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BACKGROUND OF THE INVENTION

15 [0001] This application claims priority to both of U.S. Provisional Patent
Application No. 61/135,997, filed July 25, 2008, titled MULTI-LAYERED
SUPPORT STRUCTURE, and U.S. Provisional Patent Application No.
61/175,670, filed May 5, 2009, titted MULTI-LAYERED SUPPORT STRUCTURE,

which are incorporated herein by reference.

20 BACKGROUND OF THE INVENTION

1. Technical Field.
[0002] The invention relates to load support structures. In particular, the

invention relates to multi-layered seating structures.

2, Related Art.

25 [0003] Most people spend a significant amount of time sitting each day.
Inadequate support can result in reduced productivity, body fatigue, or even
adverse health conditions such as chronic back pain. Extensive resources have
been devoted to the research and development of chairs, benches, mattresses,

sofas, and other load support structures.



structures, including providing formfitting confort for a user's general
body shape. Sone disconfort, however, may still arise even fromthe

i nproved woabiogieBruct ures. For exanple, a seating strecrarseqoobragh tuned
to conformto a wide variety of general body shapes, may resist conformng
to a protruding wallet, butt bone, or other local irregularity in body
shape. This may result in disconfort as the seating structure presses the
wal | et or other body shape irregularity up into the seated person's

backsi de. {d(IMPS] ITRHE, padt] {7 SRIMPIB! @BAIRS haaSeMipaRdd debii vasting
confortabl e seating structures, there remains a need for inproved seating
st ruct ur eBORFHEhiens 1o mognerrdBlexsiombipationg efdndivisal rdhmayingiaigmentsnd
sizes. S Y . | 1§ - t i hcl

ol obai | ayieoe peaptdeioft, e Inp@NEl i YRBRoTOH T Brdded PORNE e
control | egtraethifeastinoludofg thevidiegt form-ftting ctamiortifon aapper’'s ajermnalobody| oad.
The gl obal | ayer _includes nultiple support rails which al so support the

local | ay\%}_?e.‘p -heSQF@bgfs_CPH}f%'ft’ Hﬁy’ef’iﬁ’éo”]aﬂcﬁﬂbérﬁﬁl eY§ efm&'l‘it_ﬁﬁe RIOYEDns
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gl obal | ayer en a load is Inpose e local layer tacilitates
added andaiwidepearitsntofdgdrierak body spapespplaycessishrcapforaningad a grotneding

[ti-]| d t st t . The | ocal .| i | udes. | tipl i
ol enent 5. WalioPLBUBBYe « ety 957! drregHBERt it BAY ShARe: nunls DAY GSEILI
el enent's gREbIIE! 4iena decingnstrictdef IREddern e WRslet dFasthe? bdye sHubbi pl €

spring elenents may independently deflect under a | oad based upon a variety
of IPact or redutarity dprigtotthe septadchpenspps, backbigei ve position of the spring

el ement Wd N t mul ti.-1 avered suppogt structure,. sprin [l spring
ai mons! ont99888 1 B s, SHE HpRIERRC s et g in ok fihd BbErb At hor
st ruct ur esedtindy Srliurdsatice seind@iBa nEbe fopimpraled agatingBirudttrddiinedayer upon
which a load is afpplied. The top mat | ayer includes multiple pixels and

e

bul | nosefilendpanfermit guide rapge of bady SharReaNHEIZeS! tipl e spring el ements.
The multiple pixels and bull nose extension

SUMMARY

15 [0006] A multi-layered support structure may include a global layer, a local
layer, and a top mat layer. The global layer provides controlled deflection of the
seating structure upon application of a load. The global layer includes multiple
support rails which also support the local layer. The global layer may also
include multiple aligned regions which may include an aligned material to

20 facilitate deflection of the global layer when a load is imposed.

[0007] The local layer facilitates added and independent deflection upon
application of a load to the multi-layered support structure. The local layer
includes multiple spring elements supported by the multiple support rails. The
multiple spring elements each include a top and a deflection member. Each of

25 the multiple spring elements may independently deflect under a load based upon
a variety of factors, including the spring type, relative position of the spring
element within the multi-layered support structure, spring material, spring
dimensions, connection type to other elements of the multi-layered support

structure, and other factors.



fingers contact with the tops of the nultiple spring elenents. Like the
multiple spring elenents, the nultiple pixels and nmultiple bull nose

ext ensi orwbiznganse3dgay al so provi de a response to an applPCedSb@ands1221
substantially i ndependent of the responses of an adjacent pixel. [0009]
Accordingly, the nulti-layered support structure includes cooperative yet
I ndependent | ayers, with each |ayer including cooperative yet independent
el enents, to provide naxim zed gl obal support and confort to an applied

| oad whi | €0608j0 arleptdphatt tay@ntnSp pE AN iai@r lupeal wiziel d lead i @med .arhéi es.
Further, the | oad support independence provided by the nulti-I|ayered
support st@Rifaifayed| inelges ﬁ@dtlwlwm@g|acmisbttlbng%sxt%loalntmg%wosmp@gd| arity
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i nventi onyeMiRPeAtent tyehe Wit BRH: |4 ;yélk‘?hdhﬁﬁlﬁé Q!Bb%@réth'/@etfét' ﬁ\d@ﬁéh&é}ﬂt e
correspondlng parts throughout the different views Figure 1 shows a

por td on oﬁleanw@tyetcear@u@mnaxmz&@bgmbel sppparslangi gemiorb te lapwaprlicr vader
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specific regions to adapt to any load irregularity without substantially affecting the

load support provided by adjacent regions.

15 [0010] Other systems, methods, features and advantages will be, or will
become, apparent to one with skill in the art upon examination of the following
figures and detailed description. It is intended that all such additional systems,
methods, features and advantages be included within this description, be within

the scope of the invention, and be protected by the following claims.

20 BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The system may be better understood with reference to the following

drawings and description. The components in the figures are not necessarily to

scale, emphasis instead being placed upon illustrating the principles of the

invention.  Moreover, in the figures, like referenced numerals designate
25 corresponding parts throughout the different views.

[0012] Figure 1 shows a portion of a layered support structure.

[0013] Figure 2 shows a broader view of the support structure shown in Figure

1.

[0014] Figure 3 shows a top view of a global layer.



[0017] Figure 6 shows a portion of the spring attachment nenber. [0018]
Figure 7 shows a top view of an exenplary |ocal |ayer. [0019] Figure 8
shows a twp2icemieB a top mat | ayer. [0020] Figure 9 sheas/ush@vwscter si de of
a pixel within the top mat layer. [0021] Figure 10 is a process for

manuf acturing a | ayered support structure. [0022] Figure 11 shows a gl obal
| ayer stretched by an assenbly apparatus. [0023] Figure 12 shows a
pre-aligned gl obal layer. [0024] Figure 13 shows a close-up view of a

portion ofooasgpr e-Ryurgnad sabaBah paitioh. of 0P8Skubpartrail Lchiivg thet apdei ew of
a global layer cavity nold and hot drop channel for formng a pre-aligned
gl obal | ag@ineqtEReViESIOMSCHIaPs. ON OF THE PREFERRED EMBODI MENTS [ 0026] The

| ayer ed S@ﬂf‘}!ie?‘é‘?gy%ﬁ%@%%é?g’[% E)pg%c%”a&eﬁn assenbly of nultiple

cooperati S ion rn"or ds ‘a load bearing structure,
such as a[oMdlr, Figute dsihobs agortidief theosdingesttachgnesit merhberes. The
cooperative layers include nultiple elenents, including nmultiple

i ndépende[ﬂm@ﬂ_er’ré:r\@‘ér? %%h%%?r??&_é“ec"ﬁ@f @@656@'%_&9%@ Ft provided. The
extent of [ddq@‘y ”@@ﬁ%@@ﬁ&m@é:}b;@'ﬁe‘%@opé{téé‘ﬁadﬁ’éﬁe'{.pl e el enments may depend

on, or be tunéd to] individual characteristics ‘'of each el enent, the
connect i of002p)e UsguretDshowe tleoundersidehs apixel witlan éhe b} layer.ot her

truct desi. teristi f the | d t structure. Th
i Ui pl e Nt 3 el bapeesn sy S bl Gr a1 SRS ¢ oned
or ot her w24 Onfrigreeth §Rows!hlgldtit 1ARIGHIREI By A8 8YSerhBly fhpRfatuscul ar

i ndi vidual or "appltcation. The "di mensions di scussed below'with reference to
t heovari o[R023)1 t iYweel 2ahows agre-aligaagiginbabiaygrand nay vary wi dely

d di h i cul desired i npl ' h d
bl ow: [ 0024 odfalE' ER6TonS B SIEral SIS o o i e BBned P 1. °
The | ayer pgegpupport structure 100 includes a global Iayer 102, a |ocal

| ayer 104, and a top mat |ayer 106. ]
[0025] Figure 14 shows a top view of a global layer cavity mold and hot drop

channel for forming a pre-aligned global layer.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0026] The layered support structure generally refers to an assembly of
multiple cooperative layers for implementation in or as a load bearing structure,
such as a chair, bed, bench, or other load bearing structures. The cooperative
layers include multiple elements, including multiple independent elements, to
20 maximize the support and comfort provided. The extent of the independence
exhibited by the multiple elements may depend on, or be tuned to, individual
characteristics of each element, the connection type used to interconnect the
multiple elements, or other structural or design characteristics of the layered
support structure. The multiple elements described below may be individually
25 designed, positioned, or otherwise configured to suit the load support needs for a
particular individual or application. The dimensions discussed below with
reference to the various multiple elements are examples only and may vary
widely depending on the particular desired implementation and on the factors

noted below.



[ 0028] The gl obal |ayer 102 includes nmultiple support rails 108 and a frane
attachnment 110. Each support rail 108 may include one or nore straps 112
and nul tiwbeonades3114 connect ed between the straps 112PCEaishomisep: may

i nclude aligned regions 116 and unaligned regions 118 defined along the

| ength of the strap 112. The nodes 114 may connect to adjacent straps

bet ween the unaligned regions 118 of the adjacent straps 112. [0029] The

| ocal layer 104 includes multiple spring elenents 120 above (e.g.,

suppor t ed [0y27r rEiguied SMdws e partidn Bf & Sayeped tsuppbhssti@BureEa00. oThé he
multiple spring elenments 120 includes a top, a deflectable nmenber 122, and

one or ﬂ sUBReTASHHETe ABHiRgI s glabg lavgu 8213 lacablayer 1@dral @

menber e[} 'ﬁ%ﬁe Spl ral arnms 126. The spring elenents 120 may
alternatlv y In Je a variety of spring types, such as those disclosed in
U. S. Appl [ee28]lon Ber igidbaNdayet 11023 Bhclftles, militlpdel sbeoriZailsZOOB anshacfhrame

I ncorporated herein ef erence. The t mat 106
mul t3 pl e BHRED @eaha“guﬁ%}eo%@p@ﬁtf@h 1%§H]”fay rﬂ'@fé\" $58. Orlfaérl‘? gfapcshi%f‘al pl e
pi xel's I NeAHAGE RIUdPPRS céﬁHécﬁ’%\ﬁb@ éh H@"@trraﬁ"lﬁQ.C%athﬁrépPH%gtlﬁthBéce of

each pixel may include a ste contacts e top of at one of the
spring el efiemed ré@ons Bdéhand unblgrird regiose 148t defiiednalbhadee derigtB ofeheal so

i ncl ude an, upper ,surface 130 a lower s ace,. Th |.ower surface of each
bui | nose SRBent?on Tiaderes 8 hadiay nEpteitols aGrachal et dudl

cont act W'uhahq Fé@jbr%“ﬁéof%sédjé’é@ﬂ%irabgm%“ ng el ements 120. [0031] The
gl obal | ayer be injection nolded froma flexible material such as a

t hetomal pil@@29]c eTlagtcmaéiay@mQﬂ ln¢lnde@mtﬂ@olﬁrsmrmelelﬁmots 20 above 4e.9.,

P?Li?LFEy'ﬁéﬁé?@ by 35553 it RS POl oL Falh 5T i, i .

t he frame sptihgehereonts1dD intheiekraiop, at defideraié nididbsmy2bearebone o etoreo t he
end of the straps 112 of the sup gort rails 108 and oriented substantially

per pendi ctIPf BBa¢hiBeRk mgiabars2 126 gl eFigusholsthe detaetabler matheet 1220 t hat
I ncl udes G4 v §HMRYrhs 126. The spring elements 120 may alternatively include

15 a variety of spring types, such as those disclosed in U.S. Application Serial No.
11/433,891, filed May 12, 2006, which is incorporated herein by reference.
[0030] The top mat layer 106 includes multiple pixels and bull nose extension
fingers 128. Each of the multiple pixels includes an upper surface and a lower
surface. The lower surface of each pixel may include a stem which contacts the
20 top of at least one of the spring elements 120. Each of the bull nose extension
fingers 128 may also include an upper surface 130 and a lower surface. The
lower surface of each bull nose extension finger 128 may include one or more
stems that each contact with the top of at least one of the spring elements 120.
[0031] The global layer 102 may be injection molded from a flexible material
25 such as a thermal plastic elastomer (TPE), including Arnitel EM400 or 460, a
polypropylene (PP), a thermoplastic polyurethane (TPU), or other soft, flexible
materials.
[0032] The global layer 102 connects to a frame 132 via the frame attachment
110. The frame attachment 110 may be connected to the end of the straps 112
30 of the support rails 108 and oriented substantially perpendicular to the straps
112. Figure 1 shows a frame attachment 110 that includes discrete segments

134. The frame attachment 110 may define by a gap 136 between each segment

5



134. The frane attachnment 110 may define by a gap 136 between each

segnent 134. Each of the discrete segnents 134 nay connect to the ends of
two or nowe atjyeeeat straps 112. The frame attachnment 1POTrsgooonsizade a
singl e segnment extending along an entire side of the global |ayer 102, such
as the frane attachnent shown in Figure 3. [0033] In Figure 1, each support
rail 108 includes two cylindrical straps 112 extendi ng substantially in
parallel. The support rails 108, however, may include alternative

confi gur at BANEachasf th ANRr&te éé@?néﬂ@ﬂ@ﬂtmé?bbﬁné&% Y ehi§ biifio ar AioRg| e
strap, or rrultlgle strag The support rails 108 of the gl obal |ayer 102

may i ncl udeiagenhsiapg 1AdnbEme éfarrsq atipchment 11 Metncluslesarsingle seapest s,

such as e AL L0 g By IRE o k! B3, IS B8 eyl ihnd 6 102

The suppo rrayln terndtive me or exanple, the

straps 113ttathhmbet shgwaoi Figaid 3. 108 may i ncl ude four 5| des with nulti pI e
ends. An exanple of _such straps is disclosed in U S plication Ser

11/ 433, 89100331 003n) Figum A apagh supReM Al | {8eingludes dwe &Y‘inﬁlﬁea %@%ﬁﬁlle
d nul 1
and nul ti Bléfeug ]él%k‘%é’nﬁeﬁ |ﬂgﬁréﬂ£ ddlgrfnédeﬁgpcﬁ AN ide lﬁ)twéfé{lin%gnggiﬁd trap

112 may in ternati gned régi ons Each
of the al agemnaed:amﬁguragmd r egr @xanmmy, the depporedaitsy 188cmaysinskidei anal

. Th t f h al d f t
my vary. S8 0GP RAPIHARS. pTGs EPRRPbIAINIE) GRS TUdR sy HEORgY  ho
strap. Th%dFddfé'S%e\%ﬁ?:th}ﬂ%béﬁ Sﬁsﬂfﬁqls B9 2PEfBRY! o0 oUsOfdchits POSEH b@rth@f the

aligned region r Ve to a gate location of the nold. For exanple, the
gat® | ocatdoationof tks puppiert ral 6@ withitdthe gibbahlayer 1@, TWﬁeﬁuppDHeradiﬁ i18fed

regi ons have a eat I _CrOSS- sec I on area the he re from
hg ol B B RiE B fegPeted S ol in kil 1R S Eas% T2 Nt RnRRS, | Loos
regi ons Waéalsbm&ﬁ@?tuﬁélua@%uﬂmés @ithtrheitipe) rNtARkkamek 6RYIchstrapEie
allgned regi ons i ned al on he straps of the support rails may be

al i gned u$isglpsgdvald.et ﬁpﬁhca’f@n%@h"lﬂzﬂdm%@%bnpr essi on and/ or tension
e R AL BRI hed BB 18 S8 L0
I n 1B gur euhaligriedl regions 118 defined along the strap 112. The strap 112 may include
alternating aligned and unaligned regions 116 and 118. Each of the aligned and
unaligned regions may be defined by a cross-sectional area. The cross-sectional
area of each aligned region defined along a strap may vary and be tailored to the
position of the aligned region along the strap. The cross-sectional area may be
20 proportional to the position of the aligned region relative to a gate location of the
mold. For example, the gate location corresponds to the middle of the strap,
where the aligned regions have a greater cross-sectional area the more distant
they are from the middle. As shown in Figure 1, the cross-sectional area of the
unaligned regions may be greater than that of the adjacent aligned regions. The
25 aligned regions defined along the straps of the support rails may be aligned using
a variety of methods including compression and/or tension aligning methods.
[0035] The unaligned region 118 and aligned region 116 of the adjacent
straps 112 may substantially line up with each other. As shown in Figure 1, the
nodes 114 may connect between adjacent unaligned regions 118 of adjacent
30 straps 112. Each node 114 may include a spring connection for connecting to a

spring element 120 of the local layer. The spring connection may be an opening



nodes 114 may connect between adjacent unaligned regions 118 of adjacent
straps 112. Each node 114 may include a spring connection for connecting to
a spring wbenwnt16820 of the |local |ayer. The spring conmegitiseonoma2be an
openi ngdefined in the node 114 for receiving a correspondi ng spring el enent
120, such as shown in Figure 4 . [0036] The gl obal |ayer 102 nmay or nmay not
be pre-loaded. For exanple, prior to securing the global |ayer 102 to the
frame, the global layer 102 nay be formed, such as through the injection

nol di ng pdefissdin the hode dharfoerededngg fa d;ch@éspo&dn@eqmwgt elesanitiri@0t baclgl obal
| ayer 102 to the frane. Before securing the global |ayer 102 to the frane,
the gl obaPSISH9\§’F‘ "1(529‘#'&% be stretched or conpressed to a |length greater

than its nal r 2o FcE S Id(?,wg bei ng
stret chedmd:ﬁg TrLeegg%bIa%g/elérAy%{O@ %é%}lgg se ?‘8&3"%0 eh@géﬁ{jopo st ru%lf:%trjre
frame whepribhto gdamb&ig ﬂmy@lbbél)léyeeﬂ 02 ds the faanh@rtgerglobaitlaymt t@ﬁemayhbevm dth
of the frame. [0037] er_alternative, the g

recover d%“ﬂ‘egnau?'hé‘ﬁAﬁ Bﬁgﬁt"élﬁﬁpr}@ Q'P%tpé‘l’l%qfsuwf Fla ?"I‘fﬁesré? tﬁotli'm%vvn

| ength of |stﬁ1$ec@00t%3§edu?é( gf éBgam%ﬁ/é_ ?2 (8 therafl. Céefbltéeséd‘@ﬁ’ig -thd Rffotgd obal

| ayer 102 nmay be pre-loaded”in nmuftiple directions, such long its

| engt h or layes 102 do lthe franeeg die ghnbal wyef éﬁémnapbe stretacdhedrmwomlorapmd tat o

di fferent ons ,of .t he.gl obal ,|a 2. .. Ap di f,f.erent pre-l oads
accor di ngle[nggq SRR AR]D btg queal; lﬁxgthva% Se @P%ag%é/ ghghreggv 3? dWli ng

t he anoungitef b'ieiirfg‘v‘ts@r*é'tcmbdorthéo gﬁﬁiéﬁﬂ QDdefaﬁ/ebénéedu@‘le QBStW%QboMaryl ng
the cross-sectional area of ferent I ons. [t0038 The mul ti E@e spring

el eifent s siPactofe fragne wdwn ﬂf@y@lpbabl@yﬁaw negttier ta avigngth ;haifmaic fdhens

accordi ng of factors, including the spring elenent's relative
| ocati on }“’E&P%f\{@%f{gﬁ structure 100, the needs of a specific application,

or accord[0uB7]o A ambeieroditerhidve Cthasgldealatay@nmoszayemmpbedomﬁahel ghts
of the spring elenments 120 nay be varied provi de a three-dinensi onal

counter tHamee §GB‘B@}?€’|YS'E9r§F€EEtGP%d 104! ”'@J@%ttlﬁg dapvrplengti oh dhe, ginbah Jayate
appear ancgpb ‘i’nét@ﬁe§ WRP Qidth T 'tHS Fidinfe. 198e Ji8bdiNhye X @RS bd BRe-RBlgeRtinof the

spring el enent
15 multlple directions, such as along its length or its width. In addition, different pre-

loads may be applied to different regions of the global layer 102. Applying
different pre-loads according to region may be done in a variety of ways, such as
by varying the amount of stretching or compression at different regions and/or
varying the cross-sectional area of different regions.

20 [0038] The multiple spring elements 120 of the local layer 104 may include a
variety of dimensions according to a variety of factors, including the spring
element’s relative location in the support structure 100, the needs of a specific
application, or according to a number of other considerations. For example, the
heights of the spring elements 120 may be varied to provide a three-dimensional

25 counter to the support structure 100, such as by providing a dish-like appearance
to the support structure 100. In this example, the height of the spring elements
120 positioned at a center portion of the local layer 104 may be less than the
height of spring elements 120 positioned at outer portions of the local layer 104,
with a gradual or other type of increase in height between the center and outer

30 portions of the local layer 104.

[0039] The local layer 104 may include a variety of other spring types.

Examples of other spring types, as well as how they may be implemented in a

7



120 positioned at a center portion of the local |ayer 104 nmay be | ess than
the height of spring elenments 120 positioned at outer portions of the |ocal
| ayer 104wowntomias3gr adual or ot her type of increase in Ireirgiseooomsizeen t he
center and outer portions of the |local |ayer 104. [0039] The | ocal |ayer
104 may include a variety of other spring types. Exanples of other spring
types, as well as how they may be inplenented in asupport structure, are
described in U S. App. Ser. No 11/433,891 , filed May 12, 2006, which is

i ncor por ats@?p&@rsﬁuetmé! sf gESHRRd NG SPGBy RRS1¥asd g, fikel Magal2,| ayer
104 may include alternative orientations. For exanple, the’ spring types may

be ori ent @A06pwhind- BolnAorposaterdi hesetroby Heferenss. elhat srsimadees iused INNehi s

b | cati Bk i8yarct 4 Sl dods ePibbcSodliaidl SN oRRRE 1B k) oo

| ayer 102tydesrinhgbe omentBd UpSidan@b®n Regatilef ﬂoemte&hir%nmrdvﬁdéschbéd Myhisonnect
to the top nmat | ayer 106. The defl ectabl e nmenbers 122 may connect to the

top Smat | @pelication. in thisrexample the PoAtPaef thersrene dassobed inbus apphgalien, t ne
exanpl es disglss me& N o?%ﬂkécf%\!vgfasa?ngoéorﬁg&ttbtMee %Ba%%lr'sfmzfe i st

of the spring type or possible orrentations of spring ypes that may be
used to f &unthehen ftltns@xahﬁy@thelﬁéﬂecﬂﬂﬂesmmbgmiZﬂmmyscolﬂﬁchm/thext)p bat a
range of ring r incl ng |inear, non-linea creasin I near
i ncreasin yeéﬂ%@oﬁi?%ﬁ’teﬂ? B%m@ergak@smay@mpcﬁ-}%%eo@g mlagi?é(? q@%
connect s 'id4C UBlyeve N ens BXAMBIA! dischyseat
nmenber s 1R2/ @@ﬁrﬁﬂ%?s@b\g taﬁté@lﬁ}rg&ﬂ?mérﬁb%}g& ti onede\tl)et ween thg unall I gned
regitons 1ir8 this apijlmation d mapscobsuterleins exloaussive it ofathebeprng itynesgradl

Id , fi.t t t hod., Th I
ot i ng el BRsmBR oherBRORE &7 gt baRe niiadRay Fenh SbE O the JeeAlder or m n
2640 Z6 UW@4AC¢hé:\/SéﬂfngU@!efn%ﬁ’f§ N 226 IgzéxMBﬁ; LHeohdd | offsrpﬁﬁ?l&aﬂ'é%E |n§IUQihgaS
Arnitel EM 460, E or EL630, a TPU, a PP, or from ot l exib

mat eri al s lingake nentinesr desipasing, BParBREE INCAERSIRG: AEONE aéktfat@ﬁpﬁ*ﬁwéf@s
LTl 26 R e BRSO gBARRE Toe | APt b ! ooa
15 spring attachment members 124 connect on the nodes 114 positioned between
the unaligned regions 118 of adjacent straps 112. This connection may be an
integral molding, a snap fit connection, or other connection method. The multiple
spring elements 120 may be injection molded from a POM, such as Ultraform N
2640 Z6 UNC Acetal or Uniform N 2640 Z4 UNC Acetal, from a TPE, such as
20 Arnitel EM 460, EM550, or EL630, a TPU, a PP, or from other flexible materials.
The multiple spring elements 120 may be injection molded individually or as a
sheet of multiple spring elements.
[0041] As the local layer 104 includes multiple substantially independent
deflectable elements, i.e., the multiple spring elements, adjacent portions of the
25 local layer 104 may exhibit substantially independent responses to a load. In this
manner, the support structure 100 not only deflects and conforms under the
“macro” characteristics of the applied load, but also provides individual, adaptable
deflection to “micro” characteristics of the applied load.
[0042] The local layer 104 may also be tuned to exhibit varying regional
30 responses in any particular zone, area, or portion of the support structure to
provide specific support for specific parts of an applied load. The regional

response zones may differ in stiffness or any other load support characteristic, for
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defl ectable elenents, i.e., the nultiple spring elenents, adjacent portions
of the local layer 104 may exhibit substantially independent responses to a
| oad. | n wbi2eiomamés@r, the support structure 100 not onl ycaafSk@otsizand
conforms under the "macro" characteristics of the applied | oad, but also
provi des individual, adaptable deflection to "mcro" characteristics of the
applied load. [0042] The | ocal |ayer 104 may al so be tuned to exhibit
varying regional responses in any particular zone, area, or portion of the

support séxamplel eCeftafl puiidsseremie! P pRidtufed maypies ithned Patht giffefenan
applied | oad. The regional rezfonse zones may differ in stiffness _or any
ot her | oadefiantipprehashclersties: i Sine or mpprexiadiidual ebralaiwhigh fempmsregionahe
support s y ] di t] l.stics.
neor  mojeBhek FolRYIOR B HHE, tielibe bpocHicHl eSlonE b s RBIEACERREE
exanpl e, foayarhe papietidri satiby sfethegbedly.t ol kessetffetatt gidrfsnef shd auppory
particul ar, portion of the body. These different regjons of the squort

st r dct ur eStegiUeMRYRedtUNRIAN Fararisty obwaygy ¥ arighen At thersRagingecesithy

bet ween t (o111 TSI of; %.e ; rring
to the sp@gérrlg rreaacs%upfe%%\%eé\'xﬁlgghggﬂgéi L?C%P%&Egd%%k%rgﬁgq?hﬁﬁg%ﬁﬁgof
def | ect i omeashidd whdn umdimadais|prasentT neay egfiydhal andedinterftdeflectbmeabibded st i cs

of the su t st 100 be t d t hod ,

i ncl udi ngB’E‘i‘?rrr@FQﬂr ?tgéﬁ‘%g'ﬂﬁ?'g%gcg?n g:gg[ Srlf%ggo@ffte%pgﬁp%gg,ﬁg&%ré’\qbb

Cr 0SS- SeChia)NGed tGREP UsinCORY 'hehod8raOWeR! iriidifg uSiRy affeféhtSinbtgialdr the
mul tiple spring el enents 120 depending on their relative |ocations in the

support sspring dyres, [ hixkpesTen cossragctipagleareess ganmelses, 06 ether IspEaY | ayer

104. The lower, sur.face of each pixel is secur to the.to .
cor  esportiAgCienHfind e e fRIB bing' gAY Trp kB the relatve
ext ensi onjothtiges inth8 Jpyortl stfudagresecured to the top of one or nore
correspondiog%ispri ng el ements 120. These connecti ons an_integral

mol di ng, E04sdp fTihe tammeatt layRr 166 eemracte dareet loeal I?gfg%&gﬁ-ﬂm o
b 2co chufdls 1 3sln A00L 0kl BAE GYLEATPRSLINARS s MERTDS!
ot her extEhsilowesr §nfacecstt eéaxh bypibnoses extamsizet finyert1@8trhay aiyd bg sebeneetc 120.
The top O’fhe top of one or more corresponding spring elements 120. These connections
may be an integral molding, a snap fit connection, or other connection method.
The lower surface of the pixel and/or bull nose extension finger 128 may connect
to the top of the spring element 120, or may include one or more stems or other

20 extensions for resting upon or connecting to the spring element 120. The top of
each spring element 120 may define an opening for receiving the stem of the
corresponding pixel or bull nose extension finger 128. Alternatively, the top of
each spring element 120 may include a stem or post for connecting to an opening
defined in the corresponding pixel or bull nose extension finger 128.

25 [0044] When a load presses down on the top mat layer 106, the multiple
pixels press down on the tops of the multiple spring elements 120. In response,
the multiple spring elements 120 deflect downward to accommodate the load.
The amount of deflection exhibited by an individual spring element 120 under a
load may be affected by a spring deflection level associated with that spring

30 element 120. As the multiple spring elements 120 deflect downward, the lower
surfaces of the multiple pixels and/or multiple bull nose extension fingers 128

move toward the global layer 104. Relative to the ground, however, the spring
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each spring el enent 120 may define an opening for receiving the stemof the
correspondi ng pi xel or bull nose extension finger 128. Alternatively, the
top of eawb28prviingg3el ement 120 may i nclude a stem or poPCTUSROGOAIZRLt I Ng tO
an opening defined in the correspondi ng pi xel or bull nose extension finger
128. [0044] When a | oad presses down on the top mat |ayer 106, the nultiple
pi xel s press down on the tops of the nultiple spring elenments 120. In
response, the nmultiple spring elenents 120 defl ect downward to accommobdat e

the | oad.eldiensowlt oy dedfleeetfuatheexihi Bidtethebyoed la@drﬂﬂﬂuaha;spdeﬂegt
el ement 120 under a | oad may be affected ]lgza spring deflectio I
associ at éiPVV\WWW o Wersﬁ}alqaﬁgase‘lh@rﬁiﬁl?ahémr Rt T bedpad n&se? nts

120 defl g V‘@i%ﬁn nttg'el2|0°r\91‘155/ IHHR/S&@g défﬂekb‘énayll % 18%6e a%b&%gd ify A

nultlple se ext ensi-on nger nove towar l'ayer 104.
Rel ative Smlrighaef@rcmundevéio\aﬁdenaytaﬂm) ¥ pag elf ehendcal 1:25@rrm),4 defa wholef urt her

in that the | oca ayer 1 def | ct do ward und oad as the gl obal
| ayer 10 q@igﬁr@rﬁégﬁ Q?%W%’ 10 'H’éa@d%']qe% nts 120 may
| ndi vi duzqobxsjﬂef Fr%tsdf@ge&ﬂ%c}leﬁq’? e;ﬁibélgjekérnm@d BBfordthalRfradatd anq | evel

and may as part oca as a whole, deflect further as
t he gl obaledigyedt int® 2hdsnpsort strovkurel 1@@de?ort éxarhpladthg s;mrt Finectopsr 109

defl ection | be det erm ned bef nuf act ur.e a desi to the
support STRUAR DS SKB A ABP @It rB I aBHDH oL ePlice dRaeqBd! RS bdf tned
to exhi bidthap vwaRes oOtemBLshart 2erudtiref 160 mAlg b@eaésﬂ?ﬁednmo lg@d thel mumigier
words, the support structure 100 may be designed to allow the rrultl pl e

sprfng elspfing eenents 6200 detiectup m@mpxm@tﬁh(t?eﬁ s This, Wihere, thedesa t he

i st ance BERAdh RARICE 3oRRS B ELENI sl Mgl sl HRcoblonBeiodiiEen g

el ement ) ,theh@pl efviie sgutsldaaqa 0l 02 hendtth itepd f phaedsringalcnmait) dbealovemm
stem As anot her exanp ere the local |ayer 104 i ncl udetE sprin

el enent s Bffapesigh th@. '@H'{“P'Gt Rixelsoay '§9|Hfisc%§ M SIS AP eb?%%mg’l%y
om t st eng, #éu{he”pégi?ﬁéé/é?ﬂ:o%gceacﬁ séb‘?ﬁlgoéle twtzfp@% %qu/rﬁgtr@ RUR(LS. AS

expl ai ned a ove pri'ng el enent ary accordi ng
toia nunbarrfaﬁesfcﬁcthem&;ltlplacdlxeis ntpyi opitrsééms] bet pagiconoect to the tops of the
multiple spring elements. As explained above, the height of each spring element
120 may vary according to a number of factors, including its relative position
within the support structure 100.
[0046] The multiple pixels of the top mat layer 106 may be interconnected with
20 multiple pixel connectors, as shown in Figure 8 and described below. The top
mat layer 106 may include a variety of pixel connectors, such as planar or non-
planar connectors, recessed connectors, bridged connectors, or other elements
for interconnecting the multiple pixels, as described below. The multiple pixel
connectors may be positioned at a variety of locations with reference to the
25 multiple pixels. For example, the multiple pixel connectors may be positioned at
the corners, sides, or other positions in relation to the multiple pixels. The
multiple pixel connectors provide an increased degree of independence as
between adjacent pixels, as well as enhanced flexibility to the top mat layer 106.
For example, the multiple pixel connectors may allow for flexible downward
30 deflection, as well as for individual pixels to move or rotate laterally with a

significant amount of independence.
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Wi thin the support structure 100. [0046] The multiple pixels of the top mat
| ayer 106 may be interconnected with nmultiple pixel connectors, as shown in
Fi gure 8 wiodooesesssbed bel ow. The top mat | ayer 106 nayPCmaiSaele/oa12enri ety
of pixel connectors, such as planar or nonplanar connectors, recessed
connectors, bridged connectors, or other elements for interconnecting the
mul tiple pixels, as described below The nmultiple pixel connectors may be
positioned at a variety of locations with reference to the multiple pixels.
For exanpj0947] he Timgl topphat layseh 06 onnelbé injsctivry mokdgabBotn @ fiexiblt matezial
corners, sides, or _ofher %ositions in relation to the nulfiple ﬁﬁfﬁéi' The
e a

mul ti pl e $HOERS @ARE: s ThHoArqdhah fliexble lateriaje gineBagicUiahdkise S
bet ween ' | - Lhidd & t
ayer - Toa W ELTO8 piay e Sorfigd Wom itpeeRfe harl fibicd piekid .l BBsem
f1 exi bl e edensiandindefd €28,immawnbewgkettiasniotded aslashdehbf miukiplespixelsnove or

tate | | i th ignifi t t of, ipd d .[ p047 t
i o1 ayer 100981 Ve At 1ot DR dead Frone anipeE R A ass (AL BB ARG o
TPE, PP, {hBUnapiayel e, f Wﬂ‘érﬁbﬁvégﬁ el §hppdrishactite 408 may Rsd PRIt al ayer

106 may be fornmed fromindepende y manuf actured pixels and bull nose
ext ensi oncadveriggr leyer 8ecunednalyovse thenteir matrayei déQ. akhe osheeng ddyefunay pl e

pi xel s. [00 When..un .a load, the,l oad may contact wi n K down
on“The t o 7 By dabrd; 8, oUSn” 2vaMa TR, MhEDRBISRL, al'so
i ncl ude amaQ\R6VIAE enfkAted BERTEH aRBRY GickiRtico o R sligp@t sthidureTh@0.coveri ng
| ayer may include a cushion, fabric, |leather, or other covering materials.

The0cover[00491 ay &iguray2 shew dk begaeascdew i the raupRat) Sruciest Hed sBawpdnt he

t J i i y t
suport SkE U o A0OCoL0ERA T 6 S, 3y engen ML Lheysupoort
| ocal | aysuppddted avinitiedh globas lgyeerioed Tire ylobaylayeal1ORay eseclifsdl tolthe fedrobal

| ayer 102 js secured to the frane 132. Wil e Fi ?u e 2 shows a rﬁé amgul ar
i £ -1 ay Yo VISR 2 SeNS & TR0 BT P LY RRATFEICLTS 108 el Ude

o e LRSI SO0 00 iy SR pRBing B0, Shipd 2y
15 [0050] The top mat layer 106 includes a pixel region 200 connected to a bull
nose extension finger region 202. The pixel region 200 includes multiple
interconnected pixels 204. The bull nose extension finger region 202 includes
multiple interconnected bull nose extension fingers 128.
[0051] The top mat layer 106 also includes multiple pixel connectors to
20 facilitate the connections between adjacent pixels 204 and bull nose extension
fingers 128. The pixel connectors are described in more detail below and a
close-up of one pixel connector is shown in Figure 8.
[0052] The pixels 204 provide enhanced flexibility to the top mat layer 106.
The pixels 204 may include stems for connecting to a local layer 104.  The bull
25 nose extension fingers 128 may facilitate connection of the top mat layer 106 to a
seating structure. For example, the bull nose extension fingers 128 may be
glidably inserted into a seating structure. For example, the seating structure may
include tracks into which each bull nose extension finger glides.
[0053] Figure 2 shows the spring attachment members 124 of the multiple
30 spring elements 120. The spring attachment members 124 include a stem 206
extending downward towards the global layer 102. Each stem 206 may be

inserted into and secured within an opening defined in a corresponding node 114
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nose extension finger region 202. The pixel region 200 includes multiple

I nterconnected pixels 204. The bull nose extension finger region 202

i ncl udes wol2vioglies3dnt er connect ed bull nose extension fi rgerus2@2851220051]
The top mat |layer 106 al so includes nultiple pixel connectors to facilitate
t he connections between adj acent pixels 204 and bull nose extension fingers
128. The pixel connectors are described in nore detail below and a cl ose-up
of one pixel connector is shown in Figure 8. [0052] The pixels 204 provide

enhanced &fl tagigiobaltayero 02heT hed Bteimd 2b@bethe1$ﬁm JelenEinte 20204 dseyisseg| ude
stens for connecti ng)@to a local |ayer 104 ull nose extension fingers

128 may fiadnpia detail bekveand @e showReclosgrupdn Figyerd. 10be resrectivateights
structur e @%rst% b@ md h%aBPW.thl?P e %ta??%}e?nlow ﬁl)g rrc§/ d]ezgoﬁﬁﬁér t?? tgd i dably

I nserted ?h sea Ing s ture or ex the structure may

i ncl ude tsw@epost stRicturshi@d each bull nose extension fi nger gI i des. [0053]

Figure 2 shows the spri n% attachnment nenbers 124 of the rrult%cﬁ]a% grl ng
av 08

el efrent s 08841 ThE QeI hghaws 2 for Newrehiseslebablaven 3P0 s nat
ext endi ng. (g %fhot‘@ﬁ%s hﬁe oBQf"'a LA%6D H@%de@ﬁﬂl}r{ﬁa E:FBEQQ Y 362

I nserted |nto an sec an o enlng defi ne respondi ng node
1140f theand avel of aywe fifide Jechswents 2B6 ofhe keds wfithg slppohtrailsi202ar e

di d detail b I - ' ' .6 . .Th
Feapect | VEPTERGRESVEAN Mo SLbSRETa0L PRI TAPPERTITeNE 16k alh PP 04 to
provi de Cﬁ%@:ﬁﬁeta@takﬂﬁle%tboi?@li kadh rcHFHrHTs@ a QRitary @RatentiettrRiing alopysha top
view of a gl obal |ayer 3 As noted above in Connection with Figure 1, the

gl dbal | algegtaad the:lfcame auamrpeet Si0dpor Asr shpwn30p FHgdreorie 8re fdreef r ane

attachrrent %04 tT ﬁ’é’o d he su%@ﬁrttralls 302 connect between two
substantl%ﬁ 'B%ﬂﬁlm@f mp ﬁe'ﬁ?rfagﬁ:ﬁ £8%5304. In Fi gure 3, the frane

attachmenfos5894 efeh gfsAN! la§er BOMNINAY Yo EBMABY @sqhgnglm nmjain@ngntdn@ngength
of the franme attachnent 304. As shown in Fi %gre frame attachnents

may i ncl ugshaioser eire pesipwan she[gobs) layre 30omay bayf@rmséou%g 3HEePH ned
using an éé'tﬁnegc ngalo'ﬁolln%'ld?rgg technique in which the cavity mold is gated at or near

15 positions of the cavity mold that correspond to the center of the support rails. An
injection molding process may result in molding pressure loss within the molded
apparatus, where the pressure loss may be greater in regions farther from the
gate than regions closer to the gate. The center gating technique may facilitate
symmetrical pressure loss along the support rails 302. As pressure loss can

20 affect alignment, a symmetrical pressure loss within the support rails may
facilitate symmetrical alignment within the support rails 302.

[0056] Each support rail 302 comprises two straps 306 and multiple nodes
308 connected between adjacent straps. Each strap 306 includes aligned
regions 310 and unaligned regions 312 defined along the length of the strap 306.

25 The aligned regions 310 may be defined by a cross-sectional area that is less
than the cross-sectional area of the unaligned regions 312. The cross-sectional
area of each aligned region 310 defined along a strap 306 may be tuned to the
relative location of the aligned region 310 on the strap 306. The cross-sectional
area of aligned regions 310 along a strap 306 may gradually increase the farther

30 the aligned region 310 is from the center of the strap 306. The cross-sectional
area of the aligned regions 310 may also be tuned to the relative position of each

aligned region 310 from the position of the gate. The cross-sectional area of
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technique. In particular, the global |ayer 300 may be fornmed using a center
gating injection nolding technique in which the cavity nold is gated at or
near posiwoanr/w@ie3sBhe cavity nold that correspond to thecCtascew/o0sf22t he
support rails. An injection nolding process may result in nolding pressure
| oss within the nol ded apparatus, where the pressure | oss may be greater in
regions farther fromthe gate than regions closer to the gate. The center
gating technique may facilitate synmetrical pressure |oss along the support

rails 302eads aligesh tggion 336 may irhéssd bplbegme@Enbboat d9imebboaiad Ypsasisur e
| oss within the supgort rails may facilitate symetrical alignnment within
t he suppof® byaahaut3p%, themep daknt g plened s9ionds froghihe pestiPR® 8¢ aps
306 and i pl 840 t ; | age r rap
306 | ncl LIRS ol U Saamehy HESRES pibRal 3Rt 1 3RCRark S80n REY & ong
t he | engt betefeenhabasitr 436 306. abtwet &Y greaden thginotte 83 sraegtibmaldaeaneildaby a

cross-sectional area that is |ess than the cross-sectional a of the
nab gned B biegIaRan Hesrh BEL IS WRTPORERY S8 I8 TERIP N Ghidd S on 310
defined ajgsgia SiHcARodEE ITBY ahe c,IoHﬂégteHobéN\?eérﬂa@{dc\éﬁt | Pafghad rediohse

aligned regionh 310 on the strap 306. The cross-sectional area of aligned
regi ons 3302.albegadest3¢Hmageonyyisgradpang gonmestimasior chendciinglibe gloka

aligned rggio 10 is fromthe center of the strap 306. The . .

cr 0ss- seclTBRaPO L7 e el el Thh Sl Pa GOBRE RIS MRS L SPBENB RIS  he
rel ative pRrshddeBo®ForcRebivilg 48R bR ot ptdfluibAmde dppigidlemept. The gate.
The cross-sectional area ofeach aligned region 310 may i ncrease by between

abddt . 19nedeaBOGt My, cenngetde thg spoig el@ygntshwithp snapdit eanneslionl Agned
region is_fr t Ltion of . For exanple, the cross-sectional
Rt Biraafna e BoPfld

area of a I gne ween about . 1% and about 1% greater

than the [0058%- sdtid Pamk dtaehnnta804lfagitatt ceghaptionrnfithe gkibadfayehd00i s
i medi ately closer to the position of the gate. [0057] The node§}£08 are
connect edihatl@ee ddjatame athashreerta 30dgmaycompriseraa’ ingde £dgggs Hhgnd

o o, SRR SIS OBc5R1908 450 § RAOLPBeLIETRP o0z AT
308i5f or rchide fwp ands$ émtaronoiebketo theoinsidei edgds dtd af s fmgechtacmhentShe
304. The connection between the ends of adjacent straps 306 and the inside
edge 314 of a frame attachment 304 may define an opening 318 between
adjacent straps 306 along the inside edge 314 of the frame attachment 304.
[0059] Figure 4 shows a portion of the support rail 302 including the node 308

20 connected between two straps 306. In particular, the node 308 is connected
between the adjacent unaligned regions 312 of the two straps 306. Each strap
306 includes aligned regions 310 connected on either side of the corresponding
unaligned region 312. The cross-sectional area of the unaligned region 312 may
be greater than the cross-sectional area of the aligned regions 310.

25 [0060] The node 308 may include a spring connection 400 for connecting the
global layer 300 to a local layer. In Figure 4, the spring connection 400 is an
opening defined in the node 308 for receiving a stem or other protrusion of the
local layer. The spring connection may alternatively be a stem or protrusion
extending vertically above the node 308 for mating with an opening defined in the

30 local layer.

[0061] Figure 5 shows a top view of a local layer 500. The local layer 500

includes multiple interconnected spring elements 502. The local layer 500 may
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nodes 308 may connect to the spring elements with a snap-fit connection, a
press fit, or be integrally nolded together. [0058] The franme attachnents
304 faci Iwoabw/awsaecti on of the global |ayer 300 to a Pcars20098128t ane
attachnments 304 may conprise an inside edge 314 and an outside edge 316.
Each strap 306 that is part of a support rail 302 may include two ends that
connect to the inside edges 314 of the frame attachnments 304. The
connection between the ends of adjacent straps 306 and the inside edge 314

of a franpedbicd iRt a3Mitdipipistef bnmaasrisipenEash HEdhdepringrelameatedod2 st raps
306 al ong the inside ed(g‘g 314 of the frame attachnent 304. [0059] Figure 4

shows a pictudes ef temeS@ppbrieashianesaizfipaiabledimgmbre $Rie agdgacsAAREt ed
bet t | i t 308 het
Phe o acaeHRER gilthe e d st P pos iy Hsffe P obBp kY RE TG RG 4508

i ncl udes sflehg e btheg bestrusidd extuntieg dnonheilower saifdee aff 4 kerrespordipgndi ng

unal i gned region 312. The cross-sectional area of the unaligned region 312
may Sbe gr BXEEPf @ KEhMehIBYEF 0ss- sectional area of the aligned regions 310.

[ 0060] Th d'@ge Walel WU PE ¢ ' ; I cSN8Ed 1199 the
gl obal | a@’er 0031?% gg?f%%tg?lel g]%g??esrl ?\d)@?%ﬁﬁa;%%bt éég%rrfvﬁgcconnect i on 400
i s an opeandgpirafingnetvaynfroimetheotbp 308 fThe cexssisdatignal ateenobtheospiealed

protrusion of the local |ayer. The spring connection may alternatively be a
Stem or. pABTF UBPRPEARETRANG GHIASH VGNaBIRe T IS Gf0sas bR et 195 wi t h

an openi ”Exﬁﬁbiéagﬂeirﬂggﬁ—%eh | 4rR%EEF al 9P arrh QrHé?igglaah_QWﬁ irfer&&ge \grew of

a local |ayer 500. ocal layer 500 includes mul e interconnected
spriong el deenease50eginiing Woeral theagrer céntectaybéhe tomba4 f alongdhaengthyofpi ece

o Bl sPRSTaf S 2 el ST 3 Shaet s Bnbe2So
may def i ngttachrReRNhREB&T 5GECahe Bids8-seehthdlrarehhsireddrobpivall &im exdyebei ng
fromthe | ower surface of a co_rresfpondl ng pixel of _a top. mat Iay?rlé e[r0062]
The def | etailartd tonthe selabos locationdelsthenwspidig elementnd0Z wiihér thei laczl lay

500, a desired spring rate of the spring element 500, or other factors.

15 [0063] The spiral arms may include or be connected to the spring attachment
member 508. In Figure 5, a spiral arm of two adjacent spring elements 502
connects the same spring attachment member 508.

[0064] The spring elements 502 are arranged in diagonal rows extending from
one side of the local layer 500 to the other. The spring elements 502 may be

20 interconnected with adjacent spring elements in the same diagonal row, but may
not directly connect to spring elements in adjacent diagonal rows. In this
configuration, spring elements 502 within a diagonal row may deflect or respond
to a load substantially independently to the response of spring elements 502 in
an adjacent diagonal row.

25 [0065] Figure 6 shows a portion of the spring attachment member 508. In
particular, Figure 6 shows a portion of the stem that may fit into an opening
defined in the global layer. The stem includes a first cylindrical portion 600 that
tapers down into a second cylindrical portion 602, where the first cylindrical
portion 600 has a greater cross-sectional area than does the second cylindrical

30 portion 602. The second cylindrical portion 602 may include a tapered end 604.

A portion of the second cylindrical portion 602 may be recessed to define a ridge

606 in the face of the second cylindrical portion 602. The ridge 606 may facilitate
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and spiraling away fromthe top 504. The cross-sectional area of the
spiraled arns may be tapered or otherwi se vary along the |length of each
arm For weanwlele3he cross-sectional area of a spiral acwusagoogsedual |y
i ncrease or decrease, beginning where the armconnects to the top 504,
along the length of the spiral armand be snallest where the spiral arm
connects to the spring attachnent nenber 508. The cross-sectional area of
each spiral armnay be tailored to the relative |location of the spring

el enment 5% rptfitl CorireRtibA Gdtweal etheS5&8m andes oﬁénm@rdémwddatrﬁm& gidbal spri ng
el enent 500 or other factors. [0063] The spiral arns may include or be

connect edlaygr-t he spri ng attachment member 508. In Figure 5, a spiral arm of

two adj ac pri 5 1 t a menber
505, [00cHoPe. diEs” STONS i P BBWIFEAT ehfpRa Tochiayh 200 PERERE ST ng
from one kiyde700 lhdiladé@QﬁjIt|;bIé)&!ﬁrlnﬁwemntéﬂeozﬂmreac'ﬁhmcmésrzgthi gonas 502
may be interconnected with adjacent spring elenents in the sane diagonal

rowS but ﬁﬁ@eq{%@edF?@@?fyoﬁoﬁ%@tSWtﬁ’gs@ﬁ Ntanember ¥ f8.adjhecsfiectabigonal

2 t
Gef sct omereiold (i hpAls Afkadtore E'F‘Fé‘é?r?zi’@pé‘%e‘*bfye??ﬂ*p%ﬁqf@"ze;’ém?Xf
spring el sinams maﬁ%mmofanheaetdunagememdhmgbmahearme €daes of tte peatlageshobs a

t f th [ ttach nb | t | ar, Fi 6 sh
Do 1 onnsiuds BlackhiS ity Mg AR SRR RENIE ned i the gl obal
layer. Theygsizgm iFgladgSsiows BSlopCyibief 'aCﬁ)'p Rk AR S6 iddIading 3P el down

into a second cylihdri cal portlon 602, where the first cyllndrlcal portion
6000has aregieaité? anbasbidenosenedionrddd. t fhe phelseglon 82 omludgs mudiiple al

portion 6P2. The, sec ndri cal on 602 may, include a end
Boa. A poPeiagiiy PR SBYRlF e ieRind B0 pomers Bl Mis SRt aSSIdE, o
define a Eadgoff® nultiplBeikels endllidédansgspriduenake Rdl & waoslinfade. 6FRe The
ridge 606 may facilitatea snap-fit connection between the stemand an

openi ng demltmé@l pixels @6 gresaPwWn Aschexgaongbbutimay ke ofheghapesepuch @ of an
exenpl aryréc?&r?dleé,aé’c%gglqg, trlgnaeg,og?‘lother shapes. The lower surface includes a

15 stem extending from the lower surface for connecting to the local layer.
[0068] Each of the multiple pixel connectors 808 interconnects three adjacent
pixels 806. The multiple pixel connectors 808 may alternatively interconnect the
multiple pixels 806 at their respective sides. The multiple pixels 806 may be
planar, non-linear, and/or contoured.

20 [0069] The multiple pixels 806 may define openings within each pixel. The
openings may add flexibility to the top mat layer 800 in adapting to a load. The
top mat layer 800 may define any number of openings within each pixel 806,
including zero or more openings. Additionally, each pixel 806 within the top mat
layer 800 may define a different number of openings or different sized openings,

25 depending, for example, on the pixel's respective position within the pixel region
802.
[0070] Figure 9 shows the underside of a pixel 900 within the top mat layer
800 in which the lower surface 902 of the pixel 900 is shown facing upwards. In
particular, Figure 9 shows the lower surface 902 of the pixel and a stem 904

30 extending from the lower surface 902. The stem 904 may connect the pixel 900

to a spring element of a local layer. The connection between the stem 904 and a
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| ayer 700 includes multiple spring elenments 702 that each includes a top
704, a defl ectable nenber 706, and a spring attachnment nenber 708. The

def | ect abWe 208633706 may i ncl ude at | east one spiral e#CaUsROLO5126Dr
exanple, Figure 7 shows that some of the spring elenments 712 near the edges
of the local |ayer 700 include defl ectable nenbers having a single spiraled
arm 710. [0067] Figure 8 shows a top view of a top mat | ayer 800 i ncl udi ng
a pixel region 802 and a bull nose region 804. The pixel region 802

i ncl udes gplidd RISMERXAERNBE M gk rﬁQﬁoIUﬂ{geré%ﬂasqﬁ%nﬁbcﬁdwlcﬁr gaAGtAGF S Wi th
pi xel connectors 808. Each of the mul tipl e pixels includes an upper surface
and a | owepnragticadechnigee.nul ti pl e pi xel s 806 are shown as hexagonal but

may take such as | e o] I an S r her
shapes. Tﬂimiv\efﬁgeursit%r@ema%l %g@é% ersngxggﬁ ﬁé ?@%m%t ﬁeﬁl 8\r}\gr9§%rface
for connegbmmdrté® tbhhel RMAr s@¥Rie of @S Gixdtagp, oéndhaes@ubmd rdrel P08 efor
connectors 808 interconnects three adjll_acent pi xel s 806. The nultiple pixel

condect or SOBUEtRAytathe spangvelepeantt el Bersiett SPAemay| inchide PRSI0 at

their v 638ﬁ8618¥§ @%gg@@t@g |H}Qr1’a >Pﬂr p[hé%'t%n@% mr@@n{%ﬁ&%er §finks near ,

and/ or contoure e prxe I'ne openi ngs wt hi n
each pi xeh. heTg‘hi tbalellslleg§thmythedcb|@hteoﬂtbe |sitdsrys G021 tﬁlee sepombaend sz)érofaﬁé) in

dapt t d. The t | 800 f f [
P " s ed e B fapebda the SSoadar tapeiedich Ol BraaR e Gt PT2° aaan®
pi xel 806e¥‘ﬂe§|ﬁ r@e%e ﬁoofhéTgfenl] JRr $8 aeﬁbét@%fohﬂécf:ﬁ"orfjbfeﬁr@‘é&ﬂhé“tﬂﬁ)ﬁfato‘c

openi ngs or t sized openings, depending, for exanple
pi x@l ' s rm/peand\eelopablayerorhhavstdmn mayHme fnsectedrietyi amoaemng[o@@mety iFadape 9

shows the derS|de th| the t op_nat er 800.in i ch
She"T owor OL G SBENG semRnE Sitarine PR A deHg T HiRieie g} tHE
particul abper’ﬁh?‘ﬁf‘%h& té@@%et Q&nﬂg?é%?ne‘iﬂrﬂch%clﬁ) 992 nedy pRFida 5%@% lrolgt em
904 extending fromthe | ower surtace 90 2. The stem 904 may connect the

pi xel 900theostenspo4 Ngtrm theeapering andgeaist rerpeyal oftbe stamd8di othalie Ydén t he
stem 904 ﬁ‘ﬂa?/ cfas@ﬁ] Sﬁﬁgg llc?vvgrnéum (pfethg?oﬁ n&negrr%lge@éfﬂemn aft insla8 edg{e of

connecti o
15 the top opening, or on another surface.

[0072] The shoulders 910 may mate or otherwise be in contact with the upper
surface of the top when the stem 904 passes through the top opening sufficiently
for the lip to catch on the top and secure the pixel 900 to the top of the
corresponding spring element. As an alternative, the stem 904 may omit the
20 shoulders 910 and the lower surface 902 may contact with the upper surface of
the top when the stem 904 mates with the top opening.
[0073] Figure 9 shows a pixel connector 914 connecting adjacent pixels. In
Figures 8 and 9, the pixel connectors 914 connect between the corners of three
adjacent hexagonal pixels. The pixel connector 914 includes arched arms 916
25 connected to a corner of one of the pixels to provide slack for each pixel's
independent movement when a load is applied. The arched arms 916 may
extend from the corner and meet at a junction 918 between the pixels. The
junction 918 may be below the plane defined by the interconnected pixels. Other
shapes, such as an S-shape, or other undulating shape may be implemented as
30 part of the pixel connector 914. The pixel connectors 914 may help reduce or
prevent contact between adjacent pixels under deflection. The top mat layer 600

‘may alternatively omit the pixel connectors to increase the independence of the
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connection technique. [0071] The stem may include two ends 906 and 908, a
first end 906 connected to the | ower surface of the pixel 902, and a second
end 908 fwo20mwmeessi ng to the spring el enent. The st em ®04/usagooiofkude one
or nore shoul ders 910 extending laterally fromthe stem 904, where the
shoul der 910 has a height that is |ess than the height of the stem 904. The
second end 908 of the stem 904 nay be tapered. The second or tapered end
908 may include a lip 912 extending beyond the stem904. To facilitate

connect i omudgdlagmxels. heVhid FiRired BY&id 8nshodv pixeRtohidons 9 e cohmsatsmut be
inserted into an opening defined in a top of the spring elenent. After the

stem 904 H¥ssoEnerscef tthe nmyitiieyrrixels nitbe t Maltiple MiXe)s omay haltermgtively  be

spring el [: ] nLovi I Wi t hin
the opent aotuciel abgiPrethecife sepy oY, Bxegiinebbr e df BLERBG |

t he | owver irriudens &J-siiagdtebérapcommected beyeatethersides of adjacardipieledge of the
top openiP (ir an anot her surface. 5}0072] The lds’houl_ders 910 y mate or

ot herwi se (ﬂy“i n coaiEct!Onis B PrREesspdPOQ Jpr dpanacturiad: 8playRiss SHEPQEem 904
passes th h ' o ' nag he top
and secur gﬁgﬁgr‘%i f(rgléqg%@t%;"mﬂgg{)b%ﬁ%\émg&ﬁt%&s%ﬁ%?ﬁ%tbgp'ﬁ?ﬁgé]m)eﬁnt . As
an al t er nas$ereblytdppasatemn rodyl beaytiliaed to chay shub thalprace8d 01080d Theeptapaes

face 9 t With th f f the t 904
oat eovi + AOPTBLEER B hiola! RByb0 Jas sy 8he S o matek el IR - EREn T35
connect i NgheadbBHREY A JocdlNaRH depemal 18)sts Imaly NEorRbRINACRIIRS tigjets 914

connect between the corners of three adjacent hexagonal pixels. The pixel
conifect or desariljagcabaues respssbvelsir ms 916 connected to a corner of one of the

P opt i SBU7Rl 8 35 g frorde A doved oA BVRE A B v i B °a°
junction fkfhaetsmgrart ifedtionemdlding@e¢higie omHBl§lomay Idyer beapwet foemptiane

defined by the interconnected pixels. O her shapes, such as an S-shape, or
ot her undUPiagi :h§esiesgategynigetiqmpiaidieatiaehnigue. The gates used in the cavity

mold for the injection molding process may be located on the portion of the cavity
15 mold corresponding to approximately the middle of each support rail. The cavity
mold may include a gate corresponding to each support rail, or each strap of the
support rails, or according to other configurations.
[0076] As discussed above, the global layer within a layered support structure
includes straps with aligned and unaligned regions defined along the straps.
20 Before alignment, the global layer may include pre-alignment regions defined
along the straps. The pre-alignment regions may become the aligned regions
after alignment or orientation of those regions. The global layer obtained for the
process may have been previously aligned.
[0077] As an alternative, the process 1000 may align or orient the global layer
25 (1004). The process 1000 may stretch the global layer to orient the pre-
alignment regions. Other alignment techniques may also be used, including
compression. The assembly apparatus may grip or otherwise hold opposite
sides of the global layer and stretch the global layer along the direction of the
support rails. The global layer may be stretched between approximately 10-12
30 inches. The stretching may also cause each pre-alignment region to stretch

between approximately four to approximately eight times its original length.

17



part of the pixel connector 914. The pixel connectors 914 may hel p reduce
or prevent contact between adjacent pixels under deflection. The top mat

| ayer 600womyisalii@snati vely omt the pixel connectors t@®Crusec@assi2zehe

I ndependence of themultiple pixels. Wiile Figures 8 and 9 show pi xel
connectors 914 connected at the corners of the nmultiple pixels, the
multiple pixels may alternatively be connected at their respective sides.
The pi xel connectors 914 may, for exanple, include a U shaped bend

connect ed erF@lh\% sli1denofk adPRﬁﬁmtla?érerH@O E@8teAEd Fhguag ddsdnsolp
process 1 manuf act uri ng ayered su Fort structure. The process

1000 may B@pmu%dﬂaﬂat'éhle @llg@afédag@as@mﬁap fhe Aﬂe@bgdrgjobaldamrr aioe may

ol obal 1 agareShRL S SR RRERT 3 Rekn gl Mo007S i et
obt ai ned ghalfled :Ie@mis 11508101@1@ gTaball layer @ormspo@drtbels@paéutubns tathuayar S
descri bed above, respectivel écpt [ 0075]. One or nore of gl obal

local | ay8pde dHd Orisrannectas) betwasy adiacentngtiansshep arThen@@E@'i @Mehﬁep’ng
t ech i
ol di ng & nefestosithas 3XF2 JERKeR B REET AdieAdndaps ond laditar sBperdr O
nmol di ng ptftmgbbahhyebew@caheobross%betnqnm tair@mobéad:ﬁnepeamgtM1r?_o|hdreases

correspondi ng t o appr oxi the m ddl e of each support rail. The cavity
mol d may ?ﬁéﬁ%ag’béij %1%&);56 fﬁ‘}ﬁﬁ‘?%g to each support rail, or each strap

of the SUpRPrd] I ahiie %66? g‘%g i0 tPétBﬁé %&Bk&h@%' Bidek 1004 &F the
di scussed above, the gl ob |n a ayered Support structure
i ncloudes ptacgss WOOhnatlé moattbrarmlawhallrngmw mt;gnhenmemmgsn‘eﬁﬂhﬂcﬁ)@@)t hbe
straps. Befgﬂgaall nnent, the %Iobal i ncl ude pre-al

regi ons d8f cadip §'ahBe Rt 55 Oﬁ?é)aﬁ fé? e s qrg%l?oq.%o% Sbe[cﬁi’ﬁe t he

al i gned rﬂ@d@ﬂ@ca@ér@%a?bb%’é@%ﬂh@fﬂﬂh'tl@é‘bﬁéhrﬂ@s%1Qh059 regi ons. The gl obal
| ayer obtained for the process nmay have been previously aligned. [0077] As

an al t er nfA9803, tTﬂe preessss 1900 0manyceinegh the localelayet He iGreoplabal dgyar
(1004.) ;I‘(;'ﬁ%d%{)o%ssélsgrg%%er a trtl"?é atl [bgleﬁ %alnch@é%pr n(sz)oéﬁ%hﬂee'?\tts 599 ing

preal i gn egions i gnrre e used,
I ncisudi ngspring attachment members that facilitate connection of the local layer to the

global layer, such as the spring attachment member 508 shown in Figures 5 and
6. The process 1000 may guide the spring attachment members into
corresponding openings defined in the nodes of the global layer until a snap-fit or
other connection type is achieved.

20 [0081] The process 1000 connects the top mat layer to the local layer (1010).
As discussed above, the top mat layer may include pixels having one or more
stems extending downward from the pixels. The stems may facilitate connection
of the top mat layer to the local layer. The process 1000 may guide the stems
into corresponding openings at the top of each spring element until a snap-fit or

25 other connection type is achieved.

[0082] The process 1000 may assemble the layered support structure in an
upside-down orientation relative to the assembly apparatus, or relative to the
orientation of the layered support structure’s intended use (e.g., in a chair). For
example, Figure 10 shows the assembly apparatus from a top view perspective

30 holding the global layer with its underside facing up, i.e., the side of the global

layer viewable in Figure 10 is the side that would typically face down in a chair

application.
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conpression. The assenbly apparatus may grip or otherw se hold opposite
sides of the global |ayer and stretch the global |ayer along the direction
of the supwpanto/maidBs. The gl obal |ayer may be str et chedPo@tuseen/ 051221
approximately 10-12 inches. The stretching may al so cause each
pre-alignnment region to stretch between approximately four to approxi mately
eight tines its original length.[0078] Figure 11 shows a global |ayer 1100
stretched by an assenbly apparatus 1102. The aligned regions 1104 of the

stretched ([)miss}al Ihadierexbhle Coer RsdOREatops wtfcotrdnh?ﬂ@m 0P8y iy se ikeragh
strap 110 The unstretched or unallgned regions 1108 of the gl obal Iayer

cor r esponéforibabae s Upsidadiann arierts aglﬁbaiéanqu@ow& irtorthe capeaingst lileh

o scent sk Aher Ui Rl 5 D HOBRITGPSHRRSIIGE ok e 1o

cross- sectd dhal glabglalayer e@cboireNitd 91008} 2by neingmse sh@dotdlelagenbadierteger
1100 is stretched. [0079] While the global layer i1s stretched according to
bl odk 1004P8iderdrwn Elatie toothe n@%ﬁ@"ﬂmiaﬁﬁpér% pad; gyiing dthenseripge

openi ngs é&é@hﬁméﬂp%%beg?ﬁ gﬁq”ﬁoﬂé‘gt Otn%rsﬁag&ﬁg% % ﬁfm%l biﬁtﬂér fdfom the

assenbly apparatus
openi ngs ﬂ}ﬂelglobpmwe} uﬁhbsmmﬁt&eso&@@@:omyc@mntwet|statw|é\@dalsud_:iayimt the t he

gl obal 100 As di scussed above, the |oc | ayer i ncl ude spring
Ol onvant s RGOS iSHG: EIRCHRRT RERDEES oMM Goralative & dhsnaaaivor t ho
l'ocal | aygbpér%t&i‘e Lglkém{%‘é lrfé’%i’roce%%(?’fb(ﬁﬁ nﬁé(}ﬁcérﬁ)r‘iéd‘lgthéttbﬁ%a?iﬁ yeiRglge 508

shown in Figures 5 . The process may guid e spring attachnent

mentder s i Iqqal tyer éamdmugtooﬁk‘rﬂ)rtgsbdm tmeetbp mat Hayerodaentefl upsidegtiowal

| ayer until t her co nnectlont pe is _achigeyed, 081 The
oot 1B RRid BsofloBt ASTarBR e GUingbtel ey aCHE pixeBose i

di scussedcaheysondifg ob@ﬁmg@tat Itﬁé/ﬁfp aﬁe{acimgﬂmwbeeném@it%nhawsna gifer othdyor e
stens extendi ng downwar d omt he EI xels. The stens may facilitate

connect i ofoBNeqtign bop iFeAChieNask sushtthat thsdop chyke tomreatplayer Ssonetednay
gr;ﬁgnthﬁﬂéﬁﬁagngﬁ%gnﬁgngﬁﬂﬁgghﬂgygB&Qbﬂgg at the top of each spring

15 [0084] The process 1000 retracts the node locators (1012) from the
assembled layered support structure. The process 1000 may secure the
assembled layered support structure to a frame, such as the frame of a chair, or
may provide the assembled layered support structure to another process for
frame attachment.

20 [0085] Figure 12 shows a pre-aligned global layer 1200. The pre-aligned
global layer 1200 may be provided using an injection molding process. The gate
locations 1202 for the molding process may be located at the center, or near the
center of each pre-aligned support rail 1204. The gate locations 1202 may be
located at a node 1206 or other portion of each pre-aligned support rail 1204. In

25 Figure 12, the gate location is at a node 1206 located near the center of each
pre-aligned support rail 1204.

[0086] Figure 13 shows a close-up view of a portion of the pre-aligned global
layer 1200 shows in Figure 12. In particular, Figure 13 shows the gate location
1202 on the node 1206. The hot drop depression 1300 in the unaligned region

30 1302 connected to the node 1206 may be product of the molding process. For

example, the hot drop depression 1300 may correspond to a depression in the

cavity mold for providing clearance to a hot drop tip.
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ot her connection type is achieved. [0082] The process 1000 may assenbl e the
| ayered support structure in an upside-down orientation relative to the
assenbl y wpparsatus3 or relative to the orientation of tReTItsg@9asI22uppor t

structure's intended use (e.g., in a chair). For exanple, Figure 10 shows
the assenbly apparatus froma top view perspective holding the global |ayer
with its underside facing up, i.e., the side of the global |ayer viewable

in Figure 10 is the side that would typically face down in a chair

appl i cat i [pO8FPO8Figure 1hsisoex anppesiewltd angidbal lagat cavity(rackiot40hgnd diof 006)
may be iqierted from above the upsi de-down oriented gl obal  |a eé down into
the openi Wg® ghanneld QL iergfarpinté Piesatigned |layer; rRyIchr 82 488 AB00 rmay
connect t C W e C hngnt 9 ) B i ngi ng
t he |oca|Qﬁ%&@r?“ﬁ%ﬁéﬁ?@ﬁqﬁggi%@@@%ah Fg¥§%i$% ?gﬂgheggs@g%§9§ g%%gﬁgtus,
and gui di pmpcebe sdhiengositivas hofethe rrertbeéropsup4 02t reldtive torthesgavityi nepld

openi ngs defined by the nqde f the gl obal |ayer til snap-fit or other
conects o IHENCARRARETEaY te Jen SRR Bombes SemAdch spring el ement 15
ori ented ghoesyar dvhfd Faii¥Es mbdinRpeLEPlve dRRMBhUSavel bKeM i crib&@ @r ocess

1000 may connect the top mat |layer to the local layer (according to 1010)
be bring Whide eppatent tajlwmse off ordintasy skisn diee a@dvihat elaayimere embpeimgidenbl y
appar at us nd guidi.ng the ste of .the. pixels up,into correspondi

obent ngs ad FRRs ARl e RETmE wirdhuht S6 $Pioehd i “APegdiap
connect i ofhetikPentich RGYt &Y @@ reStiicted Bréept e ligittofahe itech&d cRivhs ladetheir S
oriented dowmmward relative to the assenbly apparatus. [0084] The process
1000 r et re@uivalents. node | ocators (1012) fromthe assenbl ed | ayered support
structure. The process 1000 may secure the assenbl ed | ayered support
structure to a frame, such as the franme of a chair, or may provide the
assenbl ed | ayered support structure to another process for frane
attachnment. [0085] Figure 12 shows a pre-aligned global |ayer 1200. The
pre-aligned gl obal |layer 1200 may be provided using an injection nolding
process. The gate
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| ocations 1202 for the nolding process may be | ocated at the center, or
near the center of each pre-aligned support rail 1204. The gate |ocations
1202 may we 20moEi@d at a node 1206 or ot her portion of eaghuSpeoesai2egned
support rail 1204. In Figure 12, the gate location is at a node 1206

| ocat ed near the center of each pre-aligned support rail 1204. [0086]
Figure 13 shows a close-up view of a portion of the pre-aligned gl obal

| ayer 1200 shows in Figure 12. In particular, Figure 13 shows the gate

| ocation 1202 on the node 1206. The kel op depression 1300 in the

unal i gned region 1302 connected to the node 1206 may be product of the

mol di ng pf\Weésdainkor exanpl e, the hot drop depression 1300 may correspond
to a depression in the cavity nold for providing clearance to a hot drop
tip.[0087] Figure 14 shows a top view of a global layer cavity nold 1400

and hot dfop cAhanreks slpPartisaiucfure BbRdriding: e- al i gned gl obal |ayer, such as
t he prealigned 9Iobal | ayer 1200 shows in Figure 12, though an injection
fi

nol 8i ng procesd fIrsthayeseOMArSgG of the hot drops 1402 relative to the cavity
nol d correspond app i . . gate |l ocations of the nold. [0088]
o S0ppE" Ea earfife

VWi | e various enbodi e 1 nvénti on have been described, it wll be
apparent to those of ordangirst Skiabl dompriisingir mulfigle miigyedoregiendodndent s
and i npl enmentations, are possible within the scope of the invention.

Accor di ngtRaligngd regipaatdedined along thedirsesa¥t ri ct ed except in light of the

attached claim and theis sauhialiens SubkAiiEny Wi abmnelish diayesnd

support structure conprising: a first [ayer rising: a support rail
compri si ngpmpriging siuttipleaalignepriegiong antlt umdlignabi pysehs dgfined alowng dhal i gned
regi ons defined along the first strap; a second strap substantially

paral | el $FINSHIRF @5t rap and conprising multiple aligned regions and

unal i gned regions definegh@#pMhdd® connected between the first and second

straps.

15 2. The layered support structure of claim 1, the first layer further comprising:
a first frame attachment connected to a first end of the support rail and that
is oriented substantially perpendicular to the support rail; and
a second frame attachment connected to a second end of the support rail
and that is oriented substantially perpendicular to the support rail.
20
3. The layered support structure of claim 1, where a cross-sectional area of
each aligned region of the first strap is tuned based on a respective location of

each alighed region within the first strap.

25 4. The layered support structure of claim 1, the first strap further comprising a
gate position, where each of the muitiple aligned regions of the first strap
comprises a cross-sectional area that is greater than a cross-sectional area of

any aligned region of the first strap positioned closer to the gate position.

30 5. The layered support structure of claim 4, where the cross-sectional area of
each aligned region is between approximately .1% to approximately 1% greater

than the cross-sectional area of an adjacent aligned region immediately closer to
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second strap; and multiple nodes connected between the first and second
straps. 2 . The layered support structure of claim1, the first |ayer

further cwoppisiingg3 a first frame attachnment connected PoTastémwssizend of
the support rail and that is oriented substantially perpendicular to the

support rail; and a second franme attachnment connected to a second end of
the support rail and that is oriented substantially perpendicular to the
support rail. 3. The | ayered support structure of claiml, where a

Cr 0Ss- seciheaitab pRsRBnYlofqait fist singsl region of the first strap is tuned
based on a respective |ocation of each aligned region within the first

strap. 4 . The |l ayered support structure of claiml, the first strap

further conprisjng a gate positian re each..of t .iple aligned
regi ons o?‘ theﬂf“? %é’ter%?%?ﬁ%%ﬁﬁ&g&%\ggagmgs-@g}: ri%’ﬂﬁvgmia that is greater
than a cross-sgidconadl lageepositionsy alovenge fitdil@yeroand kenigrisiiy stultire

positioned closer to the gate position. 5. The |ayered support structure of
clafm 4 , SRUNG elemants poROERE PY Srramudtirde nefles¢! al i gned region is between

approxi mat el y 0 PL OXi: I % t - i | area
of an adj acentaé@%ﬂ%@réﬁ%&%ﬁﬁéaé}é@%% %ﬁégégﬁ%}o%ﬁg ngﬁﬁbﬁﬁql%ém ong
the firstintdrcapnedied piXeds baysdrest by theosécasidriagénure of claim 1, further
conprising: a second | ayer positioned above the first |ayer and conpri sing

mul tiple spring el ements supported by the nultiple nodes; and a third |ayer
posi tioned abo’r‘g‘etlB?er%%CQUHpé)@yﬁ%Fuc?uﬂ‘é §P'8Pefi eNavARHe! BRES dpMing ERAE L ed

pi xel s supported by the secon ayer. . The Tayered support “structure of

cl aom 6 , covhpriseseach spring el ement conprises: a top; a deflectable nenber

connected to the top; and a spring attachnment nenber connected to the

defl ect abl e mefb¥ for
a deflectable member connected to the top; and

a spring attachment member connected to the deflectable member for
connecting the spring to at least one node of the first layer.
15
8. The layered support structure of claim 7, where the deflectable member

comprises two spiraled arms extending away from the top.

9. The layered support structure of claim 7, where the spring attachment
20 member comprises a stem for connecting the spring attachment member to at

least one of the nodes of the first layer.

10. The layered support structure of claim 9, where each node defines an
opening for receiving the stem of a spring attachment member, and where the
25 stem comprises a ridge that facilitates a snap-fit connection when the stem is

inserted into the opening.

11. The layered support structure of claim 6, where the third layer further
comprises multiple bull nose extension fingers located at a side of the third layer,
30 where each bull nose extension finger comprises a substantially parallel

orientation relative to the other bull nose extension fingers.
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connecting the spring to at | east one node of the first layer. 8. The

| ayered support structure of claim7, where the defl ectabl e nenber

conpri seswbwolmgpieal ed arns extendi ng away from the topPC3/USIHQ/OFRYEr ed
support structure of claim7, where the spring attachnment nenber conprises
a stem for connecting the spring attachnent nenber to at |east one of the
nodes of the first layer. 10. The | ayered support structure of claim?9,
where each node defines an opening for receiving the stemof a spring

at t achment2 menippe Jaysied \Mwﬁarttétmcwr@r@mamﬁ i6S &fhette lddtBiepikBidtorhphiséd hat es a
snap-fit connection when the stemis inserted into the opening. 11. The

| ayer ed sUPRRIr surfagGeuand reelayfer csuifases whetie rtiae tlpwer purface i eriented: taeface

i T 1yl S ks Bf e 2 Blkel B Bay of el Phafuny Hork e

subst ant i pWer spafaaél el orientation relative to the other bull nose
extension fingers.12. The | ayered support structure of claim®6, where each
pi xél conprises an upper surface and a | ower surface, where the |ower

surf ace | %3071 Ak dydi8a 865deBRERECkY BEH: 12 dnRERCAAGHR Kilment

conprises a stem ex rom-t ower surftdce red support
struct ur ecohpdbes mtd@ thattdsfines arhopgiing foreleesivitty oerpf theesteenst extendiay

defines ap opening for_receiving one of the stens extendi romthe pixels
Co taci 1 | Nareig kel g [iReq AUUPIRE RUGRD haesad Ae it B98ts: " rhe
| ayered support structure of claim 13, where stemconprises: a first end

connected to the | ower surface of the pixel; a second end conprising a
t apér ed sé&gnentThedaggiedsipipodt statotee eHhdaindi hgvherevwden edneprisasst and second

ends; and a lip_.cqgnnected t he tapered segnent that extends beyond the
oyl indrical st PARTOGGInected & e dRaRt PTSEORHBE AR when the st em i s
inserted into hRecongehdtonkhising 8 thgeretedgmunrort structure of claimé6 ,
where the second | ayer conprises a unitary piece of elastonmeric material.
a cylindrical strap extending between the first and second ends; and
a lip connected to the tapered segment that extends beyond the cylindrical

15 strap to facilitate a snap-fit connection when the stem is inserted into the opening.

15. The layered support structure of claim 6, where the second layer

comprises a unitary piece of elastomeric material.

20 16.  The layered support structure of claim 6, where the third layer comprises a

unitary piece of elastomeric material.

17.  The layered support structure of claim 1, where the first layer comprises a

unitary piece of elastomeric material.

25
18. A layered support structure comprising:
a first layer comprising:
a first frame attachment;
a second frame attachment; and
30 multiple support rails extending between the first and second frame

attachments, each support rails comprising:

a first strap comprising a first length that extends between
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16. The | ayered support structure of claim6, where the third | ayer
conprises a unitary piece of elastoneric material. 17. The | ayered support
struct ur evof2onlaiessl, where the first |ayer conprises aPamiusasog/opizece of
el astonmeric material. 18. A |layered support structure conprising: a first

| ayer conprising: a first frame attachnent; a second frame attachnment; and
mul tiple support rails extending between the first and second frane
attachnments, each support rails conprising: a first strap conprising a

first | englkhirkhdid seddfaietai@entetd, iths firskBtapeopiptisingme attachnents,
the first strap conprising: nultiple aligned regions defined along the

first strap; and multipl e unanulintel aligngdregides deéioed aderg thee firstr$@pst r ap
bet ween adj acent ali gneda gions; a second strap conprising a second | ength
t hat extends between the rst and second frane attachnments substantially

parallel to the first strap, mbRipfeaaigreregicrengafingdreongitid first etrapi gned
regi ons defined along the second strap; and nmultiple unaligned regions
def Pned apemgentadjacaid@igned soieR%ween adj acent al i gned regions, where a

position along the secogéi SRR grafﬁ%d??%é %%Cgﬁgigﬂﬂuom&sg%q sto a

position of an unaligned region In strap; an tipl e nodes
connect edbdéeiespethetfiret fnd stcamd! fraawoatiactimanis. subBtantiadly [payaied do hep firatt
structure of c|/aim18, where each of the nultiple aligned regions of the

first st rgﬁ%d%ﬁ?%@“‘%%@%%”@é’éﬂ%nal area tailored to a

multiple aligned regions defined along the second
10 strap; and
multiple unaligned regions defined along the second
strap between adjacent aligned regions, where a position along the second strap
of each unaligned region corresponds to a position of an unaligned region in the
first strap; and
15 multiple nodes connected between the first and second

straps.

19. The layered support structure of claim 18, where each of the multiple
aligned regions of the first strap comprise a cross-sectional area tailored to a

20 location of the aligned region along the first strap.

20. The layered support structure of claim 19, where the first strap comprises:
a first end connected to the first frame attachment;
a second end connected to the second frame attachment; and
25 a gate position located approximately half-way between the first end and
the second end; and
where the cross-sectional area of each of the multiple aligned regions is
tailored to the location of the aligned region relative to a gate position along the
first strap.
30
21.  The layered support structure of claim 20, where the cross-sectional area

of each of the multiple aligned regions is less than or equal to the cross-sectional
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| ocation of the aligned region along the first strap. 20. The | ayered
support structure of claim19, where the first strap conprises: a first end
connect edwbaotoa1438r st frame attachnment; a second end cecmast@d/osr2t he
second frane attachnment; and a gate position | ocated approxi mately hal f-way
between the first end and the second end; and where the cross-sectional
area of each of the nultiple aligned regions is tailored to the |ocation of
the aligned region relative to a gate position along the first strap. 2 1.
The | ayer acasofgaehtof she atignedrenfiorsd thatreZOlocateelr dosdrdothe gatespaditiamal ar ea
of each of the nmultiple aligned regions is |ess than or equal to the
cross-sectional area of each of the aligned regions that are |ocated closer
to the gays POpheiQRredSu ?)_Qﬁ St r@%ﬁ%ﬁf?@, \?ﬁér‘écﬁh%r@rogé-s%bﬁéﬁﬂl%@eamere
the cross-sectional” area 8 each of the nultiple aligned regions is between
appr oxi madkleachl1ef ttheappriipe nalighed Iegipneaisebetlvaen t agproximsatelyect Yot@al ar ea

of an adjacent. align region,i diately cl.oser to the gate sition al ong
Che 11 ot aapiexsnetod IS al Lisnpore SSEHORt eact! S0 SeEdt FhPEher
conpri si Nggich MRRRARLIIRLRIsePeStHd nepRRRNealbAGtHd fist slrayer, the second

| ayer conprising multiple spring elenments supported by the multiple nodes;

and a top mat | ayer supported by the second | ayer, the top mat |ayer

conpri sing,mul tiple interconnected pixel p t ] .mul tiple spring
el emsnts.g‘}4. %’-h%lqyg);% gﬂpg%ﬁgvﬁuﬁo?ﬁ(g?ﬁp égoﬁ%eggﬂﬁ%}gfsnn Glere each of the
nul tiple spring ekesmntiaysonusitisheda dboRe ehalefirsECigdi, ethige deondomyest ed to

the top and supported by one or nore of the nultiple nodes. 25. The | ayered
supPort sEPmBtisiNG ravltiplesspHngslemraisesunpeorigardybedpHEPieendfas; @8fpri ses:

a top mat layer supported by the second layer, the top mat layer
comprising multiple interconnected pixels supported by the multiple spring

elements.

15 24.  The layered support structure of claim 23, where each of the multiple
spring elements comprise:
a top;
a deflectable member connected to the top and supported by one or more

of the multiple nodes.

20
25.  The layered support structure of claim 24, where the deflectable member
comprises:
a first spiral arm comprising:
a first end connected to the top; and
25 a second end connected to a spring attachment member; and
a second spiral arm comprising:
a third end connected to the top; and
a fourth end connected to the spring attachment member.
30 26. The layered support structure of claim 25, where the spring attachment

member comprises a protrusion extending towards the first layer, and where the

first node defines an opening for receiving the protrusion with a snap-fit
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a first spiral armconprising: a first end connected to the top; and a
second end connected to a spring attachnent nenber; and a second spiral arm
conpri si YO 210tchitg3d end connected to the top; and a fourCh/tse@9vsraect ed to
the spring attachnent nenber. 26. The | ayered support structure of claim
25, where the spring attachnent nenber conprises a protrusion extending
towards the first |layer, and where the first node defines an opening for
receiving the protrusion with a snap-fitconnection. 27. A |ayered support

st ruct ur ecofigetiosl ng: a first unitary piece of elastonmeric material formng
a first layer, the first layer conprising: nultiple dual-strap support
rails, each dual -strap support rail conprising: a first strap; a second

strap orignt edﬁq A Eaghbphg%}rgg{@élcgbpggir@he first strap; and nultiple

nodes connecte ween I'rst and second strap. 28. The | ayered support
structure of cadirsh @nitarpiEece pheldstomeristmateriabfpmiisgs: finstilayiep] theafiisgned
regi ons defined al.ong the strap; and nultiple unaligned regions defined

al ofg t helayer ﬁwpﬂﬁ@gé each aligned region is positioned between adjacent

unal i gned regi ons. 2Ry T{?d&&%ﬁfa@dsﬁ%@%ﬁr traild, " WabNT BuStstedRi S0pprt WaRT e
each of the nultiple unaligned regio conprises a greater cross-sectional
area t hanceraphsiof): t he al i gned regions. 30. The | ayered support structure of
claim 28, where the first .strgr;égconpri ses a gate position and where each

al i gned region conprises?d%SY&0: sectional area

a second strap oriented substantially parallel to the first
10 strap; and
multiple nodes connected between the first and second

strap.

28. The layered support structure of claim 27, where the first strap comprises:
15 multiple aligned regions defined along the strap; and
multiple unaligned regions defined along the strap, where each aligned

region is positioned between adjacent unaligned regions.

29. The layered support structure of claim 28, where each of the multiple
20 unaligned regions comprises a greater cross-sectional area than each of the

aligned regions.

30. The layered support structure of claim 28, where the first strap comprises
a gate position and where each aligned region comprises a cross-sectional area
25 that is greater than or equal to a cross-sectional area of any other aligned region

that is positioned farther from the gate position of the first strap.

31.  The layered support structure of claim 27, further comprising:
a second unitary piece of elastomeric material forming a second layer
30 positioned above the first layer, the second layer comprising multiple spring
elements supported on the multiple nodes;

a third unitary piece of elastomeric material forming a third layer positioned
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that is greater than or equal to a cross-sectional area of any other
aligned region that is positioned farther fromthe gate position of the
first strwp.208/01633he | ayered support structure of clai ®C2AS2600/0512e1
conprising: a second unitary piece of elastonmeric material formng a second
| ayer positioned above the first layer, the second | ayer conprising
multiple spring elenments supported on the nultiple nodes; a third unitary
pi ece of elastonmeric material formng a third | ayer positionedabove the
second | aybove thieséboridlidyay ethecthimnagsmanspisingl pirgi regidnitat comprisess

mul tiple interconnected % el s, where each pixel is supported on at | east

one of t hERIeinEECanneCiag Rikglse Mhere gach pixgltin suppsFtedan alleast PRg ok
| ayer ed SH.%O&I’UHE)% §H§ﬁ§’é%me¢rﬂ prising: providing a first layer conprising:
onpr i

a support rail ng: a first strap conprising nmultiple pre-alignnent
regi ons and unal i gned regions defined along the first strap; a second strap
substantig ly parallel to the first strap and c n’Prisi ng multiple

preal i gnéd: r eQiBRYCSHAr TIRAVTatWiNG @jﬁ)@rﬁ d §HPPAIE §UHEIYHG GOREPT nd strap:;

mul ti pl e nodes 88 L&t SSmbASngi rst and second straps; and nultiple
SRAD R T T

openi ngs defi ne uppor bet ween an inside edge of adjacent
nodes, an inside edgsuppotthail Lomprisegr ap, and an insi de edge of the second

strap, where the inside ed#re f adj acent nodI S, subst ant | aItI face_each
other and the inside edgdsst STAR 99rPRySIag:dmubBls, Aresefliueis feoidiy PO

face eaChuﬁéﬁg’:ﬁed r%ﬁiqn'g%fma@gré@thé:ﬁ,@i Sr37. where the first layer is
provi ded using an i njection nolding technique. 34. The nethod of claim 32,

whele the first |ayer isapsesondeatragiswpstardiely qrarglialele thej Betiramendi ng
techni quet:omprising multiple pre-aligned regions and unaligned regions defined along the
second strap;
multiple nodes connected between the first and second
straps; and
15 multiple openings defined along the support rail between an
inside edge of adjacent nodes, an inside edge of the first strap, and an inside
edge of the second strap, where the inside edges of adjacent nodes substantially
face each other and the inside edges of the first and second straps substantially

face each other.

20
33.  The method of claim 32, where the first layer is provided using an injection
molding technique.
34. The method of claim 32, where the first layer is provided using a center
25 gated injection molding technique.
35. The method of claim 32, further comprising aligning each of the multiple
pre-alignment regions of the first and second straps to form multiple aligned
regions defined along the first strap and the second strap.
30

36. The method of claim 35, where aligning each of the pre-alignment regions

comprises:
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35. The nethod of claim 32, further conprising aligning each of the

mul tiple pre-alignnent regions of the first and second straps to form

mul ti pl e wiDi2groad1438gi ons defined along the first strap a&od/ushe@ssceond
strap. 36. The nethod of claim 35, where aligning each of the pre-alignnent
regi ons conprises:stretching the first layer in a direction substantially
parallel to the direction of the first and second straps; and inserting a
node | ocator into each of the multiple openings. 37. The nethod of claim
36, where the $ir¢tshingayerfirsslager gt 8 e ctigpp solsstamtiallyypdratidizoi theiecti@8. The
met hod of ¢l aim 36, where the stretching causes each of the multiple

pr e- al i gnREWE frekarmhgesndyirans: @dhed approxi mately four to eight tinmes a

preal i gnment | ﬁ{é%hh‘]g é;%odgrﬂ?ca@@rtihﬂndegéq Sﬂtﬂ}e%g’@;}le‘;dgﬁeter{i}g%conp” sing:

provi ding a secon ayer conprising nultiple spri nts supported by
the multiple nodes; and providing a third layer conprising nultiple

i nterconngct ed_pi xel s supported by the second |ayer., 40 he net.hod of
cl ai’m 39, gz/nergﬁ? Hﬁeé‘@é’o&gdamqﬁﬁn%c\‘hfr?égﬁrfgshwegis()ﬁrﬁtézaegsqprﬁ’éo’ﬁﬁ‘aiqﬂ}'ect i on
mol di ng t eghmi qUges 4 1. The nmethod of claim 39, further conprising:

connecting the second |layer to the first |ayer, where the second | ayer is
positioned below the first |ayer after the connecting; and connecting the

E Eler g eLg%g& ;3;’ Qeeﬁ\éﬁﬁg?ﬂézll%éﬁ%@,c\pﬁﬁ%ethtehs rettcr:]ﬁiﬁg cla%ggsr, eagh %?%é 'n%ﬂﬁﬂeb el ow
pre-alignment regions to be stretched approximately four to eight times a pre-

10 alignment length.

39. The method of claim 32, further comprising:
providing a second layer comprising multiple spring elements supported by
the multiple nodes; and
15 providing a third layer comprising multiple interconnected pixels supported

by the second layer.

40. The method of claim 39, where the second and third layers are provided

using an injection molding technique.

20
41.  The method of claim 39, further comprising:
connecting the second layer to the first layer, where the second layer is
positioned below the first layer after the connecting; and
connecting the third layer to the second layer, where the third layer is
25 positioned below the second layer after the connecting.
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