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(57) Abstract: A snap-action valve assembly for an exhaust system and a method for manufacturing the same is provided. The valve
assembly includes a first conduit and a second conduit that is partially received in the first conduit. A valve flap is disposed within
the first conduit for controlling exhaust flow. A shaft supports the valve flap in the first conduit for rotation between open and closed
positions. The first conduit has first and second slots, each extending from an open slot end to a closed slot end. First and second
bushings supporting the shaft are disposed within the slots between the second conduit and the closed slot ends. A pad made of wire
mesh is attached to the valve flap. The pad includes an end portion that contacts the first conduit in the closed position to dampen

vibration and reduce valve flap flutter.
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SLOTTED SNAP-ACTION VALVE ASSEMBLY FOR EXHAUST SYSTEM

CROSK-REFERENCE TO RELATED APPLICATIONS

joao1] This apphication claims priority to U.S. Utility Application No.
15/238 838, filed on August 17, 2016. The entive disclosure of the above application is

incorporated herein by reference.

FIELD
[6002] The subgect discloswie relates to valve asserublies used m an exhaust

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

BACKGROUND

0003} This section provides background information related to the present
disclosure which is not necessarly prior art.

{6004} Many vehicle exhaust systerns use active andfor passive valve asserblies
to alter the characteristies of exhaust flow through a condwit as the exhaust pressure mereases
doe to increasing engine speed.  Such valves can be used to reduce low frequency noise by
divecting exhaust through mutflers or other exhaust system components.  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 spectfic actuating
element, such as a solenoid. Passive valves utilize the pressure of the exhaust flow in the
condutt to actuate the valve, Although passive valves are less expensive, traditional passive
valves create unwanted back pressure when the valve is open, can be difficult to manufacture,
and are susceptible to vibration related noise and excessive valve flutter cansed by flowrate
fluctuations in the enging’s exhanst flow {L.e. exhaust pulsation). There is seen to be a need in
the art for a passive valve that 1s relatively inexpensive o manufacture, is quieter than existing

passive valves, and minimizes wwanted back pressure 1w the open position.

SUMMARY
{0003] This section provides g general sumumary of the disclosure and s not &
comprehensive disclosure of its full scope or all of its features.
j6066] In accordance with one aspect of the subject disclosure, a snap-action
valve assembly for an exhanst system s provided. The snap-action valve assembly includes a

first conduit and a second conduit.  The first conduit extends along a central axis from a
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junction end 0 a distal end. The first conduit has a frst conduit wall with an outside surface
and an inner mating swiace. The second conduit extends co-gxially with the central axis
between an insertion end and a proximal end. The second conduit has a second conduit wall
with an inner surface and an outer mating surface. The first and second conduits cooperate 1o
define an exhaust passageway therein that extends from the proximal end of the second condunt
to the distal end of the first condwit. A valve flap s disposed within the first condwt for
controlling exbaust flow through the exhaust passageway. A shalt sopports the vadve flap in
the first conduit for rotation about a pivot axis between a closed position and an open position.
First and second bushings support the shaft on the first condoit. Each of the first and second
bushungs mcludes a shaft opening that receives the shaft. The insertion end of the second
conduil is received in the junction end of the first conduit such that the outer mating surface of
the second conduit bears against the imner mating surface of the first conduit. The first conduit
has first and second slots. Each of the first and second slots extend through the first conduit
wall from an open slot end positioned at the junction end of the first conduit to a closed slot
end that 1s longitudinally spaced from the junction end of the first conduit. The first and
second bushings are disposed within the first and second slots, respectively, between the
insertion end of the second conduit and the closed slot ends of the first and second slots.

{6007} In accordance with another aspect of the subject discloswre, a pad is
attached fo the valve flap. The pad has a body portion that is attached to the valve flap and an
end portion that extends over the first arcuate edge of the valve flap. When the valve flap is
rotated to the closed position, the end portion of the pad contacts the inside surface of the first
conduit. The pad has a variable thickness that increases moving from the body portion of the
pad to a peak located along the end portion of the pad. Accordingly, the end portion of the pad
includes an abutment surface that extends from the body portion of the pad at a first angle
relative to the valve flap plane where the first angle is an acate angle. The pad helps reduce
vibration related harmonics and valve flap flutter when the valve flap is at or near the closed
position.

{008} In accordance with another aspect of the subject disclosure, 3 method of
manufacturing the suap-action valve assemblies is described above. The method comprises the
steps of providing a first conduit with a junction end, providing a second conduit with an
msertion end, and catting the first and second slots into the junction end of the first conduit.
The method further comprises the steps of: placing first and second bushing sleeves over first
and second bushings to form first and second bushing subassembliss, placing the first bushing
subassembly on the shaft by sliding the shaft duough the first bushing, attaching g valve flap 1o

a shaft, and placing the second bushing subassembly on the shaft by sliding the shaft through
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the second bushing. These steps form a valve flap subassembly including the shaft, valve flap,
and first and second bushing subassemblics where the valve Hap i positioned on the shal
between the first and second bushing subassemblies. The method mncludes the step of shiding
the valve flap subassembly into the first conduit from the junction end. In accordance with this
step, the shaft, the first and second bushings, and the first and second bushing sleeves are
slidingly received in the first and second slots and are slid towards the closed slot ends watil the
first and second bushing sleeves abut the closed slot ends. The method also includes the step
of sliding the insertion end of the second conduit into the junction end of the first condwt uniil
the msertion end of the second conduit abuts the first and second bushig sleeves,

10009] Advantageously, the snap-action valve assembly disclosed herein i3 easter
to manufacture by the method disclosed herein and can reduce the amount of welding requured.
In addition, the disclosed snap-action valve assemblies inchude improved mattle solutions and

reduced back pressure in the open position.

BRIEF DESCRIPTION OF THE DRAWINGS

jo014] Other advantages of the present invention will be readily appreciated, as
the same becomes better understood by veference to the following detailed description when
considered in connection with the accompanying drawings wherein:

j0011] Figure 1 s a side perspective view of an exemplary snap-action valve
assembly that is constructed 1n accordance with the subject disclosure;

0012} Figure 2 13 an exploded perspective view of the exemplary snap-action
valve assembly shown tn Figore 1

{0013] Figure 3 is a side cross-sectional view of the exemplary snap-action valve
assembly shown in Figure 1 illustrating an exemplary valve flap in a closed position;

j0014] Figure 4 is g side cross-sectional view of the exemplary snap-action valve
assembly shown in Figure | illustrating the exemplary valve flap in an open position;

{6015] Figure 5 is front elevation view of the exemplary snap-action valve
assembly shown in Figure 1 illustrating the exemplary valve flap i the closed position;

{0016} Figure 6 is rear elevation view of the exemplary snap-action valve
assembly shown in Figure 1 illustrating the exemplary valve flap in the closed position;

{0017] Figure 7A 18 a side cross-sectional view of another exemplary snap-action
valve assembly that is constructed in accordance with the subject discloswre, which includes a

resitient tongue aitached to the Brst valve flap ear of an exemplary valve flap;
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{0018] Figure 7B 15 a side cross-sectional view of another exemplary snap-action
valve asserubly that is constructed in accordance with the subject disclosure, which mcludes a
resilient tongue attached to the second valve flap gar of an exemplary valve flap;

{6019] Figore 8 15 a flow diagram dlusirating an exemplary method of
manufacture for the exemplary snap-action valve assemblies disclosed herein;

[0028] Figure 9 is a top cross-sectional view of an exemplary exhaust matfler
that mcludes the exemplary snap-action valve assembly shown in Figure 1;

{0021} Figure 10 15 a fromt clevation view of a partition within the exemplary
exhaust muffler shown in Figure 9,

100221 Figure 11 is a rear elevation view of the exemplary exhaust muffler
shown i Figure 9;

{8023} Figure 12A 18 a front perspective view of another exemplary exhanst
muffler that includes two of the exemplary snap-action valve assemblies Hustrated in Figure 1
where the snap-action valve assemblies are shown in the closed position;

j0024] Figure 12B 15 a front perspective view of the exemplary exhaust muffler
shown m Figure 12A where the snap-action valve assemblies are shown 1n the open position;

jou25| Figure 13A is a side perspective view of the exerplary mass damper of
the snap-action valve assemnbly 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-like shape;

0027} Figure 13C 15 a side perspective view of another exemplary mass damper
constructed in accordance with the subject disclosure, which has an mbalanced linear
segment;

j0028] Figure 13D is a side elevation view of another exemplary mass damper
constructed in accordance with the subject disclosure, which has a S-like shape; and

[0029] Figure 13E is a front elevation view of another exemplary mass damper

constructed 1n accordance with the subject disclosure, which has a C-like shape.

DETAILED DESCRIPTION
0034 Referring o the Figures, wherein like numerals indicate cosresponding
parts throughout the several views, a snap-action valve assembly 20 for an exhaust system of a
vedticle 18 disclosed.
10031} Example embodiments are provided so that this discloswe will be
thorough, and will fully convey the scope fo those who are skilled in the art. Numerous

spectfic details are set forth such as examples of specific components, devices, and methods, to



10

15

20

25

30

WO 2018/034888 PCT/US2017/045907
5

provide a thorough understanding of embodimems of the present disclosure. It will be
apparent to those skilled w the ant that specific details need not be emploved, that example
embodiments may be embodied in many different forms and that neither should be construed
to Hmit the scope of the discloswre. In some example embodiments, well-known processes,
well-known device stroctures, and well-known technologies are not described in detail.

[0032] The terminology used herein 18 for the purpose of descubing particular
example embodiments only and is not intended to be limiting.  As used berein, the singular

"oH

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

n on LRI 3

context clearly indicates otherwise. The ferms "comprises.” "comprising,” "including,” and
“having,” are inclusive and therefore specify the presence of stated features, integers, steps,
operations, clements, andfor components, but do not prechude the presence or addition of one
or more other features, mtegers, steps, operations, elements, components, andior groups
thereof. The method steps, processes, and operations described herein are not to be construed
as necessarily requiring their performance in the particalar order discussed or illustrated, unless
specifically identified as an order of perfonmance. It is also to be understood that additional or
alternative steps may be employed.

fon

j0033] When an element or laver is referred to as being "on” "engaged to”
“comnected 10" or "coupled 1" another element ov layer, 1t may be directly on, engaged,
connected or coupled to the other element or laver, or intervening elements or lavers may be
present. In contrast, when an element is referred to as being "direcily on," "directly engaged
to,” "directly connected to,” or "directly coupled to" another element or layer, there may be no
mtervening clements or layers present. Other words used to describe the relationship between

clements should be interpreted in a like fashion {e.g., "between" versus "directly between.”

"adjacent” versus "directly adjacent,” etc.). As used herein, the term "and/or” mcludes any and
all combinations of one or more of the associated histed tems.

[0034) Although the terms first, second, third, etc. may be used herein to describe
vartous elements, components, regions, lavers andfor sections, these elements, components,
regions, layers andfor sections should not be linited by these terms. These terms may be only
used o distinguish one element, component, vegion, layver or section from another region, laver

LI}

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

ernbodiments.
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6
{0035} Spatially relative terms, such as “inner,” "outer” "beneath” "below,”
“tower,” "above.” "upper." and the hike, may be used berein for ease of description to describe

one element or feature’s relationship o another element(s} or feature(s) as illustrated in the
figures. Spatially relative terms may be infended to encompass differeni orientations of the
device in use or operation m addition to the orientation depicted m the figures. For example, if
the device tn the fgares is wned over, clements described as "below™ or "beneath” other
elements or features would then be oriented "above” the other elemenis or features. Thus, the
example term "below” can encompass both an orientation of above and below. The device
may be otherwise onented {rotated 90 degrees or at other ortentations) and the spatially relative
descriptors used herem interpreted accordingly.

j0036] With reference to Figures 1-4, the snap-action valve assembly 28 includes
a first conduit 22 and 2 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,
in the iflustrated 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 first conduit wall 26
presenting an outside surface 28, The first conduit wall 26 may be made from a vadiety of
different materials. By way of non-limiting example, the first conduit wall 26 may be made
from SS409 or SS439 stainless steel.  In the illustrated example, the first condayt 22 is
separated info a first enlarged conduit segment 30, a second enlarged condnit segment 32, and
a neck portion 34 disposed longitadinally between the first enlarged condwit segment 30 and
the second eularged conduit segment 32, The neck portion 34 of the first conduit 22 has an
inside surface 36 and the first and second enlarged condut segments 34, 32 have mper mating
surfaces 38a, 38b.

[6037] The neck portion 34 of the first 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 38 of the first conduit 22 has a second mner diameter 42 that may be
measured across the inner mating surface 38a of the first enlarged conduit sepment 38, The
second enlarged conduit segment 32 of the first condnir 22 has a third ianer dlameter 44 thay
may be measuared across the inner mating surface 38b of the second enlarged conduit segment
32. The first inner diameter 40 of the neck portion 34 of the first condut 22 1s smaller than the
second inner diameter 42 of the first enlarged conduit segment 30 and the third inner diameter
44 of the second enlarged conduit segment 32, In the illustated example, the second inner
dizaneter 42 of the fisst enlarged conduit segment 30 is equal to the third imner diameter 44 of

the second enlarged conduit segment 32; however, other configurations are possible where the
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second inner diameter 42 of the frst enlarged condult segment 39 15 different from the third
immner diameter 44 of the second enlarged conduit segment 32,

[0038] The first conduit 22 includes a first transition 46 and a second transition
48 ihat are longitndinally spaced from each other. The first transition 46 is disposed
tongitadinally between the first enlarged conduit segment 30 and the neck portion 34 of the
first condatt 22. The second transition 48 is disposed longitudinally between the second
enlarged conduit segment 32 and the neck portion 34 of the first conduit 22, In other words,
the first conduit 22 wransitions from the first mmer diameter 40 of the neck portion 34 to the
second mner diameter 42 of the first enlarged conduit segment 30 at the first transition 46 and
the first conduit 22 fransitions from the first tnner diameter 40 of the neck portion 34 to the
third inner diameter 44 of the second enlarged conduit segment 32 at the second transition 48.
The first and second transitions 46, 48 may be constructed to taper gradually or abruptly
between the neck portion 34 and the first and second enlarged conduit segments 30, 32 of the
first conduit 22.

j0039] otill referring to Figures 144, the first conduit 23 extends longitudinally
along a central axis 56 from a junction end 52 at the first enlarged condiit segment 3 to a
distal end 34 ar the second enlarged conduit segment 32, The second conduit 24 extends
tongitudinglly and co-axially with the cemtral axis 50 between an insertion end 56 and a
proximal end 58, The second conduit 24 has a second conduit wall 60 presenting an inner
surface 62 and an outer mating surface 64, The second conduit wall 68 may be made from g
variety of different materials. By way of non-limiting example, the second conduit wall 60
may also be made from SS409 or $S439 stainless steel. The second condait 24 has an outer
diameter 66 that may be measured across the onter mating surface 64 of the second conduit 24
The outer diameter 66 of the second conduit 24 is smaller than the second inner digmeter 42 of
the first enfarged segment of the first conduit 22, When the snap-action valve assembly 20 is
fully assembled (Figure 1), the insertion end 56 of the second conduit 24 is shidingly received
in the first enlarged conduit segment 39 of the first conduit 22 and the outer mating surface 64
of the second conduit 24 overlaps with and bears against the inner mating surface 38a of the
first enfarged conduit segment 30 of the first conduit 220 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 to define an exhaust passageway 68 therein that extends
topgitndinally from the proximal end S8 of the second conduit 24 to the distal end 84 of the
first conduit 22, During operation of the vehicle, exhaust from the vehicle's engine {(no
shown) can flow through the exhaust passageway 68 in the first and sccond conduits 22, 24,

Although the first and second conduits 22, 24 can be attached in a variety of different ways o
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prevent separation, in one example the junction end 32 of the first conduit 22 1s welded to the
outer mating surface 64 of the second conduit 24, Moreover, it should be appreciated that the
siap-action valve assembly 20 may be configured where exhaust flow enters through the first
conduit 22 and exits through the second conduit 24 or vice versa.

{0046] As shown mn Figores 1-4, a valve Hap 70 15 disposed within the fust
condutt 22, The valve flap 70 defines a valve flap plane 72 and mcludes 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 Hlap ears 74, 76 extend in the
valve flap plane 72, The curved section 78 defines a channel 80 therein that is spaced from
and transverse 1o the central axis $8. The ficst valve flap ear 74 includes a first arcuate edge 82
and a pair of linear side edges 84, The first valve flap ear 74 extends from the corved section
78 of the valve flap 78 and terminagtes at the first arcuate edge 82, The second valve flap ear
76 inclndes a second arcuate edge 86, The second valve flap ear 76 extends from the curved
section 78 of the valve flap 70 and terminates at the second arcuate edge 86. The valve flap 76
also includes a pair of bushing cut~outs 88 at the corved section 78 of the valve flap 70, The
pair of bushing cut-outs 88 extend between the pair of linear side edges 84 of the first valve
flap ear T4 and the second arcuate edpe 86 of the second valve flap ear 76, 1t should be
appreciated that the curved section 78 of the valve flap 78 is off-center, such that the Birst valve
flap ear 74 has a greater surface area than the second valve flap ear 76. The valve flap 70 may
be made of a variety of different materials. By way of non-limiting example, the valve flap 78
may be made from SS409 or S5439 stainless steel,

{0041] The snap-action valve assembly 28 includes a pad 94 that is carried on the
valve flap 78. The pad 94 includes a body portion 96 that 15 attached to the first valve Hap ear
74 and an end portion 98 that extends over the first arcuate edge 82 of the first valve flap ewr
74. Although the pad 94 may be made of a vanety of different materials and may be attached
to the valve flap 70 in a number of different ways, in the illustzated example, the pad 94 is
made of wire mesh and the body portion 96 of the pad 94 is attached to the first valve Hap ear
74 by spot welds 108, By way of example and without imitation, the wire mesh forming the
pad 94 may be made from 35316 stainless steel mesh that has a density rangmg from 25-30
percent.

{0042] A shaft 102 supports the valve Hap 70 in the fivst conduit 22 for rotation
between a closed position (lustrated in Figure 3) and an open posttion (illustrated in Figare 4},
The closed position and the open position of the valve flap 70 are separated by a valve flap
travel angle 104, In the Husivated example, the valve flap travel angle 104 cquals 40 degrees.

When the valve flap 70 is in the closed position as shown in Figure 3, the end portion 98 of the
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pad 94 contacts the inside surface 36 of the neck portion 34 of the first conduit 22, When the
valve Hap 70 15 in the open position as shown in Figure 4, the valve flap 78 is positioned such
that the valve flap plane 72 is parallel to the central axis 58. It should be appreciated that the
valve flap 70 obstructs exhaust flow through the exhaust passageway 68 when the valve flap
70 is 1 the closed position and that exhaust flow through the exhaust passageway 68 is
relatively unobstructed when the valve flap 70 is in the open posttion.  Notwithstanding, the
valve flap 70 need not completely close off the exhaust 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 1s not parallel o the central axis 50

1004 3] Sull referring to Figures 1-4, the shaft 102 supporting the valve flap 70 15
separated into an axle portion 106, an external shaft segment 108, a lever arm 110, and a spring
attachment avm 112, At least part of the axle portion 186 1s disposed within the first conduit
22 while the external shaft segment 108, the lever anm 110, and the spring attachment arm 112
are external to the first condant 22, The axle portion 106 of the shaft 102 extends lineady
through the first conduit 22 from the external shaft segment 108 to the lever anm 110 and
defines a prvot axis 114 for the valve flap 78, The pivot axis 114 18 transverse to the central
axis 56 and is spaced from the central axis 50 by an offset distance 116, In other words, the
axle portion 166 of the shaft 102 is off-center in the first conduit 32, The valve flap 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 received in the channel 80 of the curved section 78 of the valve flap 70. The
curved section 78 of the valve flap 70 is fixedly secored to the axle portion 106 of the shaft 102
such that the axle of the shafi 102 rotates with the valve flap 70, By way of example and
without limitation, the curved section 78 of the valve flap 78 may be fixedly secured to the axle
portion 186 of the shaft 102 by welding.

[0044] The spring attachment arm 112 of the shaft 102 defines a spring
attachment arm axis 118 that is parallel to and spaced from the pivot axis 114. The lever arm
119 of the shaft 102 extends transversely from the axle portion 186 of the shaft 102 to the
spring attachment arm 112 of the shaft 182 and defines a lever arm axis 120 that 18 transverse
to the pivot axis 114, As best seen in Figures 3 and 4, the lever anm 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 kanckles 124 that protrude from the spring attachment arm 112 to
define a spring attachment location 126 disposed between the plurality of knuckles 124, OF
course, the spring attachment location 126 may be formed on or in the spring attachment arm
112 by altermnative structure without departing from the scope of the subject discloswe. U

should be appreciated that the shaft 102 may be made of a variety of different matenials. By
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way of non-limiting example, the shaft 102 may be made from S$8430 stainless steel and may
have an outstde diameter of 6 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 182, The anchor post 128
extends outwardly from the outside surface 28 of the first conduit 22 and terminates at a free
end 130, The free end 130 of the anchor post 128 has a spring retention groove 132, The
anchor post 128 defines an anchor post axis 134 that 1s transverse to and that intersects with the
central axis 50, Although the anchor post 128 may be formed in different ways, in the
dlustrated example, the anchor post 128 15 integral with the first condut 22, In accordance
with this arrangement, the anchor post 128 is partially cut out from the first conduit wall 26.
As such, the first conduit wall 26 includes an anchor post cut-out 198. The anchor post eut-out
198 remains sealed from the exhaust passageway 68 due 1o the overlap between the first
conduit wall 26 and the second conduit wall 60 along the first enlarged condutt segment 38 of
the first conduit 22. The anchor post 128 extends from a bent transition 136 adjacent the first
condait wall 26 to the free end 130 where the spring retention groove 132 15 located.
Advantageounsly, manufacturing related speed and cost savings are realized when the anchor
post 128 is cut out from the first conduit 22

{0046] A tension spring 138 extends between and is 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, i the ilustrated example, the
tension spring 138 has a helical main body 140 that is disposed between first and second hook
ends 142a, 142b. The first hook end 142a of the tension spring 138 is retatned on the spring
attachment arm 112 of the shaft 102 by the plarality 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 132, The tension spring 138 biases the valve flap 70 to the closed position (Figure 3).
As will be explained in greater detail below, the valve flap 70 pivots open against a biasing
force provided by the tension spring 138 when the pressure of the exhaust Howing through the
exhaust passagewav 68 on the first valve flap ear 74 exceeds the iasing 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 less 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 vaniety of different materials. By way of non-limiting example, the tension
spring 138 may be made from Inconel 718 andior Alloy 41 metals with a proper heat

treatment.  Although not showa in the deawings, other spring types besides tension springs 138
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may be utthized, For example, compression or torsion springs could be used with minor design
modifications.

[0047) As best seen in Figure 2, the snap-action valve assembly 20 includes first
and second bushings 144a, 144b that support the axie portion 166 of the shaft 102 on the first
condwit 22, Each of the first and second bushings 144a, 144b includes a shaft opening 146
wherte the axle portion 186 of the shaft 102 extends through the shaft openings 146 1w the first
and second bushings 144a, 144b. As a result, the first and second bushings 144 are disposed
around the axle portion 106 of the shaft 102 and between the axle portion 106 of the shaft 102
and the frst condwit 22, When the snap-action valve assembly 20 is folly assembled (Figwre
1}, the curved second 78 of the valve flap 78 15 disposed between the first and second bushings
144a, 144b and the first and second bushings 144a, 144b abut the pair of bushing cut-outs 88
i the valve flap 70, Although the first and second bushings 144a, 144b may be made from a
variety of different materials, in the Hustrated example, the first and second bushings 144a,
144b are made of wire mesh. By way of example and without Bmitation, the wire mesh of the
first and second bushings 144a, 144b may be S5316 stainless steel mesh with a density of
approximately 40 percent. The wire mesh may optionally be mmpregnated with graphite.

j0048] As shown in Figures 1 and 2, the snap-action valve assembly 20 may
optionally include a mass damper 148 that {5 rotatably coupled 1o the extemal shaft segment
108, The mass damper 148 rotates with the shaft 102 and creates a distributed mass that s
spaced from the pivot axis 1314, which funchions to reduce vibration related harmonics {e.g.
rattling noises) and excessive valve flutter caused by flowrate fluctuations i the engine's
exhanst How (e.g. exhaust pulsation). In one example, the mass damper 148 1s welded directly
to the external shaft segment 108, In the example llustrated in Figwre 2, the external shaft
segment 108 includes a keyed surface 150 providing the exiernal shall segment 108 with a
generally rectangalar cross-section. The mass damper 148 has an attachment hole 152 that
receives the external shaft sepment 108, The attachment hole 152 has & complementary shape
to the keved surface 150 of the external shaft segment 108 such that the mass damper 148
rotates with the external shafl segment 198 The mass damper 148 mav have a bent
configuration, including a linear 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 160, The
first and second transverse segments 156a, 156b of the mass damper 148 extend from the pair
of damper ends 160 in opposite transverse directions relative to the primary mass damper axis

158 where the primary mass damper axis 158 s transverse to the pivot axis 114, The mass
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damper 148 may be made from a vanety of different materials, By way of example and
without imitation, the mass damper 148 may be made from S8409 stainless steel.

[0049] Again referring to Figures 1-4, the first conduit 22 further inclades first
and second slots 1623, 162b. Each of the first and second slots 1623, 162b extends through
the first conduit wall 26, longiudinally along the first enlarged segment of the first conduit 22
from an open slot end 164 to a closed slot end 166, Each of the first and second slots 162a,
162b also bave opposing linear edges 168 that run paraliel to each other between the open slot
ends 164 and the closed slot ends 166. The open slot ends 104 are positioned at the junction
end 32 of the first conduit 22 while the closed slot ends 166 are positioned between the
junction end 52 and the first 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 38 withoat
departing from the scope of the sabject discloswe, i the iHlustrated example, the fust and
second slots 162a, 162h extend paralie! 1o one another in a slot plane 170 that s 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 70 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.

10036] The snap-action valve assembly 20 also includes first and second bushing
sleeves 172a, 172b that support the first and second bushings 144a, 144b within the first and
second slots 162a, 162b respectively. Each of the first and second bushing sleeves 172a, 172b
includes a bushing cavity 174 that recetves and supports one of the first and second bushings
144a, 144b. After assembly, the first and second bushings 144a, 144b and the first 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 is 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 insertion end 56
of the second condutt 24 and the closed slot ends 166, Consequently, the first and second
bushing sleeves 172a, 172h are disposed between the first and second bushings 144a, 144b on
one side and the closed slot ends 186, 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 linear edges 168, and the insertion end 5¢é of the second
conduit 24 are relatively thin and sharp, the fisst and second bushing sleeves 172a, 172b
protect the first and second bushings H44a, 144b from wear by these sharp edges/surfaces. The

first and second bushing sleeves 172a, 172b also prevent over compression of the first and
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second bushings 44, 144b when the insertion end 56 of the second conduit is ingerted into
the junction end 82 of the first conduit 22, I should be approciated that while sot shown i the
Figures, the insertion end 36 of the second conduit 24 need not define a straight edge, but
could aliernatively include one or more slois, depressions, or semi-circular notches that
nterface with the first and second bushing sleeves 172a, 172b.

[0031] Each of the first 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 rotation of the first and second bushing sleeves 172a, 172b within the first and
second slots 162a, 162b relative to the pivot axis 114, Similarly, 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 match the flat portions 176 of the first and second bushing sleeves 172a, 172b and
therefore prevent rotation of the first and second bushings 144a, 144b within the first and
second bushing sleeves 172a, 172b relative {0 the pivot axis 114, While other configuration
are possible, in the illustrated example, each of the first and second bushings 1444, 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 144a, 144b and the fivst and second bushing sleeves
1724, 172b a generally square-shaped cross-sections.

10032] Each of the first and second bushing sleeves 172a, 172b also has one or
more profrusions 180 that extend inwardly from the first and second bushing sleeves 172a,
172b into the bushing cavities 174, The first and second boshings 144a, 144b are provided
with one or more dimples 182 that are aligned with the protrosions 180 in the first and second
bushing sleeves 172a, 172b. When the first and second bushing sleeves 172a, 172b are
slidingly received in the first and second slots 162a, 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. As a result,
the protrusions 180 prevent axial movement of the first and second bushings 144a, 144b
relative to the first and second bushing slesves 172a, 172b along the pivot axis 114 (ie.
paralie! to the pivot axis TI4).

[0053] With additional reference to Figures § and 6, the valve flap 70 has a first
side 90 and a second side 92 that 15 opposite the first side 99, As shown i Figures 1-6, the
valve flap 70 may be arranged in the first condwst 22 such that the first side 98 of the valve flap
78 faces the junction end 52 of the first conduit 22 and the second side 92 of the valve tlap 76
faces the distal end §4 of the first conduit 22 when the valve flap 76 is in the closed position

(Figure 3). Alternatively, the valve flap 70 may be turmed around in the first conduit 22 such
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that the first side 90 of the valve flap 70 faces the distal end 54 of the first conduit 22 and the
second side 92 of the valve flap 78 faces the junction end 82 of the first conduit 22 when the
valve flap 70 is in the closed position {not shown). Regardless of the arrangement, the pad 94
is carried on the first side 98 of the valve flap 70. The pad 94 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 186a, 186b wrap around the lincar side edges 84 of the valve flap ear 70 1o the
second side 92 of the valve flap 70. The first and second side wings 186a, 186b extend at least
partially across the second side 92 of the valve flap 70 and may be attached 1o the second side
92 of the valve flap 78 by spot welds 100, 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 70 is in the open
position (Figare 4) to dampen vibration related harmonics {e.g raitle} and excessive valve
flutter caused by Howrate fluctuations in the engme's exhaust How {2.g. exhaust pulsation).

[0054] As best seen in Figure 4, the pad 94 15 solid and has a variable thickoess T
that increases 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 fust valve flap ear 74 of the valve flap 76
Accordingly, the end portion 98 of the pad 94 includes an abutment surface 188 that extends
from the body portion %6 of the pad 94 at a Hrst 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 1o the first
arcuate edge 82 of the fust valve Hap ear 74 of the valve flap 70 at a second angle 194 relative
to the abutment surface 188 of the pad 94. The first angle 190 between the abutment surface
188 of the pad 94 and the valve flap plane 72 mayv be any acute angle, but i the llustrated
example, the first angle 190 ranges from 13 to I8 degrees. The second angle 194 between the
end surface 192 of the pad 94 and the abutment surface 188 of the pad 94 may be any acute
angle, but in the llustrated 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 is sufficient to
overcome the biasing force of tension spring 138, the valve flap 70 will stant 1o rotate about the
pivot axis 114, With reference to Figure 1, the torgue on valve flap 78 is determined by the
biasing force of the tension spring 138 multiplied by distance D, which is the distance between
a fongitudinal axis A of the tension spring 138 and the prvot axis 1314 of the valve Hap 78. The
biasing force mcreases as the valve flap 70 moves toward the open postiion {Figure 4) and the
tension spring 138 stretches. However, distance D gets shorter as the valve flap 78 continues
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 (1.e., as the longitudinal



10

15

20

25

30

WO 2018/034888 PCT/US2017/045907
15

axis A of the tension spring 138 crosses the pivot axis 114 and the valve flap plane 72, This
over-center positioning of the valve Hap 78 resalls in g substantially horizontal position of the
valve flap 70 when the valve flap 70 is in the open position {Figure 4). Rotating the valve flap
70 such that the tension spring 138 approaches the over center condition resulis in an easier
maintenance of the valve flap 70 in the open position, which, In turn, nunimizes back pressure
in the exhaust passageway 68 when the valve flap 70 15 1 the open position.

[0056] Figure 7TA iHlustrates another snap-action valve assembly 28° that is the
samne #s 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 Figore 7A, a resilient tongue 195 15 provided that is
attached to the first side 99 of the valve flap 78, A pad 947 is attached {0 and supported by the
resilient tongoe 195, The resilient tongoe 193 is bent at an angle sach that an end portion 98°
of the pad 94" is spaced away from the first arcuate edge 82 of the valve flap 70, The resilient
tongue 198 extends from the first valve flap ear 74 at the first angle 190 relative to the valve
flap plane 72. In operation. the resilient tongue 195 of the valve flap 70 detlects towards the
first arcuate edge 82 of the valve flap 70 as the end portion 98" of the pad 94" makes contact
with the inside surface 36 of the first conduit 22 to dampen vibration related harmonics and
excessive valve flutter caused by flowrate Huctuations m the eagine's exhaust flow. As such,
the first angle 190 of the resilient tongue 195 changes relative 1o the valve flap plane 72 when
the end portion 98' of the pad 94' makes contact with the inside surface 36 of the frst conduit
22,

{0057} Figure 7B illustrates vet another snap-action valve assembly 20" that s
the same as the snap-action valve assembly 20 llustrated i Figure 7A, but where the valve
flap 70 and the pad 94" have been modified. In Figoure 7B, a resilient tongue 198 is provided
that is attached 1o the second side 92 of the valve flap 78, A pad 94" is attached t© and
supported by the resilient tongue 195", The resilient tongue 198’ 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 car 76 at a first angle
198" relative to the valve flap plane 72, In operation, the resthient tongue 195" of the valve fap
70 deflects away from the valve flap plane 72 as the end portion 98" of the pad 94" makes
contact with the instde surface 36 of the second conduit 24 to dampen vibration related
harmonics and excessive valve flutter caused by flowrate fluctuations in the engine's exhanst
flow. As such, the first angle 190" of the resilient tongue 195" changes relative to the valve
flap plane 72 when the end portion 98" of the pad 94" makes contact with the inside surface

36 of the second conduir 24
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{0058} Although the resilient tongue 195, 195" shown i the examples illustrated
i Figures 7A and 7B is g separate piece of material that is welded to the valve tlap 78, the

resilient tongue 195, 195" may alternatively be mtegral 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, 195 of the valve flap 70 may be eliminated by making the pad 947, 94"
out of a matenial that itselt is resilient enough to deflect and then spring back to the first angle
190, 198" as the valve flap 70 15 pivoted to the closed position and away from the closed
position.

{0059] With reference to Figure 8, the sobject disclosure further provides a
method of manufacturing the snap-action valve assemblies 20 discussed above. The method
includes the step tlustrated by block 860 of providing a first conduit 22 with a junction end 52
and the step iHustrated by block 882 of providing a second conduit 24 with an insertion end S6.
The method proceeds with the step illustrated by block 804 of cutting the first and second slots
1623, 162b into the junction end 82 of the first conduit 22. In accordance with this step, each
of the first and second slots 162a, 162b are cut 50 as to extend longitudinally along the first
condait 22 from an open slot end 164 positioned at the junction end 52 of the first conduit 22
to a closed slot end 166, Optionally, the method further comprises the step iHustrated by block
806 of cutting the anchor post 128 out from the first conduit wall 26 and the step ustrated by
block 808 of bending the anchor post 128 outwardly away from the first conduit 22. The
method forther includes the step illustrated by block 818 of placing first and second bushing
sleeves 172a, 172b over first and second boshings Idd4a, 144b to create first and second
bushing subassemblies 173a, 173b {Figire 1). The method proceeds with the step illusirated
by block 812 of placing the first bushing subassembly 1732 on a shaft 182 by sliding the shaft
102 through the first bushing 144a, the step illustrated by block 814 of attaching the valve flap
70 to the shaft 102, and the step illustrated 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 Hap subassembly 196 where the valve flap 70 is positioned on the shaft 102
between the first and second bushing subassemblies 173a, 173b (Figure 1), Accordingly, the
valve Hap subassembly 196 that includes the valve Hap 70, the shaft 182, the first and second
bushings 144a, 144b, and the first and second bushing sleeves 172a, 172 (e the first and
second bushing subassemblies 173a, 173b). Although the step illostrated by block 814 may be

-

performed in a number of different ways, the valve flap 70 may be attached to the shaft 102 by

welding.
[0060] The method further comprises the step dlustrated by block 818 of sliding

the valve flap subassembly 196 into the first conduit 22 from the junction end §2. In
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accordance with this step, the shaft 102, the first and second bushing subassemblies 1734,
173b are shdingly recerved in the first and second slots 162a, 162b until the first and second
bushing sleeves 172a, 172b abut the closed slot ends 166. The method proceeds with the step
Hlusirated by block 820 of sliding the insertion end 56 of the second conduit 24 into the
junction end 52 of the fivst conduit 22 until the insertion end 56 of the second conduit 24 abuts
the first and second bushing sleeves 172a, 172b. The method continues with the step
tltustrated by block 822 of securing the fivst conduit 22 to the second conduit 24, Although the
step tHustrated by block 822 may be performed in a nnber of different ways, the first conduit
22 may be secured {o the second conduit 24 continuons or spot welds ustng MIG, TIG, or lager
welding equipment. Optionally, the method further comprises the step illustrated by block 824
of attaching a mass damper 148 1o the shaft 102 to dampen vibration related harmonics and
reduce excessive valve flutter caused by flowrate fluctuations i the engine's exhaust flow {18
exhaust pulsation). Although the step tlustrated by block 824 may be performed i a number
of different ways, mass damper 148 may be attached to the shaft 102 by welding. The mathod
may also include the optional step ilustrated by block 826 of connecting a tension spring 138
between the anchor post 128 and a spring attachment arm 112 on the shaft 102 to bias the valve
flap 76 to a closed position.

{0061} With reference to Figores 9-11, gn exemplary application of the snap-
action valve assembly 20 described above is illustrated.  An asutomotive exhaust system
muffler 908 including a housing 902 is provided. The muffier 900 includes an outer shell 994
having a substanttally oval cross-sectional shape closed at inlet and outlet ends by an miat
header 986 and an outlet header 908, A partition 910 is attached to the outer shell 904 at a
position to define a first muffler chamber 912 between the inlet header 986 and the partition
918, A second muifler chamber 914 is defined as the volume between the partition 910 and
the outlet header 908, The partition 918 inclodes a plorality of apertures 916 extending
therethrough that enable fluid comnunication between the first muffler chamber 912 and the
second muffler chamber 914, A sound gbsorbing material 918, such as fiberglass roving, may
be positioned withun the first muffler chamber 912, No sound absorbing material s placed
within the second muffler chamber 914, A pipe 920 includes an inlet section 922 and an outlet
section 924. The inlet header 996 includes an aperture 930 that receives the inlet section 922
of the pipe 920, The oatlet section 924 of the pipe 920 1s connected to the second conduit 24
of the snap-action valve assembly 20 described above. The ouvtlet header 908 mcludes an
aperture 932 that receives the second conduit 24 of the snap-action valve assembly 200 The
pipe 920 is bent such that the inlet section 922 15 centered with the housing 902 while the outlet

section 924 i not centered with the housing 902, The partition 910 includes an aperture 938
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that recetves the pipe 928. An overlapping joint between the outlet section 924 and the second
conduit 24 of the snap-action valve assembly 20 15 aligned with and supported by the partition
916, The pipe 928 includes a plurality of apertures 942 that are positioned to provide fluid
commanication between the pipe 920 and the first muffler chamber 912

{0062] The valve flap 70 of the snap-action valve assembly 28, as previoosly
described tn conjunction with Figores 1-6, is positioned in the second muftler chamber 914
between the partition 910 and the outlet header 908, More particularly, when the valve Hlap 70
ts in the closed position, exhaust will enter the pipe 928, pass through the apertures 942, enter
the first muffler chamber 912, pass through the apertures 916, and enter the second muffler
chamber 914, When the valve flap 70 i3 in the closed position, a relatively small volume flow
rate of exhaust passes through a gap between the valve flap 78 and an inside surface 36 of the
first conduwt 22, The small gap between the valve flap 78 and the inside surface 36 of the first
conduit 22 functions to absorb low frequencies within the snap-action valve assembly 20,
Because the first conduit 22 of the snap-action valve assembly 20 i3 a closed cylindrical
member, exhaust does not How through the first muffler chamber 912 and the second maffler
chamber 914, Acoustical waves are present, but the volume flow rate of exhaust through the
first muffler chamber #12 and the second muffler chamber 914 i1s mummal. In addition, the
sonnd absorbing material 918 functions fo attenuate noise regardless of the position of valve
flap 70. When the exhaust pressure is high enough to overcome the biasing force of the
tension spring 138, The valve flap 70 rotates toward the open position. A1 the open position,
the valve Hap 70 extends substantially horizontally within the first conduit 22 to munimize back
pressure in the muftler 900, It should be appreciated that since no sound absorbing material is
placed within the second mutfler chamber 914, no interference between the sound absorbing
material 918 and the snap-action valve assembly 20 ocours,

[0063] An upstream end 954 of a tail pipe 952 is coupled in fluid communication
with the first conduit 22 of the snap-action valve assembly 20, The tail pipe 952 includes an
outlet 950 in Haid conmmunication with the atinosphere. Resonance may exist within the tail
pipe $52 and the portion of the fust conduit 22 that 1s downstream from the valve flap 76 dus
to standing exhaust waves that can form in thus portion of the exhaust system. In previous
exhaust sysiems, the outlet 958 of the tail pipe 952 was placed in open fluid communication
with an expanded volume inside the outer shell 904 of the muffler 908, The expanded volume
functioned to amphity and/or further excite a resonant condition within the tail pipe 952 leading
to undesirable noise. In accordance with the subject disclosure, the axial position of the snap-
action valve assembly 20 may be selected to minimize resonance that may occnr within the tail

pipe 952 and the mauffler 900, More specifically, the valve flap 70 may be positioned at the



10

15

20

25

30

35

WO 2018/034888 PCT/US2017/045907
19

upstream end 954 of the il pipe 952 and proximate to the outlet header 908 More
particalarly, the shaft 102 of the suap-action valve assembly 20 is axially spaced from the
outlet header 908 a distance less than or equal to one-guarter the distance between the inlet
header 906 and the outlet header 908, By positioning the snap-action valve assembly 20 at a
tocation downstream from the apertures 942, the first chamber 912 and the second nmuffler
chamber 914 are isolated from the tail pipe 952 and undesirable resonance or “"exhaust droneg”
s avoided. Regardless of the angular position of valve flap 70, one hundred percent of the
exhaust flows through the snap-action valve assembly 20

{0064] With reference to Frgores 12A-B, another exemplary muffler 1000 s
lustrated.  The muffler 1000 inchudes a housing 16882, A dividing wall 1008 is disposed
within the housing 1002 that divides the muffler 1008 into a first section 1087a and & second
section 1007k The mutfler 1600 includes first and second snap-action valve assemblies 20s,
20b, which are constructed 1n accordance with the disclosure set forth heremn. The first snap-
action valve assembly 20a is disposed within the housing 1002 in the Hrst section 1807a of the
muffler 1000 and the second snap-action valve assembly 20b 1s disposed within the housing
1002 m the second section 1607b of the muitier 1060

j0065] The fist section 1607a of the muffler 1008 includes a first partition
1010a that divides the first section 10072 of the muffler 1000 into a first muffler chamber
1012a and a second muffler chamber 1014a.  The first snap-action valve assembly 20a
includes a first valve flap 78a and a first mass damper 148a, which are construcied in
accordance with the discloswre set forth herein.  The first snap-action valve assembly 28a
extends through the first partition 1010a and communicates with a first inlet pipe 1022a that
extends into the first muffler chamber 1812a and a first outlet pipe 1052a that extends info the
second mutfler chamber 1014a. A second outlet pipe 1656a communicates with and extends
mto the first muffler chamber 10122, When the first valve tlap 70a is in a closed position {as
shown tn Figure 12A), exhaust cannot flow through the first snap-action valve assembly 20a
and into the first outlet pipe 1682a. Accordingly, exhaust flow is directed into the first muffler
chamber 10123 and out through the second putlet pipe 1856a. When the first valve flap 78a 13
in an open position {as shown in Figure 12B), exhaust can flow through the first snap-action
valve assembly 20a and mto the first outlet pipe 1052a.

j0066) The second section 1007h of the muffler 1068 ncludes a second partition
1016b that divides the second section 1607b of the muffier 10800 info a third muifler chamber
1012 and a fourth muffler chamber 1014b,  The second snap-action valve assembly 28b
mcludes a second valve Hap 78b and a second mass damper 148b, which are construcied in

accordance with the disclosure set forth herein. The second snap-action valve assembly 20b
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extends through the second partition 1010b and communicates with a second inlet pipe 1022b
that extends into the second nwffler chamber 1612b and g third outlet pipe 1052b that extends
into the fourth muffler chamber 1014b. A fourth outlet pipe 1056b commumicates with and
extends ito the third muffler chamber 1012b. When the first valve flap 78b is in a closed
position (as shown in Figure 124), exhaust cannot How through the second snap-action valve
assembly 20b and into the third oudet pipe 1082b. Accordingly, exhaust flow s directed tmio
the third muffler chamber 1012b and out through the fourth optlet pipe 1656b. When the
second valve flap 70b 15 in an open position {(as shown in Figure 12B), exhaust can flow
through the second snap-action valve assembly 20b and to the third outlet pipe 1052b.

10067] The first and third outlet pipes 1052a, 1052b may be connected to one
another at the dividing wall 1003 and may commmunicate with one another to eqguahize exhaust
gas pressure i the st and third outlet pipes 1052a, 1052b. From Figures 12A-8, it should be
appreciated that the size and shape of the first and second mass dampers 148x, 148b of the first
and second snap-action valve assemblies 20, 20b may be dictated by the size and shape of the
housing 1002 of the muffler 1000, The goeal 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 1800 mterfere with rotatdon of the first and
second rass dampers 148a, 148b as the first and second valve flaps 70a, 70b of the first and
second snap-action valve assemblies 20a, 20b rotate between the open and closed positions.
To this end, several possible configurations are described below,

[0068] Figure 13A illustrates the mass damper 148 of the snap-action valve
assermbly 20 shown in Figures 1 and 2. The shape of the mass damper 148 is fmporiant
because the mass damper 148 rotates with the shafl 102 and creates a distributed mass that is
spaced from the pivot axis 114 of the shaft 102, The distributed mass created by the mass
damper 148 gives the mass damper 148 a inertial value that ranges from 250 1o 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 engine'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 988, That s, the
mass damper 148 must be configared so that is does not interfere with {(i.e. contact) the of the
outer shell 904, outlet header 908, or partition 910 of the muffler 900 as the valve flap 70
moves between the open and closed positions.

{0069] As shown m Figure 2, the external shaft segment 108 of the shaft 102 s
received in the aitachment hele 152 of the mass damper 148 when the snap-action valve

assembly 20 is fullv assemblad. Accordingly, the pivot axis 114 extends coaxially through the
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attachment hole 152 1w the mass damper 148. Moreover, the primary mass damper axis 158 of
the hinear segment 134 of the mass danper 148 15 transverse to the pivet axis 114, In the
configuration shown in Figures 1, 2, and 134, the first and second transverse segments 156a,
156b are fransverse to both the primary mass damper axis 158 and the pivot axis 114, More
particularly, the first and second transverse segments 156 of the mass damper 148 extend from
the pair of damper ends 168 in opposite transverse directions refative to the primary mass
damper axis 1588, The pair of damper ends 160 and the first and second transverse segments
1564, 156b 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 about the pivot axis 114,

[6078] In the alternative configuration shown in Figure 13B, a modified mass
damper 148" 13 shown with first and second fransverse segments 156¢, 1564 that are 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 mass damper 148" a U-like shape. In accordance
with this configuration, the first and second transverse segments 156¢, 156d are still transverse
to the primary mass damper axis 158 of the linear segment 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 160 and the frst and second transverse segments 186¢, 1564 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/disiribaies the mass of the mass damper 148 evenly
about the pivot axis 114,

{6071} In the alternative configuration shown in Figare 13C, a modified mass
damper 148" is shown with an jmbalanced lnear segment 184", 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 in opposite
transverse directions relative to the primary mass damper axis 158 such that the first and
second trausverse segments 136a, 136b are transverse to both the primary mass damper axis
158 and the pivot axis 114, The atntachment hole 152 m the mmbalanced linear segment 154" 13
off-center such that the paw of damper ends 160 and the first and second transverse segments
156a, 156b of the mass damper 148" are unevenly spaced from the pivot axis 114 and the
attachment hole 152, As a result, the mass of the mass damper 148" 15 imbalanced (1. is
uneverdy distributed) about the pivot axis 114, I accordance with this configuration, the
inbalanced lnear segment 154’ may mchude a flattened portion 198 adjacent the attachmem
hole 152, The flattened portion 198 of the tmbalanced lnear segment 154" has a reduced

cross-sectional width compared to the rest of the imbalanced linear segment 154", inchuding the
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portions of the imbalanced linear segment 154" adjacent the pair of damper ends 168, The
reduced cross-sectional width of the flattened portion 198 allows the mass daroper 148" o be
mounted closer to the valve flap 76 to allow for additional packaging clearance. Although the
configuration shown in Figure 13C 13 imbalanced, packaging constramis may necessitate the
use of such a design. In order to minimize uneven torque foads created by the mass damper
148" on the shaft 102, the mass damper 148" may be mounted on the shaft 102 such that the
primary mass damper axis 188 is vertically oriented (ie. ahigned with the direction of
gravitational pull G) when the valve flap 76 15 posttioned half way between the open and
closed postiions. For example and without limitation, if the valve flap 70 fravels 40 degrees
between the open and closed positions, then the primary mass damper axis 158, which extends
coaxially through the imbalanced linear segment 154°, will be vertically ortented when the
valve flap 78 15 rotated 20 degress from the closed position.  Advantageously, the inventors
have found that such a configuration utilizes gravity to minimize the uneven torque loads
created by the mass damper 148" on the shaft 102

j0072] In the allernative configuration shown in Figure 13D, a modified mass
damper 148" is shown with first and second trangverse segments 156e, 1361 that are spaced
apart and extend from the pair of damper ends 166 in opposite divections relative to the
primary mass damper axis 188, The first and second transverse segmemis 156e, 1561 are
curved giving the mass damper 148" a S-like shape. In accordance with this configuration,
the first and second transverse segments 156e, 1561 are fransverse 1o the primary mass damper
axis IS8 of the linear segment 154 of the mass damper 148" and scribe a packaging
ctreumference 197 agbout the attachment hole 152 in the mass damper 148" when the mass
damper 148" 313 rotated 360 degrees about the attachment hole 182, As a resalt, the mass
damper 148" illustrated 1n Figure 13D 1s particularly well suited for applications where
packaging is tight and liitle space is available for the mass damper 148"

[0073) In the alternative 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 pair of damper ends 160 in the same divection relative 1o the
primary mass damper axis 158, The first and second transverse sepments 1536g, 156h are
curved in a common plane P around at least part of the first conduit 22 of the snap-action valve
assembly 20 giving the mass damper 1487 a C-like shape.  The pivol axis 114 g also
disposed within the common plane P. In accordance with this configuration, the first and
second transverse segments 136g, 156h are transverse 1o the primary mass damper axis 158 of
the lincar segment 154 of the mass daroper 148™" and are contained within a packaging

boundary 199 that extends within common plane P, As a result, the mass damper 148"
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ilustrated n Figure 13E 15 well suited for applications where packaging is tight and hittle space
is available for the mass damper 14877,

[0074) Many modifications and variations of the present invention are possible in
fight of the above teachings and may be practiced otherwise than as specifically described
while within the scope of the appended clamms. These antecedent recitations should be
mterpreted to cover any combination in which the inventive novelty exercises s utility. With
respect to the methods set forth herein, the order of the steps may depart from the order in
which 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 sequentially or

stmultaneously in time.
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CLAIMS
What 1s clammed is:
i A snap-action valve assembly for an exhaust system comprising:

a first conduit extending along a ceatral axis from a junction end to a distal end,
said first condt having a first conduit wall with an outside surface and an inner mating sorface;

a second conduit extending co-axially with said central axis between an insertion
end and a proximal end, said second condwit having a second condut wall with an inner surface
andd an outer mating surface;

said first and second conduits cooperating to define an exhaust passageway
therein that extends from said proximal end of satd second conduit to said distal end of said first
conduit;

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

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

first and second bushings supporting said shalt on said first conduit, each of sad
first and second bushings including a shafi opening that receives said shafy;

said msertion end of said second conduit being received in said junction end of
said first conduit such that said outer mating surface of said second conduoit faces said mner
mating surface of said first conduit;

said first condait mcluding {irst and second slots, each of said first and second
slots extending through said first conduit wall from an open slot end positioned at saxd junction
end of said first conduit to a closed slot end that is longitudinally spaced from said junction end
of said first conduit; and

satd first and second bushings being disposed within said first and second slots
respectively between said inseriion end of said second conduit and said closed slot ends of said

first and second slots,

2. The snap-action valve assembly of Claim 1, further comprising:
first and second bushing sleeves supporting said first and second bushings within
said first and second slots respectively, wherein each of said first and second bushing sleeves
tncludes a bushing cavity that receives and supports one of said first and second bushings, and

wherein each of said first and second bushing sleeves is received in one of said first and second
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slots and is disposed between said insertion end of said second conduit and one of said closed

stot ends.

3 The snap-action valve gssembly of Claim 2, wherein each of said fivst and second
bushing sleeves includes at least one {lat portion that contacts one of said Dirst and second slots
to prevent rotation of said Hrst and second bushing sleeves within said first and second slots,

4, The snap-action valve assembly of Claim 3, wherein each of said first and second
bushings includes at least one flat that contacts said at least one flat portion of one of said first
andd second bushing sleeves to prevent rotation of said first and second bushings within said first

and second bushing sleeves.

3. The snap-action valve assembly of Claim 2, wherein each of said first and second
bushing sleeves includes at least one protrasion that extends therethrough inio said bushing
cavity, wherein ach of said first and second bushings includes at least one dimple that is aligned
with one of said protrusions of said fust and second bushing sleeves, and wherein sad
protrusions of said first and second bushing sleeves extend o said dimples in said first and
second bushings to provent axial movement of said first gnd second bushings relative 1o sad

first and second bushing sleeves.

6. The snap-action valve assembly of Claim 2, wherein said first and second

bushings are made of wire mesh.

7. The snap-action valve assembly of Clatm 1, wherein satd shaft includes an axde
portion, a lever arm, and a spring attachment arm, wherein at least part of said axle portion is
disposed within said first conduit and said lever arm and said spring anachment arm are external
to sasd first conduit, wherein said valve flap is carried on sasd axle portion such that said axle
portion of saud shaft rotates with said valve fap, wherein said axle portion 15 co-axaally aligned
with said pivot axis of said valve Hap and said spring attachment arm defines a spring
attachment arm axis that is parallel {0 and spaced from said pivot axis, wherein said lever amm
extends transversely between said axle portion and said spring attachment arm of said shaft, and
wherein said first conduit inchudes an anchor post extending outwardly from said outside surface

of said Hrst conduit.
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8. The snap-action valve assembly of Claim 7 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.

9. The snap-action valve assembly of Claim 8, wherein satd anchor post is integral
with and partially cut out from said first condutt wall, said first conduit wall mncluding an anchor
post cut-out, and said anchor post extending from a bent transition adjacent said Hrst conduit

wall.

10, The snap-sction valve assembly of Claim 1, wherein gach of said first and second
slots include opposing linear edges that run parallel © one another and wherein said first and

second slots extend paraliel to one another i a slot plane.

11, The snap-action valve assembly of Claim 10, wherem said slot plane 13 parallel to
and spaced from said central axis of said fivst conduit by an offset distance and whergin said

pivot axis of said valve Hap extends in said slot plane.

12, The snap-action valve assembly of Claim 1 further comprising:
a mass damper external to said first and second conduiis that is rotatably coupled
to said shaft such that said mass damper rotates with said shaft, said mass damper mcluding 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 in opposite transverse directions relative to

said primary mass damper axis.

13, The snap-action valve assembly of Claim 1, wheremn said first condug has a
tubular shape and includes a first enlarged conduit sepment at said junction end and a neck
portion disposed longitudinally between said first enlarged conduit segment and said distal end,
herein said neck portion of said first conduit has a first inner diameter and said first enlarged
couduit segment of said fivst conduit has a second inner diameter that is lavger than said frst
inner diameter of said neck portion, wherein satd second conduit has a tubular shape and an
outer diameter measured across saud outer mating surface that 1 smaller than said second fmner

diameter of said first enlarged conduit sepment of said first conduit, and wherein said insertion
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end of said second conduit {5 slidingly received within said first enlarged condwit segment of

satd first condt,

. A snap-action valve assembly for an exhaust system comprising;

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

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

a pad including a body portion that i3 attached to said valve flap and an end
portion that extends over said first arcuate edge of said valve flap;

a shaft supporting said valve flap i 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 in said closed position: and

said pad having a variable thickness that mcreases moving from said body
portion to a peak focated along said end portion such that said end portion of said pad inchudes
an abutment surface that extends from said body portion of said pad ar a first angle relative to

said valve Hap plane, said first angle being an acute angle.

15, The snap-action valve assembly of Claim 14, wherein said variable thickness of
satd pad decreases moving from sad peak of said end portion of said pad to sawd first arcuate
edge of said valve flap such that said end portion of said pad includes an end swrface that
extends from satd abutment swrface of said pad to said first arcuate edge of said valve flap at a
second angle relative to said abutment surface of said pad, said second angle being an acnte

angle.

16.  The snap-action valve assembly of Claim 15, wheretn said first angle ranges from

13 o 18 degrees and said second angle ranges from 48 to 33 degrees.

17.  The snap-action valve assembly of Claim 15, wherein said pad 1s attached to said
valve flap such that said abutment swrface of said pad faces upstream in said exhaust

passageway when said valve flap is in said closed position
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18, A method of manufacturing a snap-action vabve assembly for an exhaust system,

the method comprising the step of

providing a first conduit with a junction end;

providing a second conduit with an insertion end;

cotting first and second slots into the junction end of the first conduit, each of the
first and second slots extending longitudinally along the first conduit from an open slot end
positioned at the junction end of the first condutt to a closed slot end;

placing first and second bushing slecves over first and second bushings to form
first and second bushing subassemblies;

placing the ficst bushing subassembly on the shaft by shiding the shaft through the
first bushing;

attaching a valve flap o 3 shaft;

placing the second bushing subassembly on the shafi by sliding the shaft through
the second bushing to form a valve flap subassembly where the valve flap is positioned on the
shaft between the first and second bushing subassemblies;

shiding the valve flap subassembly into the first conduit from the junction end
such that the shaft and the first and second bushing subassemblies are slidingly received m the
first and second slots uniil the first aud second bushing sleeves abut the closed slot ends; and

sliding the insertion end of the second conduit into the junction end of the first

conduil untdl the insertion end of the second conduit abuts the first and second bushing sleeves,

19, The method of Claim 18, further comprising the steps off
coiting an anchor post out from the first condut wall;
bending the anchor post outwardly away from the first conduit; and
connecting a tension spring between the anchor post and a spring attachment arm

on the shaft to bias the valve flap to a closed position.

20, The method of Claim 18, further comprising the step off
attaching a mass damper to the shaft to dampen vibration related harmonics and

redace valve flap flutter.



WO 2018/034888 PCT/US2017/045907
V13




PCT/US2017/045907

WO 2018/034888

213

/s

B
£




PCT/US2017/045907

WO 2018/034888

3/13

\»&.\, e ~
: ¥ o N )
§§§§§§§§§§§§§§ o s e Mimw,f\w a\\mﬁ,v Wm
I D

<



PCT/US2017/045907

,,y\: w‘w&_ lw

4/13

AN o m: m.m
mm» ] Cli

wj _ \

T !!:.'!VI/ m% /» mw m.v \( b .. .w‘

WO 2018/034888

W
v

o



PCT/US2017/045907

WO 2018/034888

5/13




PCT/US2017/045907

WO 2018/034888

6/13

N v/-514
'y B Y
]
- A - w w -
w T AN %
H
§
H
@mﬂ,.f 48 28 |
. T . : \\ - /t Y
wm\\\ {/fmm Af\ ww\\ f(imm vl//mm.
N " 061 N )
hv4 L4 hv4 //f. _
28 3 e 4



PCT/US2017/045907

WO 2018/034888

713

A

* m.\ o E N.
"1
!
e e e St T R e
b 0~ b G0 e, | e
g \%\x\\\\\ I/ {f % !
m.mf,,,. %\W\ g6 0 0 m
Qg5 %, H |
,,,M S P—— S—l — /0 \\ ¥ /AW . ]
&\ g v’ - N
N/ \ v /N " / “_
% 5% ot 2



WO 2018/034888 PCT/US2017/045907

8/13

¥

Y

Providing a Second Condult with an Inserfion End | 80

Hroviding 3 First Condut with a Junglion End T 800

f*&i}é

First Condult to a Closed Slot End

Cutting First and Second Slots into the Junclion End of the First Condull,
Each of the First and Second Slots Extending Longitudinally Along the
First Condutt From an Qpen Slot End Posilioned at the Junction End of the

Y

Y

Cutting an Anchor Post Out from the First Conduit Wall | 808

Bending the Anchor Post Quiwardly Away from the First Condult

808

Y

f»é’?ﬁ

to Create First and Sepond Bushing Subassamblies

Rlacing First and Second Bushing Sleeves Over Pirst and Second Bushings

¥
Placing the First Bushing Subassembly on a /)
Shaft by Sliding the Shaft through the First Bushing
¥
Attaching a Valve Flap to the Shat |81
¥

812

818

Placing the Second Bushing Subassembly on the Shaft by Sliding the Shaft Through |
the Second Bushing o Form a Valve Flap Subassembly where the Valve Flap 818

Y

is Positioned Between the First and Second Bushing Subasemblies /

Sliding the Valve Flap Subassembly info the First Condult from the dunction End Such
That the Shalt and the First and Second Bushing Subassembliss are Stidingly Recelved inthe
First and Second Slots Until the First and Second Bushing Slesves abut the Closed Slot Ends

Y

the First Condult Untll the Insertion End of the Second Condult
abitts the First and Second Bushing Sleeves

Sliding the Inserfion End of the Second Condult into the Junction End of |~ 820

¥
Securing the First Conduit to the Second Conduit
¥

Attaching a Mass Damper o the Shatt to Dampen Valve Flutler

Connecting a Tension Spring Between the Anchor Postand a Spring I~ 826
Attachment Arm on the Shafl to Blas the Valve Flap to a Closed Position '




PCT/US2017/045907

9/13

\ L-Bld [ ) 1By

Co 560

mmﬁ

06

WO 2018/034888




PCT/US2017/045907

WO 2018/034888

10/13

43501

C'%
el
-

A




PCT/US2017/045907

WO 2018/034888

1113

RS




WO 2018/034888

1213

PCT/US2017/045907
?53‘““"\““
A
180~ . ;7L.f""’“
Bt N
* 114
48 . -
P - '.4\,,,..,-#“"«
{ P v
184 M\\“(‘l 12 i ff&mfﬁﬁ
Pl . e
s
e |
e Nl 1Y
A ¢ : by E
. 180 (21 S N b
156b ST o Lo
L Ran Oet ~nd kY i i
e L 14 . IR
e o & ?fp‘; . % ‘ E e
\: i}wv -Y"M‘*
L 3
Fig-13A

@ Fig-138B
~,‘,{-~t"‘i L
T » \

154
8\1 7 1565
i e




PCT/US2017/045907

WO 2018/034888

13/13

45

/ .
<
g~
1
}
\
]
i Yo
g e ey
A
¢ Y
h
@ ya
/e
P: 4 o
/ / ,
% ; 4 \
%, § .w
) M N
Sk e
b
}
- /
..f oy
45
Y e M&
N e
S,
S
~
l.r: ~,
"~ e,




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2017/045907

A. CLASSIFICATION OF SUBJECT MATTER
FO1IN 1/16(2006.01)i, F16K 1/22(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
FOIN 1/16; FOIN 1/02; FOIN 1/08; FOIN 1/00; FOIN 7/08; F16K 1/22; FOIN 7/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: exhaust, first conduit, second conduit, valve flap, shaft, bushing, sleeve, slot, mass damper,
tension spring, pad, variable thickness

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 8657065 Bl (TENNECO AUTOMOTIVE OPERATING COMPANY INC.) 25 February 2014 1-20
See column 2, line 38 - column 3, line 60 and figures 1A-6.

A WO 2010-135095 A2 (TENNECO AUTOMOTIVE OPERATING COMPANY INC. et al.) 1-20
25 November 2010
See paragraphs [0032]-[0037] and figure 8.

A JP 2016-079807 A (TOYOTA MOTOR CORP.) 16 May 2016 1-20
See paragraphs [0022]-[0032] and figures 1-3.

A JP 2006-009667 A (CALSONIC KANSEI CORP.) 12 January 2006 1-20
See paragraphs [0042]-[0044] and figures 10-11.

A US 5355673 A (STERLING et al.) 18 October 1994 1-20
See column 2, line 12 - column 3, line 32 and figures 1-4.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
21 November 2017 (21.11.2017) 22 November 2017 (22.11.2017)
Name and mailing address of the [SA/KR Authorized officer
International Application Division A _\
Korean Intellectual Property Office LEE, Dal Kyong N
189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea \ \\ \ 3
J R \\\\ &
g &
Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8440 \\\\\\‘

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2017/045907

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 8657065 Bl 25/02/2014 CN 104870782 A 26/08/2015
CN 104870782 B 13/06/2017
DE 112013005995 Tb 27/08/2015
JP 2016-502024 A 21/01/2016
JP 5998291 B2 28/09/2016
KR 10-1709163 Bl 22/02/2017
KR 10-2015-0088852 A 03/08/2015
WO 2014-092947 Al 19/06/2014

WO 2010-135095 A2 25/11/2010 BR PI1007720 A2 31/01/2017
CN 102428256 A 25/04/2012
CN 102428256 B 21/05/2014
DE 112010002064 Tb 29/11/2012
JP 2012-527574 A 08/11/2012
JP 5801797 B2 28/10/2015
KR 10-1609629 Bl 08/04/2016
KR 10-2012-0019456 A 06/03/2012
KR 10-2015-0080018 A 08/07/2015
KR 10-2016-0042155 A 18/04/2016
US 2010-0294589 Al 25/11/2010
US 7896130 B2 01/03/2011
WO 2010-135095 A3 03/03/2011

JP 2016-079807 A 16/05/2016 CN 105508059 A 20/04/2016
DE 102015116077 Al 14/04/2016
US 2016-0102770 Al 14/04/2016

JP 2006-009667 A 12/01/2006 None

US 5355673 A 18/10/1994 None

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - wo-search-report
	Page 45 - wo-search-report

