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prising a top end and a bottom end and having a first spring rate, wherein the
first spring rate is substantially linear or substantially nonlinear; a second
spring portion comprising a top end and a bottom end and having a second
spring rate, wherein the second spring rate is substantially linear or substan-
tially nonlinear; and a third spring portion disposed between the first spring
portion and the second spring portion, wherein the third spring portion has a
third spring rate, wherein the third spring rate is substantially linear or sub-
stantially nonlinear.
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SPRING COILS FOR INNERSPRING ASSEMBLIES AND METHODS OF

MANUFACTURE
BACKGROUND

[0001] The present disclosure generally relates to spring coils for innerspring
assemblies; and more particularly innerspring assemblies for cushioning articles, such as
mattresses.

[0002] Traditional spring mattresses generally contain an innerspring assembly having
a set of springs that provide cushioning support to one or more users. When a user sleeps on
the surface of the mattress, he/she applies a weight on the underlying springs, which n turn
compress to provide adequate cushioning support. Typically, lighter users apply less weight
on the springs, causing these springs to compress less and thereby providing a different feel
from what a heavier person would experience. Consequently, lighter users might experience
a different level of comfort as compared to heavier users for a given set of springs. This can
present a problem when two sleeping partners are of significantly different weights, for
example 120 pounds and 220 pounds. In such cases, one mattress 1s unlikely to be
comfortable for both partners.

[0003] One reason that a traditional mattress can be more comfortable to certain users
is that they are often constructed with springs having linear spring rates. Such springs
compress a distance that is linearly proportional to the weight of the user until they reach full
compression. Therefore, traditional springs compress less under a lighter person than under a
heavy person. Engineers have attempted to work around this problem by making mattresses
having springs with non-linear spring rates (e.g., conical springs). Such non-linear springs
can compress significantly under a light person and yet not fully compress under a heavy
person, occasionally providing similar levels of comfort for both. However, depending on
their exact properties, non-linear springs may only compress linearly unless a certain
threshold weight is applied. Therefore, some non-linear springs would have to significantly
compress prior to a user experiencing a desired level of comfort. In other words, users would
need to be a sufficient weight before they can experience a certain level of comfort provided
by the springs’ non-linear compression. Besides requiring a heavy user, such significant
compression of the innerspring assembly can also be unsuitable for the life ot the bed.

[0004] Accordingly, it would be generally desirable to provide a cushioned article that
provides a similar level of cushioning support for a wide range of users; and i1t would be

particularly desirable for a mattress to be comfortable for users with a broad range of weights.

1

CA 2817294 2018-03-05




BRIEF SUMMARY

[0005] The system and methods described herein include progressive spring coils for
innerspring assemblies in cushioned articles. In one embodiment, a progressive spring coil
includes a first spring portion having a substantially conical shape detined by a plurality of
convolutions having a first pitch, the first spring portion comprising a top end and a bottom end
and having a first spring rate, wherein the first spring rate 1s substantially linear or substantially
nonlinear and wherein the top end has a diameter less than a diameter ot the bottom end; a
second spring portion having a substantially conical shape defined by a plurality of convolutions
having a second pitch, the second spring portion comprising a top end and a bottom end and
having a second spring rate, wherein the second spring rate 1s substantially linear or
substantially nonlinear, and wherein the top end has a diameter larger than a diameter of the
bottom end; and a third spring portion having a substantially cylindrical or a substantially
hyperbolic shape disposed between the first spring portion and the second spring portion and
defined by a plurality of convolutions having a third pitch,, wherein the third spring portion has
a third spring rate, wherein the third spring rate is substantially linear or substantially nonlinear,
and wherein the first pitch of the first spring portion is less than the second pitch of the second
spring portion and less than the third pitch of the third spring portion, and wherein the third
spring portion further comprises a first transition loop disposed between the bottom end of the
first spring portion and the third spring portion and a second transition loop disposed between
the top end of the second spring portion and the third spring portion, wherein a pitch of the
second transition loop 1s greater than the pitch of the first transition loop.

[0006] In another embodiment, an innerspring assembly for cushioning an article
includes at least one asymmetric progressive spring coil configured to provide a three-phased
load deflection response curve, wherein the progressive spring coils include: a first spring
portion having a substantially conical shape defined by a plurality of convolutions having a first
pitch and having a first substantially linear spring rate or a first substantially nonlinear spring
rate; a second spring portion having a substantially conical shape defined by a plurality of
convolutions having a second pitch and having a second substantially linear spring rate or a
second substantially nonlinear spring rate; and a third spring portion having a
substantially cylindrical or a substantially hyperbolic shape disposed between the first spring

portion and the second spring portion, wherein the third spring portion 1s defined by a plurality
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of convolutions having a third pitch and has a third substantially linear spring rate or a third

substantially non-linear spring rate, wherein the first pitch of the first spring portion 1s less than

the second pitch of the second spring portion and less than the third pitch of the third spring
portion, and wherein the third spring portion further comprises a first transition loop disposed
between the bottom end of the first spring portion and the third spring portion and a second
transition loop disposed between the top end of the second spring portion and the third spring
portion, wherein a pitch of the second transition loop is greater than the pitch of the first
transition loop.

10007] A method of manufacturing a cushioned article includes providing a plurality
of asymmetric progressive spring coils, wherein each spring coil of the plurality comprises a
first spring portion having a substantially conical shape defined by a plurality of convolutions
having a first pitch and having a first substantially linear spring rate or a first substantially
nonlinear spring rate; a second spring portion having a substantially conical shape defined by a
plurality of convolutions having a second pitch and having a second substantially linear spring
rate or a second substantially nonlinear spring rate; and a third spring portion disposed
between the first spring portion and the second spring portion, wherein the third spring
portion has a substantially cylindrical or a substantially hyperbolic shape defined by a plurality
of convolutions having a third pitch and has a third substantially linear spring rate or a third
substantially nonlinear spring rate, wherein the first pitch of the first spring portion is less than
the second pitch of the second spring portion and less than the third pitch of the third spring
portion and wherein each progressive spring coil is configured to provide a three-phased load
deflection response curve, wherein the third spring portion further comprises a first transition
loop disposed between the bottom end of the first spring portion and the third spring portion and
a second transition loop disposed between the top end of the second spring portion and the third
spring portion, wherein a pitch of the second transition loop 1s greater than the pitch of the first
transition loop; connecting each progressive spring coil to an adjacent progressive spring coil
to form one or more rows, arranging the one or more rows of the plurality of asymmetric
progressive spring cotls form an innerspring assembly; and disposing at least one additional
layer in physical communication with the inner spring assembly.

10008] The disclosure can be understood more readily by reference to the following
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detailed description of the various features of the disclosure and the examples included

therein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Referring now to the figures wherein the like elements are numbered alike:

10010] Figure (“FI1G.”) 1 1illustrates a profile view of a progressive spring coil in
accordance with an embodiment of the present disclosure;

[0011] FIG. 2 1llustrates a profile view of an upper spring portion of the progressive
spring coil of FIG. 1, in accordance with an embodiment of the present disclosure;

[0012] FIG. 3 illustrates a profile view of a middie spring portion of the progressive
spring coil of FIG. 1, in accordance with an embodiment of the present disclosure;

[0013] FIG. 4 illustrates a profile view of a lower spring portion of the progressive
spring cotl of FIG. 1, 1n accordance with an embodiment of the present disclosure;

[0014] FIG. 5 1llustrates a profile view of a progressive spring coil in accordance with
an embodiment of the present disclosure;

(0015] FIGS. 6 and 7 graphically 1llustrate the force deflection curves of progressive
spring coils in accordance with an embodiment of the present disclosure and current linear
spring rate spring coils; and

[0016] FIGS. 8 and 9 graphically illustrate the force deflection curves of progressive
spring cotls in accordance with an embodiment of the present disclosure after cyclical durability
testing.

DETAILED DESCRIPTION

[0017] The systems and methods described herein include progressive spring coils for
innerspring assemblies. The innerspring assemblies are configured to cushion articles, such
as mattresses. The mnerspring assemblies can have one or more asymmetrical progressive
springs that are configured to provide a substantially similar level of firmness to users of
different weights. The asymmetrical springs include portions having linear and non-linear
spring rates. Generally, the progressive spring coil includes a first portion having a first
spring rate, a second portion having a second spring rate, and a third portion disposed
between the first and second portions having a third spring rate. In one embodiment, the
progressive spring coil includes a first portion having a conical shape, a second portion below
the first, also having a conical shape, and a third portion between the first and second portions
having a substantially cylindrical or hyperbolic shape. In certain embodiments, the upper and

[ower conical portions are not symmetric. Such an arrangement allows a user of the mattress
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to experience non-linear compression without causing a substantial compression of the coil

springs. The systems and methods provide for a mattress that 1s sufficiently soft for lighter

users and sufticiently firm for heavier users.

[0018] For purposes of clarity, and not by way of limitation, it should be noted that
the systems and methods can be described herein in the context of providing innerspring
assemblies for mattresses. It will be appreciated, however, that the principles described
herein can be adapted to a wide range of applications. For example, the principles of the
present disclosure can be applied to couches where a cushion is affixed to a larger assembly.
In addition, the principles can be applied to chairs, loveseats, sofas, daybeds, automotive
seats, crib mattresses, fold-out couches, folding mattresses, ottomans, and the like. More
generally, the systems described herein can be employed in any environment where 1t 1s
desirable to provide support for a wide variety of users.

10019] Turning now to FIG. 1, an embodiment of an asymmetrical progressive spring
10 for use mn an mnerspring assembly is illustrated. The asymmetrical progressive spring 10
includes a first (e.g., upper) spring portion 12, a second (e.g., lower) spring portion 16 and a
third (e.g., middle) spring portion 14. In this embodiment, the upper portion 12 and the lower
portion 16 have a substantially conical shape, while the middle spring portion 14 has a
substantially cylindrical shape. FIG. 2 1s a magnified view of the upper spring portion 12 of
the asymmetrical progressive spring coil 10. Similarly, FIG. 3 is a magnified view of the
middle spring portion 14 and FIG. 4 1s a magnified view of the lower spring portion 16. The
specific asymmetric shape of the progressive spring coil 10 provides a three-phased load
deflection response curve. Or, stated another way, the progressive spring coil 10 has two
intlection points about portions having linear and non-linear spring rates, which enables the
spring coil to provide a substantially similar level of firmness to users of different weights.

[0020] In another embodiment the asymmetrical progressive spring can have a
different shape, such as that illustrated in FIG. 5. The progressive spring 50 includes a first
spring portion 52, a second spring portion 56 and a third spring portion 54 disposed between
the first and second portions. In this embodiment, the first portion 52 and the second portion
56 also have a substantially conical shape, whereas the third portion 54 has a substantially
hyperbolic shape (e.g., hour-glass shape). While FIGS. 1-5 illustrate exemplary embodiments
of the asymmetric progressive spring coil, it is to be understood that the spring can have any
shape configured to provide a three-phased load deflection response curve. Or, stated another

way, the progressive spring coils described herein include a shape and design having two
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inflection points about portions having linear or non-linear spring rates that enables the spring
coil to provide a substantially similar level of firmness to users of different weights.

Accomplishing such a function can be accomplished with more than one shape, as illustrated
by FIGS. 1 and 5.

[0021] Returning now to FIG. 1, the upper spring portion 12 has a first substantially
linear spring rate and a first substantially nonlinear spring rate. The lower spring portion 16
has a second substantially linear spring rate and a second substantially nonlinear spring rate.
The middle spring portion 14 is disposed below the upper spring portion and above the lower
spring portion and has a third substantially linear spring rate. In certain embodiments, the
third substantially linear spring rate is greater than the first and second substantially linear
spring rates. In other embodiments, the third substantially linear spring rate 1s greater than the
first substantially linear spring rate but lower than the second substantially linear spring rate.
The progressive spring 10 can be configured such that the upper portion substantially fully
compresses before the lower two portions compress substantially. The upper spring portion
12 includes a plurality of convolutions having a first pitch between about 0.5 cm and about
[.5 cm or about 1.5% and 7.5% of the total spring height, the middle spring portion 14
includes a plurality of convolutions having a second pitch between about 3 cm and about 5
cm or about 10% and 25% of the total spring height, and the lower spring portion 16 includes
a plurality of convolutions having a third pitch that can vary throughout the portion. The
middle and lower portions can include convolutions of the same pitch. In certain
embodiments, the first pitch is lower than the second pitch and third pitch. The second pitch
can be less than, greater than, or equal to the third pitch. The pitch of a spring coil may attect
its spring rate, and the spring coil can have pitches that confer linear and nonlinear spring
rates on 1it.

[0022] In certain embodiments, the pitch of the convolutions in the upper spring
portion 12 can be low enough that the portion flattens or bottoms out at some position after
the progressive spring coil 10 1s compressed to the desired coil pocket height in the
innerspring assembly and before a predetermined height less than the pocket height. For
example, in an innerspring assembly where the pocket height 1s 20 cm, the convolution pitch
of the upper spring portion 12 can be configured such that the upper portion flattens (e.g.
substantially full compression) after the progressive spring coil 10 is compressed to 20 cm
and before the spring is further compressed to 15 cm (i.e., 5 cm less than the pocket height).

The progressive spring coil 10 can generally include less pre-load in an innerspring assembly
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compared to current linear spring rate coils due to the low pitch convolutions of the
substantially conical upper spring portion 12. These additional low-pitch active convolutions
found in the upper portion of the progressive coil spring 10 are effective in providing more
initial softness to the coil at the start of the compression cycle than current linear spring rate
colls.

[0023] In certain embodiments, the upper spring portion 12 of the asymmetrical
progressive spring coil 10 1s substantially conical or substantially frustoconical. In certain
embodiments, the lower spring portion 16 of the asymmetrical progressive spring coil 10 is
substantially conical or substantially frustoconical. The middle spring portion 14 of the
asymmetrical progressive spring coil 10 1s substantially cylindrical, but can also be hyperbolic
(hour-glass shaped), as illustrated in FIG. 5.

[0024] The middie spring portion 14 of the asymmetrical progressive spring coil 10
can include transition loops/convolutions between the lower and upper spring portions. The
diameter of the substantially cylindrical convolutions of middle portion 14 can be less than
the diameter of the lowest convolution of the upper portion 12 and less than the diameter of
the highest loop/convolution of the lower portion 16, as illustrated in FIG. 1. One or more
intermediate loops/convolutions in the middle portion 14 can form the transition 18 between
the upper portion 12 and the substantially cylindrical convolutions of the middle portion 14.
Similarly, one or more intermediate loops in the middle portion 14 can form the transition 20
between the lower portion 16 and the substantially cylindrical convolutions of the middle
portion 14. Likewise, as can be seen in FIG. 5, the generally hyperbolic shape of the middle
portion 54 results from the extended transition zones 58 and 60 separating the first portion 52
and the second portion 56 from the central substantially cylindrical convolution of the third
portion 54. The diameter of the mtermediate convolution in transition 58 1s less than the
diameter of the lowest convolution of the upper portion 52 and the diameter of the
intermediate convolution 1n ftransition 60 is less than the diameter of the highest
loop/convolution of the lower portion 56, but the intermediates have a large pitch creating an
extended transition zone and giving an overall hyperbolic shape to the third portion 54.

[0025] The transition loops 18/20 or 58/60 can be symmetric or they can be
asymmetric. The pitches of the transition loops can be the same or the upper transition loops
18/58 can be of higher or lower pitch than the lower transition loops 20/60. The upper
transition 18/58 can have more or less loops than the lower transition 20/60. The upper

transition loops 18/58 can also have larger or smaller diameter than the lower transition loops
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20/60. In certain embodiments, the lower transition 20 has the highest pitch of all sections of

the asymmetric progressive spring coil 10, and the upper transition 18 has the second-highest

pitch. In one embodiment, each transition zone (18, 20, 58, 60) includes at least one full
convolution of diameter greater than the diameters of the convolutions in the upper and lower
spring portions, such that the spring coils are prevent from nesting during the assembly
process.

[0026] The asymmetric progressive spring coils for the mnerspring assemblies
described herein can be formed of any material configured to compress and expand repeatedly
in cushioning article. Exemplary materials for the spring coils can include, without
limitation, those formed from metallurgical compositions containing one or more elements
selected from the group consisting of steel, chromium, nickel, molybdenum, copper, titanium,
cobalt, niobium, vanadium, aluminum, platinum, and tungsten. The progressive spring coil
can be formed from a micro-alloy..

[0027] In one embodiment, the progressive spring coil 10 can be formed from a wire
of equal diameter throughout the length of the spring coil. In this embodiment, the wire
diameter can range from about 1 millimeter (mm) to about 2.5 mm (about 40 thousandths of
an inch to about 1 tenth of an inch); specifically from about 1.5 mm to about 2.3 mm (60
thousandths of an inch to about 90 thousands of an inch). In one embodiment, the transition
loops 18/20 have the same diameter as the upper, lower, and/or middle spring portions. In
another embodiment, the transition loops 18/20 have a different diameter than those of the
upper, lower and/or middle spring portions. In one embodiment, the transition zones of the
progressive spring coil have diameters greater than the upper, lower and middle spring
portions, such that the diameter of the intermediate convolutions define the minimum limits
of the pocket diameter in a pocketed-coil innerspring assembly. The progressive spring coil
can be formed from a multi-stranded wire cable.

[0028] In one embodiment, the progressive spring coil 10 has a height from about 20
to about 30 centimeters (cm). The height of the upper spring portion 12 of the coil can range
from about 2 cm to about 6 cm, or from about 5% to about 20% of the total progressive
spring coil height. The middle spring portion 14 can range from about 10 cm to about 16 cm,
or from about 40% to about 60% of the total progressive spring coil height. The lower spring
portion 16 of the progressive spring coil can range from about 4 ¢cm to about 10 cm, or from

about 15% to about 35% of the progressive spring coil height.
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[0029] Turning to FIG. 2, the upper spring portion 12 of the asymmetric progressive
spring coil 10 includes a top end 102 and a bottom end 104. In one embodiment, the top end

102 of the upper portion has a diameter of about 3 cm to about 5 cm, and the bottom end 104
of the upper portion has a diameter of about 5 ¢m to about 7 cm. In certain embodiments, the
diameter of the upper spring portion 12 of the spring coil monotonically increases from the
top end 102 to the bottom end 104. In certain embodiments, the diameter of the bottom end
104 (the greatest width of the upper spring portion 12) is sufficiently small enough to remain,
such that the upper spring portion 12 remains separated from adjacent spring coils disposed in
the innerspring assembly when the progressive spring coil 10 is substantially fully
compressed. Maintaining this separation between adjacent spring coils can be important to
prevent unwanted interaction between coils (e.g., coil-on-coil clicking). Such a design of the
upper spring portion 12 enables the portion to achieve a barrel shape after substantially full
compression, thereby reducing the chances of contact with adjacent coils. In other
embodiments, the diameter of the bottom end 104 is sufficiently large enough, such that when
the upper portion 12 is substantially fully compressed (e.g., flattened) through compression of
the progressive coil spring 10, the convolutions of the upper portion 12 are nested. Nesting of
the convolutions in the upper spring portion 12 during substantially full compression is also
helpful in preventing intra-coil interactions, such as the internal clicking.

[0030] As can be seen in FIG. 4, the lower spring portion 16 of the progressive spring
coil 10 includes a top end 112 and a bottom end 114. In one embodiment, the top end 112 of
the lower spring portion has a diameter of about 5 cm to about 8 cm, and the lower end 114 of
the lower spring portion has a diameter of about 3 cm to about 5 cm. In certain embodiments,
the diameter of the lower spring portion 16 of the progressive spring coil 10 monotonically

increases from the bottom end 114 to the top end 112 of this portion.

[0031] In one embodiment, the diameter of the substantially cylindrical coils in the
middle spring portion 14 is less than the diameter of the top end 102 of the upper spring
portion 12. In another embodiment, the diameter of the top end 112 of the lower spring

portion 16 is equal to the diameter of the bottom end 104 of the upper spring portion 12. In
one embodiment, the substantially cylindrical coils of the middle spring portion 14 have a
diameter from about 3 ¢cm to about 6 cm.

[0032] The progressive spring coils described herein can be arranged in rows and
columns to form innerspring assemblies such that each progressive spring coil is adjacent to

at least one other spring coil. Adjacent progressive spring coils can be connected with
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adhesive. Alternatively, adjacent progressive spring coils can be connected with a hog ring or

other metal fasteners. In other embodiments, adjacent progressive spring coils are not

connected along the upper spring portion of the coils. In such embodiments, leaving the
upper spring portion of the progressive spring coils disconnected allows one spring to
compress without atfecting adjacent springs. This practice can allow one sleeper to move on
a mattress without disturbing the other sleeper. In certain embodiments, the spring coil can
be an open coil or a coil encased in a fabric pocket. In other embodiments, the progressive
spring coils described herein may be encased 1n fabric pockets and assembled in a VariForm®
assembly, which by definition, alternates between rows of one type of encased spring coil
type, with rows of another type of encased spring coil.

[0033] The innerspring assembly comprising a plurality of asymmetric progressive
spring coils 1s adapted for a cushioned support structure, such as a mattress. The cushioned
support structure can be a standard mattress size such as twin, twin XL, full, full XL, queen,
Olympic queen, king, California king, and the like, or the cushioned support structure can
have a custom size. In addition, the cushioned support structure could be a smaller mattress
designed for a child or baby, such as those used in a crib or cradle.

[0034] The cushioned support structure can further include at least one additional
layer disposed adjacent to the innerspring assembly. The at least one additional layer can
include at least one of a padding layer, an upholstery layer, a frame layer, a quilted layer, a
foam layer, a batting layer, a waterproof layer, and the like.

[0035] The invention is further 1llustrated by the following non-limiting Examples.

EXAMPLES

[0036] Progressive spring coils in accordance with the present invention were tested
and compared against current spring coils having linear spring rates. Two asymmetric
progressive spring coils were used, each having a different wire diameter. The first
progressive spring coil, Example A, was an encased spring coil constrained to a pocket height

of 20 cm. Example A had a wire diameter of 1.88 mm (0.074 inches). The second
asymmetric progressive spring coil tested, Example B, was an encased coil constrained to the
same 20 cm pocket height, but had a wire diameter of 2.11 mm (0.083 inches). Three current
linear spring rate spring coils were used as comparative examples. The first current linear
spring rate coil, Comparative Example 1, was constrained to a pocket height of 20 ¢cm and

had a wire diameter of 1.73 mm (0.068 inches). Similarly, the second current linear spring

10
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rate coil, Comparative Example 2, was also constrained to a pocket height of 20 cm and had a

wire diameter of 1.88 mm (0.074 inches). Finally, a third current linear spring rate coil was

used, Comparative Example 3, and was constrained to the 20 cm pocket height with a wire
diameter of 2.11 mm (0.083 inches).

Load Detlection

[0037] For spring rate evaluation, each of the spring coils were placed between test
platens that were set a distance of 20 cm (8.0 inches) apart. By utilizing the 20 cm (8.0 inch)
pocket height as the platen separation, the initial load illustrated at the y-axis intercept of each
spring coil curve accurately represented the pre-load applied to each pocket spring. The test
platens then travel through an increasing deflection and the load response of the springs were
measured. FIG. 6 graphically illustrates the load-deflection curves of Example A (the 1.88
mm (0.074 inch)) diameter progressive spring coil), Comparative Example 1 and
Comparative Example 2. As seen in FIG. 6, the pre-load of Example A, 3.83 Newtons (0.86
pounds-force (lb-f)) falls between the pre-loads of the current linear rate spring coils,
Comparative Examples 1 (2.94 Newtons, 0.66 1b-f)) and 2 (4.18 Newtons, 0.94 lb-1)).
Comparative Examples |1 and 2 produce substantially linear response curves throughout the
load, as expected. The progressive spring coil of Example A, however, displays a unique
response curve not seen in current linear and non-linear spring coils. This novel response to
increasing load results in increased firmness throughout the deflection range of the spring
coil.

[0038] FIG. 7 graphically illustrates the load-deflection curves of Example B (the
2.11 mm diameter progressive spring coil), Comparative Example 2 and Comparative
Example 3. As seen in FIG. 7, the pre-load of Example B, 3.96 Newtons (0.89 1b-1f) 1s less
than the pre-load of Comparative Example 2, 4.18 Newtons (0.94 1b-f) and Comparative
Example 3, 4.94 Newtons (1.11. Ib-f). The additional active convolutions in the upper spring
portion that compress first at the start of the compression cycle, can provide more initial
softness to the progressive coil compared to the current linear spring rate coils. Similar to
FIG. 6, FIG. 7 1illustrates the substantially linear response curves produced by Comparative
Examples 2 and 3, and the uniquely three-phase response curve of Example B.

10039] As can be seen 1n FIGS. 6 and 7, the progressive spring coils began with loads
lower than the current linear spring rate spring coils of comparable wire diameter. However,
the progressive firmness employed by the progressive spring coils resulted in loads that

eventually overtook the current linear spring rate coils. In other words, the progressive spring
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coils had an initial response similar to a spring of thinner wire diameter, but consistently

increased 1n firmness to provide more support than the current linear spring rate coils of the

same wire diameter.

Durability

[0040] The progressive spring coils of Example A and Example B were also tested for
their durability and compared to the 2.11 mm (0.083 inch) wire diameter current linear spring
rate coil of Comparative Example 3. Each of the spring coils were subjected to repetitive
cycling between their 20 cm pocket height and 10 cm of deflection. Load-deflection
measurements were taken at incremental points during the cyclic testing. Plots of the load-
detlection curves for Example A and Example B are shown in FIGS. 8 and 9, respectively.
The curves show minimal changes to the springs after 100,000 and 200,000 cycles. At
200,000 cycles, Example A lost 2.36% of 1ts mnitial spring height, while Example B lost
1.36%. By comparison, the current linear spring rate coil of Comparative Example 3 lost
1.17%. As such, the progressive spring coils described herein retain their response through
200,000 cycles of coil compression testing.

Motion Separation

10041] Motion Separation Index (MSI) testing was conducted on mattresses placed on
a rigid wood toundation to eliminate movement contributions by the foundation testing was
conducted 1n accordance with the testing method disclosed in US Patent Nos. 6,792,819 and
6,561,047. Five mattresses were built for testing. Mattress 1 included alternating encased
spring strands of progressive spring coils having 0.083 inch wire diameter and current spring
colls having linear spring rates and 0.083 inch wire diameter. Mattress 2 included alternating
encased spring strands of progressive spring coils having 1.88 mm (0.074 inch) wire diameter
and current linear spring rate coils having 1.88 mm (0.074 inch) wire diameter. Mattress 3
included alternating encased spring strands of progressive spring coils having 1.88 mm (0.074
inch) wire diameter and current linear spring rate coils having 1.73 mm (0.068 inch) wire
diameter. Each of the Mattresses 1-3 utilized a VariForm® construction of coils with a
general maximum body diameter of 6.5 ¢cm (2.58 1nches) and a coil density of 856.
Comparative Mattress A had a standard pocket spring construction of current linear spring
rate coils having a wire diameter of 1.73 mm (0.068 inches) and a general maximum body
diameter of 5.7 cm (2.25 inches) and a coil density of 991 with similar upholstery to
Mattresses 1-3. Finally, Comparative Mattress B had a standard encased spring construction

of current linear spring rate coils having a wire diameter of 1.73 mm (0.068 inches) and a coil
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density of 856 with different upholstery that i1s known to improve performance relative to the

other specimens. For reference, coil densities are determined by the number of evenly

distributed coils of the same body diameter that can reasonably fit in a standard 152 ¢m inch
by 203 c¢m rectangular perimeter (1.e. a standard 60 inch by 80 inch Queen-sized mattress).

The results of the MSI testing on each of the four mattresses are shown 1n Table 1 below:

Table 1
Sample Vertical Horizontal MSI
(inch) (inch)
Mattress 1 0.0127 0.0227 571.8
Mattress 2 0.0123 0.0210 606.1
Mattress 3 0.0123 0.0230 572.1
Comparative 0.0163 0.0523 294.3
Mattress A |
Comparative | 0.0097 0.0427 386.1
Mattress B

[0042] The MSI testing showed superior motion separation for the VariForm®
mattress constructions that included the progressive spring coils, 1.e., Mattresses 1-3, when
compared to the mattress comprised only of current linear spring rate coils having equal (856
coil density) or greater coll density (991 coil density).

[0043] This written description uses examples to disclose the invention, including the
best mode, and also to enable any person skilled in the art to make and use the invention. The
patentable scope of the invention 1s defined by the claims, and can include other examples
that occur to those skilled 1n the art. Such other examples are intended to be within the scope
of the claims if they have structural elements that do not differ from the literal language of the
claims, or if they include equivalent structural elements with insubstantial differences from
the literal languages of the claims. The terms "first," "second,” and the like, herein do not
denote any order, quantity, or importance, but rather are used to distinguish one element from
another. The terms "a" and "an" herein do not denote a limitation of quantity, but rather

denote the presence of at [east one of the referenced item.
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WHAT IS CLAIMED:

1. A progressive spring coil, comprising:

a first spring portion having a substantially conical shape defined by a plurality of
convolutions having a first pitch, the first spring portion comprising a top end and a bottom
end and having a first spring rate, wherein the first spring rate i1s substantially linear or
substantially nonlinear and wherein the top end has a diameter less than a diameter of the

bottom end;

a second spring portion having a substantially conical shape defined by a plurality of
convolutions having a second pitch, the second spring portion comprising a top end and a
bottom end and having a second spring rate, wherein the second spring rate 1s substantially
linear or substantially nonlinear, and wherein the top end has a diameter larger than a

diameter of the bottom end; and

a third spring portion having a substantially cylindrical or a substantially hyperbolic
shape disposed between the first spring portion and the second spring portion and dcfined by
a plurality of convolutions having a third pitch, wherein the third spring portion has a third

spring rate, wherein the third spring rate is substantially linear or substantially nonlinear, and

wherein the first pitch of the first spring portion 1s less than the second pitch of the
second spring portion and less than the third pitch of the third spring portion, and wherein
the third spring portion further comprises a first transition loop disposed between the bottom

end of the first spring portion and the third spring portion and a second transition loop
disposed between the top end of the second spring portion and the third spring portion,

wherein a pitch of the second transition loop 1s greater than the pitch of the first transition

loop.

2. The progressive spring coil of claim 1, wherein the first spring portion is disposed

above the second spring portion.

3. The progressive spring coil according to claim 1 or 2, wherein the third spring

portion 1s substantially cylindrical.
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4, The progressive spring coil according to any one of claims 1 to 3, wherein the third

spring portion is substantially hyperbolic.

5. The progressive spring coil according to any one of claims 1 to 4, wherein the third

spring rate 1s greater than the first and the second spring rates.

6. The progressive spring coil according to any one of claims 1 to 5, wherein the

second spring rate i1s greater than the first spring rate and 1s lower than the third spring rate.

7. The progressive spring coil according to any one of claims 1 to 6, wherein the first
spring portion is configured to substantially fully compress before the third spring portion

and the second spring portion substantially compress.

8. The progressive spring coil according to any one of claims 1 to 7, wherein the first
pitch of the first pitch portion 1s between 0.5 centimeters and 1.5 centimeters or 1.5% and

7.5% of a total height of the spring coul.

9. The progressive spring coil of claim &8, wherein the third pitch of the third spring
portion 1s between 3 centimeters and 5 centimeters or 10% and 25% of the total spring coil

height.

10.  The progressive spring coil of claim 1, wherein a diameter of the first and the second

transition loops 1s greater than a diameter of a plurality of substantially cylindrical

convolutions of the third spring portion.

11.  The progressive spring coil of claim 10, wherein the diameter of the plurality of
substantially cylindrical convolutions of the third spring portion is less than a diameter of a
lowest convolution of the bottom end of the first spring portion and less than a diameter of a

highest convolution of the top end of the second spring portion.

12.  The progressive spring coil of claim 1, wherein a pitch of the first transition loop 1s

greater than the first pitch, the second pitch and the third pitch.
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13.  The progressive spring coil according to any one of claims 1 to 12, wherein the first
spring portion, the second spring portion and the third spring portion are formed from a

multi-stranded wire.
14.  An innerspring assembly for cushioning an article, comprising:

at least one asymmetric progressive spring coil configured to provide a three-phased

load deflection response curve, wherein the progressive spring coils comprise:

a first spring portion having a substantially conical shape defined by a
plurality of convolutions having a first pitch and having a first substantially linear

spring rate or a first substantially nonlinear spring rate;

a second spring portion having a substantially conical shape defined by a
plurality of convolutions having a second pitch and having a second substantially

linear spring rate or a second substantially nonlinear spring rate; and

a third spring portion having a substantially cylindrical or a substantially
hyperbolic shape disposed between the first spring portion and the second spring portion,
wherein the third spring portion 1s defined by a plurality of convolutions having a third pitch
and has a third substantially linear spring rate or a third substantially non-linear spring rate,
wherein the first pitch of the first spring portion is less than the second pitch of the second
spring portion and less than the third pitch of the third spring portion, and wherein the third
spring portion further comprises a first transition loop disposed between the bottom end of
the first spring portion and the third spring portion and a second transition loop disposed
between the top end of the second spring portion and the third spring portion, wherein a

pitch of the second transition loop 1s greater than the pitch of the first transition loop.

15.  The innerspring assembly of claim 14, wherein the first spring portion, the second
spring portion and the third spring portion are formed form a multi-stranded wire having a

uniform diameter.
16. A method of manufacturing a cushioned article, comprising

providing a plurality of asymmetric progressive spring coils, wherein each spring
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coil of the plurality comprises a first spring portion having a substantially conical shape
defined by a plurality of convolutions having a first pitch and having a first substantially
linear spring rate or a first substantially nonlinear spring rate; a second spring portion having
a substantially conical shape defined by a plurality of convolutions having a second pitch
and having a second substantially linear spring rate or a second substantially nonlinear
spring rate; and a third spring portion disposed between the first spring portion and the
second spring portion, wherein the third spring portion has a substantially cylindrical or a
substantially hyperbolic shape defined by a plurality of convolutions having a third pitch
and has a third substantially linear spring rate or a third substantially nonlinear spring rate,
wherein the first pitch of the first spring portion 1s less than the second pitch of the second
spring portion and less than the third pitch of the third spring portion and wherein each
progressive spring coil 1s configured to provide a three-phased load detlection response
curve, wherein the third spring portion further comprises a first transition loop disposed
between the bottom end of the first spring portion and the third spring portion and a second
transition loop disposed between the top end of the second spring portion and the third
spring portion, wherein a pitch of the second transition loop 1s greater than the pitch of the

first transition loop;

connecting each progressive spring coil to an adjacent progressive spring coil to

form one or more rows;

arranging the one or more rows of the plurality of asymmetric progressive spring

coils to form an inerspring assembly; and

disposing at least one additional layer in physical communication with the inner

spring assembly.
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