-1 - LOAD SUPPORT STRUCTURE [0001] This application claims the benefit of U.S. Provisional
Application No. 60/994,737, filed September 20, 2007 and entitled "Load Support Structure," the 5
entire disclosure of which is hereby incorporated herein by reference. FIELD OF THE INVENTION:
[0002] The iFEHEBH@Mtes to a load support 10 structures, for example EridWHHEUE fiffftation load
support structures used in seating structures. BACKGROUND: [0003] DE 42 35 691 02 describes a
seat in which the seat is to be automatically adapted te the body weight 15 of the particular user. A

drawback of seats of this type is th %Hu % exity which leads to high costs and
to the seat being heavy. [0004] US%%@E%@%% dlsclo%es a chair with a backrest which reacts to a

force acting on ﬁ&yo%q changing jts shape. This-hackrestisfonngd by tworsgrfaces which are referred
to as skins and have a multiplicity of articulations, mutuaII% opposite articulations of the two skins being

connected in edHCCHSE B didioal ABS.10R dteouht 6F itd spedifict+1ed September
20, 2007 and entitled “Load Support Structure,” the

5 entire disclesure of which is hereby incorporated

herein by reference.

FIBELD QF THE INVENTION:
[0002] The invention relates to a load support
10  structures, for example and without limitation load

support structures used in seating structures.

BACKGROUND:

{0003} DE 42 35 691 €2 describes a seat in which the
seat is to be automatically adapted teo the body weight

15 of the particular user. A drawback of seats of this
type is the enormous constructional complexity which
leads to high costs and to the seat being heavy.
[0D04] US 6,986,549 B2 discloses a chalr with a
backrest which reacts to a force acting on it by

20 changing its shape. This backrest is formed by two
surfaces which are referred to as skins and have a
multiplicity of articulations, mutually opposite
articulations of the two skins being connected in each
case by individual ribs. On account of its specific

25 design, this backrest tries to adapt itself to every
contour and only at its tip has a reaction force which
counteracts deformation or movement. Without the ribs
connecting them, the so-called skins; which form the
surface of the backrest, rather than having any

30 inherent stability, behave like a link chain comprising
plates which are each connected by articulations. A

chair backrest which is designed in such a way



25 design, this backrest tries to adapt itself to every contour and only at its tip has a reaction force
which counteracts deformation or movement. Without the ribs connecting them, the so-called skins,
which form the surface of the backrest, rather than having any 30 inherent stability, behave like a link
chain comprising plates which are each connected by articulations. A chair backrest which is designed
in such away - 2 - encourages a rounded-back posture and thus definitely does not result in a healthy
posture. SUMMARY: [0005]In an embodiment of thedinvention, a seat has been developed, in which,
in order to provide, hasic.campensationior different bady weights afthe ingividuals.using the seat, the
use of a rocking device in"the sense of a complex mechanism, in which movements are used to
automatically ch8R§é€ springfees of Bpnd: EfatatierRAits %o be omitted. [0006] The seat has a
front seat part, a rear seat part, a lower backrest part and an upper backrest part, which comprise at
least one supporipgranrythe supporting aim being composed of at least one upper support and at
least one lower support, the upper support being guided in a region A of the front seat part by at least
one guide elemef®®%d upper suppoitaiidrthe-lowersupport beirigupnaestszttceachether in a region
D of the upper baekiestpast, the uppensupRErLagd.the Jower.support haying an arcuate profile in the

region B of the rear seat part and in the region C of the lower backrest a‘fgfi the upper support and the
lower support befpERAbnER With TeSpect 16 8ach Bther iRGhE 155ion’B bfthe rear seat part or in the
- region C of the lawet backrest pattibyat leastene conhectingelink, and-thelfiont seat past being able to
be pulled back bxéhebugpeé nsggpogt with a HP%@,Q'IPL%%%moi\/sel{l‘"'eqtndi{ﬁ{%t%% t%vg%rgrgmthgsbackrest parts
C, D if, when the agkfestspart 5 cFoad'iedcby an mdw@uaﬂéamr{g against It, the seat element is
displaced from azbyasic position Einteonabstisg pustibaE Bysthis meah’r assovement by means of

which the seat par js actively,pulled back can be produss by the seat element. The active

displacement or deformation of the - 3 - seat element makes it possible to influence the position of an
individual sitting 6AREkeatrlIzffEtd e dnderffammes6ftheR&at antl, B§RisHiéans, to counteract

the loss of potengiakenergywhen the individuableans bagk dntothedestiag pesisiendh his _
compensation takes place in order to keeg r%rsltﬁ restoring force, which has to be applied by the backrest

part to comfortabiiy nroveE thE friivid il fr e P8ty BEStion 1Fints e basic position 1, low or to

- make it entirely supesticaus: gl kersoke:ohthednventmtisce se&t With it east omersupporting arm by
means of which a;&%g:g%% ' é{egjceqté)gél%e front §%@}eqargﬁggg&progggqu%{eq:largely defined
07] Furt € «

change.in shape? iermore, an embodiment of the invention makés provision, by means of
the pulling-back FitReMENt t6 bingBRA alfodeMedt 6Rthe FéniSeatParidr GFthe upper support

with a horizontal gompoenent:ona ¥ericah dipwardly diregtes companent By maans.efthe movement of
the front seat part upwards and in the direction of the backrest part, it is possible, as an individual

sitting on the sedtéans:batk G rafsB Rz Iower bBdy Gehily fo e b oS | info the resting
position Il or intoankiniermediate phsitiopbymeansoétie frantseatrparti@yethis means, a loss of

potential energy dugto the loweting of fhe upBet hady. of the individual can e coppensated for by the

backrest part. Thséugﬁpose movements of the seat part and of the ack(est part’ permit a seesaw
movement or rocking:briovesge i sknitdr tozese@sHiv 8Fahesm batarice. bf tieintgi@daal on the seat,

which movement-cajxtake. place very substaptially independently, of the, individualsbedy. weight. A
presetting of a spring that is dependent on the body weight of the individual using the seat can
theﬂﬁomebebas%%ﬂ?%r%%ﬁ?ort being positioned with respect To each

other in the region B of the rear seat part or in the
region C of the lower backrest part by at least one
connecting 1link, and the front ssat part being able to
be pulled back by the upper support with a pulling-back
movement directed towards the backrest parts C, D 1if,
when the backrest part is loaded by an individual
leaning against it, the seat element is displaced from
a basic position I into a resting position II. By this
means, a movement by means of which the seat part is
actively pulled back can be produced by the seat

element. The active displacement or deformation of the



- 4 - substantially omitted, since the deformation of the seat element brings about a compensation
which is independent of the body weight. That is to say, each individual using the seat forms a
counterweight as a function of the body weight with a proportion of the body weight itself and thereby
brings about intrinsic compensation. [0008] According to an embodiment of the invention, elastic
deformability of the supporting aim or of the upper support and/or of the lower support is provided at
least in the region B of the rear seat part and in the rggion C of the lower backrest part. This makes it
possible to change a radjus gfgurvalt{lére of the SUPPQItS a}cnd thegqfore also a relative movement
between the two seuaplbo?t‘se,%ynmerﬁﬁs of whictFfhe front seat p:%lr% cart then aisd be moved. [0009]
According to an enwodinment Of &re inventamthe guide stement, whichs gaidesahetupper support in
the region of the groonctlgs,eg?q%%&@%q%lo r SUPPOLt.Qr %qlgwe U d%ql;agn% eigIggsngally designed as a
lever arm which is fastened rotatahly to the upper support and rotata le to the fower support or to the
underframe. ThishiKesritpossibie, UBRR) Silpe medns o defing:a moveniart on a circular path,
which movement has & horizontally directeq componens and.a companent dirgcted vertically upwards
during a movement from the basic position | into the resting position Il. [0010] Alternatively, in an

embodiment, thelmy8nGERTREARES provisié i dBSRRthaTyide efeniéntESE sfbtfed-guide mechanism
in which the uppeesupRoOHds mavable irtherregion efthefrentseat paghretative to the lower support

or to the underframe, Ln the ca§@t of a slotted-guide mechar‘;‘isrqi a curye on.which_the front seat part or
the upper suppo HovES tahBe vé:r?/ SubStntia nyPéeriV L8iek

ted. B this- %%aa%s?%o@ 5 - complicated
coupling mechaniam for slefiningpa siiniector e movemert ofatbéappes Supporticanibe omitted. [0011]
According to a first variant emhaqdi , astthe ecting link op;mechanical connecting link between
the upper suppor%%an%pt}la%glgowgﬁs%%%%tﬁﬁe inégﬁﬁof E[-)YO\IIAIdéS ak%verr})wéi(}wfics{&%nected rotatably in
each case to the upparsipporeand Sfalowst Bupport. Ghis- nfakes$tpessitiens definéthe profile of a

relative movemepL gxacuted, by the two supports during the traasitign from the basic position I into the

resting position I, with the supports being pulled towards each other or pushed apart from each other
during their oppdeetdiSpRadetn et AEpeREINgY0R thet pBSHIBNIR FIRE Be2mEpeiits of the lever.
Instead of a levegydyieh is mounted by means of bolts, use of clasps or clips is also provided. [0012]
According to a second variant embodiment, the connecting Iipkti%go. Led ejt[}%gergagg&upper support

“and the lower sUfESH by B 1EASTE1RE Slotfdy- R EEHantsm- tis possible o define, by means of a
connecting link of thigitypen arty,desitetscui/esten which e lsupp orsvdvetdurig corresponding

loading. [0013] AGcording,ig, . third yariant emhadimgnt, the conpecting ik is formed petween the

upper support and the'lower support by an elastic bearing. This makes’it possible to reduce the elastic
deformation of tH&P@SFerraRaIRF fower-sughore Sirfce theth 4t Blefiterit used as the bearing can also

be deformed and;theretore cansioreigrergy -brpadicolaipaiubber blockydiieh ixadhesively bonded
to the supports is provided as the beagn%.gg)om Various embodiments gf the invention provide an
e

energy store whith i partictiar - adiistanie> By thidhealR ot Exaffpte “partitblar seat loads

caused, direction of the backrest part, it is possible, zas an
individual sitting on the seat leans back, tc raise his
lower body gently from the basic position I into the
resting position II or into any intermediate position
by means of the front seat part. By this means, a loss
of potential energy due to the lowering of the upper
body of the individual can be compensated for by the
backrest part. The opposed movements of the seat part
and-of the backrest part permit a seesaw movement or
rocking movement, similar to a seesaw or a beam-
balance, of the individual on ths seat, which movement
can take place very substantially independently of the
individual's body weight. R presetting of a spring that
is dependent on the body weight of the individual using

the seat can therefore be basically or wvery



for example, by the body build of individuals using the seat can be compensated for. [0015] Various
embodiments of the invention provide, as energy store, for example, a spring element counter to which
the upper support can be pulled back in the direction of the backrest part. A spring element of this type
can be realized with little outlay and requires little construction space. [0016] Various embodiments of
the invention also provide a guided rocking movement of the seat element on the underframe, with
there being approximately an equilibrium of forces between the seat part and the backrest part in
every seat position between the basi ition_L the resti it] . By this means, the function
of the seat is Iaraleﬁfysﬁ%%%é%%%ﬁ S%t%@éi)ég)}dyr\%v*e?gg%[ 2%%%1 |§§|%ﬁ%§%{l%r%n% t§h¥e E?f [0017]
Furthermore, vasioas erhbodintierts bidise iRaHtion maresIrdvisicito’fastén ffe lower support of the

~ supporting arm tg the underframe. By, this Jpeans, he PPer, sUPRQrt of the supparting arm obtains the
required degrees of freedom in order, despite the guide element, despite the at least one connecting
link and despite e E6hMeelion t- ik IdiferSifporPifthe FeGorrdrthBEiiber bitkfest part, to
compensate for the, shifting of the,weight ofwas individualwsing-thesseati §A028] Yadous embodiments
of the invention also provide an |-shaped IRrofil of %?éegs%p orting arm or of t@e.su&ports of the
supporting arm R $8&Yiew bF Bfe set Thid Fiakay i éésns%’leatoou%e the supporting arm .as a
supporting compeaeni-afdhe @eat element and to use it both to control the sequence of movement of
the seat eleme o form the, seat part itself. In principle,.every supporting arm is designed as an
arcuate clamp vrxl[/thic r}1as WO Fecblsﬂﬁmtncfnalhe%(ﬁg%%% nj-£)7o’-f oﬁ?éér/ alnIP SP&Y |§tan%%atsr’otﬁ19each other,
the legs formingdtécsupspons. tBetwedhra clanprheadgirewhich tieftwddegs are connected to each
other or merge %%EEO&B@Q&% and free erds of the legs, the legsare copnestesBy at least one

connecting link. The free end of the upper leg of the clamp, which end forms the seat surface or bears

the latter, is guicd 6faHE IGWeltlRy Gis6H fife Bndérfrehfe B3 gdiae elBment 2790619] According to

an embodiment gf the-vestion, ptherkasie pesition dianssin the resting.pesiierdk arcupper pivotal

point of the guide element iS Ioczltl[%d higher thﬁn a IOWfr%)ivo‘;al point oUh&%uide element, the upper
et Pakh :

pivotal point beifg &fagrealst FS@AREE ffor the backrest partihan the Tower pivotal point. This

defines a moversepbelearancesofthefednt:seat baot, n whichthedfrantseat partddeseontinuously

from the basic pgjition | into th res sgié)glnljl g@dmg\é%s gggtir}_l%y g@%’n@ %ig&cttion of the

ing
backrest. [0020] (?co?gﬁmgst%‘gr?em bdt?rgent of the invention, during a loading of the seat element by

a person leaning=back hgairest #ite backesefart, the connecting link is rotatable by the supports and is

displaceable withghgsliptiar. Jieseaanecting linktharefore copstiiues aconnegtion-hetween the
supports, which connection peimits the supports or the supporting arm to have a delimited movement.

[0021] A variant BrSdifTEMot the ThvERtiGH hr6Tided% YBRET WP He stippdfting aim is formed by
a left, upper suppettand a fighteuphessuppestanc alower sippdresituatedipetweentthem, the lower

support being copnected (o the, lefl,ypper suppart by a1 Jagst one mechadical.caageqting link and the
lower support being connected to the right, upper support by at least one mechanical connecting link.
By this means, withryjustich is fastened rotatably to the upper support

and rotatably to the lower support or to the

underframe. This makes it possible, using simple means,

to define a movement on a circular path, which movement

nas a horizontally directed component and a component

directed vertically upwards during a movement from the

pasic position I into the resting position II.

[OOlDIéAlternatiﬁelf, in an embodiment, the invention makes

provigion to design the guide element as a
slotted~guide mechanism in which the upper support is

novable in the region of the front seat part relative
to the lower support or to the underframe. In the case

a slotted-guide mechanism, a curve on which the

h

o
front seat part or the upper support moves can be very

substantially freely selected. By this means, a



- 8 - one supporting arm, a seat or a seat element can be brought about, in which a supporting arm
suffices in order to carry a covering which serves as the seat surface and backrest. [0022]
Furthermore, in the case of a supporting arm with two upper supports, an embodiment of the invention
provides an upwardly directed limb of the lower support, which limb is divided into two struts and '
merges by means of the latter into upwardly directed limbs of the upper supports. Such a transition of
the lower support into the upper supports increases gtorsional rigidity of the seat element and is
suitable for a single-piece design of the supporting aim. [0023] Various embodiments of the invention
also make provisioi i #i& E&5e BF &suj rﬁﬁ&%%?ﬁ]\ﬁﬁh v§ upper LUppofts T guidé e upper
supports on the lawer suppertot ontthengnderframe by meansatha sespectivesguide element. The use
of two guide ele ahles the divided upper support alsq to be.guided along_a desired curve.
[0024] Accordinm%ﬁgus% &m %%}rrﬁ%n%soo th%liﬁ%/gnﬁc?rf ltﬁ@%ro%r{%%a%%gﬁlcc’anage %S‘.Eed by
deformation of thesuppotting airhnwhich ikavécessitateddoyanpdndividual fBariing baek against the

backrest part, along.a ngep glgpg)ig%ccti%gf the backrest p:qgra ith the_gupperting-aim.deformed in

such a manner resuming'its original shape by load alleviation o the backrest part, and with the front
seat part being Io@?éi‘@élga@%iﬁa the&'patFmentiGREd BtiFRE the té¥8fming: Thed6Wering of the

front seat part makes.it gasi@méomggggeiﬂdg@@f_@g@ retdn e anuprghtsitinggosition, [0025] Various
embodiments of the invention make provision ta connect the upper support and the, lower support of
the supporting arftEiethe regidiT of the lower BackrSst paTt BY af feast gﬁe%dﬁ%ﬁ%ﬁﬁﬁﬁink andto
connect - 9 - thefioietherregioreohitheireay seat pawtd\ratdeastieaneicannectirig:link. By this means,
buckling of the surplpaorgtsgsi%urir}g the deg%g%ign,betgggn tQ%QaZSiC‘i c?%%iti%gé aPQJP% resting position Il

: ) TOm T C. £ T :
can be effectively preventelcf [0‘0‘2%’_]'L In partlcuﬁér, ifls also provided to connect a ceritral section of the

upper support of tesstipsorting art ahd Heemvaipsection ot ing lwwer subgorvef-the supporting arm to
each other by at least thieg congecting links By this megns, fhe forges.oceurring dugng the

deformation of the supporting aLm between the basic position | and the resting position Il can be
distributed partic{RR§ tRFoFMEPEAFESIT GRS SHiS- distriButiortofife16adTeds fofan increase of

the service life of the syppeiting aunni@0ZE7 thanothes emhediment of the inveptien, a load support
structure includes a ,be{?m havin fjcrs and seé:ond Séagcgd apart beam rjpenlbers_forming agap
therebetween. Atﬁéja% ond IRKINYG MemBef Bridges the é)alp‘”ﬁhd%%es first §nd $8¢ond end portions

coupled to the firstiandsecord beanroreimlsers. The first beam member is moveable relative to the
second beam mepharftom,a firstnosition to asecand Rositian: A siep mepber extands from the at

least one linking member intermediate the first ,and second end portions. The stop member includes
an end portion, WhitHR Epaeed i the firSEFeAmMIRENDRR WHeh HiePfst Raetbndeam

members are in the first-position; @nd-which istengaged with the first beagy member when the first and
second beam members are in the second ggsition. The stop memger functionsgsaa brake or stop,

which prevents tHEGEER 8 cotlapSingSS->+¢ +© cetine, Dy means oI

connecting link of this type, any desired curves on
which the supports move duriﬂé corresponding leoading.
[0013] According to a third variant smbodiment, the
connecting link is formed bstween the upper support and
the lower support by an elastic bearing. This makes it
possible to reduce the elastic deformation of the upper
and/or lower suppbrt, since the bearing element used as
the bearing can zlso be deformed and therefore can
store energy. In particular, z rubber block which is
adhesively bonded to the supports is provided as the
bearing.

[0014J Various embodiments of the invention provide an
energy store which, in particular, is adjustable. By this

means, for example, particular seat loads caused,



(00281 In another embodiment, a load support structure includes a beam having a support surface
defining a first landing region having a first width and a second - 10 - landing region having a second
width, wherein the second width is greater than the first width. A membrane is coupled to the beam.
The membrane is in contact with and supported by at least the first and second landing regions. In this
way, the effective width or unsupported region of the membrane is reduced adjacent the second width,
thereby providing more support in that region witheut&he need to alter the Contour of the beam. [0029]
in another embodiment, a.method.of assempling .oadsuppark suyctug ineludas praviding a pair of
laterally spaced apart beams defining a gap thérebetween, wherein the beams are substantially
parallel and eactelave aeledst opeEsd poktioh, Seguring a membrane in tension between the beams
across the gap afighinspripg,a subsiantialbr dgid.brace memberbatieen e bgams.at a brace
location spaced from the at'lTeast one end portion of each of the beams. The method furthet-includes
bending the beamssueh thaadirst aistatieBbétwer e dde §$EBARE erftPPBRONS-6f the beams is
less than a secong, distance bepyeen the prace logations ghihedpamskn:different embodiments, the
beams can be bent by Wa of.tpe_%ec rinrgkthemtembrape in tension or by inserting the brace between
the beams. In thighﬁ%ﬁr}%}ﬁeoe‘mﬁ QiMEAt- ST ctdngular rfieMBrane biHK &ah b Used, which avoids
the need for difficuiticuts wmel wametessary Wastel matetial LAt theesameltipe 2t weave pattern is
maintained in ali%_rémg% \év'gth ﬁ@gﬁg@gﬁ@gﬁé&{g@giﬁ%gg_improved aesthgtic appearance. [0030]
In another embodiment of the Invention, a load support structure includes a pair of laterally spaced
apart beams defitfieg & gafe therebetweedimsd asmembraneissanbéan teASrEbeiveatn the beams

across the gap. A+ 5L 4 subsfantially.veitkhrace-memabechridgesthe gap.anddas opposite end
portions coupled to the beams. The brace member has a greater first height than first width at each of

the end portions HEIESE HifiFa gréater SRROAd WdtRTInARREESAEHE I &% middle portion thereof.

This geometry preyidesithe reguisitesigidity te aairiain tensiondnn membrane sireiched between the

beams, for examgle, while also allowing the upper @ortions of the Fesms tg igg[ep ndently bend, with
Of n

the back capable’8fi6rsiShaRifidx [0031f i andther Bribbdimant ot the invention & s&ating structure

includes a pair ofdaterallyspacedsuppertmaembers defiriing @paif of Bpwandly extemding uprights and
@ pair of forwardly gxtending seat suppads.Each eLihe.suppast membersdadudes figst.and second
em

spaced apart beam m ers forming a gap therebetween. Thie second beam members are coupled
with a cross menfisetAtieastisne finkRingimeribet britdges ¢ gapof Eh-of the support members,

with first and secasshend portians.ofthe linking member saupled 1o dhe first and.secopd beam

members. A first link extends between a forward portion of the first beam members. The first link has
“opposite end porlions pRISTEHY tBRANERIEG T e firdt DedfR mEHBSS arftf aMifddle portion pivotally
connected to the swggsomeinber: imone embodmznt fthercross® mermber andfisst linksact as spreaders

to maintain tension of a ng%@gg%qe gge&%edsg%%vgggitgg se SBBE%ﬁ% Atcﬁlgg same time, the first
i ism, for exampl i

link acts as one linkof a Kinematic mechanism, mple a four-bar linkage. [0032] In yet another
embodiment, a s&&ti. Stedctdre TRdgdes algErergpviardiregendiRFand fatéFlyBpsted uprights.

h of the uori . p . : . .
s iy oSSR SR T B P il AR 1 oo
despite the connection to the lower support in the

region of the upper backrest part, tc compensate for
the shifting of the weight of an individual using the
seat.

[0018] Varicus empodiments of the -invention also
provide an L-shaped profile of the supporting arm or of
the supports of the supporting arm in the side view of
the seat. This makes it possible to use the supporting
arm .as a supporting component of the seat element and
o use it both to control the seguence of movement of
the seat element and to form the seat part itself. In
principle, every supporting arm is designed as an

arcuate clamp which has two legs running next to each



- 12 - cross member extends between the uprights and includes opposite end portions received in the
first mouth of each of the upriahts. Each of a pair of armrests has an insert portion received in one of
the second mouths of the uprights. The insert portion is releasably secured to one of the end portions
of the cross member. In this way, the seating structure can be easily configured with a...mrests, ot
reconfigured with different armrests or without armrests altogether. At the same time, the armrests
blend with the cross-member, making the overall assembly appear to be one-piece as the parts mate
interiorly in the uprights. 10032a] Accarding fo.a first.aspget of the presentinvention, there is provided
a load support structure comprising: a pair of laterally spaced beams each comprising first and second
beam members §pased apaitsin SRRHEAISplaRe BHRIT0 i aTgap fitebéfivedh, Sherein said first

and second beam,nemherseach-have-a hosizentally extanding peation-and.apjepright portion, said
upright portions defining a,backrest support and said horizontally extending portions defining a seat

support, said firstARE setbridtbEdm mEMberEEofprginga fifst ni&enal, Wiereitf 8alf of said first
and second beamJmeahiers expesience elastis-defesmatien through bending:as said beams are
moved between an upright ogiti and a reclined position;a. plurality, of.linking. members bridging said
gap and having first éjﬁa s&cdnt ﬁedgpgr ioﬁg“co%b Bito i |rstearr%éd s&doh Brgéms%%hbers,
wherein at least samezofsaid pharality aflmkirg tiembers compiisk asetbad material different than
sald frst material ang wherein,s3id gt isgst some of.said PLyaliyf Iinking members are putin
tension as said beams are moved from said upright position to said reclined position; and a flexible
membrane coupled i@ and.extending hetweerssaisdirst andsecons beams: whereimsait:flexible
membrane defin%%git%g suppart surface. iil%@{e[ogggpléécc 5@{‘9;1?8:13 §§9ogg aspect of the present

invention, there is provided a load support structure comprising: a pair-of laterally spaced beams each
comprising first atP&&chd BEarm MBnberS SpatEd Apartin Evarhtal plane Ar-forming a gap
therebetween, said first-and secend beam members coniprising atfiist materialsWiwesein said first and
second beam members each have gaqorggpt II)gg)itendng portiog E(Va;_n\‘(grar?j},.Lj%igrgpgortion, said upright
portions defining 4 5a8KFRSE stippGit and'Said Rofzontally extending portions defining a seat support: a
plurality of linkingE membees bedging shidgap antsraving filstend secontizendpdrtions coupled to said
first and second pgf?r;p members, wherein at least-some of said plysality-of linking members comprise a
second material different than said first material wherein at least some of said linking members have at
least an upper cUr&d porfio v alowae chRSHpEEidh WTeT saiteans are i d4ontloaded position,
and wherein said=ypper-eflomer curvadperions straighienrout as=saichbeamsiareomaved to a loaded
position. (0032c] According to a third aspect of the pgﬂeseng invention, thgr%ils provided a load support
structure comprigiflg: B8 88%%1%%#5‘1%%’ afd se¢ond beam members spaced apart in a vertical
plane and forming=acgap therebetween, said first and second beam members each comprising an
exterior portion f from a first material and an interior portion formed from a second material,
e saifrst oS ol & SRS 18 S SERO TR Gt LH0 WGHam S A Sl socond
beam members gacirhdvan hdrizontallysaxtendimrsolioreape asrapigharpodiorssaid upright
portions defining abacleestsuppart-and saidherizontaly exiending: pertionsdefining a seat support;
and a plurality of linking members bridging said gap and having first and second end portions
interconnected aAd i MGIUEdWith 85 d THEPBT portditfs. 1515155 ft%?? i%o?’diha to5-fourth aspect
of the present inventiosr thereds provided armethadkof-makinfia backsupport stsacture comprising:
molding first and second beam members from a first material, wherein said first and second beam
members are spé:c%rﬂngﬁé'rjt %th?r?%wpﬁéﬁe éﬁ‘é‘ fgﬁ‘ﬁ%oé%ps fheﬁ%%ﬁ‘we%%%v%%ﬁe?ﬁnsaid first and second
beam members gactnidne athorizontalyextendinlportiorand dmugight ortiér esaid upright
portions defining erﬁ‘%ﬁ%%@%?&n%@gﬁaid horizontally extending portions defining a seat support;
and overmolding a plurality of linking members from a second material on said first and second beam

members, whereih®&@d linting aferRBérsBIRRIe-8af g & aind have Yirst i s8&6d 888 [fortions

coupled to said firgt and;secendbearn members;uwherein-saidsecontsnateyial is different than said
first material. [0033] Further details of the invention are described in the drawing with reference to
schematically illusFREH RPNy BfbolimeRts BRIER DESERIPTIOR” FaT%—IE""BﬁAWlNGs: [0034]
Figure la shows: g:simpplified sitleaview of e-firstnatiartrembbdinentsof assgatcaccordinggato the
invention in a basic pasition 1 [3033]Figute.Ib shgwis: 4 pRIsPectivg sehemalig diagram of the seat
shown in Figure |&; i o

mechanical connecting link, and the lower support being

connected to the right, upper support by at least one

mechanical connazcting link. By this means, with just



[0036] Figure 2 shows: the seat shown in Figure la in a resting position Il: [0037] Figure 3 shows: a
second variant embodiment of a seat according to the invention in a basic position; [0038] Figure 4
shows: the seat shown in Figure 3 in a resting position Il; [0039] Figure 5 shows: a superimposed
illustration of the illustrations shown in Figures 3 and 4; -12c- [0040) Figure 6 shows: a third variant
embodiment of a seat according to the invention in a basic position, [0041) Figure 7 shows: a
simplified perspective illustration of a fourth variant émbBodiment of a seat according to the invention; -
13 - [0042] Figure, 8 shewyss acsimplified side vieye oba fithaasiant embadimestoba seat according to
the invention; [0043] Figure 9 shows: a enl?:rged iIIustr_gICion of the 5 supporting element of the seat,
shown in Figurekiiciﬁ agilt?Cﬁ)‘ifsi'tiojf‘lr,l [C)%‘Ahﬁ igur%“?(?%ho&'vrslgaﬁ E%Iasraégjil?uessl%ajt%n of the
supporting element of the-seaty showndn-Fgurez8 wih arhintermethatespasitors <k [0045] Figure 11
shows: an enlar%egglégs;[raatiog %‘gg%rsgggprting element of the seat, shown in Figure 8, in a resting

position; [0046] L|Igure“1”2 Shows a superimposed illustration of the positions, shown in Figures 9 to

11, of the 15 suppozting Blermeatf0047] Figwes13shows: asimpified-pespective Mieéwofa sixth
variant embOdlrﬂ%BEQf é&?@é@&&?rgﬁ%%%kﬁé/&@“@@i the invention provides an

upwardly directed limb of the lower support, which limb
is divided into two struts and merges by means of the
latter into upwardly directed limbs of the upper
supports. Such a transition of the lower support into
 the upper supports increases a torsional rigidity of
the seat element and is suitable for a single-piece
design of the supporting arm.
[0023] vVarious embodiments of the invention also make
provision, in the case of a supporting arm with two
upper supports, to guide the upper supports on the
lower support or on the underframe by means of a
respective guide element. The use oI two guide elemsnts
enables the divided upper support alsc to be guided
along a desired curve,

[0024] : According to various embodiments of the inventiom,
the front seat part can be raised by deformation of the
supportinguarm4 which is necessitated by an individual
leaning back against the backrest part, along a path in
the direction of the backrest part, with the supporting
arm deformed in such a manner resuming its original
shape by load alleviation of the backrest part, and
with the front seat part being lowered again along the
path mentioned during the re-forming. The lowering of
the front seat part makes it easier for the individual
to return into an upright sitting position.

[0025] Various embodiments of the invention make provision
to connect the upper support and the lower suppbrt of .
the supporting arm in the région of the lower backrest

part by at least one connecting link and to connect



[0048] Figure 14 shows: a simplified perspective view 20 of a seventh variant embodiment of a seat
according to the invention; [0049] Figure 15 shows: a perspective view of a seat element of an eighth
variant embodiment of a seat according to the invention; 25 [0050] Figure 16 shows: a side view of the
eighth variant embodiment of the seat; [0051] Figure 17 shows: a further perspective view of the seat
element known from Figure 15; [0052] Figures 18-20 show: side views of a ninth, tenth 30 and
eleventh variant embodiment of a seat according tQ the invention; [0053] Figures 21-24 show: side
views of variants of a seating arrangement;  [0054] Figure 25 shows: a detail-specific view of a 35
carrying arm: - 14238054} ngaﬁré B TOVE d-Sifleidw of BRbtHF EmBydmtenitsiiEt seating

arrangement; [0066kEFigttne @7:shaws:ia partia), perspestie-viewpftheisgating arangement shown in
Figure 26; 5 [OOS?LFiguLe 28 hq,ws: a side ngw of one embodiment of a seating arrangement; [0058]
Figure 29 shows: BT Entarged partid vidli of 21650 upPErtSHuEese Afing 25$t6p member, as shown

in Figure 28; 10[0059] FigureB(:skiowha perspecttvepdewof @nerembediment of a load support

structure having difetent janding fegions: |
{0026} In particular, it is also provided to.connect a
central section of the upper support of the supporting
erm and a central section of the lower support of the
supporting arm to each other by at least threse
connecting links. By this means, the forces occurring
during the deformation of the supporting arm between
the basic position I and the resting position II can be
distributed particularly uniformly to the supports.
This distribution of the load leads to an increass of
the service life of the supporting arm.
[0027] In another embodiment of the invention, a load

support structure includes a beam having first and

second spaced apart beam members forming a gap
therebetween. —Atriéast cne linking membef bridges the
gap and has first and second end portions coupled to
‘the first and second beam members. The first beam
member is moveable relative to the second beam member
from a first position to a second position. A stop
memper extends from the at least one linking member
intermediate the first. .and second end portions. The
stop member includes an end portion, which is spaced
from the first beam member when the first and second
beam members are in the first position, and which is
engaged with the first beam member when the first and
second beam members are in the second position. The
stop member functions as a brake or stop, which
prevents the beam from collapsing.

I002éii In another embodiment, a load support structure
includes a beam having a support surface defining a

first landing region having a first width and & second



[0060] Figure 31 shows: a front view of the load support structure shown in Figure 30; 15[0061]
Figures 31A and 31B show: cross-sections of the load support structure taken along lines 31A-31A
and 31B-31B in Figure 31; [0062] Figure 32 show: a patrtial, top perspective view of a body support
structure; 20[0063] Figure 33 shows: a partial, rear perspective view of the body support structure
shown in Figure 32; [0064] Figure 34 shows: a partial, side perspective view of the body support
structure shown in Figure 32; [0065] Figure 35 shows a-side; schematic view 25 illustrating the
kinematic moverqentdqf the bod%/ su%port stéuctuggghown_i@ Fjglure %goowkﬁi{gure 36 shows: a
perspective view 61 016 €mbodiment of é%ﬂd‘i‘/ sup‘b%?t structare: %JifFlgure 37 shows: a front
view of another 30=embodimeént:of.a body=support:structtice; 0068] Figdrer38 shows: a side, schematic

view illustrating tpn%rlég}earggtig gn%\]é> ggtdotc%n @ngr@éigg bodyhseu%)%gg%gugeg' j8n[0069] Figure 39
S = 35

shows: a rear, perspective view of thie 35 body support structure shown in Figure - 15 -[0070]
Figure 40 showscaldwer, perspeéetive vienpefithedbddy sipporestiuctore Showh iaEgure 39;

second landing regions. In this way, the effective
width or unsupported region of the membrane is reduced
adjacent the second width, thereby providing mors
support in that region without the need to alter the
gontour of the bean.

[0029] In another embodiment, a method of assembling é load
“éuppoxt structure inéludeé providing a pair of
laterally spaced apart beams defining a gap
therebetwesn, wherein the beams are substantially
parallel and each have at least one end portion,
securing a membrane in tension betwesn the besams across.
the gap and inserting a substantially rigid brace
member between the beams at a brace locatlon spaced
from the a2t least one end porition of each of the beams.
The method further includes bending the beams such that
a first distance between the at lezst one end portions
of the beams is less than 2 second distance between the
brace locations of the beams. In different
embodiments, the beams can be bent by way of the
securing the-membraﬁe in tension or by inssrting the
brace between the beams. In this way, in one
embodiment, & rectangular membrane blank can be used,
which avoids the need for difficult cuts and
unnecessary'waste materizl. At the same time, the
weave pattern is meintained in alignment with the
beamg, thereby providing an improved aesthetic
appearance. |

[0030] In another embodiment of the invention, a lcad

e support structure includes a pair of laterally spaced

apart peams defining & gap therebetwesn and az membrane

secured in tension between the beams across the gap. A



[0071] Figure 41 shows: a side, schematic view illustrating the kinematic movement of an alternative 5
body support structure; [0072] Figure 42 shows: a side view of a body support structure shown in
Figure 41; [0073] Figure 43 shows: a rear, perspective view of an upper region of a back and armrests;
10[0074] Figure 44 shows: a schematic view of a membrane weave pattern before final assembly;
[0075] Figure 45 shows: a schematic view of a membrane weave pattern after final assembly;

[0076] Figure 46 shows: a partial, side view of an-15linassembled overlay attachment mechanism;

[0077] Flgure 47 shwe: aaitial, side vigw,otan agsambled evelay.ataghmeg! meenanism: [0078]

Figure 48 shows: a cross-sectional view of a membrane attachment assembly; 20[0079] Figure 49
shows: a layout ofzsmepslsraiessitovding différant régiens of stfinéss [0880FFiguF&S0 shows: a

partial, perspective view of a-bady.supportsteuciuire with.an gemrest; [0084] Figure 51 shows: a
cross-sectional view of an 25 armrest and cross-member attachment to a frame member; [0082]

Figure 52 shows: 4 pefspectRaieRfofdifineBi B5ton Of andififest - and a

greater second width than second height at a middle
porticn therecof. This geometry provides the reguisite
rigidity to maintain tension in a membrane stretched
between the beams, for example, while alsc azllowing the
upper portions of the bsams to independently bend, with
the back capable of torsionally flex.

[0031] :In another embodiment of the invention, a seating
structure includes a pair of laterzlly spaced support
mempers defining a pair of upwardly extending uvprights
and & pair of forwardly extending seat supports. Each
of the support members includes first and.second spaced
apért beam members forming a gap therebetween. The
second beam members are coupled with a cross member.

At least ons linking member bridges the gap of each of
the support members, with first and second end portions
of the linking member coupled to the first and second
beam members. A first link extends betwesen a Iforward
porticn ¢f the first beam members. The first link has
opposite end portions pivotally connected to the first
beam members and a middie portion pivotally connected
to the cross member. In one smbodiment, the cross
memper and first iindk act as spreaders to maintain
tension of & membrane stretched between the seat
supports. t the same time, the first link acts as cne
link of & kinematic mechanism, for example a four-bar
linkage.

[0032] In yet another embodiment, a seating structure
includés a pair of upwardly extending and laterally
spaced uprights. Each of the uprights includes a
cavity having a first mouth opening laterally inwardly

and a second mouth opening laterally outwardly. 2



[0083] Figure 53 shows: a perspective view of an end portion of a cross member; 30[0084] Figure 54
shows: a side view of an alternative embodiment of a modular armrest with three alternative
attachment devices; and [0085] Figure 55 shows: a side view of the armrest shown in Figure 54
attached to a left side of a body 35 support structure. - 16 - [0086] Figure 56 shows: a side view of an
alternative embodiment of a load support structure. [0087] Figure 57 shows: a cross sectional view of
the load support structure shown in Figure 56 taken aforigy 5line 57-57. [0088] Figure 58 shows: a

cross-sectional views gt the Joad suppart, gugiute, sbowaria Figiwed6 takencalong line<s8-58. [0089]
Figure 59 shows a partial side view of a seating 10 structure incorpqrating the load support structure
shown in Figure SERP A HeUtFISUBRGI S STticT $66951Figtire 66 shows a PEH %s? e view of a
seating structure incorpgrating theleagratipportzsisictyre showi in bijuserbdatesreclimed position.
15[0091] Figure 6ajhlsi%£2g£|:alp%g%j\geﬁlv gzetchgilggg Szl;jg pggtestrgf t%rl'?é second mouths
of the uprights. The insert portion is releasably
secured to one of the end portions of the cross member.
In this way, the seating structure can.be easily
configured with armrests, oOr reconfigured with
‘different armrests or without armrests altogether. At
the same time, the armrests blend with the cross-
member, making the overall assembly appeé: to be ong-
piece as the parts mate interiorly in the.ﬁprights.
[0032a] According to a first aspect of the present invention,
there is provided a load support structure comprising: a pair
of laterally spaced beams each compfising first and second
beam members spaced apart in a vertical plane and forming a
~gap therebetween, wherein said first and second beam members
each have a horizontally extending portion and an upright
portion, said upright poitions defining & backrest support and
said horizontally extending portions defining a seat support,
said first and second beam members comprising a first
material, wherein sach of said first and second bsam members
experience elastic deformation through bending as said beams
are moved between an upright position and a reclined
position;a plurality of linking members bridging said gap and
naving first and second end portions coupled to said first and
sacond beam members, wherein at least some of said plurality
of linking members comprise a second material different than
said first material, and wherein sald at least some of saild
plurality of linking members are put in tension as said beams
zre moved from sald upright position to said reclined
position; and a flexible membrane ccoupled to and extending
between said first and second beams, wherein said flexible

membrane defines a body support surface.



[0092] Figure 62 is a cross-sectional view of the load support structure taken along line 62-62 in Figure
61. [0093] Figure 63 is an alternative embodiment of a 20 seating structure incorporating an armrest
and without the linking members shown. [0094] Figure 64 is a perspective view of a seating structure. -
[0095] Figure 65 is an exploded, partial view of a laagg5 support structure, carrier member and
retainer. [0096] Figure 66 is a partial, cross-sectional view of the retainer, load support structure,
carrier member and membrane. [0097] Figure 67 is an exploded.view of a top membrane 30

support membey o [3008] Figura-688-g arvpartial view ofdpedepdrortinn ofthe.saating stiuctiye. [0099]
Figure 69 is a ;I)él%ln view of a membrane.. - 17 - DETAILED DESCRIPTION OF THE PRESENTLY

ne .
PREFERRED EMBODINENTE! {6610 EigtirE TRHRTtratss Ao58E1 7 SRic §ichie “The Bddat 1
includes a seat®lerdwrt2ant sarranderframes3 ethé seatstément 2fhasa seat partdmwhich is divided

into a front seatpart %%gxasr%%;a%%@t RaAD. Furthermore, the seat element 2.has a hackrest part 5

which is divided into a lower backrest part 5a and an
gap therebetween, said first and second beam members

comprising a first material, wherein said first and second
beam members each have a horizontally extending portion and an
upright portion, said upright portions defining a backrest
support and sald horizomntally extending portions defining.a
seat support; a plurality of linking members bridging said gap
and having first and second end portions éoupled to said first
and second beam members, wherein at least some of said
plurality of linking memwbers comprise a second material
different than said first material wherein at least some of
said linking members have at least an upper curved portion ox
a lower curved portion when sald beams are in a non-loaded
position, and wherein said upper or lower curved portions

straighten out as said beams are moved tc a loaded position.

[0032c] Acecording to a third aspect of the present invention,
there 1s provided a load support structurs comprising: a beam
comprising first and second beam members spaced apart in a
vertical plane and forming a gap therebetween, said first and
second beam members each comprising an exterior portion formed
from a first material and an interior portion formed from a
second material, wherein said first material is different than
said second material, and wherein said first and second beam
members each have a horizontally extending portion and an
upright portion, said upright portions defining a backrest
support and said horizontally extending porticons defining a
seat support; and a plurality of linking members bridging said
gap and having first and second end portions interconnecied

and in-molded with said interior portions.



10 upper backrest part 5b. The seat element 2 includes two supporting arms 6, 7, otherwise referred to
as beams or carrier members, which are each formed by an upper support 6a or 7a, or first beam
member, and a lower support 6b, 7b, or second beam member (also see Figure 15Ib). A fabric 8,
which is only visible in Figure Ib, is stretched between 1t%:htwo supporting arms 6, 7 and the upper
supports 6a, 7a thereof. Other body support components, such as a shell or membrane, alone or in
combination with the fabric, can also bridge between 20 the two supporting arms. [001011 Figure Ib

shows a simplifiesoperspestive sawofibeseatd-ilusiratedin Figwe.L Jatsimplification, the seat L is
described in more detail below only in the region of the first supporting arm 6. The upper 25 support 6a
is connected in &tEFONA GTRREIFGSt SedFatdLio TR bNErSUPoH BBIRPA Y RtE etément 9. The

guide element 9dswesigned asmaleversl @ whiehis.gonnested riatablyabpivotal-painis DL and D92

to the upper suprgacl){gga afd gqqleellgé/ger SUpRor, iGbétThaen§OSs§gggg %%portin arm 7 is in each case of
corresponding de5|gn.lﬁ1é support§n6a,aéb, o beam members, of ergu%%o T’ﬁgga?ﬁﬁe& or beam,

merge into eachs®thet ass@aiiigleigdriin a rebioe Dofthoupper backrest pabeSesml, according to a

variant embodiment;35(Rot lustrated), aressaenedionbygterkieeach 18 -ather..The supports 6a,
6b can also be int%g,ral%formed. From the region D, the sup§ort5 6a, 6b have an intermediate space

11, or gap, with PE3p&Ttoach St v kneirentire éden TInFartietiarii e s $8giditBf the rear
seat part 4b anduipra gegiopcCiofdhe [dniki-backresbpait: s thegupports6a, G.idn in -
horizontally extending portiocns defining a seat sup?ort; and
overmolding a plurality of linking members from a second
material on said first and second beam members, wherein said
linking members bridge szid gap and have first and second end
portions coupled to said first and second beam members,
wherein said second material i1s different than said first

material.

[0033] Further details of the invention are describsd
in the drawing with reference to schematically

illustrated exemplary embodiments.

BRIEF.DESCRIPTION OF THE DRAWINGS:

[0034] Figure la shows: & simplified side view of &

first variant embodiment of a seat according to the
~invention in a basic pesition I;

[00235] Figure 1b shows: a perspective schematic diagram

of the seat shown in Figure la;

[0036] Figure 2 shows: the seat shown in Figure la in a

resting position II;

[0037] Figure 3 shows: a second variant embodiment of =z

seat according to the invention in a basic position:

[003B] Figure 4 shows: the seat shown in Figure 3 in a

resting position IT1:

[0038] Figure 5 shows: a superimposed illustration of

the illustrations shown in Figures 3 and 4;



an arcuately curved manner and approximately at the same distance from each other. In this curved
region B or C, the two supports 6a, 6b are connected to each 10 other by a connecting link 12, or
linking member. The connecting link 12 is designed as a lever 13 which is fastened rotatably to the
supports 6a and 6b at pivotal points D121 and D122 4%ke underframe 3 has a transverse support 14 to
which the right and the left supporting 15 arms 6, 7 of the seat element 2, and in particular the lower
seat support are fastened. In particular, the lower seat support is fixedly connected to the support 14.
Figures la and Ib both show the seat 1 in a basic position | in which the seat 1 is upright, if it is 20
unloaded or if apdodividuakissiting amthesseat L and is natleaning.gr s enjx slightly leaning against
the backrest part 5. [00102]rl .one embodiment, the upper support 6a has a cross sectional area of 1
1nch2 and a mémant 8f irattia 28 d10.665066 Hicht irthe 'Secfiohd BLan@#<s I Marious exemplary and
suitable embodiinérts] theicross séctionalarea candel fiem:34ache 10-4 ineh2 and the moment of
inertia can be from 0,00017.2 inch'.to 0.011442 inch'. Preferably, the cross-sectional area is at least 0.3
30 inch2 and thlefr[inhﬁ%ér%lto c|>r&11er<tllg i€ at letst 0.00017% i RO BmbdtiMefit dhe connecting
links are spacedp¥tabeutt®inehe Invaroas exemplary embodiments, the connecting links are
spaced at least 0.5 inch, but preferably no more than 8 inch. In the 35 section A the moment of inertia
of the first upper - 19 - support 6a increases in direction to front seat part 4a in comparison with the
moment of inertia in the sections B and C. In the section D the moment of inertia of the upper support
6a is comparable with the 5 moment of inertia of the upper support 6a in the sections B and C. In all
sections A, B, C and D the lower support 6b is dimensioned comparably to the



i

corresponding section of the upper support 6a. In various exemplary embodiments, the values for the
10 moment of inertia and cross sectional areas differ from the values of the upper support 6a by a
factor from 0.5 to 1.5. Preferably the upper and lower support 6a, 6b, have a cross sectional area of
the same sh¥FSRéBrding to one embodiment, the cross sectional area TS A&EMHE &Habe of a
rectangle. In various exemplary and suitable embodiments, the cross sectional area of the supports
6a, 6b, has the shape of a circle or an oval or a polygon. [00103] The supports can be made, for
example and 20 without limjtation, of glass filled Nylon, unfilled Nylon, glass filled polypropylene,
unfilled polyprogy1@%& pof\cartsnate® BolRaroriatBIAB S b?éiﬁcﬁé%%tégl,l BF cBmbfinations thereof. The
connecting linksrard/or the levers eabde: made afthe sasmee materalsi oy 25cofuasious elastomeric
materials, including without limitation, Hytrel, Nylon blended with elastomers, thermoplastic urethane
or combinationsj‘fﬁe?é]ct)cffL e connecting links and/or the levers can also be made of rigid materials,
including variou$ #Rd® plagticsior36 nsétat J00204 pRiura 24dllistiates taé seat 2&known from Figures

la and Ib in 4 resting,positigp IL. The-seatJ-or the seatelement 2 takes up 4 Lesting; position Il of this
type if an individual sitting on the seat 1 leans 35 back in an arrow direction x against the backrest part
- 20 - 5. The actiitdfleanfid-P&EK changes an inner opening angle a of the seat element 2 between
the seat part 4 arubthe;bagkeast arts sy a:= 99 (see Higue la) inat=80 {see Figue?). This

change in the inner 500 ening aggrlne ais g%oq%ced b%%he S%%Qforting qrm 6 bei%g bgnt, which takes

place essentiallfﬁ?ﬁﬁe re’lgrll n$ B ARA'C and at'the fransition of the regijoﬁuﬁ‘lento 'the'?egion A, and by

the front seat part4arbeirgegised orivcined: An opening angle WE relevant to the

190 {00451 Figure 11 shows: an enlarged illustration of the
supporting slement of the seat, shown in Figure 8, in a
resting position;

[0046] Figure 12 shows: a superimposed illustration of
the positions, shown in Figures 9 to 11, of the

1%  supporting element;

[00471 Figure 13 shows: a simplified perspective view
of a sixth variant embodiment of a seat according to
the invention: |

[0048] Figure 14 shows: a simplified perspective view

20 of a seventh variant embodiment of a seat according to
the invention;

[0049] Figure 15 shows: a perspective view of a seat
element of an eighth wvariant embodiment of a seat
according to the invention;

25 [0050] Figure 16 shows: a side view of the eighth
variant embodiment of tThe seat;

[00511 Figure 17 shows: a further perspective view of
the seat element known from Figure 15;
[0052] Figures 18-20 show: side views of a ninth, tenth

30 and eleventh variant embodiment of a seat according to
the invention;

[0053] Figures 21-24 show: side views of variants of a
seating arrangement;
fO0547 Figure 25 shows: a detail-specific view of a

35  carrying arm;



10 sitting comfort therefore increases from the basic position | into the resting position Il by 10-from
WE = 90 to WE = 100. By the supporting arm 6 being bent, the upper support 6a thereof is pulled, in
particular in the region A, in the arrow direction x. This leads, 15 because of the guide element 9, to
the front sedt Bat A% teihg raised or inclined. Said seat part can only moVetdR28&11é Hdsic position I,
shown in Figure la, on an arcuate path K9 which is predefined by the guide element 9 and is designed
as a circular path K. In 20 other words, the seat element 2 tips or sways or rocks about a rocking point
WE in a manner gigy (q.the beam of.a beam-balange. with (g two.supporting arms 6 of the seat
element 2 being deforme iy the process as a function of their parti(:ll}lar position. In the resting 25
position I, not cephdsreamnarierdtation ®f the guideretenserird; which is designed as a lever 10, but also

an orientation of thesmechanigal.connectinglink 12, which is designed.as adever13 then changed.

When the supporting arm 6 is bent up, the upper support 6a 30 thereof is forced to describe a
relatively large fatfus 3G weve R THi818 AR SosSiBEnf the GpFeitSuport 6a with the pivotal point D121

for the leveg 13 myues approximately ingodiractionsmad heimovement of thespivatalpoint D121 is
predefined by the coupling of - 21 - the upper support 6a to the lower support 6b by the mechanical
connecting link 12 ifi ordé fonﬁre%ﬁ?ﬁggg{)%tdr to obtain a defined movement. By means of the
described active otamMent g defdrnatiorwef:therb seatelgatent2roriefltheiffentcdeat part 4a, an

individual sitting, on the seat 1 is slightly raised in the regiqn af his thighs as be leans back. This
facilitates reacrgllr%ga%e b§§c”posT§‘[ion | from the re%ﬁﬁrgg positio% il without energy having to be stored
10 to a considefdbld &xteiit id & spring element. The points of application of the weight of an individual

sitting on the seppgEe fhetefore changed between the basicipasition.l,and thagesting position I1in
order embodiment of a load support structure having different
landing regions:
[0060] Figure 31 shows: a front view of the load
support structure shown in Figure 30;

15 00611 Figures 31A and 31B show: cross-sections of the
load support structure taken along lines 31A-31A and
31B-31B in Figure 31:

[0062] Figure 32 show: a partial, top perspective view
of a body support structure;

20 [0063] Figure 33 shows: a partial, rear perspective
view of the body support structure shown in Figure 3Z;
[0064] Figure 34 shows: a partial, side perspective
view of the body support structure shown in Figure 3Z;
[0065] Figure 35 shows: a side, schematic view

25 illustrating the kinematic movement of the body support
structure shown in Figure 32;

[0066] Figure 36 shows: a perspective view of one
embodiment of a body support structure;
[0067] Figure 37 shows: a front view of another

30  embodiment of a body support structure;

[0068] Figure 38 shows: a side, schematic view
illustrating the kinematic movement of an alternative
kody support structure;

[0068] Figure 39 shows: a rear, perspective view of the

35 body support structure shown in Figure 38;



to obtain, as a function of the position of the seat 15 element 2, a position which is oriented to an
equilibrium. This makes it largely superfluous, during the leaning-back action, to store potential energy
of the upper body in a force store, such as, for example, a spring, since the potential energy of the
upper body ¥ afa#eiidual is supplied by the kinematics of the seat eférhdiete i@ itver body of
the individual as potential energy. For this reason, with the seat according to the invention similar
sitting comfort is basically possible even for individuals-of very 25 different body weight without a
spring having to justed to the weight of the particular individual. [00105] Figures 3 and 4 show a
second variant é%%g@‘imenlt%‘fraeseqat %aggg’rdir?g ?ooﬂ]eeri’nvgﬁﬁg’ﬁ it téL‘b%esig %gﬁtigg | and in a basic
position Il. Like the:first<80 wampamt:e@mbodmenty thessesond: vafatembddiment of the seat 1 has two

supporting arms @0‘}1@3 seagg&glsgppf)r%%p baei_gg &Q’ncgglggﬂgggg _sjgee%iew. In contrast to the first

variant embodiment, in the second variant embodiment a right supporting arm 6 and a left 35
supporting arm até o Figid-desighte fideends B, 6V ePEDbf theifSusportsBa 6B The free end E2

of the loweg suppoit, 6 therefereshehavesy iy principle, as an underframe 3, and an elastic region of
the lower support 6b is of shortened design in comparison to the 5 first variant embodiment (see

Figures la to 2).[B8166] 1A Fgare 5 haifistatfors 6FFigaras 3and 43 shoik dUperimposed. This

illustration revealsthowure shown in Figure 41;
[0073] Figure 43 shows: a rear, perspective view of an
upper region cof a back and armrests;

10‘ [0074] Figure 44 shows: a schematic view of a membrane
weave patlern before final assembly;

[0075] Figure 45 shows: a schematic view of & membrane
weave patftern after final assembly;
[0076] Figurse 46 shows: a partial, side view of an

153 unassembled overlay attachment mechanism;

[0077] Figure 47 shows: a partial, side view of an
assembled overlay attachment mechanism;

[0078] Figure 48 shows: a cross-sectional view of a
membrane attachment assembly;

20 [0079] Figure 49 shows: a layout cf a membrane showing
different regions of stifiness;
f0080] Figure 50 shows: a partial, perspective view of
a body support structure with an armrest;

[00811 Figure 51 shows: a cross-—-secticnal view of an

25 armrest and cross-member attachment fo a frame member;
[0082] Figure 52 shows: a perspective view of an insert
portion of an armrest;

[0083] Figure 53 shows: a perspective view of an end
portion of a cross member;

30 [0084] Figure 54 shows: a side view of an altfternative
embodiment of a modular armrest with three alternative
attachment devices; and
00851 Figure 55 shows: a side view of the armrest
shown in Figure 54 attached to a left side of a body

35 support structure.



a guide element 9, which is designed as a-lever 10, rotates by an angle 0 = 25 in an arrow direction w
10 between the basic position | and the resting position Il. By this means, a front seat part 4a is raised
at its pivotal point D91 by a height H1 in an arrow direction y and is pushed rearwards by a distance Li
in an arrow &@eHH2A connecting link 12, which is 15 designed as a |VeV 152088y t8ttes in the
direction of rotation w, changes its angle by y = 10 and drops slightly. [00107] Figure 6 illustrates, as
an analogy with Figure la, a third variant embodimeng of a seat 1 according to 20 the invention with a
seat element 2 in ic position I, The description for Figures la_to 2 basically applies to this seat 1.
In addition, the s[eozqgl%if FBid@r%rg ha a%hgrwgrbyastg%e%r orce s?éfreaﬁs W 1|:cehr}é(‘%‘ng%r"ri%es a leaf spring
17 as the springselenmentd6: 25T he leadSpsingrditis fastensdiinsa lower support 6b of a first

supporting arm ?@&Qﬁtafﬁsgiﬁ‘r@e5"¥a%%9§.t°% 18 belanging 1o the £neray, sigre A5, The stop 18 is

fastened to an upper support 6a of the supporting arm 6. As soon as the seat element 2 moves from

the 30 illustrated BasicposigeTy | fits crastifig Podition thot Hlstrated herd)raccordig to Figure 2, the
stop 18 presses;againstithe-leaf spring 17. By this means, the energy store 15 damps the movement
of the support 6a and assists a return movement into the basic - 23 - position I. By displacement of a
contact body 19'RR8 stop B8 an GriRiv HitécloF JPB, Tor exanipid, & dfepl&demfhit distance V1, a
resetting force preduced:bydhe energy-store 1oeamberadjusied=The embedimentof 5 a
corresponding energy §gp_r§é's provided on a left supporting arm of the seat 1, which supporting arm is
not visible in the illustration of Figure 6. [00108] Figure 7 illustrates a fourth variant embodiment of a
seat 1 in a simplifk@Bperspectveviel. Thevseat partial side view of a seating

10 structure incorporating the lcad support structure
shown in Figure 56 in a neutral, upright position.
[0080] Figure 60 shows a partial side view of a seating
structure incorporating the load support structure
shown in Figure 56 in a reclined position.

15 [0091] PFigure 61 is a partial side view of the load
support structure.

[0082] Figure 62 is a cross-sectional view of the load
support structure taken aleng line 62-62 in Figure &1.
[0083] Figure 63 is an alternative embodiment cof a

20 seating structure incorporating an armrest and without
the linking members shown.

(00841 Figure 64 is a perspective view of a seating
structure.
[0095] Figure 65 is an exploded, partial view of a load

25 support structure, carrier memper and retainer.

[0086] Figure 66 1s a partial, cross-sectional view of
the retainer, load support structure, carrier member
and membrane.

[0097] Figure 67 is an exploded view of a top membrane

30 support member.

[0098] Figure 68 is an partial view of the top porticn
of the seating structure.

[0099] Figure 69 is a plan view of a membrane.



ey

10 1 includes a seat element 2 and an underframe 3. The seat element 2 has a seat part 4 which is
divided into a front seat part 4a and a rear seat part 4b. Furthermore, the seat element 2 has a
backrest part 5 which is divided into a lower backrest part Sa and an 15 upper backrest part 5b. The
seat elementV® @8¥YB#885 two supporting arms 6, 7 which are each formetf b e Hiier8upport 6a or
7a and a lower support 6b, 7b. fabric 8, or other body support structure, is stretched between the two
supporting arms 6, 7 or the upper 20 supports 6a, 7 thereof. The seat element 2 is fastened on a
transverse support 14 of the underframe 3 by the lower supports 6b, 7b. The sugg\%rting elements 6, 7

or the lower suppors6b:2ih tHerdoR afelihHRerord Edn Feath Bhich BIMEE R AN transverse struts
20, 25 21 in ordEMB8BLPIENAS Supporting elements 6 and 7 to each other so that the latter can
mutually support each other if the seat 1 is loaded on one side. In addition to the transverse support
14, the underframe 3 also comprises a footplate 22 which is connected to the 30 transverse support 14
via a strut 23. THOGREP1 Binurbasie positivit-12[09109] Frjtre’8 HlisfrafEs & fifth vafiaht embodiment

of a seat 1 in a simplified side vievs A seakelement2.is screwed:hererkilonergupports 6b of two
supporting 35 arms 6 (only one supEorting arm is visible in the side - 24 - view) o a transverse

support 14 of ar Bd&FEmME S fastéhing pBfs 27 95. TheloWer stippoi6b°and an upper

support 6a of the suppartigammfeare eannected #nd regicreA ofsefroptseat4art 4a via a 5 guide
element 9. The gide,clement 9 is.ategrally formjed.as 2 sindle piece Wit be yppersupport 6a and
the lower supportuéb of the Supporting arm 6. In"a region B of a rear seat part'4b and a region C of a
lower backrest pert 54, the gigpedsishport6aandattier] ¢ rwarsstippoit 6b e 2dAnééted to each other

by seven 10 upper backrest part 5b. The seat element 2 includes two

supporting arms 6, 7, otherwise referred to as beams or
carrier members, which are each formed by an upper
support 6a or 7a, or first beam member, and a lower
support 6b, 7b, or second beam member (alsc see Figure

15 1by. A fabric 8, which is only visible in Figure 1lb, is
stretched betwasen the two supporting arms 6, 7 and the
upper supports 6a, 7a thereof. Other body support
compenents, such as a shell or membrane, alone or in
combination with the fabric, can also bridge between

20 the two supperting arms.
[00101} Figure 1lb shows a simplified perspective view of
the seat 1 illiustrated in Figure 1. For simplificatiocn,
the seat 1 is described in more detail below only in
the region of the first supperting arm €. The upper

25 support 6a is connected in a region A of the front seat
part 4a to the lower support 6b by a guide element 9.
The guide element 9 1s designed as a lever 10 which is
connected rotatably at pivotzl points D91 and D92 to
the upper support 6a and the lower support 6b. The

30 second supporting arm 7 is in each case of
corresponding design. The supports %a, &b, or beam
members, of the supporting arm 6, or beam, merge into
each other as a single part in a region D of the upper
backrest part 5b and, according to a variant embodiment

35 {not illustrated), are screwed or riveted to each



connecting links 12 which are likewise integrally formed as a single piece with said supports. The
upper support 6a is formed in the regions B and C by a central section Q, and the lower support 6b is
formed 15 in the regions B and C by a central section R. Instead of a fabric, in this embodiment the
upper suppoM8 BBt two supporting arms 6 bear a multiplicity of tran$$ar§8288798%vhich connect
the two supports 6a. It should be understood that a fabric, or other body 20 support member, is also
suitably employed. Only two transverse slats are_illysirated by way of example. The guide element 9

and the connecting links 12 are designed as spokes 27 and the latter, like the upper and the lower
support 6a, 6b, &ie Wade oM PIBSHE. 75 The seat 138 if atasie pégiﬁ%ﬁﬁ_?fd@glm Figures 9, 10 and
11 exclusively illtistrateithe Supporting arey bandpart iof the:transversézsupiorihk4 of the seat 1 shown

in Figure 8. Figur%gesfgnoevﬁg%%sg g%retinglarngag in the bﬁ;i&porség%réétﬁggr%%% 30 shows the
supporting arm 6ina resting position 1T, and Flgurg 10 shows the's Jpporting arm % in an intermediate
position 11l located betweEr thé basic positien | antane restingpasiticAIE In he three positions I-111

illustrated, the following values then 33 arisedar-an opening angle W6 betweenseat part 4 and WO
2009/039231PCT/US2008/076768 - 25 - backrest part 5, for an angle W4 between the seat part 4 and

a horizontal H, f6F&n tMgTE W5 BERTEEN TRE backrest PartBIBRE Bverfital VPardFordn angle W9
taken up by the ghiderelement:d withwespeaitosar and approximately at the

same distance from each other. In this curved region B
or C, the two supports 6a, 6b are connected to each

19 other by a connecting link 12, or linking member. The
connecting link 12 is designed as a lever 13 which is
fastened rotatably to the supports 6a and &b at pivetal
points D121 and D1Z22. The underframe 3 has a transverse
support 14 tec which the right and the left supperting

15 arms 6, 7 of the seat element 2, and in particular the
lower seat support are fastened. In particular, the
lower seat support is fixedly connected to the support
14, Figures la and 1b both show the seat 1 in a basic
position I in which the seat 1 is upright, if it is

20 unlocaded or if an individual is sitting on the seat 1
and Ls not leaning or is only slightly leaning against
the backrest part 5.
[00102] In one embodiment, the upper support 6a has a
cross sectional area of 1 inch® and a moment of inertia

25  of 0.005000 inch® in the sections B and C. In various
exemplary and suitable embodiments, the cross sectional

2 to 4 inch® and the moment of

area can be from 0.3 inch
inertia can be from 0.000172 inch® to 0.011442 inch®.
Preferably, the cross-sectional area 1s at least 0.3
30  inch? and the moment of inertia is at least 0.000172
inch®. In one embodiment, the connecting links are
spaced apart about 2 inch. In various exemplary
embodiments, the connecting links are spaced at lesast

0.5 inch, but preferably no more than 8 inch. In the

35 section B the moment of inertia of the first upper
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support 6a increases in direction to front seat part 4a
in comparison with the moment of inertia in the
sections B and C. In the section D the moment of
inertia of the upper support 6a is comparable with the

5 moment of inertia of the upper support 6a in the
sections B and C. In all sections A, B, C and D the
lower support 6b is dimensioned comparably to the
corresponding section of the upper support éa. In
various exemplary embodiments, the values for the

i0 moment of inertia and cross sectional areas differ from
the values of the upper support 6a by a factor from 0.5
to 1.5. Preferably the upper and lower support 6a, 6b,
have a cross sectional area of the same shape.
According to cne embodiment, the cross sectional area

15 has the shape of a rectangle. In various exemplary and
suiltable embodiments, the cross secticnal area of the
supports ba, 6b, has the shape of a circle or an oval
or a poclygon.
[00103] The supports can be made, for example and

20  without limitation, of glass filled Nylon, unfilled
Nylon, glass filled polypropylene, unfilled
polypropylene, polycarbonate, polycarbonate/ARS blend,
acetal, cor combinations thereof. The connecting links
and/or the levers can be made of the same materials, or

25 of various elastomeric materials, inciuadine without
limitation, Hytrel, Nylon blended with slastomers,
thermoplastic urethane or combinations thereof. The
connecting links and/or the levers can also be made of
rigid materials, including various rigid plastics or

30 metal.
f001041 Figure 2 i1llustrates the seat 1 known from
Figures la and 1lb in a resting position II. The seat 1
or the seat element Z takes up a resting position II of
this type if an individual sitting on the seat 1 leans

35 back in an arrow direction x against the backrest part



Il - Resting position 130 8 4846 [00111] The guide element 9 rotates abeut a pivotal point or elastic
region D92 from the basic position | 10 in the clockwise direction in a direction of rotation w into the
resting position 1l (compare Figures 9 and 11). In this connection, the guide element 9, which is
designed as*4spi8¥E331is situated in all possible positions between 9 o'Bfob K LI Elock between
the 15 basic position | and the resting position II. The angle W9 taken up in this case by the guide
element 9 changes from 32 to 46 and therefore incpeases by p = 14 (also see Figure 12). During the
rotation, the guiglg e]!, megégraisesftrf%uaprp.er sup gﬁt G%é)r the reg}ilon A 20 of the front seat part 4a at

a pivotal point or elas ic reglolnof)9<i e alastic reglo% Sﬁ,et eaguiélg%eféﬁm%%%lrﬁgrges into the

upper support Gandiponyroidtiam ef theselastieregionObenwre=arcunte pattKPathe region A is raised
upwards by a distance H1 in 25 an arrow direction y and is displaced to the right by a distance Li in an

arrow direction £eé Bigle ) thiFioverment Wantoe défcribettBy BiyPeof dekihg movement of
the supporting grm.6i @ ragking-paint-or socking {egionWk= The rogking region here is arranged
5 opening angle a is preoduced by the supporting arm 6

being bent, which takes place essentially in the
regions B and C and at the transition of the region B
into the region A, and by the front seat part 4a being
raised or inclined. An opening angle W6 relevant to the

10  sitting comfort therefore increases from the basic
position I into the resting position II by 10° from Wé
= 90° to W6 = 100°. By the supporting arm 6 being bent,
the upper support 6a thereof is pulled, in particular
in the region A, in the arrow direction x. This leads,

15 because cf the guide element 9, to the front seat part
4a being raised or inclined. Said seat part can only
move out of the basic position I, shown in Figure la,
on an arcuate path K% which is predefined by the guide
element 9 and is designed as 2 circular path K. In

20 other words, the seat element 2 tips or sways or rocks
abéut a rocking point WP in a manner similar to The
beam of a beam-balance, with the twce supporting arms 6
of the seat element 2 being deformed in the process as
a function of their particular position. In the resting

25 position II, not only has an orientation of the guide
element 9, which is designed as a lever 10, but alsc an
orientation of the mechanlical connecting link 12, which
is designed as a lever 13, then changed. When the
supporting arm 6 is bent up, the upper support 6a

30 thereof is forced to describe a relatively large
radius. However, this is only possible 1f the upper
support 6a with the pivotal point D121 for the lever 13
moves approximately in a direction m. The movement of

the pivotal peint D121 is predefined by the coupling of



30 approximately wherever the lower support 6b of the - 26 - supporting arm 6 leaves the transverse
support 14 as a cantilever or wherever elastic deformation of the lower support 6b is possible. The
supporting arm 6 is bent up in particular as a result of loading of a region D of 5 an upper backrest part
5b. The upp&YstiieitBa here, as it is bent up from the lower support 6b” S BEHEEF EAHards and
downwards in the arrow direction x and an arrow direction y'. During this bending-up movement, the
upper support 6a is guided by the guide element-9 10 and by the connecting links 12 on the lower
support 6b on a,multiplicity of paths K9 and.K12. As an individual leans_back, this_pulling-back action
of the upper suptprpf)?t gg%%ﬂsgég}%ﬁg ﬁ}%pgﬁ sﬁgp%ﬁ%a"kt%wgé: raised on thg?ie%)fro% ee? point P6 and
causes the uppersupporcas Gzrtoise iowered ok thelright feoriethetsoirt 26 =TlRerefore, during the

movement into thepasition Y, the,seaipart 44s saisedand, & die samestime. the baekrest part 5 is
lowered. During the transition from the basic position | into the resting position I, the 20 connecting
links 12 all rotat&t6 tHE Fiefht RFthe&rol/ dirtttinan abvut PRARAFFGIAR oPelashE regions D112 on

the lower suppogeh. lpitbedirocess the elastic regiens P4dd2 alsa €haage dheir position by the lower
support 6b being bent u . 25[00112] Referring to Figures 38-40, anather embodiment of the seating
arrangement is %Po%ﬁel %f‘rﬁilas’rjt%iiégf;sﬁélwr%ﬁ F?égl?r{es%-ﬁ. ﬁﬂfth%ié%%oﬁ%séﬁra thie lower support
6b extends forwandly gl actsas a leaftSprings agsdt isgoihedrte the ffontBupport at a forward 30

location. The movement of the heams 63, 60is performed by bending the mempers, without any true

pivot points. A forward cross member 54 maintains tension in the membrane 56 between the beams 6.

The lower suppdits bbigrercthnetfad folaikeae§ R3erbly 3558 Which RftherStfiports the cross

member 54g  to a considerable extent in a spring element. The

points of application of the weight of an individual
sitting on the seat are therefore changed between the
basic position I and the resting position II in order
to obtain, as a function of the position of the seat

15  element 2, a position which is oriented to an
equilibrium. This makes it largely superfluous, during
the leaning-back acticn, to store potential energy of
the upper body in a force store, such as, for example,
a spring, since the potential energy of the upper body

20 of an individual is suppllied by the kinematics of the
seat element to the lowsr body of the individual as
potential energy. For this reason, with the seat
according to the inventicn similar sitting comfort is
basically possible even for individuals of very

25  different body weight without a spring having tc be
adjusted to the weight of the particular individual.
[00105] Figures 3 and 4 show a second variant embodiment
of a seat 1 according to the invention in a basic
position I and in a basic position II. Like the first

3¢  variant embodiment, the second variant embodiment of
the seat 1 has two supporting arms &, the second
supporting arm being concealed in the side view. In
contrast to the first variant embodiment, in the sacond
variant embodiment a right supporting arm % and a left

35 - supporting arm are of rigid design at free ends El, E2



- 27 - [00113] Referring to Figures 41 and 42, another embodiment of the seating arrangement
includes a back 5 having an upper most portion 60 formed from a single beam component free of any
gap or spacing, a middle 5 portion 62 angled relative to the upper portion and a lower portion 64
angled relatitVé& &'tHe3Middle portion, with the bowed junction 66 between'thE Y6¢é$/sitdomiddle portion
formed at substantially the lumbar region of the backrest. A pair of forward link members 72, 74 10
form a four-bar linkage. The middle portion is formeg by spaced apart beams 68, 70 forming a gap

therebetween that is free of any linking members as shown in Figure. 42..Th Iin%rgembers 72,74
each extend for%r&l@q‘f'oﬁnsau%%erﬁﬁv&aaxis96,9%8 PHEEI00S Sihroh bOS Y'T5 to an upper

on the lower support beam
pivot axis 80, 82 aprthe upfier suppeiideanaaa Diue to thiprontigyrationaa safficient counterbalance

weight is provided, for gxample when,a yset places theirlegs on.an plioman.or other raised foot
support. At the same time, as shown in Figure 41, 20 almost the entirety of the seat is raised in
parallel, as opp&satb s fustla fisntdip soreiohanereste J0OT14FFigore 23 iRistrdtes andther variant

embodiment of 2 seat 1.accordinadarie ipventionsina simplified parspective view. A seat element 2 is
essentially 25 formed solely by a supporting arm 6 with supports 6a and 6b. For this purpose, the
supporting arm 64 Width %@Féﬁ%ir@d foPthe SeAEERMERY The loWBHSUpporfh is fastened on
an underframe 3 ofthe saats1. Fheseathtosdbe seat elements2 ismiabaskevd® position |. [00115]
Figure 14 illustrates anpther variant embodiment.of a. seat 1 according e inyention in a simplified
perspective view. g%lé%%f e?ér%rélﬁ{l 5 igsggﬁtfa Iyif%rr%%dlb%/ng (gu%?)o%inig%é%ﬁ: gl (@’nly partially 35
illustrated) with suppers Gayand: 6brantktrnsversé in an arrow direction w

10 between the basic position I and the resting position
II. By this means, a front seat part 4a is raised at
its pivotal point D91 by a height Hl in an arrow
direction y and is pushed rearwards by a distance L1 in
an arrow direction x. A connecting link 12, which is

15 designed as a lever 13, alsoc rotates in the direction
of rotation w, changes its angle by ¥ = 10° and drops
glightly.

[00107] Figure 6 illustrates, as an analogy with Figure
la, a third variant embodiment of a seat 1 according to

20 the invention with a seat element 2 in a basic poesition
I. The description for Figures la to 2 bkasically
applies to this seat 1. In addition, the seat 1 of
Figure 6 has an energy store or force store 15 which
comprises a leaf spring 17 as the spring element lb.

25 The leaf spring 17 is fastened in a lower support &b of
a first supporting arm 6 and stands in the way of a
stop 18 belonging to the energy store 15. The stop 18
is fastened to an upper support ©a of the supporting
arm 6. As scon as the seat element 2 moves from the

30 illustrated basic position I intoc a resting position
{not illustrated here) according to Figure 2, the stop
18 presses against the leaf spring 17. By this means,
the enerqgy store 15 dam?s the movement of the support

6a and assists a return movementT 1nto the basic



- 28 - slats 26. The transverse slats 26 are arranged on the upper support 6a of the supporting arm 6
and are movable in relation to one another in order not to inhibit or obstruct the deformation of the
upper 5 support 6a, which deformation arises as a basic position I illustrated is left. The lower support
6b is fasteneédbH @ #iiderframe 3 of the seat 1. [00116] Figure 15 illustr&eE BSpei&EieceR/e view of a
seat element 2 of another variant embodiment of a seat 10 1. The seat element 2 has a supporting
arm 6 which bears a covering 28 which forms a seaf surface 29 and a backrest 30. The supporting
arm 6 comprises a left, upper support 6a, a right, upper support 6a' and a lower support 6b located
between them. T fowé15 su Eﬁoﬁ%%%ﬁﬁ%’&&oot% fhe1BR T ApperSipport 68y RAfechanical
connecting linksskZ-and 8o the sight, uppersupporttiGal by further mechawieal connecting links 12. The
upper supports %a anglaGCae; are tconnected to %ch other b%/ two transverse suggorts QSlband 32. An 20

upwardly directe ,SDprOX|me{feIyd\;‘esritzlcé‘ffgt]ﬁ:yesitua’tea1 linb 33 of tite o%é:resﬁﬁ"ﬂpoﬁl 66 9s dvided into two

struts 33a, 33b &k nrerges Wit theelatter #to Upwardidirected Timb 84085 e tie apper supports
6a, 6. By this means, DeuppAl-aRAAIIS,A2 andGa' 25 andihelowersupppit D form the single-part
y

supporting arm 6. An approximately horizontally running limb 36 of the lower support 6b is connected
at a free end 37 FXBYUdELIEFRNPS t61h a5iSroximateR -REriZomaERy FuMting Fnl 38 of the left,

upper support 3@ 6a and te an approxinatelyRerizontally amningdimb 39 of the right, upper support

6af. [00117] Figyr iqyys a side view of the seat 1, the seat element 2 of which is already known
from Figure 15. iﬁg%’%(? \?iéﬁ/ué*ﬂl%ogillulsvria &8 5ﬁtuensdearfr§r%%r§a}6f 38 1hE Seat T THE (iiterframe 3 is

connected to thelimb seat 1 in a simplified perspective view. The seat

10 I includes a seat element 2 and an underframe 3. The
seat element 2 has a seat part 4 which is divided into
a front seat part 4a and a rear seat part 4b.
Furthermore, the seat element 2 has a backrest part 5
which i1s divided into a lower backrest part 5a and an

15 upper backrest part 5b. The seat element 2 comprises
two supporting arms 6, 7 which are each formed by an
upper support 6a or 7a and a lower suppert 6b, Tb. A
fabric 8, or other body support structure, is stretched
betwszen the two supporting arms &, 7 or the upper

20 supports 6a, 7a therecof. The seat element 2 is fastened
on a transverse support 14 of the underframe 3 by the
lower supports 6b, 7b. The supporting elements 6, 7 or
the lower supports 6k, 7b therecf are furthermore
connected to each other via two transverse struts 20,

25 21 in order to couple the supporting elements & and 7
to each other so that the latter can mutually support
each other if the seat 1 is loaded on one side. In
addition to the transverse support 14, the underframe 3
also comprises a footplate 22 which is connected to the

30 transverse support 14 via a strut 23. The seat 1 is in
a basic positicon 1.
[00108] Figure 8 illustrates a fifth variant embodiment
of 2 seat 1 In a simplified side view. A seat element 2
is screwed here by lower supports 6b of two supporting

35  arms 6 {only one supporting arm is visible in the side



- 29 - 36 of the lower support 6b. Only the left, upper support 6a of the upper supports can be seen in
the side view, the right, upper support is completely concealed. The supporting arm 6 which is of
single-part 5 design is connected between its upper support 6a and its lower support 6b via the guide
element 9 aMiPsiR98BANEEting links 12. The guide element 9 and the connRetii§AMfkE7e2%ére designed
as struts 40 which are mounted rotatably in the upper support 6a and the lower 10 support 6b. A
variant embodiment for the arrangement of the guidg,element 9, which arrangement replaces the
guide element 9 (illustrated by solid lines), is illustrated by dashed lines. The guide element 9 shown
by dashed linesEbifibctLthe (rideHiafte S a?%‘érl}pﬂei 15 sBPpbit 62 Arédist part® of the seat 1 is
situated with a reatseatspaft #hdnoregien B4 anelsa baskresbpart Sisgituatedwitiha lower backrest
part ha in a region % Inettgesr%%iongtB gmdO , t@e upper sgggorts 6a, 6a’ are formed by central sections
Qand Q'. The 20 ower suppo b is f6rmed in }t]ﬁeese W6 redi%ﬁs%rﬁn C,aﬁye/ a central section R. All
six connecting linksi2ovisihlelin Bigueg 16rark arfaryet: betwesn theceentradlasectian=Q of the upper
support 6a and g{g%ntéqlégé:gjgnﬁ okthe M@I&@P&ﬁ%@% A fggheiﬁié&%gquecting links are
arranged betweeén the upper support 6a’ and the lower support 6b (see Figure 17). [00118] Figure 17
illustrates, in a fARRBEPerspettive Viv?, theseat Bléherf'? sHOWRTincKighre 155f caifbe seen from
this view that theseat elesmentud ok ihe 30 sspPering:app Sr-isifapmedmigrorssyrametrically with
respect to a plane 41 situgte vertically in sgace. [901;{28] Fi%ijres 18 to 20 illustrate three further
variant embodiméefts ot seals 1%accor inﬁet thé fiventdn® Thethr&d $85ts 1 dre designed according

to 35 the seat shownin Faguredbtankeactb havetwourBéxr support €a and the
10  lower support 6b are connected to each other by seven
connecting links 12 which are likewise integrally
formed as a single piece with said supports. The upper
support 6a is formed in the regions B and C by a

central section ¢, and the lower support 6b is formed

-3
[y}

in the regions B and C by a central section R. Instead
of a fabric, in this embodiment the upper supports 6a
of the two supperting arms 6 bear a multiplicity of
transverse slats 26 which connect the two supports 6a.
It should be understood that a fabric, or other body
20 support member, 1s alsoc sulitably employed. Only two
transverse slats are 1llustrated by way of example. The
gulde element 9% and the connecting links 12 are
designed as spokes 27 and the latter, like the upper
and the lower support 6a, 6k, are made from plastic.
25 The seat 1 1s in a basic position I.
[00110] Figures 9, 10 and 11 exclusively illustrate the
supporting arm & and part of the transverse support 14
of the sesat 1 shown in Figure 8. Figure 9 shows the
supporting arm 6 in the basic position I, Figure 11
30 shows the supperting arm 6 in a resting position 11,
and Figure 10 shows the supporting arm 6 in an
intermediate position III located between the basic
position I and the resting position II. In the three
positions I-III illustrated, the following values then

35 arise for an opening angle W6 between seat part 4 and



supporting arms 6 which bear a fabric 8 as the covering 28. In the side views, the second supporting
arm is entirely concealed by the first supporting arm 6. For simplification, only the supporting arm 6 is
described 5 in each case. The other supporting arm is constructed comparably in each case and is
comparably YES#H&E#33n underframe 3. [00120] In the case of the variafft ERiBOHERSshown in
Figure 18, a lower support 6b of the supporting arm 6 10 is fastened to the underframe 3 of the seat 1
by two bolts 42, 43. A connecting link 12 for connecting-the supports 6a and 6b is formed by two
slotted-guide m%ch nisms 44, 4t5. The_slotted-guid mec nisms 44, A,f}? resgegtivel)é comprise a pin
44a and 45a and & $I6t 44bAB and 4507 The'sI56%4b Ard ABb Are fofmad o the-inderframe 3, and
the pins 44a and 45acare connected td the sdpporis: 6arante6hi A freeverch Et bEthe upper support 6a
's guided on the,Jower suppad. b by means gLa guid element 9..20. (901211 In the case of the
variant embodiment shown In Figure 19, a connecting link 12 between an upper support 6a and a
lower support 685 ®Ffiie Stppartingcardiy 89 f6rEEEHY ah &lastic efiRert46 TRe elastic element is
arranged insan iptermediate space.l1 betiween 25 the supports 6a and 6b. In order also to be able to
transmit shearing forces, the elastic element 46 is adhesively bonded to an upper side 47 of the lower
support 6b and to a lower side 48 of the upper support 6a. The elastic element 46 is designed, for
example, as 30 a rubber block 49. The supporting arm 6 is fasterted bywits lowes suppert 6b on the
underframe 3. A-free-end-El-of-the-upper-suppert6aisguidedionthe-lowersuppert-6h-via a guide
element 9. EEOIZ alﬁjtﬁepc:%ssletolfd{ﬁe variant embodiment ssr%oov%/n i1%5 F ggér;e 20\?’% connecting link
12 between an dgpger- - Bldt-esupaore 6a grcka tawer support 6 b the sépporting armo

11 - Resting position 130 g 48 25

[00111] The guide element 9 rotates abocut a pivotal
polnt or elastic region D92 from the basic pesition I
10 in the clockwise direction in a direction of rotation w
into the resting pesition II (compare Figures 9 and
11y. In this connection, the guide element 9, which is
designed as a spoke 27, is situated in all possible
positions between 9 o'clock and 12 o'clock between the
15  Dbasic position I and the resting position II. The angle
WS taken up in this case by the guide element 9 changes
from 32° to 46° and therefore increases by B = 14°
(alsc see Figure 12} . During the rotation, the guide
element 9 raises the upper support 6a or the region A
20  of the front seat part é4a at a pivotal point or elastic
ragion D91. In the elastic region D91, the guide
element 9 merges into the upper support 6a. Upon
rotation of the elastic region 91 on an arcuate path
K9, the region A 1is raised upwards by a distance H1 in
2% an arrow direction y and is displaced to the right by a
distance L1 in an arrow direction % (see Figure 12)}.
This meovement can be described by a type of rocking
movement of the supporting arm 6 at a rocking point or
rocking region WP. The rocking region here is arranged

30 approximately wherever the lower support ob of the



6 is designed as a lever 13, as already known from preceding exemplary embodiments. In contrast to
the preceding exemplary embodiments, a guide element 9 is 5 formed by a slotted-guide mechanism
50. The latter comprises a pin 50a and a slot 50b. The pin 50a is fastened to a free end El of the upper
support 6a aHtl ¥I&s4Hthe slot 50b, which is formed on the lower part 3PBUHM B H6VEMent of the
seat element 1 from 10 the basic position I illustrated in Figure 20 into a resting position, the pin 50a
and the upper support 6a connected thereto move ypwards on a curve K50 in the direction of a
backrest part 5. The lower support 6b is screwed at a free end E2 to the underframe by means of 15
two screws 51, 52001531 Rigtr8s 21 1695 Mushbte-SidE TIEHS Of k& Vartantd DA seating
arrangement 1, the:sedting arrangement-dshaving a:seatdewhickeiniraspect ehtwa eaerying arms 6 or
beams. The sec_gnd carr i%% ZQSaeriSsSc T%etgl}){ecosn&ealggb%the fi{{rc,t é:a{@/irﬂ)%ral£m 6 in the side
views of Figures 5155 Tn order top5|mpjf%/t e EScrIptl%%, oﬁﬁ/ the Tirst carfying arm Band the
fastening therecf orea stbstedetare 8 vl hesdedcribed. Theéisacont earrgiagcarn®) wifich is not 25

visible, is ofsidentical canstruction.{Q0124}),Ip the casgof wariant of the seating arrangement 1, which is
illustrated in Figure 21, an upper carrier 6a, or beam member, is articulated on an upper part 108 of
the substructure®$ stich tRafit &an 90 Be PBtatdtfint & first bRy E15 aboit &raxi€%f rotation d115.
Furthermore, a lpwerearder Bhcordsamapember, efibecarping ares isarticubatad:0n the upper
part 108 such that it candb%erogta{ed ina segogd be%rgirg 1 6,na out an axis of rotation d116. The upper

. Q 1. [ o] . urin ] ing- movementc . . .
35 carrier 6a and the lowar carrier 6b'are connecte - 352 Bniehndthérvia mechanical linking

members 12, thelewepparries 8iroeing wifset, @flsimdafpameinqeliaﬁ@netmm@r carrier 6a so as
to form a gap thefepeiyeen. The substriciire 3, i0cludes the upper, o - support 6b

on a muiltiplicity of paths K% and K12. As an individual
leans back, this pulling-back action of the upper
support 6a causes the upper support 6a to be raised on
the left from a point P6 and causes the upper support

15 6a to be ilowered on the right from the point P6.
Therefore, during the movement into the position IT,
the seat part 4 is raised and, at the same time, the
backrest part 5 is lowered. During the transition from
the basic position I inte the resting position II, the

20  connecting links 12 all rotate tc the right in the
arrow direction w about pivotal points or elastic
regions D112 on the lower support 6b. In the process,
the elastic regions D112 alsc change their position by
the lower support 6b being bent up.

25 [00112] Referring to Figures 38-40, ancther embodiment
of the seating arrangement is provided similar to that
shown in Figures 8-12. 1In this embodiment, the lower
suppcrt 6b extends forwardly and acts as a leaf spring,
as i1t is Joined to the front support at a forward

30 location. The movement of the beams 6a, &b 1is
performed by bending the members, without any trus
pivot points. A forward cross member 54 maintains
tension in the membrane 56 between the beams 6. The
lower supports 6b are connected to a fixed leg assembly

35 58 which further supports the cross member 54.



5 part 108, a central part 109, a lower part 110 and a height-adjustable spring element 111 mounted
between the upper part 108 and the central part 109. The lower part 110 may also be configured as a
base part with castors. The upper carrier 6a of the carrying arm 6 is 10 resiliently mounted on the
upper part 108 8f4H838¢structure 3 via a spring element 114. For this pufpé8&28& Ipér carrier 6a
rests on the spring element 114 by way of its horizontal, first leg 6c. The additional support against a
rotary movement of the 15 carrying arm 6 about the axes of rotation d115 and d116 in a direction of
rotation w can be modified by the properties of the spring element 114 and also by the positioning

thereof. Dashed iR VB Deerrade [PillSHARE &n HitePhiative podifiShing of the spring 20element
114. [00125] Referriny te:Figuses Hb=ane 59161 atleasisome of arplurality andinconeé embodiment
all, of linking mehrgtgrers 612 are nor%-lirgesag, fo{g e@g}pl%(pepcgrgnur(yegroormbeant Jorwardly at a lower
connecting portion éibgzg?hel%%?, and curved or bent rearwardﬁy at an upper co%necting portion 624
thereof (reversede'St shapeankei viewwed fronathe exterior sideaofithe, beam),iich that a tangent line

T through agmidgdle, fithe link ig,not oxientad perRendicylgr to, the-upper.and jpweicayrier 30 arms

606a, 606b, when the seating structure is in a neutral, upright position as shown in Figure 59. In a
preferred embodiRi&ht, BPEasPThefOWEIHKIhF MEMBER Behddif te S8afafdbuttdtk portion are
curved. As the uset keelinesipube spatipgisiructare; 35tberlinking membersrstraighten-out as shown

In Figure portion formed at substantially the lumbar region of
the backrest. 2 pair of forward link members 7Z, 74

16 form a four-kar linkage. The middle portion is formed
by spaced apart beams 68, 70 forming a gap therebetween
that is free of any linking members as shown in Figure
42, The link members 72, 74 each extend forwardly from
a lower pivot axis 76, 78 on the lower support beam 6©b

i5 to an'upper pivet awxis 8D, 82 on the upper support beam
6a. Due to this configuration, a sufficient
counterbalance weight 1s provided, for example when a
user places their legs on an ottoman or other raised
foot support. At the same time, as shown in Figure 41,

20 almost the entirety of the seat is raised in parallel,
as opposed to just a front lip portion thereoct.
[00114] Figure 13 illustrates another variant embodiment
of a seat 1 according to the inventicon in a simplified
perspective view. A seat element 2 is essentially

25 formed solely by & supporting arm ¢ with supports 6a
and 6b. For this purpose, the supporting arm 6 has a
width B6 reguired for the seat element 2. The lower
support 6k is fastened on an underframe 3 of the seat
1. The seat 1 or the seat element 2 is in a basic

30  pesition I.
[00115] Figure 14 illustrates another variant embodiment
of a seat 1 according to the invention in a simplified
perspective view. A seat element 2 1s essentially
formed by a supporting arm © {(only partially

35 dilliustrated) with supports 6a and 6b and transverse



WO 2009/039231PCPUS2008/076768 - 33 - 60 (partially reclined position) and can become
completely straight in a fully reclined Position, wherein the linking members are put in tension. In this
way, the linking members do not take any 5 substantial load in compression, but rather only in tension.
It should be WFEAEtBB&that the linking members could be configured witRMKFH NG upper portion
or only a curved lower portion, and furthermore that the curvature could be directed in the opposite 10
direction, or that both curvature are directed in the same direction. [00126] Exterior, upper and lower
portions 610, 608 of the upper. and lower carrier members 606a, 606b can he made of a different

material than th& J|‘rﬁié|$’|or2 C)rtrirokhes i) 616,614 %f ﬁ‘lléa sanfe cartier friembBeérs; Vihich Afe molded with the
linking members:612 - KBS pbe4626 4n particutars thresuppory neembérsicain de<formed in a two-shot

molding process, m%riaén _ggh%re%g%tgri%pggg)ngngt% 86198i%r_e0fy§g Enqlg%d ,t%nd then the 20 interior

portions 616, 614 and linking members 612 molded thereto, or vice versa. For example, the exterior
portions can be Kdd&fbr exa/ipié Bad withcut dipditatient 59h a5 fillkd NyBAL unfilled Nylon, glass

filled polyprgpyleng,ddyfilleghnolyprapylenss 2a-pelycarbonate, Holycarbonate/ABS blend, acetal, or
combinations thereof. The interior portions and Iinking members can be made of the same materials,

or of various elaBménEMmatetiafs: TiadRg withowt iimitation, R, SOBSET efistdmers,

polypropylene fastened on an underframe 3 of the seat 1.

[00116] Figure 15 illustrates a perspective view of a
seat element Z of another wariant embodiment of a seat

10 1. The seat element 2 has a supporting arm & which
bears a covering 28 which forms a seat surface 29 and a
backrest 30. The supporting arm & comprises a left,
upper support 6a, a right, upper support 62’ and a
lower support 6b located between them. The lower

15 support 6b is connected to the left, upper suppori 6a
by mechanical connecting links 12 and to the right,
upper suppcert 6a’ by further mechanical connecting
links 12. The upper supports 6a and 6a’ are connected
toe each other by two transverse supports 31 and 32. An

20  upwardly directed, approximately vertically situated
limb 33 of the lower support 6b 1s divided into two
struts 33a, 33b and merges with the latter into
upwardly directed limbs 34, 35 of the uppsr supports
éa, 6a’. By this means, the upper supports 6a and 6a’

25 and the lower support &b form the single-part
supporting arm 6. An approximately horizontally running
Limb 36 cf the lower support 6b is connected at a free
end 37 via a guide element 9 to an approximately
horizontally running limb 38 of the left, upper support

30 6a and to an approximately horizontally running Limb 39
of the right, upper support ba’.
f00117] Figure 1¢& shows a side view 0f the seat 1, the
seat element 2 of which is already known from Figure
15. The side view also illustrates an underframe 3 of

35 the seat 1. The underframe 3 is connected to the limb



30 elastomers, nylon elastomers, thermoplastic urethane elastomers or combinations thereof. [00127]
As shown in Figures 56-62, a groove 620 facing laterally outwardly is formed in the upper carrier
member 606a. The groove can be formed entirely in the 35 material forming the forward portion of the
upper - 34 WBYBIEA as shown in Figures 56 and 57, or between thepﬁlgﬂféﬁ?ﬁﬁ’%’(?m?ﬁg the upper
portion 610 and the lower portion 616, which can help reduce high stress points in the beam. The inner
top portion of the 5 groove, as shown in Figure 62,can-also be curved to help reduce stresses at the
corners of the grgove 620. [00128] Figure 22 shows a varignt of the seating arrangement 1 with a
spring mechanié%\ Xte. e %8g§nd %%P@%ﬁta:%n%,'w f&#ﬁ’is%?%? wiselab E’inlfﬁg%‘i’:de view, is 10 assigned a
spring mechanismxgiidentiealcbnstreictiopewhichoisconspletely keneealed:yy thesfirst spring

mechanism 415 fdle substiudtite 3 ol e seaig. auangsmentdl comprises ap upper part 108, a
a

central part 109 and a lower part 110. A height-adjustable 15 spring elément 111 is arranged between
the upper part X08'afid Hesl cefiiral paPROt ThE Wiperpart 108 also Béars the'Sprivf mechanism 116.

The height-adjustable;springelement 44 licompises apneynaticsspring lilasand:aspring element 117
arranged beneath a piston rod 20 lilb of the pneumatic sEring 11la. Thegoiston rod 111b is guided in a
pressure tube 1118, TREUppet Pt 1087 fastenatf of tHE préssiiathbe 111%, fie pressure tube 111c

being guided witlrstiding:actioniin tke Vertical elirgctidn ir tkeneentral part 108=The 25 pneumatic
spring illa is supcpoor%e@dcilz@ the fErng_ q%mae% 1&% Sbjy a Qfgngg p&tg%@ ggaug?[g}g)natpg piston rod
5 18%ndth 117 form

111b. The flange plate the spring element rm a weighing mechanism, 119, which can
establish the weighttee@hichitthieadelat 418 sUbjediedB0 Byrandndividuaind the lower

10 support 6b. A variant embodiment for the arrangement of
the guide element 9, which arrangement replaces the
guide element 9 (illustrated by solid lines), is
illustrated by dashed lines. The guide slement 2 shown
by dashed lines connects the underframe 3 and the upper

15 support 6a. A seat part 4 of the seat 1 1is situated
with a rear seat part 4b in a region B, and a backrest
part 5 is situated with a lower backrest part 5a in a
region C. In the regions B and C, the upper supports
ta, 6a’ are formed by central sections ¢ and Q7. The

20 lower support 6b is formed in these two regions B and C
by a central section R. All six connecting links 12
visible in Figure 1€ are arranged between the central
section ¢ of the upper support 6a and the central
section R of the lower support 6b. A further six

25 connecting links are arranged between the upper support
ba’ and the lower support 6b (see Figure 17).

[060118] Figure 17 illustrates, in a further perspective
view, the seat element 2 shown in FPigure 15, It can be
seen from this view that the seat element 2 or the

30 supporting arm & is formed mirror-symmetrically with
respect to a plane 41 situated vertically in space.
[001189] Figures 18 to 20 illustrate three further
variant embodiments of seats 1 according to the
invention. The three éeats 1 are designed acccording to

35 the Seat.shown in Figure 1b and each have two



[00129] In an alternative embodiment, shown in Figures 26 and 27, the spring element 117 is arranged
around the top of the piston rod 111b, with the pressure tube 111c supported by the base. The upper
part 108 is 35 secured to a housing 109, which is supported by the - 35 - spring and piston rod via an
adapter 150VFh¥4H8tHE aspects of the weighing mechanism are further id@E3¢E/ Hdiernational
Application PCT/182007/000734, filed March 22, 2007, which is hereby incorporated herein in 5 its
entirety. [00130] The spring mechanism 116 is contyglled via the weighing mechanism 119. A wire 120

of a Bowden cable 121 is fastened on the flange plate 118 of the weighing mechanism 119 and
transmits the mEVEMhE OF théidiTgd 16biate Bf’f@fo 3 being means 192° wiidk i< gtided in a
displaceable marmnerihengath aileaf speng 128ndhe=spring mepharistmhil6 mentioned above

comprises essentiall tl}se bearing means 122 and the leaf spring 123. The wire 120 of the Bowden
cablo 121 o QBRI 17 SORE A e Fobh belit SnBuREd oh S chFiral bart 108 and on the
upper part 109. Alwetical movemientcof the flangeystatert18:in adirection yieagsadth@ bearing means

122 to be dzawn hozantally 49 the jght.in a0 aiauedireaton x by the Boyiden ablesl2L. An 20 upper

carrier 6a of the carrying arm 6 thus undergoes relatively pronounced resilient deflection,
corresponding t6HHEIGANAY toWITER thE3ast 418 siiBjetidth anféh- the RaF &pfiig 923 positions itself
on the bearing mgansd<2rasan individual sitting on the 25 seat leans back. The upper carrier 6a is
supported on th\i(lﬁ%%gnn 1%?. A second. Bowden cable 126 is fgsteneg or_g}the flange plate 118.
This second Bowdenc n

bl controls IRE s%&oﬁ&%p‘rri%lrﬁgghaeﬁ{%r% &%?Efsiﬁléiwvr&hilcrﬁ is assigned to
the second carryingaamn 39(nat Visibie). Wiherthe séatFisttetievegpd loadiggzrm ©

10  is fastened to the underframe 3 of the seat 1 by two
belts 42, 43. A connecting link 12 for connecting the
supports 6éa and 6b is formed by two slotted-guide
mechanisms 44, 45. The slotted-guide mechanisms 44, 45
respectively comprise a pin 44a and 45a and a slot 44b

15 and 45b. The slots 44k and 45b are formed on The
underframe 3, and the pins 44z and 45a are connected to
the suppcrts 6a and &b, A free end El of the upper
support 6z i1s guided on the lower support &b by means
of a guide element 9.

20 . [00121] In the case of the variant embodiment shown in
Figure 19, a connecting link 12 between an upper
support %a and a lower suppoert &n of the suppoerting arm
6 is formed by an elastic elemeni 46. The elastic
element is arranged in an intermediate space 11 between

25  the supports 6a and 6b. In order also to be able to
transmit shearing forces, the elastic element 46 is
adhesively bonded to an upper side 47 of the lower
support éb and to & lower side 48 of the upper support
ba. The elastic element 46 is designed, for example, as

30 a rubber block 49. The supporting arm 6 is fastened by
its lower support éb on the underirame 3. A free end El
of the upper support 6a 1s guided on the lower support
6b via a guide element 9.

[00122] In the case of the variant embodiment shown in

35  Figure 20, a connecting link 12 between an upper



the bearing means 122 is drawn back by a spring element 127 into the position which is shown in
figure 14. A level of prestressing of the leaf spring 123 is such that the bearing means 122 can move
without any contact 35 with the leaf spring 123 as long as an individual is - 36 - only sitting on the seat
in the uprigh?so¥itBtE?3He leaf spring 123 positions itself on the bearing RIEEHE248861%he first time
when the individual leans back from their upright position, in a direction of rotation 5 w, against a
backrest 5. The spring mechanism 116 cushions the Jeaning-back movement of an individual in a
weight-dependent manner. The seating arrangement 1 thus provides individuals of different weights
with a high level B RoRTorRitAoG r%s%i%ﬁ?ﬁeﬁé‘&?&%f $6 theé batRre St RESNG fo%hé& Hjusted.
[00131] Figure 28 ilustiatesanratherxvariantwithe Seating arrangementol.rArf bpper carrier 6a of the
carrying arm 6 is aretié:uqlfted on.an ujpﬁgr pgzrntblo% z%fe %nessquruccg%rer% vjca WO {%/grs 128 and 129.
The 15 levers 128 and Jﬁbg a?ong‘ With the Upper carrier 6a, form & Fc')ur?bar iInkage 130. This four-bar
linkage 130 fornisrg eotpling srechamsm Ehadhivkdefines atillidg mdwement 8xécuted by the upper

carrier 7a agd/or:3 seal; syifage 1v0:when the seating agrangement Iris.subjected 20 to loading by an

individual sitting on it. Of course, a lower carrier 6b, which is connected to the upper carrier 6a at a
connecting locatfSiFE86 31 By Bifumbér 6Fhidng nemBEFs 13 Péoihiteratts adéwering movement of
the upper carrierc@a i theimanner dessribed. 25 Rurtheimongpa lowesing movemeriof legs 6¢ and 6f
of the carriers 6a and 6b in a direction of ratation w a%so, results in an increase.in an opening angle a
between the sea?%‘hr ascelf]?(jgaﬁd Sé?t?gck%%t]sot' 5.“1[663 Zfﬁigu?glﬁﬁglllﬁg}trg?é% <'a"L §idé'view of another 30
variant of a seatirrgrdrrang@mentd . Amypperaarrier 6alof thhe zaryimgrams 6lisfarticulated on an upper

part 108 of e substryctire 3,5ugh that itican be rotated about an axis obfotatiqn d115. Furthermore,
a lower carrier 6b of the carrying arm 6 is articulated on the
resting position, the pin 50a and the upper support 6a

connected thereto move upwards on a curve K50 in the
direction of a backrest part 5. The lower support 6b is
screwed at a free end EZ to the underframe by means of

15 two screws 51, 52.
001237 Figures 21 to 25 illustrate side views of
further wvariants of a seating arrangement 1, the
seating arrangement 1 having a seat 4 which in respect
of two carrying arms €& or beams. The second carrying

20 arm is completely concealed by the first carrying arm 6
in the side views oI Figures 21-25. In order to
simplify the description, only the first carrying arm 6
and the fastening thereof on a substructure 3 will be
described. The second carrying arm, which is not

25 wvisible, is of identical construction.
{00124} In the case of variant of the seating
arrangement 1, which is illustrated in Figure 21, an
upper carrier 6a, or beam member, is articulated on an
upper part 108 of the substructure 3 such that it can

3¢ be rotated in a first bearing 115, about an axis of
rotation d112. Furthermore, a lower carrier &b, or beam
member, of the carrving arm 6 is articulated on the
upper part 108 such that it can be rotated in a second
bearing 116, about an axis of rotation dll6. The upper

35 carrier 6a and the lower carrier &b are connected to



WO 2009/039231PCT/US2008/076768 - 37 - upper part 108 such that it can be rotated about an axis
of rotation d116. In addition, the upper carrier 6a of the carrying arm 6 is articulated on the upper part
108 via a toggle 132, for rotation about the axis 5 of rotation d116. The toggle 132 comprises an upper
lever 132a, %ﬂ@ﬂ"t‘é’q‘?ﬁ’éned in a rotatable manner on the upper carrier 8&; AReFY T8 kePtever 132b,
which can be rotated about the axis of rotation d116. The two levers 132a and 132b are connected to
one another in an 10 articulated manner about an axjs of rotation d132. A spring 133 draws the toggle
132, by way of its lower Ie\ﬁer 1324, a airlglst a sto 13.4,Q/vhich is f rmred on th%}ljgper part 108. This
spring mechanis?ﬁlell%?%mcﬁ%isv ormed essentia yfr%?n %ﬁ]égtc%ed?e 13 ard the spring 15 133, retains
the seat 4 with alraeditionat-force fbtheposition (801 33PFigure 254skagpws &.detail-specific view of the

carrying arm 6. An upper referepge PQ' 5_7%'1&%@@}9%%0@ dhe Qogigo@@mﬁrgt 6c of the upper 20

carrier 6a, and a lower reference point R7f is arranged on the horizontal, first leg 6f of the lower carrier
6b. The two refetéfee poiits R7c, RFE &rel6cateaonra vertict BxiseA7 i théiBfidoaded position A of

the seating arrapgementd, When the-seatd is-subjected to2hloagding anddhe garriers 6a and 6b are
rotated height-adiustable spring element 111 mounted between

the upper part 108 and the central part 109. The lower
part 110 may alsc be configured as a base part with
castors. The upper carrier 6a of the carrying arm 6 is

16 resiliently mounted on the upper part 108 of the
substructure 3 via a spring element 114. For this
purpose, the upper carrier 6a rests on the spring
element 114 by way of its horizontal, first leg &c. The
additional support against a rotary movement of the

15 carrying arm 6 about the axes of rotation dli5 and dlls
in a direction of rotation w can be modified by the
properties of the spring element 114 and also by the
positioning thereof. Dashed lines have been used to
illustrate an alternative positioning of the spring

20 element 114.
[00125] Referring fo Figures 56 and 59-61, at least some
of a plurality, and in cone embodiment all, of linking
members 612 are non-linear, for example being curved or
bent forwardly at a lower connecting portion 622

25 thereof, and curved or bent rearwardly at an upper
connecting portion 624 thereof (reversed “3” shape when
viewed from the exterior side of the beam), such that a
tangent line T through a middle of the link is not
oriented perpendicular to the upper and lower carrier

30 arms 606a, 606b, when the seating structure is in a
neutral, upright position as shown in Figurs 59. In a
preferred embodiment, at least the lower linking
members beneath the seat and buttock portion are
curved. As the user reclines in the seating structure,

35 the linking members straighten out as shown in Figure



correspoendingly about their bearings 115 and 116 or axes of rotation d115 and d116, the two
reference points R7c, R7f move vertically downward in an arrow direction y' and move apart from one
another in the 30 horizontal direction. During the lowering movement, the imaginary reference point
R7c moves $REY¥EEHr path K7c about the axis of rotation d115 and thé Trivagasréterence point
R7f moves over a circular path K7f about the axis of rotation d116. When the 35 carrying arm 6 is
subjected to loading by an individual - 38 - (not ilustgated), the carriers 6a and 6b rotate in a direction
of rotation w abaut their ag(es_ﬁf rotatioln.dl%jS and d116, )Thgnggsceat rg:\r[%an ement of the axes of rotation
d115 and d116 %eaﬁ%atﬁatlﬁls Teduitsin'the 5 Rorizontal legs 6cand ¥ of the two carriers 6a and 6b
being displaceddwopposiké directiensithe uppek cartrier 6ads displaped irt thandirection of the backrest

5, and the lower,gartiet 6b.is displaged,in thegicegtion.of ts hearing 116 This displacement of 10 the

carriers 6a and 6b in opposite directions, brought about by the seating arrangement 1 being subjected
to loading, resultdihsthéacarryifig aki 6 bethdieReniedthéretheasfriéfs’6a and 6b are connected to

one anotheg by theJinking membersi12 - Whentheskh anpraoximately horizenta) legs 6¢ and 6f of the
carriers 6a and 6b are lowered, there is thus also an increase in the genin]%ﬁanr%e a between the seat

surface 170 andRBHakrest’s. IRBTHEF 6 SIGN HEBIEStTE dEBmation of thé carrying arm 6, the
carriers 6a and 2@1tbeare efdesdient andretasticreonfiguratiomin/the egiorof trelinking members 12.

In order for the displacenent of e canisrs faand, oo opposiis distions fa beagtgved n the

desired manner,pt e axis of rotation d116 is located a ove the axis of ‘25 rotatlon_d115, as seen in the
vertical direction-yiaend-thie axes of Fotatieon ¢lld 5k dHd T 86 Bré! spacéd apaPfFffémdhe another in the

horizontal girection.x. A spacing.135.provided betwean the axes of {otation 15 angd d116 is larger

than a spacing 136 between the axis
same direction.

[00126] Exterior, upper and lower portions 610, 608 of
the upper and lower carrier members 606a, 60&b can be
made of a different material than the interior portions

15 616, 614 of the same carrier members, which are molded
with the linking members 612, FIGS. 59-6Z. 1In
particular, the support members can be formed in a two-
shot molding process, wherein either the exterior
portions 610, 608 are first molded, and then the

20 interior portions 616, 614 and linking members 612
molded thereto, or vice versa. For example, the
exterior portions can be made, for example and without
limitation, of glass filled Nylon, unfilled Nylon,
glass filled polypropylene, unfilled polypropylene,

25 polycarbonate, polycarbonate/ABS blend, acetal, or
compinations thereocf. The interior portions and
linking members can be made of the same materials, or
of various elastomeric materials, including withcut
limitation, Hytrel, polyester elastomers, polypropylene

30 elastomers, nylon elastomers, thermoplastic urethane
elastomers or combinations thereof.

[00127] As shown in Figures 56—62, a groove 620 facing
laterally outwardly is formed in the upper carrier
member 606a. The groove can be formed entirely in the

35 materilial forming the forward portion of the upper



30 of rotation d16 and the upper carrier 7a. There is a horizontal spacing Ax and vertical spacing Ay
between the parallel axes of rotation d115 and d116. Rather than being restricted to exemplary
embodiments, which have been illustrated or described, the invention also_- 39 - covers developments
within the cSHEXPEF e tlaims. Plastic in particular is provided as the mateHA O ’é(’%%{;rrying arm.
[00134] Referring to Figures 26 and 27, a seating 5 arrangement is shown similar to the embodiment
shown in Figure 23, but with a weighing mechanismzs-previously described. An upper carrier 6a of

the carrying arm 6 is .artiCL% d on an upper.part,108 of the substru tre 3 vi%t 0 levers 128 and 129.
The levers 128 %%ﬁrfﬁ 1 ﬁz%l’%naswighh%ﬁglu:ﬁge% %g#%?%ae?ﬁorﬁ”lng f%ur’-bglrr Iinl%gg‘fé2 130. This four-bar
linkage 130 forrmisea ceusingemethanisny 181 ¢ whigredefivesta ditingtMovefentexecuted by the upper

carrier 6a and/or g, seat surface, 170 whep the seafing-arrangemegnt.1is subigcted to 15 loading by an

individual sitting on it. In one embodiment, the lever 128 is substantially vertical, while the lever 129
also has a vertieaivdctor-EoripBnBfttvith FHeseliavers 5¥orbrgthetwéaight BF the user as they

initially sit ip the;seatsarjorde 2thaglinenwhich.allows the-weighing mechanismdofunction more
efficiently. The levers 128, 129 further definetth path of motion gf ;Cq]eeup@%% %aerrig§ é?a relative to the
lower carrier. OF EoBrseS a5 et chfitei™h, WhichTs SORRE&RATS the Tipper carrier 6a

{00128] Figure 22 shows a variant of the seating
arrangement 1 with a spring mechanism 416. The second
carrving arm, which is not visible in the side view, 1is

10 assigned a spring mechanism of identical construction,
which is completely concealed by the first spring
mechanism 416. The substructure 3 of the seating
arrangement 1 comprises an upper part 108, a central
part 109 and a lower part 110. A height-adjustable

15 spring element 111 is arranged between the upper part
108 and the central part 109. The upper part 108 also
bears the spring mechanism 116. The height-adjustable
spring element 111 comprises a pneumatic spring llla
and a spring element 117 arranged beneath a piston rod

20 1i1lb of the pneumatic spring 1llla. The piston rod 1llb
is guided in a pressure tube 1llc. The upper part 108
is fastened on the pressure tube 1llc, the pressure
tube 1l1lc being guided with sliding action in the
vertical direction in the central part 10%. The

25 pneumatic spring 1llla is supported on the spring
element 117 by a flange plate 118 arranged on the
piston rod 111b. The flange plate 118 and the spring
element 117 form a weighing mechanism 119, which can
establish the weight to which the seat 4 is subjected

30 by an individual.
[00129] In an alternative embodiment, shown in Flgures
26 and 27, the spring element 117 is arranged around
the top of the piston rod 1llb, with the pressure tube
1llc supported by the base. The upper part 108 is

35 secured to a housing 109, which is supported by the



25 at a connecting location 180 and by a number of linking members 12, counteracts a lowering
movement of the upper carrier 6a in the manner described. Furthermore, a lowering movement of legs
6c and 6f of the carriers 6a and 6b in a direction of rotation w also results in 30 an increase in an
opening angi®3WHAEEA the seat surface 170 and a backrest 5. A pair dfctds2 Wi bErs 184, or
spreaders or brace members, maintain a predetermined distance between the laterally spaced
carrying arms or beams. - 40 - [00135] The spreadsr 184 is connected to the upper arm 6a. In
addition, a lever 529 is pivotall connected to the upper,arm 6a q%to af) ac ada ter 531 connected to

the lower arm 6B°50-88 t6 BeaF Agaimdt fiis Ieat sp‘? ag[—ﬁfﬁ%ﬁ] aferring o gures 5'98 and 29, at
least one, and preferably apluraktyy of limliing menibers 242 are configired withcsStopanembers 214. in

particular, the |IQ minggg]peﬁ g&g ﬁgégpel@(ea%&ll&eltweg%ge }W@nd loyuer carriers 6a, 6b, or

beams, forming t eam 10 or carrying‘arm. The linking members 212 have first and second end
portions 216, 2@ &6bpkd-to2RE Uppek bel 1bdeh Tafiers B GiPraspeetivalyr Asthéload support
structure, of beam, isep@gegtWe carriers 6a, 6b move relative to each other from at least a first 15
position to a second gosmon as the previously described. A stop member 214 extends from the linking

member 212 at BEAdnTRferAfdaR MeRHd pofions® Ing preferst-erbotihent She stop member

includes first angdesegoncsatma poaions 220,522 2 extending 20 dfagorallydeomdhe limking member,

such that the Ilnf%q men%ber and étooo mb%r are sub antlaI:L{y shgpedeThe st member arms
ac (51 portl 9]

220, 222 are e consﬂgure with e ons fﬂg ?681 The en pc‘)ﬁrtloﬁs 233 226 are

spacedﬂonqanmechaplsm 119 and transmits the movement of the fiange

10 plate 118 to a bearing means 122, which is guided in a
displaceable manner beneath a leaf spring 123. The
spring mechanism 116 mentioned above comprises
essentially the bearing means 122 and the leaf spring
123. The wire 120 of the Bowden cable 121 is guided in

15 & hose 124, the hose being supported on the central
part 108 and on the upper part 102. A vertical movement
of the flange plate 118 in a direction y' causes the
bearing means 122 tc be drawn horizontally to the right
in an arrow direction x by the Bowden cabkle 121. An

20 upper carrier 6a of the carrying arm 6 thus undergoes
relatively pronounced resilient deflectiocn,
corresponding to the loading to which the seat 4 is
subijected, when the leaf spring 123 positions itself on
the bearing means 122 as an individual sitting on the

25 seat leans back. The upper carrier 6a is supported on
the leaf spring 123. A second Bowden cable 126 is
fastened on the flange plate 118. This second Bowden
cable controls the second spring mechanism (not
visible), which is assigned to the second carrving arm

30 {not visible). When the seat 3 is relieved of loading,
the bearing means 122 is drawn back by a spring slement
127 into the position which is shown in figure 14. A
level of prestressing of the leaf spring 123 is such
that the bearing means 122 can move without any contact

35  with the leaf spring 123 as long as an individual is



25 adjacent beam 6a, 6b or carrier member when the carrier members are in the first position, e.g., an
unloaded position. The end portions 224, 226 engage one of the upper and lower carrier members 6a,
6b as the carrier members are moved to the second, loaded Position, with 30 the stop members 214
preventing fo¥h&HFIeThent of the carrier members relative to each othd{onMee2¥R§a8¥8, so as to
prevent the collapse of the beam. It should be understood that the stop members 214 can "engage" a
carrier member 6a, 6b directly or indirectly, for 35 example by way of engaging an adjacent linking
member - 41 - 212 connected to the carrier member. In a preferred embodiment, the stop member

214 engages th€Baicr rhenierda, Bbarsfnction 298 sPntehidr difttiderBetwedn the beam and
the linking memhes 4t shouldd also he-dndersteod that] whie the toasksuppert structure is shown in

connection with a ing arrangement, it may have other structural applications, It should also be
understood that fhzzzetzrlr%g"%g}uepleé*gg ugé'g%ewr'}é%nm%%%slc%%ﬁg%?eﬁ%vhheﬁﬁgf dﬁgg}y or 10 indirectly,
for example by apof ansnterveningiconpperidntyandincladés irtegral formfation: of twa or more

components, or gongsgti% pf gegg.r@@g Jormed.gom %%ﬁry@ far.example With yarious fasteners,

including without limitation mechanical fasteners, 15 adhesives, welding, stitching, tabs, snap-fits, etc.
In a preferred erfib8aRRERt, B upBerand TGREKCERIEFHREMbEES 68, kg hieihbetd 212 and stop

members 214 arg integiely deraedicthe glommembers Zldhpravent hehgametremicollapsing, for
example when a %ser 20a Eges a,llogd tQ éhe fgmg%stg of the chair whe exnmgttlge chair, or any other

. S L OT 3 1V . stferent. welisnts .
counterclockws% OrsiGnal load or doWnwaravertical [9ad when Viewed tom the 1eftthand side.

[00138] ReferringitotFigeresi 3¢ and3 il arcamierig;or resilient deflection of

10  the backrest having tc be adjusted.
[00131] Figure 23 illustrates ancther variant of the
seating arrangement 1. An upper carrier ta of the
carrying arm & 1s articulated on an upper part 108 cof
the substructure 3 via two levers 128 and 129. The

15 levers 128 and 129, along with the upper carrier éa,
form a four-bar linkage 130. This four-bar linkage 130
forms a coupling mechanism 131, which defines a tilting
movement exccuted by the upper carrier 7a and/or a seat
surface 170 when the seating arrangement 1 is subjected

2C  to loading by an individual sitting on it. Of course, a
lower carrier ob, which 1s connected to the upper
carrier 6a at a connecting location 180 and by a number
of linking members 12, counteracts a lowering movement
of the upper carrier 6a in the manner described.

25 Furthermore, a lowering movement of legs 6c¢ and 6f of

the carriers 6a and 6b in a direction of rotation w
also results in an increase in an opening angle ¢
between the seat surface 170 and a backrest 5.
[00132] Figure 24 illustrates a side wview of another

30 wvariant of a seating arrangement 1. An upper carrier bta
of the carrying arm 6 is articulated on an upper part
108 of the substructure 3 such that it can be rotated

about an axis of rotation dll5. Furthermore, a lower

carrier 6b of the carrving arm 6 is articulated on the



25 beam, is shown as having a support surface 230, located in one embodiment on an outer portion of
the carrier, with the inner portion tapering away therefrom. In one embodiment, the support surface is
substantially continuously parallel along its length in at least one 30 direction (e.g., a lateral horizontal
direction), wiiP2AP1&&RH! tangent thereto being parallel to any other late® T4 BeHYGIEEr. As shown
in Figures 31-31B, the support surface defines first and second landing regions 232, 234, which
contact and support a body 35 support material, sugh as a fabric or membrane 56, as - 42 - shown in
FIG. 40. The first landing region 232 has a first width WLI, while the second landing region 234 has a
second width WEBP&thPie sedthdsidh by dFea‘f@Pttﬁ‘ﬁ FRFASERIRRESr 8kample, in one 5
embodiment, the first landing-tegien can be.formeddas a thin,edges appreachkiag:aizero width, while the
second width is substantially the entirety of the. width_of the bheam. Of course, the widths can be varied
relative to the bggmov%/idif and éach othet 86 265 fo-achieve %bl %%gsﬁgd %réseullf?pﬁse Shown in Figure 31,
a transition areg236 triadtsitiors bethveenitheldAdingaregiors: Altoughahe 16d¢ sappdrt structure can

be used in gther applicafionsbesides segling gyandements.dhe.carder 8.shown.in Figures 30-31B is

configured for use 15 in a seating arrangement.” [00139] In a preferred embodiment, the second
landing region 232§ ¥ofmAeéd adfadert the I RBaFRSon of the ©tatable manner on

the upper carrier 6a, and a lower lever 132b, which can
be retated about the axis of rotation dllé. The two
levers 132a and 132b are connected to one another in an
10 articulated manner about an axis of rotation dl32. A
spring 133 draws the toggle 132, by way of its lower
lever 132a, against a stop 134, which is formed on the
upper part 108. This spring mechanism 116, which is
formed essentially from the toggle 132 and thé spring
15 133, retains the seat 4 with an additional force in the
position.
[00133] Figure 25 shows a detail~specific view of the
carrying arm 6. An upper reference pcint R7c is
arranged on the horizontal, first leg 6c of the upper
20 carrier 6%a, and a lower reference point R7f is arranged
on the horizontal, first leqg 6f of the lower carrier
gh. The two reference points R7c, R7f are located on a
vertical axis A7 in the non-loaded position A of the
seating arrangement 1. When the seat 4 is subjected to
25 loading and the carriers 6a and &b are rotated
correspondingly about their bearings 115 and 116 or
axes of rotation dll5 and dlle, the two reference
points R7¢, R7f move vertically downward in an arrow
direction y' and move apart from one another in the
30 horizontal direction. During the lowering movement, the
imaginary reference point R7c moves over a circular
path K7c about the axis of rotation dl115 and the
imaginary reference point R7f moves over a circular
path K7f about the axis of rotation dil6. When the

35 carrying arm ¢ is subjected to loading by an individual



user on a back-support element. In one embodiment, shown in Figures 36 and 40, a pair of support
elements 20 6 are spaced apart, with a membrane 56 stretched therebetween. The membrane 56 has
a first support region 240 having a first width WMI defined between the first landing regions of the
beams, and WeebtH¥Bdpport region 238 having a second width WM2 deffrBF280BEFEN the second
landing regions of the beams. The width of the second support region is less than the width of the first
support region, with the membrane 56 thereby beinggprevented from deflecting as much in the second
region as in the first region. In this way, the 30 back 5 is provided Wg}g\ differential support, for example

with more suppotE M- the ithibdregion, witfout Habirg to SRafgE the’ whave of mitetials of the
membrane or alter the contouriofthedrackn Preferatly, thestiprightgportidns Swftthercarriers 6 are

bowed - 43 - forwardly at the lumbar. region.so as t i itj pport for that region of the
user's back. [OO%Z%]QRSfledrri% %n Fig&r%50%53%€4%?%8§r?§ %%%3%%?@%5%&%@?242 or spanner,
functions as a rigidtisraters flemberthat téfsiorsfite AiEhbibdnes56 patwden e BpFght portions 5 of

the beams. 4n a preferred.embodirent, the grass member hagoppesite-end portiaps 244 received
through an inwardly opening mouth 246 of a cavity 248, or opening, on each upright. The end 10

portions 244 aré¥5reférabiy BoAfGTret WitR B G e aferheighitthanswidti - oE&&mple, the end portions
can be configurethas regtangle, oval selirovad orotheeeldngatad shapes. Zeaiddle, or intermediate

portion 250 of tl-&sacrggg r.r%e@berrtlgs e}llgrelatgg2 %v.idég I’ghan heé%)hti %5 V\iighpwgc%%wt%r of the cross
member smoothly f:ransr?lonln'g ftom ﬁwe end portions 244 %o the middle

the direction of its bearing 116. This displacemsnt of

10 the carriers 6a and &b in opposite directions, brought
about by the seating arrangement 1 being subjected to
loading, results in the carrying arm ¢ being extended
where the carriers 6a and 6b are connected to one
another by the linking members 12. When the

15  approximately horizontal legs 6c and 6f of the carriers
Ga and 6b are lowered, there is thus also an increase
in the opening angle o between the seat surface 170 and
the backrest 5. In order to allow this elastic
deformation of the carrving arm &, the carriers 6a and

20 &b are of resilient and elastic configuration in the
region ¢f their linking members 12. In crder for the
displacement of the carriers 6z and 6b in opposite
directions to ke achieved in the desired manner, the
axis of rotation dll6 is located above the axis of

25 rotation 4115, as seen in the vertical direction y, and
the axes of rotation dlld and dllié are spaced apart
from one another in the horizontal direction x. A
spacing 135 provided between the axes of rotation dllb
and dl16 is larger than a spacing 136 between the axis

30 of rotation dl16 and the upper carrier 7a. There is a
horizontal spacing Ax and vertical spacing Ay between
the parallel axes of rotation dl11% and dl16. Rather
than being restricted to exemplary embodiments, which

have been i1llustrated or described, the invention also



portion 250. The middles portion 250 can assume any cross-sectional shape, including a rectangle,
oval, obround, or other elongated shape. The upper portions 20 of the uprights 5, by way of the
connection to the cross member 242, can flex or bend independently, thereby providing the overall
back with toMfbAEE%Bllity, which improves the comfort of the hack. In d{AEZE¥bBAfent, the
cross member is pivotally 25 connected to each upright at the ends of the cross member to provide the
bending and torsional flexibility. [00141] A pair of.armarests 252 each includes a cantilevered arm
support portion 254 extending_30 forwardly, and an insert portion 256 e tendigg Jaterally inwardly. The
insert portion prefafabR KEy ﬁ%eoggi%%tosut@%gﬁﬁhéﬁ%?sﬁ§6é” Atha en%‘ﬁoﬁ“bn%nﬂﬁ of the
cross-member. Fhednsert portarr isiraceived throughrad odtwardly o pemirg nroutli 208 of the cavity.
35 1In one embogkn%erété}g% also shown in Figure 58, an inner - 44 - wall 260 divides the cavity 248 into
an inner and outer cavity or regeptacles, with the insert portion 256 of the armrest abutting the outer
surface of the wbflFePtaridetherarid poftionF 2441 6 the2érossmeérmbet abeitiig's the inner surface of the

wall. Of cousse, it.showld he understepd,that the wall can be omifted swiththe sinser partion abutting,

receiving/surrounding, or being received in/surrounded by the end portion of the cross member. In one
embodiment, th& 1B pbriior ¥ 25658 rale4eaBR <L iPEF TS e BndHJHiGH 224 i one
embodiment, the drsert pedion isrproyigesd with an-opehing 262rand-acaicma64 rwhile the cross

member is provided with a rfasﬂi&?t Ct)ab member 266 ha\t/ingo% h8$kﬁ%tion gg_@réc%uur;aéce 270 of the

hook is providedL _SLSaﬁiﬁwlgliapered s&rfgge,u\ﬁﬁ}l%ﬁ e%agréges a surface of the opening 262 and biases
the tab member®266 antihelkowk-portion 268lisiredeiveddn vepenihg 27 and ehgages the catch

264 with & gnapfit, The fabmember 266.is inserted thiqugh anopening 261.n the wall 260.
linkage 130. This four-bar linkage 130 forms a coupling
mechanism 131, which defines a tilting movement
executed by the upper carrier 6a and/or a seat surface
170 when the sesating arrangement 1 is subjected to

15 loading by an individual sitting on it. In one
embodiment, the lever 128 is substantially vertical,
while the lever 129 also has a vertical vector
component, with those levers absorbing the weight of
the user as they initially sit in the seat prior to

20 recline, which allows the weighing mechanism to
function more efficiently. The levers 128, 129 further
define the path of motion of the upper carrier 6a
relative to the lower carrier. Of course, a lower
carrier 6bk, which is connectad to the upper carrier 6a

25 at a connecting lccation 180 and by a number of linking
members 12, counteracts a lowering movement of the
upper carrier 6a in the manner described. Furthermore,
a lowering movement of legs 6c and 6f of the carriers
fa and 6b in a direction of rotation w alsc results in

30 an increase in an opening angle o between the seat
surface 170 and a backrest 5. A pair cf cross members
184, or spreaders or brace members, maintain a
predetermined distance between the laterally spaced

carrying arms or beams.



20 It should be understood that the tab member and catch can be reversed, with the tab member -
being formed on the insert portion and the catch formed on the end portion. It also should be
understood that the arm can be releasably engaged with other devices, including cam 25 locks,
fasteners, adif{esif& 0131 The tab member is provided with an undercut 276 SE XA GW it to be
biased out of engagement with the catch. A surface of the tab spaced from the hook portion is
configured as a release component 278, which canube e€ngaged by the user 30 to bias the tab out of
engagement with t tch. [00142] In an alternative embodiment of. the armrest, shown in Figure 54,
a closed loop 28%’ ofr?n gﬂngrrﬁ %ﬂ%%ﬁ‘)%ﬁrpor |§n,l vsvitﬁ%nﬁj%aTéerrgsutp%oﬁnr%eﬁk?grrzgf Ierzlxtending
downwardly thefefromlA lowat support:35- fichuddsan irmerfatingedlemer2824dia@ving an insert - 45 -

portion 286 receiyed ip,fhe tubiiarorion. Theamigsiisdpodur andkgan blerface it at least three
different interface configurations 284a, b, c, including a right-hand interface, a left-hand interface 5 and
a center interface@ BB EfBE eRBnitfte BR & BeRER Sedfifg Aftantetemeshotiit fdi%xample in Figure 37.

[00143] In yet appthes sternative embedimentushewn dn kigure 63 dinking.menabers omitted), a
connector member 640 is iVOtﬁg%/ conngcte a% both ?ngs tf}Lerlgof to theelg sgPEogtrrgember at axes
634, 636. In a prEfarRETambadinieft, the'Ednnddtor RMembaris tontigured asan afmrest having an

upwardly extendingpiosticr630iarnd a fowarehpextending. porfionB32 joindd at ahlistermediate
portion 636, with Ihefonyagdiyeending 13 palonforming aestsutface forfbe agmuaf the user. The

connector member or armrest stores energy and acts as a spring as the user reclines in the seating
structure, such st chRiermentoers 6a &3d 6B oar e AFRIE thiRREFS6 as t6FedGéd stresses therein.

The 20 portions 530, 632 arejoined by areuryved diving hnge-pertion636.whieh can be thinner then
the other portions to provide flexibility. The armrest can_be

and second end porticns 216, 218 coupled to the upper
and lower carriers 6a, 6b respectively. As the load
support structure, or beam, 1is loaded, the carriers b6a,
6b move relative to each other from at least a first

1% position to a second position, as the previously
described. A stop member 214 extends from the lLinking
member 212 at a location intermediate the end portions.
In a preferred embodiment, the stop member includes
first and second arm porticns 220, 222 extending

20 diagonally from the linking member, such that the
linking member and stop member are substantially X-
shaped. The stop member arms 220, 2Z2Z are each
configured with end portions 224, 226.
[00137] The end portions 224, 226 are spaced from an

25 adjacent beam 6a, 6b or carrier member when the carrier
members are in the first position, e.g., an unloaded
position. The end portions 224, 226 engage one of the
upper and lower carrier members 6a, 6b as the carrier
members are moved to the second, loaded position, with

30 the stop members 214 preventing further movement of the
carrier members relative tTo each other once engaged, S0
as to prevent the collapse of the beam. It should be
understood that the stop members 214 can “engage” a
carrier member 6a, 6b directly or indirectly, for

35  example by way of engaging an adjacent linking member



made of glass filled polypropylene, nylon or other suitable materials. The linking members have been
25 omitted from Figure 63 for the sake of simplicity, and it should be understood that the embodiment
shown preferably includes linking members. [00144] Referring to Figures 43-45 and 49, a method of
assembling ¥ {bati¥eispbrt structure, and in particular 30 a seating arrandérh@eo¥difies providing a
rectangular blank of stretchable, flexible membrane 56, or other fabric. The blank 288 has a side
edges 290 that are parallel and are aligned with the: beams, which are also parallel in an unloaded
condition. In a preferred 35 embodimenrtl, the membrangg%gg_pvid%d with a visible -.46 - weave

pattern, which ifclad&s %ﬁ%?tﬁca?naﬁl?/ oriented Tines 29? running par%llael %r%léegiagdedges of the blank,
formed for example @andwithouttlimitation bystastonEric mooefilamerts. The membrane can be made

5 from various m%trgkgigg described in Y.S. Patent No, £3099,368,.and \L.S Patani-Application

09/666,624, entitled Carrieran Attachment Method for Load Bearing Fabric, filed September 20,
2000, the entirekiiseiestresis! Whieh @aherBBy HcbrporatéGHeréin byl 0 F8fétéfice. The membrane

56 is connected 19 dhedaterall-spacedibeams, 6../ax example asshowrdpdrigures 46-48, so as to
define a body support surface, which can support the user directly (e.g., when exposed) or indirectly

(e.g., when coveredFithiah 1Sadtifshal8y& @NG “toih, fabrie, &tc™)) T batticular, the side edges
290 are folded over angemearmolded mith & casriermmember 2941 with!thepgdgepottiorethen being

inserted into a cayity, or recess, 296, 620, gpening aterally, outwardly, a3 alsg shouwpin, s

used herein means cconnected, whether directly or

1C indirectly, for example by way of an intervening
component, and includes integral formation of two or
more components, or conhection of separately formed
components for example with various fasteners,
including without limitation mechanical fasteners,

15 adnesives, welding, stitching, tabs, snap-fits, etc.
In a preferred embodiment, the upper and lower carrier
members 6a, linking members 212 and stop members 214
are integrally formed. The stop members 214 prevent
the beam from collapsing, for example when a user

20 applies a load to the armrests of the chair when
exiting the chair, or any other counterclockwise
torsional load or downward vertical load when viewed
from the lefi-hand side.
[00138] Referring to Figures 30 and 31, a carrier 6, or

25 beam, is shown as having & support surface 230, located
in one embodiment on an outer portion of the carrier,
with the inner portion tapering away therefrom. In one
exbodiment, the support surface is substantially
continucusly parallel along its length in at least one

30 direction (e.g., & lateral horizontal direction), with
any lateral tangent thereto being parallel to any other
lateral tangent planar. As shown in Figures 31-31B,
the support surface defines first and second landing
regions 232, 234, which contact and support a body

35 support material, such as a fabric or membrane 56, as



20 FIGS. 59 and 60. In one embodiment, the earrier further includes a bumper portion 298 bearing
against a side of the beam, so as to reduce wear and tear on the membrane and provide additional
flex. An upper side edge or surface 300 of the beam is offset inwardly from 25 a lower side edge or
surface 302 BPHEEHERA so as to accommodate the thickness of the carrigr SRe2AEHBr&he, which lies
substantially flush with the lower side surface 302. The carrier 294 is preferably made of HYTREL
material. 30[00145] An overlay material 304 can-als@ be secured over the membrane. The overlay can

be easily removeg for cleaniﬂggor rtﬁi)lac%qgn% for xal H@ to quigkl |t%3t eg?egthetics of the chair.
The overlay, such as a fabric or other three?dimlernsé(léona? maltré%a in%f\ll/ﬁés a %5 pﬁug 306 that is
configured to bef faceivetiimtan "i47 - spéhingt368 feratedinlan @hddportien ot the beam, configured in

one embodiment.as aahggk&q&ti%ggg-m@e%gglltﬁ@i@@@gg@nq&@@p iggvggge to front edge of
the carrier arms defining the seat. 5 [00146] The connection of the membrane 56 to the spaced apart

beams 6 puts tHEFFRRTahBaR téhSion Hitadditigh the &rBEs FEMBER 2427 Whith acts as a brace,

bends the beamsiateralyrsuch:that the-upperends §f theyheamsdnedawardiy=tn this way, the beams

6 are 10 provid quith atagered contour that imparts diffe(_[l%rglt desired tensions to the membrane

ired ter
without the nee Grnmeaﬁf?lg’a %831%?%5 ejbflghéa‘peztf membrane’ A‘%%tjf‘?é e%ln%s B ben , the membrane
56, which is attach@dithéretepsinyaly tontdmms; witrethel wehyve pattens geneatdllyoTs tberesponding to
and aligned with the, beams 50,35 9. pravide anpesthetically.pleasing appearance. [00147] Referring

to Figure 49, the membrane blank 288 can further be provided with differential stiffnesses by changes
in the weave anbiYRatesifls "o éxatflesaid 20 Wifout finfifation, & figXibilfy or stiffness can be

varied by varyingdbe flexuraldnedulusyof menefilaments ghyarns, pyvaryingstheiquantity of the
monofilaments . . .
' area 236 transitions between the landing regions.
Although the load support structure can be used in
octher applications besides seating arrangements, the
carrier & shown in Figures 30-31B is configured for use
15 in a seating arrangement.
[G0138] In a preferred embodiment, the second landing
region 234 is formed adiacent the lumbar region of the
user on a back support element. In one embodiment,
shown in Figures 36 and 40, a pailr of support elements
20 ¢ are spaced apart, with a membrane 5& stretched
therebetween. The membrane 56 has a first support
regicn 240 having a first width WMI defined between the
first landing regions of the beams, and a second
suppcert region 238 having a second width WMZ defined
25 between the second landing regions of the beams. The
width of the second support region is lass than the
width of the first support region, with the membrane 56
thereby being prevented from deflecting as much in the
second region as in the first region. In this way, the
30 back 5 is provided with differential support, for
example with more support in the lumbar region, without
having to change the weave or materials of the membrane
or alter the contour of the back. Preferably, the

—

upright portions 5 of the carriers 6 are bowed



and/or yarns per inch, and/or by varying the weave pattern of the monafilaments and/or yarns. In an 25
exemplary embodiment, the blank is provided with regions 310, 312, 314 exhibiting three different
stiffness properties, with the second stiffness being about 1.5 times the stiffness of the first and the
third being aB&LAYG s the stiffness of the first 30 Stiffness is measurBHRERHBATES DY an
Indentation Force Deflection test, wherein a predetermined deflection is applied, with the amount of
force measured as required to achieve the predetegmined deflection. The greater the load required to
achieve a 35 predetermined deflection, the greater the stiffness. - 48 - As can be seen in Figure 49,

the front regiond STHUFHE s2ht A tHEEpiHal TEGOR b IRe Hack ArB HZdE the most stiff, with the
lumbar and uppetmostiregions 312 of the back being madethemhextstiffest: Theslower, 5 outboard

regions 310 of t #) t?e horacic regions of the back and the rear, buttock supporting portion of the
seat are made t é £§§}s |ﬁ.%[%0iﬁ§jg0§osﬁa%lf§ e‘f‘(-:'sst%r%k(athgoccjzl’fo@rl {Fﬁdéingt)aﬁgrg F%?]cg eflection is as
follows: 10 INDENFAT IONFORCE DEFLECTHONTESTLIObjeetive & ridifl Torgatérmine the

support of the suspepsion 1amaterial in seatframes 1 4,LThis testis basedion ASTM Standard

upright portions 5 of the beams. In a preferred
embodiment, the cross member has opposite end portions
244 received through an inwardly opening mouth 246 of a
cavity 248, or opening, on each upright. The end

10 portions 244 are preferably configured with a greater
height than width. For example, the end portions can
be configured as rectangle, oval, obround or other
elongated shapes. B middle, or intermediate portion 250
of the cross member has a greater width than height,

15 with the contour of the crcss member smoothly
transitioning from the end portions 244 to the middle
portion 250. The middles portion 250 can assume any
crogss—-sectional shape, including a rectangle, oval,
obround, or other elongated shape. The upper portions

20 of the uprights 5, by way of the connectiocn to the
cross member 242, can flex or bend independently,
thereby providing the overall back with torsional
flexibility, which improves the comfort of the back,

In another embodiment, the cross mempber 1s pivetally

25 connected tc each upright at the ends of the cross
member to provide the bending and torsional
flexibility.

[00141] A pair of armrests 25Z each includes a
cantilevered arm support portion 254 extending

30 forwardly, and an insert porticn 256 extending'
laterally inwardly. The insert porticn preferably has
the same outer peripheral shape as the end portions 244
of the cross-member. The insert portion is received
through an outwardly opening mouth 208 of the cavity.

35 In one embodiment, as also shown in Figure 38, an inner



Test Methods for Flexible Cellular Materials-Slab, Bonded, and Molded Urethane 20Foams,
designation: D 3574-91, Test Bl. The test is modified to accommodate the test fixtures that have been
developed to monitor the pellicle tension in production. 251.1.2This test was originally developed for
the Aeron cl&it 290916&%435 pecimen 302.1 A frame assembly, including thePffafg208818pEn%ion material
and normal assembly components. 3. Apparatus 35 3.1 Machine capable of applying an increasing
load at a rate 6 1 in./min. and approximately 2 in./min.-- 49 -

wall 260 divides the cavity 248 into an inner and outer
cavity or receptacles, with the insert portion 256 of
the armrest abutting the ocuter surface of the wall 260
and the end portion 244 of the cross member abutting

5 the inner surface of the wall. Of course, it should be
understood that the wall can be omitted, with the
insert portion abutting, receiving/surrounding, or
being received in/surrounded by the end portion of the
cross member. In one embodiment, the insert portion

10 256 is releasably secured to the end portion 244. 1In
one embodiment, the insert portion is provided with an
cpening 262 and a catch 264, while the cross member is
provided with a resilient tab member 266 having a hook
portion 258. A surface 270 c¢f the hoock is provided

15 with a tapered surface, which engages a surface of the
opening 262 and biases the tab member 266 until the
hoock portion 268 1s received in an opening 272 and
engages the catch 264 with = snap-£fit. The tab member
266 is inserted through an opening 261 in the wall 260.

20 It should be understood that the tab member and catch
can be reversed, with the tab member being formed on
the insert portion and the catch formed on the end
portion. It also should be understcood that the arm can
be releasably engaged with other devices, including cam

25 locks, fasteners, adhesive, etc. The tab member is
provided with an undercut 276 s0 as to allow it to be
biased out of engagement with the catch. A surface of
the tab spaced from the hook peortion is configured as a
release component 278, which can be engaged by the user

30  toc bias the tab out of engagement with the catch.
[00142] In an zlternative embodiment of the armrest,
shown in Figure 54, a closed loop 280 forms an arm
support portion, with a tubular suppocrt member 282
extending downwardly therefrom. A lower support

35 includes an interfacing element 284 having an insert



3.3 A circular load head TO - 128 having a flat central section and curved peripheries. 4. Procedure
4.1 Mount the test specimen in a way that supports the seat frame with the loaded area approximately
horizontal. 104.2 Position the geometric center the specimen beneath the center of the TD - 128,
unless otheXfs&¢He¥RRd. 4.3 Preflex the area to be tested by twice lowBHRG BT E3E to a
deflection of 2.0" 0.1" at 6" 1" per minute. 4.4 Allow the specimen to rest 6 1 min. without load after
the preflex. 4.5 Bring the TO -128 into contact with4be suspension material to determine the starting

point, with less {nai} Jos arpreload (Beferenes poinfr, 9 defletiond .6 Lead the specimen at 2

in./min. until 2.0° 0.1 of deflection is obtained. 4.7 Allow the TO -128 to remain in the position

for 3060 3 sec@idsraAd récof e resukanst forge. interface with at least

three different interface configurations 284a, b, c,
including a right-hand interface, a left-hand interface

5 and a center interface, used for example on a bench
seating arrangement shown for example in Filgure 37.
{00143] In yet another alternative embodiment, shown in
Figure 63 (linking members omitted), a connector member
640 is pivotally connected at both ends therecf to the

10 support member at axes 634, 636. 1In a preferred
embodiment, the connector member is configured as an
armrest having an upwardly extending portion 630 and a
forwardly extending portion 632 joined at an
intermediate portion 636, with the forwardly extending

15 portion forming a rest surface for the arm of Lhe user.
The connector member or armrest stores energy and acts
as a spring as the user reclines in the seating
structure, such that carrier members 6a and ob can be
made thinner so as to reduce stresses therein. The

20 portions 630, 6322 are joined by a curved, living hinge
portion 636, whnich can be thinner then the other
portions to provide flexibility. The armrest can bke
made of glass filled polypropylene, nylon or other
suitable materials. The linking members have been

25 omitted from Figure 63 for the sake of simplicity, and
it should be understood that the embodiment shown
preferably includes linking members.
[00144] Referring to Figures £43-45 and 49, a method of
assembling a load support structure, and in particular

30  a seating arrangement, includes providing a rectangular
blank of stretchable, flexible membrane 5¢, or other
fabric. The blank 288 has a side edges 290 that are
parallel and are aligned with the beams, which are also
parallel.  in an unloaded condition. In a preferred

35 embodiment, the membrane is provided with a visible



4.8 Remove the TO -128 and note any changes in the components. 35 5. Specifications 5.1 The
following items must be specified to perform this test: 40Load location, if different from the center of
the seat. Seat orientation if different than horizontal. - 50 - [00149] In another embodiment, a
membrane BEhRPIF8Hsuspension material, is tapered from a lower ed§eT/82fteHdet to be
disposed at the front edge of the seat, to a top edge 734, intended to be disposed at a top of 5 the
backrest. For example, in one exemplary embodimeat,-the front edge has a width of 473.1mm, with an

additional 9mm on_each side 738 for in-rptoldincgﬁwgh the carrier while an .inter%?diate width,
CK,

01
adjacent the transition %tﬁggnnfhewgézﬁ o'back; is 464 5mih 10°and a t%p%%%@ has a width of

448.6mm. The dvieral |érfgthis 1045Bmat awilied |engthisetwedn thédep edge 784 and the
intermediate trapsition loation 736 of 679.4mm. The jop £dge has 2.2 5%:strtch, while the

intermediate region has a 5% stretch, and the side 15 edges 738 having no stretch. Stretch is defined
in terms of straiff}£& (@HaAGE iAEIRGthEaITHElengtH, BE8loRgaGoR=By [Folidiffy a taper, or a
narrower width at-the tepversusithe bettems the selative stretchucan bedused the seat and back of the
20 chair, or evep between different portions of the seat, . .. son 09,666, 624,

entitled Carrier and Attachment Method for Load Bearing

Fabric, filed Sepitember 20, 2000, the entire

disclosures of which are hereby incorporated herein by

10 reference. The membrane 56 is connected to the
laterally spaced beams &, for example as shown in
Figures 46-48, s0 as to define a body support surface,
which can support the user directly (e.g., when
exposed) or indirectly {(e.g., when covered with an

15 additional layer {e.g., fecam, fabric, etc.}). In
particular, the side edges 280 are folded over and
ocvermolded with a carrier member 294, with the edge
portion then beling inserted into a cavity or recess
29¢, 620 opening laterally outwardly, as also shown in

20 FIGS. 5% and 60. In one embodiment, the carrier
further includes a bumper portion 298 bearing against a
side of the beam, so as to reduce wear and tear on the
membrane and provide additional flex. An upper side
edge or surface 300 of the beam is offset inwardly f[rom

25 a lower side edge or surface 302 of the beam so as to
accommodate the thickness of the carrier and membrane,
which lies substantially flush with the lower side
surface 302. The carrier 2%4 is preferably made of
HYTREL material.

30 [00145] An overlay material 304 can also be secured over
the membrane., The overlay can be‘easily removed for
cleaning or replacement, for example to quickly alter
the aesthetics of the chair. The overlay, such as a
fabric or other three-dimensicnal material, includes a

35 plug 306 that is configured to be received in an



or back. For example, if the top of the suspension membrane is 15 inches across and the bottom is 20
inches across, and the beams are moved apart 1 inch during assembly, the bottom stretch would be
5% (1 25 inch/20 inches) and the top stretch would be 6.7% (1 inch/15 inches). In one preferred
embodiment*RGREWREY e distance between the tops of the beams are cléset a8 4és8istance
between the lower portions of the beams, such that the stretch of the back portion of the 30
suspension membrane is less than the stretch of-thgseat portion of the suspension membrane. If the
membrane "blank™ were re {i%ngfu ar égenirilt igrg)ogrsli le that a negatiy gtrgt@ch (saggy fabric) would be

I
imparted to the ngl?rje%f;por lon Sﬁﬁe suspension Paterial when the seatis stretched a desired

amount. - 51 - {00150) Referring taEigurbs G4+68, thescarrier280writh-theninemolded suspension
material is inserted into, the graqve 226,620 farmed,in ihe spaced. apart beamsg(faric omitted from

Figure 65 for the purposes of 5 clarity). In addition, four clips 700, configured in one embodiment as
spring steel clip§f&re Securesd t6 e Fa8TicsPmetBrantnfatdifal 5/t 'example with one or more hooks

or barbs, along with:sdigingithe cin00-W:shaped).ever:the-cardes 290 ane-fabsig as-shown in 10
Figure 65 (fabric omitted for clarity). The carrier 290 and membrane are pressed into the groove 620,

and the clips 7007 BrefefSbi Steel PHielthehinSERed Mo openings 764 facing laterally outwardly at the
four corners 71@ dtithei beamtas shawndnidgitres 64466. rhiSiparticidar @ latérally:extending opening

o o e A S S oS A g e 02 8 s e vl o

the beams toe inwardly. In this way, the beams 6 are

10 provided with a tapered contour that imparts different
desired tensicons to the membrane without the nesed for
making a complicated shaped membranse. As the beams 6
bend, the membrane 56, which is attached thereto,
simply conforms, with the weave patitern generally

1% corresponding to and aligned with the beams so as to
provide an aesthetically pleasing appearance.
[00147] Referring to Figure 49, the membrane blank 288
can further be provided with differential stiffnesses
by changes in tThe weave and materials. For example and

20 without limitation, the flexibility or stiffness can be
varied by varying the flexural mcodulus of meonofilaments
or yarns, by varving the gquantity of the monofilaments
and/or varns per inch, and/or by varying the weave
pattern of the monafilaments and/or yarns. In an

25 exemplary embodiment, the blank is provided with
regions 310, 312, 314 exhibiting three different
stiffness properties, with the second stiffness being
about 1.5 times the stiffness of the first and the
third being about 2.0 times the stiffness of the first

30 Stiffness is measured and defined by an Indentation
Force Deflection test, wherein a predetermined
deflection is applied, with the amount cof force
measured as reqguired To achieve the predetermined

deflection. The greater the load reguired to achieve a

35 predetermined deflection, the greater the stiffness.



the catch portion 702, whieh engages the inner side 20 surface 714 of the beam. The catch portion
702, or tab, can be pressed inwardly such that the attachment clip can be slid back out of the opening
and thereby release the membrane. [00151] Referring to Figures 67 and 68, after the 25 membrane is
secured to tREPstOEEH2tHe beams with the carriers 290, the top 734 of th&mMEémBlEAE4&Hvrapped
around one or more laterally extending cross member 750 and is secured to a fastener plate 752
disposed inside the cross member, for example withgsnaps or Christmas 30 tree fasteners. The cross

member 750 can be formed from two seEparate ar) spaced a ar'gC meemblergg'o?ﬁ]g Wi%h the fastener
plate 752 that fdtfh & Yaptherdsatween adiatent the middle dFthe top’edge of the Backrest. Of course,
the membrane 73C:car be seciredi4o the crdssr8%y membér with comventionakscrewslor adhesives, or

- 52 - combinatigns of the, yarioys, fasteners, 1. another erabodiment,. an.gdlgeporen of the fabric s

secured in a groove of the cross member, or is trapped between the cross member and fastener plate.
In one embodinteht,th¢héerisshnentber s igfermedtassa haffot partidb@bbfirStructure, and is

preferably & flexibleynatesial sych as HRE. The fastepgr.plate {524s selatively-igjdsich as a hard

plastic such as polyester. After the fabric is secured to the cross _ )
of the back and the rear, buttock supporting portion of

the seat are made the least stiff.
[0D1481 On suitable test methoed for Indentation Force

Deflection is as follows:

10
INDENTATION FORCE DEFLECTION TEST
1. Objective
1.1 To determine the support of the suspension
15 material in seat frames.

1.1.1 This test is based on ASTM Standard
Test Methods for Flexible Cellular
Materials~-Slab, Bonded, and Molded Urethane
20 Foams, designation: D 3574-91, Test B;. The
test is medified to accommodate the test
fixtures that have been developed to
monitor the pellicle tension in production.

25 1.1.2 This test was originally developed for
the Aeron chair.

2. Test Specimen
30 2.1 A frame assembly, including the frame,
suspension material and normal assembly
components.

3. Apparatus

35
3.1 Machine capable of applying an increasing load
a2t a rate 6 £ 1 in./min. and approximately
2 in./min.
40 3.2 Fixtures to support the test specimen such that

the loaded area 1s approximately horizontal.



10 member and/or fastener plate, the cross member 750 and fabric 730 are rotated to pull the fabric
tight in the longitudinal/vertical direction. End portions 754 of the cross member are then secured to
the ends of the beams 6, for example with a snap fit or with fasteners. 15 The cross member 750 has
end portions¥BXE¥ME#red and shaped (e.g., non-circular or oblong or "RCXHaPEH T 0" Brevent the
cross member 750 from rotating relative to the beams 6. The cross member 750 allows the fabric 730
to maintain a curved appearance across the top_edge 20 of the backrest, while also allowing the
membrane or fabric tQ be pulled tight toward the middle of the back to prevent a wrinkled appearance.
The shape and mateﬁaﬁofpthgﬁg AemBar756 %%sﬂ?e fh(:?]t‘?tedgéas;)fﬁ%in?erf “Wwith the comfort of
the user. The cross 25 mefmber also %?6:\}18185‘ aaﬁandigro‘f%rlp%%ﬁf%}pgrlfi%)%%r a user to move the
chair about whep.notgsreoact:e% égeerein. [00152] Referring to Figures 32-35, another embodiment of a
seating arrgngement includes a pair of carriers 406, or support members, each defining an upright 405
30 and a forwardly extending seat support 404. The support members 406 are spaced apart in the
lateral direction, and eaéh¥isttide Tirst diftPSeSoiit sPaSed Bpartbrant RémBBEP2064, b forming a
gap 411 therebetween as 888cri5éd absFE ARt 6A& antFSBBrétéfsbly a plurality (meaning more
than one) linking - 53 - méMBEPA1Bbritigésthe e afd connects the beam members. The second
beam members 406b, shown in this embodiment as the lower beam member, are coupled with a cross
member 41. In one entboelment, dhe cressrmerabet b 4d-isdntegrallystosmadawith the second beam
members 406b, although ibear detformedasia separfateimmefiber. TAS crassimember 414 is fixedly
connected to a base at a mitltte portorstireredti sdeh that the cross member does not rotate about a
horizontal axis. The 10 lower/forward portions of the second beams members 406b at the seat/back

junction and/or undenthe seat-gLportionsthgref extendinwardly oward-a cenferlingJelative to the

beam members 406a spaggdl thegeabove. Jn this way, the Jowep beamymembers diverge inwardly 15
relative to the upper beamymembers,; althqugh portions of the upper and lower beam members 406a,b

remain in a vertical plane in one embodiment.

4.4 Ailow the specimen to rest 6 + 1 min. without
load after the preflex.
20

i
(821

Bring the Tb -128 into contact with the
suspension material to determine the starting
point, with less than 1 lbs. or

preload. {Reference point = 0 deflection.}

4.6 Load the specimen at 2 in./min. until 2.0" =
0.1" of deflection 1s obtained.

4.7 Allow the TD -128 to remain in the position for
30 60 £ 3 seconds and record the resultant force.

4.8 Remove the TD -128 and note any changes in the
components.

35 5. Specifications

5.1 The following items must be specified to
perform this test:

49 Load location, if different from the center of the
seat.

Seat orientation if different than horizontal.



[00153] The cross member 414 can be connected to a base that is supported on a support column that
rotates 20 about a vertical axis. Alternatively, as shown in Figure 36, the base can be configured as a
sled base 416, including in one embodiment a pair of triangular shaped legs angled inwardly and
joined at a MY@LREHB#IBH which is then connected to the cross member Z5-AE4290887TEWS can take a
number of other shapes not shown, including a 0-shaped sled base leg. As shown in Figure 37, the
middle portion can be connected to a beam 418, wifR a plurality of seating arrangements connected to
the beam. Such a configuration can be 30 used for stadium seating, movie theaters, class-rooms,
waiting rooms, jﬁ?)%&Zslf%r NG JtRér SSRG TBGTITingmURIPR AEquetial séafing °Fhe beam can be
linear or curvilineasfor exampie copfigured: with pserpentinershapecwdd {154 Referring to
Figures 32-35, a frontéjgg 420, also functioning as gﬁq r%ader. orb me ber, is pivotally connected
: n

ace
to the seat supplor? 5404 about %%o?ﬁ%ﬁ?aslea&isa 22.Tn olfq%“é;m%%{%?mé’ t, e front link 5 420 is

substantially U-shaped.of meiddfe portioni426:ofithe vk 220 s pivotally ednriecteg toa lug 428 of the
middle portion 434 of the,cross memper. A Wl(glre% Iig%gn%rggﬁ%?é%gf further pivotally connect the

seat support to the bottom beam, or cross member. The rear 10 link members have opposite end

portions pivotalFFESIThERtEd abblEpivePake$494, 432, U153 ¥afibud Aspets of'thie’beams, seating
arrangements, weighiag megchanisms ane ethenaspeetsage farber disglosechis laternational PCT

Application Nosthe carrier 290, while an intermediate width, adiacent
the transition 736 from the sesat to back, is 464.5mm

10 and a top edge 734 has a width of 448.6mm. The overall
length is 1045.3mm, with a length between the top edge
734 and the intermediate transition location 736 of
679.4mm  The top edge has a 2.5% stretch, while the
intermediate region has a 5% stretch, and the side

15  edges 738 having no stretch. Stretch is defined in
terms of strain, 1.e. (change in length)/{original
length), or elongation. By providing a taper, or a
narrower width at the top versus the bottom, the
relative stretch can be tuned the ssat and back of the

20 chair, or even petween different portions of the seat
or back. For example, 1f the top of the suspension
membrane 1is 15 inches across and the bottom is 20
inches across, and the beams are moved apart 1 inch
during assembly, the bottom stretch would be 5% (1

25 inch/29 inches) and the top stretch would be 6.7% (1
inch/1% inches). In one preferred embodiment, however,
the distance between the tops of the beams are closer
than the distance between the lower portions of the
beams, such that the stretch of the back portion of the

30 suspension membrane is less than the stretch of the
seat portion of the suspension membrane. If the
mémbrane “blank” were rectangular, then it is possible
that a negative stretch (saggy fabric) would be
imparted to the backrest portion of the suspension

35 material when the seat 1s stretched a desired amount.



15PCT/IB2007/000745, filed March 22, 2007, PCT/IB2007/000721, filed March 22, 2007 and
PCT/IB2007/000734, filed March 22, 2007, the entire disclosures of which are hereby incorporated
herein by reference. 20[00156] The invention is not restricted to exemplary embodiments illustrated or
described. OX@780@EAtEAY, it includes developments of the invention wit &R THEZW8HEHhe claims.
-55- The invention claimed is: 1. A load support structure comprising: a pair of laterally spaced beams
each comprising first and 5 second beam memberssgpaced apart in a vertical plane and forming a gap
therebetween, wherein said first and second beam members each have a hori%ontally extending
portion and an upfigh? Boriich ES&id hright portidis défininga bAkre&F §ufidort ahd"said horizontally
extending portiona elefining adéseatstippolt; saich first antl secohddeeamdnembers eemprising a first
material, wherein each of sgid fi@@@(}%%%gpdige%ry membeeré e%gaeggn e elastic deformation through

bending as said Heams are moved between an uprlgﬁt Sggﬁon and a rec inae%sposition;

(fabric omitted from Figure é5 for the purposes of

5 clarity). In addition, four clips 700, configured in
one empodiment as spring steel clips, are secured to
the fabric or membrane material, for example with one
or more hooks or barbs, along with sliding the clip 700
(U~shaped) over the carrier 2%0 and fabric as shown in

10 Figure 65 (fabric comitted for clarity)y. The carrier
290 and membrane are pressed into the groove 620, and
the clips 700, preferably steel, are then inserted into
openings 704 facing laterally outwarcly at the four
corners 710 of the beam as shown in Figures 64-66. In

15  particular, a laterally extending opening 704 is formed
in the ends of each beam. A cantilevered catch portion
702 is depressed by the walls of the opening until it
reaches the other side, where the spring force releases
the catch portion 702, which engages the inner side

20  surface 714 of the beam. The catch portion 702, or
tak, can be pressed inwardly such that the attachment
clip can be slid back cut of the copening and thereby
release the membrane.
[0G151] Referring to Figures 67 and 68, after the

25 membrane is secured to the sides of the beams with the
carriers 290, the top 734 of the membrane 1s wrapped
arcund one or more laterally extending cross member 750
and is secured to a fastener plate 752 disposed inside
the cross member, for example with snaps or Christmas

30 tree fasteners. The cross member 750 can be formed
from two separate and spaced apart members joined with
the fastener plate 752 that form a gap therebstween
adjacent the middle of the top edge of the backrest.
0Of course, the membrane 730 can be secured to the cross

35 member with conventilional ascrews or adhesives, or



15 a plurality of linking members bridging said gap and having first and second end portions coupled to
said first and second beam members, wherein at least some of said plurality of linking members
comprise a second material different than said first material, and wherein said at least some of said 20
plurality of lifkh#eitsérs are put in tension as said beams are moved FERERIWRIGKHHt position to
said reclined position; and a flexible membrane coupled to and extending between said first and
second beams, wherein said flexible membrane defiges 25 a body support surface. 2. The load
support structure of claim 1 wherein said first material is more rigid than said second material. 30 3.
The load suppoRtStRicidrel 6P daf 2°WRerfEin $altfsecsiidRiaterial is anf@1asiiteric material. 4. The
load support strugise ahslaim 3wheigin sajdfirstmaterialés seleeted fremsthe grawpiconsisting of

glass-filled 35 nylon, unfilled pylqn, glass filled polypropylene, unfilled pplypropylene, polycarbonate,
polycarbonate/ABS bi&Nd aﬂg t%’f»e acetar H}S?R%%groa%rsulpspo?f ét?ﬁc%)ré BF LAt lt{/?/%erein an upper

end of each of said siprightperticns-arésdirestlyjomegitwithoutd any spacedherebetween. 6. The load
support strlécturgh%f céq_ig;s‘? %@%g}sgig{}ﬁr%a%isﬁggng beam gl%rnggr%g@tiféggrally formed as a

single component. 7. The load support structure of claim 5 wherein said upper ends of said first and
second beam nieiRbe sy otAEUERIEY fronfBaidiSomZoht&mAEEnding féfiontin response to forces

applied to said hgam by:a usekn 8x Jhedead supporsiruciure Qficlaim 1avharein said gap is formed at
least in part between said upright partions of said first and second beams,
relatively rigld, such as a hard plastic such as
polyester. After the fabric is secured to the cross
10 member and/or fastener plate, the cross member 750 and
fabric 730 are rotated to pull the fabric tight in the
longitudinal/vertical direction. End porticns 754 of

the cross member are then secured to the ends of the

beams &, for example with a snap fit or with fasteners.

}.,J
Ui

The c¢ross member 750 has end portions 754 configured
and shaped {s.g., non-circular or oblong or “I” shaped)
to prevent the cross member 750 from rotating relative
to the beams 6. The cross member 750 allows the fabric
730 to maintain a curved appearance across the top edge
20 of the backrest, while also allilowing the membrane or
fabric to be pulled tight toward the middle of the back
to prevent a wrinkled appearance. The shape and
material df the cross member 750 ensure that it does
not interfere with the comfort of the user. The cress
25  member also provides a handle or grippable porticn for
a user to move the chalr about when not seated therein.
[00152] Referring to Figures 32-35, another embodiment
of a seating arrangement includes a pair of carriers
406, or support members, each defining an upright 405
3¢ and a forwardly extending seat support 404. The
support members 406 are spaced apart in the lateral
direction, and =zach include first and second spaced
apart beam members 406a, b forming a gap 411
therebetween as described above. At least one and

35 preferably a plurality (meaning more than one) linking



20 9. The load support structure of claim 1 wherein said gap is formed at least in part between said
horizontally extending portions of said first and second beams. 10. The load support structure of
claim 1 wherein said 25 flexible membrane comprises a stretchable material. 11. The load support
structure of YAIRYPIFETein an entirety of said upright portion rotates in t&& EEEIETHSN in response
to forces applied to said beams by a user. 30 12. A load support structure comprising: a pair of
laterally spaced beams each comprising first and segond beam members spaced apart in a vertical
plane and forming a gap therebetween, said first and second beam members 35 comprising a first

material, whereffr 8t Firdt-an& 5eC9RG bbam AEMBER SSEHRAVE aTbtiZontdly extending portion and
an upright portiefsngaia sipright portians-definiag aleacksest 457, supportand said horizontally

extending portions defining.a seat support; a_plurality of linking members bridging.said gap and having
first and second” éﬂsﬁg %%)Iﬁ?gr?s 8§u61§é§tc? Al fi#s %rﬁydm 5&%%36’5 %Jégmcr%%?nibeegrsv,g\%v ?érg?n at least
some of said plaratitysofrimking nérhberslcompeisersbsebormhmatdriea differenttisapsaid first material

wherein at least,some.of said linking members; have at feast an upper cunved postion or a lower curved

portion when said beams are in a non-loaded position, and 10 wherein said upper or lower curved
portions straighfétPBut 44 8BRPESarkS dréinded {F4¥6adsd postipR-ate member.

The cross member 414 is fixedly connected to a base at
a middlie portion therecf, such that the cross member
does not rotate about a horizontal axis. The

10 lower/forward portions of the second beams members 406b
at the seat/back junction and/or under the seat, or
portions therecf, extend inwardly toward a centerline
relative to the beam members £06a spaced thereabove.
In this way, the lower beam members diverge inwardly

15 rslative to the upper beam members, although portions
of the upper and lower beam members 406z,b remain In a
vertical plane in one embodiment.
[001B3] The crosgss member 414 can be connected to a base
that is supported on a support column that rotates

20 about a vertical axis. Alternatively, as shown in
Figure 36, the base can be configured as a sled base
416, including in one embodiment a pair of triangular
shaped legs angled inwardly and joined at az middle
portion which is then connected to the cross member

25 414, The legs can take a number of other shapes not
shown, including a C-shaped sled base leg. As shown in
Figure 37, the middle portion can be connected to a
beam 418, with a plurality of seating arrangeménts
connected to the beam. Such a configuration can be

30  used for stadium seating, movie theaters, class-rooms,
walting rooms, jury boxes, or any other setting
reguiring multiple, seguential seating. The beam can
be linear or curvilinear, for example configured with a

serpentine shape.



13. The load support structure of claim 12 wherein said at least some of said linking members have an
upper and lower 15 curved portion. 14. The load support structure of claim 13 wherein said beams
each comprise a recess and further comprising a membrane connected to said beams with a carrier
member ins&Y Y THEHFL0 recesses. 15. The load support structure of daHPI2'Rérdih said at least
some of said linking members become completely straight as said beams are moved to said loaded
position. 25 16. A load support structure comprising: a beam comprising first and second beam
members spaced a§1a5rt in a vertical plane and formingéaf gap therebetwe(ig,n iaig gi{ﬁst and second

beam members @2c GOmBriSihg difextarior Boftion 7

Torried front & firstMAtettal ‘and an interior
portion formed #omra Secondanatesiah awhergin saidkfirst materalkisraifférent tham said second

material, and wheteln $aid, fitst,and second beam members sach haveq hopizaatally extending portion
and an upright Eortlon, said uprlé]ht portions defining 35 a backrest support and said horizontally
extending portidvisrdéfiningla seatsupport; andl ©58- & PhaAliEEMinKing: niembersibridging said gap

and havingfirst ang secand.end portians,intercenpegted and insmalded withosaid dntesier portions. 5
17. A method of making a load support structure comprising: molding first and second beam members

from a first maté&fidl, Wheteinaid firstaif-&edohFBRARFMEMbEtsTare $pated aparf Within a plane and
form a gap thergbhetneemayheren saul first and second heamharembarseach have a=horizontally

extending 10 partion and.an upright pertiary, said. upright nartigns defiping;a baglgest support and said
horizontally extenéllng portions defining a seatrsgpport; and
support to the bottom beam, or cross member. The rear
10 link members have opposite end portions pivotally
connected about pivot axes 424, 432.
[00155] Varicus aspects of the beams, seating
arrangements, weighing mechanisms and other aspeclts are
further disclosed in International PCT Application Nos.
15  PCT/IB2007/000745, filed March 2Z, 2007,
PCT/IB2007/000721, filed March 22, 2007 and
PCT/IB2Z2007/000734, filed March 22, 2007, the entire
disclesures of which are hereby incorporated herein by
reference.
20 [00156] The invention is not restricted to exemplary
embodiments i1illustrated or described. On the contrary,

it incliudes developments of the invention within the

scope of the claims.



overmolding a plurality of linking members from a second material on said first and second beam
members, wherein said 15 linking members bridge saig gap and have first and second end portions
coupled to said first and second beam members, wherein said second material is different than said
first material. 20 18. The method of claim 17 wherein said first material is more rigid than said second
material. 19 Ehel prsthoticof clarimEgiwierein said second material is an 25 elastomeric material.
20. The method of claim 19 wherein said first material is selected from the group consisting of

glass-filled nylon, unfilled nylon, glass filled polypropylene, unfilled 30 polypropylene, polycarbonate,
polycarbonate/,&BSAbI]e?ﬁJdaﬁapapcoeﬁl.Stﬂ?‘?ﬁgér)ncéﬁ'n d of cfairn 17 further comprising coupling a

flexible membraneta. said filstizeamhimensber Wi sar-35 flexitieshes Branetdefides a body
support sugace, 29 22,.Lhe method.otglaim 1 72 wharein,at least sprme of said linking members have

at least an upper or lower curved gortion. 5 23. The method of ¢claim 17 wherein molding said first and

second beam niéfBERS cdrifRsEL EbRNBtHARG N BRESoriofioreactt 8F saRf uBRGRERoHTHS and
thereby formingrasirgle iategraty-ractdedbéammmampesxt@24: Ahepmethod afrelamm 17 wherein said

kg e e e e e e ol g Bt o
said support and said horizontally extending portidns defining a

10 seat support, said first and second beam members comprising a
first material, wherein each of saild first and second beam
members experience elastic deformation through bending as said
beams are moved between an upright position and a reclined
position;

15 & plurality of linking members bridging said gap and having
first and seccnd end portions coupled to said first and second
beam members, wheresin at least some of said plurality of
linking members comprise a second material different than said
first material, and wherein said at least some of said

20 plurality of linking members are put in tension as said beams
are moved from said upright position to said reclined
position; and '

a flexible membrane coupled to and extending between said
first and second beams, wherein said flexible membrane defines

25 a body support surface.

2. The load support structure of claim 1 wherein said first

material is more rigid than said second material.

30 2. The load support structure of claim 2 wherein said second

material i1s an elastomeric material.

4. The load support structure of claim 3 wherein said first

material is selected from the group consisting of glass-filled
35 nylon, unfilled nylon, glass filled polypropylene, unfilled

polypropylene, polycarbonate, polycarbonate/ARS blend and



first and second beam members from said second material on 15 said exterior portions, wherein said
interior portions interconnect said plurality of said linkigg.members.

acetal.

5. The load suppcrt structure of claim 1 wherein an upper end
of each of said upright portions are direcily Jjoined without

5 any =pace therebetwesen.

6. The load suppert structure of claim 5 wherein said first

and second beam members are integrally formed as a single

component .

10
7. The lcad support structure cf claim 5 whereirn said upper
ends of gaid first and second beam members rotate away from
sa2id horizontally extending portion in response to forces
applied to said beam by a user.

15

8. The load support structure of claim 1 wherein said gap is
formed at least in part between said upright portions of gaid

first and second beams.

20 9. The load support structure of claim 1 wherein said gap is
formed at least in part between said horizontally extending

portions of said first and second beams.

10. The load sﬁpport structure of ¢laim 1 wherein said

25 flexible membrane comprises a stretchable material.

11. The load support structure of claim I wherein an entirety
of said upright portion rotates in the same direction in
response to forces applied to said beams by a user.
30
12. A load support structure comprising:
a pair of laterally spaced beams each comprising first and
second beam members spaced apart in a vertical plane and
forming a gap therebetween, said first and second beam membesrs
35 comprising a first material, wherein said first and second
beam members each have a horizontally extending portion and an

upright portion, said upright portions defining a backrest
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support and said horizontally extending portions defining a
seat support;

a plurality of linking members bridging said gap and having
first and second end portions coupled to said first and second
beam members, wherein at least sowme of said plurality of
linking members comprise a second material different than said
first material wherein at least some of said linking members
have at least an upper curved portion or a lower curved
portion when said beams are in a non-loaded position, and
wherein said upper or lower curved portions straighten out as

said beams are moved to a loaded position.

13. The locad support structure of claim 12 wherein said at
least some of said linking membsre have an upper and lower

curved portion.

14. The load support structure of claim 13 wherein said beams
each comprise a recess and further comprising a membrane
connected to said beams with a carrier member inserted in said

recesses.

15. The load support structure of claim 12 wherein said at
least some of said linking members becoms completely straight

as said beams are moved to said loaded pesition.

16. A load support structure comprising:

a beam comprising first and second beam members spaced apart
in a vertical plane and forming a gap therebetween, said first
and second beam members each comprising an exterior portion
formed from a first material and an interior portion formed
from a second material, wherein szid first material is
different than said second material, and wherein said first
and second beam menberg each have a horizontally extending
portion and an upright portion, said upright portions defining
a backrest support and said horizontally extending portions

defining a seat support; and
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a plurality of linking members bridging said gap and having
first and second end portions interconnected and in-molded

with said interior portions.

17. A method of making a load support structure comprising:
moiding first and second beam members from a first material,
wherein said first and second beam members are spéced apart
within a plane and form a gap therebetween, wherein said first
and second beam members each have a horizontally extending
portion and an upright portion, said upright portions defining
a backrest support and said horizontally extending portions
defining a seat support; and

overmoiding a plurality of linking members from a second
material on said first and second beam members, wherein said
linking members bridge sald gap and have first and second end
portions coupled to said first and second beam members,
wherein said sescond material is different than said first

material.

18. The method of ¢laim 17 wherein sgaid first material is more

rigid than said second material.

1%. The method of claim 18 wherein sald second material is an

elastomeric material.

2¢. The method of claim 1% wherein sald first material is
selected from the group consisting of glass-filled nylon,
unfilled nvlon, glass filled polypropylens, unfilled

polypropylene, polycarbonate, polycarbonate/ABS blend and

acetal.

21. The method of claim 17 further comprising coupling a
flexible membrane to said first beam mewmber, wherein said

flexible membrane defines a body support surface.
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22. The method of claim 17 wherein at least some of said
linking members have at least an upper or lower curved

portion.

23. The method of claim 17 wherein molding said first and

second beam members comprises connecting an end portion of

-each of said upright portions and thereby forming a single

integrally molded beam member.

24. The method of c¢laim 17 whersein said molding said first and
second beam members comprises molding an extericr portion of
each of said first and second beam members from said first
material and overmolding an interior portion of each of said
first and second beam members from said second material on
gaid exterior portions, wherein said interior portions

interconnect said plurality of said linking members.



