WO 2010/011633PCT/US2009/051221 MULTI-LAYERED SUPPORT STRUCTURE INVENTORS:
Ryan S. Brill Christopher C. Hill James D. Slagh Andrew B. Hartmann Timothy P. Coffield Kelly E.
Washburn 10 I h Michael D. Stanton Sr. BACKGROUND OF THE INVENTION
15[0001]Th|s‘e§§p ca 0?1 claims priority to both of U.S. Provisional Patent A%%Héé?%ﬁ%%}%l/l% 997,
filed July 25, 2008, titted 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. 20BACKGROUND OF THE INVENTION 1. Technical
Field. [0002]The invention relates to load support structures. In particular, the
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BACKGROUND OF THE INVENTION

[0001] This application claims priority to both of U.S. Provisional Patent
Application No. 61/135,997, filed July 25, 2008, tited MULTI-LAYERED
SUPPORT STRUCTURE, and US. Provisional Patent Application No.
61/175,670, filed May 5, 2008, titted MULTI-LAYERED SUPPORT STRUCTURE,
which are incorporated herein by reference.

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.

[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.



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 th8 PeaddPé*Ehd development of chairs, benches, mattressesPS8fH82%RE%3#Er load
support structures. WO 2010/011633PCT/US2009/051221 [0004]In the past, for example, chairs have
encompassed designs ranging from cushions to more complex combinations of individual load bearing
elements. These past designs have improved the general comfort level provided by seating structures,

including provisiegJformrfithagmeemipit Exatprer shanseralBosicsnshrraed SuR siseamfagt, however,
may still arise.even fr%\_rl?J the{ irﬁgroved S 8a%t(iag%%gg_uctl,,lres. For example, a seating structure, though

tuned to confdiPtE4e HFd (raHapRof Indly it ioash NG S DB Bruding
wallet, butt boftegser palbedéadahsr teyel anpravdibthe hapaall bisvivay sesuUirtvidee wpfeskaiadhe seating

structure pres allet, or.other bady shape ifregularit into the seated person's backside.
[0005] Thus, v%ﬁﬁce;ﬂ%%%e iB‘r:(l)ugc;glsgs Ras 'gégegn f%?a é’?ﬁ]ﬁ ro%?g?ﬁdgtcrg%f&tgﬁ?er gegﬁﬂargﬁg)&%es, there
remairis a nestidpeimioved disstingstrustwresuneayoditihadsordesm fomwite ngevefibody

shapes and siesir3 AN TRGORCIA UL xaied SRR STIGINERMAY cludadgglpoal laver, a

local layer, and a top mat layer. The glo yer provides controlle lection of the Sseating structure
upon applicatfoivisiea YeHEIYTAE gpoBE Arslvirkhiases. mavplesishponfeaniaiiia asotsuipdrt the local

layer. The glopaiidayetnasswinstHae Brdiinie aligngr #egiess Whish meyinglide an aligned

material to 20facilitate deflection of the global layer when a load is imposed. [0007]The local layer

facilitates add4ECAMIGHd8P e tferseating il yEn presses the wallet or other body shape

10 irregularity up into the seated person’s backside.
[0005] Thus, while some progress has been made in providing comfortable
seating structures, there remains a need for improved seating structures tuned to

fit and conform to a wide range of body shapes and sizes.

SUMMARY

15 [6006] A multi-layered support structure may include a giobal layer, a local
layer, and a top mat layer. The global layer provides controlled defiection of the
seating structure upon application of a load. The global layer includes muttiple
support rails which also support the local layer. The global layer may also
include multiple aligned regions which may inciude 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.



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 ni@PBEr. EHth 6P pRiheyaiunmicbspiligg lakemepes mhicihadpeddemppitdledihander a load
based upon gyariety t@@é@%ﬁd&cmqiﬂ&éh&@éi%Hn%%nfﬁ&%)&@é&i@ﬁ‘ %é@%ﬁ%@%’é‘dﬂem within

the multi-layered support structure, spring material, spring dimensions, connéction type to other
elements of tR@tHEIERRIERSUIRIGE SiRToRMNS, ahdsnelirieteieiscuBPic @S AXIERsER may be the
layer upon whigheasloaghis-anplicthd b ioBma layaripicldgaadnutiplenpixelsianeaulhpese extension
fingers positioned above the multiple spring elements. The multiple pixels and bull nose extension

fingers contacPiih HRMBPS o HIIB IR GR R IEAEiRE PHENPRERAIBPRIYDFiRgEERMRINES, the
multiple pixelsjapdoraitieleabrkposseexte asiapfingarsonadysalseaiomgeiddaseenss tefamapplied load
substantially indegﬁndeniof th resFonse of an adjacent pixel. [0009]Accordingly, the multi-layered
support structGr® HStass T8 @r%ﬁ\}eoﬁl independent layers, with each layer including cooperative
yet independ¢d0@&d¢ meAts;daiplyjdbenaxititizgegidbalispppostranteointdidesancapplisildoad while
also adapting tq an rting.localized load irreqularities,.Further, the.load support independence
provided by (IS AT B S i, e TR g S R N B eguiarny
without substaiﬂm#ytaff&tmgwide Imiwmmipmiimmamm&g;om.a{:ﬁ)cawée]aﬁc_le_acrlding to a
frst aspect, iR MHAGAPERH UBRRIARURILER MBS AL & i shlayereeamarisig: a support

rail comprisin?: a first strap comprising: multiple aligned regions and igned regions defined along

the first strap;QatHsRRRE Fiansndancereraxidedndhnmmitlelarisec Hgon S bR e draiawap
comprises a GRSSIRERINDAL dsaR RS HFERISH ﬁ'ﬂ%fg@léf@@%ﬁﬁ&ﬂ?@%ﬁ%ﬁ%iﬁﬁ?@Bﬁ&iﬁﬁ%}eﬁé%ion of
the first strap positioned closer to the gate position; a second strap substantially parallel to the first
strap and confiRfSRHPRATHRIRVdRshRE G SPRIARigned regions defined along the second strap:
and multiple h¥t¥@slcorrradnedbefivderrase firese hprseidond siraps s{0000 S8 tucomimytos sEcohder
aspect, theredsnpreiided autayered] supporistructitse aom poisingia:firstllayentamprisigisadirsiiame

attachment; aseanddrrmaAtiachmentAngd.muliiple,supper reils.axterding.nemesnthe ficstang me
second frameﬁlastttgtchments .each susgdPO{.t ralls copﬁ

&1 Omprises 4 cross-sectional area gﬂ%'nx%aarf{%saii-l%t@gssgggggg%pge% fl}:St Ierll th &hat
extends between the first:an secon frame aftac men%_ \ the first strap comprising: ?nﬁlmpﬁl ahghed
regions defin8bi&foHG tHE AR5 SR TiNipfeZiTaRGRLtr TégiBe et ARG A Rivefighigghe firs
between adjat@Eataaligivediegions!wlsedenelsnapréormpHsitigradeeond fefigtd ehataktendebetweend
the first and seddnit frainecatiachheniscubstantially paraleligihe first strap, the second strap
comprising: nstitiple Alisneddegipnsdefingdalang:the se¢nd sttaprandputinle Mualigned Segians.
defined along s sergpdsiiap REMesR adiagsilRigned (egians MsIE 2Roslign ARRAL RS, seeand
strap of each unaligned region corresponds to a position of an unaligned region in the fﬁst SUAP. an
multiple node¥ EBRHEEN RIS ThE irSiaNt SEBGHSHAI5E!a BEBHEPRY &7 PoStiet ifo e ieer
first layer, thee&apEriad sy Srtomhphishny miimidenineg Slerichanduspordcliany thicashuitipte thodes; tiad
a top mat layensppported:bipkhdigseonditayeeftie t0pnmdik|8ye seamiprisingtiplaltiplé dnie iegione dtdded
pixels suppories bynthamuliplespeng.e amenis.[0808shAscosdingita-athisd ashect thessdsprayvidad
a layered SURRRILAIBEINLS ARTRFSIRG: it unlamalser of fRsiametc pasialioming 2 fistlays:
the first layer comprising. multlgleld%al-sgag suppc;{_t rgi eagqh ual-strap support raj compprlsmg:_a
first strap conpHisig P MUNHIE AR BERSGIHE Befifal Lot the S ,?‘ﬁﬂ?tifﬂ%; ORI R8RPHSGfggEions
defined aloncfthBesranaihfoter cH Bl RRE TR 4§68 pOSHRSTEBiBHIbETs adjedbrr UABLGifedIRYiore
and a gate paditanh andiwivé regachoatigmedsragigrm somprisesmmadngss sedtionatlaréasthaiisagieatdiple
than or equaligia: xesseectianatamamiany ethaiialignedregion thatisResitiensshiarthenfom dhene
gate position of fhe fagse&%%%eﬁarfgeﬁgngﬁtgann%rtggﬁf‘e%@%ﬁg@ﬂ&@%x R AlELIRINSALSE ARy ARG, 1ayer
multiple nodes conn %%e bety_\/e%q the f_\jrsttan sﬁcond straIp.. 10 OIQdJ Ac_cordlng to, a fourt aspeﬁ%&’
there is provided & method for PRantfactifiitg 3y ard SR hSREHCRI e B rRBHINY PRIt iRy A
layer comprisiffoaldpis Bl prising: a first strap comprising multiple pre-aligrunent regions and
unaligned redi8t8definmdialpng théifif stsptapttarsesandvsirdp Sapstaintiabop atalleito thefirststrafrst
and comprisingiftylfipe: pre-lalighedregions anthimalignedsegionseefingd alapgdhe: se0apd saRirap
multiple nodeg,cappegted hetween thefirstand:secandsatsaps; and-multinle-epeningsdefingd alopg
the support raj betyigen. ag. nside.qac, of adiacent nades, an ingide edde of the fist srap, and.an,
inside edge of the secori strap?\/vrﬁer the In de edges o?acﬁacen nodes SubStantia y a%lg e%eghm? s
other and theRANEELIBEY TR I EREE T LT H LU Bt A a8 e84 ISt s ChlighRt g5k of
the multiple premaligaiserioseticnsokine firstsanerse chrdos rayss todorrssrrrdtiple! aligredme gibnslizned
defined along¢hedidkstrapandibe secendistiameQRLOihensystemSirmeaihogs, featuiestapdoriented
advantages wilbRe.vilhheermg-3RRAMEAL IaoReMith Ik in the A HRRREXRONRALENOL e rap
following figures and detailed description. It is intended that all such additional systems, methods,
features and advantages be included within this desgription, be within the scope of the invention, and

be protected by the following claims.



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 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 suppeEbafruetreshRwNdnguUre-d. (P Albigwad shaws.a t@pmwfa@mxgﬁbﬁ&@y@@upw{%
2010/0%&@%&PCTJH§§3 9 \Xg/)r%% @1% @Qﬁ?t]ﬁgglr w}g}(ijsvl\{ls a 2port|on hle ort rail |Q%Igt1%k ?%the

T181
node connected e straps. Fi UI’GSS 9) Vle ocaﬁ)a ?—% ure o shows a

portloncmﬁ%sgbrmgf%eﬁn% BniBEPEG e %92?86\/?51?% @ﬁ@%ﬁ@ﬁg&&ﬁﬁ aﬁ%}albc?aﬁ"a%?él
Figure 88AGWS aNEH Xidrnibt Aoéps iEd 188y Al gorergishewaithidupderisided or gl pixehdvithihetd top
mat layegidtigtetrt0 ipegpho cess:dormpanuiizote rindeadayereci Suppart steuctused kdguré didpshods a
global layersretehed byraaassemblysanpar atus.kigul enlid shows Aprralignedigloballaver kigure
13 shoys @.Cclgsenvig of a.RAIAR.0! & REe-allgRedAlobRh cc the inside edges of adjacent nodes

substantially face each other and the inside edges of the first and second straps substantially face each

other; 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.

[0010] Other sysiems, 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. 1t is intended that all such additional systemns,
methods, features and advantages be inciuded within this description, be within

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

Brier DESCRIPTION OF THE DRAWINGS

[0011] The system may be befter understood with reference io 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. Moreove'r,‘ in the figures, like referenced nurﬁerals designate
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.
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Figure 14 shows a top view of a global layer cavity mold and hot drop channel for forming a
pre-aligned global layer. 15DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0026]The layered support structure generally refers to an assembly of multiple cooperative layers for
implementati Wi?PHV‘g£653load bearing structure, such as a chair, bed, beREH/GRMHEF A 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 tygryspd t@i@ﬁ%cqn%‘é\r\?@ednHﬁﬁ&e@nﬁﬁss%&ﬁer&ﬂmﬁwar{g 495 Hbde
characteristics of the layered support structure. The multiple elements described below may be
individually 25YRSGIRAPTVSEERE, Brahrerwise configured to suit the load support needs for a

particular indifidug} or #plieaighohkeadtpansinss slisedsrgebelow with reference to the various
multiple elem re examples pnly and may vary widely depending on the particular desired
impIementatiﬁril'bt m on'tie '%58.@0%&8&) elg{k& %i@@ﬁfé%@’ﬁ%ﬁm 9/051221 [0027]Figure ~
1 shows a pol8ieh8df a Rigered spparsstopotisne 4080 ERertgyjerngthsaldpeer structure 100 includes a
global layer ocallayer . . ]The global layer 102 includes
multiple support rallis 1 é&g'r%d%grgﬁge q&ﬁ&é%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ&%%ﬁpport rail 108 may include one or
more straps 18928d nitiiple Pebewa pqsiriside deapben Widistthpdonmatasierstrap may include
aligned regiopsob§ andiyfialiansd deaipnsd 44 ARlsdalpRg DelRAgLabe aRMAS. The nodes
e

114 may connect to adjacent straps between the unaligned re%;)ns 1180 adjacent straps 112.

t0[0029]The [24%hyerrigr il aRewa AR apRNg aERIehed Pymamseebly apparatus.
10 [0023] Figure 12 shows a pre-aligned global layer.

[0024] Figure 13 shows a close-up view of a portion of a pre-aligned global
fayer.
[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.



supported by or resting on) the multiple support rails 108. Each of the multiple spring elements 120
includes a top, a deflectable member 122, and one or more node attachment members 124. In Figure
1, the deflectable member 122 includes two spiral arms 126. The spring elements 120 may
alternatively }F{aa@@’%éé%riety of spring types, such as those disclosed if 9%!%‘5’&?5&%?% 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 30ty pf aFigast onekbike spirasiesrentslg@dEaghpetiharbetlrose@xtansion fingers
128 may also include an upper surface 130 and a lower surface. The lqwer surfa f each bull nose
extension findBY4s8 W?ﬁﬁﬁfﬂ%ﬁ% 6&%8@%@#&%&%&@&&%@%@4 f@éefc@ é)f g?ﬁ%%st one of
the spring eletoentatliaPe{GQ81]The global layer 102 may be injection molded from a flexible material
25such as a | plastic elastomer ( including Arnitel EM4Q00 or 4 lyp ene (PP), a
thermoplastictggg/%?ethﬁ% %%%3&,'%’(%&?%@%%&‘, Sble ﬁ% t%r?éjlgp? V) r?g%%ﬁ(gl%a{%%/ 02
connetts to adftactari3? JHthEdcinse it hale 38 raayTihe! idenenatiomorers il Ay dedconnected

0 the end of WERHRATGILE 0L auemateale fkausadernisd shaniainagraendgular o he

straps 112. Figure 1 shows a frame attachment 110 that includes discrete segments 134. The frame
attachment 109789 RaineDY o 1eehenrdsadiach ddgrasfinegi@long the length of the

2010/011633R{-FUSED09M9d 24dad 341 acha) thethzereis ssgmanis 434paenaBRCire the ends

of two or more adjacent straps 112. The frame attachment 110 may include a single segment

extending aloH§dERGHiredipns Ji'theldisbasiagertiPrsutias the frame attachment shown in Figure
3. 5[0@33]In Higeze]l, eanh ®mdpaiysaih B9GHnickiste sivitpry bpadrigadiswrapssl 120extending gubstantially

cupport raits TOBHRE Etade ZAPGE LS BRI A b Bpdt <o o8 SR global
layer 102 mayspmicigdaeanentyin@himbeesistogp 2 Hifl¢atmredieviro U Zacodsosach aothe
node attachment members 124. In Figure 1, the deflectable member 122
includes two spiral arms 126. The spring elements 120 may alternatively include
13 a variety of spring types, such as those disclosed in U.S. Application Serial No.
' 11/433,891, filed May 12, 2008, which is incorporated herein by reference.
[0030] The top mat layer 108 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.
f0031] 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 giobal layer 102 connects o 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 aifachment 110 that includes discrete segments

134. The frame attachment 110 may define by a gap 1386 between each segment

5



lo location of the support rail 108 within the global layer 102. The support rails 108 may include
alternative geometries. For example, the straps 112 of the support rails 108 may include four sides
with multiple ends. An example of such straps is disclosed in U.S. Application Serial No. 11/433,891.
[0034]A strap™A PHA} Hélude multiple aligned regions 116 and multiple F&TREMNYHEH #&gions 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 thejgligneskegionAipngdhe iR fhae @4%%3;?88?{88@4 7 BRBAUDEr RibRIPRRoNAl to the

position of the aligned region relative to a'gate location of the mold. For example, the gate location

corresponds BYRESRIGITERS iHe strHie fiREIR aieeigRel 1agisrynackidegrosteslersedtagitional area
the more distatdhamgrebiagm dhe shiddiesids ITomB igiGiguratstheprossriecipnabaipaef the

unaligned regi%sgﬁi%fe %ﬁ’aater han that of the adjacent aligned regions. The 25aligned regions
defined alongef 2 8? @é‘ﬂléﬂ)%’ﬁq‘ Is may be aligned using a variety of methods including

compression §0RBG} tensidigaligning:auttaged 036} 1TBeinmaligaadsegiiindtit8l asichpsigied region
116 of the adjagent str 112 substantiallyline up with eac her. As shown in Fjgure 1, the
oos 114 i R B S A el o
114 may inclueiterngpvingooigisetionsor Eonraamgleo thepsimppeitnvailst 120 ohayeitmbadeager. The

Spring conneclipingyBe A RRGIING: VKO 294@%%3@%@4H§%999§5§é8§%[§%3%@5p6 node 114

for receiving a corresponding spring element 120, such as shown in F obal layer

102 may or mAFHEE 5o Reinshasm I Exelrapre, Iidoleile st trivg fireg fastanayactoaadhfe frame,
the glebal layeschdrmspResapiosmesl sushadith i gflolhls IniRGtTRMading pirGessisvisa shorter

length than is needed to secure the global layer 102 to the frame. Before securing the global layer 102
to the frame, &Y% IBBLAR AT MEga0ungidtsh b igmple s sapfeAdth Yrbm s irpatiits original
length. As thergllebtiSayey Itlueetvarsidewniditerigirgasiseichedetaenglelsiidayrist@gymay be

secured to the support 10struciure. frame when the gl layer 102 settles to a length that matches
%DSG(Et &%A&Spgrllc 10n§/ rllrl 0 q %%’lggsil

the width of thd(-:"sfcr:ame. other altéifat ve, 't "layer 102 may recover down and
[0034] A strap 112 may include multiple aligned regions 116 and multiple

15 unaligned regions 118 defined along the strap 112. The strap 112 may inciude
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.
[0036} 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



then be repeatedly re-stretched until the settled down length of the global layer 102 matches the width
of the frame. The global layer 102 may be pre-loaded in 15 multiple 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. Applyind*@fet¥RtHE-l0ads according to region may be done in a vaReRSRHF)E1 Rlch 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 supporeiiHelire HiOnHiR NeedeofaeRaia BBRISALARIY §sRidinehian nppkeicaf other
considerations. For example, the heights of the spring elements 120 may be varied to provide a
three-dimensﬁ‘)%ﬁ%%nda & %% the support structure 100, such as by providing a dish-like

appearance tf0gBEIUPTE Sirobkirz£10102 thisexampie, Hie beight abilespring eleampls 120
positioned at a center portion of the local layer 104 m e less than the height pring elements 120
positioned at %ﬂ?éﬁ%()sr%%lﬁréngfa?]ee Qﬁo%%gfﬂ%rrl A? \;\ﬂt %Hﬁaﬁber gl#%?ﬂx%gee E)f? é%@ggebfﬁ height
between the dentedasddussr tBtparitichs injehtdocabldiyer 104 B0 38T heshooid ldgmgtitGiamnay include
a variety of o] i : 1] s well as, :
implementedﬁaﬂmw%%gfg%ﬁggggﬁ ?8@%‘}%%@%‘? i’i%Bgrt gé?éé%u?%%gpe (ﬁé%l%%g in U.S. App.
Ser. No 11/433y891 0f\dd trjrame2 6 g\nhtdHagand8rboraydibisielenpy rfensmeesTae phing types
used in the Ioraig@y%&éaémﬁadng%mgﬁrr@%.or@%@oaf%dépw@m@@,rmmns&mes may be

oriented upside-down, relative to their orientation described in this application. In this example, the

portion of the &g eBEcabEtFTethidhspMieaabrexerh OB pIRYuRE §FHERT doliardsRRRITconnect to
the global layefrd&2rdtrihes, Wihisiexapp's thesleflegtablesvemberndd? mayrearnest figethe top mat
layer 106. The defle t,%blf members 122 may connect to the top mat layer 106 via multiple spring
attachment m\gﬁﬁg‘e g 54" wever, the examples discussed 10 in this application do not constitute an
exhaustive lisf08¥Xhe sphingatypibsr aitpossibls dhientidterisiafspriol typgsrébatenajobe usedl to form
the local layef 44 Itie spring olemania 20 may exhiihaends:olsping aies faglydig inear,
non-linear decreasing, non-linear increasing, or constant rate spring rates. fO 20? The 1608 layer 104
connects to tHégloBacheReineoRidih phiheuitamae ThespliiglidageniEhmayibdersedoadedninect on the

nodes; 114 pasifiged RRMRRR hEHNAligns RoIangtHh 14 fE JfiARETh St dirbhincprnection may

be an integral molding, a snap fit connection; or other connection method. The mulg%eesprlng
elements 1209R85 BRaKjd&iGRRHBde Affaranboraicnicipbdhepiebah Rves4tPze UmeMetal or
Uniform N 264@&éhi Nte Aseislalieifimd B rejieh aay 8 Auuel M ¢8Rt Mbatyer &ih3ss a TPU, a

PP, or f her flexible materials, T ltjnle spring elements 120 may be injecti ded
indhaduay o AT BT ATIRHR: S SRR e BRI i FRTR R e e

substantially vaelgpenttentdet eciafide dlersanisdifEidheragidtigle spring elements, adjacent portions of
the

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 conéiderations. 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.

[0038] 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
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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 lod%P12*1 43 may also be tuned to exhibit varying regional 3CPfEEESH¥8483REny 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 WO 2010/011633PCT/US2009/051221 example. Certain portions of the support

structure may b, tiipeg\yiify dffgrentdelisction dharagjesisyces. 0e ?f45?é%’ir,“#i@8“&ﬂ‘é§i¥§'s which

form a regional response zone, for example, may be specifically designed to a selected stifiness for
any particulargifioiBicthés HBeRFPPRaISS diffesBnbYigisharsEthe SEpPRiNS BtRSSIHEEHAY € tuned in a

variety of wayp,cdpIBfiNinghafpacinsbeinesrie lomaistsiace ebeashriyr and theilegal layer
104 (referring to the spacing measured when no load is present) may vary the amount of deflection

exhibited undSREToRRY TR FEGTBRAIRSIREHN B ie R eridR 0B PIELIRIINHASTEERRE 0B Phay be
tuned pising othisyligaibeds asisvelainsikiding peiigrdiferenipriatededsriospinthiypeslitatknesses,

cross-sectional areas, geomefries, or other spring characteristics for the multipl rn ments 120
depending on%ﬁeﬁﬁ?e@%vg?oui ti%éﬁsqﬂetﬁ%%sﬁg&)gﬁg rﬁ@férg}f@@ﬁg]{ﬂﬁj opg}%%alljyg/g?%;é ‘onnects to
the local layerF10theThie ibwercunfiedief defibcpinéd inaatamsd! 2 theyopohact dorésptmpdingf spring

cloment 120. L dhrdenhsuulaes aLLad PO PYiEhelon (D0c 18 mBARee spaured to the

top of one or more corresponding spring elements 1 se connections an integral
molding, a sndfnebimeersngctieeleneshmambarméidodPhevendhe raoewismidépisssednd/or bull

nose grtensiog f?ﬂﬂﬁ%%gﬁ’cﬂlﬁ% caNeSt I HaaHRR AhNSRRIDHEIGHEH 42D BHAY Mcdudg one or

more stems or other 20 extensions for restlng upon or connecting to the spring element 120. The top

of each spring®8RSHREH CTEA RN nEPERD DG At BRRIVREY MetdanfamHbe der&dBYRfing pixel or

bull nose extengipn firgesdiaty Alteraatyelgothedprahibach sanng elespany 12@-gaydnalude a stem or
post for connecting to an o eng:?%defined in the corres ond(jj%? pixel or buLI nose extensjon finger 128.
25[0044] WheW%a]%a{H’BTJ&% ICFGITE URGNRYSp AL [AGEPENS (RETARHG kPO 1ELE 8 wn on the

tops of the myRH& S prifidpe e ity dr2004ncespuis éo tihe ioktipléagpring2leimemtsidl2Ordefeect
downyyard to . The amo eflection exhibi 1 indivi ring
elemg\élt 120 3@3@%@@%@%@%@% te)%?gd y él@]é)%]cg 8lgf%§i8§qg\g/elﬁas oﬁgtoerq év}f%ﬂg spring 30

element 120. K¢ thaataneslgepeing éldhrdnadjaperdefteapsidonAwdidsthensagiosumasekeobthe multiple

pixels and/or fiple :'%\bﬂfgsea%’ﬂ%)‘?i%ofm%%ﬁ%%\é% R 4hR flebrldaveiclAdnfpplative to the
ground, however, the spring” WO 2010/011633PCP/1152009/051221
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 EL830, a TPU, a PP, or from other fiexible 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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elements 120 may deflect further in that the local layer 104 may deflect downward under a load as the
global layer 102 deflects under the load. As such, the spring elements 120 may individually deflect
under a load according to the spring deflection level, and may also, as part of the local layer 104 as a
whole, 5defle¥OrHAEi Yéthe global layer 102 bends downward under thePtb&&SH8%%]FHe spring
deflection level may be determined before manufacture and designed into the support structure 100.
For example, the support structure 100 may be tuned to exhibit an approximately 25 mm of spring
deflection level. In other words, the support structure 100 may be designed to allow the multiple o

spring elemegig, 1210 deflech Ui RRPEPIIBAIENZ BM:ch SN e thed@catiruaTeledt includes

spring elements of 16 mm height (i.e., the distance between the top of the global layer 102 and the top

of the spring BRIIREHRN FhalaRErSlittacdd st e MONRiTIABIER RRSISMRIGR P8 SAD2As another
example, wheeg sbadecaidayesrlédbinpledamensingriements qésiadndaighlethed aiiftness surfaces of

the multiple pjxels may omit stems, but connect to the tops of the multiple spring elements. As
explained abé?/re,af%%%%?ﬁlﬁf é’é’éh%ﬁrﬁ%e%ﬁ@ﬁt 1 8%%@%{/832({8%% t8“28r’1%r%%%?% factors,
including its relatsterposiipbanithisdtire ssuppery sfruetyre Ya0a{dd46]Fesspradiig dpinelsrofite top mat
layer 106 may be interconnected with .20 multiple pixel nectoys, n.in Figu and
described be?év\'\\/’.eﬁ'ﬁé} rt?oap(): na Igfl/ékﬁ 1%%%%@%&&135‘8%%%%% Eﬁj gix@%fggmégrg%uggh%@planar or
non-planar caneestoes) vdoessedicat e simss iidury Gonribetersconoehalediretienteaipited

interconnecting jae mulliplepixelsy A depgiad belowadbsnultiniepixehsonnaripia@apde

positioned at a variety of locations with reference to the 25 multiple pixels. For example, the multiple

pixel connectBI3YHhE Weebdiatiteathetheebais asiwel, Sibirbigseine rfarILiBAE e multiple
pixelgy The mylfiplg @i»ﬁfésqmﬁ@mgé%&p\dﬂ%@@é&ﬁmeﬁl@@gr@gmmﬁgerweaqaeasdpﬁngeen
we

adjacent pixels, as as enhanced flexibility to the top mat |layer 106. For exar‘plple, tlle .multiple pixel

connectors rmePARGHH 181 Fe iRbI G RHIRIR SRIRAIEARRNES e SRPRPINERIL A& Fnove or

rotate laterallyovéitivasignificanpporostrticiiiiedependence. WO 2010/011633PCT/US2009/051221
[0047]The to L%iaye 06, may be injection.molded fro flexible, materi ch‘.@ , PP, TPU,
AT, WRRC ST P B EE 10 W e e Da iR gt

or other flexi erial. op ma 6 may be formed from independently
manufacturedspikats ahedni rivsdestensihtdinge top 28 aoromagpioadifjgciimmeldegais'daGheet of

muliple pixelyy{0RARLVING LOPLALRAsl RBIRA0 MR AORIRE WA DA PIRSS Ao gadng top mat

layer 106. Alternatively, the support structure 100 may also include a covering layer secured above the
top mat layerig6lophel @ive AhdaiReEPREE RN SeiRaisie e, 1eBthEPescotRBPEsRhg

materials. Th%%‘?VSéirkgn'%E}FEﬂ)hBY@MiQ,ea’i@H%%%@ﬁ%%bﬂﬂ%étﬁ@ﬁ@@ﬁﬁ@édﬁbﬁ@r@ﬂmﬂ structure
100. to [0049] Figure 2 shows a broader view of the support structure 100 shgﬁ/n in Figure 1. The top

mat layer 106T8SIDWRI TR IBRAXYE TR, Bl PR SibpRH BiPtie! afo PYSREINEGS. The
global layer 1@Ptiseseguredre theftamendda. Yobjlefigayar2isieveha tectanguitsmeutii-lstered support
structure 100, tEg support structure 100 may include alferpative shapes, including & circular.shape. 15
100501 The toB AR} B SDETUNEEE S LS BT 008 ALreCian o B Tie SHRCReha! iger
region 202. Theghixspriegiaed@tnint R esay ulehifeimeropansgddrpizotivit (Thstan nbdbeextension
finger region %8%%@@'89&%{#‘%%&'%F?S%EF%QS%%RB?BH%‘?g@%“?@é!oﬂhﬁ@ﬂ%%ﬁﬁ-tEQé)‘%J;chﬁfe top mat
layer 106 also includes muitiple pixel connectors to . )
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 muiltiple pixels and/or multiple bull nose extension fingers 128

move toward the global layer 104. Relative to the ground, however, the spring

9



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. [005 élrﬁ ixels 204 provide enhanced flexibility to the top mat layer 106. The pixels 204
may include ¥ H&ﬁnectlng to a local layer 104. The bull 25 nose eXteh&iBH4igers 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 atigehfaagy fﬂﬁmb%izlaéﬂéfcﬁh%m?plﬁ 30 a0tiRg atemenset29od heapriagreitachment
members 124 include a stem 206 extending downward towards the global Ia% 102. Each stem 206

may be insertW IR Ehdngst aderdiasiingalghaliiy dettred tHertordsidhai fods B¥5MWOo

2010/01163%@%&@@8@5&%212@‘ ihayoiedialdaysy WRActharsiems G eidhwrdingre éements 120
are discussed in mo

f’d hall belo are shown closertug ﬂ?FI ur%i The, é(zt gectlv%h |ghts of the
stems 206 m%?/r\?gr fSi Otﬂé%%aﬂg PO Ay pf”‘osvf&% L ﬁba fritiiefoo.
5[005.74]Figurd@lsbﬁwﬂlwtmsvmgmummlwgéxm dksumetedialiolee thecladection with Figure 1,

the global la 09{? '”%‘ngéom#gtc@ﬁ %R%V&%%Q%ea%tg 19&@1%’%{&%‘%%%?9@%& 304. The

ends of the s pp rail nect etween two stantla y parallel rrame attachments 304. In
Figure 3, thedrgigecdtiinrimsippareakhcidinpise £ aniexaryegnibatseresdisigusiong 188 10length of

the frame att ttE’ﬂQéd AS SRAMR ih FéﬁHFSx?mﬁl@i{f aBeAHaGNERAL Aaxdashidsdiscrste

segments. [0055] The global layer 300 may be formed using an injection moldlnca‘(ﬁechnlque In

particular, th@§iBhH(Q r%%ﬁ%’é%%ﬁ%%% ﬁ‘%)érﬁ@r %%%iﬂ@“%ﬂjé%tﬁih’% NG Rique in
whichythe caityingoieinaaied 20 &F asicl b asiigneahiaesarBnmold il caisrspeadbiathe center

molded AppaFAEl, AR AP B cHESLAr Ry oo y EATe Rl TR AL PREMAERS than
regions closehto tiye gathel himbantaygati0g et copayf fiedisidray misretial firesswerloss along
the support réﬂ%fgcezs 'S‘P RERME é) SF’)S[X%?S may include a 9 mm stem. As another example,
where the Jocal layer 104 includes spring elements of 25 mm height, the lower
15 surfaces of the multiple pixels may omit stems, but may connect 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.
[0048] 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 muliiple pixel
connectors may be positioned at a variety of locations with reference to the
25 multiple pixels. For exampie, 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 fo move or rotate laterally with a

significant amount of independence.
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20affect 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 unaligne¥ %94 183> defined along the length of the strap 306. 25 THelAltHEHRgIbns 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 gigsygy St"ﬁpe%% may @;@#Lﬂ@éyﬁww%@;&ﬂmo%therﬁlwﬂs%@mém is from the

center of the strap 306. The cross-sectional area of the aligned reglons 310 may also be tuned to the

relative positi®CBr&aéh Hignéd rebidh: SFoohsh IREibEshaieapine g Rat S Lr 8 SRRl area of

WO 2010/01%H@B‘M&;@@W@@a@@&@@cm@é@@e&bmg@ﬁa&l@a&t&mw@m eiwesseabout .1%
to about 1%, such as b about gf? the more. distant the aq%ned re |s fro T‘?[FP slmon of the gate.
For example, &G ggg{%ﬁ aPézmﬁya ea{mﬁ'? f rllera? 5&? t?e H"éBB P¥6%nd about 1%

greater than §6848pss-Yévhonaicerea afzaln ﬁeh@aﬁdmaglonmammﬁ’(rapdlmms|dnwedmt6h¢ closer to
the position gf; g‘ga%?ﬁ%gé‘?oﬁié The Rofss 0P ais 88 &t%{’ruc‘%ﬁé’ g%ﬁ’]ﬁﬂ dfegions

312. The node y comprise a spring bnnection for conRect ngt ayer G'to the local
layer. The spap¢codaneyadsesayeseawupdhintotematdarand %deTMS%VQ@@dﬂMQYMm or other

protrusion frogg 31, el e AL FREI QRPESoP U IAYHRAREGHA NS SPHTG BlBRAIS a snap-fit

connection, a press fit, or be integrally molded together. [0058]The frame attachments 304 facilitate

connection of TA¥ @Tﬁb'ﬁﬁl%a%@‘i&%fﬁﬁé”dﬁ% IRFihel %Fh@rﬁé‘)@@ﬂt FEiFRBERPYRe an inside
edge 314 anqruagptisigeyasse HowsaghriRRBOR NG ihBaslghersuRneriai S92 in

Figure 1. The top mat layer 106 is supported on the local layer 104, which is
supported on the global layer 102. The global layer 102 is secured to the frame
132. While Figure 2 shows a rectangular multi-layered support structure 100, the
support structure 100 may include alternative shapes, including a circular shape.
15 {00501 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 buil 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 layef 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 exiension 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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15include two ends that connect to the inside edges 314 of the frame attachments 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 302 30648} ure 4 shows a portion of the support rail 302 in@GHHIFIAEEEHE 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 mgprke QERRIRRJRAN 6he §1as3eRiions! &R %b@%i@ﬂ%{@%@é%&%@@@m The
g the

node 308 may include a spring connection 400 for connectin lobal layer 300 to a local layer. In

Figure 4, the BgTIRE iRk bERY4BDASEH SIS ANl HES Bd BEIFSPRSEER MR Stem or other

protrusion of gheHecskinyerod haRprag cRmRBCERN By RitemMatyely proaigéesbanteroisugien extending
vertically above the n(%de 308j§r mating with an opening defined in the 30local layer. [0061]Figure 5

shows a top FHRD At SUSCHR PSOO. The local layer 500 includes multiple interconnected spring
elements 5070054} loc#Hidayerb8hawaya 0 2iekd b0 216I3BRICENS2009/3&1 Adttheabavaed from a

unitary piece of material.Each.of the, spring,element includes a t 04, at least. eflectable
member 506,C an gaé%%ﬁrli‘r’\vé até\%ﬂr%gh?] n‘?e%g &t %@eﬁﬁgea t@élgggsm%@ﬂgje%nsg @élogt:%ﬁ%g or receiving
a stem or oth@nrgprerrisionmexee fraimg fediacihiodoiseB@drfatbekadowbdpersling@pikdisofaZop mat

ayer. [0062] 14 deflBeialle, i u6h SR dn iuernitel A rRIRe s Rl aRUAing away

from the top 504. The cross-sectional area of the spiraled arms may be tapered or otherwise vary
along the lenfif GrEEcAtRERMEsteRBhpRENIGERRIES SoeniinR SPERerbaiRatiRth?IoRg BRadually

incregse or length of the frame attachment 304. As shown in Figure 1, the frame
attachments may include discrete segments.
[0058] The global layer 300 may be formed using an injection molding
technique. In particular, the global layer 300 may be formed using a center
gating injection molding technique in which the cavity mold is gated at or near
15 positions of the cavity molid 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 3068 may be tuned to the
relative location of the aligned region 310 on the strap 308. 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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o decrease, beginning where the arm connects to the top 504, along the length of the spiral arm and
be smallest where the spiral arm connects to the spring attachment member 508. The cross-sectional
area of each spiral arm may be tailored to the relative location of the spring element 502 within the
local layer 50892H&8Ed3spring rate of the spring element 500, or other f&&BASA8[0I8H] 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. ThesgHiBggREINRIYRP0 MMaw Pt IRIS ISP BERLIRG WilbAJipgeR! shbiRcelcmigs in the

same diagonal row, but may not directly connect to spring elements in adjacent diagonal rows. In this
configuration28pPhg MEmarts &Rt staH B AHBUPHh SSatRhE oM B REHCR BhH e ubstantially
independentlyaeethe Fespoasamé SRHB0RIReBi3IoN iarea asiageniidinganadian. RRIPOES]Figure 6
shows a portion of the spring affachment membper 508. I particular, Figure 6 shows a portion of the
Stom that maHRED SPERn b SERERPH e R A T E SoRAEIRe LR &irica
portiof 600 theigtegbregionworithe atsmedmt o/ imdrechbiadrtoosed R, keqresttierficsttioglyateacal portion
600 has a gr ros i n he,s cylindri o602, second
cylindrical poiﬁ?h{-’éoz ﬁ%ﬁ@ﬂ%ﬁ%gﬁe(&d@% %t(% iggggtleown %&%@%ﬁgﬁﬁcy %(ﬁ%gg%irtion 602
may be recessbY td trefindes fdifentas tanmsisace iring seaoadtionfedteanesiiienteezadi®é ridge 606

may faciltate 0 99 AR GTLIS0UIRZEL B aBR e Res o bERiEsariisssfem and an

opening defined in th%%!é)bal layer. [0066]Figure 7 shows a top viéw of an exemplary local layer 700.
The local laydP& 069RcRIGSS iR YEg iRl Bl &hether RiottHSIOBERR BIdagAIs 1904, A5 deflectable

memper 706 riade SpENaAtaehmant ambepriag. dibmesfiedianle papsr OfnBainchide at least
one spiraled arm 710. F%xa%nﬂ%%vdlfé%ure 7. shows that some of the spring elements 712 near the

edges of the RIESP §lé?f i SR BR B hbers having a single spiraled arm 710.
[0067]Figure PBEBjvS altapfiaave afttadchmenas 3§4 fARdneslcshing dipixef tha egnbmi8aideardd® bull nose
region 804. The pixel eaien 892 neludes muliple, hexagona) pikels 800 lntsiconnedied at el
corners with pixel connéctors 68" EACA BT e mul Iple pre% Hetide an Uppéer surface and a lower
surface. The afukipleigexelo808 e Sanhnsirahel@@dhal, buparapiiaksuphertstabds2smey as

rectangles, Of{aRRRSHIKANSUE S QIR ThEJEWASUTHGE P tlidea A BRiRT RN ding from

the lower surface for connecting to the local layer. ‘
304. The connectlion 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 fwo 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 fayer. 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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[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 oEMAYEWRRIN each pixel. The openings may add flexibility t& tHE 8% EHAYer 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, 25depending, for example, on the pixel's

respective pagiiegihindhe PiuehirgiR A0 RRFOIGIOUrEahenmihenrretiipte aisel 900

within the top mat layer 800 in which’the lower surface 902 of the pixel 900 is shown facing upwards.

In particular, FIGHAES shoRB thEB4ewir RAFhcErsO U6 eriapiRe MaprIREE IR0 3MDSHERIRY from the

lower surfacez9@entaisiaamdes B/ CTRBeRIFhRORIXeAP e tad sRrBKkRIeg o1 Rfcrilaeg! dayer. The
connection between the stem 904 and aﬁ\%/ﬁ_ 20;0/01 633PCT/US2009/051221 sg{riin element may
be an integraP Bl PR BN EBANETIEIIAY AthErc SR FURAEENATR D8 T\gﬂ@%tem may

include two epikei9siGaang 1I9R8Izydirst end 906 connected to the lower surface of the pixel 902, and a

second end connecting to.the spring,ele t. The,stem 904 may_include one or. more
shoulders 919éa§égainding %téq?gﬁf tfarlg?% he rgt%?ﬁ r§§§ ’\?V%ngg %hyghgﬁafgir%% h%%sng%é?g %6t)hat is less
than the heighndf sshési;iagn@m .Trhms’éeotupemﬁ%ﬁhﬁ ttﬂewgmaMalgebeOfQﬂf@rwiFﬂ@é second or
tapered end %Q%Q‘%g‘%%d?aaﬁé@o%% ﬁffﬁ%’?ﬁ%@g Q%)é?rrf?? ﬁ%%ﬂg%%?h T fagiiap fonpegtion

between the top mat O layer and a local layer, the stém may be insefted into an opening defined in a
top of the spri¥peliteticAstepshecstismad crgrasied SrEranibisRHc IRt RERRRFoPEhe top of

the spying elegagpiatie BB AdRirBANHIRVIHE 3 sRichnabRldIhRsStBR S Wikhiy fhe ikRgMNg and resist

removal of the stem 904. The lip 912 may catch on the lower surface of the top, on a ridge defined in

an inside edg®®f SRk 3P cBEhikg, Yrelieshotherehgcepiral arm connects fo the spring

attachment member 508. The cross-sectional area of each spiral arm may be
tailored to the relative location of the spring element 502 within the local layer
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 exiending from
one side of the local fayer 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 fo 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 cyiindrical portion 602 may be recessed to define a ridge
806 in the face of the second cylindrical portion 602. The ridge 606 may facilitate
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[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
20shoulders 91028 Ih&tower surface 902 may contact with the upper sUfdéESB#He {8 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 tg groyide slackdofFAERIRIXERSINKeRSAdsHY rHﬂVS&%m%‘/Eéﬁh@d%dtV?eaBQ I The

arched arms 916 may extend from the corner and meet at a junction 918 between the pixels. The
junction 918 r‘ﬁ'ﬁ?fbe below the plane defined by the interconnected pixels. Other shapes, such as an

S-shape, or offgsenduagneshapsvwaay #p imaleareseskamnpr-patafl R Ped conperes914. The

pixel connectors 914 may help reduce or prevent contact between adjacent pixels under deflection.

The top mat IBY&" 68 RFHdfs MARRIE SHRIHEN@N Softe digisSRrih reldes fRe¥ndence of the
WO 2010/01163B8EHik) 5200030824 wtiparxetacivhiat mgmwiesS7asd Jisbeewreixeltennectors

914 ted at th ft Itiple pixels, th ltiple pixel It tively b ted
ot theit roapo R B i e A0S LU RGN 615 SR S, PR AP SRS RU8 Bond
connected betiveen that sicles of Hiageingpsietserdy 0024]dzgtire ddpesapioedssal G@fGI00
manufacturin%a@%eq%ﬂ es&gagrh%%épé%a%epé%?ﬁggé 98;5%3%%6‘75{@)’ automated or executed

manually. An assembly apparatus may be utilized to Carry out the process 1000. The process 1000
obtains the gl¥@7hyerf idew Byehowadatieropanant|ayser1oer)akeicBY tnelodiaghadiiebal, local,

and tap mat lgygishnagy 99{59§H951¢ﬁss‘@%@fﬁ{%égde‘?ﬁ@%ﬂ@‘?@gﬁﬁ%ﬁ%ﬂ&ﬁ%é%%e or more
of the global layer, local layer, and top mat layer may be )
héxagonal pixels 806 interconnected af their comers with pixel connectors 808.

Each of the multiple pixels includes an upper surface and a lower surface. The
muliiple pixels 806 are shown as hexagonal, but may take other shapes, such as
rectangles, octagons, triangles, or other shapes. The lower surface includes a
15 stem extending from the lower surface for connecting to the local layer.
[0068] Each of the multipie 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
20 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 804 and a
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formed using an injection molding technique. The global layer may be formed using a center gated
injection molding technique. 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. ﬁ%%gﬁﬂm%m may include a gate corresponding to each sJ’% PAR 51 &Hch 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 pegriigriRentresinnstaaxParea s theorlisged resipns afipmatigpmest anstientation of

those regions. The global layer obtained for the process may have been previously aligned. [0077]As
an alternative"RBSHREECABYnay align or orient the global layer 25 (1004). The process 1000 may

stretch the glpdei qyertaerigaiihempre-aigriventsegians. SibeaatigpBEnhteanignds 908y also be
used, including compression. The assembly apparatus may grip or otherwise hold.oppgsite sides of
the global Iay&rg]ne& %Tsefsgh&?‘nee %%Béﬁgﬁn;%iy%lgﬁ ﬁepéff%c}l%gé’o e%{?ﬁﬁSHdra‘?l%c,i 8eggﬁgrbal layer
may b stretatethbetingdn dpprepnngtaiet@ri? 30hehesnil B8 4tratghing oy atso causer@ach
pre-alignmen Qn.to i ly.four imately eight i its original
length. WO 2%'?8)8%%6%@%?&%%‘%%%%@@5%%3@%} |gll$r§6 ﬁggé%%? gég%ba a)r/g? ?i}% stretched
by an assemisiyraighbhthaids1ess. trae tikgheightgidhs steon 8bheThretsisentrishPREY 6f 1hE0O
correspond (s §HNRLPAYSALEaGHS LaRoS e ORI ALY IRiRE aans 1106 of

the global layer correspond to the positions at which a_ )
extending beyond the stem 904. To facilitate connection between the top mat

10 layer and a local layer, the stem may be inserted into an opening defined in a top
of the spring element. After the stem 904 passes a cerfain distance into the
opening of the top of the spring element, the lip 812 may provide a catch to hold
the stem 904 within the opening and resist removal of the stem 904. The lip 912
may caich on the lower surface of the top, on a ridge defined in an inside edge of

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 fop 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 comer of one of the pixels to provide slack for each pixel's
independent movement when a load is applied. The arched arms €16 may
extend from the corner and meet at a junction 918 beiween 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 814 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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5 node 1110 is connected between adjacent straps 1106. The global layer 1100 includes openings
1112 defined between adjacent nodes and adjacent straps of the global layer 1100. The
cross-sectional area of each opening 1112 increases as the global layer 1100 is stretched.
[0079]While HhE YIEHL N er is stretched according to block 1004 of the |16 bR node
locators may be inserted into the openings 1112 (1006). The node locators may be part of or separate
from the assembly apparatus. The node locators may be blocks that fit in the openings 1112.
[0080]The process 1000 may connect the local layer to the global layer (1008). As discussed above,

the local layernimpleiver SPngLRmpaESHanne theRgaittashe@piemheisdatfostlitate
pring attachment member 508 shown in

connection of the local layer tg the glopal layer, such as the

Figures 5 and & ﬁ‘?ér\?fécé’és%ﬁoﬂﬂﬁéfiegﬁ&@%e%ﬁriﬁ&‘gﬁi%h%? N b AIETRE M &ponding
openings defiosthisctoe abides oétpedlobaldeyertinibixshegnfibatorth@rLannedtiostyppis achieved.
20[0081]The process 1000 conngcts, the to layer to the local layer.(1010). As discussed above,
the top mat Iaﬁ)})ec(:?rur%%? ﬁ&ﬁﬁa%eﬁg]ﬁ&g%%%ﬁé) %{:%Qg tg?a%rénvg?g é?gn%'s&gién%éﬁ%c%&ﬁﬁi?d from the pixels.
The stems migOiedllitateigorendétion ef pretepsmiddayfsrtonhsubrabitingra Thegsocespd@d0 may

guide the sterys, | oF I ORI h i iLa snap-fit or
250ther conn%?ﬁﬁ%%efﬁség@ﬁ%%. [OOS%?%%%%:%%E %%%bg%!”%gé?ﬁ%‘pﬁ#g E&%ﬁgeg Fiupport
structure in afSFSENIY RRPATBHENREY Recdtivectdoseras seintho apsasid ). rdlagrassste orientation
of the layerechyapRastaFHs eI gisraiandad e (8, I Ghaith g Rla8Xayer!er dugy rehesbows the

assembly apparatus from a top view perspective 30 holding the global layer with its underside facing

up, i.e., the sid& FURGBLAPRG e Ofdlv=MNE itPRIJUR RYREIHEIEHESRRIMAIE AhealigHee down in a
chairapplicatizscit/edl 2HL04) ¥ eg88difl) S2009/051221 [0083]In this example, the node locators

f)accqrding to @(azgim béa insertred ff: m )agg???vé? }Qe u,psid -down oria}nted 'gfl?% al layer dgwn into the
penings 1117. ord %flﬁ’rrtﬁ%?ﬁ)? i e Wi 6?88 £o0" 5‘§Pc TheE'de F'Iayer to the
global layer (doooedinging1@08)jbytlonnginigitiee tecahiqyer, dhengétbal layer may be formed
using a center gated injection molding technique. The gates used in the cavity
mold for the injection molding process may be located on the portion of the cavity
15 ~mold corresponding t¢ approximately the middle of each support rail. The cavity
mold may include a gate cotresponding 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 unatigned 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 aligh 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
20 inches. The stretching may also cause each pre-alignment region to stretch

between approximately four to approximately eight times its original length.
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5 upside-down relative to the assembly apparatus, and guiding the spring attachment members up into
the corresponding openings defined by the nodes of the global layer until snap-fit or other connection
type is achieved, such that the top of each spring element is oriented downward relative to the
assembly app A& HikBwise, the process 1000 may connect the top matfdyer &2 local layer
(according to 1010) be bring the top mat layer, oriented upside-down relative to the assembly
apparatus, and guiding the stems of the pixels up into corresponding openings at the top of each
spring element until a snap-fit or other connection type is achieved, such that the top of the top mat

layer is orientgshegyvnwagd relativesin e assemaly apearats 1qfARsAH e Paresssehffyretracts the

node locators (101% from the assembled layered support structure. The process 1000 may secure the

assembled laferédadup pdStrutigreligneddreorsich 84 SletharpisatshednarPal [ prodttie the

assembled layerRdsePal SHECIIMEY Hpldpk PEpcasshial afachmentindBieRedFigure 12
shows a pre-aligar?,ed g!obal layer 1200, The E}re-e(lJigned globa Iager 1200 may be provided using an

injection moldi? [EOPRE G108 Rcliforoa2024er tREGRBRI JbIRReSHRRPGH WERa at the
centers or neatde ¢émfeisof@aniviee bdignashsagjposhtadtrbped) Tie: gake IgRationeyd202 toay be

located at a ngde 1206 or other ion pf each pre-aligned sypport rail 1204. In 25Figure 12, the gate
Jocation 1 at 4 HLHES DR B a e s A TR AR T S b1 gure
13 shows a clibsesighaldayef 418ortidmefolve predlue digalydldagbrot@dihgholis imdFrerses12. In
particular, Figégq@gm% e 98l ggggtg%emje%oz 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, #78bt didfbitfe fhessiohalaByendy soreielirshdesdinpréasiec if4avityhnold for
proviging clegiaieado @d@%@ﬁ@z&@m%@%@@é%&é@ﬂ%&/%&ﬂ%@é&%ﬁ [0 a5)gHe 14 shows a

top view of a global layer cavity mold 1400 and hot drop channels 1402 for forming a pre-aligned

global layer, SIR4FASTRICI ENAYiRR AHbBAIMARSPESHE dsdhg EfisRals, IRBAIUS injBBtion

molding node locators may be blocks that fit in the openings 1112,
[0080] The process 1000 may connect the local layer to the global layer
(1008). As discussed above, the local layer may include spring elements having

15 spring 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 info
corresponding openings defined in the nodes of the global fayer until a shap-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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process. The positions of the hot drops 1402 relative to the cavity mold 5correspond approximately to
the gate locations of the mold. [0088]While various embodiments of the invention have been
described, it will be apparent to those of ordinary skill in the art that many more embodiments and
implementatig&zﬁ?@'gb@ible within the scope of the invention. AccordingRf; ¥EERESH is not to be
restricted except in light of the attached claims and their toequivalents. Claims 1. A layered support
structure comprising: a first layer comprising: 5a support rail comprising: a first strap comprising:
multiple aligned regions and unaligned regions defined along the first strap; and a gate position, where

each of the muljply aligpesisagianmrf 10:thedisIbekRRCERRIaRY A RBRRlPPE!IAEAdNAL is

greater than a cross-sectional area of any aligned region of the first strap positioned closer to the gate

position:; from above the upside-down oriented giobal layer down into the openings 1112.
According further to this example, the process 1000 may connect the local layer
to the global layer (according to 1008) by bringing the local layer, oriented

5 upside-down relative to the assembly apparatus, and guiding the spring
attachment members up into the corresponding openings defined by the nodes of
the global layer until snap-fit or other connection type is achieved, such that the
top of each spring element is coriented downward relative to the assembly
apparatus. Likewise, the process 1000 may connect the top mat layer {o the

10 local layer (according to 1010} be bring the top mat layer, oriented upside-down
relative to the assembly apparatus, and guiding the stems of the pixels up into
corresponding openings at the top of each spring element until a snap-fit or other
connection type is achieved, such that the top of the top mat layer is oriented
downward relative to the assembly apparatus.

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 rﬁéy be
located at a node 1208 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.

{00868] 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. fFor
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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a second strap substantially parallel to the first strap and comprising multiple aligned regions and
unaligned regions defined along the second strap; and 15multiple nodes connected between the first
and second straps. 2. The layered support structure of claim 1, the first layer further comprising: a first
frame attachM@mrItBPHEs ed to a first end of the support rail and that is orf&ri@F 3t etiattally
perpendicular to the support rail; and 20a second frame attachment connected to a second end of the
support rail and that is oriented substantially perpendicular to the support rail. 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 regpgetive tqg@tr@n okeaeh @Ilwd.&ﬁrsgwalmmlray@e fsskpthanad Adredaversd support

structure of claim 1, where the cross- sectlonal area of each 30aligned region is between approxmately

1% to approﬁfﬂ@tmbgre%@?tﬁ%{h 01819 8- LB RIIFaRS HObRL e B R IRh Eefrédifon
immediately @mdogbwa@;@omm alepgshafirsigatep 2. Th@l@yeéad injerivort sirokitte of claim 1,

further compr|S| 5a second layer posi |o ed above thef a er isin uItl spring
elements sup% ﬁ% yt bt '8 oo%s ‘?tht déoﬁﬁrd 3 oned a’?ﬁovg%h% se%l(;;nd layer

and c@mprlsmgmeabqnhel m;berommﬁﬂigdcpib«elg&eripoﬁt&ﬂabpﬂﬁ%sao@d layer. 10 6.The layered

support strucyiesf claifh e WARK SNSRI S BP ML IRRHRER AP been described,
will be apparent fo those of ordinary skill in the art that many more embodiments
and implementations are possible within the scope of the invention. Accordingly,
the invention is not to be restricted except in light of the attached claims and their

10 equivalents.

20



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 7. The layered
support structure of claim 6, where the deflectable member comprises two spiraled arms extending
away from the top. 8. The layered support strgiifg®f claim 6, where the spring attachment member
20 comprises a stem for connecting the spring attachment member to at least one of the nodes of the
first layer. 9. The layered support structure of claim 8, where each node defines an opening for

receiving the alemdrea spipgakackesicaembshgnd where the stem comprises a 25ridge that
facilitates a snaﬁ)g-fit connection when the stem is inserted into the opening. 10. The layered support

structure of clRilFS RS EOMRTSIRG iayer further comprises multiple bull nose extension fingers located
at a side of the third fayeppaheats eaehinpigiigpse extension finger comprises a substantially parallel
orientation relative to the other 30bull nose extension fingers. 11. The layered support structure of
claim 5, where each pixel BHHiSYSBFABREISRF ace and a lower surface, where the lower surface is

oriented to face the second layer, @oftiplaestrash reiyrl o B sesidgpisdnreyiendige i eigwer
surface. 5 12. The layered support structure of claim 11, where each spring element comprises a top

that defines aMSPERIRY AR @%iving one of the stems extending from the pixels to facilitate a

connection between the second agdytschleyigiesn [okeld e dayese thsUpRMIbREGEHefidifs 1d, where
stem comprises: a first end connected to the lower su,rfac?eof the pixel; a second end comprising a

taflered segmidi§t; WY RIFR AUHRHSEReA G FRREHANRE #SP S it i ainisiNal @ Crossyip
connected to fae-fiaplastseamany tiairadordsdieyemsktiieseintdiiealswitaned M tagilitairsagsnap-fit
connection when the stem is inserted into the opening.
position;
a second strap substantially pafal!el to the first strap and comprising
multiple aligned regions and unaligned regions defined along the second strap; and

13 , multiple nodes connected between the first and second straps.

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
20 a second frame attachment connected to a second end of the support rail and

that is oriented substantially perpendicular to the support rail.

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 aligned

25 region within the first strap.

4, The layered support structure of claim 1, where the cross-sectional area of each
30 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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14.The layered support structure of claim 5, where the second layer comprises a unitary piece of
elastomeric material. 2015.The layered support structure of claim 5, where the third layer comprises a
unitary piece of elastomeric material. 16. The layered support structure of claim 1, where the first layer
comprises a unitary piece of elastomeric material. 25 17. A layered support structure comprising: a
first layer comprising: a first frame attachment; a second frame attachment; and 30multiple support
rails eXféh gris Posliam A arhiafitssebaRd frame attachments, each support rails comprising: a first
strap comprising a first length that extends between the first and second frame attachments, the first

strap comprising: multiple aligned regions defined along the first strap; and multiple unaligned
regionSdefindd&IFPIRE FHRRAFASIEHEHR O dajardniunbrearsbsng: a second strap

comprising a secapganaLiBhextsRES BerRehbsifet 4t sseandhineirgarimprisshantially
parallel to the first strap, the second strap comprising:
elements supported by the multiple nodes; and
a third layer positioned above the second layer and comprising multiple

interconnected pixels supported by the second layer.

10 6. The layered support structure of claim 5, where each spring element comprises:
a top;
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
7. The layered support sfructure of cléim 6, where the deflectable member

comprises two spiraled arms extending away from the top.

8. The layered support structure of claim 6, where the spring attachment member
20 comprises a stem for connecting the spring attachment member {0 at least one of the

nodes of the first layer.

9. The layered support structure of claim 8, where each node defines an opening for
receiving the stem of a spring attachment member, and where the stem comprises a

25 ridge that facilitates a snap-fit connection when the stem is inserted into the opening.

10. The layered support structure of claim 5, where the third layer further comprises
multiple bull nose extension fingers located af a side of the third layer, where each bull
nose exiension finger comprises a substantially paraliel orientation relative to the other

30 bull nose extension fingers.
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multiple aligned regions defined along the second strap; and tomultiple 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 multiple
nodes connected between the first and second straps; a second layer positioned above the first
layer, the second layer comprisinrg 15multiple spring elements supported by the multiple nodes; and

a top makt-layer&ufesited SpRedetivnel s ¢laiipmuthalrReasinismEuRiRe et darpRicted
pixels supREIECERY WEHiBlGERENGAISDERES Idfel NSIRNEECE URDAL SITYCHER he'ailtddq where

each of the multiple aligned 20regions of the first strap comprise a cross-sectional area tailored to a
locatiofR¥BEn8liYIP<A6h RivALCORBRISES Ao erfendingdisu i lowenswii@es claim 18, where
the first strap comprises: a first end connected to the first frame attachment; 25a second end

connected to the second frame attachment; and  a gate position located approximately half-way
betweetthe fitSeAUNRE BlerROEbRG HraAt clainyidrewherereask animaeleaest cachpise

multiplg sbgnRgiregitns ialedpErihs 1herlacation oiibe plidpedapgionsiativg 12/ 9ate Resitiey along

the first strap. 30 20. The layered support structure of claim 19, where the cross-sectional area of
each ofarbitAIgIA RO MG RERN bgiuYReR ThesarandraskLiig th¥asfoss-sectional area of each of the
aligned regions that are located closer to the gate position. _

10 13 The layered support structure of claim 12, where stem comprises:
a first end connected to the lower surface of the pixel;
a second end comprising a tapered segment;
a cylindrical strap exiending between the first and second ends; and
a lip connected to the tapered segment that extends beyond the cylindrical strap

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

14.  The layered support structure of claim 5, where the second layer comprises a

unitary piece of elastomeric material.

2¢ 15,  The layered support structure of claim 5, where the third layer comprises a unitary

piece of elastomeric material,

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

piece of elastomeric material.

25
17.  Alayered 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



21. The layered support structure of claim 19, where the cross-sectional area of each 5 of the multiple
aligned regions is between approximately .1% to approximately 1% greater than the cross-sectional
area of an adjacent aligned region immediately closer to the gate position along the first strap. 10 22.
The layered support structure of claim 17, 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 ismultiple nodes. 23.

The layerirelapsRetRnd frape AR SRte tb eHE S ERMBRIMAERET comprises: a first spiral arm
comprising: 20a first end CO”neCtQﬁJﬁiM@é@@hé@@e}ﬁ%@B@M%BHSQ@T‘%@QP&E}%’?‘;@Wme”t
r

member; and a second spiral arm comprising: a third end connected to the top; and a fourth end
connected to the spring attachmefMyHiHfdthaligned regions defined along the first strap

5  between adjacent aligned regions;

a second strap comprising a second length that extends between
the first and second frame attachments substantially paraliel to the first strap, the second
strap comprising:

multiple aligned regions defined along the second strap; and
10 multiple unaligned regions defined along the second sfrap
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

multiple nodes connected between the first and second straps;
a second layer positioned above the first layer, the second layer comprising
15 multiple sbring elements supported by the multiple nodes; and

a top mat layer supported by the second layer, the top mat layer comprising

multiple interconnected pixels supported by the multiple spring elements.

18.  The layered support structure of claim 17, where each of the muliiple aligned
20 regions of the first strap comprise a cross-sectional area tailored to a location of the

aligned region along the first strap.

19. The layered support structure of claim 18, where the first strap comprises:
a first end connected {o the first frame attachment;
25 a second end connected to the second frame attachment; énd
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 reIativé to a gate position along the first strap.
30
20. The Iayere_-d support structure of claim 19, 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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24. The layered support structure of claim 23, where the spring attachment member comprises a
protrusion extending towards the first layer, and where the first node
definesanopeningforreceivingtheprotrusionwithasnap-fit connection. 25. A layered support structure
comprising: a first unitary piece of elastomeric material forming a first layer, the first layer
Scomprising: multiple dual-strap support rails, each dual-strap support rail comprising: a first strap
comprigfi§d ﬁilﬂﬁsﬁa%{lF&ﬁ&ll@@@@rﬁ@ﬁi@ﬂﬁé&%ﬂ@ﬁ@ ipratedploser to the gate posiirmtiple unaligned
regions defined along the strap, where ir)each aligned region is positioned between adjacent
unaligned regions; and a gate position and where each aligned region comprises a cross-sectional

area thél is gréBfelaRiR® pupbarksiEsyEs-stslinal Srethsirartpo wrosatipetipnajiareehat kach
positiogediiartheiifrom Higeale resHiD &f Bellist s"aBhroximately .1 %atae%o?ﬁ%t%ff nied

substantially parallel to the first strap; and 15multiple nodes connected betwee d second

strap. ZESRIRS hasr e tippreetipiaante iaimnsdinsent alighas teeintuinpleadgizltnetpser to

the gate position along the first strap.

10
22.  The layered support structure of claim 17, where each of the multiple spring
elements comprise:
a fop;
a deflectable member connected to the top and supported by one or more of the

15 multiple nodes.

23. The layered support structure of claim 22, where the deflectable member
comprises:
a first spiral arm comprising:
20 a first end connected to the top; and
| 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.
25
24.  The layered support structure of claim 23, where the spring attachment member
comprises a protrusion-extﬂending towards the first layer, and where the first node

defines an opening for receiving the profrusion with a  snap-fit



20regions comprises a greater cross-sectional area than each of the aligned regions. 27. The layered
support structure of claim 25, further comprising: 25a second unitary piece of elastomeric material
forming a second layer positioned above the first layer, the second layer comprising multiple spring
elemenis saypgrasted on the multiple nodes; a third unitary piece of elastomeric material forming a third
layer positioned above the second layer, the third layer comprising a pixel region that comprises
multiple interconnected pixels, where each pixel is supported on at least one of the multiple spring

elemergs, S 28, jAveteihed ipbRatutache ifendpidyigegd support structure, comprising: providing a first
layer comprising; a support rail comprising: , . afirst strap comprising multiple
pre-alignment&yRindMiiRvL BiRR e 8 ASiRRe e maigriab fgrninara dirshlavesciiny Brhdayer
substae@aﬂﬁ,@ﬁ@}el to the first strap and comprising multiple pre-aligned regions and unaligned
regions defined along the second strap; multiple nodes connected between the first and second
straps; and multiple SpEHMgSHBlREaRBWPERE Risp6ATAIABLAER SYRRaHsaibcauyerisingjacent
nodes, an inside edge of thg first strap, @il iRgide 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 othéPUltiple igRrRidagiopetieinarglo pastas Haent regions of the first

and second straps to form multiple:abigpes! (RaiRgseiBgbAloRBiMdrslisHgrREdRSSegpRfLstrap.
10 each aligned region is positioned between adjacent unaligned regions; and
a gate position and where each aligned region comprises a
cross-sectional area 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;
a second strap oriented substantially parallel to the first strap; and

15 multiple nodes connected between the first and second strap.

26.  The layered support structure of claim 25, where each of the muitiple unaligned

20 regions comprises a greater cross-sectional area than each of the aligned regions.

27.  The layered support structure of claim 25, further comprising:
25 a second unitary piece of elastomeric material forming a second layer 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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20 29. The method of claim 28, where the first layer is provided using an injection molding technique.
30. The method of claim 28, where the first layer is provided using a center gated 25injection molding
technique. 31. The method of claim 28, where aligning each of the pre-alignment regions 30comprises:
stretching the first layer in a direction substantially parallel to the direction of the first and second
straps; and inserting a node locator into each of the multiple openings. 5 32. The method of claim 31,

where BRONR 1S 8PFORE daYSEITRB Shid e conprisiithaPbed reao mERbeBT BrRS@SITURE e the
stretchingoransRsgasidie MHLRIeRIgG: FoalioRMantsedionsde be slralched a@ﬂofﬂéi%&iéﬁ&’é!f to

eight times a pre-alignment length. 34. The method of claim 28, further comprising: providing a
secondSRJRY ERAMERIBY multiple spring elements supported by the 15multiple nodes; and
prgviding a third layer comprising multiple interconnected pixels supported by the second layer.

28. A method for manufacturing a [ayered support structure, comprising:
i providing a first layer comprising:
a support rail comprising:
a first strap comprising multiple pre-alignment regions and
10 unaligned regions defined along the first strap;
a second strap substantially parallel to the first strap and comprising
multiple pre-aligned regions and unaligned regions defined along the second strap;
multiple nodes connected between the first and second straps; and
multiple openings defined along the support rail between an inside
15 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;
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.
20 | |
29.  The method of claim 28, where the first layer is provided using an injection

molding technique.

30.  The method of claim 28, where the first layer is provided using a center gated

25 injection molding technique.

31.  The method of claim 28, where aligning each of the pre-alignment regions

30 comprises:
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35. The method of claim 34, where the second and third layers are provided using an 20injection
molding technique. 36. The method of claim 34, further comprising: connecting the second layer
to the first layer, where the second layer is positioned below the first layer after the connecting; and
25connecting the third layer to the second layer, where the third layer is positioned below the second

layer after the conne_cting]. ' ) L _ o
stretching the first layer in a direction substantially parallel to the direction of the

first and second straps; and

inserting a node locator into each of the multiple openings.

32. The method of claim 31, where the first layer is stretched approximately 10-12

inches.

33. The method of claim 31, where the stretching causes each of the multiple pre-
10 alignment regions to be stretched approximately four fo eight times a pre-alignment
length. |

34.  The method of claim 28, further comprising:

providing a second layer comprising multiple spring elements supported by the
15 multiple nodes; and

providing a third layer comprising multiple interconnected pixels supported by the
second layer. '

35. The method of claim 34, where the second and third layers are provided using an
20  injection molding technique.

36. The method of claim 34, further comprising:
connecting the second layer to the first layer, where the second layer is

positioned below the first layer after the connecting; and

25 connecting the third layer to the second layer, where the third layer is positioned
below the second layer after the connecting.
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