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NON-LINEAR SPRINGS AND MATTRESSES INCLUDING THE SAME

TECHNICAL FIELD

{0001] The present invention relates to springs and mattresses including springs. In
particular, the present invention relates to pocketed springs which exhibit a non-linear

response when compressed.

BACKGROUND

[0002] Typically, when a wniaxial load is applied to a spring, the spring exbibits a linear
compression rate. That is to say, it takes twice as much force to compress a typical spring two
inches as it does to compress the same spring one inch. The linear response of springs is
expressed by Hooke's law which states the foree (F) veeded to extend or compress a spring
by some distance (D) is proportonal to that distance. This relationship Is expressed
mathematically as F=kD, where K represents the spring constant for a particular spring. A
high spring constant indicates that the spring requires more foree to compress, and a low
spring constant means the spring requires less foree to compress,

[O003] Spring rate is another well-known valee ased to categorize springs. The spring
rate of a particular spring is the amount of force needed to compress a spring one inch.
Springs with & high spring constant also have high spring rates. and springs with low spring
constants bave low spring rates. Of course, the spring constant and spring rate values are
merely an approximation of the real response of a given spring; however, they are accurate
approximations for most springs given reasonable distance (I3) values @ comparison to the
overall dimensions of the spring. Furthermore, Hooke's taw applies for a variety of different
spring shapes, including, for exanple, a coil spring, a cantifever spring, a leaf spring, or even
a rubber band,

[0004] Linecar response springs. such as wire coil springs, are commonly used as mattress
nnersprings in combination with padding and upholstery that surround the innersprings.
Muost mattress inoersprings are comprised of an-array of wire coif springy which are often
adjoined by lacing end convolutions of the coil springs together with cross wires. An
advantage of this arrangement is that it is inexpensive to manufactare. However, this type of

fnnerspring provides a firm and rigid mattress surfaee,
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[0883] Another type of spring that has been used in mattress construction is the pocketed
spring. A pocketed spring is a compression spring enclosed in a flexible fabric cover. The
pocketed springs are sewn together to form a cohesive unit. This provides a more comfortable
mattress surface because the springs become relatively individually flexible, so that each
spring may flex separately without affeeting the neighboring springs. In many pocketed
spring matiresses, the spring is pre-compressed i the cloth cover so that the spring will
provide a level of support before experiencing any deflection, Only after the pre-load value is
exceeded does the spring begin to deflect; at which point the spring behaves as a linear
response spring,

{006} An alternative to an innerspring mattress is a mattress construcied of one or move
foam layers, Unlike an innerspring comprised of an array of wire coil springs, foam
mattresses exhibit a non-linear response to forces applied to the matiress, In particular, a
foam raitress provides more support as the load increases, For inslance, a typical foam
maltress provides increased support after it has been compressed approximately 60% of the
waximum compression of the foam. The non-Haear response of foam mattresses provides
improved steep comfort for a user. However, the mechanical properties of foam degrade over
tinme affecting the overall comfost of the foam mattress. Furthermore, foam matiresses are

more costly than metal spring matiresses.

SUMMARY

[8007] The present invention relates 1o springs that provide variable resistance as the
spring is compressed. In particular. the present invention refates to pockeled springs that
include a tension member which works in opposition to the pocketed compression spring for
a first portion of the spring’s compression. Such pocketed springs are used within a mattress
1o provide g user positioned on the matiress inergased support for portions of the user™s body
where a higher foad is applied to the mattress. Thus, & mattress incorporating such pocketed
springs provides a user the non-linear suppost typically scen in a foam mattress, but throagh
the use of pocketed springs.

{HHI8E [n one exemplary embodiment of the present tnvention, a pocketed spring for use
in a matiress is provided that tncludes a conpression spring made of a continuous wire and
having an upper end convolution, a lower end convolution opposite the apper end
convolution and a plurality of intermediate convolutions which helically spiral between the

upper end convolution and the lower end convolution, The upper end convolution of the
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compression spring ends in a circudar loop at the extreme apper end of the compression
spring, and the lower end convohution is similarly formed with a circular loop at the extreme
lower end of the compression spring. The upper and lower end convolutions each terminate
in 3 generally planar form which serve as the supporting end structures of the compression
spring. The exemplary pocketed spring further tncludes a flexible enclosure that contains the
compression spring with a top wall positioned adjacent 1o the upper end convolution of the
comprassion spring, a bottom wall positioned adjacent to the fower end convolution, and a
continuous side wall that extends between the top wall and the bottom wall, The flexible
enclosure is preferably made of a non-woven fabric that exhibits a desired amount of stretwch
at least along the longitudinal {or vertical) axis of the pocketed spring.

{0609 In one exemplary embodiment, the pocketed spring also inclades a tension
member that is made of an elastomer and is faminated to a portion of the side wall of the
flexible enclosure, In particalar, the tension member is in the form of a evlindrical band tha
is Jaminated 1o a midwsection of the side wall of the flexible enclosure: however, it is
contemplated that the tension member could be laminated to substantially all of the side wall
of the flexible enclosure. Tt is also contemplated that the portion of the side wall of the
flexible enclosure to which the tension member is laminated is made from a material that is
capable of a similar amosnt of elongation as the tension member, at least along the
fongitudinal {or vertical) axis of the pocketed spring. In this way, both the tension member
and the underlying portion of the flexible enclosure are capable of stretching; however the
tension member is further capable of providing a much greater tensile force than the material
comprising the underiving portion of the flexible eaclosure,

{0010] According to the present invention, when the compression spring is “pocketed” or
placed into the flexible enclosure, the compression spring is held in a pre-compressed state by
the flexible enclosore, while the tension member i in a stretched or tension state. With the
compression spring pre-compressed within the flexible enclosure and the tension member
acting in tension, the resting state of the pocket spring thus represents an equitibrium between
the compression spring and the tension member. o this regard, when a foree is subsequentiy
applied to the pocketed spring, the “pre-load™ typically observed with pocketed springs is
negated or eliminated, and the initial state or equilibrium observed in the pockeled spring
transitions 1o a first response state where lesser amounts of tenston develop in the tension
member and there is more compression observed in the compression spring. Subsequently,
as more force is applied ti the pocketed spring, it is compressed to a point where the tension
menber is in a relaxed state and only the compression spring is acting against the force being

applied to the pocketed spring. In this way, the pocketed spring of the present invention thus

“
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exhibits two different response states when fiwee is applied, namely: a first response siate,
where both the compression spring and the tension member are engaged and the spring
constant of the pocketed spring is the spring constant of the compression spring less the
spring constant of the tension member; and a second response state, where only the
compression spring is engaged and the spring constant of the pocketed spring is the spring
comstant of the compression spring. Accordingly, by connecting the tension member to the
flexible enclosure, the pocketed spring of the present invention exhibits 8 non-linear response
to foading and preferred compression responses of the pocketed spring can be developed.

f0011] In another exemplary embodiment of the present invention, a pocketed spring is
provided that alse includes a compression spring and a flexible enclosure similar to the
pocketed spring deseribed above but wherein the side wall of the flexible enclosure is made
entirely of an elastic fabric such that the flexible enclosure itseff serves as a tension member.
As an additional refinement of the spring, the sidewall of the fexible enclosure could be
comprised of more than one section with only one selected seetion of the side wall being
made of an elastic fabric, while the remaining sections are made of an inelastic fabric, In this
way, the amount of the flexible enclosure comprising the elastic fabric can be adjusted to
provide a desived tensile force and develop a preferred compression sesponse of the pocketed
xpring.

{6012} In another exemplary embodiment of the present invention, a pocketed spring is
provided that alse includes a compression spring and a flexible enclosure similar to the
pocketed spring deseribed shove, bat wherein the tension member is made of an elastomer
and is faminated to an interior surface of a mid-section of the side wall of the flexible
enclosure, Further, in this exemplary embodiment, the entire flexible enclosure is made of an
melastic material, To this end, in order to allow the {ension member o reach the stretch state,
the tension member-is in a pre-lensioned state when 3t is laminated to the side wall of the
flexible enclosure, such that, as the pocketed spring compresses and the tension member
partially relaxes, the underlying inelastic material of the flesible enclosure beging to bunch or
crimp outward, Advantageousty, by having the entire flexible enclosure comprised of an non-
woven material, the Hexible enclosure prevents the tension member from stretching past the
pre-tensioned state, which is contemplated o help prevent any creep in the tension member
while it s under tension. it is also contemplated that the tension member may be laminated to
substantially all of the nterior of the side wall of the [exible snclosure instead of merely o
mid-section.

[0013] In ancther exemplary embodiment of the present invention, & pocketed spring is

provided that also includes @ compression spring and a flexible enclosure similar to the
4
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pocketed spring deseribed above, but wherein the tension member in the form of an elastic
vable that is connected to the top wall of the flexible enclosure and the hottom wall of the
flexible enclosure such that the elastic cable extends throngh the interior of the flexible
enclosure afong a central longitudinal axis of the compression spring. The elastic cable is
contfigured such that it will eoter a relaxed state prior to the compression spring reaching a
maximum compression such that the pocketed spring exhibits a nonlinear response to force
loading similar to the alternate embodiments deseribed above, It is contemplated that the
clastic cable could be comprised of ene or more elastic strands sfigned linearly or braided
inta a single cord.  Additionally, the elastic cable may further include a cover made of a
woven textile which surrounds & core of elastic strands,

{6814] As an aliernative to a tension member ju the form of an elastic cable, the spring
may also inclade a tension member in the form of an inner spring that is connected 1o the top
wall of the flexible enclosure and the bottom wall of the flexible enclosure such that the inner
spring extends through the imterior of the flexible enclosure along a contrat longitudinal axis
of the compression spring. It is contemplated that as the pocketed spring compresses, the
ner spring transitions from a tensile state into a compressive state wherein it exerts a

compressive foree that acts in addition 1o the compressive force of the compression spring.

However, it is also contemplated that in some embodiments, the inner spring would be
configured to buckie rather than transitioning Into a compressive state, In these embodiments,
the foner spring dovs not exert any appreciable compressive force,

[0815] Further, in other exemplary embodiments of the present nvention, a pocketed
spring is provided that includes a coil-in~coil spring having an outside coil and an inside coil
that ave coaxial, belical-forrmed springs made of & continuous wire which may be used in
combination with the various flexible enclosures and tension members described above, The
outside coit of the coil-in-coil spring begins with a flat base thal continues upward in & spiral
section to form the body of the spring. An upper end convolution of the outside coil ends ina
circular loop at the extreme end of the cofl-in-voil spring. The base is formed with a double
circular foop with the inside loop extending upward in a spiral @ form the inside coil. The
ougside coil is farger in height than the inside coil. Also, the diameter of the outside cotl is
farger than the diameter of the inside coil, which ensures there is no interforence between the
outside and inside voils. During initial loading, only the outside coil is compressed whereas
wnder a heavy or concentrated Joad, both the outside and inside coils work to support the
load,

{116} Accordingly, such a pocketed coil-in-eoil spring alse exhibits & non-linear

response 0 ftoree loading, and in particudar, the pocketed spring of this particular
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embodiment, which makes use of a coil-in-coil spring arrangement and a tension member,
exhibits three different response states as opposed to the two response states of the springs
described above. In a fivst response state, the outside coil of the coil-in-coil spring and the
tension member are engaged and the spring constant of the pocketed spring is the spring
constant of the outside coll of the coil-in-coil spring less the spring constant of the tension
member. Then, u the second response state, the tension member is in a relaxed state and only
the outside coif of the coll-in~coll spring is engaged, such that the spring constant of the
pocketed spring is the spring constant of the outside coif of the coll-in~coil spring. Finaily, in
the third response state, both the outside and inside coifs of the coil-in-coll spring are engaged
and the spring constant of the pocketed spring is the spring constant of the outside coil plos
the spring constant of the inside coil of the coil-in-coil spring.

[8817] In sl further embodiments of the present invention, a mattress is also provided
that includes a plurality of the pocketed springs described above arranged in @ matrix such
that the top walls of the flexible enclosures of the pockeled springs collectively define a first
supporl surface (or sleep surface) and the botiom walls of the flexible enclosures of the
pockeied springs define a sccond support surface opposite the first support surface. The
maitress also comprises an apper body supporting layer positioned adjacent to the first
support surface, along with a lower foundation layer positioned adjacent to the second
support surtace. Furthermore, a side panel extends between the upper body supporting laver
and the lower toundation fayer around the entire periphery of the two lavers, such that the
pocketed springs are completely sumrounded.

[001R] Further features and advantages of the present invention will become evident o
those of ordinary skill o the at after a study of the description, figures, and non-timiting

examples in this document,

BRIEF DESCRIPTION OF THE DRAWINGS

{B019] FIG. 1A is a perspective view of an exemplary pocketed spring made in
accordance with the presest invention;

{020] FIG. 1B is a perspective view of the exemplary pocketed spring of FIG. 14, with
a first predetermined foree, Fi, applied to the pocketed spring:

[021} FIG. TC is » perspective view of the exemplary pocketed spring of FIG. 14, with
a second predetermined force, Fr, applied to the pocketed spring, soach that the pocketed

spring is partislly compressed;
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{0022] FIG. 1D is o perspeetive view of the exemplary poeketed spring of FIG. 1A, with
a third predetermined force, Fs, applied to the pocketed spring, such that the pocketed spring
is further compressed;

H023] FIG, 2A is a perspective view of another exemplary pocketed spring made in
accordance with the present invention;

{0024} FIG. 2B is a perspective view of the exemplary pocketed spring of FIG. 2A, with
a first predetermined foree, Fi, applied to the pocketed spring:

fOR2S] FIG. 2C is a perspective view of the exemplary pocketed spring of FIG. 2A, with
a second predetermined force, Fa, applied o the pocketed spring, such that the pocketed
spring is partially compressed;

[4026] FIG. 2D is a perspective view of the exemplary pocketed spring of FIG. 2A, with
a third predetermined force, Fs, applied to the pocketed spring, such thai the pocketed spring
is further compressed;

{BO27] FIG. 3A is a perspective view of another exemplary pocketed spring made in
aceordance with the present fovention;

[0028] FIG. 3B is a perspective view of the exemplary pocketed spring of FIG. 3A, with
a first predetermined foree, Fi, applied to the poeketed spring;

{0029} FIG, 3C is a perspective view of the exemplary pocketed spring of FIG. 3A, with
# secondd predetermined force, Fa, applied o the pocketed spring. such that the pocketed
spring is further compressed;

[H030] FIG. 3D iy a perspective view of the exemplary pocketed spring of FIG. 3A, with
a third predetermined force, Fi, applied to the packeted spring, such that the pocketed spring
is further compressed;

[0031] FEG. 4A is a perspective view of another exemplary pocketed spring, made in
accordance with the prexent invention;

[0632] FIG. 4B is a perspective view of the exemplary pocketed spring of FIG. 4A, with
a first predetermained force, Fi, applied to the pocketed spring:

[8833] FIG. 4C is a perspective view of the exemplary pocketed spring of FIG. 4A, with
a second predetermined force, Fa, applied to the pocketed spring, sach that the pocketed
spring is partially compressed;

{834} FIG, 4D is 2 perspective view of the exemplary pocketed spring of FIG. 4A, with

-

@ third predetermined force, Fr, applicd to the pocketed spring. sach that the pocketed spring
is further compressed;
{8035} FIG. SA is 8 porspective view of another exermuplary pocketed spring made in

accordance with the present invention;
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{8636] FIG. 5B is a perspective view of the exemplary pocketed spring of FIG. 54, with
a first predetermined force, Fi, applied o the pocketed spring:

{80371 FIG. 3C is a perspective view of the exemplary pocketed spring of FiCGL A, with
a second predetgomined foree, Po, applied to the pocketed spring, such that the pocketed
spring is partially compressed;

[Q038] FIG. 5D is a perspective view of the exemplary pocketed spring of FIG, 3A, with
a third predetermined foree, Fs, applied 1o the pocketed spring, such that the pocketed spring
is further compressed;

[0039] FIG. 6 is a graph showing the deflection of the exemplary pocketed spring of
FIGS. 1TA-D as a function of force applied to the exemplary pocketed spring:

[0848] F1G. 7A is a perspective view of another exemplary pocketed spring made in
accordance with the present invention, with a predetermined force, Fi, applied to the
pocketed spring;

[ FIG, 7B s 3 perspective view of the exemplary pocketed spring of FIG. 7A, with
a second predetermined force, Fu, applied to the pocketed spring, such that the pocketed
spring i partially compressed;

{0042] FIG. 7C is a perspective view of the exemplary pocketed spring of FIG. 7A, with
a third predetermined foree, Fi, applied to the pocketed spring, such that an inside coil of the
pocketed spring s engaged, but not vet compressed;

[0043] FIG. 7D is a perspective view of the exemplary pocketed spring of FIGL 7A, with
a fourth predetermined foree, Fa. applied to the pocketed spring, such that the joside coil of
the pocketed spring is partially compressed;

0044} FIG. A is a perspective view of another exemplary pocketed spring made in
accordance with the present fovention, with a predetermined force, Fy, applied to the
pocketsd spring:

{045} FIG. 8B is a perspective view of the exemplary pocketed spring of FIG, 8A, with
a second predetermined force, Fa applicd to the pocketed spring, such that the pocketed
spring is partially comprassed;

{0046} FIG. 8C is a perspective view of the exemplary pocketed spring of FIG. 8A, with
a third predetermined force, Fy, applied to the pocketed spring, such that an inside coll of the
pocketed spring is engaged, but not yet compressed;

{0471 FIG. 8D s a perspective view of the exemplary pocketed spring of FIG. 8AL with
a fourth predetersaived force, Fy, applied o the pocketed spring. such that the inside coit of

the pocketed spring is pavtially compressed;
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[0848] FIG. 9A iy a perspective view of another exemplary pocketed spring made in
accordance with the present fmvention, with a predetermined force, Fr, applied to the
pocketed spring;

{0049 FIG. 9B is a perspective view of the exermplary pocketed spring of FIG. 9A, with
a second predetermined foree, Fz, applied to the pocketed spring, such that the pocketed
spring is partially compressed;

{00301 FIG, 9C is @ perspective view of the exemplary pocketed spring of FIG. 84, with
a third predetermined force, Fi, applied to the pocketed spring, such that an inside coil of the
pocketed spring is engagped, but not vet compressed:;

[OO31] FIG, 9D is a perspective view of the exemplary pocketed spring of FIG. 9A, with
a fourth predetermined force, Fy, applied to the pocketed spring, such that the inside coil of
the pocketed spring is partially compressed; and

[0A52] FIG. 10 is a partial perspective view of a mattress incorporating the exemplary
pocketed springs of FIG. 1 with a portion of the mattress assembly removed to show u

plurality of the pocketed springs,

BLSCRIPTION OF EXEMPLARY EMBODIMENTS

{S3] The present invention relates lo springs that provide variable resistance as the
spring is compressed. In particular, the present invention relates to pocketed springs that
include a tension member which works tn opposition to the pocketed compression spring for
a first portion of the spring’s compression. Such pocketed springs ave used withiv a mattress
o provide a user positioned on the mattress inereased support for porstions of the user's body
where a higher load is applied to the mattress. Thus, a mattress incorporating such pocketed
springs provides a user the non-linear suppost typically seen in a foam mattress, but through
the use of pocketed springs.

{054] Referring liest to FIGS. TA-D, it one exemplary embodiment of the present
invention, a pocketed spring 10 for use in a mattress includes a c@mpres.&&ien sprivg 20 made
of a continuous wire and having an upper end convolution 22, a fower end convolution 24
upposite the apper end convolution 22, and a plurality of inlermediate convolutions 26 which
helically spival between the upper end convolution 22 and the fower end convolution 24, The
upper end convolution 22 of the compression spring 20 ends in a civcular foop at the extreme
upper end of the compression spring 20. The lower end convolution 24 is similarly formed

with @ circular foop at the extrame lower end of the compression spring 20, The upper and
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tower end convolutions 22, 24 cach terminate in a generally planar form, which serve as the
supporting end structures of the compression spring 20.

[0855] In the excroplary embodiment shown in FEGS. TA-D, there are four intermediate
convoelutions 26, such that the compression spring 20 is made of a total ol six convolations or
turns. Of course, various other springs. having, for example. different numbers of
convelutions or aliernate dimensions, coudd also be used without departing from the spirit and
seape of the present nvention.

{0036] Referring still to FIGS. 1A-D, the exemplary pocketed spring 10 further includes a
flexible enclosure 30 that contains the compression spring 20. The fexible enclosure 30 has a
generally cylindrical construction, including a top wall 32 positioned adjacent to the upper
end convolution 22 of the compression spring 20, a bottom wall 34 positioned adjacent to the
lower end convolution 24 of the conpression spring 20, and a continuous side wall 36 that
extends between the top wall 32 and the bottom wall 34, The flexible enclosure 30 is
preterably made of a non~woven fabric which can joined or welded together by heat and
pressure (e.¢., via ultrasonic welding or similar thermal welding procedure). For example.
suitable fabrics may include one of various thermoplastic fibers known in the art, such as
non-woven  polymer-based  fabric, non-woven polyvpropylene material, or non-woven
polyester material. In this regard, in some embodiments, suitable non-woven fabrics can be
comprised of an elastic material, such as an clastane (Lo, spandex), that is capable of
recovering to s original shape upon stretching. In short, a wide variety of fabries or similar
material can thus be used to make a flexible enclosure in accordance with the present
invention and, of course, such non-woven fabries can be joined together by stitching, metal
staples, or other suitable methods, However, i selecting a particular non-woven fabric for a
flexible closure, the non~woven fabric will typically be selected sach that it provides and/or
exhibits a desired amount of siretch along the longitudinal (or vertical) axis of the pocketed
spring 10,

[OUST} Referring stilf to FIGS, 1A-1D, the exemplary pocketed spring 10 alse inclades a
tension member 44 that is made of an elastomer and is laminated to a portion of the side wall
36 of the flexible enclosure 3. Specifically, in this exemplary smibodiment, the tension
member 40 is o the form of a ¢ylindrical band that is laminated to a mid-section of the side
wall 36 of the flexible enclosure 307 however, it is contemplated that the tension member 40
coudd be laminated to substantially all of the side wall 36 of the flexible enclosure 30,

OS8] Trrespective of the particular configuration of the tension member 40, because the
tension member 40 is an clastoner, it exhibits a high degiee of recoverable elongation with

fittle to no creep while under tension. For example, the clastomer muay be a latex, a neoprene,
10
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or some other highly cross-finked polymer. In order to facilitate the elongation of the tension
member 40, it is alse contemplated that the portion of the side wall 36 of the flexible
enclosure 30 to which the teasion member 40 is laminated could be made from a material
{e.g. an clastic extile or a flexible non-woven fabric) that is capable of & similar amount of
elongation as the tension member 48, at keast along the Jongitdinal {or vertical) axis of the
pocketed spring 10, with the rerainder of the flexible enclosare 30 made of an inelastic
fabric as described shove. In this way. both the tension member 40 and the underlving
portion of the flexible euclosure 30 are capable of stretching: however, the tension member
40 is further capable of providing a much greater tensile force than the material comprising
the underlying portion of the flexible enclosure 30,

0839} Referring now to FIG. 1A-D, when the compression spring 20 is “pocketed” o
placed into the flexible enclosure 30, the compression spring 20 is held i a pre-compressed
state by the flexible enclosure 30, while the tension member 40 is in a stretched state, With
the compression spring 20 pre~compressed within the flexible enclosure 30 and the tension
member 40 under tension, the resting state of the pocketed spring 10 thus represents an
equilibrinm between the forces buing exerted by the compression spring 20 and the tension
member 40 which i shown o FIG. AL Asshown in FIG, 18, however, when a {irst foree,
Fi, is applied to the pocketed spring 10, that equilibvium transitions to a state where the
tension member 40 is under a lesser amount of tension and the compression spring 20 is
acting against both the first predetermined force, Fi, as well as the lessening tensile force
from the tension member ). As a further amount of foree, P, is then applied to the pocketed
spring 10, the poeketed spring 10 continges 1o compress with the tension member 40 undey
continually lessening amounts of tension. but still providing a tensile force on the
compression spring 20 that is undergoing further compression. Subsequently and as shown in
FYG. 113, as even an further force, Fa. is applied to the pocketed spring 10 that exceeds the
second predetesmined force, Fao the pocketed spring 10 compresses to a point where the
tension member 40 18 in a relaxed state and under bo tension. and only the compression
spring 20 is acting against the thivd predetermined force, Fu. In other words, the tension
mernber 3 is configured such that it will enter 4 relaxed state prior 1o the compression spring
20 reaching a maximum compression,

[B060] Refering vow to FIG. 6, FKG. 6 graphically depicts the deflection of the
exemplary pocketed spring 1) as increasing force is applied to the pocketed spring 10, and
ilustrates that the pocketed spring 10 exhibits a non-linewr response to force loading. In
particular, the pocketed spring 10 exhibits two dilferent response states as the “pre-load” that

is typically observed with pocketed springs is negated or eliminated by the equilibrium that
t
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exists hetween the forces prexent due to the pre-compression of the compression spring 20
within the flexible enclosure 30 and due to {he ension member 40 being under tension, as
shown by dashed lines in FIG. 6. In this regard. when a force is subsequently applied 1o the
pocketed spring 10, the pocketed spring transitions directly from the equilibriam state to the
first response state. As shown in FIG. 6, the initiaf solid fine extending tfrom the origin of the
graph represents the first response state of the pocketed spring 10, where hoth the
conmpression spring 20 and the tension member 40 are engaged, and where the spring
constant of the pocketed spring 10 is 8 combination of the spring constants of the
compression spring 20 and the tension member 40, In particular, the spring constant of the
pocketed spring 10 in the fivst response state is the spring constant of the compression spring
20 less the spring constant of the tension wember 40. As move force is then applied to the
pocketed spring 10, the pocketed spring 10 transitions to a second response state that is
shown by the solid line having a smaller slope in FIG. 6. In the second response state, only
the compression spring 20 is engaged, and the spring constant of the pocketed spring 10 s the
spring constant of the compression spring 20, Accordingly, by connecting the tension
member 40 to the flexible enclosure 30, the pocketed spring 10 of the present invention
exhibits a non-linear response to loading. In this regard, the exemplary pocketed springs of
the present thus further allow various non-finear compression responses to be developed as
desired by changing the configuration or types of teasion members and colls used in the
exemplary pocketed springs, as described in further detail below.

{0661] Referring now to FIGS, 2A-D, in another exemplary embodiment of the present
invention, a pocketed spring 110 is provided that also includes: (i) 2 compression spring 120
made of a continuous wire and having an upper end convolution 122, a lower end
convolution 124 opposite the upper end comvolution 122, and a plurality of intermediate
convolutions 126 between the upper ead convolution 122 and the lower end convolution 124;
and (i) a flexible enclosure 130 that includes a top wall 132 positioned adjacent to the upper
end convolution 122 of the compression spring 120, o bottom wall 134 positioned adjacent to
the lower end convolution 124 of the compression spring 120, and a side wall 136 that
extends between the top wall 132 and the bottom wall 134, Thus, the pocketed spring 110 has
a constructon similar 1o the pocketed spring 10 deseribed above with reference to FIGS. 1A~
D, However, in this exemplary pocketed spring T, the side wall 136 of the fexible
snclosare 130 is made entirely of an elastic fabric such that the Bexible enclosurs 130 itself
serves @5 a tension member (i.2., replaces the tension member 40 as compared to the pocketed

spring 10 described above with reference to FIGS, TA-D).



WO 2016/195700 PCT/US2015/034346

[0862] Although not shown, in other contemplated embodiments, the side wall 136 of the
flexible enclosure 130 of the pocketed spring 110 could be comprised of more than one
section, with only one selected section of the side wall 136 being made of an elastic fabwic,
while the remaining sections are made of a fabric having lesser elasticity. In this way, the
amount of the flexible enclosure 130 comprising the elastic fabric can be adjusted to provide
a desired tensile force and develop a preferred compression response of the pocketed spring
110,

[6663] Regardiess of the particular configuration of the flexible enclosure 130, the
pocketed spring 110 exhibits a non-linear response to force Joading similar 1o the pocketed
spring 10 described above with reference to FIGS. 1A-D and 6. Specifically, in a first
response state, both the compression spring 120 and the flexible enclosure 130 {serving as a
tension member) ave engaged, and the spring constant of' the pocketed spring 110 is the spring
constant of the compression spring 120 less the spring constant of the flexible enclosare 130,
i a second response state, only the compression spring 120 is engaged. and the spring
constant of the pocketed spring 110 is the spring constant of the compression spring 120,

f0064] Referring now to FIGS. 3A-D, in another exemplary embodiment of the preseut
favention, a pocketed spring 210 is provided that also includes: (i) a compression spring 220
made of a continuous wire and having an upper end comvolution 222, a lower end
convolution 224 opposite the upper end convohstion 222, and a plurality of intermediate
convolutions 226 between the upper end convolation 222 and the lower end convolution 224;
and (i) a flexible eoclosure 230 that inclodes a fop wall 232 positioned adjacent o the apper
end convolution 222 of the compression spring 220, a bottom wall 234 positioned m:iiacent o
the lower end convolution 224, and a side wall 236 that extends between the top wall 332 and
the bottom wall 234, Thus, the pocketed spring 210 has a construction similar to the pocketed
spring 10 described above with reference to FIGS. 14D,

{0065} The pocketed spring 21 also incloades a tension member {not shown) that s made
of an elastomer and is lmuinated to an interior surface of @ mid-section of the side wall 236 of

the [exible enclosure 230, I this repard; the tension member would be substantially similar
to the tension member 40 deseribed above with reference to FIGS, 1A-D, but faminated to an
intevior sarface, rather than an exterior surface, of the side walf 238.

{0066] Unlike the pocketed spring 10 deseribed above with reference to FIGS, 1A-D, in
this exemplary embodiment, the entire flexible enclosure 230 is made of an inelastic material,
To this end, in order to allow the fension member to reach the stretehed state shown in FIG,
34, the tenston member is in a pre-tensioned state when iUls laminated © the side wall 236 of

the flexible enclosure 230, As shown in FIGS. 3C and 3D, as the pocketed spring 210
13
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compresses and the tension member partially refaxes, the underlyving inelastic material of the
side wall 236 of the flexible enclosure 230 begins to bunch or erimp, Advantagsously, by
having the entire flexible enclosure 230 made of an inelastic material, the flexible enclosure
230 prevents the tension member from stretching past the pre-tensiongd state shown in FIG,
3A, which helps prevent any creep in the tension member while it is under tension,

[8067] Stmilar 1o the tension member 40 described above with reference to FIGS. 1A,
it 15 also contemplated that the tension member in the pocketed spring 210 could be laminated
o substantially all of the side wall 236 of the flexible enclosure 230, instead of just the mid-~
seetion,

[0068] Repardiess of the particular configuration of the tension member, the pocketed
spring 210 also exhibits a non-linear response to force loading simifar o the pocketed spring
16 deseribed ahove with re o FIGS. TA-D and 6. Specifically, in a first response state,
both the conypression spring 220 and the tension member are engaged, and the spring
constant of the pocketed spring 21 is the spring constant of the compression spring 220 less
the spring constant of the tension member 240. In a second response state, only the
compression spring 220 iy engaged, and the spring constant of the pocketed spring 210 is the
spring constant of the compression spring 220,

{8069] Referring now 1o FIGS. 4A-D, in another exemplary embodiment of the present
invention, a pocketed spring 310 is provided that also includes: (i} a compression spring 320
made of a contipuous wire and having an wpper end convolution 322, a fower end
convoelution 324 opposite the upper end convolution 322, and a plurality of intermediate

convolutions 326 between the upper end convolution 322 and the fower end convolution 324;
and (i} a flexible enclosure 330 that inchudes a top wall 332 positioned adjacent to the upper

end convolution 32

2 of the compreasion spring 320, a bottom wall 334 positioned adjacent to
the lower end convolution 324, and a side wall 336 that extends between the top walf 332 and
the bottom wall 334, Thus, the pocketed spring 310 has g construction simifar to the pockated
spring 10 described above with reference to FIGS. 1A-D.
{0070] The pocketed spring 310 also includes a tension member in the form of an elastic
cable 340 that {s connected o the top wall 332 of the flexible enclosure 330 and the bottom
wall 334 of the flexible enclosure 330, such that the elastic cable 340 extends through the
interior of the flexible enclosure 330 along a central longiudinal axis of the compression
spring 320, As shown in FIG, 4C, as the pocketed spring 310 is compressed, the side wall
336 of the flexible enclosure 330 immediately begins to bang loosely around the compression
spring 320 as the elastic cable 340 does not provide a tensile foree w the side wall 336 of the

flexible enclosure 334 to keep the side wall 336 taut. As shown in FIG, 4D, the elastic cable
i
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340 s configured such that it will enter a relaxed state prior to the compression spring 320
reaching & maximum compression.

[H071] With respect to the glastic cable 340, although not shown, it is contemplated that
the elastic cable 340 could be comprised of one or more elastic strands aligned linearly or
braided into a single cord. In some embodiments, the elastic cable 340 may further include a
cover made of a woven textile which surrounds a core of elastio strands,

[8072] Regardliess of the particular configuration of the slastic cable 340, the pocketed
spring 310 also exhibits @ non-fincar response w force loading stmilar to the pocketed spring
10 deseribed above with reference (o FIGS. 1A~D and 6. Specifically, in a first response state,
hotly the compression spring 320 and the elastic cable 340 are engaged, and the spring
constant of the pocketed spring 310 is the spring constant of the compression spring 320 less
the spring constant of the elastic cable 340, In a second response state, only the compression
spring 320 is engaged, and the spring coustant of the pocketed spring 310 is the spring
constant of the compression spring 324,

{0073] Referring now to FIGS. S&-D, in another exemplary embodiment of the present
invention, a pocketed spring 410 is provided that also includes: (i) a compression spring 420
made of a contineous wire and having an upper end convohdion 422, & lower end
convolution 424 opposite the upper end convolution 422, and a plurality of intermediate
convolutions 426 between the upper end convolution 422 and the lower end convolution 424;
and (i1} a flexible enclosure 430 that includes a top wall 432 positioned adjacent to the upper
end convolution 422 of the compression spring 420, a bottom wall 434 positioned adjacent to
the kewer end convolation 424, and a side wall 436 that extends between the top wall 432 and
the bottom wall 434, Thus, the pocketed spring 410 has a construction that is substantially
identical to the pocketed spring 310 deseribed above with reference to FIGS, 4A-D,

HHY74] However, as an aliernative 1o a tension member in the form of an elastic cable 340
described above with reference to FIGS. 4A-D, in this exemplary embodiment, the pocketed
spring 410 inchudes a tension member i the form of an inner spring 440 that is connected to
the top wall 432 of the flexible enclosure 430 and the bottom wall 434 of the flexible
enclosure 430, sach that the inner spring 440 extends through the interior of the flexible
enclosure 430 along a cential longitidinal axis of the compression spring 424,

[6075] When the compression spring 420 i3 placed into the Hexible enclosure 430 {as
shown in FIG. SA), the inner spring 440 s i a strefebed state and exerts a tensile foree that
acts in opposition to the compressive foree of the compression spring 420, When a fivst foree,
Fy, and a second predetermined foree, Ty, are applied o the pocketed spring 410 {as shown in

FIGS. 38-C), the pocketed spring 410 then becomes partially compressed, with the inner
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spring 440 being partiatly refaxed, bat still continues to exert a tensile force that acts in
opposttion to the compressive force of the compression spring 420, Subsequently, when a
third force, Fy, that exceeds the second predetermined foree, F, is applied to the pocketed
spring 410 {as shown in FIG. 3D, the pockeied spring 410 compresses further, and the inner
spring 440 fully relaxes and transitions into a8 compressive state where the inner spring 430
exerts @ compressive force that acts in addition to the compressive foree of the compression
spring 420,

{0076] Accordingly, the pocketed spring 410 also exhibits a nonlinear response to force
loading similar to the pocketed spring 10 deseribed above with reference to FIGS. 1A-D and
6. Specifically, in a first response state, both the compression spring 420 and the inner spring
440 gre engaged, and the spring constant of the pocketed spring 410 is the spring constant of
the compression spring 420 less the spring constant of the inner spring 440, However, unlike
the pocketed spring 10 described above with reference fo FIGS. 1A-D and 6, in a second
response state, both the compression spring 420 and the inner spring 440 are under
compression, and the spring constant of the pocketed spring 410 is the spring constant of the
compression spring 420 plas the spring constant of the inner spring 4440,

{0077] It is also contemplated that, in some embodiments, the ianer spring 440 woulkd be
configured to buckle rather than transitioning into a compressive state. In such embodiments,
the inner spring 440 would not exert any appreciable compressive force, and so, in the second
(Le., compressive) response state, only the compression spring 420 is engaged, and the spring
constant of the pocketed spring 410 would be the spring constant of the compression spring
420,

78] Referving now to FIGS, 7A-D, in another exemplary embodiment of the present
invention, # pocketed spring 310 is provided that includes a coil-in~coil spring 321 having an
cutside colf 321 and an inside toil 327 that are coaxial, helical-formed coils made of &
continuous wire, As showas, the outside coil 521 begins with a flat base 324 that conlinues
upward i a spiral section. An apper end convolution 522 of the outside coif 521 ends v a
circular Joop at the extreme end of the coil-in-coil spring 520, The base 524 is formed with a
double circudar loop, with the inside foop extending upward in a spirat to form the inside coil
327, The outside coit 521 is larger in height than the inside coil 327, Also, in this exemplary
emmbodiment, the diameter of the outside coil 521 is larger than the diameter of the inside
coit 827, which ensures there is no interference between the outside eoil 521 and the
inside coil 327, The body of the wutside coll 321 contains six convolutions, or turns, whereas
the body of the inside coil 327 containg  seven convelutions. Of course,  alternate

cmbodiments of the coll may be construcied with different configurations, such as different
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mumbers of convolutions or turns, and different shapes to the end coils. For an example of
another exemplary cotl-in-coil spring which may be nsed in the present invention, reference
is made to LIS, Patent No. 7,908,693, which is herein incorporated by reference,

{0079 In some embodiments, the spring constant of the inside coil 527 is greater than the
spring constant of the outside coil 321, The coil-in-coil design provides two different spring
constants during compression of the pocketed spring §10 when used in, for example, a
mattress. During initial {oading, only the outside coil 321 is compressed, whereas under a
beavy or concentrated oad, both the ontside coil 321 and the inside cotl 527 work to sapport
the toad. This allows for a comfortable compression under a light load, such as when a
mattress is used for sleeping, wherein the load s distributed over a refatively large surface
arga, At the same time, the coil-in-voil design can effectively support a heavy load
concentrated in one location, such as when one is seated on the mattress. The upper portion or
outside coil 521 is flexible enough to provide a resilient and comfortable seating or sleeping
surface, and the lower portion s strong encugh to absorb abnormal stresses, weight
concentrations, or shoeks without discomfort or damage. The relative spring constants also
provide a gradual transition between the outside coil 521 and combined coils 521, 527 upon
compression, so that the shilt from compression of the outside coil 321 only o the
compression of both the outside and inside coils 321, 327 as the load increases is not felt by
one seated on the mattress,

{0086] Referring still o FIGS. 7A-D, the exemplary pocketed spring S10 further
includes: (1) a flexible enclosure 330 that includes a top wall $32 positioned adjacent to the
apper end convolution 322 of the outside coll 321 of the coil-in-coil spring 320, 3 bottom
wall 334 positioned adjacent to the base 324 of the coil-in~coil spring 320, and a side wall
336 that extends between the top wall 532 and the bottomy wall 334; and (if) a tension
member 340 made of an elastomer and in the form of g cylindrical band that is laminated 1o a
portion of the side wall 336 of the flexible enclosure 330 in o substantially identical manner
lo the tension member 40 described above with reference to FIGS, 1A-D. Accordingly, the
flexible enclosure 330 and the tension member 840 of the pocketed spring 510 of this
exemplary embodiment fanction in the same way as the flexible enclosure 30 and the tension
member 40 of the pocketed spring 10 described above with reference 1w FIGS, 1A-D.
However, the inclusion of the coil-in-coll spring 320 in this exemplary pocketed spring 310,
as opposed fo the single compression spring 20, provides an additional means of altering the
spring constant of the pocketed spring 510 at a specified compressive distance in order to
exhibit a non-linear response to loading and develop a preferred compression response of the

packeted spring 310, as desceribed in further detail belove,
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[0OB1] Referring now to FIG. 74, when the coilvin-coil spring 520 is “pocketed” or
placed into the flexible enclosure 330, the outside coil 521 of the coil-in-coil spring 320 is
held in a pre-compressed state by the flexible enclosure 338, while the teasion member 340 is
i a stretched state. With the coil-in~coll spring 320 pre-compressed within the flexible
enclosgre 330, when a first predetermined foree, Fy, is applicd to the pocketed spring 510 that
s equal 1o the force required o compress the coil-in-coil spring 320 into the flexible
enclosure 330 as the coil-in-coll spring 320 is onder tension by the tension member 340, the
pocketed spring 310 is not conypressed. At that point, the coil-in-coil spring 520 (ie., the
outside coil 521 of the coil-in-coil spring 520) acts against both the {irst predetermined force,
Fi, as well as a tensile force of the tenston member 540, and any additional force applied (o
the pocketed spring 510 beyond that first predetermined force, Fi, wifl result in the pocketed
spring 310 compressing.

{00821 Relerving now to FIG. 7B, when a sccond predetermined force, Fa, is applied o
the pocketed spring 510 that exceeds the first predetermined force, Fy, the pocketed spring
S18 then begins to partially compress, In particular, upon application of the second foree, Fa,
the optside coil 321 of the coil-in-coil spring 320 is compressed beyond its pre-compressed
stater however, the inside coil 327 is not yet engaged. Furthermore, the tension member 540
has partially refased; however, the tension member 340 is still in a partially stretched state.
Accordingly, the tension member 340 stilf provides a teosile lorce on the outside coit 521 of
the ceil-in-coll spring 520, as well as o the side wall 336 of the flesible enclosure $30
keeping the side wall 336 substantially taut.

{0083 Refering now to FIG. 7C, when a third predetermined foree, ¥y, is applied to the
pocketed spring 51 that exceeds the second plcét,tummud Torce, F, the pocketed spring S10
compresses 10 a point where the inside coil 327 of the coil-in-coil spring 320 is engaged, but
has not vet itself been corpressed. As shows in FIG. 7C; prior to the inside coil 527
compressing. the tension member S48 bas entered a relaxed state, such that both the tension
member 340 and the Hexible enclosure 530 hang loosely around the coil~in-coil spring 320,
Agcordingly, in FIG. 7C, the tension member 540 is no longer applying g tensile foree to the
outside cotl 321 of the coil-in~coil spring 520, and only the putside coil 321 of the coil-in-voil
spring 520 is acting against the third predetermined force, Fa,

{0084] Referring now o FIG, 7D, when a fourth predetermined force, Fy, is applied to the
pocketed spring SH) that exceeds the third predetermined foree, Fx, the pocketed spring 310 is
now compressed to a point where the inside coil 527 of the coil-in-coil spring 320 is also

compressed, The tension member 348 is still in the relaxed state snd so provides no tensile
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force. Accordingly, both the cutside and the inside cotls 521, 527 of the coil~in-coll springs
are acting against the fourth predetermined foree, Fs.

[0085] By assembling the pocketed spring 310 in such a manner, the pocketed  spring
516 also exhibits & non-linear response to firee loading. In particular, the pocketed spring
310 exhibits three different response states, as compared to the two response states of the
exemplary pocketed springs 10, 110, 210, 310, 410 described above. In the first response
state, and as shown in FIEG, 7B, the outside coll 521 of the coil-in-coil spring 520 and the
tension member 340 are engaged. and the spring constant of the pocketed spring 310 is the
spring constant of the outside coil 521 of the coil-in-coll spring 320 less the spring constant
of the tension member 540. In the second response state, as additional force is applied and as
showan in FIG. 7€, the tension member 340 is in a refaxed state, and only the outside coil 521
of the coil~-in~coil spring 320 is engaged (because the inside coil 527 has not vet compressed),
Accordingly, the spring constant of the pocketed spring S0 in the second response state is
the spring constast of the outside coll 321 of the coil-in-coll spring 520. In the third response
state shown in FIG. 7D, hawever, both the outside and inside coils 521, 527 of the cotbin~coil
spring 320 are engaged, and the spring constant of the pocketed spring 310 is the spring
constant of the outside coil 521 phus the spring constant of the inside coll 327 of the colt-in-
coil spring 320,

{0086} Referring now to FIGS. 8A-D, i another exemplary embodiment of the present
nvention, a pocketed spring 610 &y provided that also includes a coil-in-coil spring 620
having an outside coil 621 and an inside coil 627 that are coaxial, hefical formed springs
muade of @ contingons wires As shown, the outside cotl 621 begins with a flat base 624 that

ontinues upward o a spiral section. An upper énd convolution 622 of the oudside
coil 621 ends in @ circular loop at the extreme end of the cotl-in~coll spring 620, The
base 624 is formed with a double circular foop, with the inside loop extending apward in a
spiral to form the inside coll 627, Forthermiore, the pocketed spring 610 includes a flexibie
enclosure 630 that includes a top wall 632 positioned adjacent to the apper end convolution
622 of the cutside coil 621 of the coll-in-coil spring 620, a bottom wall 634 positioned
adjacent to the base 624, and a side wall 636 that extends between the top wall 632 and the
bottom wall 634,

{60871 In this exemiplary embodiment, fike the pocketed spring 110 described above with
reference to FIGS. 2A-D, the side wall 636 of the flexible enclosure 630 is made entirely of
an elastic fabric sach that the flexible enclosure 360 #self serves as a tension member, Tu this

way, this exemplary pocketed spring 610 provides both the benefits of having a coil-in-coil

19



WO 2016/195700 PCT/US2015/034346

spring 620, as well as having a Oexible enclosure 630 comprised entively of an elastic
praterial,

jOOBB] Referring now to FIGS. 9A-D, in another exemplary embodiment of the present
ipvention, a pocketed spring 710 iy provided that also fncludes a coll-tn-coil spring 720
having an outside coif 721 and an inside coil 727 that are coaxial, helical formed springs
made of a continuous wire, As shown, the outside coil 721 begins with a flat base 724 that
continues upward in a spiral section. An upper end convolution 722 of the outside
coil 72t ends In a cirevlar foop at the extreme end of the coil-in-coil spring 720. The
base 724 is formed with a double circular loop, with the inside {oop extending apward in a
spiral to form the inside coil 727, Furthermore, the pocketed spring 710 includes a flexible
enclosure 730 that includes a top wall 732 positioned adjacent 1o the upper end convolution
722 of the outside coil 721 of the coildu-coil spring 720, a bottom wall 734 positioned
adjacent to the base 724, and a side wall 736 that extends betweesn the top wall 732 and the
bottom wall 734

{0089} In this exemplary embodiment, like the pocketed spring 210 deseribed above with
reference to FIGK, 3A-3D, the pockeled spring 710 alse inclodes a tension member (not
shown} that is made of an elastomer and is laminated 1o an interior surface of a mid-section
of the side wall 736 of the flexible enclosure 730, At the same time, however, the entire
flexible enclosure 730 is made of an Inelastic material. Io order to allow the tension member
to reach the stretehed state shown in FIG. 9A, the tension member is in g pre-tensioned state
when it is faminated to the side wall 736 of the fexible enclosure 730, As shown In FIGS, 9C
and 9D, as the pocketed sprivg 710 compresses and the tension member partially relaxes, the
underlying nelastic material of the side wall 736 of the flexible enclosure 730 begins @
bunch or crimp. In this way, this exemplary pocketed spring 710 provides both the benefits of
baving a coil-in~coil spring 720, as well as having a flexible enclosure 730 conprised entirely
of an inclastic material, but having a tension member laminated to an interior surface of the
flexible enclosure 7390,

[0 Referring now to FIG: 10, an exemplary mattiess 800 made in accordance with
the prasent invention includes a plurality of the pocketed springs 10 described above with
reference to FIGS. 1TA-D. The pocketed springs 10 are arranged in a matrix, such that the top
valls of the flexible enclosures of the pocketed springs 10 collectively define a first support
surtace (or sleep surface), and the bottom walls of the [exible enclosures of the pocketed
springs 1 defines & second support surface opposite the first support sarface. Typically, cach
pocketed spring 10 is arranged In a suceession of sirings, after which each such strings are

connected to each other side by side lo form g mattix. The interconnection of strings can {ake
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place by welding or gluing. Such interconnection, however, can alternatively be carried out
by means of clamps or hook-and-Joop fasteners. or in some other convenient manner, The
mattress 800 also comprises an apper body supporting layer 830 positioned adjacent to the
first support sarface, along with a lower foundation faver 860 positioned adjacent to the
second support surface. Furthermore, a side panel 870 extends between the upper body
supporting layer 830 and the lower foundation faver 860 around the entire periphery of the
two layers 830, 860, such that the pocketed springs 10 are completely surrounded.

{0051] It is conternplated that the upper body supporting laver 830 is comprised of some
combination of foam, upholstery, andfor other soft, flexible materials well known in the ar.
Furthermore, the upper body supporting layer 850 may be comprised of multiple layers of
material configured to improve the comfort or sapport of the upper body supporting laver
§30,

0092} It s also contemplated that the fower foundation layer 860 could be similarly
comprised of some combination of foam, uphelstery, andfor other soft flexible material well
known in the art, such that the mattress 800 can {unction no matter which way it is oriented,
However, in other embodiments, the Jower foundation layer 860 is comprised of a rigid
member configured to support the pharality of pocketed springs 14,

[8093] Throughout this document, various references are mentioned, All such references
arg incorporated hergin by reference.

{8094] One of ordinary skill in the art will recognize that additional embodiments are also
possible without departing from the teachings of the present invention or the scope of the
claims which follow. This detatled deseription, and particularly the specific details of the
exemplary embodiments disclosed herein, is given primarily for clarity of understanding, and
no unnecessary limitations are fo be understood therefrom, for modifications will become
apparent 1o those skilled in the art upon reading this disclosure and may be made without

departing from the spirit or scope of the claimed invention,



WO 2016/195700 PCT/US2015/034346
CLAIMS

What is claimed is:

1. A pocketed spring, comprising:

a compression spring having an upper end convolution and a lower end convolution
opposite the upper end convolution, and a plurality of helical intermediate convolutions between
the upper end convolution and the lower end convolution;

a flexible enclosure including a top wall positioned adjacent to the upper end convolution
of the compression spring, a bottom wall positioned adjacent to the lower end convolution of the
compression spring, and a side wall that extends from the top wall to the bottom wall; and

a tension member connected to the flexible enclosure wherein said tension member
works in opposition to the compression spring for a first portion of said compression spring.

2. The pocketed spring of claim 1, wherein the tension member is laminated to the side
wall of the flexible enclosure.

3. The pocketed spring of claim 2, wherein the tension member is made of an
elastomer.
4. The pocketed spring of claim 3, wherein the elastomer is laminated to substantially all of

the side wall of the flexible enclosure.

5. The pocketed spring of claim 3, wherein the elastomer is latex or neoprene.

6. The pocketed spring of claim 2, wherein the side wall of the flexible enclosure
comprised of one or more sections made of a non-woven fabric.

7. The pocketed spring of claim 2, wherein the side wall of the flexible enclosure
includes a mid-section made of an elastic fabric, and wherein the tension member is laminated
to the mid-section of the side wall of the flexible enclosure.

8. The pocketed spring of claim 6, wherein one of the sections of the side wall is the
tension member.

9. The pocketed spring of claim 8, wherein the tension member is made of an elastic
fabric.

10. The pocketed spring of claim 1, wherein the flexible enclosure is made of an elastic
fabric.

11. The spring of claim 1, wherein the tension member is connected to the top wall of the
flexible enclosure and the bottom wall of the flexible enclosure, such that the tension member
extends through an interior of the flexible enclosure along a central longitudinal axis of the
compression spring.
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12. The pocketed spring of claim 11, wherein the tension member is an elastic cable.
13. The pocketed spring of claim 11, wherein the tension member is an inner spring,
14. The pocketed spring of claim 1, wherein the compression spring further comprises an inside

toil having an upper end convolution and a lower end convolution opposite the upper end
convolution, the lower end convolution of the inside coil being continuous with the lower end
convolution of the compression spring.
15. The pocketed spring of claim 14, wherein the inside coil has an uncompressed height
less than an uncompressed height of the compression spring.
16. A pocketed spring, comprising:

a spring having a first end and a second end opposite the first end;

a flexible enclosure including a top wall positioned adjacent to the first end of the spring,
a bottom wall positioned adjacent to the second end of the spring, and a side wall that extends from
the top wall to the bottom wall; and

a tension member connected to the flexible enclosure wherein said tension member works
in opposition to the spring for a first portion of said spring.
17. A mattress comprising:

a plurality of pocketed springs arranged in a matrix and defining a first support surface
and a second support surface opposite the first support surface, with each of the plurality of
pocketed springs including (a) a compression spring having an upper end convolution and a
lower end convolution opposite the upper end convolution, (b) a flexible enclosure including a
top wall positioned adjacent to the upper end convolution of the compression spring, a bottom
wall positioned adjacent to the lower end convolution of the compression spring, and a side wall
that extends from the top wall to the bottom wall, and (c) a tension member connected to the
flexible enclosure;

an upper body supporting layer positioned adjacent to the first support surface;

a lower foundation layer positioned adjacent to the second support surface; and

a side panel extending between the upper body supporting layer and the lower
foundation layer; wherein

said tension member works in opposition to the compression spring for a first portion of

said compression spring.

18. The spring of claim 17, wherein the tension member of each spring is made of an
elastomer.
19. The spring of claim 18, wherein the elastomer is laminated to substantially all of the side

wall of the flexible enclosure of each spring.
20. The spring of claim 18, wherein the elastomer is comprised of latex or neoprene.
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