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NON-LINEAR SPRINGS AND MATTRESSES INCLUDING THE SAME 

'TECHNICAL FIELD 

[00011 The present invention relates to springs and mattreSses including springs. I n 

particular, the present invention relates to pocketed springs which exhibit a non-linear 

response when compressed. 

BACKGROUND 

f00021 Typically, when a uniaxial lead. is applied to itspring, the spring exhibits a linear 

compression rate. That is to Say., it taka.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 three (F) needed to extend or compress :a spring 

by some distance U)). is proportional to that distance. This relationship is expressed 

mathematically as 	where k represents the spring constant for a particular spring. A 

high spring constant indicates that the spring requires more tbree to compress, and a low 

spring constant means the spring requires less-force to compress. 

[00031 Spring rate is another well-known value used to categorize. springs. The spring 

rate of a particular spring is the amount of three needed to. compress..a spring one inch. 

Springs With a. high spring consttint also have high spring rates, and springs with low spring 

constants have low spring rates. Of course,. the spring cepstant and spring rate values are 

merely WI , approximatipa. of the real response of a. given spring; however,. they are accurate 

approximations .for.most springs given reasonable distance (0) values in comparison to the 

overall dimensiOns of the. spring. Furthermore, Hooke's law applies for a variety 	different 

spring shapes, including, fbr example, a coil spring, a cantilever spring, a. leaf .spring. or even 

a rubber band.. 

[00041 Linear response springs, such as . wire coil springs, are commonly used as mattress 

innersprings. in combination with padding. and upholstery that surround the innerspring. 

Most mattres,s innersprings are co.niprised of an:. array of kvire coil springs which are ruled 

adjoined by lacing end convolutions of the coil springs together with CrW$ wires. An 

advantage of.  this arrangement is that it is inexpensive to manufacture. However, This:type Of 

innerspring provides a firm and rigid mattress surface. 
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100051,  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 „stir-Ike because the springs.. become relatively individually flexible, so that each 

spring-  may flex separately without affecting the neighboring springs. In many pocketed 

spring mattresses, the spring is pre-cOmpressed in 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. 

WWI Ara alternative to an innerspring mattress is a mattress, constructed of one or more 

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 mattress, In particular, a 

foam mattress provides more support as the load increases. For instance, a typical foam 

Mattress provides increasgd.: support after it has been compressed approximately 60% of the 

maximum compression of the foam. The non-linear response .-61. 1 -rina mattresses provides 

improved sleep comfort for a. user. However, the mechanical properties of foam. degrade. over 

time affecting the overall comfort of the foam mattress. Furthermore. foam mattresses are 

more costly than metal spring mattresses. 

SUMMARY 

100071 The presen invention relates to 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 in opposition to the pocketed .compreSSiOn spring for 

a first portion of the spring's compression. Such pocketed springs are used within a mattress 

to provide a .User positioned on the mattress increased support for portions- 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 support typically seen in a Main mattress, but through 

the use of pocketed. springs. 

(00081 In one exemplary embodiment ofthe present invention,. a pocketed spring. for use 

in a mattreSs provided that includes a compression spring made of a. continuous wire and 

having an -upper end convolution, a lower end - convolution opposite the upper 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 circular loop at the extreme upper end of the Compression 

spring, and the lower end con volutionis 	firmed with a circular loop at the•extreme 

lower end of the compression spring, The upper and •lower end convolutions each terminate 

in a generally planar form which serve as the supporting, end structures of the compression 

spring. The-exemplary pocketed spring further includes a flexible enclosure that contains the 

compression spring with a top wall positioned adjacent to the upper said convolution of the 

compression spring, a bottom wall positioned adjacent to the lower 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,w0en Fabric that exhibits a desired amount or stretch 

at least along the longitudinal or vertical) axis of. 	pocketed spring. 

100091 IiY one exemplary embodiment, the pocketed spring also includes a tension 

member that is made of an elastomer and is laminated to a portion of the side wall of the 

flexible enclosure. In particular, the tension member is in the tbrin of a cylindrical band that 

is laminated to as mid-seetion 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. It 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 amount of elongation as the tension member, at least along the 

longitudinal (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 .strQte i g ; however the 

tension member is further capable of providing a much greater tensile force than the material 

comprising. the underlying portion of the flexible enclosure. 

100101 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 enclosure, while the tension member is in a stretched or tension..state. With the 

compression spring pre7compressed within the flexible enclosure and the tension member 

acting in tension, the restingState of the pocket spring thus represents an equilibrium between 

the compression spring and the tension member. In this regard, when a force is -stibsequently 

applied to the pocketed spring, the "pre-load" typically observed with Neketed springs is 

negated or eliminated, .and the initial state or equilibrium observed in the pocketed spring 

transitions to a first response state where lesser amounts.of tension develop in the tension 

member and them is more compression obSerVed:  in the. compreSion spring; Subsequently; 

as more tbree is applied to the pocketed spring, it is compros.$ed to a point where the tension 

member is in a relaxed state and only the compression spring is acting against the three being 

applied to the pocketed spring, In this.way.,:lhe rocketed spring of the present invention thus 
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exhibits two different response states.: when fierce is applied, namely: a first response state, 

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 sprine 

constant of the -compression spring.. Accordingly, by connecting the tension member to the 

flexible enclosure, the pocketed spring of the present invention exhibits a non-linear response 

to loading and preferred compression responses of the pocket-ed.:spring can be developed. 

100111 In another exemplary embodiment of the present. invention, a pocketed. :spring. is 

provided that also includes a: compression spring and a flexible enclosure similar to the 

pocketed spring described .above but wherein the side wall of the flexible .enclosure is made 

entirely of an elastic fabric such that the flexible enclosure itself serves as a tension member. 

As an additional refinement of the sprine, the sidewall of the flexible enclosure could be 

Comprised Of more than one section with only one selected section of the side wall being 

made of an elastic fabric, while the remaining sections ere made of an inelastic fabric. hi this 

way:, the amount of the flexible enclosure comprising the elastic fabric, can be adjusted to 

provide a desired tensile force and develop a preferred compression respcuise of the pocketed 

spring. 

100121 In another exemplars embodiment of the present invention, a pocketed spring. is 

provided that else' includes 4. compression spring and a flexible enclosure similar to the 

pocketed spring described above, but wherein the tension member is made of an :elastomer 

end is laminated 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 

inelastic material. To Thigiend, in order to allow the tension member to rent) the stretch. Mae, 

the tension membeteis in at pre-tensioned state when it is laminated to the Side wall athe 

flexible enclosure, such that, as the pocketed spring compresses end the tension member 

partially relaxes, the underlying inelastic material of the flexible enclosure begins to bunch or 

crimp outward. Advantageously, by having the entire flexible encloeure:comprised of en non-

woven material, :die flexible enclosure prevents the tension member from stretching past the 

pre-tensioned state, which is. contemplated to help prevent any creep in the tension member 

while it is under tension. It isalseecontemplated that the tepsion member may be laminated to 

substantially all of die interior of the side wall of the flexible enclosure instead of merely a 

mid-section. 

[0013] in another exemplary embodiment: of the present invention. a pocketed spring is 

provided that also includes a compression spring and a flexible enclosure similar to the 

4 
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pocketed spring described above, hut. wherein the tension member in the form of an elastic 

cable that is connected to the top wall of the flexible enclosure and the bottom wall of the 

flexible enclosure such that the elastic cable extends through the interior of the, flexible 

enclosure along a central longitudinal axis•of the compresSiOn spring: The elastic cable is 

configured such that it will enter a relaxed state prior to the compression spring reaching.  a 

maximum compression such 'that the pocketed spring exhibi.0:  a nonlinear response to force 

loading similar to the alternate embodiments described above, It is contemplated that the 

elastic cable could be comprised of one or more elastic. Strands aligned linearly or braided 

into a single cord. Additionally, the elastic:  cable may further include a cover made of a 

WOven textile which surrounds a core ofelastitstrands 

1001.41 As:  an alternative to a tension member in the form of an elastic cable, the spring 

may also include a tension member in the form of an inner spring that, is connected to the top 

wail of the flexible enclosure and the bottom wall of the flexible enellosure.such that the inner 

spring extends through the interior. of the flexible enclosure along a central longitudinal :ax-is 

of the compression spring. It is eontemplated that as the pocketed spring compresses, the 

inner spring transitions. fiom a tensile state into a •compressive state wherein it exerts a 

compressive force that acts in addition to the compressive forte of the compression spring. 

However, it is also contemplated that in some embodiments, the inner spring would be 

configured to buckle rather than transitioning into a compressive state-% in these embodiments, 

the inner springdoes.not exert any appreciable compressive force: 

1. 00151 Further, in other exemplary embodiments of the present invention, a pocketed 

spring is. provided. that includes .a coil in e iil spring having an outside coil and an inside coil 

that are coaxial, helical-formed springs made of a continuous wire which may be used in 

combination with the various flexible enclosures. and tension members described above. The 

outsidecoil of the coil-in-coil spring begins with a flat base that continuesupwatd in a spiral 

section to form the body of the spring. An upper end convolution of the outside coil ends in a 

circular loop at the extreme end of the coil-ineoil spring. The base is formed with. a double 

circular loop with the inside loop extending,. upward in a spiral to form the inside toil. The 

outside coil is larger in height than the inside coil. AlsO, the diameter of the outside coil is 

larger than the diameter ef the inside coil. which ensures. there is no interference between the 

outside and insidcedils, During initial loading, only the outside 	compressed whereas 

under a heavy. Or torteentrated load, both the outside and inside coils work to support the 

load. 

100161 Accordingly, such a pocketed coil-in-coil spring also exhibits a non-linear 

response to force loading, and in particular. the pocketed 'spring of this particular 

5 
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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 first response state, the. outside coil of the coil-in-coil spring and the 

tension member are engaged and the gpring COnstant of the pocketed spring is,  the spring 

constant of the outside coil of thecoil-inetill spring less the spring constant of the tension 

member. Then, in the second response state, the tension member is in a relaxed state and only 

the outside coil of the coil-in-coil spring is 'engaged,. such that the spring constant of the 

pocketed spring is the spring constant of the outside coil of the coil-in-coil spring. Finally-, in 

the third respOnse state, both. theoutside and inside coils:of the coil-in-coil spring are engaged 

and the spring constant .of the pocketed spring is the spring constant of the outside coil plus 

the spring constant of the inside coil of the coil-in-coil spring. 

[0017" in still further:embodiments of the present invention, a mattress is also provided 

that includes. a plurality of the pocketed. springs :described above arranged in a matrix: such. 

that the top walls of the -flexible enclosures of the pocketed springs collectively define a.  first 

support surface (or sleep surface) and the bottom walls of the flexible enclosures of the 

pocketed springs define a second support: surface opposite the first support surface.. The 

mattress also comprises an upper body supporting layer positioned adjacent to the first 

support surface, along with a lower foundation layer positioned adjacent. to the. second 

support surtliee, Furthermore, a.  side panel extends between the upper body.supporting layer 

and the lower foundation layer around the entire periphery of the two layers; such that. the 

pocketed springs are completely surrounded, 

100.181 Further features and advantages of the present invention will become evident to 

those of ordinary skill in the art after a study .of the description, figures, and non-ihniting 

examples in this document. 

BRIEF DESCRIPTION OF TUEDRAWINGS 

100191 G. lA is a perspeefiVe view of an exemplary pocketed spring matte in 

accordance with the present invention;.  

100201 FIG. f B is a perspective view of the, exemplary pocketed spring or 	I A, with 

a first predetermined force, Fr., applied to the pocketed spring; 

100211 	C is #r perspective:  view or the: exemplary pocketed spring.  of FRI IA, with 

a second predetermined force, 	applied to the pocketed spring, such that the pocketed 

spring: is partially compressed; 
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100221 FIG. 	a perspective iew of the exemplary pocketed spring of FiG. 1:1. with 

a third predetermined foree,. F3. applied to the pocketed spring, such that the pocketed spring. 

is farther compressed; 

[0023] FIG„ 2A is perspective view of another exemplary pocketed spring made in 

aeebrdance with the present hwention;.  

[00241 FIE;. 213 is a perspective view of the exemplary pocketed spring of2.A,. with  

a first predetermined forte,.Ft applied to the pocketed spring;:  

t00251 FIG. 2C' is a perspeetie..view of the wtemplary pocketed spring of FIG, 2A, with 

a Second predetermined force, F2, applied to the pocketed spring,. such that the pocketed 

spring is: partially compressed; 

[00261 FIG. ?D is a perspective view of the exemplary pocketed spring of Fla 2A. with 

a third predetermined force, F.3, applied to the pocketed spring, such that the pocketed spring 

is ihrther compressed; 

10027] FIG. .3A is a perspective. view.  of another exemplary pocketed spring made in 

accordance with the present invention; 

100281 FIG. 313 is a perspective view of the exemplary pocketed spring of FIG. .3A, with 

a first predetermined force, Fi. applied to the pocketed spring; 

100291 FIG. 3C is a perspective view of the exemplary pocketed spring of FIG, 3A„ with 

a second predetermined force, 	applied to the pocketed spring, such that the pocketed 

spring is further compressed.: 

100301 .FIG, 3D is a perspective -view of the exemplary pocketed spring of FIG. 3.A, with 

a third predetermined fame., 	applied to the pocketed spring, such that the pocketed spring 

is further compressed; 

[00311 FIG. 4A is a. perspective view of another exemplary pocketed .spring, made in 

accordance with the present invention; 

[0032] FIG. 413 is a perspective view of the exemplary pocketed spring a . 1G. 4A, with 

a first predetermined - fOrce, Ft. applied to the pocketed spring:.  

[0033] FIG. 4C. is a perspective view of the exemplary-  pocketed 'spring of FIG. 4A, with 

a second predetermined force,. F2, applied to the pocketed spring, such that the pocketed 

Spring is partially compressed:.. 

[0034] FIG. 41). is a perspective view of the exemplary pocketed spring of FIG, 4A, with 

a third predetertnitied farce, t, applied to the pocketed spring, such that the pocketed spring 

is further compressed: 

[00351 . I1G. 5A is a perspeetive view of another exemplary pocketed spring made in 

accordance. with the present invention:: 
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100361 FIG. 5B is a perspective view of the exemplary pocketed spring of Ha 5A, with 

a first predetermined force, h, applied to the pocketed spring; 

100371 FIG. 5C is a perspective view of the exemplary pocketed spring of Fl(i 5A, with 

a second predetermined force, 	applied to the pocketed spring, such that the pocketed 

spring is partially compressed;.  

100381 HG. 5D is a perspective View of the exemplary pocketed spring of FIG SA, with 

a third predetermined force, F.1„ applied to the pocketed spring, such that the pocketed spring 

is further compressed; 

[00391 FIG. 	is a graph showing the deflection of the eXemplary pocketed spring of 

FIGS. I A-D as a function of force applied to the exemplarypoOketed spring; 

100401 HO, 7A is a perspective view of another exemplary pocketed spring made in 

accordance with the present invention, with a predetermined force, Ft , applied to the 

pocketed spring.; 

100411 FIQ. 73 is a perspective view of the exemplary pocketed spring of FIG. 7A, with 

a second predetermined tbree, Fy, applied to the pocketed spring, such that the pocketed 

spring is partially compressed; 

100421 FIG. 7C is a. perspective view of the exemplary pocketed spring of FIG. 7A, with 

a. third predetermined three, E. applied to the pocketed spring, such that an inside coil of the 

pocketed spring is engaged, but not yet compressed; 

100431 HO, 7D is a perspective:  view of the exemplary pocketed spring of FIG. 7A, with 

a fourth predetermined force, F4„: applied to the pocketed spring, such that the inside coil of 

the pocketed spring is partially compressed; 

100441 FIG. 8A is a perspective view of another exemplary pocketed sprint! made in 

accordance with the present invention, with a predetermined force. F1, applied to the 

pocketed spring; 

100451 FIG. 3B is a perspective view of the exemplary pocketed spring of FIG. SA, with 

a second predetermined. forte; F2, applied to the pocketed spring, such that the pocketed 

spring is partially compressed; 

100461 HQ SC is a perspective view of the exemplary pocketed spring of FIG. 8A, with 

a third predetermined fore; F3!, applied to the pocketed spring, such that an. inside coil of the 

pocketed spring is engaged, but not yetcompressed; 

100471 FIG. SD is a perspective view of the exemplary poCketed spring of FIG. SA, with 

a fourth predetermined force, F. applied to the pocketed spring, such that the inside coil of 

the pocketed spring is partially compressed; 



WO 2016/195700 	 PCT/US2015/034346 

100481 FIG. 9A is a perspective view of another exemplary pocketed spring Made in 

accordance with the present invention, with a predetermined force. Eh: applied to the 

pocketed spring; 

100 491 FIG. 9/.1 is a perspective view of the exemplary pocketed spring of FIG. 9A with 

a. second predetermined force, Fz, applied to the pocketed spring, such that the poCketed 

spring is partially compressed; 

100501 FIG. 9C is a perspective view ofthe exemplary pocketed spring of RC.. 9A, with 

a third predetermined foree,...h, applied to the pocketed spring, such that an inside coil of the 

pocketed spring is engaged, but not yet compressed; 

100511 HO. 913 is a -PerSpectivc view of the exemplary pocketed spring of FIG. 9A,, with 

a 'fourth predetermined ibrce:,..P4„ applied. to the pocketed spring, such that the inside coil of 

the pocketed spring is partially compressed; and 

100521 FIG. 10 is. .a partial perspective:  view Of a mattress incorporating the exemplaar-y  

pocketed springs of FIG. I with a portion of the mattress assembly removed to show 

plurality of the pocketed springs. 

DESCRIPTION OF EXEMPLARY EMBODIMENTS 

1011531 The present 'invention relates .to 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 in opposition to the pocketed compresSion spring for 

a first portion of the spring's compression. Such pocketed .springs are used within a mattress.  

to provide a user positioned on the. mattress...increased support for portions 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 support typically seen in . a foam mattress,. but through 

Meuse of pocketed springs. 

100541 Referring First to 	 in one exemplary embodiment of the present 

invention, a pocketed spring 10 kr use in a mattress includes a. compression spring 20 made 

pia. continuous wire and having an upper end convolution 22.. a lower .end convolution 24 

opposite the .upper end convolution 22, and a plurality of intermediate convolutions 26 which 

helically spiral between the upper end convolution 22 and the lower end convolution 24. The 

upper end. convolution :22 ofthe compression spring 20 ends in a circular loop at the extreme 

upper end of the compression spring .20. The loWererat convolution 24 is similarly formed 

with a circular loop at the extreme lower end of the compression Spring 20. The upper and 

9 
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lower end convolutions 22. 24 caeh terminate in a generally planar tbrrn, which serve as the 

supporting end structures of the compression spring 20. 

[00551 In the exemplary embodiment shown in. FIGS. 1A D, there are four intermediate 

convolutions 26s.such that the com.presSion spring .20 is made of a total of six convolutions or 

turns.. Of course, various othet :Springs, having, for example, different numbers: of 

convolutions or alternate dimensions, could also be used without departing from the spirit and 

scope of the present invention. 

100561 Referring still iii He& 1A-D, the exemplary pocketed spring 10 further includes a 

flexible enclosure 30 that contains the. compression spring 20. The flexible 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 compression spring .20, and a continuous side wall 36 that 

extends between the top wall 32 4nd the bottom wall 34. The flexible enclosure 30. is 

preferably made. of a non-woven fabric which can joined or welded together by .heat and 

pressure 	via ultrasonic. 'welding or similar thermal welding procedure). For example, 

suitable Odes may. inchide one of various thermoplastic fibers known in the art, such. as 

non-woven polymer-based fabric, non woven polypropylene 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 elastane (Le., spandex), that is Capable of 

recovering to its original -shape upon stretching, in short, a wide variety el, 
 fabrics or similar 

material can thus be used to make a flexible enclosure. in accordance with the 'present 

invention and, of course, such non-woven fabrics can be joined together by stitching, metal 

staples, or other suitable methods. However, in selecting a particular nOn-;woven fabric for a 

flexible closure, the non-woven fabric. will typically be selected such that it provides and/Or 

exhibits tl• desired amount of stretch along the longitudinal (or vertical) axis of the pocketed 

spring 10. 

1100571 Referring still to P1(15. I A-1D, the exemplary pocketed spring 10. also includes- a 

te.rtsion .member 40 that is made of an elastomer and is laminated to a :portion of the side. wall 

36 of the flexible enclosure 30, Specifically, in this exemplary embodiment, the te.nsion 

member 40 is in the fomi. of a.Cylindrieal band that is laminated to a mid-section of the side 

wall 36 of the flexible encloshre 30; however., it is contemplated that the tension. member 40.  

Could be laminated to substantially all of the side wait 36 of the flexible enclosure 30; 

100581 Irrespective' of the particular configuration of the tension member 40, because the 

tension member 40 is an elastomer, it. aitibits a high. fl ...gtree of..recpverable elongation with 

little to no creep while under tension, Fortxample, th.e elastamer may be a latex, a neoprene, 
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orsome other highly cross-linked polymer,. In order to facilitate the elongation of the tension 

member 40. it is also contemplated that the portion of the side wall 36. of the flexible 

enclosure .30 to which the tension member 40 is laminated could be made from a material 

(e.t.-t., an elastic textile or a flexible nonrwoven !fabric) that is :capable of a. similar amount of 

elongation.as the tension member 40, at least along the longitudinal (or vertical) axis of the 

pocketed spring 10, with the remainder of the flexible enclosure 30 made of an inelastic 

fabric 'as described above. In this way, both the tension member 40 and the underlying 

portion of the flexible enclosure 30 are capable of stretchke; 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.: 

[00591 Referring now to FIG. IA-I), when the compression spring 2.0. is ``pocketed" or 

placed into the flexible enclosure 30, the compression spring 20 is held in 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 

equilibrium between the forces being-exerted by the compression spring 20 and the tension 

member 40, which is shown in FIG. IA, As..shown in FIG. Ili, however, when a first . force. 

Ft„ is applied to the pocketed spring 10, that equilibrium 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; 	as...well as the lessening tensile force 

from the tension. member 40. As:a further amount cif lotc6,17,i, is then applied to the pocketed. 

spring 10„ the pocketed. spring 10 continues to compreSs.xvith the tension member 40 under 

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 

.F10. 	as even an ffirther forcc,.F3  is applied to the pocketed spring 10 that exceeds the 

second predetermined force,. F2, the pocketed spring .10 compresses to a point where the 

tension member 40 .is in a relaxed state and under no tension, and only the compression 

spring 20 is acting against: the third predetermined force;. 173, in other words, the tension 

member 40 is configured such that it will enter c relaked state prior to the compression spring 

20 reaching a maximum compression. 

[00601R6zrring draw to .FIG. 6, FIG. 6 graphically depicts the deflection of the 

exemplary pocketed spring 10 as increasing three is applied to the pocketed spring.  10, and 

illustrates that the pocketed spring 10 exhibitS a non-linear rospcm,ie . t.o force loading.. In 

particular. the pocketed spring 10 exhibits..two different response states as the "pre-load" that 

iS 	observed with pocketed springs is negated or eliminated by the equilibrium that 

11 
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exists between the threes present due to the pre-compression of the compreSsiOn.spring 20 

within the flexible enclosure 30 and due to the tension member 40 being under tension, as 

shown by dashed lines in FIG. 6, .10. thiS regard. when a force: is subsequently applied to the 

pocketed spring 10. the pocketed spring transitions directly from the equilibrium state to the 

first response state. As shown in FIG.. 6, the initial solid line extending from the origin of the 

graph represents the first response state of the poeketed spring 10. where both the 

compression spring 20 and the tension member 40 are engaged, and where the spring 

constant of the pocketed spring 10 is a 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 first response state is the spring constant of the compression spring 

20 less the spring constant of the tension member 40, As more force is then applied to the 

pocketed spring 10, the pocketed spring 10 transitions to aosecond 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 constaant.of the pocketed spring 10 is 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-linear compression responses to be developed as 

desired by changing the configuration or types of tension members and coils used in the 

exemplary pocketed springs, asdescribed in further detail below. 

100611 R.eferring now to FIGS. 2A4), in another exemplary embodiment of the present 

invention, a pocketed spring 110 is provided that also includes:. (I) compression spring 120 

made of a continuous :wire and. having an upper end convolution. 122,, a lower end 

convolution 124 opposite. the tipper end: convolution 122., and a plurality of intermediate 

conVolutionS .126 between the upper end convolution 122 and the lower end. convolution 124; 

and (ii) a flexible eneloture 130 that includes - 4 top wall 132 positioned adjacent to the upper 

end convolution 122 of the compression- spring 120. a bottom wall 134 positioned adjacent:to 

the lower end :convolution 124 of the compression spring I.20,. and a. Side wall 136 that: 

extends between the top wall 132 and the bottom wall 134. Thus, the pocketed spring 1. 10 has 

a construetion similar to the pocketed spring 1:0 described above with rderonce 	A- 

ft However, in this. exemplary pocketed spring 110, the side wall 13.6 of the flexible 

enclosure 1.30 is made entirely ofan elastic fhbric such that the flexible enclosure 130 itself 

serves as.1.1 tension member (i.e.preplaces the tension member 40.aseompared to the pocketed 

spring 10 described above with reference to FiciS. .1A-1)). 
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100621 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 fabric,  

while the remaining Sections are made of.  a fabric having lesser :elasticity. In this way, the 

amount or the flexible: enclosure 130 comprising the elastic fabric :can be adjusted to provide. 

a desired tensile forte 'and develop a preferred compression response of the pocketed spring 

110. 

100631 Regardless of the particular 'configuration of the flexible enclosure 130, the 

pocketed spring 110 exhibits a non-linear response to force loading similar to 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 

tension member) are engaged, and the spring, constant of the pocketed spring: 11.0 i the spring 

constant of the compression spring 12.0 less the spring constant of the flexible enclosure 130, 

in a second response state, only the compression spring .120 is engaged., and the spring 

constant of the pockeoxi spring 110 is the spring constant of the compression spring 1.20„ 

100641 Referring now to Fl OS. 'm-r.), in another exemplary embodiment of the present 

invention, a pocketed spring 210 is provided that also includes: Li) a compression spring.220 

made of a continuous wire and having an upper end convolution 2:22, a lower end 

convolution 224 opposite the upper end convolution 222, and a plurality of intermediate. 

convolutions 226 between the upper.  end: convolution 222 and the lower end convolution 2.24; 

and. (ii) a flexible enclosure 230 that includes a top wall 23`2. positioned adjacent to the upper 

end convolution 222 of the compression: spring-220, a: bottom wall 234 positioned adjacent to 

the lower end convolution 224, and a side wall 236 that.exterids between the top wall 23.2 and 

the .bottom wall 234. Thus, the..pOcketed:spring 2.10 has.'t construction similar to the pocketed 

spring 1.0 described above with reference to FIGS.. 1.A.4). 

100651 The pocketed spring 210 also includes a tension member (not shown) that is made 

°Ian clastomer and is laminated to an interior sada:eel:4'a Mid-Section of the side:wall 236 of 

the flexible. enelosure 230. In this regard, the tension member Would be sUbstantiallysimilar 

to the tension member 40 described above with referenee to FIGS. I A-D, but laminated to an 

interior surface, rather than an exterior surface, of the side wall 236.. 

100661 Unlike the pocketed .spring. 10 described above with reference to Flki:S, 1A-1=), in 

this exemplary embodiment, the entire flexible enclosure 230 is made of an inelastic-material. 

To this end, in order to allow the tension member to reach the•stretehed .state shown in FIQ, 

3A, the tension member is in a pre-tensioned state when it is laminated to the side.wall 230- of 

the flexible enclosure. 230. As shown. in FIGS. 3.C.! and 3D, as the pocketed spring 210 
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compresses and the tension member .partially relaxes, the underlying inelastic material of the 

Side wall 236 of the flexible enclosure 230 begins to bunch or crimp. Advantageously, 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-tensioned. state::shown in FIG, 

3A, which helps prevent any creep in the tension member while it is under tension, 

[00671 Similar to the tension member 40 described abOve. with mference. to FIGS, 1A-D, 

it is also contemplated that the tension member in the pocketed spring 210 could be laminated 

to substantially all of the side wall 236:of the flexible enclosure 230, instead of jnst the mid-

section. 

10068i Regardless of the particular configuration of the tension member, the pocketed 

spring 210 .also exhibits a non-linear response to fOree loading similar to the pocketed spring 

10 described above with reference to FIGS. 1A-D and 6. Specifically, in a first response state, 

both: the compression spring 22.0 and the tension member are engaged, and the spring 

constant of the pocketed spring 210 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 22.0 is engaged, and the sprina:constant of the pocketed spring 210 is the. 

spring constant of the compression spring 220, 

[00691 'Referring .now to FIGS-4A-D, in another exemplary embodiment of the presetit 

invention, a pocketed spring 310 is provided that also includes': (i) a eompresSiOn spring 320 

made of .a continuous wire and having an upper end, convolution- 322, a lower. end 

convolution 32-4 opposite the upper end convolution 3n, and a plurality Of intermediate 

convolutions 326 between the upper end convolution .322 and the lower end eonvolution 324; 

and lii) a flexible enclosure 3.30 that inclitdes a too wall 332 positioned adjacent to the upper 

end convolution 322 :of the compression spring 320, a bottom wall 334 positioned. adjacent to 

the lower end convolution 324, and a side wall 336 that extends between the top wali.332 and 

the-bottom wall 334. Thus. the pocketed sprint 31.0 hast construction similar to the .pock6ted 

spring 10 described above with reference to FIGS. 

[00:701 The pocketed spring :310 also includeS a tension member in the form of an elastic 

cable 340 that is connected to 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 longitudinal axis of the compression 

spring -3 20, 	shown in FIG. 4C, as the pocketed spring 310 is compressed, the s4... wall. 

336 of the flexible efICIOStire 330 immediately begins to hang.loosely around the compression 

spring :32.0-as the elastic cable 340 does not provide a ..tensile force to the side wall 33-6 of the.  

flexible enclosure 330 to keep the side call 336 taut. As Shown in FIG. 4D, the elastic cable 
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3.40 is configured:such that it will enter a relaxed state prior to the compression spring .320. 

reaching a max an mit compression .  

100711 With respect to the elastic cable 340, although not shown„ it is contemplated that 

the elastic. cable 3.40 could he 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. Ore of elastic. strands. 

100721 Regardless of the particular configuration of the elastic cable 340, the pocketed 

spring•310 also exhibits anon-linear response to force loading similar to the pocketed spring 

10 described above with reference to FIGS. 1 A4) and 6. Specifically, in a first response state,. 

both the compreSsion spring 320 and the elaStie 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 constant of the pocketed. spring 310 is the spring 

constant of the compression spring 320. 

10073] Referring now.  to FIGS. 5A-D, in another exemplary•cmbodiment of the present 

invention, a pocketed spring 41.0 is provided that also includes:.( t] compression spring 420 

made of a continuous wire and having an upper end convolution 422. a 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 (ii) a. flexible enclosure 430 that includes a top wall 432 positioned adjacent to the upper 

end convolution 42.2 of the compression spring 420,. a bottom wall 434 positioned adjaeeth to 

the lower end convolution 424,:anda side. wall 436 that: extends between the tog..Wall .432 and 

the. bottom wall 434. Thus, the pocketed spring 4.10 has a construction that is substantially 

identical to the pocketed spring 310 described abOve with reference tea FIGS, 4A-II 

100741 However :„ as an alternative to a tension member in the form of an elastic cable 340 

described above with reference to FIGS. 4A4), in this exemplary embodiment, the pocketed 

spring 410 includes a tension member in 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 

enclos ire 00,. such that the inner Spring 440 extends through the interior of the flexible 

enclosure 430 along a central longitudinal axis of the compression spring 420, 

[0075] When the eompreSsion spring 420 is placed into the flexible enclosure 430 (as 

shown in FIG. 5A)„ the inner spring 440 is in:a. stretched state and exerts a tensile ilirce that 

acts in opposition to the compressiVe face of the compression spring 420. When a •firSt tsOtve, 

F. and a second predetermined force, 	are applied to the pocketed spring 410 (*.Shown in 

FIGS. 511-C),. the pocketed spring 410 then becomes partially compresSed, with the inner 
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spring 440 being partially relaxed,. but still continues to eXett a tensile force that acts in 

opposition to the compressive force of the compression spring 420. Subsequently, when a 

third force, F3, that exceeds the second predetermined three,., 	is applied to the pocketed 

spring 410 tas shown in FIG. SD) , the pocketed spring, 410 cOmOreSSeS further, and the inner 

spring 440 fully relaxes and transitions into a compressive state where the inner spring 440 

exerts t•compressive force that acts in addition to the compressive force of the compression 

spring 420. 

100761 Aceordingly, the pocketed spring 410 also exhibits a nonlinear response to force 

loading similar to the pocketed spring 10 described above with reference to FIGS. 1A-D and 

-6. Specifically, in. a first response state, both the compression spring420 and. the inner spring 

440 are engaged, and the spring constant of the pocketed spring 410 is the spring constant of-

the compression spring 420 less the spring constantof the inner spring 440. However,. unlike 

the pocketed spring 10 described above. with reference to HG:S. 1A.-1) 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 plus the spring constant of the inner spring 440, 

10077] It is also contemplated that, in some embodiments, the inner spring 440 would 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,. 

100781 Referring now to FIG.& .7A-D, in aanother exemplary embodiment of' the present 

invention, a pocketed spring 510 is provided that includes a coil-in-coil spring 520 having an 

outside coil 521 and an inside. eoil .527 that are coaxial, helical-formed coils made of:a. 

Continuous wire. As shown, the outside coil 52i begins with a flat base  52.4 that continues 

upward in -a. spiral section. An upper end convolution 522 of the outside coil 521 ends in a 

circular loop at the extreme end of the coil-in-coil spring 520. The base. 524 is formed with a 

double circular loop, with the inside loop extending upward in a spiral to form the inside coil 

527. The outside coil 521 is larger in height than the inside coil 527.. Also, in. this exemplary 

embodiment, the diameter of the outside coil 521 is 14'rger than the dia.meter of the inside 

coil 527, which ensures there is. no. interference between the outside coil 521 and. the. 

inside coil 527, The body of the outside coil 521 contains six convolutions, or turns, whereas 

the body of the inside coil 527 contains seven convolutions. Of coursi4 alternate 

embodiments of the Coil may be Constructed with different contiguiations, such as different 
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numbers of convolutions or turns, and different shapes to the end coils:.. For an example, tof..  

another exemplary coil-in-coil spring which may be used in the present invention, reference 

is made to U.S. Patent.No.. 7,908,693, which is herein incorporated by reference. 

100791 In some embodiments, the spring constant of the inside coil 527 isgreater than the 

spring constant of the outside coil 521. The coil-in-Coil design provides two different spring 

constants during compressiOn of the pocketed Spring 510 When used in, for example, a 

mattress. During initial loading, only the outside coil 521 is compressed, whereas under a 

heavy or concentrated load, both the outside coil 521 and the inside coil 527 .work to support 

the load. This alloWs. fora comfortable compression under a light load, such as when a 

mattress is used for sleeping, wherein the load is distributed over a relatively large surfliee 

area, At the same time, the coil-in-toil :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 is.. strong enough to absorb abnormal WOWS, weight 

concentrations, or shocks without discomfort or damage. The relative spring constants also 

provide agraduai transition between the outside coil 521 and combined coils. 521, 527 upon 

compression, so that the shift from compression of the outside coil 521 only to the 

compression of both the outside and inside coils 521, 527 as the load increases is. not felt by 

one seated on the mattress. 

10080) Referring still to FIGS. 7A4), the ...exemplary pocketed .spring 510 further 

includes:.(i) a flexible enclosure 530 that includes a top wall 532 positioned. adjacent to the 

upper end convolution 5.22 of the outside coil 5.2.1 of the coil-in-coil spring 5204 a bottom 

wall 534 positioned adjacent to the base. 524.of the coil-in-coil spring 520, and a side Wall 

536 that. extends between the top wall 53.2 and the bottom Wall. 534; and (iit a tension 

member 540 made of an &stonier and in the forfn oi'.a cylindrical band that is laminated 'tett 

portion of the side will 536'of the flexible enclosure 530 in a substantially identical. manner 

to the tension member 40 described above with reference to FIGS, 1A-D.A.Ccordingly, the 

flexible enclosure 530 and the tension member 540 of the pocketed spring 510 of this 

exemplary embodiment function in the same way as the flexible enclosure 30 and the tension 

member 40 Of the pocketed spring 10 described above with referenee to .11.(ifi IA-D. 

However, the inclusion of the.  coil-in-coil spring 520 in this exerriplary pocketed spring 310,. 

as opposed to the single compression spring 20, Provides an additional means of altering the 

spring constant of the pocketed spring 510 .:at a..speeified compressive distance in order to 

exhibit a non-linear response to loading and develop- a preferred compression response. of the 

pocketed spring 510, as described in further detail beloW. 
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100811 Referrina now to FICa 7A, when the coil-in-coil spring 520 is "pocketed" or 

placed into the flexible enclosure 530, the outside coil 521 of the coil-in-cod spring 520 is 

held in a pre-compressed state by the flexible enclosure .530, while the tension member 540 is 

in a stretched state, With the 	 spring 520 pre-oompressed within the flexible 

enclosure530, when a first predetermined force,. 	is applied to the pocketed sprina 510 that 

is - equal to the foree-  required to compress the coil-in-coil spring .520 into the flexible 

enclosure 530. as the coil-in-coil spring 520 is under tension by the tension member 540. the 

pOcketed spring 510 is not eoMpressed„At that .point, the coil-in-coil spring 520 (i.e., the 

outside coil 521 a the.  coil-in-coil spring 520).-aets.against both the first predetermined force, 

Fa. as well -as.11. teasile Rrce-  of the tension member 540, and any additional force appiied.to: 

the pocketed spring 51.0 beyond that first predetermined force,. Ft. will result in the pocketed 

spring 510 compressing. 

100821 Referring now to FIG. 7B, when a .second predetermined foree, fa, is applied to 

the pocketed spring 510 that exceeds the first predetermined force, Fr, the pocketed spring 

510 then begins to partially compress. In particular, upon application of the second force, .1"),. 

the outs*: coil 521 of the 	spring- 520 is compressed beyond its pre-compressed 

state; however, the inside coil 527 is not yet engaged. Furthermore, the. tenSion member 540 

has partially relaxed; however, the tension member 5.40 is. still in a partially stretched state. 

Accordingly, the tension member 540 still provideu tensile force on the outside coil 521 of 

the coil-in-coil spring 520,as well as to the side wall 536 of the -flexible cheiosure. 530 

keeping the side:wall 536 substantially taut. 

100831 Referring now to FIG. 7C, when a third predetermined -force,. F3, is applied to the 

pocketed spring $10 that exceeds the second predetermined force,T')., the pocketed spring 510 

compasses .o. a point where the inside coil .527 of the coil-in-coil spring 520 is engaged, but 

has not yet itself been compressed: As shown in FIG. 7C, prior to the inside coil 527 

compressing, the tension member 540 has entered a relaxed state; such that both the tension 

member 540 and the flexible enclosure 530 hang JOS* around the. coil-in-coil -spring 520. 

accordingly, in FIG. 7G, the -tension member 540 is no longer applying. a tensile. force to the 

outside Coil 521 of the coil-in--coil Spring 52(1, and only the outside coil 521 of the coil-in-coil 

spring 520 is acting against the third predetermined force, F. 

100841 Referring now to FIG. 71), when a fourth pmdetermined force, Fa, is applied to the 

pocketed Sprine.510 that exceeds the third predetermined force, F. the pocketed spring 510 is 

now compresSed to. a point where the inside coil 527-of the CO-in-coil spring 520 is also 

compressed. The tension member 540 is still in the relaxed state .and so provitlps. no tensile. 
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force, Accordingly;  both the outside and the inside Oils 521. 527 :of the coil-in-coil springs 

are acting against the fourth predetermined force. F. 

(00.851 By assembling the pocketed spring 510 in such a manner, the pocketed spring 

510 also exhibits a non-linear response to - force loading. In particular; the pocketed spring.  

510 exhibits three different response states; -as ompared to the two response states.. of the 

exemplary pocketed springs 10, 1.10, •210, 310, 410 described above. in the first response 

state, and as shown in FIG. 713, the outside coil 521 of the coil-in-coil spring 520 and the 

tension member 540 are engaged, and the spring constant of the pocketed spring 510 is the 

spring constant el the outside coil 5.21 of the coif-itt-coil spring 520 less, the spring constant 

of the tension member 540. In the second, response .state;asadditional. fbrce is applied and as 

shown in FIG.. 7C. the tension member 540 is in a relaxed state, and only the outside coil 521 

of the coil-in-coil spring 520 is engaged (because the inside.coil 527 has not yet compressed_;, 

Accordingly, the spring constant of the pocketed spting51.0 in the second response state is. 

the:spring constant of the outside. coil 521 of the coil-in-coil spring 520. in the third response 

state shown in FIG. 7D, however,. both the outside and inside coils 521, 527 (Tithe coil-in-oil 

spring 520 arc engaged, and. the spring constant of the pocketed spring 510 is the spring:  

constant of the outside coil 521 plus the spring constant of the inside coil 527 of the coil-in-

coil spring -520. 

(00861 Referring now to FIGS. 8A-D, in another exemplary embodiment of the present 

invention, a pocketed. spring 610 is provided that also includes a. Coil-in-coil spring 620 

having ail outside coil 621 and an inside coil .627 that are coaxial, helical formed springs 

made of a continuous wire, As shown, the outside coil 621 begins with flat base 624 that 

continues upward in a spiral section. An upper end. convolution 622 of the outside 

coil 621 ends in. a circular loop at the extreme end of the eoil-it1-coil spring 620.. The 

base 624 is formed with a double. circular loop, :with the inside loop extending upward in. a 

.spiral to form the inside coil 627. f,'urthermere, the pocketed spring 610 includes a. flexible 

enclosure 630 that includes a. top- wall. 632. positioned adjacent to the upper end convolution. 

622-.of the outside coil 621 of the 	 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. 

(00871 in thiS exemplary embodiment, like the pocketet.  spring 110 described above with 

reference to HOS. 2A-D, the side wall 636 of the flexible enclosure 630 is tnadeentirely of 

an elastic fabric such. that the flexible:enclosure 360 itself serves a.  tension member. In this 

way, this exemplary pocketed. spring 610 provides both the benefits of having a .coil-in-coil. 
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spring 620, as well as having a flexible enclosure 630 comprised entirely of an elastic 

material. 

[0088i Referring now to FIGS.,. 9A-D, in another exemplary embodiment Of the present 

invention, a pocketed spring 710 is provided that also includes a coil-in-coil spring 720.  

having an outside coil 721 and an inside coil 727 that are coaiial, helical forn ed. 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 721 ends in a circular loop at the extreme end of the coil-in-coil spring 720. The 

base 724 is formed with a double circular loop;  with the inside loop extending upward in. a 

spiral to form the inside coil 727. Furthermore, the pocketed. spring 710 includes a flexible 

enclosure 730 that includes a top wall 73.2 positioned adjacent to the upper end convolution 

722 of the outside coil 721 of the. coil-in-coil spring 720, a bottom wall 734 positioned 

adjacent to the base 724, and a side wall 736that. extends between the top wall 732 and the 

bottom wall 734. 

[00891 In this. exemplary embodiment, like the pocketed spring 210 described above with 

reference tn. FIGS, 3A-3D, the pocketed spring 710 also includes a tension member (not 

shown) that is made of an downier and is laminated to 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 thode of an inelastic material. In order to allow the tension member 

to reach the stretched state shown in FIG. 9.A.,, the tension member is in a pre-tensioned state 

when it is laminated to the side wall 736 of the'flexible enclosure 730.. As shown in FIGS, 9C 

and. 91), .as the pocketed spring 710 compresse.S.and. the tension member partially relaX.V.,:, the 

underlying inelastic material of die side wall 736 of the flexible enclosure 730 begins tO 

bunch or.  crimp. In this way, this exemplary pocketed spring 710 provides both the benefits of 

having a coil-in-coil spring 720, as well as having a flexible enclosure 730 comprised entirely 

of an inelastic material, but having a tension member laminated to an interior surface of the 

flexible enclosure 730,. 

10090j Referring now to FIG. 10, an exemplary mattress.  800 made in accordance with 

the present invention includes a plurality of the pocketed springs 10 described above with 

reference to FIGS. 1A-D. The pocketed Springs 10 are arranged in a. matrix, Such that the top 

walls of the flexible enclosures of the picketed springs 10 collectively.   define a first: support 

surface (or sleep surface), and the bottom walls of .the flexible enclosures of the po4eted 

springs 10 defines asecond support surfaee:opposite the first sttpptirt,seffite -lynica4,. each 

pocketed spring 10 is arranged in a succession of strings, alter which each such strings are 

connected to each other side by side to fOrtnz a matrix. The interconnection of strings.ean take 
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place by welding or gluing. Such interconneetion, however, ean. alterna ively be carried out 

by means of clamps or hook-and-loop fasteners:, or in some .other convenient manner. The 

mattress .800 also comprises an upper body supporting• layer $50 positioned adjacent to the 

first support surface, along with a lower foundation layer 860 positioned adjacent to the 

second support surface: Furthermore; :a side panel 870 extends between the upper body 

'supporting layer 850  and the lower foundation layer - 860 around the entire periphery of the 

two layers ..850, $60, such that the pocketed. springs 1.0 are completely surrounded. 

(0091] It is. Contemplated that. the upper body supporting layer 850 is comprised of some. 

Combination of Ibam, upholstery, and/or other sOft„ flexible materials well known in the art, 

Furthermore, the tipper body supporting layer 850 may be comprised of multiple layers of 

material configured to improve the comfort or support of the upper body supporting layer 

850„. 

100921 It is also contemplated that the lower foundation layer 860 could be similarly 

comprised of some combination of foam, upholstery, and/or other soft flexible material well 

known in the art, such that the mattress $00 can . function no matter which way it is oriented. 

However, in other eMbodiments, the lower Inundation layer 860 is comprised of a rigid 

member configured to support the plurality of pocketed springs. 

[00931 Throughout this document, various: references are mentioned. All such references 

are incorporated herein by rekrenee. 

100941 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 sc.bpe of the 

claims which .follow. This detailed description, and particularly the specific details of the 

exemplary embodiments disclosed herein, is given primarily lbr clarity of understanding, and 

no unnecessary limitations are to be understood therefrom, ihr modifications will become 

apparent to those skilled in the art. upon reading this diselostire and may be made without 

departing from the spirit orseope .of the claimed invention. 
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