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FLUTTER DAMPENED EXHAUST VALVE

CROSS-REFERENCE TO RELATED APPLICATIONS
{081} This application clatms priority to U.S. Utility Application No,
157238 872, Bled on August 17, 2016, The entire disclosure of the above application is

incorporated herein by reference.

FIELD
{0002] The subject disclosure relates to valve assemblies used in an exhaust

system of a vehicle and to methods of manufacturing such valve assemblies,

BACKGROUND

{6003] This section provides background information related to the presemt
disclosure which is not necessarily prior art.

[0004] Many vehicle exhaust systems use active and/or passive valve assemblies
to alter the characteristics of exhaust flow through s conduit as the exhaust pressure increases
due to increasing engie speed. Such valves can be used to reduce low frequency noise by
directing exhaust through mufllers or other exhaust system componenis. For example, valves
can direct exhaust flow past obstructions, which create vortices that absorb low frequency sound
energy. Active valves carry the increased expense of requiring a specific actuating element,
such as a solenoid. Passive valves utilize the pressure of the exhaust flow m the conduit {o
actoate the valve. Although passive valves are less expensive, traditional passive valves create
wrwanted back pressure when the valve is open, can be difficelt o manufactore, and ave
susceptible to vibration related noise and excessive valve flutter caused by flowrate Huctuations
in the engine’s exhaust flow (e, exhaust pulsation). There 1 seen to be a need m the art for a
passive valve that is relatively inexpensive to manudacture, is quieter than existing passive

valves, and minimizes unwanted back pressure 1n the open position.

SUMMARY
0005] This section provides a general sunmary of the disclosure and is not a
comprehensive disclosure of its full scope or all of its features.
{0006] In accordance with one aspect of the sobject disclosure, a snap-action
valve assembly for an exhaunst systent 1s provided. The snap-action valve assembly includes a
first conduit. The first conduit extends along a central axig to define an exhaust passageway. A

valve flap is disposed within the exhaust passageway for controlling exhaust flow through the
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exhaust passageway. A shaft sapports the valve flap in the exhaust passageway and allows the
valve Hap o rotate between a closed position and an open position in the exhaust passageway
about a pivet axis. The snap-action valve assembly further comprises a mass damper that s
positioned external to the first condwit. The mass damper s rotatably coupled {o the shaft such
that the mass damper rotates with the shaft. The mass damper has a linear segment that extends
along a primary mass damper axis between a patr of damper ends. The mass damper further
includes a first transverse segment and a second transverse segment. The first and second
rrangverse segments exiend from the pair of damper ends.  Each of the first and second
transverse segments extends in a Gansverse divection relative to said primary mass damper axis.

[6007] In accordance with another aspect of the subject disclosure, the snap-
action valve assembly includes a pad that 1s carried on the valve flap. The pad includes a body
portion and an end portion. The end portion of the pad extends over a fist arcuate edge of the
valve flap. The valve fap includes a resilient tongoe disposed between the valve flap and the
body portion of the pad. The resilient tongue is angled up and is spaced away from the first
arcuate edge of the valve flap and the pad is attached to and supported by the resilient tongue.
The resilient tongue extends from the valve flap at a first angle relative to the valve flap plane.
Durig operation, the first angle changes as the resilient tongue deflects in response to the end
portion of the pad contacting an nside surface of the first conduit when the valve flap pivois to
the closed position.

{6008] In accordance with another aspect of the subject disclosure, the pad of the
snap-action valve assembly includes at least one side wing that extends from the body portion of
the pad and wraps around at least one linear side edge of the valve flap to a second side of the
valve flap. The at least one side wing s sized to contact the inside surface of the first condut
when the valve flap is in the open position,

HH Advantageously, the mass damper, the resilient tongue, and the at least
one wing of the pad of the snap-action valve assemblies disclosed herein provide improved
dampening of vibration related harmonics and valve thatter caused by Howrate fluctuations in
the engine's exhaust How {i.e. exhaust polsation). In addition, the disclosed snap-action valve

assemblies provide reduced back pressure in the open position.

BRIEF DESCRIPTION OF THE DRAWINGS
[6016) Other advantages of the present invention will be readily appreciated, as
the same becomes better undersiood by reference to the following detailed description when

considered m connection with the accompanying drawings wherem:
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{0011} Figure 1 18 a side perspective view of an exemplary snap-action valve
assembly that is constructed in accordance with the sabject disclosure;

0012} Figure 2 is an exploded perspective view of the exemplary snap-action
alve assembly shown m Figure 1;

{0013} Figure 3 is a side cross-sectional view of the exemplary snap-action valve
assembly shown in Figure I illustrating an exemplary valve flap in a closed position;

{0014] Figure 4 is a side cross-sectional view of the exemplary snap-action valve
assembly shown in Figure 1 illustrating the exemplary valve flag in an open position;

[0015] Figare 3 is fromt eslevation view of the exemplary snap-action valve
assembly shown in Figure 1 illustrating the exemplary valve flap in the closed position;

6] Figure 6 18 rear elevation view of the exemplary snap-action valve
assembly shown in Figure 1 illustrating the exemplary valve flap in the closed position;

[o017} Frgure 7A 18 a side cross-sectional view of another exernplary suap-action
valve assembly that is constructed in accordance with the subject disclosure, which inchudes a
resilient tongue attached to the first valve flap ear of an exemplary valve flap;

j0018] Figure 7B is a side cross-sectional view of another exemplary snap-action
alve assembly that 18 constructed in accovdance with the subject disclosere, which includes a
resilient tongue attached to the second valve flap ear of an exemplary valve flap;

{0019] Figure 8 i a flow diagram illustrating an cxemplary method of
mamtfacture for the exemplary snap-action valve assembhies disclosed herein;

10028] Figure 9 i3 a top cross-sectional view of an exemplary exhaust nmuffler
that includes the exemplary snap-action valve assembly shown in Figure 1:

[0021] Figure 10 i3 a front elevation view of a partition within the exemplary
exhaust muffler shown in Figure ¥

10022] Figure 11 is a rear elevation view of the exemplary exhaust muffler
shown in Figure 9;

{0023} Figure 12A 15 a front perspective view of another exemplary exhaust
muffler that includes two of the exemplary snap-action valve assemblies iHustrated in Figwee 1
where the snap-action valve assemnblies are shown m the closed position;

j0024] Figure 12B 15 a fromt perspective view of the exemplary exhaust muffler
shown in Figure 12A where the snap-action valve assemblies are shown in the open position;

[6025) Figure 13A is a side perspective view of the exemplary mass damper of
the snap-action valve assembly shown m Figure 2;

10026] Figure 138 is a side perspective view of another exemplary mass damper
constructed in accordance with the subject disclosure, which has a U-hike shape;

3
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{0027] Figure 13C s a side perspective view of another exemplary mass damper
constructed in accordance with the subject disclosure, which has an imbalanced linear segment;
10028] Figure 13D is a side clevation view of another exemplary mass damper
constructed in accordance with the sabject disclosare, which has a S-like shape; and
[6029] Figure 13E is a front elevation view of another exemplary mass damper

coustructed in accordance with the subject disclosure, which has a C-like shape.

DETAILED DESCRIPTION

0034 Referrmg to the Figures, wherein like numerals indicate comresponding
parts throughout the several views, a snap-action valve assembly 28 for an exhaust system of a
vehicle i3 disclosed.

{0031} Example embodimenis are provided so that thus discloswre will be
thorough, and will fully convey the scope to those who are skilled in the art. Numerous specific
details are set forth such as examples of specific components, devices, and methods, to provide a
thorough understanding of embodiments of the present disclosure. I will be apparent to those
skilled m the art that specific details need not be emploved, that example embodiments may be
embodied in many different forms and that neither should be construed to imit the scope of the
disclosure. In some example embodunents, well-known processes, well-known device
structures, and well-knows technologies are not described in detail.

{6032] The terminology ased herem 15 for the porpose of describing particular
example embodiments only and is not intended to be limiting, As used herein, the singular

o

forms "a" "an,” and "the” may be mtended to include the plural forms as well, unless the context

o

clearly indicates otherwise. The terms "comprises,” "comprising,” "includmg,” and “"having,”
are mmclusive and therefore specify the presence of stated features, integers, steps, operations,
glements, and/or components, but do not preclude the presence or addition of one or more other
features, integers, sieps, operations, clements, components, and/or groups thereof. The method
steps, processes, and operations described herern are not to be construed as necessanly requiring
thetr performance in the particular order discussed or tHustrated, unless specifically wentified as
an order of performance. I is also to be understood that additional or alternative steps nmay be
emploved.

[0033] When an element or layer is referved to as being "on,” "engaged to.”
“connected t0," or "coupled to" another element or layer, it may be directly on, engaged,
connected or coupled 1o the other element or layer, or intervening elements or layers may be
present. In contrast, when an element is referred to as being "divectly on,” “directly engaged t0,"
“directly comnected to," or "directly coupled to" another clement or layer, there may be no

4
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intervening elements or layers present.  Other words used to describe the relationship between
etements should be imterpreted m a like fashion {e.g, "between” versus "divectly between”
"adjacemt” versus "directly adjacent,” etc.). As used herein, the term "and/or" includes any and
all combinations of one or more of the associated hsted items.

[06034] Although the terms first, second, third, etc. may be used hereimn to describe
vartous elements, components, regions, layers andfor sections, these elements, components,
regions, layers and/or sections should not be limited by these terms. These terms may be only
used to distinguish one elemeny, component, region, layer or section from another region, layer

1

or section. Terms such as "first,” "second,” and other numernical terms when used herein do not
mply a sequence or order unless clearly indicated by the context. Thus, a first element,
component, region, layer or section discussed below could be termed a second element,
component, region, layer or section without departing from the teachings of the example

embodiments.

[0035] Spatially relative terms, such as "inner," "outer,” "beneath" "below,”
"lower," "above,” "upper,” and the like, may be used herein for ease of description to describe

one element or feature’s relationship to another element(s) or feature(s) as ilustrated m the
figures. Spatially relative terms may be intended to encompass different orientations of the
device i use or operation in addition to the orientation depicted in the figures. For example, if
the device mn the figures is turned over, clements described as "below” or "beneath” other
slements or features would then be oriented "above" the other elements or features. Thus, the
example term "below" can encompass both an orientation of above and below, The device may
be otherwise oriented {rotated 90 degrees or at other orientations) and the spatially relatrve
descriptors used herein interpreted accordingly.

{0036] With reference 1o Figures 1-4, the snap-action valve assembly 28 includes
a first conduit 22 and a second conduit 24. It should be appreciated that the first and second
conduits 22, 24 are two of many component parts in the exhaust system of the vehicle
Although the first and second conduits 22, 24 may have a variety of different shapes and sizes,
1 the ilnstrated example, the first and second conduits 22, 24 have a tubular shape and may
alternatively be described as tubes or pipes. The first conduit 22 has a fisst conduit wall 26
presenting an outside surface 28, The first conduit wall 26 may be made from a variety of
different materials, By way of non-limiting example, the first conduit wall 26 may be made
from 35409 or 55439 stainless steel. In the iHlustrated example, the first conduit 22 is separated
into a first enlarged conduit segiment 38, a second enlarged condwit segment 32, and a neck
portion 34 disposed longitudinally between the first enlarged conduit segment 38 and the second

enlarged conduit segiment 32, The neck portion 34 of the first conduit 22 has an inside surface
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36 and the fivst and second enlarged conduit segments 38, 32 bave inner mating surfaces 38a,
38h.

10037] The neck portion 34 of the #irst conduit 22 has a first mner diameter 40
that may be measured across the inside surface 36 of the neck portion 34, The first enlarged
conduit segment 30 of the first conduit 22 has a second inner diameter 42 that may be measured
across the inner mating sorface 38a of the first enlarged conduit segment 30, The second
enlarged conduit segment 32 of the first conduit 22 has a third mner diameter 44 that may be
measared across the inner mating surface 38b of the second enlarged condul segment 32, The
first inner diameter 40 of the neck portion 34 of the first conduit 22 is sinaller than the second
mner diameter 42 of the first enlarged conduit segment 38 and the third mmer diameter 44 of the
second enlarged conduit segment 32, In the illustrated example, the second mner diameter 42 of
the first enlarged conduit segment 38 s equal 1o the third mner diameter 44 of the second
enlarged conduit segment 32; however, other configurations are possible where the second fnner
diameter 42 of the first enlarged conduit segment 30 is different from the third inner diameter 44
of the second enlarged conduit segment 32.

j0038] The first conduit 22 meludes a first transttion 46 and a second transition
48 that are longitudinally spaced from each other.  The first transition 46 13 disposed
longitudinally between the first enlarged conduit segment 30 and the neck portion 34 of the first
conduit 22, The second transition 48 15 disposed longitadinally between the second enlarged
conduit segment 32 and the neck portion 34 of the first conduit 22, In other words, the first
conduit 22 transitions from the first inner diameter 40 of the neck portion 34 to the second inner
diameter 42 of the first enlarged conduit segment 30 at the first transition 46 and the {first conduit
22 wansitions from the frst inner diameter 40 of the neck portion 34 to the third inper diameter
44 of the second enlarged condait segment 32 a1 the second transition 48. The first and second
transitions 46, 48 may be constructed to faper gradually or abruptly between the neck portion 34
and the first and second enlarged conduit segments 38, 32 of the first conduit 22

[6039] Still referring to Figares 1-4, the first conduit 22 extends longitudinally
along & contral axis 50 from a junction end 52 at the hrst endarged conduit segment 38 to a distal
end 54 at the second enlarged condmt segment 32, The second condont 24 extends
longitudinally and co-axially with the central axis 50 between an imsertion end 56 and a
proximal end 88, The second conduit 24 has a second conduit wall €0 presenting an inner
surface 62 and an outer mating surface 64. The second conduit wall 680 may be made from a
variety of different materials. By way of non-limiting example, the second conduit wall 68 may
also be made from SS409 or S5439 stainless steel. The second conduit 24 has an outer diameter
66 that may be measured across the outer mating surface 64 of the second conduit 24, The outer

5



10

15

20

25

30

36

WO 2018/034891 PCT/US2017/045923
diameter 66 of the second condait 24 is smaller than the second inner diameter 42 of the fust
enlarged segment of the first conduit 22, When the snap-action valve assembly 20 1 fully
assembled (Figure 1), the insertion end 56 of the second conduit 24 15 shdingly received in the
first enlarged conduit segment 38 of the {irst conduit 22 and the outer mating surface 64 of the
second conduit 24 overlaps with and bears against the mner mating surface 38a of the first
enlarged condwit segment 30 of the first conduit 22, As such, the second conduit 24 extends
outwardly from the junction end 52 of the first conduit 22 and the first and second conduits 22,
24 cooperate o define an exhaust passageway 68 therein that extends tongitadinally from the
proximal end 88 of the second conduit 24 to the distal end 84 of the first conduit 22. During
operation of the vehicle, exhanst from the vehicle’s engine {not shown) can flow through the
exhaust passageway 68 in the first and second conduits 22, 24, Although the first and second
condutts 22, 24 can be attached m a vanety of different ways © prevent separation, in one
example the junction end 52 of the first conduit 22 is welded to the outer mating surface 64 of
the second conduit 24. Moreover, it should be appreciated that the snap-action valve assembly
20 may be configured where exhaust flow enters through the first conduit 22 and exits throagh
the second conduit 24 or vice versa.

jo04a] As shown i Figures 1-4, a valve flap 780 i disposed within the first
conduit 22. The valve flap 70 defines a valve flap plane 72 and includes a first valve flap ear 74,
a second valve flap ear 76, and a curved section 78 disposed between the first valve flap ear 74
and the smaller valve flap 70 ear. The large and second valve flap ears 74, 76 extend in the
valve flap plane 72, The curved section 78 defines g channel 86 therein that is spaced from and
transverse to the central axis 0. The first valve flap ear 74 mncludes a first arcuate edge 82 and a
pair of linear side edges 84. The first valve flap ear 74 extends from the curved section 78 of the
valve flap 78 and terminates at the first arcuate edge 82, The second valve flap ear 76 includes a
second arcuate edge 86, The second valve flap ear 76 extends from the curved section 78 of the
valve flap 78 and terminates at the second arcuate edge 86, The valve flap 78 also mcludes a
pair of bushing cot-outs 88 at the carved section 78 of the valve flap 78. The pair of bushing
cut-outs 88 extend between the pair of hoear side edges 84 of the first valve flap ear 74 and the
second arcuate edge 86 of the second valve flap ear 76, It should be appreciated that the carved
section 78 of the valve flap 70 is off-center, such that the first valve flap ear 74 has a greater
surface area than the second valve flap ear 76, The valve Hap 70 mayv be made of a variety of
different materials. By way of non-luniting example, the valve flap 78 may be made from
55409 or S5439 stainless steel.

[041] The snap-action valve assembly 28 includes a pad 94 that is carried on the
valve flap 70. The pad 94 mcludes a body portion 96 that is attached to the first valve flap ear

7
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74 and anend portion 98 that extends over the first arcuate edge 82 of the frst valve flap ear 74
Althongh the pad 94 may be made of a variety of different materials and may be attached o the
valve flap 70 1n 8 number of different wavs, mn the illustrated example, the pad 94 s made of
wire mesh and the body portion 96 of the pad 94 is attached to the first valve flap ear 74 by spot
welds 1080, By way of example and without limitation, the wire mesh forming the pad 94 may
be made from SS316 stamless steel mesh that has a density ranging from 25-30 percent.

10042] A shaft 182 supports the valve flap 70 n the first conduit 22 for rotation
between a closed position {Hustrated in Figore 3) and an opey position (Hustrated in Figure 4).
The closed position and the open position of the valve flap 76 are separated by a valve flap
travel angle 104, In the tlustrated example, the valve Hlap travel angle 104 equals 40 degrees.
When the valve flap 78 1s in the closed position as shown in Figare 3, the end portion 98 of the
pad 94 contacts the inside surface 36 of the neck portion 34 of the first conduit 220 When the
valve flap 70 is in the open position as shown in Figwe 4, the valve flap 78 15 positioned such
that the valve flap plane 72 i3 parallel to the central axis 50, It should be appreciated that the
valve flap 70 obstructs exhaust flow through the exhaust passageway 68 when the valve flap 70
is in the closed position and that exhaust flow through the exhaust passageway 68 is relatively
unobstrocted when the valve flap 70 is in the open position. Notwithstanding, the valve flap 70
need not completely close off the exbaust passageway 68 in the closed position and the open
position could be associated with other valve flap 70 orientations where the valve flap plane 72
is not paraliel to the central axis §8.

10043] Sull referring to Figures 1-4, the shafy 102 supporting the valve flap 70 is
separated into an axle portion 106, an external shaft segment 108, a lever arm 110, and a spring
attachment anm 112, At least part of the axle portion 106 is disposed within the first conduit 22
while the external shaft segment 108, the lever arm 118, and the spring attachment arm 112 are
external fo the first conduit 22, The axle portion 106 of the shaft 102 extends Bnearly through
the first conduit 22 from the external shafi segment 108 to the lever arm 110 and defines a pivol
axis 114 for the valve flap 78. The pivot axis 114 1s trangverse to the central axis 56 and 1
spaced from the central axis S8 by an offset distance 116, In other words, the axle portion 106
of the shaft 102 is off-center in the first conduit 22, The valve fHap 70 is carried on the axle
portion 106 of the shaft 102 where at least part of the axle portion 106 of the shaft 102 is
recetved i the channel 88 of the curved section 78 of the valve flap 78, The curved section 78
of the valve flap 70 s fixedly secured to the axle portion 186 of the shaft 102 such that the axle
of the shaft 192 rotates with the valve flap 78. By way of example and withoat hmitation, the
curved section 78 of the valve flap 70 may be fixedly secured to the axie portion 106 of the shaft

182 by welding,
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{0044} The spring attachment avm 132 of the shaft 102 defines a spring
attachiment arm axis 118 that is parallel to and spaced frony the pivot axis 114, The lever arm
110 of the shaft 102 extends transversely from the axle portion 106 of the shaft 102 to the spring
attachment arm 112 of the shaft 182 and defines a lever arm axis 120 that is transverse to the
pivot axis 114, As best seen in Figures 3 and 4, the lever arm axis 120 is arranged at an acute
angle 122 relative to the valve flap plane 72. The spring attachment arm 112 of the shafi 102
includes a plurality of knuekles 124 that protrude from the spring attachment arm 112 to define a
spring attachment location 126 disposed between the plarality of knuckles 124, Of cowrse, the
spring atfachment location 126 may be formed on or in the spring attachment arm 112 by
alternative strycture without departing from the scope of the subject disclosure. It should be
appreciated that the shaft 102 may be made of a variety of different matenials. By way of non-~
Lmiting example, the shaft 192 may be made from 58430 stainless steel and vay have an
outside diameter of & millimeters (mm}).

[0045) The first conduit 22 includes an anchor post 128 disposed longitudinally
between the junction end 52 of the first conduit 22 and the shaft 192, The anchor post 128
extends cutwardly from the outside surface 28 of the first conduit 22 and terminates at a free end
130, The free end 138 of the anchov post 128 has a spring retention groove 132, The anchor
post 128 defines an anchor post axis 134 that s transverse to and that mntersects with the central
axis 50, Although the anchor post 128 may be formed in different ways, in the ilustrated
example, the anchor post 128 is miegral with the first condwmt 22, In accordance with thus
arrangement, the anchor post 128 is partially cut out from the first condnit wall 26, As such, the
first conduit wall 26 includes an anchor post cut-out 198. The anchor post cut-out 198 remains
sealed from the exhaust passageway 68 due to the overlap between the first conduit wall 26 and
the second conduit wall 68 along the first enlarged conduit segment 30 of the first conduit 22
The anchor post 128 extends from a bent transition 136 adjacent the Hrst conduit wall 26 to the
free end 139 where the spring retention groove 132 15 located.  Advantageously, manufacturing
related speed and cost savings are realized when the anchor post 128 18 cot out from the first
gonduit 22.

{0046} A tension spring 138 extends between and s attached to the spring
attachment arm 112 of the shaft 102 on one end and the anchor post 128 on the other. Although
the tension spring 138 may take a variety of different forms, n the illustrated example, the
tension spring 138 has a helical main body 140 that i3 disposed between first and second hook
ends 142a, 142b. The first hook end 142a of the tension spring 138 13 retained on the spring
attachment arm 112 of the shaft 102 by the plurality of knuckles 124, The second hook end
142b of the tension spring 138 is retained on the anchor post 128 by the spring retention groove

9
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132, The tension spring 138 biases the valve flap 70 to the closed position (Figure 3). As will
be explained in greater detall below, the valve Hap 70 pivols open agamst a biasing force
provided by the tension spring 138 when the pressure of the exhaust flowing through the exhaust
passageway 68 on the first valve flap ear 74 exceeds the biasing force of the tension spring 138
{Figure 4). When the pressure of the exhaust flowing through the exhaust passageway 68 on the
first valve flap ear 74 becomes fess than the biasing force of the tension spring 138, the valve
flap 70 returns to the closed position (Figure 3). The tension spring 138 may be made of a
variety of different materials. By way of non-limiting example, the tension spring 138 may be
made from Inconel 718 andfor Alloy 41 metals with a proper heat treatment.  Although not
shown in the drawings, other spring types besides tension springs 138 may be utihzed. For
example, compression or torsion springs could be used with minor design modifications.

{0047} As best seen in Figare 2, the snap-action valve assembly 20 includes first
and second bushings 14da, 144b that sapport the axle portion 106 of the shaft 102 on the first
conduit 22. Each of the first and second bushings fdda, 144b includes a shaft opening 146
where the axle portion 186 of the shaft 102 extends through the shaft openings 146 n the first
and second bushings 144a, 144b.  As a result, the first and second bushings 144 are disposed
aroand the axle portion 186 of the shaft 102 and between the axle portion 106 of the shaft 102
and the first conduit 22. When the snap-action valve assembly 20 is fully assembled (Figure 1},
the curved second 78 of the valve flap 70 is disposed between the first and second bushings
144a, 144b and the first and second bushings Td4a, 144b abut the pair of bushing cut-outs 88 in
the valve flap 70. Although the first and second bushings 144a, 144b may be made fom a
variety of different matenials, in the illustrated example, the first and second bushings 144a,
144b are made of wire mesh. By way of example and without lunitation, the wire mesh of the
first and second bushings 14da, 144b may be 58316 stainless steel mesh with a dessity of
approximately 40 percent. The wire mesh may optionally be impregnated with graphite.

[0048] As shown in Figares 1 and 2, the snap-action valve assembly 28 may
optionally mclude a mass damper 148 that 13 rotatably coopled to the external shaft segment
108, The mass damper 148 rotates with the shaft 102 and creates a distributed mass that &
spaced from the pivot axis 114, which fimctions to reduce vibration related harmonics {e.g
rattling noises) and excessive valve flutter caused by flowrate fluctuations m the engmme's
exhaust flow {e.g. exhaust pulsation). In one example, the mass damper 148 1s welded directly
to the external shaft segment 188, In the example illustrated i Figure 2, the external shafi
segment 108 mcludes a keyed swrface 150 providing the external shaft segment 108 with a
penerally rectangular cross-section.  The mass damper 148 has an attachiment hole 152 that
receives the external shaft segment 108, The attachment hole 152 has a complementary shape to
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the keyed surface 1580 of the external shaft segment 108 such that the mass damper 148 rotates
with the external shaft segment 188, The mass damper 148 may have a bent configuration,
including a lincar segment 154, and first and second transverse segments 156a, 156b giving the
mass damper 148 an S-like shape. The linear segment 154 of the mass damper 148 extends
along a primary mass damper axis 158 between a pair of damper ends 168, The first and second
rransverse segments 136a, 156b of the mass damper 148 extend from the pair of damper ends
168 m opposite transverse directions relative to the primary mass damper axis 158 where the
primary mass darper axis 158 18 rangverse to the pivot axis 114, The mass damper 148 may be
made from a variety of different materials. By way of example and without limitation, the mass
damper 148 may be made from 35409 stainless steel.

j049] Agam referrmg to Figures 14, the first condwit 22 further includes first
and second slots 162a, 162b. Each of the first and second slots 162a, 162b extends through the
first conduit wall 26, longitudinally along the first enlarged segment of the first conduit 22 from
an open slot end 164 o a closed slot end 166, Each of the first and second slots 162a, 162b also
have opposing linear edges 168 that run parallel to each other between the open slot ends 164
and the closed slot ends 166, The open slot ends 164 are positioned at the junction end 82 of the
first condwit 22 while the closed slot ends 186 are positioned between the junction end 32 and
the furst transition 46 of the first conduit 22. Although the first and second slots 162a, 162b may
be curved or extend at an angle relative to the central axis 50 without departing from the scope
of the subject disclosure, n the Hustrated example, the first and second slots 162a, 162b extend
parallel to one another in a slot plane 170 that is parallel to and spaced from the central axis 50
of the first conduit 22 by the offset distance 116, As such, the pivot axis 114 of the valve flap
78 extends in the slot plane 170, Each of the first and second slots 162a, 162b is sized to
receive and support one of the first and second bushings 144, Advantageous, the first and
second slots 162a, 162b provide manufacturing related speed and cost savings.

[0058] The snap-action valve assembly 28 also inclades first and second bushung
sleeves 172a, 172b that support the fust and second bushings 144a, 144b within the first and
second slots 162a, 162b respectively. Each of the fivst and second bushing sleeves 1724, 172b
mcludes a bushing cavity 174 that receives and supports one of the firsi and second bushings
144a, 144b. After assembly, the first and second bushings 144a, 144b and the fivst and second
bushing sleeves 172a, 172b form first and second bushing subassemblies 173a, 173b. When the
snap-action valve assembly 20 is fully assembled, each of the first and second bushing sleeves
172a, 172b s shidingly recetved in one of the first and second slots 162a, 162b such that the first
and second bushing sleeves 172a, 172b are disposed between the msertion end 56 of the second
conduit 24 and the closed slot ends 166, Conseguently, the first and second bushing sleeves
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172a, 172b are disposed between the first and second bushings 144a, 1445 on one side and the
closed slot ends 166, the opposing linear edges 168 of the first and second slots 162a, 162b, and
the insertion end 56 of the second conduit 24 on the other. Because the closed slot ends 166, the
opposing hinear edges 168, and the insertion end 56 of the second condwt 24 are relatively thin
and sharp, the first and second bushing sleeves 172a, 172b protect the first and second bushings
{44a, 144b from wear by these sharp edges/surfaces. The first and second bushing sleeves
172a, 172b also prevent over compression of the first and second bushings 144a, 144b when the
insertion end 56 of the second conduit is mserted nto the junction end 52 of the first conduit 22
It should be appreciated that while not shown in the Figures, the insertion end 56 of the second
conduit 24 need not define a straight edge, but could alternatively include one or more slots,
depressions, or semi-conlar notches that interface with the first and second bushing sleeves
172a, 172b.

{6051} Each of the fust and second bushing sleeves 172a, 172b has one or more
flat portions 176 that contact the opposing linear edges 168 of the first and second slots 162a,
162b to prevent rofation of the first and second bushing sleeves 172a, 172b within the first and
second slots 162a, 162b relative to the pivot axis 114, Simularly, each of the first and second
bushings 144a, 144b has one or more flats 178 that contact the one or more flat portions 176 of
the first and second bushing sleeves 172a, 172b. The flats 178 of the first and second bushings
144a, 144b march the flat portions 176 of the first and second bushing sleeves 172a, 172b and
therefore prevent rotation of the first and second bushings 1d44a, 144b within the first and
second bushing sleeves 172a, 172b relative to the pivot axis 114, While other configuration are
possible, m the ilustrated example, each of the first and second bushings 144a, 144b has two
flats 178 and each of the first and second bushing sleeves 172a, 172b has two flat portions 176,
giving the first and second bushings 1dda, 144b and the first and second bushing sleeves 1724,
172b a generally square-shaped cross-sections.

[0052] Each of the first and second bushing sleeves 172a, 172b also has one or
more protrusions 180 that extend inwardly from the first and second bushing sleeves 172a, 172b
mto the bushing cavities 174, The first and second bushings 14da, 144b are provided with oue
or more dimples 182 that are aligned with the profvosions 188 in the first and second bushing
sleeves 172a, 172b. When the first and second bushing sleeves 172a, 172b are shdingly
received in the first and second slots 1623, 162b to form first and second bushing subassemblies
173a, 173b, the protrusions 180 of the first and second bushing sleeves 172a, 172b and extend
into the dimples 182 in the first and second bushings 144a, 144b. Ags a resulf; the protrusions
180 prevent axial movement of the first and second bushings 144a, 144b relative to the first and
second bushing sleeves 172a, 172b along the pivot axis 114 (5o, paraliel to the pivor axis 114).
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{0053 With additional reference to Figwes § and 6, the valve flap 70 has a first
side 90 and a second side 92 that is opposite the fust side 90, As shown in Figures 1-6, the
valve flap 70 may be arranged in the first condutt 22 such that the first side 99 of the valve Hlap
70 faces the junction end 52 of the fust conduit 22 and the second side 92 of the valve flap 70
faces the distal end 54 of the first conduit 22 when the valve flap 78 is in the closed position
{Figore 3}, Alematively, the valve tlap 70 may be tumed aroond i the first conduit 22 such
that the first side 98 of the valve flap 78 faces the distal end 54 of the first conduit 22 and the
second side 92 of the valve Hlap 78 faces the junciion end 52 of the first conduit 22 when the
valve flap 78 is in the closed position (not shown). Regardless of the arrangement, the pad 94 is
carried on the first side 90 of the valve flap 78, The pad ™4 includes first and second side wings
186a, 186b that extend from the body portion 96 of the pad 94. The first and second side wings
1864, 186b wrap around the lincar side edges 84 of the valve flap car 78 to the second side 92 of
the valve flap 78, The first and second side wings 186a, 1B6h extend at least partially across the
second side 92 of the valve flap 76 and may be attached to the second side 92 of the valve flap
78 by spot welds 108, The first and second side wings 186a, 186b of the pad 94 contact the
inside surface 36 of the first conduit 22 when the valve flap 78 is in the open position (Figure 4}
to dampen vibration related harmonics (e.g. rattle} and excessive valve flutter caused by flowrate
fluctuations in the engine's exhaust flow {e.g. exhaust pulsation).

[0054) As best seen 1 Figure 4, the pad 94 1s solid and has a variable thickness T
that mcreases moving from the body portion 96 of the pad 94 to a peak 187 located along the
end portion 98 of the pad 94, The variable thickness T of the pad 94 decreases moving from the
peak 187 to the first arcuate edge 82 of the first valve flap ear 74 of the valve flap 70.
Accordingly, the end portion 98 of the pad 94 includes an abutment surface 188 that extends
from the body portion 96 of the pad 94 gt a first angle 198 relative to the valve flap plane 72 and
an end surface 192 that extends from the abutment surface 188 of the pad 94 to the first arcuate
edge 82 of the first valve flap ear 74 of the valve flap 70 at a second angle 194 relative to the
abatment surface 188 of the pad 94, The first angle 199 between the abutment surface 188 of
the pad 94 and the valve flap plane 72 may be any acute angle, but in the illustrated example, the
first angle 198 ranges from 13 to 18 degrees. The second angle 194 between the end surface 192
of the pad 94 and the abutment sueface 188 of the pad 94 may be anv acute angle, but in the
itlustrated example, the second angle ranges from 48 to 53 degrees.

[0055) in operation, exhaust pressure in the exhaust passageway 68 is incident on
valve flap 70 from the left as viewed in Figures 1-4. When the exhaust pressure 13 sufficient to
overcome the biasing force of tension spring 138, the valve flap 70 will start to rotate about the
pivot axis 114 With reference to Flgure 1, the torque on valve flap 70 1s detenmined by the
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biasing force of the tension spring 138 nultiplied by distance Iy, which is the distance between a
longitadinal axis A of the tension spring 138 and the pivot axis 114 of the valve flap 70. The
biasing force increases as the valve flap 78 moves toward the open position (Figure 4} and the
tension spring 138 stretches. However, distance D geds shorter as the valve flap 78 continees {o
move towards the open position resulting in the torque approaching zero as the longitudinal axis
A of the tension spring 138 approaches an "over-center” position (i.e., as the longitudinal axizs A
of the tension spring 138 crosses the pivot axis 114 and the valve flap plane 72, This over-
center positioning of the valve flap 78 resalts in a snabstantially horizontal position of the valve
flap 78 when the valve flap 78 is in the open position (Figure 4}, Rotating the valve flap 78 such
that the tension spring 138 approaches the over center condition results in an easier maintenance
of the valve flap 70 in the open position, which, in tumn, mininizes back pressure in the exhaast
passageway 68 when the valve flap 70 is 10 the open position,

[0056}] Figure 7A Husirates another snap-action valve assembly 28' that is the
same as the snap-action valve assembly 20 illustrated in Figures 1-6, but where the valve flap 70
and the pad 94 have been modified. In Figure 7TA, a resilient tongue 198 is provided that is
attached to the first side 98 of the valve flap 70, A pad 94" 1s attached to and supported by the
restlient tongoe 195, The resilient tongue 195 15 bent at an angle such that an end portion 98" of
the pad 94" is spaced away from the first arcuate edge 82 of the valve flap 76. The resilient
tongue 195 extends from the first valve flap car 74 at the first angle 190 relative to the valve flap
plane 72, In operation, the resilient tongue 195 of the valve flap 70 deflects towards the fust
arcuate edge 82 of the valve flap 70 as the end portion 98’ of the pad 94" makes contact with the
mside surface 36 of the first conduit 22 to dampen vibration related hanmonics and excessive
valve flutter caused by flowrate fluctuations in the engine's exhaust flow. As such, the frst
angle 190 of the resilient tongue 195 changes relative to the valve Hap plane 72 wheo the end
portion 98" of the pad 94" makes contact with the inside surface 36 of the first conduit 22,

[0057] Figure 7B illustrates yet another snap-action valve assernbly 207 that s
the same as the snap-action valve assembly 20° tHlustrated m Frgure 74, but where the valve flap
76 and the pad 94’ bave been wodified. In Figure 7B, a resilient tongue 198" is provided that is
attached to the second side 92 of the valve flap 78 A pad 94" is attached to and supported by
the resilient tongue 195'. The resilient tongue 195* is bent at an angle such that an end portion
98" of the pad 94" is spaced away from the second arcuate edge 86 of the valve flap 70. The
resilient tongue 195" extends from the second valve flap ear 76 at a first angle 190" relative to
the valve flap plane 72. In operation, the resitient tongue 195" of the valve flap 70 deflects away
from the valve flap plane 72 as the end portion 98" of the pad 94" makes contact with the inside
surface 36 of the first conduit 22 1o dampen vibration related harmonics and excessive valve
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fhutter cansed by Howrate fluctoations i the engine’s exhaust flow. As such, the first angle 199
of the resilient tongue 198' changes relative to the valve flap plane 72 when the end poriion 98"
of the pad 94" makes contact with the inside surface 36 of the second conduit 24 to dampen
vibration related harmounics and excessive valve flutter caused by flowrate Huctuations in the
engine's exhaust flow. As such, the first angle 198" of the resilient tongue 195 changes relative
to the valve Hap plane 72 when the end portion 98" of the pad 94" makes contact with the inside
surface 36 of the second conduit 24

[00S8] Although the resilient tongue 195, 198 shown in the examples iHlustrated
m Figures 7A and 7B is a separate piece of material that is welded to the valve flap 70, the
resilient tongue 195, 195" may alternatively be integral with the valve flap 70 where the valve
flap 70 would have a bent or Y-shaped end. Additionally, 1t should be appreciated that the
resilient tongue 198, 1958 of the valve flap 78 may be eliminated by making the pad 94°, 94" out
of a material that iself is resilient enough {0 deflect and then spring back to the first angle 198,
196" as the valve flap 70 i pivoted to the closed position and away from the closed position,

10059] With reference to Figure 8, the subject disclosure further provides a
method of manufacturing the snap-action valve assemblies 28 discussed above. The method
includes the step dlustrated by block 880 of providing a first conduit 22 with a jonction end 82
and the step llustrated by block 802 of providing a second conduit 24 with an msertion end 56.
The method proceeds with the step illustrated by block 804 of cutting the first and second slots
162a, 162b mto the junction end 52 of the first condwit 22, In accordance with this step, each of
the first and second slots 162a, 162b are cut so as to extend longitudinally along the first conduit
22 from an open slot end 164 positioned at the junction end 32 of the first conduit 22 to a closed
slot end 166. Optionally, the method further comprises the step illustrated by block 886 of
cutting the anchor post 128 out from the first conduit wall 26 and the step iHustrated by block
808 of bending the anchor post 128 cwwardly away from the first conduit 22. The method
further includes the step illustrated by block 818 of placing first and second bushing sleeves
172a, 172b over fust and second bushings 144a, 144b 1o create fust and second bushing
subasserblies 173a, 173b (Figure 1), The method proceeds with the step illustrated by block
812 of placing the first bushing subassembly 173a on a shafi 102 by sliding the shaft 162
through the first bushing 144a, the step illustrated by block 814 of attaching the valve flap 70 1o
the shaft 102, and the step iHlustrated by block 816 of placing the second bushing subassembly
173b on the shaft 102 by shiding the shaft 102 through the second bushing 144b to form a valve
flap subassembly 196 where the valve flap 78 15 positioned on the shaft 102 between the first
and second bushing subassemblies 173a, 173b (Figwre 1), Accordingly, the valve flap
subassembly 196 that includes the valve flap 70, the shaft 102, the first and second bushings
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144a, 144h, and the first and second bushing sleeves 172a, 172 (Lo the firgt and second
bushing subassemablies 173a. 173b).  Althosgh the step thustrated by block 814 may be
performed in a number of different ways, the valve flap 76 may be attached 1o the shaft 102 by
welding.

j0060) The method further comprises the step Hustrated by block 818 of sliding
the valve flap subassembly 196 into the first conduit 22 from the junction end 52 In accordance
with this step, the shaft 102, the first and second bushing subassemblies 173a, 173D are shidingly
received in the frst and second slots 1624, 162h until the first and second bushing sleeves 1724,
172b abut the closad slot ends 166, The method procesds with the step illustrated by block 828
of sliding the msertion end $6 of the second conduit 24 into the junction ead §2 of the first
conduit 22 until the msertion end 56 of the second condwt 24 abuts the first and second bushing
sleeves 172a, 172b. The method continues with the step illustrated by block 822 of securing the
first conduit 22 to the second conduit 24, Although the step ilhastrated by block 822 may be
performed n a number of different ways, the first conduit 22 may be secured to the second
conduit 24 continuous or spot welds using MIG, TIG, or laser welding equipment. Optionally,
the methed further comprises the step itlustrated by block 824 of attaching a mass damper 148 to
the shaft 182 to dampen vibration related harmonics and reduce excessive valve Hutier caused
by flowrate fluctuations in the engine's exhaust flow (i.e. exhaust pulsation). Although the step
ilustrated by block 824 may be performied in a number of different ways, mass damper 148 may
be atfached to the shaft 182 by welding. The method may also include the optional step
iHlustrated by block 826 of connecting a tenston spring 138 between the anchor post 128 and a
spring attachiment arm 112 on the shaft 102 to bias the valve flap 78 to a closed position.

{8061] With reference to Figures 9-11, an exemplary application of the snap-
action valve assembly 28 described gbove is ilnstrated.  An agtomotive exhanst systen muffler
900 including a housing 902 is provided. The muffler 900 includes an outer shell 904 having a
substantially oval cross-sectional shape closed at inlet and outlet ends by an inlet header 906 and
an outlet header 908, A pavtition 910 15 attached to the outer shell 904 at a position to define a
first mutfler chamber 912 between the nlet header 906 and the parttion 918, A second muffler
chamber 914 i3 defined as the volume between the partition 918 and the outlet header 908, The
partition 910 includes a plumality of apertures 916 extending therethrough that enable fluid
communication between the first muffler chamber 912 and the second muffler chamber 914, A
sound absorbing material 918, such as fiberglass roving, may be posttioned within the first
muftler chamber 912, No soond absorbing material is placed within the second mudfler chamber
914. A pipe 920 mcludes an inlet section 922 and an outlet section 924, The mlet header 906
tncludes an aperture 930 that receives the nlet section 922 of the pipe 920, The outlet section
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924 of the pipe 928 is connected to the secoud condsait 24 of the snap-action valve assembly 26
described above. The outlet header 908 includes an apernwe 932 that receives the second
conduit 24 of the snap-action valve assembly 20, The pipe 920 15 beut such that the inlet section
922 1s centered with the housing 902 while the ouvtlet section 924 is not centered with the
housing 902, The partition 910 includes an aperture 938 that receives the pipe 926, An
overlapping joint between the outlet section 924 and the second conduit 24 of the snap-action
valve assembly 20 s aligned with and supported by the partition 910, The pipe 920 includes a
plarabity of apertures 942 that are positioned to provide fluid communication between the pipe
928 and the frst mufiler chamber 12

[6062] The valve flap 70 of the snap-action valve assembly 20, as previously
described in conjunction with Figures 1-6, is posttioned in the second muffler chamber 914
between the partition 918 and the outlet header 908, More pariicularly, when the valve 8ap 78
1s m the closed position, exhaust will enter the pipe 928, pass throogh the apertures 942, enter
the tirst muffler chamber 912, pass through the apertures 916, and enter the second muffler
chamber 914, When the valve flap 70 is in the closed position, a relatively small volume flow
rate of exhaust passes through a gap between the valve flap 70 and an inside surface 36 of the
first condut 22, The small gap between the valve flap 70 and the inside surface 36 of the first
conduit 22 functions to absorh low frequencies within the snap-action valve assembly 26
Because the first condunt 22 of the snap-action valve gssembly 20 is a closed cylindrical
member, exhaust does not flow through the fust muffler chamber 912 and the second muffler
chamber 914, Acoustical waves are present, but the volume flow rate of exhaust through the
first muffler chamber 912 and the second muffler chamber 914 is mmumal. In addition, the
sound absorbing material 218 functions to attenuate noise regardiess of the position of valve flap
76, When the exhaust pressure is high enough to overcome the binsing force of the tension
spring 138, The valve flap 70 rotates toward the open position. At the open position, the valve
flap 70 exiends substantially horizontally within the Hirst conduit 22 to mintmize back pressure
in the muffler 908, It should be appreciated that since no sound absorbing matenal is placed
within the second muffler chamber 914, no interference between the sound absorbing material
918 and the snap-action valve assembly 28 ccows.

}0063] An upstream end 934 of a tail pipe 952 15 coupled in fluid convuunication
with the first conduit 22 of the snap-action valve assembly 26, The tail pipe 952 includes an
cutlet 950 in fhuid communication with the atmosphere. Resonance may exist within the tail
pipe 952 and the portion of the first conduit 22 that 18 downstream from the valve flap 70 dee to
standing exhaust waves that can form m this portion of the exhaust system. In previous exhaust
systemns, the outlet 956 of the tail pipe 952 was placed 1 open fluid communication with an
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expanded volume inside the outer shell 984 of the nwiffler 988, The expanded vohune
functioned o amplify and/or further excite a resonant condition within the tayl pipe 952 leading
to undesirable notse. In accordance with the subject disclosure, the axial position of the snap-
action valve assembly 20 may be selected to minmmize resonance that may ocow within the tail
pipe 952 and the muftler 908, More specifically, the valve flap 70 may be positioned at the
upstream end 954 of the tail pipe 952 and proximate to the outlet header 908, More particularly,
the shaft 102 of the snap-action valve assembly 28 is axially spaced from the outlet header 908 a
distance less than or equal to one-goarter the distance between the indet header 966 and the outlet
hieader 908, By positioning the snap-action valve assembly 28 at a location downstyrean from
the apertures 942, the first chamber 912 and the second muffler chamber 914 are 1solated from
the tail pipe 952 and vndesirable resonance or "exhaust drone” iz avoided. Regardless of the
angalar position of valve flap 78, one hundred percent of the exhaust flows through the snap-
action valve assembly 20,

[0064) With reference to Figures 12A-B, another exemplary muffler 1000 is
ilostrated. The muffler 1000 includes a housing 1002, A dividing wall 1003 is disposed within
the housing 1002 that divides the muffler 1060 into a first section 1087a and a second section
16807, The muffler 1000 includes first and second snap-action valve assemblies 20a, 20b,
which are constructed in accordance with the disclosure set forth herein. The first snap-action
valve assenibly 20a is disposed within the bousing 1602 in the first section 1007a of the muffler
1800 and the second snap-action valve assembly 20b is disposed within the bousing 1002 in the
second section 1807h of the muffler 1000,

[0065] The first section 1687a of the muffler 1006 includes a first partition

1610a that divides the ficst section 10872 of the muiffer 1000 into a st muffler chamber 18123

valve flap 70a and a first mass damper 148a, which are constructed in accordance with the
disclosure set forth herein. The first snap-action valve assembly 20a exiends through the first
partition 10182 and convmunicates with a frst inlet pipe 1022a that extends ato the first moffler
chamber 10123 and & first cutlet pipe 1052a that extends inte the second muitler chamber
1814a. A second outlet pipe 1086a conwunicates with and exiends mwito the frst muffler
chamber 1012a. When the first valve flap 78a is 1 a closed position {as shown in Figure 124},
exhapst cannot flow through the first snap-action valve assembly 20a and into the first outlet
pipe 1052a. Accordingly, exhaust flow 15 directed into the first muffler chamber 18124 and out
through the second outlet pipe 1856a. When the first valve flap 78a is in an open position {as
shown m Figure 12B), exhaust can flow through the first snap-action valve assembly 20a and
into the fivst outlet pipe 1082a.
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{0066] The second section 1087b of the muffler 1000 includes a second partition
1010b that divides the second section 1887b of the muffler 1000 nto a third muffler chamber
1012b and a fourth muffler chamber 1014b.  The second snap-action valve assembly 20b
mnchides a second valve flap 70b and a second mass damper 148b, which are constrocted
accordance with the disclosure set forth heretn. The second snap-action valve assembly 26b
extends throungh the second partition 1010b and communicates with a second inlet pipe 1022b
that extends mto the second muffler chamber 1012b and a third outlet pipe 1052b that extends
into the fourth wieifler chamber 1014b. A fowth outlet pipe 1056b communicates with and
extends into the third nwffler chamber 1012b. When the first valve flap 78b is i a closed
position {as shown in Figwre 12A), exhaust cannot flow through the second snap-action valve
assembly 20b and into the thud outlet pipe 1852b. Accordingly, exbaust flow is directed into
the third muffler charnber 1012 and out through the fourth outlet pipe 1056b. When the second
valve flap 78b is in an open position (as shown i Figore 12B), exhaust can flow through the
second snap-action valve assembly 20b and into the third outlet pipe 1652b.

{6067] The first and third outlet pipes 1052a, 1852b may be connected to one
another at the dividing wall 1805 and may communicate with one another to equalize exhaust
gas pressure in the first and third outlet pipes 1852a, 1052b. From Figures 12A-B, it should be
appreciated that the size and shape of the first and second mass dampers 148a, 148b of the frst
and second snap-action valve assemblies 20a, 20b may be dictated by the size and shape of the
housing 1002 of the aneffler 1800, The goal being to place as much weight of the first and
second mass dampers 148a, 148b near the housing 1002 of the muffler 1008 as possible without
having the housing 1002 of the muffler 1080 mterfere with rotation of the first and second mass
dampers 148a, 148b as the first and second valve flaps 70a, 70b of the first and second snap-
action valve assernblies 20a, 20b rotate between the open and closed positions. To this end,
several possible configurations are described below.

0068 Figure 13A illostraies the mass damper 148 of the snap-action valve
assentbly 20 shown in Figares 1 and 2. The shape of the mass damper 148 is tmportant because
the wass damper 148 rotates with the shaft 102 and creates 3 distributed mass that 15 spaced
from the pivot axis 114 of the shaft 182, The distributed mass created by the mass damper 148
gives the mass damper 148 a inertial value that ranges from 250 to 400 gram - square
millimeters {g'mm®) and functions to reduce vibration related harmonics {e.g. rattling noises)
and excessive valve flutter caused by flowrate fluctuations in the engme's exhaust flow {e.g.
exhaust pulsation). This inertial value range strikes a balance between the dampening ability of
the mass damper 148 and packaging constraints within the muffler 906, That is, the mass
damper 148 must be configured so that is does not mterfere with (e, contact) the of the outer
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shell 904, ocutlet header 808, or partition 918 of the muffler 980 as the valve fap 78 moves
between the open and closed positions.

}0069] As shown in Figure 2, the external shaft segment 108 of the shaft 102 15
received in the aftachment hole 152 of the mass damper 148 when the snap-action valve
assembly 20 is fully assembled. Accordingly, the pivot axis 114 extends coaxially through the
attachment hole 182 in the mass damper 148, Moreover, the primary mass damper axis 158 of
the linear segiment 154 of the mass damper 148 is transverse to the pivot axis 114, In the
configaration shown in Figores |, 2, and 134, the first and second transverse segments 156a,
156b are transverse to both the primary mass damper axis 158 and the pivol axis 114, More
particularly, the first and second transverse segments 156 of the mass damper 148 extend from
the pair of damper ends 160 i opposite transverse divections relative to the prumary mass
damper axis 158, The pair of damper ends 168 and the first and second tfrausverse segments
156a, 156D of the mass damper 148 are evenly spaced from the pivot axis 114 and thus the
attachment hole 152 in the mass damper 148, which balances/distributes the mass of the mass
damper 148 evenly aboat the pivot axis 114,

j0078] In the alternative configuration shown m Figure 13B, a modified mass
damper 148" 13 shown with first and second transverse segments 1586¢, 156d that ave spaced
apart and that extend from the pair of damper ends 160 in the same direction relative to the
primary mass damper axis 158 giving the roass damper 148' g U-like shape. In accordance with
this configuration, the first and second transverse segments 156¢, 156d are still {ransverse to the
primary mass damper axis 158 of the linear sepgment 154 of the mass damper 148°, but the first
and second transverse segments 156¢, 156d now extend parallel to the pivot axis 114, The pair
of damper ends 168 and the first and second transverse segments 156¢, 1564 of the mass damper
148" are evenly spaced from the pivot axis 114 and thus the antachment hole 182 i the mass
damper 148’, which balances/distributes the mass of the mass damper 148 evenly about the
pivot axis 114

[0071] In the alternative configuration shown in Figure 13C, a modified mass
damper 148" 15 shown with an imbalanced linear segment 1584° Like in the configuration
shown in Figures 1, 2, and 134, the first and second transverse segments 156a, 156b of the mass
damper 148" shown in Figure 13C extend from the pair of damper ends 160 v opposite
transverse directions relative 1o the primary mass damper axis 138 such that the first and second
transverse segments 156a, 156b are transverse to both the primary mass damper axis 158 and
the pivot axis 114, The attachment hole 152 in the imbalanced linear segment 154" 1 off-center
such that the pair of damper ends 160 and the first and second fransverse segments 156a, 156b
of the mass damper 148" are unevenly spaced from the pivor axis 114 and the attachment hole
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152, As a result, the mass of the mass damper 148" s ymbalanced {(ie. is vaevenly distributed)
about the pivol axis 114, In accordance with this configuration, the imbalanced linear segment
134" may include a flattened portion 198 adjacent the attachment hole 152, The flattened
portion 198 of the imbalanced linear segment 154" has a reduced cross-sectional width compared
to the rest of the imbalanced linear segment 1547, including the portions of the imbalanced lHnear
segment 154° adjacent the pair of damper ends 168, The reduced cross-sectional width of the
flattened portion 198 allows the mass damper 148" to be mounted closer to the valve flap 78 to
allow for additional packaging clearance. Although the configoration shown in Figore 130 is
mnbalanced, packaging consiraints may pecessifate the use of such a design. In order to
minimize yneven torque loads created by the mass damper 1487 on the shaft 102, the mass
damper 148" may be mounted on the shaft 102 such that the primary mass damper axis 1588 i3
vertically ortented (1.e. aligned with the direction of gravitational pull G) when the valve tlap 70
s positioned hall way between the open and closed positions.  For example and without
Limitation, if the valve flap 70 travels 40 degrees between the open and closed positions, then the
privoary mass damper axis 1388, which extends coaxially through the imbalanced linear segment
1547, will be vertically oriented when the valve flap 78 is rotated 20 degrees from the closed
position.  Advantageously, the inventors have found that such a configuration utilizes gravity to
minintize the uneven torque loads created by the mass damper 148" on the shaft 182,

{0072} In the alternative configuration showsn i Figure 13D, 8 modified mass
damper 148" is shown with first and second {ransverse segments 156e, 156f that are spaced
apart and extend from the pair of damper ends 160 in opposite directions relative 1o the primary
mass damper axis 158, The first and second transverse seginents 186e, 156f are curved giving
the mass damper 148" a S-like shape. In accordance with this configuration, the first and
second transverse segments 136e, 1361 are transverse 1o the primary mass damper axis 158 of
the linear segment 154 of the mass damper 148" and scribe a packaging circumnference 197
about the attachment hole 182 in the mass damper 148" when the mass damper 148" 18 rotated
360 degrees about the attachment hole 152, As a result, the mass damper 148 sllustrated in
Figure 13D 15 particnlarly well sutted for gpplications where packaging is tight and litle space &8
avatlable for the mass damper 148"

10073] Tu the aliernative configuration shown in Figure 13E, a modified mass
damper 148" 15 shown with first and second transverse segments 156g, 156h that are spaced
apart and that extend from the paw of damper ends 160 m the same direction relative to the
primary mass damper axis 138, The first and second transverse segments 156g, 186k are carved
in a common plane P around at least part of the first conduit 22 of the snap-action valve
assernbly 20 giving the mass damper 148" a C-like shape. The pivet axis 114 s also disposed
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within the comunon plane P In accordance with this configoration, the first and second
transverse segments 156¢, 156h are transverse to the primary mass damper axis 158 of the linear
segment 154 of the mass damper 148" and are contained within a packaging boundary 199 that
extends within common plane P, As a result, the mass damper 148" iHustrated m Figore 13K
1s well suited for applications where packaging is tight and little space 1s available for the mass
damper 148",

10074] Many modifications and variations of the present invention are possible in
light of the above teachings and may be practiced otherwise than as specifically described while

within the scope of the appended claims. These antecedent recitations should be interpreted to
methods set forth herein, the order of the steps may depart from the order in wiach they appear
without departing from the scope of the present disclosure and the appended method claims.
Additionally, various steps of the method may be performed sequentislly or simaltancously in

finte.
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CLAIMS

What 1s clanmed i

i A snap-action valve assembly for an exhanst system comprising:

a first conduit extending along a central axis to deBine an exhaust passageway
therein;

a valve flap disposed within said exhaust passageway for controlling exhaust
Hlow through said exhaust passageway;

a shaft supporting said valve flap in said exhaust passageway for rotation about a
pivot axis between a closed position and an open position; and

a mass damper external to said fivst conduit that is rotatably coupled to said shaft
such that said mass damper rotates with said shatft, said mass damper including a linear segment
extending along a primary mass damper axis between a pair of damper ends, a first transverse
segment, and a second transverse segment, said first and second transverse segments extending
from said pair of damper ends, and each of said first and second iransverse segments extending

in a transverse direction relative to said primary mass damper axis.

2. The snap-action valve assembly of Claum 1. wherein said primary mass damper

axis is transverse to said pivot axis.

3, The snap-action valve assembly of Claim 2, wherein said Hnear segment and said
first and second transverse segments create a distributed mass around said pivot axis that has an

mertial value that ranges from 250 to 400 gram - square milluneters.

4. The snap-action valve assembly of Claim 2, wherein said first and second
transverse segments extend from said pawr of damper ends in opposite fransverse directions such
that said first and second transverse segments are transverse to both saxd primary mass damper

axis and said pivot axis.

S, The snap-action valve assembly of Claim 2, wherem said first and second
fransverse segmenis extend from said pair of damper ends in identical transverse divections such
that said first and second transverse segments are fransverse to said primary mass damper axis

and parallel to said pivot axis giving said mass damper g U-hike shape.
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6. The snap-action valve assembly of Claim 2, wherein said fivst and second
transverse segments extend from said pair of damper ends in opposite directions such that said
first and second transverse segments are fransverse to both said primsary mass damper axas and
sard pivot axss and wherein said first and second fransverse segments are curved giving said

mass damper a S-like shape.

7. The snap-action valve assembly of Claim 2, wherem said first and sscond
rrangverse segiments extend from said pair of damper ends in a common plane and curve around

at least part of said first conduit giving said mass damper a C-like shape.

8. The snap-action valve assembly of Claim 2, wherein saxd first and second
transverse segments are equally spaced from said pivor axis,
9, The snap-action valve assembly of Claim 2, wherein said furst and second

transverse segments are unevenly spaced from said pivot axis,

10, The snap-action valve assembly of Clamn 9, wherem and said linear sepment
tncludes a Hattened portion of reduced cross-sectional width between said pivot axis and said

first transverse Segmeid.

{1, The snap-action valve assembly of Clatm 9, wherein and said hnear segiment is
attached to said shaft such that said primary mass damper axis is vertically oriented when said

valve Hlap is posittoned half way between said closed position and said open position.

12, The snap-action valve assembly of Claim 2, wherein said shafl includes an axle
portion, an external shaft segment, a lever arm, and a spring atfachment anm, wherein at Jeast
part of said axle portion iy disposed within said first conduit, wherein said external shaft
segmvent, said lever arm, and said spring attachment apm are external to said first condt,
wherem said valve flap is carried on said axle portion such that said axle portion of said shaft
rotates with sard valve flap, wherein said axle portion is co-axially ahigned with said pivot axas
of said valve flap, wherein said mass damper is attached to said external shaft segment, wherein
satd axle portion extends between said external shaft segment and said lever arm, wherein said
spring attachment anm defines a spring attachment anm axis that is parallel to and spaced from

satd pivot axis, wherein said lever anm extends transversely between said axle portion and said
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spring attachment anm of said shafl, and wherein said first condwit inclodes an anchor post

extending ontwardly from said first conduit.

13, The snap~-action valve assembly of Claim 12 further comprising:
a tension spring having a helical main body disposed between first and second
hook ends, said first hook end of said tension spring being retained on said spring attachment
arm of said shaft and said second hook end of said tension spring being retained on said anchor

post, said tension spring biasing said valve flap to said closed position.

14, A snap-action valve assembly for an exhaust svstem comprising:

a first condait extending along a central axis to defme an exhaust passageway
therew;

a valve flap disposed within said exhaust passageway for controfling exhaust
flow through said exhaust passageway, said valve flap extending in a valve flap plane, said valve
flap including a first arcuate edge;

a pad carried on said valve flap including a body portion and an end portion that
extends over said first arcuate edge of said valve flap;

a shaft supporting said valve flap iz said exbaust passageway for rotation
between a closed position and an open position, said end portion of said pad contacting an inside
surface of said first conduit when said valve flap is i said closed position;

said valve flap including a resilient tongue disposed between said valve flap and
satd body portion of said pad that is angled up and is spaced away from said first arcuate edge of
satd valve flap;

said pad being attached to and supported by said resilient tongue; and

said resitient tongue extending from said valve flap at a first angle relative to said

alve flap plane that changes as said resilient tongue deflects in response to said end portion of
said pad contacting said inside sarface of said first conduit when said valve flap pivots to said

closed position.

15, The snap-action valve assembly of Claim 14, wherein said valve flap tncludes a
first side that faces upstream in said exhaust passageway, a second side that faces downsiream in
said exhaust passageway, a first valve flap ear disposed to one side of said shaft, and a second
valve flap ear disposed to an opposite side of said shaft velative to said first valve flap ear, said

first valve flap ear having s greater surface area than said second valve flap ear.
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16, The snap-action valve assevably of Claim 15, wherein said resilient tongue i
attached to said first side of said valve flap and extends from said first valve flap ear at first
angle relative to said valve flap plane such that said resilient tongue deflects towards said first
arcuate edge of said valve flap as said end portion of said pad makes contact with said nside

surface of said first conduit to dampen vibration related harmonics and excessive valve flutter.

17, The sunap-action valve assembly of Claim 15, whersin sald resilient tongae s
attached to said second side of said valve flap and extends from said second valve flap ear at
said first angle relative to said valve flap plane such that said resilient tongue deflects away from
said valve flap plane as said end portion of said pad makes contact with said inside swrface of

said first conduit to dampen vibration related harmonics and excessive valve flutter.

18, The snap-action valve assembly of Claim 15, wherein said shaft is mounted off-
center in said exhanst passageway such that said pivet axis 15 spaced from said central axis of

said Hrst conduit.

19, A snap~-action valve assembly for an exhaust system comprising:

a first conduit extending along a central axis 10 define an exbaust passageway
therein;

a valve Hlap disposed within said first conduit for controlling exhaust flow
through said exhaust passageway;

a shaft supporting said valve flap in said exhaust passageway for rotation about a
pivet axis between g closed position and an open posttion;

sard valve flap extending in a valve flap plane, said valve flap including a first
arcuate edge and a pair of hinear side edges;

said valve Hap having an fivst side and a second side opposiie said first side;

a pad including g body portion that 1s attached to said first side of said valve flap
aud an end portion that extends over said first arcuate edge;

said end portion of said pad contacting an inside surface of said first conduit
when said valve flap is in said closed position; and

said pad including at least one side wing extending from said body portion of said
pad that wraps around at least one of said hnear side edges of said valve flap to said second side

of said valve flap, said at least one side wing being sized for contact with said inside surface of

=
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said fivst condigt when said valve flap is in said open position to dampen vibration related

harmomics and valve flap flotter.

20, The snap-action valve assembly of Claim 19, wherein said pad mchudes first and
second side wings that extend in oppostte directions from said body portion of said pad, wrap
around said linear side edges of said valve flap, and exiend at least partially across said second

side of said valve flap.
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