-
tics.
[0023] Preferably, said flapper finger valve has prede-
termined angled bends, thicknesses and widths.
[0024] Preferably, said flapper finger valve assembly
system has at least one relief valve retainer, said relief
valve retainer generally having a C-shape.
[0025] Preferably, said flapper finger valve assembly
is electronically controlled and tunable.
[0026] Preferably, the flapper finger valve assembly
has a plurality of flapper finger valves arranged around
an outer surface of said tube, said flapper finger valves
covering said orifices when said flapper finger valve as-
sembly is in a closed position.
[0027] Preferably, the flapper finger valve assembly
has a plurality of relief backers arranged around said
flapper finger valves to control a maximum distance of
radial movement in an outward direction for said flapper
finger valve.
[0028] Preferably, the flapper finger valves and said
relief backers are secured to an outer surface of said
tube.
[0029] Preferably, the flapper finger valves having a
predetermined thickness and spring coefficient, said
flapper finger valves being arranged to open or move
radially away from said tube at predetermined exhaust
pressures.
[0030] Preferably, the flapper finger valves are elec-
tronically controllable or tunable.
[0031] Preferably, a plurality of said flapper finger
valve assemblies are arranged within a reduced size
muffler in parallel or series.
[0032] The invention also provides a flapper finger
valve assembly for use in an exhaust system, said as-
sembly including:

a tube, said tube having a plurality of orifices there-
through;
a plurality of flapper finger valves generally having
a C-shape, said flapper finger valves arranged on
an outside surface of said tube, said flapper finger
valves align with said orifices such that said orifices
are covered by said flapper finger valves when the
assembly is in a closed or equilibrium position;
a plurality of retainers generally having a C-shape,
said retainers arranged around said flapper finger
valves, said retainers having a fixed radius and de-
forming a maximum limit of radial movement for
said flapper finger valves when said flapper finger

valves are in an open position; and
a fastener for securing said flapper finger valves
and said retainers to said tube.

[0033] Embodiments of apparatus in accordance with
the present invention will now be described, by way of
example only, with reference to the accompanying
drawings, in which:

Figures 1A - 1E show a flapper finger valve assem-
bly according to the present invention.
Figures 2A - 2C show a flapper finger valve assem-
bly according to the present invention.
Figures 3A- 3H show an exhaust pressure relief
valve backer according to the present invention.
Figures 4A - 4D show an exhaust pressure relief
valve assembly in its open and closed positions.
Figures 5A - 5B show an exhaust pressure relief
valve assembly in a series configuration.
Figures 6A - 6C show an exhaust pressure tube ac-
cording to the present invention.
Figure 7 shows a side view of an exhaust pressure
tube according to the present invention.
Figure 8 shows a side view of an alternate embod-
iment of an exhaust pressure tube according to the
present invention.
Figure 9 shows an end view of an exhaust tube with
a flapper valve in a closed position.
Figure 10 shows an end view of a flapper valve as-
sembly with the flapper valve in its open position.
Figure 11 shows a side view of a flapper valve ac-
cording to the present invention.
Figure 12 shows a side view of the flapper valve
according to the present invention.
Figure 13 shows a top view of the flapper valve ac-
cording to the present invention.
Figure 14 shows a cross section of a muffler or ex-
haust system having a flapper finger valve assem-
bly according to the present invention.
Figure 15 shows an alternate embodiment of a flap-
per finger valve assembly according to the present
invention.

[0034] Referring to the drawings, Figs. 1 through 14
show the flapper finger valve assembly 10 according to
the present invention. The flapper finger valve assembly
10 will be for use on a muffler or exhaust system com-
ponent 38 and/or as a stand alone unit that will allow for
the propagation of the exhaust gasses through a prede-
termined path for release under high pressure and high
flow conditions. The use of the flapper finger valve as-
sembly 10 will allow for a reduction in the packaging size
of the muffler 38 thus increasing available space on the
undercarriage of the chassis of an automotive vehicle.
Furthermore the reduction in size will also reduce the
weight and manufacturing costs of the muffler or ex-
haust system 38. It should further be noted that the flap-
per finger valve assembly 10 will be available in a variety
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of configurations and will also allow for a variable control
or fine tuning of the exhaust system and power train of
the vehicle.
[0035] Fig. 1 shows the exhaust pressure flapper fin-
ger valve or relief valve 12 according to the present in-
vention. Generally, the flapper finger valve 12 has an
overall C-shape. The valve 12 has an orifice 14 through
a surface thereof at or near a top point thereof. Fig. 1
shows the valve in a closed position 16 and in an open
position 18. It should be noted that generally the flapper
finger valve 12 will be made of a steel material that will
have a predetermined spring coefficient. It should be
noted that any other type of metal, ceramic, plastic, com-
posite or any other type of material may be used for the
flapper finger valve 12. As shown in Fig. 1 the flapper
finger valve 12 also includes, on both ends thereof, a
predetermined bend 20 at a predetermined angle which
will be used to cover and seal a predetermined orifice
22 in the exhaust system. The flapper finger valve 12 is
designed such that it controls the release of the exhaust
pressure and flow of the exhaust in a predetermined
manner. The steel will have a predetermined spring co-
efficient that in one embodiment will be in the closed po-
sition in its equilibrium position. Then when a predeter-
mined pressure from the exhaust is placed upon an in-
ner surface of the flapper finger valve 12, the flapper
finger valve 12 will be urged in an outer direction thus
increasing the size of the C and bending the finger valve
12 outward in a radial direction. The flapper finger valve
12 must have the proper spring characteristics and the
ability to open and close at various pressures and within
predetermined time constraints. It should further be not-
ed that the profile or predetermined bend 20 in each of
the flapper finger valves 12 may vary depending on the
relief orifices 22 in the exhaust tube 24. It should further
be noted that the finger valve has a predetermined thick-
ness which will also affect the characteristics of the ex-
haust system. The thickness of the material will be
matched to the pressure and noise reduction require-
ments of the exhaust system. The thicker the material
the more pressure and the greater flow needed to open
the valve 12. Therefore, the thinner the material the
quicker the valve 12 will open, thus releasing exhaust
pressure through the muffler system. It should be noted
that the flapper finger valve 12 can be placed on the
outer circumference of an exhaust tube 24 or on an inner
circumference of an exhaust tube 24 depending on the
design requirements and flow direction needed for the
exhaust. Furthermore, a bridge 26, as shown in Fig. 1,
will reduce the width of the flapper finger valve 12 at
predetermined positions based on the pressure and flow
requirements needed along with the response time in
the exhaust system. Therefore, all of the variables dis-
cussed above can be changed on the flapper finger
valve 12 to fine tune and/or configure the exhaust sys-
tem to predetermined specifications.
[0036] Fig. 2 shows the exhaust pressure relief valve
backer or retainer 28 for use in the present invention.

The retainer 28 generally has a rectangular shape if
viewed flat. However, in its operational mode the retain-
er 28 generally has a C-shape. The retainer 28 will con-
trol the maximum amount of radial travel for the flapper
finger valve 12. Therefore, the effective radius of the re-
tainer 28 is a predetermined length that will allow the
flapper finger valve 12 to open to a predetermined po-
sition or close to a predetermined position depending
on the operating requirements of the exhaust system. It
should be noted that in one embodiment the retainer 28
is made of a steel material but that it should be noted
that any other metal material, plastic, ceramic, compos-
ite or any other known material capable of withstanding
the pressure and heat of an automotive exhaust system
may be used. The exhaust pressure relief valve backer
28 also includes an orifice 30 at a top portion through a
surface thereof. This orifice 30 will mate and align with
the orifice 14 located on the flapper finger valve 12 and
will allow for connection of the retainer 28 and flapper
finger valve 12 to an exhaust tube 24. In one embodi-
ment the retainer 28 will be placed and arranged such
that an outer surface of the flapper finger valve 12 en-
gages with an inner surface of the retainer 28. The re-
tainer 28 has a fixed radius and does not have the spring
coefficient shown in the flapper finger valve 12 and
therefore is designed to set an upper limit on the amount
of radial movement for the flapper finger valve 12. The
exhaust pressure relief valve backer 28 also may in-
clude a predetermined bend 32 on both ends thereof.
This bend will match with any bend found in the flapper
finger valve 12.
[0037] Figs. 5 and 6 show an exhaust pressure tube
24 for use with the flapper finger valve 12 and retainer
28 as discussed above. The exhaust pressure tube 24
will restrict the exhaust flow volume to a predetermined
amount to produce the control and fine tuning of the ex-
haust system for the application required. It should be
noted that the exhaust tube 24 generally has a tubular
cross section and includes a plurality of orifices. A
mounting orifice 34 through one surface thereof will
mate with the orifices 14, 30 on the flapper finger valve
12 and retainer 28 to allow for connection of the flapper
finger valve 12 and retainer 28 to the exhaust tube 24.
A first and second relief orifice 22 are located equal dis-
tance from each other through the surface of the ex-
haust tube 24 opposite from the mounting orifice 34. The
size of the relief orifices 22 will determine the amount of
flow through the exhaust pressure tube 24 and flapper
finger valve 12. It should be noted that in one embodi-
ment the exhaust pressure tube 24 is made of a steel
material but that any other known metal, plastic, ceram-
ic, composite or other material capable of withstanding
the pressure and heat may also be used for the exhaust
pressure tube 24. The exhaust pressure tube 24 will be
designed to mate with and align with any known tube
within an exhaust system/muffler 38. The relief orifices
22 generally are circular but any other shape may be
used depending on the requirements and noise reduc-
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tion capabilities of any other design. The size of the relief
orifices 22 also will be tuned to the specific pressure re-
quirements and flow variations of the flapper finger valve
assembly 10. This will allow for multiple pressure and
flow control variables depending on the size and/or
shape of the flow relief orifices 22.
[0038] Figs. 3, 4 and 6 show the flapper finger valve
assembly 10 completely assembled. As shown the ex-
haust tube 24 is placed within a muffler system 38 or in
an tube within an exhaust system at predetermined in-
tervals or at predetermined areas therein. A flapper fin-
ger valve 12 is placed directly in contact with the exhaust
tube 24 on an outside surface of the exhaust tube 24
and then an inside surface of the retainer 28 is placed
in direct contact with an outer surface of the flapper fin-
ger valve 12. The orifices 14, 30 on the flapper finger
valve 12 and retainer 28 are aligned with the mounting
orifice 34 on the exhaust tube 24 and any known fas-
tener or connection method 36 is used to connect the
three components to one another, such as but not lim-
ited to screws, rivets, inserts, welding or any other me-
chanical or chemical bonding means. At an equilibrium
position the flapper finger valve 12 will engage the entire
outer circumference of the exhaust tube 24 and cover
the relief orifices 22. During operation once the exhaust
pressure increases and the flow increases the valve 12
will open in a radial direction, away from the outer sur-
face of the exhaust tube 24 and allow for flow of the ex-
haust through the relief orifices 22 and on through the
muffler or the exhaust system 38. It should be noted that
the flapper finger valve assembly 10 can be placed in
parallel or series as shown in Figs. 4 and 6 or placed
anywhere within the exhaust system to achieve the de-
sired tuning and control characteristics of the exhaust
system. Therefore, it can be placed in a tube at the be-
ginning of the muffler 38, at the end of the muffler 38 or
in a separate independent unit separate from the muf-
fler. The amount of noise reduction and tuning charac-
teristics will depend on the design requirements of the
vehicle.
[0039] It should further be noted that it is contemplat-
ed to have a flapper finger valve assembly 10 that is
electronically controlled that will allow the user of the
motor vehicle to dial in a specific tuning for the exhaust
system. This assembly could use electric solenoids or
the like to control how far the finger valves 12 open and
which finger valves 12 will even be capable of opening.
Furthermore, a plurality of different size and tuned
valves 12 may be placed in the same muffler with only
specific valves 12 becoming operational at predeter-
mined times depending on the characteristics selected
by the motor vehicle operator. It should also be noted
that pneumatic, electro-mechanical, hydraulic or pure
mechanical systems are contemplated to control the
flapper finger valve assembly 10 in any known contem-
plated exhaust systems for a vehicle.
[0040] Figure 15 shows an alternate embodiment for
an exhaust pressure flapper finger valve or relief valve

120 according to the present invention. Generally, the
flapper finger valve 120 has an overall C-shape. The
valve 120 has a connecting orifice 140 through a surface
thereof at or near a top thereof. It should be noted that
generally the flapper finger valve 120 will be made of a
steel material that will have a predetermined spring co-
efficient. It should be noted that any other type of metal,
ceramic, plastic, composite, fabric, or any other type of
material may be used for the flapper finger valve 120.
As shown in Figure 15, the flapper finger valve 120 also
includes a plurality of predefined orifices 127 arranged
around the connecting orifice 140. The orifices 127 may
either be a circular orifice or any other shaped orifice
depending on the environment and design requirements
of the flapper finger valve 120. The diameter of the ori-
fices 127 are arranged and placed at predetermined po-
sitions based on the pressure and flow requirements
needed along with the response time in the exhaust sys-
tem. The large diameter orifices 127 will require less
pressure from the exhaust system to open the flapper
valve 120 to its open position while smaller diameter or-
ifices 127 will require greater pressure to open the flap-
per valve 120, thus allowing for release of the exhaust
pressure through the muffler system. Therefore, the or-
ifices 127 work in the same manner as the bridges as
shown in Figure 1. Therefore, all of the variables dis-
cussed including the shape, size and location of the or-
ifices 127 can be changed on the flapper finger valve
120 to fine tune and/or configure the exhaust system to
predetermined specifications.
[0041] While it may be apparent that the preferred em-
bodiments of the invention disclosed are well calculated
to fill benefits, objects or advantages of the invention, it
will be appreciated that the invention is susceptible to
modifications, variations and change within departing
from the proper scope of the invention as shown. There-
fore, within the scope of the appended claims, the
present invention may be practiced otherwise than is
specifically described.

Claims

1. A flapper valve for controlling axial leakage through
openings in an exhaust system tube, said flapper
valve comprising a generally flat strip of spring ma-
terial having first and second ends with a first por-
tion including said first end, and a second portion
including said second end and extending in a first
direction from said first end, said second portion be-
ing cantilevered with respect to said first portion with
first and second portions forming a continuous ar-
cuate structure extending along an arc of at least
about 90 degrees.

2. The flapper valve of claim 1, further comprising a
third end and a third portion including said third end
and extending in a second opposite direction from
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said first portion, said third portion being cantilev-
ered with respect to said first portion, said first, sec-
ond, and third portions forming a continuous arcu-
ate structure extending along and arc of at least
about 180 degrees, and said first portion being in-
termediate said second and third portions.

3. The flapper valve of claim 1 or 2, wherein said first
portion comprises an orifice through a surface
thereof for connection of said flapper valve to an ex-
haust tube.

4. The flapper valve of any one of the preceding
claims, wherein said flapper valve has a generally
C-shape.

5. A flapper valve for controlling axial leakage through
openings in an exhaust system tube, said flapper
valve comprising a generally flat strip of spring ma-
terial having first and second ends with a first por-
tion including said first end, and a second portion
including said second end and extending in a first
direction from said first end, said second portion be-
ing cantilevered with respect to said first portion with
first and second portions forming a continuous C-
shaped structure.

6. The flapper valve of claim 5, further comprising a
third end and a third portion including said third end
and extending in a second opposite direction from
said first portion, said third portion being cantilev-
ered with respect to said first portion, said first, sec-
ond, and third portions forming a continuous C-
shaped structure.

7. The flapper valve of claim 5, wherein said C-shaped
flapper valve structure extends along an arc greater
than about 90 degrees.

8. The flapper valve of claim 6, wherein said C-shaped
flapper valve structure extends along an arc greater
than about 180 degrees.

9. The flapper valve of any one of claims 5 to 8, where-
in said first portion comprises an orifice through a
surface thereof for connection of said flapper valve
to an exhaust tube.

10. A flapper valve for controlling axial leakage through
openings in an exhaust system tube, said flapper
valve comprising a generally C-shaped strip of
spring material having first and second ends and
comprising a bend adjacent each end, each bend
having a predetermined angle for covering an ori-
fice in the exhaust system.

11. The flapper valve of claim 10 wherein said C-
shaped strip comprises an orifice at a top portion

through a surface thereof for connection of said
flapper valve to an exhaust tube.
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