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(54) Title: SYNCHROTILT CHAIR WITH ADJUSTABLE SEAT,
(57) Abstract

A chair (20) is provided having a base assembly (21) including 2
base frame, a back frame (30) pivoted to the base frame for movement
between upright and reclined positions, and a seat (24) slidably
supported on the base frame and pivoted to the back frame so that the
seat moves forwardly and its rear moves forwardly and downwardly
with the back frame upon recline. A flexible back is connected to the
back frame at top and bottom locations and is provided with lumbar
adjustment for improved lumbar force/support and shape. A seat

thigh flex support. A novel energy mechanism (27) is provided that
includes a transverse spring (28), a lever (54), and a moment arm
shift adjuster (29) for adjusting the spring tension on the back frame.
The moment arm shift adjuster is readily adjustable and includes an
overtorque device to prevent damage to components of the energy
mechanism.

is provided with seat depth adjustment and with active and passive -

BACK AND ENERGY MECHANISM




ai U S. Patent No. 5,050,931, users nust sc ' hai r
forvvardly zﬁg@?’h‘g y recline so - . that they can stlﬁﬁhégsi yoﬁeach
their work surface. They mnust aI SO push avvay vvhen they move back
to an upright position BX 0l BACIK f ace.
"Scooting" back seri ous
pr.obl em but often users, such as office wor kers usi ng
conputers, are constantly moving bet weeBAGKGROUN®ND reclined positions.
such 25 that the procgess of repeat edly scooting back and forth

becor®s annoyi ng &R RIPSELARYERtion, gongems chaits having § feelineahle | baskarso JaTraY
not staying \Agnﬂvzﬁ:l glb%ieeseﬁtttﬁﬁt'lﬁo F%h{h' f%nbﬁrohéiﬂg%&éﬂkmtﬁ tﬂ@ﬂ&ktl?‘i&hﬁé‘@%ﬁan

i n workers ose | S require
di sadvant ageadgﬁstaun/emggymmmssuppmgmhebamgr@hnéu cantly r ear war dI y

By pr ovi di ng a mofcggpo & gBKEbE in (13 ralen o S0 d81 '3 88 g1 E 0L 18 fos:
to design a aeri7me8h3 aoqmbrociawm)magﬁgaat&rse aSembiyewit a control, areclmema Bk
adj ustnment wi t hout sacrifi CI the overall stability of the chair.

recl #Beabl e Piaeddo the control, at#%‘t °RF64P&Y goyeisd &i‘hﬁs@Fk gnd, gopsrol lggd§ynchmnous
f tl 2
si gni ficant| y GEALVERE Shk @?%c‘gnn%d | TR P&Féﬂcﬁﬁfﬂ&rﬁ&gﬁfs)?ﬁ%eﬁd flexible shell that,

such t hat these chalirs may urniture or used.in small
of fices or iin combination with the chair suppongusictireprévides echigify-cbitralled tpogtaral support

di sadvant aged{lrsm ' %tbody rngo%ex?xgrrng As83cidted WI&%krs}%vdoﬂlc ?e é h%r en the back is in an upright
position) and during the body movements associated with reciinelrelaxation (e-8-, when the

15 chair is in a reclined position). This prior art chair moves a seated user's upper body away

from the user's work surface as the user reclines, thus providing the user with more area to
stretch. However, we have di_;scovered that often users want to remain close to their work
surface and want to contimue to work at the work surface, even while reclining and relaxing
their body and while having continued postural support. In order to do this in the synchrotilt
20 chair of U.S. Patent No. 5,050,931, users must scoot their chair forwardly after they recline so
that they can still easily reach their work surface They must also push away when the» move
back to an upright position to avoid being pushed against their work surface. “Scooting” back
and forth once or twice is perhaps not a éerious problem, but often users, such as office
‘workers using computers, are constantly moving between upright and rechned positions. such
25 that the process of repeatedly scooting back and forth becomes annoying and dnsconcernnc' In
fact, moving around and not staying in a single static position is important to good back health
in workers whose jobs require a lot of sitting.
Another disadvantage of moving a seated user's upper-' body sigrﬁﬁ'cahtl'y rearwardly
upon rechne is that the user's overall center of gravity moves rearward. By providing a more '
30 constant center of gravity, it is possible to design a reclineable chaxr having greater recline or
height adjustment without sacrificing the overall stability of the chair. Also, reclineable chairs
that move a seated user's 'uppei body signiﬁcantliy rearwardly have a relatively large footprint,
such that these chairs may bump imto furniture or a wall when used in small offices or in 2



exi sting reclineable chairs for back support, which springs are difficult
to adj ust WOII24S6he . forces generated by the spriBGEUSHSEsMer
the tension of these springs preferably should be adj ust abl e so

that heavi egoffadh Woll1hfta. &iilf Rhoth&CiSadvailagddis Uak fafle ﬁ:‘i‘i?%i ateOrddhired GF didse

proper 5 . anmount of support. i ) ] ncurre.ntlal, seat ed
users want existing reglingahle chaigsi foy back suppont.hwhich rsprings are <liffioult to adjust due to the

providing s r aclk. duri cld . i

Peopl o nocatthos'gendited B BEGHIE HbhevB e ol bt Bl spiBel flerbly winifbe
peopl e, but adjintableTeel diat héavissund' lightes Qvdight chsers can adjust the kB4l & pidvide @ peapeer
rate_during recline. Sgeci fically, lighter/smaller people need a | esser

i nitPal 10 amountof gPRPItL: support as they begin to recline and need a
nmoder at el y i ncr eggfirtediif! seafed ; tel i r
recline; while hg%vi er/ Ig'rger ;'ggngloae’snrﬁgtgdbeaa%lfgt%iefafﬂc}lagﬁ‘s;qﬂlgg gj??rtérﬁlio?mfr%
initial providing suppes| toothes baskodurings rechingy bNgi onlyode dichvierdargar peoplel need

oL 00 10 A s o SUBROY gt 9 Bk B i

adj ust abl e changes at a greater raté duking feclade. | Specificlly, Batitgifvhialléropelople nead-& lesser iridal

initial recline and that automatically also adjusts. rate of

the 15
i ncrl@ase i nle¥ehpfoTuprort a3 Mgy begin;tp aeclipt apd, geed 3 m@%aﬁﬂsﬁ?faﬁeé level pf SHPPAR 3

LT e o S M e
aéj ust nment &,aynl%/ mfosupporamg_th(mpeém it¢ eecling axgi need i sigxﬂfacandmincm}h;sedﬁate? iof sypport as
easily . ! y Lvel.y . .straong.person . . .
"overtor que_'&_’e?'ﬁg_“%rglggg g%%n%u ﬁ% ﬂé%’aiysc‘%ﬁ%%iet fo pr__gyu?g 2 cf?axré%fr)lls @Xrardgﬁgglﬁelﬁt '
I s desired- tw initixévebofanpporedo thelek darsriniialiret inerting itk atommdcally also adjasts ted
20 ' part size. , . . Manuf acturers are becom ngmﬁ

i ncrlé?si ?g![ 3?3‘5\%9@1'?35‘?@: %E%fﬁé’r“é“ﬂ Trekae.  Eurdiser it 1 desyahlg to provide a mechanism ‘9

i mportan n’Qﬁféﬁ seaf . i hafRai . () Qusige
seated for ?g%%&mn Y peritg%s. A%%%%Ia(g?nb ésr{eﬁg?a}{ he spiﬂr?gslbés?gpe_gnd
body shape e#siljuninipuiatable adiustraens noisreds; wnd (4) while doing so with la contzel that i mot gasily

possi bl e t 0 ssabl St lelarVBy 5855 Mrdod HdSmSP TEvS RS- o obbS FullEr, dectipac

| evel

spring arrangement is desired to provide optimal appearance and to minimize material cost and
20 part size. | .
Mamufacturers are becoming increasingly aware that adequate lumbar support is very
important to prevent lower back discomfort and_distres_s in workers who are seated for long
periods. A problem is that the spinal shape and body shﬁpe of Qorkers vary tremendously,
such that it is not possible to satisfy all workers with the same shape. Further, the desired level
25 of firmness or force of support in the lumbar area is different for each person and may vary as
a seated user performs different tasks and/or reclines in the chair and/or becomes fatigued. In
fact, a static lumbar support is undesirable. Instead, it is desirable to pl;bvide different lumbar
shapes and levels of support over a work day. Accordingly, an adjustable lumbar system is
desired that is constructed to vary the shape and force of lumbar support. At the same time, the
30 adjustable lumbar system must be simple and easy to operate, easily reached while seated,
mechanically non-complex and low ‘cost, and aesthetically/visually pleasing. Preferably,



25 of fir mess or force of support in the lunbar area is diffZ&LIent
for each peVosN2HSe nay vary as a seated user per 872

different tasks and/or reclines in the chair and/ or becones fatigued. In
fact, a st atadjusthitio@f tseishape tnd/6r forckeii tha hnbarl died Selid hdt resulidinSinfiiiiescint the

provide different | unpar shapes and | evel s qof support over a,
wor k day. AC@BP‘EJPHQFgE"a, oL, pRaceaptabl 0?%(%5@@}@?%4‘%&1’““- desired -

that is constucte Jd&nV&%%n{eﬂeaxﬁl“%ﬂﬁ'flﬁﬁ#éﬁ Q@mﬁﬁdh%@é‘r\%\-ﬂd}% ir Optidnd dnd
sane tinme, the 30ﬂi adj ust abl e 1unbar system nust be si?rp e gfr,ld easy.
to operate, feamidsyandoaoimberofidpionscanddidatures are often designasicinton¢haix| segts. However,

00 8! X il o o AR Tl W 8 ey R e
shoul d not r ¢t deat, Buvgimikdnesuslynso that the thigh area of & aéutédcusef istdomfertably, adjastmbly
unaccept abl es&pggrsigc{ ot attlgart]eacsleqiv.lgte{yr]aello%v%t’}‘trn1 ﬁ'iajor differences in the shape and size of a
seated user's buttocks and thighs. Additionally, it is important that such options and features be
incorporated into the chair construction in a way that minimizes the number of parts and
10 maximizes the use of common parts among different options, maximizes efficiencies of
manufacturing and assembling, maximizes ease of édjusunent and the logicalness of adjusmment
control positioning, and yet that results in é visually pleasing design.
More specifically, in regard to synchrotilt chairs where the seat and the back pivot with
synchronized angular movement;s, many synchrotilt chairs have been designed to pivot seats
15 ~ rearwardly as a user reclines. However, often these known seat constructions pivot about a
- seat pivot axis located rearward of a front edgé of the seat. The result is that the knees of 2
seated user are lifted, r_cSnﬂting in undesired pressure on the seated user's thighs upon recline.
Designing a flexible front lip into the seat does not fully resolve the undesired thigh pressure
-since the thighs are not suﬁported only at a front lip of the seat, but instead are supported along
20 at least about balf of the seat. Locating a flexible zone substantially rearwardly in a seat, such
as rearward of the hip joint of a seated user, alé_o dbes not resolve the situation since the weight
of a seated user's upper torso tends to cause a seated user to slip/slide downwardly and
forwardly off of a chair back when the chair back is reclined. This in wrn causes the seated
user to slide forward and off of the seat unless the seat includes a rear zone shaped and oriented
25 to Support the seated user against such forward slip/slidg' movement. The problem is
compounded by the fact that the hip joint of different seated user's are not always located in the
same relative location on the chair seat, such that one seat design may work well for one seated
user, but not for another seated user. )
Reclineable chairs have gained wide and enthusiastic support in the chair industry.
30 Reclineable chairs often include a back frame pivoted by back pivots to opposite sides of a base
or control housing to define a Eack-tilt axis. A problem is that the back pivots do not always
align perfectly with the back-tilt axis. This misalignment can be a result of the back pivots



Modern custoners and chair purchasers denmand a wde vari ety=of chair
opti ons andwo 99/21456 features, and a nunber of options andpCxraises/e4nre
often designed into chair seats. However, i nprovenent in seats i's

5.
desired so t ' | <0 5. adequat el upported on t
chair seat, lﬂéﬁg %ﬁ%ﬁ?ﬁ%‘é%ﬁ@ﬁf S‘%ge %%g{mtt ’t?ﬁ?'g?ﬂ’ g‘r%’écslﬁg%ggsﬂgeﬁm fo fthe
c;)Imc ort?bl y , bagktilt dsamthuy. 'f non-aligned wn:]x iswﬁmmﬁdgﬁdklﬂmfmginkmnw pdmbg
al lows for or .differences i.n.the shgpe and size of ,.a seat e
user's buttosémi‘kéngﬁcf _ Pﬁ’ﬁ?&ﬁ"‘ﬂd‘a#i@% %y{m‘ﬁmi‘&s‘ﬁﬁpg‘?%m&fﬂ&kﬂﬁk@ﬂ%s
and f eat ur esofe&hair mix Ab@fanic : e t st N o4
way that ninimn zes_c?%‘gonr?ﬁtnbesri%%rts anf:ln}ﬁ)%%;Iﬁ Iﬁ%{ mam% ‘zi‘ggatlﬁéeiﬁﬂséé%
commoh par t sCOREBhHowsner ef bark Game stuctunendefonmse end/or ithei beacing Sis sloppy enough to

manuf act uri S5 R Hﬂsaligﬁéi Qi.z ase. of .adjustnent and th .
| ogi cal nessr"g’]J iagjaﬁt ment. ' ‘con%r g%%"?i%n‘%ﬁf, e’?ﬂ‘fghﬁit lElft Fag; chair
resul ts in aconpopents greplotdesigned for Sughnilexing, one of the chair componéd¥ Ray break, fail, or
speci ficall yfrac!npr regrard ﬁgﬂnsyn&%ﬁ} ]t airs where the seat_ and the back
pi vot with © over umg, AP § ay e rPatREr preblemin that beasingsef the back
chairs have pies wiR Fafidlp dvdaP fidh/ @k hihafofced Benerated by £ iRMfhMeAS Phil'$&hits in

reclines. However, often these known seat constructions prvot about a

seat 1§i vot 2epsenessda theiback o Mich Fap fbe phjectionable dysome sinkationse a Similen protdemy can
t hat the kne&gp{n@m' chrotilt chai t are lLifted resulti A
undesi red pressure’on ?t}.}techggsa%vggﬁﬁassg%@%ﬁg%{%paﬁ%% p?"é’?l‘ﬁ?‘fe‘i.o niof Sechrbely align
Desi gni ng a WitiesisedteiltfaxisntIt isi potedrthat sehrpivesimg a6 sipplortialatge poaiionl ofahd Weight
undesi red thigh tr&ssurlg ad . Si n'(ie Lhe t hi ghs are not supported only
at -a f.ront I?%_% °f HETsaR 2 dHl?t“’iﬁ?é‘ﬁE&ﬁ ¥t supported along 20 . at. .
| east about half Ahothéreprobieh wittBRWn Hcie pivb& Forthgird RMar Ty afl BE icfinbdsome to
rearwardly in a seat, such . . - as rearward of the“hip joint of a
seat & user , 2ssgmble 3d/er meuallysistensive Foassembley asoweld ian capensive wengghboles must be

~of a seated ' : ds.4: . eat ed ,user to.slip/slid
donnar di v casgaed & HOHRE pivel /bR and e SRR find aSE i ¢ "Rt bbing ohed
back is recltightohed Tandssecuretiur Specificuily, dosing eedussnent, the pivot pins/agles toansidti bie
forward and off of the seatﬁﬁ;pl%@ .the seat includes a rear zone shaped and
oriented 25 Overiorqued gribp assgmply; l’é‘@‘g alspeannot bs jupdgriozqued of Bie\assembly will be-

slip/slide nmsesspiibly lodseandprIAE € eomeSapart.

20 Along with the above requirements, any back pivots and seat pivots must be integrated
into the chair construction to provide an acceptable appearance, since they are often located in a
highly visible area of a chair. E |

A'ccordingly', a chair construction solving'the aforementioned problems is desired.
_ - SUMMARY OF INVENTION

25 In one aspect of the present invention, é chair includes a base assembly with a control
housing having opposing side f.langes_ and a side_pivét, a ba_¢k pivoted to the base assembly for
movement between upright and reciined positions; and a seat operably supported. on the base
assembly and connected to the back for coordinated synchronous movement with the back. An

_energy mechanism is provided for biasing the back toward the upright position. The energy

30 mechanism includes an extendable/compressible spring positioned transversely in the control

housigg with one end supported on one of the side flanges, and further includes a lever pivoted

to the side pivot and having a spring-engaging portion engaging a free end of the spring and




conpounded f.act that the hip joint of different seated 'ﬁaﬁﬁﬁ
not al ways :wtﬁgég'glcffsi?n t he sane relative | ocation m% charr
seat, such that one seat design may work well for one seated

user, but notal§ookavingor pRaF-DISHERE partign operably connected to.the seat. ThéRsidt piventhe spring-

Rocl | neabl o cpiite Phfion 6 0 LA S35k pErsSH AR heddhror Fock ik and g so o
opposi te si dethe spring kiase the lever about a fulcrumolotated genérally agthé @ide Pivor o Bias the back

back-tilt axis, problemis.that the back pivots do not always _
align perfect?va@‘ﬁﬁ“?‘?@tmi It axis. This nisalignment can be a result

g | ack Pl VOl Sln another aspeet of the presen: inveqdon, o bgs 8 cotegl housing including o
fromthe backPiptBembsearigclineable beck operably connected to the isomskol thiosing: fors miowement
parson O beolecogprigi ankt AR pORE el Ao Rt OB e i
is that, durialsp inelidesnan ithprohed bdjastablebadkerfidion controller for the chair wherein the pivot
member is adjustable, and a lever engages the energy source and the pivot member and is
10 operably connected to the back for biasing the back to the upright position. The lever and the
pivot member hé.ve non-slip interfacing surfaces, at least one of which is 'curvilinear, so that the
interfacing surfaces engage to define a fulcrum as the lever is rotated during recline of the back,
and further so that the fulcrum c_llanges location as the pivot member is adjusted to change a

moment arm over which the enefgy source operates. | ) | l.

DL

15 In yet another aspect of the present invention, a chair in'clﬁdes a base assembly, a
component comprising one of a reclineable back and a movable seat pivdted to the base
assembly for movement between first and second positions, and a spring with one end
supported on the base assembly and another end operably connected to the component. The
spring has a length and, when the component is moved from the first position to the sec;and

20 position, is simultaneously longitudinally compressed along the length and also laterally bent in
a direction transverse to the length.

In yet another aspect of the present invention, a chair includes a base assembly
including a control housing, a seat slidingly supported on the control housing, a back frame
pivoted to the base assembly for movement between upright and reclined positions and operably

25 attached to the seat, so that pivotal inovement of the back frame and sliding movement. of the
seat are synchronized, and an energy mechanism ixxéluding a spring having a length and an L-
shaped torque member with a first leg engaging an end of the coil spring, and a second leg
extending generally paralle] the length of the spring. The first leg pivotally engages the control
housing at a location spaced from the end of the spring. The second leg is operably connected

30 to one of the seat and the back_frame s0 that the sp;ing biases the torque member in 2 manner
biasing the back frame toward the upright position. |



one chair conponent nust flex and mechani cal ly give to prevent.bl'ndin
Typi cal | y, wOwbherdsehe 5 control housing or back fraﬁg"éls?wg’r
deforns, and/or the bearing is sloppy enough to conpensate for.

the msalignment. g b iddtef Qbmt ff%?'tﬁ’é‘Pk mh%%uﬁﬂougéwrmefhdésh@ ek adsembly

conponents are not desi ned for such flexing, one. the chair coarggonents
may break, fiathinga contro housmg afsc@tcsh@melwmomdnnmnm hopsing,aaback assembly
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align compartieht urileP fid! seht, | knaaajlﬁmbktenb&yrmé&ﬁugdﬁs opé@ably podifdred Th Hie
al so support a‘large portion of the Wei a seated user
t hus addi ng campanisient. sThe-asjustable¢nergy includes anextmwﬂmmeryraemmm

aesenbl o ancPTAL AP, tebud bR pe'e] @ R o YA AR e, member

hol e}s IT}JSt bﬁdjustzgaly plglrotally &]lplpgﬁgﬂ the® ldvexcﬁir\mjwmmytcoﬂnrﬁlﬁﬁ@fdre?uarsnﬂtedﬁgomithtt)t
pi ns/ axl es nmust be adeguately but ngt over, te

secudfd. Spe€RFEXIAUFSE, l&g‘ﬂgl} E‘@El'ﬂ %é’nﬁ‘i%éf’“rﬁ? fas Lﬂgﬂeéﬂ‘gﬂﬁﬁ@!
overtor qued ﬁfm&,bﬁm%%ﬁ@ﬁ’eieﬁnvuohhoﬂtmﬁme&ﬁ dityS & GRRNGferite wamﬂﬁﬂaecremm i

the assenbly w unaccept ably | oose and prone to cone apart.
20 ' honzontall)odevngimﬁttdmnameaﬂaove requirenents, any back pivots and

seal, BLYots Mot g T LSRR e o g sy, R B oRRE L 3 cio

hi ghl'y vi si bhéuskiggaa Gémpbneﬂitab}ferably attached to the control hdasing cfomgioygemeutdmwen a
construction soIV|n t he aforenentloned robl ens is desi

SUMVARY OF | Riyzalify efpastfions, an actuator on the fﬁ?“bh@%;?@ﬁ@“ﬁf“%‘%&“‘ﬂ (i the, femponent
i nvent i on, agghaddiroliig | Ho\REeAr BAAR Soffibity aWhirhafly-64AH1O handle for operating the
housi ng haV|ng opposi ng side flanges and a side pivot, a back pivoted to

t he base ass@cmatyr,fam an overtorque device connecting the handle to "the actuator. The overtorque
device is constructed to limit force transmitted from the handle to the actuator to a maximum
amount to prevent damage to the chair control.

20 In one aspect, the present invention includes a chair having a base assembly including
opposing side arms, a back frame having conﬁgﬁred end sections pivoted to the side arms at
back pivots for rotation about a back-tilt axis, and a seat pivoted to the configured end sections
at seat pivots for rotation about 2 seat-tit axis. At least one of the back pivots and the seat
pivots include a rotatable bearing element and a support element flexibly supporting the bearing

25 element for rotational movement misaligned with the tilt axis associated with the at least one
axis so that the bearing element rotates about t.he stud without binding even when the sud is
misaligned with an associated one of the back-tilt axis and the seat-tilt axis. In a narrower
aspect, the support element is made from a resilient rubber.

In another aspect of the present invention, a chair has a base assembly including side

30 ~ . arms, and a back frame having configured end sections pivoted to the side arms at back pivots
for rotation about a back-tilt axis. The back frame is flexible enough to permit the ponﬁgured
ends to be flexed abart during assembly. The configured end sections and the side arms have
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to the side pivot and having a spring-engagi n ortion en in ree end.
of the spri nglgmg the stud, the R gremogabg frgmeherecess gdgther%mmpanby&

4 & seat-biasing portion operably connect ed
to. t1§|e seat pmﬂ]l%l Q*el p| VO ﬂg%e spring- .. engagi ng portion, and
t he seat-bi asi ng [mranother asp@ctsphc@de&momvmh incihdss ambthodr ofh gssembling hoghair
t he spring blasesthelev t afulcrumloca a | _
pi vot to bi aSOTPPRSIE, SKPS ?pro bg 3 A, HOTRO Elbﬁ?tg‘g@fﬁ? pe 3ppo£§?elffa@ﬁlg
' protrusions, and providing a back frame with c_onﬁgured end sections having recesses. The
method further includes flexing apart the configured end sections of the back frame and
10 simultaneously posiﬁdning the recesses of the configured end secti_ons on the protrusions, and
releasing the back frame so that the back frame resiliently returns to an original shape which
holds the back frame in place and pivotally connects the back frame to the chair component.

In yet another aspect of the present invention, a control inciudes a control housing, a

lo

single stored energy source positioned in the control housing providing a compressive force,

15 and a lever operably interconnected with said single energy source for movement between
upright and reclined positions. The single stored energy source both exerts pretension to bias
the lever toward the upright position and provides resistance to tilting of the lever when
reclining. The control furiher includes a controller for regulating the__pfetension of the stored
energy source and tilt rate of the lever, with the controller being conﬁgured for adjustment

20 without an operator having to overcome a compressive force of the said single stored energy
source. . .

In yet another aspect of the present invention, a chair includes a base assembly
including a control housing, a single stored energy source positioned in the control housing
providing a compressive force, and a back support operably interconnected with said single

25 energy source for movement between upright and reclined positions. The single stored energy
source both exerts pretension to bias the back support toward the upright position and provides
resistance to tilting of the back support when reclining. The control further includes a
controller for regﬁlating the pretension of the stored energy source and tilt rate of the back
support, the controller including a lever defining an adjustable fulcrum point that can be
30 ' adjusted without overcoming the compressive force of the said single stored energy source.
' In yet another aspect of the present invention, a control includes a control housing, a

stored energy source positionéd in the control housing, and a back—supporting first lever
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aspect of th&EPPEESEREC ibﬂ'g‘e ﬁ?‘%’s%?ﬂaﬁ"rb‘?%‘f’Lﬂfé‘s‘%erb‘aévéfda@% éﬁ%g@%%hmd
i ncluding a gpVides|rediiife Rotilifig SF e’ firkt 1verGihen TeubilBip! ETheuontrblefurthertingliides an
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These and other featres and advantages of the present invention will be further
20 understood and appreciated by those skilled in the art by reference to the following
specification, claims, and appended drawings. _
DETAILED DESCRIPTION OF FIGURES
Figs. 1-3 are front, rear, and side perspective views of a reclineable chair embodying
the present invention; ' '
25 Figs. 4A and 4B are exploded perspective views of upper and lower portions of the
chair shown in Fig. 1; - |
Figs. 5 and 6 are side views of the' chair shown in Fig. 1, Fig. 5 showing the flexibility
and adjustability of the chair when in the upright position and Fig. 6 showing the movements of
the back and seat during recline; _
30 ~ Fig. 7 is a front view of the chair shown in Fig.- 1 with an underseat aesthetic cover

removed;



ext endi ng qgl parallel the length of the spring. The figr
pi votally en§§82£15¥he control housing at a | ocati &&Bg@%mnom
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one of the seat &g gh& # Pk viewaefe theocantrat mmrxgoﬂnnmmsmrgyhmethanqme the
merber i N 2 P arm shift adjustonedt’ fithBlsrh " S BE bald-BBF rieRh, ' HE pHRL Blergy
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In yet anot meechamismebeing hdjuited tr 2 retmivelyrivw nbigos positich id being Wridfled a@xtbﬁﬁxm be -
SR Y o s 5 R e s v B o e
att a?ﬁéﬁfgm?ﬂi*%ﬁm*‘? e SR pleRARIAE RO o RIBHE 1. bl o, allow &
slidi ng novdBHEIE
Fig. 8A is a perspective view of the base frame and the chair control shown in Fig. 8,
some of the seat and back support structure being shown in phantom lines and some of the
controls on the cohtrol being shown in solid lines to show relative locations thereof;
10 Fig. 9 is a perspective view of the control and primary energy mechanism shown in
' Fig. 8, the primary energy mechanism being adjusted to a low torque position and shown as if
the back is in an upright position such that thé seat is moved rearwardly;
- Fig. 9A is a perspective view of the control and primary energy mechanism shown in
Fig. 9, the primary energy mechanism being adjusted to the low torque position but shown as'if
15 the back is in a reclined position such that the seat is moved forwardly and the spﬁng is
compressed; '
Fxg 9B is a perspective view of the control and primary energy mechanism shown in
Fig. 9, the primary energy mechanism being adjusted to a high torque position and shown as if
the back is in an upright position such that the seat is 'moved rearwardly; |
20 Fig. 9C is a perspective view of the control and primary energy mechanism shown in
Fig. 9, the primary energy mechanism being adjusted to the high torque poéition but shown as
if the back is in a reclined position such that the seat is moved forwardly and the spring is
compressed; ' N
Fig. 9D is a graph showing torsional force versus angular deflection curves for the
25 _ primary enérgy mechanism of Figs. 9-9C, the curves including a top curve showing the forces
resulting from the high torque (ldng moment arm engagement of the main spring) and a bottom
curve showing the forces resulting from the low torque (short moment arm engégement of the
main spring); |
Fig. 10 is an enlarged top view of the control and primary energy mechanism shown in _
30 Fig. 8, including controls for operating the back-stop mechanism, the back-stop mechanism
being shown in an off position;
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act uat or, anshapes inovdashedanfdotdd liness connecting the handle to the actuator.

The i)qertorque ice is copnstructed to limt force transmtted
m

. .. de ce |
fromthe handl e t5& H%Aé%%ﬁgngm%vmfﬂ’e back frame showm in Figo44r bpdatk
damage to t hfraladeinge @Rowidlas #0the molded . polymeric ohidr @ REfidparenf §oP
I nvention includes a chair having a basep asser?b?-y in@ﬁuz}fng {'3oPiES
opposi ng si deHeregmens cambgeasiy pMERhavi ng confi gured end sections pivoted to
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suppg)ft_. el enent f}: 183 BF?'@E@&Y‘?‘H@ Pyeing caddjtiqpal sembodiments of | fiexibly bagk shell
rotational nestereionsudipkd eeve byinipaltieally bin PkReARSOCLRKL] Wi Lh the at

| east one . axis so that the bearing elenent rotates about the
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connection of Fig. 12F taken from an opposite side of the hub;

20 Fig. 12K is an exploded perspective view of a modified torsionally-adjustable lumbar
support spring mechanism; ' .
Figs. 12L and 12LL are side views of the mechanism shown in Fig. 12K adjusted to a
low torque position, and Figs. 12M and 12MM are side views of the mechanism adjusted 10 a
high torque position, Figs. 12L and 12M highlighting the spring driver, and Figs. 12LL and
25 12MM highlighting the lever; ' '
Fig. 12N is a fragmentary cross-sectional side view of the back construction shown in
Fig. 12;
Fig. 13 is a cross-sectional side view taken along lines XTII-XTII showing the pivots that
interconnect the base frame to the back frame and that imerconnect the back frame to the seat
30  frame;
Fig. 13A is a cross-sectional side view of modified pivots similar to Fig. 13. but
showing an alternative construction;

10



aspect, the-ssupport elenment is made froma resilient rubber. perusesn2047 -
In anot her WO¥RI4: t he present invention, a chair has a base asse%ly o
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canfigured lﬁ)acicshell%tl?e%%g *be fl exed apart during assenbly. The )
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bearing rot at abl yFigs. 17 and 18cargdtpnt gnd Hep yiews, oftthe venicallysagjustableglumbag sunppe

fromthe recess but held.therein in part by the 5 proximty of the
adj acent fac’é@a’mm&o‘vmﬁ?lg' %’ I n anot her aspect, the present invention

incl udes a net hodrg. 19sisabntndeva of ke lide frame of the vertically-adjustable lumbar support
' mechanism shown in Fig. 18; | -

10 Fig. 20 is a top view, partially in cross section, of the lateraily-extending handle of the
vertically-adjustable umbar support mechanism shown in Fig. 17 and its attachment to the slide
member of the lumbar support mechanism; | _

| * Fig. 21 is a perspective view of the depth-adjustable seat shown in Fig. 4B including
the seat carrier and the seat.undercarriage/support frame slidably mounted on the seat carrier, -

15 - . the seat undercarriage/support frame being partially broken away to show the bearings on the

. seat carrier, the seat cushion being removed to reveal the parts therebelow;
Fig. 22 is a top view of the seat carrier shown in Fig. 21, the seat undercarriage/rear
frame being removed but the seat frame slide bearings being shown and the seat carrier depth-
adjuster stop device being shown; .

20 Fig. 23 is a 1op perspective view 6f the seat undercarriage/rear frame and the seat
carrier shown in Fig. 21 including a depth-adjuster control handle, a linkage, and a latch for
holding a selected depth position of the seat; .

Figs. 24 and 25 are side views of the depth-adjustable seat shown in Fig. 21, Fig. 24
showing the “ seat'adjusted to maximize seat depth, and Fig. 25 showing the seat adjusted to

25 . minimize seat depth; Figs. 24 and 25 also showing a manually-adjustable "active” thigh support
system inéluding a gas spring for adjusting a front portion of the seat shell to provide optimal

 thigh support; o
Fig. 26 is a top view of the seat support structure shown in Figs. 24 and 25 including
_ the seat carrier (shown mostl)." in dashed ﬁnési the seat undercarriage/reﬁf frame, the active
30 thigh support system with gas spnng angd reinforcement plate for adjustably suﬁpdrt'ing the front

portion of the seat, and portions of the depth-adjustment mechanism including a stop for

11
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drawings and described in the following specification are simply exemplary embodiments of the

20 inventive concepts defined in the appended claims. Hence, specific dimensions and other

physical characteristics relating to the embodiments disclosed herein are not to be considered as
unnecessarily limiting, unless the claims expressly state otherwise. _ |

A chair construction 20 (Figs. 1 and 2) embodying the preserit invention includes a

castored base assembly. 21 and a reclineable back assembly 22 pivoted to the base 21 for

25 movement about a statioxiary back-tilt axis 23 between upright and reclined positions. A seat

assembly 24 (Fig. 6) is pivoted at its rear to the back 22 for movement about a seat-tilt axis 25.

Seat-tilt axis 25 is offset rearwafdly and downwardly from the back-tilt -a.xis 23, and the seat 24

is slidably suppgned at its front on the base 21 By linear bearings, such that the seat 24 slides

| forwardly and its rear rotates downwardly and forwardfy with a synchrotilt movement as the .
30 back 22 is reclined (see Fig. 6). The synchronous motion initially moves the back to seat at an
angular synchronous ratio of about 2.5: 1, and when near the fully reclined position moves the

back to seat at an angular synchronous ratio of about 5:1. The seat 24 and back 22 movement

12



wi t hout overconming the conpressive force SRnsSadrd
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sour ce. -I'n yet anot her aspect of
the present invention, a control i ncl udes a control housi ng, a
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regulating t pretension of the stored energy source of the.first
| ever. The @mhlmmfeconsmﬂx;@egotmgcfomkrdl afjasr reglining rand (therc senoting rem/grdwg/hen
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The crank | e ithdélmirsonbtiion tzewae ubddecidseqo @il Yehindi theciiirf ot ift alsialioffice,

that the with less problems resulting from interference from office furnishings during recline. Still
10 further, we have found that the spring 28 for biasing the back 22 toward an upright position can
be potentially reduced in size becanse of the reduced rearward shifting of a seated user's weight

" in the present chair.

The base includes a control housing 26. A primary eﬁefgy mechanism 27 (Fig. 8) is
operably positioned in control housiﬁg 26 for biasing the seat 24 rearwardly. | Duc 0 thé.

15 interconnection of the back 22 and the seat 24, the rearward bias of the seat 24 in turn biases
the back 22 toward an upright position. Primary energy mechanism 27 (Fig. 8) includes a main

spring 28 positioned transversely in the control housing 26 that operably engages a torque

member or lever 54. The tension and torque provided by the main spring 28 is 'gdjustable_ via

an adjustable moment arm shift (MAS) system 29 also positioned substantially in the control

20 housing 26. A v1sual cover 26 (Fig. 1) covers the area between the control housing 26 and
the underside of the seat 24. The back assembly 22 includes a back support or back frame 30

~ (Fig. 4A) with structure that defines pivots/axes 23 and 25. A flexible/compliant back shell
cohsu'uction 3lis pi'voted to back frame 30 at top connections 32 and bottom connections 33 in

a manner providing an exceptionally comfortable and sympathetic back support. A torsionally-

25 adjustable Jumbar support spring mechanism 34 is provided to bias the back shell 31 forwardly
into a forwardly-convex curvilinear shape optimally suited for providing good lumbar pressure.

" A vertically-adjustable lumbar support 35 (Fig. 16) is operatively moﬁmed on back shell 31 for

vertical movement fo provide an optimal shape and pressure location to the front support

surface on back 22. The seat 24 is provided with various options to provide enhanced chair

30 functio_ns, such as a back-stop mechanism 36 (Fig. 8) which adjustably engages the seat 24 to
limit recline of the back 22. Also, the seat 24 can include active and passive thigh support

13
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DESCRPPTI ON OftRed jyoae sidewall of the housing 26 for Feegiving a portign.ofithe ﬁ?Jé?'ﬂlDEa‘%",’_‘“‘?alnf&r-_

si de "per speciieVMASI ggtémoia aAr f6iti of e héusiB 6" is Forafed)ihtotin upwardly-facing Ulskaped

present invention; Figs. 4A and 4B_are expl ode

per spective mxsmeﬂa@gsdérfoameiw@a@rﬁ%me@ﬁgcw tupe 45 (Fig. 8A), and ag‘f"ilé?i’4l6 (Fig.
shown in Figqql : i1gS - i A6y ey be 44
chat . shown A1 formed geperaly disgent fangEudS TR iifhefic Mife £ HURNS o Angess
adj ustabi | i t gndexeids subsantialiph borizomtallie A peinfon¢enposchianoel 4nid weilded i8 honsing 26

Flo. B3Te o FPORESR 5P ORI RO R 151 o FHorRaLbo e velded
aest hetic cowgftically to reinforcement 47 above hole 46, which tube section 48 is shaped to mateably and
| securely engage the upper end of extendable center post 42. A pair of stiff upwardly-extending
side arms 49 (sometimes also called "struts" or "pods") are welded to the opposing ends of
transverse tube 45. The side arms 49 each include a stiff plate 50 on their inside surface. The
20 plates 50 include weld muts 51 that align to define the back-tilt axis 23. The housing 26,
transverse tube 45, and side arms 49 form a base frame that is rigid and smrdy. The sidewalls
of the housing 26 include a lip or flange that extends aiong their upper edge to reinforce the
sidewalls. A cap 52 is attached to the lips to form 2 stationary part of a linear bearing for
slidably supporting a front of the seat.
25 Primary Energy Mechanism and Operation
It is noted that the housing 26 shown in Figs. 9-9C and 10 is slightly longer and with -
different proportions than the houSihg of Figs. 8, 8A,. and 11, but the principles of operation
are the same. The primary energy mechanism 27 (Fig. 8) is positioned in housing 26. The
primary energy mechanism 27 inch'xdeé the spring 28, which is operably comnnected to the seat
30 24 by an L-shaped torque member or bell crank 54, a link 55, and a seat-attached bracket 56.
Thé spring 28 is a coil spring iransversely positioned in housing 26, with one end supported
against a side of housing 26 by a disc-shaped anchor 57. The anchor 57 includes a washer to
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removed, ' 48
Fig. 8 1is aW%f?/V‘gN of the control including the primary energy rrec g‘r‘ﬁ sm

t he nonent arm shift adjustment nechani sm and the back-stop
mechani sm th@n@rﬁthw}d ef-fbe gpring 28 to prevent peigth and firthee nnlydm protrusion thapextends
relatively | Jtafd ssppﬁg r Eg‘ﬂ‘% I

when t he bac | S (lgér%&?he upralxgﬁt L5 (r)% g’oé ﬁd?ﬁ’z 2(31 ﬁal 'thgt allows.the

rearward at - spring 28 tie compresised aﬂa to tilt/flextawhrdst sige Wlnﬁ"lheltquebnémbpriom belh crank
0t er ot 9ok g, hg e Bon St oF b ik s o pane 6 e
and the chai rs3cRatd Ring P9 The shéirt 1§g 58 has a free end mgﬂgﬁ &?eﬁ@af merkﬁnhagk
support structure being shown in phantom!|ines and somne" of
generally proximate a left side of housing 26 with a washer and pmuusmn sxmllar to anchor 57.
Short leg 58.is arcuately shaped and includes an outer surface facing the adjacent sidewall of
housing 26 that defines a series of teeth 60. Steel strips 61 are attached to the top and bottom
sides of the short leg 58 and have an outer arcuate surface that provides é smooth rolling

10 bearing surface on the leg 58, as described below. The arcuate surface of the strips 61 is
generally iocated at about the apex or the pitch diameter of the gear teeth 60. The short leg 58
extends generally perpendicular to a longitudinal direction of spring 28 and the long leg 59
extends generally parallel the length of spring 28, but is spaced from the spring 28. Link 55
(Pig. 8) is pivoted to an end of long leg 59 and is also pivoted to the seat-attached bracket 56.

15 A crescent-shaped pivot member 63 (Fig. 11) includes an arcuate roller bearing surface
that rollingly engages the curved surface of steel _str_ips 61 on short leg 58 to define a moving
fulcrum point.' Pivot member 63 also includes a rack of teeth 64 configured to mateably engage
the teeth 60 on short leg 58 to prevent any slippage between the interfacing roller bearing
surfaces of leg 58 and pivot member 63. Pivot membér 63 is attached to a side of the housing

20 26 at the notch 43. When the seat 24 is in a rearward position (i.e., the back is in an upright
position) (Fig. 9), the long leg 59 is located generally parallel and close to the spring 28 and the
short leg 58 is pivoted so that the spring 28 has a relatively low amount of compression. In this
position, the compression of spring 28 is sufficient to adequately bias the seat 24 rearwardiy '
and in turn bias the back frame 30 to an upright position for optimal yet comfortable support 10

25 a seated user. As a seated user reclines, the seat 24 is moved forwardly (Fig. 9A). This causes
the L-shaped torque member or bell crank 54 to roil on pivot member 63 at the fulcrum point
in a manner compressing spring 28.  As a result, spring 28' provides increésing force resisting
the recline, which increasing force is needed to adequately support a person as they recline. °
Notably, the short leg 58 “walks" along the crescent-shaped pivot member 63 a short distance

30 during recline, such that the actual pivot location changes slighdy during recline. The generous
curvilinear shapes of the short leg 58 and the pivot member 63 prevent any abrupt change in the

support to the back during recline, but it is noted that the curvilinear shapes of these two

15
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" member 63 has been adjusted to provide a longer torque arm on lever 58 over which the spring

O

28 acts.
Fig. 9D is a graph illustrating the back torque generated by spring 28 as a function of
the angle of recline. As apparent from the graph, the initial foree of support can be varied by
20 adjustment (as described below). Further, the rate -of change of torsional force (i.e., the slope)
varies automatically as the initial torsional force is adjusted to a higher force, such that a lower
initial spring force results in a flatter slope, while a higher initial spring force results in 2
steeper slope. This is advantageous since lighter/smalier people not only require less support in
the upright position of the chair, but also require less support during recline. Contrastingly,
25 heavier/larger people réquire greater support when in upright and reclined positions. Notably,
the desired slope of the high and low torque force/displacement curves can be designed into the
chair by varyihg the shape of the short leg 58 and the pivot member 63.
The crescent-shaped pivot member 63 (Fig. 11) is pivotally supported on housing 26 by
a bracket 65. The bracket 65 includes a tube section 66 and a configured end 67 with a
30 juncture therebetween configured to mateably engage the notch 43 in the side of housing 26.
' The configured end 67 includes a pair of flanges 68 with aperures defining an axis of rotation
69 for the pivot member 63. The pivot member 63 is pivoted to the flanges 68 by a pivot pin
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“the top and bottom curves in Fig. 9D). The change in moment arm is relatively easily
-accomplished because the spring 28 is not compressed substantially during adjustment, since the

10

interfacing surface on pivot member 63 defines a constant radius around its axis of rotaton.
Thus, adjustment is not adversely affected by the strength of spring 28. Nonetheless, the

. adjusmment greatly affects the spring curve because of the resulting change in the lénglh of the

15

moment arm over which the spring 28 operates.
Pivoting of the pivot member 63 is _accomplishéd through use of a pair of aperwred

flanges 70 (Fig. 11) on the pivot member 63 that are spaced from axis 69. An adjustment rod -

71 extends through tube section 66 into configured end 67 and is pivoted to the apermred

flanges 70. Rod 71 includes a threaded opposite end 72. An elongated nut 73 is threaded onto

‘rod end 72. Nut 73 includes a washer 73 that rotatably engagés an end of the tube section 66,

20

and further includes a configured end 74 having longitudinally-extending ribs or slots shaped to
mateably tclescopingly éngage mating ribs 750na driving ring 76. A handle 77 is rotatably
mounted on tube section 66 and is operably connected to the driving ring 76 by an overtorque
clutch ring 78. Clutch ring 78 includes resilient fingers 79 that opérably engage a ring of
friction teeth 80 on the driving ring 76. Fingers 79 are shaped to frictionally slip over teeth 80
at a predetermined torsional load to prevent damage to components of the chair 20. A retainer
81 includes resilient legs 81° that snappingly engage the end 74 of the mut 73 to retain the
driving ring 76 and the clutch ring 78 together with a predetermined amount of force. A
spacer/washer 82 rides on the end of the nut 73 to provide a bearmg surface to better support

- the clutch ring 78 for rotation. An end cap 83 visually covers an end of the assembly. The end

30

cap 83 includes a center protrusion 84 that snaps into the retainer 81 to forcibly keep the
resilient legs of the retainer 81 engaged in the end of the nut 73.

In use, adjustment is accomplished by rotating the handle 77 on tube section 66, which
causes nut 73 1o rotate by means of clutch ring 78 and driving ring 76 (mﬂesé the force required

for rotation of the nut 73 is so great that the chutch ring 78 slips on driving ring 76 to prevent
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torque position, and Figs. 12Mand 12 are side views of the mechanism
adjusted to cgrrespond to acqaﬁ &h and tagthe9; 0 The steps, 88rirg shaped to muqabbzmgage the seat-

i Infd Int ngmg%gdmcka%ﬂa 8 the FAwhlaratdep bt on8 B tPame 30 byttt Mo rearward

Il ghtin
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frame; 13A is a cross-sectional side view.of
nmodi fi ed pi VAPPESIE qmméﬂletl@af Fpgng ingiudes p U-shaped bend 93 shaped to mateably slidably engage -
15 the detent depressions 89. The depressions 89 correspond to the steps 88 so that, when a

particular step 88 is selected, a corresponding depression 89 is engaged by spring 91 to hold the
cam 86 in the selected angular position. Notably, the steps 88 (and the depressions 89) are
located angularly close together in the area corresponding to chair positions close to the upright
position of the back frame 30, and are located angularly farther apart in the area corresponding
20 to more fully reclined chair positions. Thxs is done so that seated users can select from a
greater number of back-stopping posmons when near an upnght position. It is noted that seated -
users are likely to want multiple back-stoppmg positions that are close together when near an
upright position, and are less likely to select a back-smppmg position that is near the fully
reclined chair position. '
25 The cam 86 is rotated through use of a control thar includes a pivoting lever 94, a link
95, and a rotatable handle 96. The_pi\_rotin_g lever 94 is pivoted generally at its middle t0 the
~ housing 26 at location 97. One end of the pivoting ievet 94 includes teeth 98 that engage teeth
90 of cam 86. The other end of lever 94 is pivoted to rigid link 95 at location 57°. Handle 96 '
includes a body 101 that is rotatably mounted on tube secuon 66 of MAS pivot bracket 65, and
30 further includes a flipper 99 that provxdes easy grasping to a seated user. A protrusion 100
extends from the body and is pivotally attached to link 95.
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30

nmechani sm shown in Fig.

A modified control for operating the back-stop cam 86 is shown in Fig. 11A. The
modified control includés a pivoting lever 94A and rotatable handle 96A connected to the
handle 96A by a rotary pivot/slide joint 380. The lever 94A includes teeth 381 that engage cam
86 and is pivoted to housing 26 at pivot 97, both of which are like lever 94, However, in the
modified control, link 95 is eliminated and replaced with the single joint 380. Joint 380
includes a ball 381 (Fig. 11B) that extends from the lever 94A. A snap-on "car" or bearing
382 includes a socket 383 for pivotally engaging ball 381 to define a ball-and-socket joint. The
bearing 382 includes outer surfaces 384 that slidably engage a slot 385 in a radially-extending
arm 386 on handle 96A (Fig. 11C). The joint 380 operably connects the handle 96A to the
lever 94A, despite the compiex movement resulting from rotation of the handle 96A about a
first axis, and from rotation of the lever 94A about a second axis that is skewed relative to the
first axis. Advantageously, the modified control provides an operable interconnection with few
parts, and with parts that are partiaily inside of the control housing 26, such that the parts are
substantially hidden from view to a person standing beside the chair.

Back Construction | .

The back frame 30 and back shell 31 (Fig. 12) foi-m a compliant back support for a
seated user that is particularly comfonablc and sympathetic to back movements of the seated

-atthched rfackst 56 © prevent any’ﬂrthapreamvs

user, parucularly in the lumbar area of the back 22. Adjustment features on the assembly -

provide further comfort and allow a seated user to customize the chair to meet his/her particular
needs and preferences in the upright through reclined positions. _

The back frame 30. (Fig. 12A) is curvilinearly shaped and forms an arch across the_
back area of the chair 20. A variety of constructions are contemplated for back frame 30, and
accordingly, the present invention should not be improperly limited to only a particular one.

For example, the back frame 30 could be entirely metal, plastic, or a combination thereof.

Also, the rigid internal reinforcement 102 described below could be tubular, angle iron, ora |

stamping. The illustrated back frame 30 includes a looping or arch-shaped internal metal

reinforcement 102 and an outer molded-on polymeric skin or covering 103. (For illustrative
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25 i ncl udi seat carrier (shown nostly in I nes .
t he. seat undmemplatedig@/im@ale clefennt badkeframé ishapeS0 For example; glie snrp:psnlr U—shymdem
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i ncluding aijmérAiedfaf section having a lower transverse member that is generally proxl_mate and parallel

the belt bracket 132, and a vertical member that extends upwardly therefrom. Ina preferred
- form, each back frame of the present chair defines spaced-apart lower connections or apermres
113 that define pivot points and a top connection(s) 107 forming a triangular tripod-like
20 arrangement. This arrangement combines with the semi-rigid resiliently-flexible back shell 31
to posturally flexibly support and permit torsional flexing of a seated user's torso when in the
chair. In an alternative form, the lower connections 113 could occur on the seat instead of the
back of the chair. -
The configured ends 105 include an inner surface 105° (Fig. 13) that may or may not
25 be covered by the outef shell 103. In the illustrated back frame 30 of Figs. 12A and 4A, the
reinforcement 102 is substantially covered by the shell 103, but a pocket is formed on an inside
surface at configured ends 105 at apertures 111-1 13. The configured ends 105 include
extruded ﬂanées forming apertures 111-113 which in wrn define the back-tilt axis 23, the seat-
 tilt axis 25, and a bottom pivotal connection for the back shell 31, respectively. The apermres
30 111 and 112 (Fig. 13) include fmsmcomcally—shaped ﬂanges 116 defining pockets for recewmg
multi-piece bearings 114 and 115, respectively. Bearing 114 iricludes an outer rubber bushmg
117 engaging the flanges 116 and an inner lubricous _bearlng clement 118. A pivot stud 119
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Fig. 1 with a person seated in the chair. However, it is to_be understood
that the i nwasenithnback frame 30 and the side arms 49 where the stud 119 is misaligned with its axis.
_The lower seat-to-back frame bearing 115 is similar to bearing 114 in that bearing 115
includes a rubber bushing 121 and a lubricous bearing element 122, although it is noted that the
m;momca surface faces inwardly. 'A welded std 123 extends from seat carrier 124 and
15 .include's a lubricous bearing element 125 for rotatably and slidably engaging the bearing
element 122. It is noted that in the jllustrated arrangement, the cpnﬁgured end 105 is trapped -
between the side arms 49 of base frames 26, 45, and 49 and the seat carrier 124, such that the
bearings 114 and 115 do not need to be positively retained to the configured ends 105.
Nonetheless, a positive bearing érrangement could be readily constructed on the pivot 112 by
20 enlarging the head of the stud 119 and by using a similar headed stud in place of the welded
stud 123.
A second configuration of the configured end of back frame 30 is shown in Fig. 13A.
Similar components are xdenuﬁed by idemiéal humbers, and modified bomponents are
identified with the same numbers and with the addition of the letter "A." In the modified
25 configured end 105A, the frustoconical surfaces of pivots 111A and 112A face in opposite
directions from pivots 111 and 112, Pivot 112A (including a welded-in stud 123A that
pivbtally supports the seat carrier 124 on the back frame 30) includes a threaded axial hole in
its outer end. A retainer screw 300 is em_eﬁded into the threaded hole to positively retain the
pivot assembly together. Specifically, a washer 301 on screw 300 engages and positively
30 retains the bearing sleeve 125 t.hat. mounts the inner bearing element 122 on the pivot stud
123A. The taper in the pocket and on the bearing outer sleeve 121 positively holds the bearing

115A together. The upper pivot 111A that pivotally supports the back frame 30 on the side
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speci fic devices and processes illustrated in the attached
dr awi ngs andrme @ of idedbase fitaine it geheraliynientival tof the ddwerrpieotel 12] esekpt thatethg pivoy
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consi dered as . . unnecessarily limting, unless the clains .
expressly stPacket defined,ip she base frame 30 and held in placa wifhaanothes washeged sceaw 3@0. For

(Fige 1 an &gff rs | ti i . ' '

casto%r ed baggéglgggﬁg‘?é# 2 é‘gﬁéaég?@%l{d. %ﬁﬂ%k&%%’%y pI voFe tcgds"“——--—'
t he base 21 105A agStwisted and resitientlycfivixed, land thezeafenare aeleasyd buwhlthat ey springsb22B to

bet ween upright and reclipned positions. .A seat, ssenbl y. 24 (Fig.

Oy 1's i vor it e pasil, iR aiRieeinetiProviescy vk exventl 2psens CBLiS et

axi s 25. secure, and r&@#Y abdoniplishdds 25 is of fset rearwardly and downwardly
fromthe back-tilt axis 23, and the seat 24 is slidab

supported at its Fheopreseahbackshelhsystem shoym ip Figs: 1Bl iangd6 (s@cﬁebkél&%%@s of
FETFL 555 12D 0 s conb R g kS AL RS B,
(see Fig. 6)TheMmdsyomplianticassisebherein is intended toyrefentoethe flaxibiliedt thopreseat bark mn
angul an SYnoBt QR f2' s ok B SRS Bl Aol bk kol B
(if2 about 5 fiexxb'ﬁli@ (88 in'gs? 42BnRdd QZE% aﬁ@.ﬁﬁ%@%paﬂ}eﬁcally" is intended t0 mean that the
, - back moves in close harmony with a seated user's back and posmrally supports the'seated
15 user's back as the chair back 22 is reclined and when a seated user flexes his/her lower back.
The back shell 31 has three specific regions, as does the human back, those being the thoracic
region, the lumbar region, and the pélvié region.
‘The thoracic "rib cage” région of a human's back is relatiﬁely stiff. For this reason, a
relatively stiff upper shell portion (Fig. 12) is provided that supports the relatively stiff thoracic
20 (rib cage) region 252 of a seated user. It carries the weight of a user's torso. The upper pivot
axis is strategically located directly- behind the average user's upper body centef of gravity,
balancing his/her back weight for good pressure distribution. |
The lumbar region 251 of a human's back is more flexible. For this reason, the shell
lumbar region of back shell 31 includes two curved, vertical-living hinges 126 at its side edges
_ 25 (Fig. 15) connected by a number of hdrizontal “cfoss straps” 125°°. These straps 125° " are
separated by widthwise slots 125 allowing the straps to move independently. The slots 125°
may have radiused ends or teardrop—shéﬁed ends to reduce concentration of stress. This shell
area is configured to comfortably and posturally support the human lumbar region. Both side . '
straps 125° " are flexible and able to substantially change radius of éurvature from side to side.
30 This shell region autbmaticaliy changes curvature as a user changes posture,. yet maintains a
relatively. consistent level of support. This allows a user to consciously (or subconsciously) flex

his/her back during work, temporarily moving stress off of tiring muscles or Spinal disc
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prinagy energy mecihepeiit fegidn 230 isGathef inflexible on hum@PBEAEY. Y ABsriinglyn @te lowest
control housing 26 for biasing the seat 24 rearwardly. Due to the 15
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15 joint. Its nearness allows the shell pelvic region to rotate sympathetically with a user's pelvis.

By being a bit rearward, however, the lumbar region of the shell stretches (the slots widen)

somewhat less than the user's back skin, enough for good sympathetic flexure, but not so much

as to stretch or bunch up clothing.

Specifically, the present back shell constructidn 31 (Fig. 4A) comprises a resiliently-

20 | flexible molded sheet made from polymeric mate_ﬁé_l such as polypropylepe, with top and
bottom cushions positioned thereon (see Fig. 4A). The back shell 31 (Fig. 16) includes a

plurality of horizontal slots 125” in its lower half that are located generally in the lumbar area

of the chair 20. -The slots 125” extend substantially across the back shell 31, but terminate at

locations spaced from the sides so fhat resilient vertical bands of material 126 are formed along

25 each edge. The bands of material or side straps 126 are designed to form a nawrally
forwardly-convex shape, but are flexible so that they provide an optimal lumbar support and

‘'shape to a seated user. The bands 126 allow the back shell to change shape to conform toa

user's back shape in a sympathetic manner, side to side and vertically. A ridge 127 extends °

along the perimeter of the shell 31. A pair of spaced-apart recesses 128 are formed generally

30 inam upper thoracic area of the back shell 31 on its rearward surface. The recesses 128 (Figs.
14A and 14B) each include a T-shaped entrance with the narrow portion 129 of thé recesses

128 having a width for receiving the stem 108 of the top connector 32 on the back frame 30
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an adj ustabl e nmoment armshift (MAS) system 29 al so positioned .
subst ant i alwe 99/p148kie control 20 housi ng 26. A vi sual m’%‘“" _
(Fig. 1) covers the area between the control housing 26 and t he

under si de o at 2 |1§hq,§ﬂéd %%%pﬁ@é{ e
back frane %%d Wt 88 wider ?&B&Q%%fﬁﬁ%#acltagre that?%ggll nes pi vot sf/eaxgs

23 and 25. mwmm@mmﬂ@%nfﬂwa copmsctor 32. The recessesolid® ¢agh exiend ypwardly

D ranor  or BT RSt Elnch S pROSY paies 151 RARGRAAAR RRTARY ffior’es "

support. A pivomilycapoirg-the’fod section 109a£fjths1[‘ eorhxud:tbm(ﬂsasphmstémaps isiides into the

0S8, | or wBRENY RO (5 u RIRESRn A ﬁsﬁéc%%%' 1o e Gonhi ot rin i P

good | unbar cgRESsH ®7 and secure the back snen@ue@hlhx,aa@l&aﬁé 5| yRr AllOWORE bEKRAA 81 RO
(Fig. 16) is operatively nounted on back shell 31 for verti cal

nmovenent t oPpobebaus aahpr:;pntalrmms s e aliows fordhe back shell i torflexofor igptimaloimbar.
options to SRR MG teialng= TN SO o P Ceh as & back- st op
nmechani sm 36 (Fi g\ b&l) bratkec B3N Higls16) icjudes e elongatddecenrensrip ér stemp 133 that matches
Lg?slro\/reeflh: gﬁz %gftpb%géorg%dge%ftge bacrf( ﬁ%tl ané!1 ca?s rlno e&llql?o g%l 3 ge of the
back shell 31. The strip 133 can also be an mtegral part of the back shell or can be attached to
back shell 31 with screws, fé.steners, adhesive, frictional tabs, insert-molding techniqﬁes, orin. .
other ways of attaching known i in the art. The stnp 133 includes side arms/ﬂanges 134 that
" extend forwardly from the ends of swip 133 and that include apertures 135. "“Ihe torsiorial
15 adjustment lumbar mechanism 34 engages the flanges 134 and pivotally attaches the back shell
31 to the back frame at location 113 (Fig. 4A). The torsional adjustment lumbar spring
mechanism 34 is adjustable and biases the back shell 31 to a forwardly-convex shape to provide
optimal lumbar support for a seated user. The torsional adjustment lumbar spring mechanism
34 cooperates with the resilient.ﬂexibility of thé back shell 31 and with the shape-changing
20 ability of the vertically-adjustable lumbar support 35 to provide a highly-adjustable and
comfortable back support for a seated user.

The pivot location 113 is optimaily chosen to be at a rear of the hip bone and somewhat
above the seat 24. (See Fig. 12.Y Optimally, the fore/aft distance from pivot locations 113 to
strip 133 is approximately equal to the distance from a seated user's hip joint/axis to their lower

25 spine/tail bone region sb that the lower back 250 moves very similarly and sympathetically to
the way a seated user's lower back moves during flexure about the seated user's hip joint. The
location 113 in combination with a length of the forwardly-extending -side flanges 133 causes
back shell 31 to flex in the following sympathetic manner. The pelvic supporting area 250 of
the back shell construction 31 moves sympatheﬁcaliy féarwardl_v and downwardly along a path

30 selected to match a person’s spine and body movement as a seated user flexes their back and
presses their lower back against the back shell construction 31. The lumbar support area 251

simultaneously flexes from a forwardly-concave shape toward a more -planar shape. The
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11) is forned generally adjacent flange 44. The transverse tube 45 is
wel ded to thurizohtahfremdthe back-tilt axis 23 wher thecbrtk foantes 3Qiis inathie yuphight pesitioal ryd

A reinforcenent channel 47 4 s | ded, i usi 6 | ' Ve of
fro of trEKeS4P %sf NS a‘i’éﬁ?ewugge H%&"’ﬂ Wﬁg?é‘g’gﬂﬂlﬁ%mﬁlﬂfﬁﬁﬁé (;ﬂnEJ gu ilhg
wel ded reclined poeigibai cal |y to reinforcenent 47 above hole 46, which tube
section 48 is shaped to mat eab

end of extendabl ga@?&?ﬂlﬁﬁm‘iﬁ'&ﬁ 3%‘.3611%\(-1@55% 1%@;1314xpfp%&%q%&)épé@?&%?ﬁﬁgﬁgﬁﬁs
oppos ng. endirep © biOvRe Stnbdheback il sBhiar A Baly APl 0 b el
i ncl ude a scorstragioat . 5Dikerbackh epnstiuatidni2! ,sthe peasent ifitention is contemplated to include
15 attaching back constructions 31A-31F to the seat or the base frame at bottom connections.
Specifically, the illustrated constructions 31A-31F are used in combination with back frame 30
to provide a specific support tailéred to thoracic, lumbar, and pelvic regions of a seated user. |
Each of the back constructions 31A-31F are pivoted at top and bottom pivot connections 107
and 113, and each include side arms 134 for ﬂeicing about a particularly located lever pivoi axis
20 113. However, the back constructions 31A-31F achieve their sympathetic back support in
slightly different ways. - _

Back construction 31A (Fig. 12D) includes a cushioned top back support 255 pivoted at
top pivot connection 107, and further includes a cushioned botiom back support 256 pivoted at
bottom location 113 by the belt bracket 132 including side flanges 134. Top and bottom back

25 supports 255 and 256 are joined by a pivot/slide connection 257. Pivot/slide connection 257
comprises a bottom pocket formed by a pair of flanges 258, and top flange 259 that both slides
and pivots in the pocket. A torsional lumbar Suppor‘t spiing mechanism 34 is attached at
bottom pivot location 113 and, if desired, also at connection 107 to bias top and bottom back
supports 255 and 256 forwardly. The~ combination provides a sympathetic back support that

30 moves with a selected user's back to match virtually any user's back shape, similar to the back
shell construction 31 described above. |



20 pl ates 50 incl ude wel d nuts 51 that ali gn to defipe- - '
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seat-attac forwaril sﬂ%@ spring 28 is a coil spring
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| 1Ch§9eS 2 HARER"a etk fiexible shell with transverse lumbar sfits. The shell is pivoted at top and
bottom connections 107 and 113 to back frame 30. The shell of back construction 31C is
biased toward a forwardly-convex shape by a torsion spring mechanism 34 at bottom pivot 113
and at top pivot 107, by a curvilinear leaf spxjing 271 in the lumbar area of _the shell, by a
spring 272 that presses the shell forwardly off of an intermediate section of back frame 30,
15 and/or by a vertical spring 273 that extends from top connection 107 to a rear piyot on belt
" bracket side flange 134. | |
Back construction 31D (Fig. 12G) includes a transverse leaf spring 276 that spans
between the opposing sidés of back frame 30, and that biases the lumbar area of its back shell
277 forwardly, much like spring 272 in the back construction 270. Back construction 31E
20 (Fig. 12H) includes vertical leaf springs 279 embedded in its back shell 280 that bias the
lumbar area of back shell 280 forwardly, much like springs 271 in back construction 270.
Notably, back construction 278 includes only a single top pivot connection 107. Back
construction 31F (Fig. 12I) includes a vertical spring 282 connected to a top of the back frame
30, and to belt bracket 132 at a bottom of its back shell 283. Since the back shell 283 is
25 fé_rwardly convex, the spring 282 biases the shell 283 toward an even more convex shape, thus
providing additional Jumbar support. (Compare to spring 273 on back construction 31C, Fig.
12F.) . , | | |
It is contemplated that the torsional lumbar support spring mechanism '34 (Fig. 12I) can
be designed in many differenf constructions; but includes at least a spring operably connected
30 between the back frame 30 and the back shell 31. Optionally. the arrangement includes a
tension adjustment device having a handle and 2 friction latch to provide for tension adjustment.
. The spring biases the belt bracket 132 ;otationaily forward so that the back shell 31 defines a
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but is spaced from:the spring 28. Link 55 - Fig. 8 is pivoted to?

an end of | oBgaw® gdismERifoimech Varying; npeiscaf spased mr%e&ma%mﬁeawwﬁn%

15 well— oﬁe&ﬁ&ft?ﬁ&ﬁr&haDEd pi vot nenber 63 (Fig. 11) includes an
arcuate roller r| ng surface that rollingly engages the cur ved

surface of st eeI B theeseit m;smthbdumbwgsuﬁﬁort spritegf mechaaismo4 (KEjg. 12I), belt bracket

B L e e

sl i ppgge bet ymele 219I1|en bélt Bfatiest iside fraﬁgé €34 backishiglg 292 engages messwafzsoas pﬁfmdee@r
58 and pivot nenber 63. Pivot nenber 63 is attached to a side

housi ng 20 smooth rotgiipng and g getaiger 203 hplds ghe tud 9048 Aol 291 sAlbﬁS"azgﬁé&F%SWEfi by
position (i yz@t h3Glielded thbadld '3@hgxﬂ includes a gﬁouﬂﬁﬁh Eb?ﬁivng h Gan géar 296

thelongleg 59|s | ocat e genera par ose to the spring
and t he and a protruding tip 297 on one end A hub 298 includes a plate 299 with a sleeve-hke boss -
300 for receiving the protrusion 295. The boss 300 has a slot 301 for receiving an inner end_
20 302 of a spiral spring 303. The body of spring 303. wraps around protrusion 295. and
terminates in a hooked outer end 304. Hub 298 has a pair of axle studs 305 that extend from
plate 299 in a direction opposite boss 300. A pair of pie-shaped planet gears 306 are pivoted to
axle studs 305 at pivot holes 307. A plurality of teeth 308 are located in an arch about pivot
holes 307 on the planet gears 306, and a driver pin 309 is located at one end of the arc. A cup-
25 shaped handle 310 is shaped to cover gears 306, hub 298, spring 303, and base 294. The
handle 310 includes a flat end panel 311 having a centered hole 312 for rotatably engaging the
protruding tip 297 of base 294. A pair of opposing spirally-shaped recesses or channels 313
- are formed in the end panel 311. The recesses 313 include an inner end 314, an outer end 315,
and an elongated portion haviné a plurélity of detents or scallops 316 formed between the ends
30 314 and 315. The recesses 313 mateably receive the driver pins 309. The hooked outer end
304 engages fingers 317 on belt bracket 132, which fingers 317 extend through an arcuate slot

318 in the configured end 105 of back frame 30. |
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uring recline, but it i1s noted that the curV|I|near shapes of thesée two
15 in a desired tensioned condition. Due to the arrangement, the angular winding of spiral spring
10 303 is greater than the angular rotation of handle 310.

In a modified torsional lumbar support spring mechanism 34A (Fig. 12K), a base
bracket 244A is attached to configured end 105A of back frame 30. -A lever 306A and driver
208A are operably mounted on base bracket 244A to wind a spiral spring 303A as a handle
310A is rotated. Specifically, the base bracket 244A includes a pivot pin 290 that pivotally

15 engages hole 291 in belt bracket 132. A second pin 317 extends through arcuate slot 318 in
configured end 105A, which slot 318 extends around pivot pin 290 at a constant radius. Two
pins 360 and 361 extend from base bracket 244A opposite pivot pin 290. The driver 298A
includes an apertured end 362 with a hole 363 for rotatably engaging center pin 360. The end
362 includes an outer surface 364 with a slot therein for engaging an inner end 365 of spiral -

20 spring 303A. The outer end 365 is hook-shaped to securely engage pin 317 on the beit bracket
132. A finger-like stud 366 extends laterally from the outer end 367 of driver 298A.

Lever 306A includes a body with a hole 368 for pivotally engaging pin 361, and a slot

. 369 extending ai-cuately around hole 368. A pin 370 extends from 1evér 306A for engaging a
spiral cam slot 313A on an inside surface of cup-shape& handle 310A. A tooth 371 on lever

25 306A i is positioned to engage stud 366 on driver 298A. Hole 372 on handle 310A rotatably
engage the pivot pm 360 on base bracket 244A. _ : -

| Handle 310A is rotatable between a low tension position (Figs. 12L and 12L.L) and a
high tension position (Figs. 12M and 12MM). Specifically, as handle 310A is rotated, pin 370
rides along slot 313A causing lever 306A to rotate about hole 368 and pivot pin 361. As lever

30 - 306A rotates, tooth 371 engages pin 366 to rotate driver 298A about pin 360. Rotation of

 driver 298A causes the inside end 365 of spring 303A to rotate, thus winding (or unwinding)
spring 303A. The arrangement of driver 298A, lever 360A, and handle 310A provide a
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varies automatically as the initial torsional force is adjusted to a higher
force, such that #4 ysenwapay also use this demiceifar asgacpmy réasems cthple saasers being o more

flatter sl opgmpdy Sakbt theBRk idli'shile RPLLAE b0k (Ridh8 BAkL Shdpd. Especially in the

lower lumbar/pélvic region, humnans véry dramaticélly in back shape. User's with more

extreme shapes will benefit by slidiflg the device into regions where their back does not solidly

20 contact the shell. The device will effeétively 'change its shape to exactly £l in the gap" and

' provide good support in this area. No other known lumbar he1ght adjustor does this in the
manner described below. '

Four tips 154 on fingeis 153 form retention tabs that are particularly adapted to

- securely engage the hooked tabs 151 to retain the sheet 152 to the slide frame 150. The

25 remaining tips 155 of the ﬁngers 153 slidably engage the slide frame 150 and hold the central

portion 156 of the concave sheet forwardly and away from the slide frame 150. The slide

- ‘frame 150 is vertically adjustable on the back shell 31 (Fig. 16) and is posmoned on the back

shell 31 between the back shell 31 and the back cushion. Alternatively, it is contemplated that

the slide frame 150 could be located between the back cushion and under the upholstery

30 covering the back 22, or even on a front face of the back 22 outside the upholstery sheet

“covering the back 22. By adjusting the slide vertically, this arrangement allows a seated user to

adjust the shape of the Iumbar area on the back shell 31, thus providing a high degree-of
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The crescent-shaped pivot nenber 63 (Fig is pivotally supporte

housi ng 26 e guldes 157 (Figs. 767 @da@etmml father inglnde A -shaped Bp o é%éhaped
sectl n 66 and a WRGE
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an axis of rotat| 9 for vot 63. T s
menber 63 it q}éﬁ&gt{agk%%lr "Ly“égck %‘Ogbﬂtmwaf Bic'ee of the
16 back shell, aA®Ghé Bk, Ot eﬂhgeerfﬁwéﬂd pbRicAX161 6OnanBle 1% &irénidg latkrally
pi vot nmenber 63, the engagement of.teet
ourwardly from molded handle 159. Notably, the end portion 161 is relatively thin at a location
10 161° immediately outboard of the lip 160, so that the handle 159 can be extended through a
relativeiy thin slot along the side edge of the back 22 when a cushion and upholstery sheet are
attached to the back shell 31.

The illustrated back 22 of Fig. 12 includes a novel construction incorporating stretch

fabric 400 sewn at location 401 to a lower edge of the upholstery sheet 402 for covering afront - - -

15 of the back 22. The stretch fabric 400 is further sewn into a notch 406 in an extrusion 403 of
structural plastié, such as polypropylene or polyethylene. The extrusion 403 is attached to a
lower portion 404 of the back shell 31 by secure means, such as snap-in attachment, hook-in
attachment, rivets, screws, other mechanical fasteners, or other means for secure attachment.
The foam cushion 405 of the back 22 and the vertically-adjustable lumbar support device 35 are

20 positioned between the sheet 402 and back shell 31. It is contemplated. that the stretch fabric
will have a stretch rate of at least about 100%, with a recovery of at least 90% upon release.
The stretch fabric 400 and sheet 402 are sewn onto the back 22 in a tensioned condition, so that
the sheet 402 does not v?rinlde or pucker d'e:Spiie the 'large flexure of the lumbar region 251
toward 2 planar condition. The stretch fabric 400 is in a low visibility position, but can be

25 colored to the color of the chair if desired. It is noted that covering 402 can be extended to
cover the rear of back 22 as well as its front.. -

Primary Seat Movement. Seat Undercamage/Suggort Frame and Bearing Arrangement
- The seat 24 (Fig. _4B) is supported by an undercarriage that includes a seat front slide
162 and the seat carrier 124. Where seat depth adjustment is desired, a manually depth-

30 adjustable seat frame 163 is slidably positioned on the seat carrier 124 (as is shown in Figs. 4B

and 21-30). Where seat depth adjusunent is not desired, the features of the seat frame 163 and

seat rear carrier 124 can be incorporated into a single component, such as is illustrated in Fig.
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section 66 into configured end 67 and Is pivote e aperrured
fl anges 70. ambbiay themngéngrally tawandraplinat copditiont eA eeatl cushionAl7(eiscpegitioned awyscar3

is threaded.ont . . . Nut 73.,includes her 73" that
rotatably e 01'5393 A Bhsldp pﬁ%gbﬂ}glétiéggt#{gﬁ apg/or Sdndéive orathglﬁg%d further
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shape o] _ ea el escopi hgly engage mating ribs on a
driving ri n&o"fBW"‘rAlyhé’E I“&"aﬂgi s g{‘%ﬁ'aﬂ’m cap 17 is ayaehed cafoR iFach igewall of

sectjicon 66 A . b I ; f
cvertor que Tomig20RBA AP RhARE BEREGTEA B MR Jatl@dul! O] e Binges 172 for
fingers 79 shdablyogngagibg shednbricpus sap 17%y bif this way, the slidefl62 s captured e thegigpusing
g0 OG0 AR iRl STBR S nlaetd BopREvent Babibgaiiier bRp
conponent s @hndl N2l aldisiocated té\opethiiwity the back-stop mechBdish /36| ULk sxie 494 1 iscamtiched
| egs 81" that snappi ngl)i,nen age, the end_74 of the nut 73 to ret aiéri t he

atop the top panel d includes ends 175 that extend laterally from the slide 1
20 Seat carrier 12_4 (Fig. 4B) is T—shaped in plan view. Seat carrier 124 is stamped from -

sheet metal into a "T" shape, and includes a relatively wide rear section 176 and a narrower

front section 177. Embossments such as elongated embossments 178, 179, and 180 are formed
in sections 176 and 177 along with side-down flanges 181 and side-up flaniges 182 to stiffen the
component. Two spaced-apart stop tabs 183 and a series of latch apertures 184 are formed in
25 the front section 177 for reasons discussed below. The welded studs 123 are atached to side-
up flanges 182 and extend lat_erallf. As discuséed above, the studs 123 _deﬁ_ne the seat-tilt_axis
25 at this location. o _ _ |
Seat frame 163 (Fig. 4B) is T-shaped, much like the seat carrier 124, but seat frame
163 is shaped more like a pan and is generally larger than the seat carrier 124 so that it is better
30 - adapted to support the seat shell 164 and seat cushion 170. Seat frame 163 includes a front
portion 185 and a rear portion 186. The front portion 185 includes a top panel 187 with down
flanges 188 at its sides. Holes 189 at the front of down flanges 188 form a pivot‘ axis for the
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predet er mi n¥¥P WY of force. A spacer/washer 82 RCRASBR2M4TC
end of the nut 73 to provide a bearing surface to better support )

the clutch raetyehigh dlex devied 1901destribed BEIGWAP CRRer oy 30l Yp4ced ?éa?wﬁt‘&l}%‘l"th@imles

the assenbly. JThe end cap, 83 includes a center protrusion 8

that snaps | nto SHRROTY 27 gKlscthats exterdst lgjerally IMS&’POMG muiti-functional mom@atfor

| egs of the CERtALIBRT the deak B )ﬁhtﬁ:ehi‘ &Itrotllilﬁ

In use, adjustnent Is accoqﬁIH?s ed by rotating e an%%m’%ﬂexdfwﬁeelgo The
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ring &8 and force required

r ot at |30n of '? %%Y%ﬂ?xaé%&b?g&%&gﬁgzﬁ@t OPFWé cﬁ“ﬂl’%h a depfy lateh 197. 1 4 QFRI"(?F’PVHI%

ring 76 to pissformed in the center of front portion 185 and a slot 200 is cutout in the center of the
o, the conponents As the nut 73 rotates, the

17 t
rod 71 is dr &W%MPW@Q @PP stops mpiter 199 (Fig. )26) isrpsitigneg) infthe)depression 98 andy
26, causing shewhinded mé?éaﬁ,rwﬁ%tﬁe%te&:?ﬁ@f & € ieRkr ¥ LAShabls Rbwnwardly through the

slot 200 (Figs. 26 and 26A). 'An inverted U-shaped bracket 203 is attached to the wide rear
10 section 176. The U-bracket 203 (Fig. 28) includes apertures for pivotally supporting one end
of a gas spring 204 used in the active thigh flex support device 190 described below. The rear
section 176 (Fig. 23) includes a U-shaped channel section 205 that extends around its perimeter
and an outermost perimeter flange 206, both of which serve to stiffen the rear section 176. Flat
areas 205" are formed on opposing sides of the rear section 176 for slidably engaging the top of
15 rear bearings 209.
Seat Depth Adjustment
A pair of parallel elongated brackets 207 (Fig. 4B) are attached under the forwardly-
extending outer sides of the U-shaped channel sectién 205 for slidingly supporting the seat
frame 163 on the seat carrier 124. The elongated Z-brackets 207 form inwardly-facing C-
ZQ shaped guides or tracks (Fig. 21) that extend fore-to-aft under the seat frame 163. A bearing
member is attached inside the guides of bracket 207 to provide for smooth operation if desired.
Two spaced-apart front bearings 208 (Fig. 4B) and two spaced-apart rear bearmgs 209 are
attached atop the seat carrier 124, front bearings 208 being attached to front section 177. and .
rear beanngs 209 being attached to rear section 176. The rear bearings 209 are configured to
25 slidably engage the guides in brackets 207, and further include a tongue 210 that extends
' inwardly into the C-shaped portion of the C-shaped guides. The tongue 210 captures the seat
frame 163 so that the seat frame 163 cannot be pulled up\&ardly éWay from the seat carrier 124.
The front bearings 208 slidably engage the uﬁderside of the front section 187 at spaced-apart
locations. The front bearings 208 can also be made to capture 'the front portion of the seat

30 frame 163; however, thlS is not deemed necessary due to the thigh flex device which provides -
this function. '
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posi tion. cam rough use of a control
that i ncl udés latching odotin2]13 ie vedeas@iifrom the sekies of siots 214, so that the seat 24 can be adjusted

to a new desired depth. A spring on inner slee_ve 218 biases the latch 197 to a normally

engaged position. It is contemplated that a variety of different spring arrangements can be
20 used, such as by including an internal spring operably connected to inner sleeve 218 or to laich
197. '
. Seat Active Thi sle Adjustment (with Infinitely Adjustable Gas Sprin

A from reinforcement plate 222 (Fig. 28) is attached to the underside of the thigh-

supporting front section 166 of seat shell 164. A Z-shaped bracket 221 is anached to plate 222

25 and a bushing 223 is secured between the bracket 221 and the plate 222. A bent rod axle 224 is
rotatably supported in bushing 223 and includes end sections 225 and 226 that extend through

and are pivotally supported in apertures 190 of down flanges 189 of seat frame 163. The end

section 226 includes a flat side, and a U-shaped brackét 227 is non-rotatably attached to the end

section 226 for supporting an end of gas spring 204. The U-shaped bracket 227 is oriented at

30 ~ an angle to a portion of the bent rod axie 224 that extends toward bushing 223, such that the U-

shaped bracket 227 acts as a crank to raise and lower the thigh-supporting front portion 166 of
seat shell 164 when the gas spring 204 is extended or retracted. Specifically, the gas spring -
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95, and a rotatable handle 96. The pivoting lever 94 is piyoted generally

at its m dce%@l’g@h}sge _ housing 26 at |ocation 97. ga,&ggngjﬂt he

pi voting | I'ncludes teeth 98 that engage teeth 0 of cam
86. The other end of lever 94 is Bivoted torigid link 95 at |ocation 97.
Handl e 96 204 is operably mountadcdhetvegn beagkets 227 and203; sp thap whentexigndady thedtrns frighibe
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handl e 96 i d0%¢d i é&“‘&xﬁﬁsﬁiﬁﬁgt@% %E:%F%ﬁr‘]’gﬁb'gl%g %O&“ggﬁﬁ%% I@‘?P?B'S%r a Qgﬂmﬁ
i nk 595 and Nopeselefd the ihfnika@utfbilily 6hRRfve Bigh sUfsdr Vigés #OPiproved
so that the sel ected step 87 engages the seat-attached bracket 56 to.
prevent any adjustability thatds yers useful, particularly to people with shorter legs.

The gas spring 204 (Fig. 28) is self-locking and includes a release button 233 at its rear
end that is attached to the bracket 203 for releasing the gas spring 204 so that its extendable rod
is extendable or retractable. Such gas springs 204 are well-known in the art. The multi-

10 functional control 192 (Fig. 3) includes an acmator for operating the release button 233,

Specifically, the multi-functional control 192 includes a rotatably outer sleeve 229 (Fig. 23)

operably positioned on the inner sleeve 218 and a handle 230 for rotating the outer sleeve 229.

- A connector 231 extends radially_from an inboard -cnd of outer sleeve 229. A cable -?.32 |

extends fromm the connector 231 on outer sleeve 229 to the release'but.ton 233 (Fig. 28). The

15 _ cable 232 has a length chosen 50 that when outer sleeve 229 is rotated, the cable 232 pulls on

the release button 233 causing the internal lock of the gas spring 204 to release. The release

button 233 is spring biased to a normally locked position. A seated user adjusts the active thigh

flex support system by operating the handle 230 to release the gas spring 204. The seated user

then presses on (or raises their legs away from) the thigh-supporting front portion 166 of the

20 seat shell 164 causing the gas spring 230 to operate the bent rod axle 217 to re-adjust the thigh-

| supporting front portion 166. Notably, the active thigh support system 190 provideé for infinite
adjustment within a given range of édjlxsmxem.

Also shown on the control 192 (Fig. 10) is a second rotatable handle 234 operably
connected to a pneumatic vertical height adjustment mechanism for adjusting chair height by a

25 - Bowden cable 235, sleeve 2357, and side bracket 235°°. The details of chair height adjustment
mechanisxﬁs are well known, such that they do not need to be discu_ssed herein. .

The seat shell 164 and its supporting structure (Fig. 4B) is configured to flexibly
support a seated user's thighs. - For'this reason, the seat cushion 170 incl_udes an indentation
170A located slightly forwardly of the seated user's hip joint (Fig. 12). The upholstery

- 30 covering the seat cﬁshio_n .170B includes a tuck or fold at the indentation 170A to allow the
material to expand or stretch during downward flexing of the thigh support region since this
results in a stretching or expanding at the indemati@n due _lt'o the fact that the top surface of the.
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beyond the defined back-stop point. Since the seat 24 is attached to the
back frane {f odiués 5 limts recline of the back 22. PCT/US98/22047
A nodified control for operati ng the back-stop cam 86 is shown in Fig. 11A
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Back Constr ugd4 RR a curvilinear shape so that it iEhﬁ cgﬁlﬁl‘esﬁ&ﬁ{ﬁerﬁﬁ B Preaf ?as%ﬂ@'dngﬁ Hlex
(Fig. 12) forma compliant back suppo for a Seat ed user fhat

i s particul aféveecdt oVberbe eea@ﬁdxsgrmm@qu@y loadhe thuhénmmgoﬁrom pertisadted
t h
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preferences in the u t.throu h reclin QsSit

P back 11 a0Ye@VEERG Beik roimective, thernggd (o hbedvienihe sraied uyer Krlgates the

across the downward pressure on the thigh-supporting front portion 166, the spring 244 flexes toward its

natural bent shape causing the bushings 242 to move back into engagement with the fingers 240
(Fig. 30). Notably, this passive thigh flex device 237 allows the user to flex the lateral sides of
20 the thigh-supporting front portion 166 of the seat shell 164 independently or simultaneously.
The degree of flexure of the passive thigh flex device 237 is 1imited by the distance that
bushings 242 can be moved in L-shaped tabs 239 _ .
In the foregomg descnptlon. it will be readxly apprecxated by those skilled in the art that
modifications may be made to the invention without departing from the concepts disclosed
25 herein. Such modifications are to be considered as included in the following claims, unless

the__se claims by then' language expressly state otherwise.
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back area of the chair 20. A variety of constructions are contenplated for
back frame 30, and accordingly, the present inventj not
be inpropermp?%"‘fﬁed to only a particul ar one. F'(}Jr&g?(%%?“é‘,q t he -
back frame 30 could be entirely nmetal, plastic, or a conbination thereof.

30 Al so, t Heerinygodon ¢laimedis: rei nf orcement 102 descri bed bel ow coul d

be tubular, angle iron, or a ' stanpi ng. The illustrated back .
frame 30 includes a | ooping or arch-shaped internal netal -

rei nforcenert. 102A ah4ir eomprisigy: nol ded- on pol ynmeric skin or covering 103.
(For illustrative

19 a base assgmblycipcluding a coptyel hayging dving oppesipg side flanges apd a side
transparent difdidocaledProxiiateldilof tHaideSAdmpay: cenent 102 is easily
seen.) The rmetal  reinforcement 102 includes a | ooping internediate rod.
section a bagkqpivetsd ytothe fassr assemnbly for nedvement between upright and\repliped
circul ar crgqs]ogi .tion. Reinforcenent 102 further includes
configured s/'brackets 105 wel ded onto the ends of the internediate

a seat operably supported on the base assembly and connected to the back for
coordinated synchronous movement with the back; |
10 an energy mechanism for biasing the back toward the upright position, the energy -
mechanism including an extendable/compressible spring positioned transversely in the
control housing with one end supported on one of the side flanges, and further including a
. lever pivoted to-the side pivot, the lever having a spring-engaging portion engaging a free -
- end of the sprmg and also having a seat-biaSing portion operably connected to the seat; and
15 the side pivot, the spring-engaging portion, and the seat-biasing portion being spaced -
from each other and arrahged so that the spring biases the lever about a fulcrum located

generally at the side pivot to bias the back toward the upright position.

2. The chair defined in claim 1 wherein the side pivot includes an adjustable pivot
20 member constructed to change a location of the fulcrum on the lever when the pivot member
is adjusted.

3. The chair defined in claim 2 wherein the pivot member and the lever include

interfacing surfaces, at least one of the interfacing surfaces being curvilinear.
25

- The chair defined in claimed 3 wherein the interfacing surfaces include intermeshing
teeth. '

_5. The chair defined in claim 4 wherein the lever comprises an L-shaped bell crank,
30 - and the fulcrum is located generally along an intermediate portion of one leg of the L-shaped
' bell crank. o s A
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5 section 104. One or two of T-shaped top pivot connectors 107 are

attached towmgw;ngujl ate ' section 104 near a top poptrmsssiposrof .
Not ably, a single top connector 107, when used, allows greater -

o1 o2 o1 de T exiill ik g 1 Sk P oh S BANERS U ol Y e S
and | ean to abéurdertidal akes aidoare. mévawa in afcommon horizontak piane thaa peovidedsogpmpact

connectors 107 praqvide a stffer rangenment. Each connector 107 (Fig. 12B)
10 i ncPHﬂE%mBgé‘F@m‘i‘BS"ml i nternedi ate section 104 and

| ncl udes a t RANSVefRechhi? Yefifidd hPtElalm 1 wherein thel§¥ing i Qﬁﬁiﬁﬁed B{l %&&bn%ﬁﬁbﬂs%-‘

The rod section 109 is | ocated outboard of the. Skl n or shel
and i $ adapt @ddt@gsgﬁdpb}’ rthe rl¢\@r|mrmlcpyﬁmy| that ghysgs éhfg@ge cndnef thegspringetds

in the back she 1lm=r%sly maye tnctv}ﬁ'% r{eosgxﬁ‘%r?er& R af’so'}%dezag&} a{ogéjaﬁbdﬁéuon

described belS8W |on

i nclude diff mﬁngrm&ofmmcs,hapes. For -exanpl e, the inverted U shaped 15
i nternmedi ate section 104 of back frame 30 can be replaced with an inverted

T- shaped : i nternmedi ate section having a | ower transverse nenber
that is genergl!ly PhOYiAPaGiRAnRYA ¥ ‘%Jherem the lever b&tﬂ%&%’u&mﬁﬂ}aﬁ&ﬁﬁréﬁg the
and a vertical nenber that extends upwardly therefrom preferred
forml@ach bapking eadwsauses theespsingsiornend Aaterally an nm—lmmmmmg gedine of the
connecti ons Qbr pertures 113 -that define pivot points and a top
connect i on(s) 7 formng a triangular tripod-like 20 arrangenent .

Thi s arrangenent conbl nes with the sem-ri g| d resiliently-flexible back
shel | 31 osturally fl port and permit tor I
flexing of a %eateld E|§ if aY’BSsaog%’éﬁﬁ"Hs fdn dtlding a ‘pivor G, 2|TfC g’r‘?ggle back
alternative féﬁembl%%nﬁ&%r tocﬁfén&?ﬂtfd?%ugiﬁé 6P théleRfeh bet%eﬁ Rri ?ﬁahnd redliped

of the of the chair. he con ured ends
105 i &l ude appsitiner ard)An RRSTEYOSPUrgerjny thel gyntioh &pusieg, forr bmyg rihe toward the

P os. 12 antipkit Piifon, Hiintprdvbinenk Be o Fbegutie By ARicRAS bl Affpre”

covered by the shethe pi¥iit membier being @ljuktabls; o med - on an i nside

surface at configured ends 105 at ertures 111-113. The confj ur-ed ends
105 i ncl ude g a lever engagmg the ener%y source and the g’wot member, (t)h fe er being operably

connected to the back for biasing the back toward the upright position, the lever and the
20 pivot member having non-slip interfacing surfaces, at least one of which is curvilinear, so
that the .interfacing surfaces engage to define a shifting fulcrum as the lever is rotated during
recline of the back, and further so that the fulcrum changes location as the pivot member is

adjusted to change a moment arm over which the energy source operates.

25 10.  The chair defined in claim 9 wherein the lever comprises a bell crank having a leg
that is pivotally engaged at an-intermediate location by the pivot member to define the

fulcrum.

11.  The chair defined in claim 10 wherein the lever pivors ina hdr_izontal plane about 2

30 generally vertical axis to provide for cbmpaa'positioning in the Cpritr’dl housing.
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extruded flanges formng apertures 111-113 which in turn define the
back-tilt aX|s 23, the seat- tilt axis 25, and a t-tom ot al
connect i on Y¥@E¥Shack shel | 31, respectively. The apertureé’%ﬂ’sgmgmy
~111. and 112 (Fig. 13) include frustoconically-shaped flanges 116 deflnlng
pocket s for 12eceiTherchair defined in claimnidl includingelidieand o gmi-tdghgingbrackst operably

engagi ng' ¢ hEoRRRRn R erVer P GHER intihe feubt B85 4 gt Bikaring prockey ang e’
pi vot stud %dd in a rearward direction.

20 I ncl udes a second | ubricous bearing elenment 120 that
matingly slidingly engages the first bearing el ement 118. The

studsll9 is g gxterﬁﬁ%&ﬁr&m&k}?maol&gmﬁxﬁ@ \(ggeﬁt igﬁue&% the control

and threadab into welded nut 51 on side arns e franes 26,
45, and 49. lrohsng at a pivot logation| spaced| fzomrthe 1merftnmg sm&cguf thé: piviot membegs 1the o

< ehaped ¢ AEtTGbE Siikechr MACPRRE Beitber poi sloupuly spabEf hof g s

al | owi ng t hgaditffomahbpivobloeaibad i nto nut 51 fromthe inboard si de of the
side arm49. It is

10 14.  The chair defined in claim 13 wherein the interfacing surfaces have teeth that engage -

in a rack-and-pinion like manner.

.15. - The chair, deﬁned in claxm 14 wherem the mterfacmg surface of the. 1ever also has-a '
curvxhnear shape
15 : _ _
| 16.  The chair defined in ¢laim 9 including an adjustment mechanism for angularly

adjustiﬁg the pivot member to change a length of the moment arm.

17.  The chair defined in claim 16 wherein the adjustment mechanism includes an

20 overtorque device to prevent overtorquing by a user when adjusting the pivot member.

18.  The chair defined in claim 9 wherein the chair includes a seat operably positioned on

the control housing and interconnected between the lever and the back.

25 19.  The chair defined in claim 9 wherein the interfacing surfaces have teeth that engage

in a rack-and-pinion like manner.

20. A chair comprising:
a base assembly;
30 a component compnsmg one of a reclmeable back and a movable seat pivoted to the base

- assembly for movement between first and second positions; and

—
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noted that the head of stud 119 can be enlarged to positively capture the

confi gur ed wodhohedsst O the side arm49 if desired. TherossE247
arrangenent including the rubber bushings 117 al |l ows t he pivot 23

to flex and corrpensatef tation t NQfeePE aligned with e.
axis 23, 10 ‘fvc%t?@g ?“ﬁ%‘BP% E%Bn ﬁ?easﬁ%lée@y aRtet SBO P ﬁffhphe
st (rjes?] on gammweﬂze tl\%cdﬂﬁnﬁﬁtaltﬁe ?ﬂﬁgavmg a lengith aﬁsdwlibxitﬁle cbapbndnt dsTmovéd
and the si ar ere.the stu S msal ned wi its axis

The | over s st Ben B proien J8afingeopng posiiony p mﬁ;mongyli%lgmdwﬂyt
bearing 115, mPressed akmgt fel dsdReRfall ekt ﬁga &ﬂu&?ﬂa&v&ﬂ@ Ed theYength.

bearing el ement 122 hough 1t .is not ed that the frust oconi cal
surféce faces inwardly. A welded stud 123 extends fromseat carrier 124 and

u e n el f 0 b .
sI | dably en?&gl ngnfenL%g g&fn:% 18 C% 20 finci #Féefzt%v’q §%‘§§ %’iﬁe‘gﬁ]n[%gpg iﬂﬁe
the ill ustr ahethependofrhespring dnde seoodd @dﬂﬁﬂ&:@ﬁﬁth&@&mp@mht.apped
bet ween the side arns 49 of base frames 26, 45, and 49 and the seat carrier

124, such that the bearings 114 and 115 do not-need to be
positively rgfai ”ﬁ%é&ﬂ&ﬁn@@ﬁfdlﬂﬂffﬁwﬁ&éﬁnrxgﬁver is pivoted to the VARG LERMBRS, 2
positive bearing arrangenent could be readily cons ructed on the pivot 112
by 219 enlarglng the head of the stud 119 and by using a simlar

headed stud j,n pl f st ud

A second cor?f3| gur h(r)? e?'ﬁﬁ%%cm %%WB%F’EHB" S?m%%ﬂt ?1?139% 2% s shown in
Fig. 13A Simlar conponents are identified by identical
nunbers, and nodi fied conponents are identified with the sane

nunbers and 4t h TheChadrqdetings inyplaim, &3 igqlyding e hack frame QRerAR)yicopRAepso the seat.
confi gured efgplsmémgug%gvgﬂgﬁtqﬁ&%ﬁﬂl surfaces .of pivots 111A and 1 12A
face in opposit directions frompivots 111 and 112. Pivot 1
12A 13 ncl udi ng a wel ded-in stud 123A that pivotally . supports

t he seat carﬁ er éZiluoré theﬂg ack frame 30) incl udes a threaded axial hole
I n It qY SPTEHIME'A retai ner screw 300 is extended into the

t hreaded hol e tO # badetasseptbly ineluding 4 Euditrol housing; pi vot assenbly together.

Specifically, a washer 301 on screw 300 engages.  and positively.
a seat slidingly supported on the control housing;

~&D.

a back frame pivoted to the base asssembly for movement between upright and
20 reclined positions and operably attached to the seat so that pivotal movement of the back

frame and sliding movement of the seat are synchronized; and

an energy mechanism including a spring having a length and an L-shaped torque
member with a first leg engaging an end of the coil spring and a'sccond leg extending
generally parallel the length of the spring, the first leg pivotally engaging the control

- 25 housing at a location spaced from the end of thé spring, and the second leg being operably

connected to one of the seat and the back frame so that the spring biases the torque member

in a manner biasing the back frame towafd the upright position.

26.  The chair defined in claim 25 wherein the first leg includes a-curvilinear surface that

30 both rollingly and pivotally engages structure on the control housing as the back frame

moves between upright and reclined positions. - - —
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30 retains the bearing sleeve 125 that nounts the inner bearing

el enrent 122 on the pivot stud : + 123A. The taper in the pocket and
on the bear WR¥RME sl eeve 121 positively hol ds the. bearing PCT/US98/22047
115A together. The upper pivot 111A that pivotally supports the back frame
30 on the si2fe  The chair defined in claim 26 wherein the structure on the control housing mcludmg

the | ower pi*/B’tvmlT?nb%rx n@bf'g{nﬁ%@t"?% %se\%{treggr;ege; tshe%gpveﬂmr eand dent | Cafl&'ﬁ leg;

OppOSI te i nb@aiserfsties Beihk @OnfigP@Tlofpositively enpdye 0 Pfeveit uhdsirtd Sippagst ud 119A
wel ded onto side arrg50 ¥hegdl¥earPngellas operaeﬂ?ﬁﬁount ed on
the stud 119A in the bear.ing pocket defined in the base franme 30
and held in ace washered screw 300. For 5 assenbl y,
t he back frair;ée 30‘4\1443h e gﬁgﬁ art to engage bearing 115, and the configured
ends 18 baseassentbly mchldmgruicomlhmsiiigty fl exed, and thereafter are
rel eased such that th?{ ring ba an at-rest position. This
arrangenent provi 38 ‘H‘B@ &ﬂ@ﬁﬁf‘ﬁﬁﬁ%@ﬁ@ﬁ"é@hat i s fastenerless,
secure, and readi hybadk G4t pWARE to the base assembly for movement between upright and

reclined positions and operably attached to the seat so that pivotal movement of the back
10 . frame and sliding movement of the seat are synchronized;

the control housing defining a relatlvely thm honzontally—extendmg compartment
under the seat; and . .
. an". adjustable energy mechamsm operably positioned in the compartment, the.
adJustablc energy mechamsm mcludmg an extensible emergy source, a lever operably
15 connected between the energy source and the seat, and an adjustment member adjustably
pivotally supporting the lever_fo_r_ adjustably controlling force transmitted from the energy
source through the iev_er to the seat, the energy source, the lever, and-the adjustment
member being movable in horizontal directions only so as to operate within the relatively-
thin horizontally-extending compartment. - -
20 _ '
29.  The chair defined in claim 28 wherein the adjustment member includes a pivot
member operably attached to the control housing for shifting the lever to adjust a fulcrum of

the lever.

25 30. A chair control éomprising:
a control housing; | _
a component operably attached to the control housing for movement between a plurality of
positions; '
an actuator on the éontrol housing operably connected to the component for
30 controlling movement of the component;

a manually-operable handle for operating the actuator; and _
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The presént back shell system shown in Figs. 12, 15, and 16 (and the back

systens of $pggri1esé Figs. 12D-121) is conpliant and desi gned»dmsmimyery
synpat hetically with the human back. The word "corrpl iant" as

{he | unbar ar ca. ( M8VEoraSe BEAER bibebifl ichindl |5 the Sepupff, B CO FRbpele el

provi des t hebeiﬁglwnﬂumdmé limit force transnitted ifivid tticyhandleao fthe) actdtddroad thakitijm

and the word "synpatheticall tended .to nean.that the - back
noves in cl o%‘E° rOBIRYCR aé"?e'i‘?éga'ﬁ&%‘i‘mg back and postural |y supports
t he seated 15 user's back as the chair back 22 is reclined and when
a seated user flexes his/her |ower back. The back shell 31 has

regi on, the
t hglr aci c "ri telfécmégén&%ﬁ%gﬁo@%éﬂ%n%%é 'g’agg&ilg qp‘éﬁ %rte?'?/é’l% asqers}op frqgcn) J@ﬁmg
reason,. a  an excessive forteabithechandtd.i f f upper shell portion (Fig. 12) is

provi ded that supports the relatively stiff thoracic 20 . (rib cage)
region 252 of a seated user. It carries the weight of a user's torso. The

upper pivot 33 The chair®bnfrol defitddPintOiafiR!I1Ywhaeh! &€ félewﬁieyna%m BndBe a

aver age user's upper body center of gravity, al anci ng hi s/ her
back18E|ght ttchgood pressure distribution. : The | unbar
region-251 of a human's back is nore flexible. For this reason, the shel

| unbar regi on of back shell 31 includes two curved, vertical-Iliving hinges

126 at its s@de eeres:hi’iB control deﬁﬁﬁ i cldifn) 3T oherefi te cluychainclodestae¢luwh ring and a
hori zont al r,oss st rtgg ag? . These straps 125 " are '
separat ed by TIFHPHHESEINGTa0Ly Sngagcy he Fuy e straps to nove

i ndependently. The slots 125 - . , may have radiused ends or -

t ear dr op- shaped ends to reduce concentration of stress. This shell
ar ea 18s conf Bur ed’heshais gpmsral ﬁsfwethmlmmwmrm thaigiph trmgh thetftiotion tingyisnd

Cubstant i al | dls. 7 menged to B BBEp s Kot o Bl e ©

shell region automatically changes curvature as a user changes posture, yet

mai-nt ai ns a relatjyve consi stent | evel of support S a Iovvs
a user to comsci oﬁ}efhﬁ'ﬁﬂem g/ Wu\c %}gase assembly mcl?xdes a base I;lfamt:

incorporates the housing.

20
36.  The chair defined in claim 20 wherein the base assembly includes a base frame that
incorporates the housing.
37.  The chair defined in claim 25 wherein the base assembly includes a base frame that
25 incorporates the housing. '
38.  The chair defined in claim 28 wherein the base assembly includes a base frame that
incorporates the housing.

30 39. . Acontrol comprising: = - . | : I
_ S This Sheet Has Been
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hi s/ her back during work, tenporarily aning stress off of tiring nuscles
or spinal disc

22 WO 9921456 portions onto different ones. This fequeﬁ?r%ﬁnzﬁdal X0)
"punps” nutrients through the spine, - keeping it nourished and
nore heal t hy. Weesinglespeed éniecgyusourcel positioneigiaitiescontrobhaising lpraviding e/ she
exerts uni qque rel atlgl% pressures on the various |unbar "cross straps.” Thi s
causes the G hinges to flex in a unique way, urging the -

shel l. to confor %Wv&ho;ﬁeratﬁﬁhn&cmw“ﬁm&kid%hgm&gy source for fibvemnent ovi des
nor e unlformsupport over | arger, area of the back i OVI cornc ort and

di mi ni shi nd’et‘NPQj‘H-‘RS SM@CWW@‘@I‘SFHG‘IGF’&@‘%‘F‘F SRRIEY

bet t e@{ tﬁﬁh of
the Runan SrcieoHA to Baf te‘ever tward the porighc %ﬂﬁﬁ%@%“‘i‘ﬂf‘*ﬁ% o g o
Cor r espondi thgllever when tedlidingsandaps” are | ocated forward of the central

Rel ping Che shel hoPREsisF orfemyaing R R-Eabion B B shded §fra bolfed il icbarf ©)
pel vic regi @i 16/, he comtdlRf beiaf cenfigated fof adjusimendieidivysan éeeatorhavingo t he

| ovest overcome a compressive force of the said single stored energy source.

o 40. | The control defined in claim 39 wher_e_in thé housing includes an adjuster device, and

the lever and the adjuster device define a variable and adjustable fulcrum point.

41. A chair comprising:
15 a base assembly including a control housmg,
a single stored energy source posmoned in the control housing providing a
compressive force; '
a back support operably intercornected with said single energy source for movement
between upright and reclined positions, said single stored energy source both exerting
20 pretension to bias the back support toward the upright position and providing resistance to
tilting of the back support when reclining; and | .
| a controller for regulating the pretension of. the stored energy source and tilt rate of
the back support, the controller including a lever deﬁrﬂng an adjustable fulcrum point that
can be adjusted without overcoming the compressive force of the said single stored energy

25 source.

42.  The chair defined in cla1m 41 mcludmg a seat engaging and interconnecting the back

support to the energy source. - o I —
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portion of the shell 31 is also rather inflexible so that it

post ur al | y/ g esiless supports the | nf | exi bl e human wsgmzmen
a user flexes his/her spine rearvvard the user's pelvis

aut omati cal | vots about hi s/ her |nt and .the,skin on his/her back
stret ches. %léf}( omng Hrsti] ever o%q%tr gﬁ,éw %‘ ﬁﬂf e:t%gyrﬁoufcg or movement .

st rat egi cal Ipernvenaipeight@d reblisiedpobitions, %ardwrad @herky Souéd Buth Bkdtiddpretension o

“joint. Its nearness allows the shell pelvic region to rotate

synpat het | . cé?‘i’sy'-h ¥ lever dosyard theyppiht position and provigipg esisiancs, tp ilting of oot
however, QevdtWAn reQH the shell stretches (the slots w den)
somevx/nat Iess than the user's back -skin, enough for good synpathetic
flexufe, but not aconueiler for regulating thaprdtcnsx:nrdtthﬂstmdbmrgh souree bithe fingy .

Speci ficall % hﬁxepcogﬁ'gﬂqu g %Péhel I légn%t}‘rg #%&83% 1&?“%853% cogm; | %relsa?

resiliently- b%

such. as pol W&mﬂ engdging BB stiel energy source andQhé SlibCetRiipeiiblyPiferédnfesst
t hereon (see Flg'i z The back shell 31 (Fig. 16) .includes a
plurality ofWith ez%tﬁ lgvers pad said orank leyer having amprtion|betwaensaid one et aadepid

general ly i :

ext end subs??it?tl%leea 'y acFoss t he’ acﬂt%&ﬁg%gg?@g%?ﬁ{egﬁ% it eleg%roéb%mjﬁé

| ocal®ons s pladarumfto diastthefirst lver toward thie upeight posiionverti cal bands of

material 126 are forned al ong 25 each edgée: - The bands of material -
or side straps 126 are designed to forma naturally

forwar dl y- comyex S‘haﬁﬁltrdwéﬁﬁdﬁnfclﬂlﬂ ﬁclﬁﬁ&nF RAtadfubigle @t%vhﬂﬁlbaﬁdaﬁﬁﬂ
| unbar support and hape to a sea user. The bands 126 all ow

t he back shempvatie é#%l’ﬁ@’ep%ﬁd’ﬁ@ ths cmhlevqn atdeast one of the pivot ms@bersm@ébkp@rﬁape -
In. a synpath axgjfai

al ong the peﬁﬂrlrlgfg@m?;eﬂtle tcﬁn? Q%-g;}c}é‘%f ggf)ﬂé%:% ?bdg? g?‘g(é:éélsg g
are fbrned glosedl |y 30 in an upper thoracic area of the back shell
31 on its rearward surface. The recesses 128 (Figs. ' 14A and
14B) each include a T-shaped entrance with the narrow portion 129 of the
recesses’ 45. Aconir3ﬁcd'tﬁpﬁm awdth for receiving the stem 108 of the

top connector 32 on t he back frame 30
. a control housing;

o

a stored energy source positioned in the control housing;

20 a first lever operably interconnected with said energy source for movement between
upright and reclined positions, said stored energy source both exerting pretension to bias the
first lever toward the upright position and providing resistance to tilting of the first lever
when reclining; .' _

an adjustable controller for adjustably regulating the pretension of the stored energy

25 source, the controller mcludlng a manually-operable handle for regulating the pretension of

the stored energy source and '
an overtorque device conﬁcured to limit the physical force transmitted from the

handle to the controller.
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23 and with the wider portion 130 of the recesses 128
having a wdth shaped to receive the transverse rod section 109
of the top YOM2U8: 32. The recesses 128 each extend upwar dl Fl'/U $98/22047
into the back shell 31 such that opposing flanges 131 forned adj acent the
narr ow port 4én 12’9cha1rcompnsmgp| votally capture the rod section 109 of the

T-top connector ‘t"f‘ﬁl stem 108 slides into the 5 narr ow
partion 129. Ri d e Ythe recesses 128 frictional | y positively retain -
the top asesmpp@tar@meﬁmmdsmre the back shell 31 to the back
frame 30, yet aIIow t he back shell 31 to pi vot about a

horizontal axis. aTRRK HRMERIVEIET 9 iBe hass assmbly for F’G"?‘P@( Yepyeeppinright and

| unbay I;shout undesired restri.ction.
A belt br acket 5%2 ? %b % i ncl udes an el ongated center strip or strap
133 that mat ches a:LCDmphant backeconhecges tof the backbframe in etilgast @he tépecdnredtionraad|to 31

U7 p 133 oA St o Bodbe? eyl Sty sbach o ettt B B Fomnecie G

to bottbiConnbetiohs Bdingi geherany Qligned Wi @ 3edtéd uskd3afip \bone hiid Rwepnpine
tabs, insert- nDIdln t echni que I n
such that the complian back undergoes controlled flexure between the top and bottom
10 connections; and '

the seat having a front portion slidably supported on the base assembly and a rear
portion pivotably connected to the back frame so that the seat moves forwardly in a

synchron‘ized:_ motion with the back frame dﬁripg recline of th.e.baqk frame. - . -, o

15 - 47.  The chair defmed in claim 46 wherein the compliant back includes upper and lower
sections operably connected together for counter-rotational movement, the upper section
being pivoted to the back frame at the top connection and the lower section including
forwa:dly—extending -ﬂanges pivoted to the back frame at the bottom connections, a rearward
distance from the bottom connections to a lower front surface of the lower section being

20 about equal to a distance froxil a seated user's hip joint to the seated user's rear/lower spine
bones so that flexure of the seated user's lower back causes the compliant back 10 flex

sympathetically with flexure of the seated user's lower spine.

48.  The chair defined in claim 46 wherein the compliant back includes a back shell
25 having upper and lower stiff sections connected by a flexible zone located generally ina

lumbar area of a seated user.

49, The chair defined in claim 48 .wherein the flexible zone includes a plurality of
horizontal slits extending generally across the compliant back but terminating to leave an

30 uninterrupted band of material at opposite side edges of the lumbar area.

————
IR et
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ot her ways of attaching known in the art. The strip 133 includes side

ar ms/ f | angefobstidspat extend forwardly fromthe engsy@éesiitidrP
133 and that include apertures 135. The torsional 15 adj ust nent

e gD STt RGNS AN RAETE S b RO bt

torsi onal berSlyrattiched KO ME bask siiedl, the torsmnal Iunibat Sppba MetHarisn dilishig thdshell
and bi ases the back shell 31 to a formardly convex shape to provide

opti mal | untesyard aeryardly protgding,eonyey; shape foreptimsl Breh#s SUBRIflust ment | unbar
spring mechani sm 34 cooperates with the resilient flexibility of
t he back shell 31 and with the shape-changi ng 20 ability of the
vertbcal | y- atlj usﬂﬁnbl dlaimdtﬁnedsimphim 3% including\d orertizallyi-gdjlistabiel jlumbarb sepparid

Cocat ] on 15 atsq R gl 8el i BHitdE fiueumens s aner a shamg of A0 AR of

somewhat = the comphanﬂiﬁl((ﬁl thequmba arédtof th&eardd wer.12.) Optimally, the
fore/aft distance from pivot |ocations 113 . to strip 133 is

appr oxi rrately equal to the distance froma seated user's hip joint/axis to

their |owerg e chairS Bbfifeldt f lc1aan rvﬁﬁi'é?ﬁ' ity veftihny- Qﬁuét%l@ MubBgK s

nmoves very 5| m | arly and synpat hetl ca Aay & seate
userlOs | oweinchaiek laveraby extandmhmdbswoastatcmdtto bhgngs aadl edcluwith aepehnptqr oige of .

The | ocat 13|n nbi nat i a |l ength of

forwar dl y- efi% ﬁﬂ‘PH’S“EO‘?f’:S 434n§ 3’5‘1 tguggigg\fy engage e Vel ﬂcg]l?talgi lpgpbar
flex in theg drpwp%ﬁnﬁmedmrmhlz@adjam&hnd S0 BSllow e peiRREet edg. ar ea 250 of
t he back shell construction 31 noves synpathetically rearwardly and

downwardly al ong .a path 30 _ selected to match a person's spine and-.

body novenenrl;y as -,.S S I BRSESist
their | ower ISEack %ﬁa?%sfq% Il%%ﬁeﬁ "r(]dsu?élucttol on }%f iﬁemfpgngalr%ﬁsup&nrt
ar ed5251 attached to snerudft &rcebtmd»ry édmmamnﬁ rfom baasing wieer dbmphiam cback mv&p@ a

toward a nore wparg{yl?gmgﬁ]&gg convis shape.

54.  The chair defined in claim 46 including a vertically-adjustable lumbar support operably
attached to a front surface of the compliant back, the vertically-adjustable lumbar support being
20 configured to change a force of support at.the front surface of the compliant back in a lumbar

area of a seated user.

55.  The chair defined in claim 54 inclu&ing at least one handle that slidably 'engages the
vertically-adjustable lumbar support in a generally horizontal direction, the handle being

25 configured to follow along a perimeter edge of the comﬁliant back for verticallji adjusting
the vertically-adjustable lumbar support. | '

56.  The chair defined in claim 46 wherein thé top connection includes a top pivot

connection. ' |
30

57.  The chair defined in claim 56 wherein the top pivot connection includes a protruding

T-shaped connector on the back frame and a mating recess in the compliant back, the recess
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24 t horacic support -area 252 rotates about top connector

107 but does not flex a substanti al anount. The to
rotati on oW@AY2Y4E$ vi c and thoracic supporting areas 250 and{’%’g%hﬁ

nmuch greater than in prior art synchrotilt chairs, which provi des

subst ant i al peing bériffpaseddto receive and ficfiGreally. edyageaﬂieyr-shdped [ppottadirigetdnnector to

construction 31 al so flexes in_a hqrizontal plane to provide 5 . goaod
postural suBBER Ebef‘iﬂmpé“%é’é?’é M&“‘Fw sts his/her torso to reach am
obj ect. Notably, the back frame 30 is-oriented at about a 5[err]
rearward angle fromvertical when in the upright posi tion, and

rotates to 3dlh chainiefinedinelaim 46 yherein hencomplians dackiineiudesa bﬂi’ebeQ}qu gtached

rearfard antons 2 beaRaPes b e sRBAM AN, e pop fraf tichlaly ghs Ehplaagar

the back-ti bf thebottod Iomtitetord.he back frarre 30°is in the upright position,
and 10 pivots to alnost vertically below the back-tilt axis 23 Wnen
the back frame 30 is in the fully : reclined position.

Back constrggtio b I:0S 1 S ) ort
constructi ogg The &éﬁé’ggt‘gdd?%'??? o‘\glllaclil %%@ﬂ%l%ﬁgﬁfqﬁﬂﬁor ?ﬁ
simlar in mechanispatached o aneef techotiome¢dnnectors. construction 31. Like
backmconstruct i on 31 the present [ nvent ion is cont errpl at ed to.include . .

60. ‘The chair defined in claim 46 wherein the back frame defines an inverted curvilinear '

arch.

61.  The chair defined in claim 46 wherein the back frame includes an internal metal
15 reinforcement and an exterior polymeric covering tha't'covers_ all sides of an intermediate
section of the internal metal reinforcement.

62.  The chair defined in claim 46 wherein the back frame includes configured ends
positioned on opposing sides of the rear portion of the seat, the configured ends defining
20 first pivots for pivotal connection to the back frame and second pivots for pivotal. connection

to the seat.

63. A chair comprising:
a base assembly; _
25 a back frame pivoted to the base assembly for movement between upright and reclined working
positions; and
a compliant back operably attached to the back frame at a top connection and
operably attached to the chair at bottom connections, the compliant back including a
forwardly-extending flange generally located elong its lower edge forming an axis of
30 rotation at the bottom eonnectiori ihat is located at or rearward of a rear of a seated user’s
pelvic bone so that when a seated user flexes their lower back rearwardly, a pelvic portion

of the compliant back moves pivotally downwardly and rearwardly about the axis, a lumbar -
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15 attachi ng back constructions 31A-31F to the seat or the base frame

at bottom caRE96k1438S. - : Specifically, the illustrat egernsesrnzos7
constructions 31A-31F are used in conbination with back franme 30

to provide a_specific su rt .tajilor to thoracic, lunbar, and pelvic
regi ons of anlgig{lle ‘ﬁg é’P.B‘Bﬁam back fgm%%éﬂ?"ﬁ? genezally reprwasdly tp form ghEnors) planary

are pivoted afrafgemennoithahd | poRliort; ¥RA ACthbRABR pbPtion of the back pival dbdukdhe fpd
each include side_ arns 134 for flexing about a ppgrticul a?l ?/_‘:lﬁ%lgat ed Ieveefgﬁ

pi vot axis 2@ennection, thusiproviding.support forca saated useris backcthatds bighly\sysuathetinite the
their synpat ' ; ' , | |l y. di fferent ways. '
Back construg%&égﬁusgﬁgﬁllﬁ—gggpﬁgjngi%%fe&ggs%r sc%?n%e%m?op back support 255

pi vot &d at top pivot:connection 107, and further includes a .
cushi oned boitom QRack, su rt. .256.piyaqted. at _ bottom |l ocation 113
by the belt Bfac k(tel?‘efgﬁ“ Bﬁ@‘?"&d\“ﬁ@“ﬁ.ﬁ\c]fe‘n&%% adiystable dorsiona] IwmbarsppRIt RTINS
supports 255n6khnid® fof CorsidhAlBA biiking the Vciniphai 0 ' s i

hAIR/ Mmg &Enr%ﬁkhtdﬁac‘ft E}nﬁ %Wﬁd%aé?tr?%url%é:gn e;/c

Pi vot/slide connection 257 conprises a bottom po

a pair of f| shapedfonepimal kgmbaysupportips dxseatedaserbot h sl i des and
pivots in the pocket. A torsional |unbar support spring nmechanism 34 is
attached at bottom pivot |ocation 113 and, if desired, also at

conndBti on 165. t o Thieachairalefiaed irb claim G4bwkdtein the compliant batlo BRhudss 3 3holdéd] skEHO
forwardly. Tge .conmbi nat i &r}n@ovi des a synpat hetic’ Ba'ck support that 30
moves with a"8BPeEEHIPE HMUErSEUOn o mtch virtual |y any user's back shape,
simlar to the back shel | construction 31 described above.
25 ' - . _
66.  The chair defined in claim 65 including a belt bracket attached to a bottom edge of

the molded shell. '

15 _ _
67.  The chair defined in claim 66 including a vertically—adjustabie lumbar support
operably attached to a front of the compliant back. | '

68.  The chair defined in claim 63 wherein the top connection includes a protrusion on
20 the base frame and a mating recess on the compliant back, the recess being configured to
. receive and frictionally engage the protrusion.
69.  The chair defined in claim 63 including a vertically-adjustable lumbar support

attached to the compliant back in a lumbar area of the seated user, for changing a shape of a
25 front surface of the compliant back in the lumbar area.

70.  The chair defined in claim 69 including handles operably engaging the vertically-
adjustable lumbar support and configured to follow a perimeter edge of the compliant back
during vertical adjustment of the vertically-adjustable lumbar support. |
30
71.  The chair defined in claim 63 wherein the back frame has configured ends positioned
on opposite sides of the compliant back, the configured ends defining a back-tilt axis, a seat-
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Back construction 31B (Fig. 12E) includes a top back suppoft 261 pivoted at

top connection 107, a bottom back support 262 pivo SMET
connect i on 23%H¥Bel t bracket side flange 134, angﬂ"ﬂ”’h

i ntermedi ate back support 262 operably positioned therebetween.
| nt er medi at git mkammwk-stgumnsuwwm&ms looatcdnman&zmlymfpb@bﬂck’zt&zaﬁﬁ and

pi vot 263, | d Y
- pivot/sli deﬁﬁ of ﬁé“@f%’s ﬁ?ﬁ%#lgﬁ?ge%ﬁn@?%f kg:gn%g &W r %p%?/&j%so%ble
fl anges 265toisibnatilvgbar spppdtespringnmiechanismer flange 266 with an end t hat

pi vots ‘and sli des. i n the pocket. Springs are positioned at one or
nore joints 107, 113, and 264 to bias the back construction 260

to asf orwar ghy- Canga¥sir AR in claim 63 wherein t ;ﬂﬁﬁkb&mﬁaﬁd&w&%&gﬁs&& g.
12F) i s si m#ar to back shell construction Bﬁc?nrll that it i ncl udes

a sheet -1 i ket ldassxa pireschable porgion (of (whiehs memechlablnmwrglufo%mammmga&q covering
pi voted at t e to back frane.
30. The shel‘r'ﬁe%g)}rp tggs&%n 8%#5%%%%?%*%% ﬁémggfigzoﬁﬂase%ﬁ# oward a

f orwar dl y- convex shape by a torsion spring nechani sm 34 at bottom pivot 113

and at top p| vot .10 by C rV|I|near l.eaf s 271 in_ the nbar are
of the shel I73- by The cnalr’adtned ig flaimy 72 7@@{%[“? ‘é‘ggbébetlwén@hé} udes, @, &R

off @ an i @&&Em_rﬁtsewaq&ail@@a%gbashefcwéfﬁzg%ﬂm

74.  The chair defined in claim 73 wherein the ¢6mpliant back includes a back shell, and
includes an extrusxon attachcd to_the smp of stretch fabric, the extrus:on being secured wa.. -
lower edge of the back shell.
15
| 75.  The chair defined in claim 74 wherein the'extr.usio.n includes a notch for receiving an

edge of the strip of stretch fabric and is sewn to the strip of stretch fabric along the notch.

76.  In a chair having a base, a seat, a back frame rotatably attached to the base, and a
20 first energy mechanism for biaéing the back franig toward an upright position, the
improvement comprising: . |
a compliant back that is flexibly bendable to define different curvilinear shapes for
sympathetically Supporting a seated user's back, and a belt bracket with forwardly-extending
flanges pivotally connecting the compliant back to the back frame at a first connection, said
25 compliant back includihg a secorid connection pivotally connecting the compliant back to the
back frame at a second location spaced vertically from the first connection, such that the
compliant back is constrained to mové over a range limited by the first and second
connections; and
a second energy me@hanisxn including a fdrce_ generating mechanism located
30 generally at one of the first and second connections ahd conStru_cted to bias the bracket and

§0 as to bias a lJumbar portion of the compliant back forward with respéct to the chair.
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15 and/or by a vertical spring 273 that extends fromtop connection
107 to a rweroopirasst on belt bracket side flange 1PCT/US98/22047
Back construction 31D (Fig. 12G includes a transverse |eaf spring 276 that
spans e PQASi SR mb At . _

bi ases the 7I7t]nba’¥ﬁap§§?or§e hlggqsqga@?ngﬁleqsl oifl gg@gﬁo% ?ls}&ehmi}%%es_

| i ke spri ngogifidning thé) Eirsh zoknections generallyoat £ 7dr oBagelviobater afct scated3GE KOthat,

Fig. 12H) inclyd tical.|eaf ' 279 enbedded in.its back |
50°k hat s e seatsd st Reis Figmel 1o ek pralvarsiss @ BGE rorR Bf P ek
l'i ke springsovel Howhwardly afi@Rédrivafdly Of nibar portion of the babtiR tnfdvey fg:?ﬁﬂly flexibly

construction 278 includes only a single top pivot connection _ Back
consd r uct i oeagvardly Rogformp a ymprec planars agrangement Jyiths thej pgjvipgportien nand-a thergely

top of the f . 0, . a of
its back stéﬁqﬁ&ﬁggaﬂ%ibﬁ%% P l%g% ‘é‘ﬁgﬁl‘“&‘@’j@ %&a(g{aﬁg%lv}gigﬁm%ﬁ c}P é;tlﬁxﬁﬁﬂr
convex, thepcrfion,nand?@e thoracie pottion Hexihy i? 3mbhmmen hiphiy sppathericrte movements of
shape, thus , .pr.ovi ding additional |unbar support. (Conpare to
spring 273 ©f sﬁ'éi‘k“"t?()ﬁ???‘%ct ion 31 C. Fig. 12F:)
It is contenplated that the torsional |unbar support spring nechani sm 34
(Fig. 121) can ] be designed 'in many different constructions, but
i ncl@des at78.easA chairmonpsigicipe cempiisisgnnect ed 30 bet ween t he back -
frame 30 and t-he lﬁ@sg:kas%?&h . 31. Optionally, the arrangenent includes a
evice

t ensi on adj ust mefit ‘aving a handle and a friction latch to provide

for tension adjuateant. _ ‘The spring biases the belt bracket 132
rotationally forwar o that the hack shell 31 defines a . -
26 y \Q%ag(_is-rame paxlvo to __qcba.se rame for movement between upright and reclined

pdsitioris: and | |
15 a compliant back pivoted to the back frame at a fixed top connection and including
forwatdly-extending' flanges pivoted to one of the back frame, the ‘seat, and the base
assembly at bottom connections, a rearward distance from the bottom connections to a lower
front central surface of the compliant back being about equal to a rearward distance from a
seated user's hip joint to the seated user's rear/lower spine bone so that flexure of the seated
20 user’s spine and lower back causes the compliant back to flex sympathetically and mirror

flexure of the seated user's back and spine.

79. The chair construction defined in ciaim 78 wherein the bottom connections connect

the flanges of the compliant back to the back frame.

25 .
80.  The chajr construction defined in claim 79 wherein the compliant back comprises
- relatively stiff upper and lower sections interconnected by a flexible sectiori.
81. A chair back construction comprising:
30 ' a back frame including a top portion and a bottom portion; and

a compliant back pivoted at top and bottom connections to the top and bouom

portions, respectively, the compliant back having a relatively stiff pelvic support section that |
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forwardl y-convex shape optimally suited for |umbar support to a seated

user. By ro handl e to different | atched po tlons t he
t ensi on of %‘%&&Q%l‘%‘ﬂg is adjusted to provide an opti nal E[5?2\%rd

| unbar force. As a seated user presses against the |unbar area of back :
shel | 31. t Ipivots about the btari cotmmctioklatf 4 pives axis iogeidnforwaral dfythe Welvic support

~nmovenent that mrraqr user i ne and b dy. 5 flesh. The force of -
The bands. ofesHinapis of stitFard ot sfhied Mees ot qoapmmlymﬂlamga
force relativelp Waffcthéracic 'supgort! kettioft \that ipivoke Moud BtPRp BHhec i 3t & ﬁmﬁt R

with the torsional |unmbar support, . spring ani sm
provi de a hllm Eearward 0f) t@e Qfaci¢ SupRort SﬂCtIOmnﬁarpebmmpmt thazscic Ismpostesecuons

el B 5 0 i Vg for e bl a\ Bl % RE3iaced kT B B e

coul d be usédingmonstnaincdato ftet] wwdahtewmthermpeﬂdt Yotidin pivots in3CinkisrieR i3Y6y rﬁh&ﬁcng

installati on uI d he used. resent adJ ust abl e device all ows

t he A aﬂ%@%ﬁﬁ%"ﬁgé&% ated upeg'sheekls of seated users.

Thus, a user can assune a var| ety of wel | - supported back

post ures. In the present torsional |unbar support spring

mechani sm 382( Fj glhechair bagie conshpetignedefined in claim 81 wa&reushq:) compléaht backbiaclkdes

5 hove: 201" TR R bt b G ek iRl e kR 385 St B

290 to provide for snmooth rotation, and a retalner 293_ho|ds t he
stud 290 inslgole.lg % A base 294 is screvved by '
. alrcompnsmg

- a base assembly; . . S ) _
an inverted U-shaped back frame havmg an intermediate top section and a pa1r of
15 configured end sections pivoted to the base assembly, a T-shaped top connector protruding
from the top section and a pair of bottom. connectors in the configured end sections; |
a compliant back including a top recess cbnﬁgured to receive and frictionally engage
the top connector, and further including a belt bracket along a lower edge with opposing
ﬂanges that extend forwardly a distance for connection to the bottom connectors; and
20 a comnecting mechanism pivotally connecting the opposing flanges to the botom

connectors at a location proximate but somewhat rearwardly of a seated user's hip joint.

84.  The chair defined in claim 83 wherein the compliant back includes a flexible lumbar
section, and wherein the distance that the flanges extend forwardly is a few inches and is
25 about equal to a distance from a hip Jomt of a seated user to a lower spine bone of the seated

user, such that the comphant back, when flexed, flexes in a sympathetic manner mirroring a

seated user's spine.

85. A back construction for a chair comprising:
30 ' a back frame;

a highly compliant back having a forwardly-protruding lumbar support section that is

movable rearwardly in 2 manner that mirrors flexure of a seated user's back;
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screws 294' or welded to back frame 30, and includes a protrusion 295 .
havi ng a sUlolRRE4s696 and a protruding tip 297 on egpgamesi2odr hub
298 includes a plate 299 with a sleeve-like boss 300 for

receiving the protrusiqn 295. The, boss 30? has a slot 301 for receivin n
nner end 20 | top 48% GoRom onestions pivorally SnnerHas e pomplians Hack 1o sse A
around prot gagieOBnd95. and - termnates in a hooked outer end 304.
Hub 298 has a pair of axle studs 305 that extend from pl ate 299
in a direction opdasiustablestorsicumd force-gemeratisiz mechapismenerablynattachesttor enegrobath e

lvoted to . Y I 0z... I ' :
!to eeth 308 af (fa qeo%%@%lgnﬁﬁ@naﬁgﬁ bégg S{ahxpe?(%tf%s 919. lﬁﬁxbgi'_gec“@ gog& 5@}9 %&é’ ﬁ]nglal
pl angt gear $umbdy, supputt fordhe seatedniser'864atki. s | ocated at one end of the arc. A
cup- 25 shaped handl e 310 is shaped to cover gears 306, hub 298,
spring 303, and base 294. The handl e 310 includes a flat end
panel 311 hggl Ng PheChitkClRrition dekined Gh d18hABS Biheréf GRE iétSiohiiCforce-generating
protruding tip 297 of base 294. A pair of opposing spirally-shaped Tecesseées
or channel s mecBanism is operablyrmoumedread the bdtiomegdnnsetient t@he babke frame asdsthe

313 include an_i. r end 314, an outer end 315, and an el ongat ed
portion havicﬁﬁ"pgg%leb&? lity of detents or scallops 316 fornmed between the
endsjg30 314 and 315. The recesses 313 mateably recei.ve the driver.

pi ns 309. The hoqked outer end, " .. .304 engages fingers 317 on | t

br acket 132%\1\,{1! 2#‘? Pagkcsansipycrion,defingd (in r%@hs%l‘i"%ﬁ%gteec%ﬂﬂ’@m back mcgﬁes a

:23%8 In the Gepfivays8e distacid Auppdit 8kdn ddPiFelatflely stiff pelvic support section, which are
: interconnected by the lumbar support section. ‘ o ' .

15 838.  The back construction defined in claim 87 wherein the lumbar support section

comprises a flexible sheet of material.

89. The back_ construction defined in cla_im 86 wherein torsional force-generating

mechanism includes a spring and a handle, the handle being rotatable to wind and unwind to -
20 ' adjust a tension of the spring, the spring being operably connected between the compliant

back and the back frame to bias the lumbar support section of the compliant back toward a

forWardly convex shape.

90. The back construction _deﬁned in claim 89 wherein the torsional force-generating
25 ~ mechanism includes a lever to pfovide mechanical advantage when adjusting the tension of
the spring. '

91. A chair comprising:
4 base assembly including a control housing having an energy source thérei_n_;
30 a back support operably interconnected to the energy source for movement between an
upright position and a reclined position, said baék supjaort including 2 back frame and a back

shell, said back shell comprising a resiliently flexible polymeric sheet shaped to support a
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Handl e 310 is rotated to operate torsional |unbar support spring nmechanism
34. This causes recesses 313 to engage driver pins 309 ‘on_pl anet
gears 306. wihg9/zIdshet gears 306 are geared to sun JEAUSIYEEMLch
t hat planet gears 306 rotate about sun gear 296 as the drlver pi ns

309 are foy, %&daﬁwm @akd(ﬁmt%ﬂma@bﬂ)wmds&dﬁghmr H&pdispostbgeneraliiyor ced

to rotate O elr respective pivots/axles 305. Inturn as pl anet
gears 306. behind at leas gyportinncef thanelmmofra)mteé adult user, a flexiblegentyal arege -

connect i on ;0of [ D I '

i onter (ofiopostlabie SRl lolar s ohfl eehetalfy BetyiRbaidhse £ Bicklf of 42 st eplot
3r acket 13&133@an Jauﬁt ﬁ&dryanr??'?mﬁd'igiﬂ' lnpper area disposed ahﬂvﬁ mlld céittal engagé t he
river pins 309 with en frigcti resj stance to hq ri ng 303
in & desi rsanqr@hsb@wtﬁ?ﬂ%mwﬁwn%%@wrm éhama%“ﬁﬂée Taful ar

wi nding of SPiTabiatitk Mimbthaving a frdfaucmbi3hfing! SR uppéeared Gf ad back!shéll on

of handl e 310. In a m)dlfle rsional |unbar support

spring meclatieshack framer-puyd 2 phglity of pivotal second attacbmem MW@MW“PBH&W%C hed
to configured en A r r =)
298A are oﬂ%‘?’ﬁrb éﬁ%ﬁtsgg bggé;glegletgtﬁea% ktféfiflikleet segoom !ﬂg%‘lwr %ltcng spri ﬁg- 303A
as a handl Qnovement of the lowes hbch toForcetfieimd. to Spartiif a@eix&qlledtsympilhem: tharmek it

244A | ud t 290 t hat pi.votal l :
DaT10 br o dhe Waar arca R orher B pisut SoBP YA and FOraaEHbls IR CL g el ottt | "
configured \ﬁ ﬁcb‘m O hihba® lafda dbiig TekBRAT the Sdfed alily Bder3ispiné Whildlsedted.

| us

const ant pi ns 360 and 361 extend from base bracket
244A opp05| te pi vot pin 290. The driver 298A ' i ncl udes an
apert ured epfl 367,k Brliod f Afith 6P WnkRlPhE BLok BRHEHcRReE £ RIE bivRE W@

The -end .

the back frame is plvotally attached to the base asscmbly for movement of the back support
15 between the upright and reclined positions, with the first pivot axis approxim_ately
coinciding with an axis defined by a hip joint of the seated adult user.

93.  The chair deﬁnedl. in claim 91 wherein the said central area comprises a plurality of
laterally spaced apart slots in said sheet extending generally horizontally across a portion of
20 : the central area of said back support, said slots terminating prior to the perirheter edge of
| said sheet, whereby the said slots define a plurality of elongated horizontal resilient straps in
said central arca, each of said straps being adapted and dimensioned so as to provide

resilient support for the seated adult user when sitting on the chair.

25 94.  The chair defined in claim 93 wherein the lower area of the back shell includes a
reinforcement having forward extending flanges pivotally coupled to the second attachments
of the back frame, said reinforcement and pivotal attachment providing movable firm

support for at least a portion of the pelvic area of the seated user.

30 95.  The chair defined in claim 91 wherein the pivotal second artachments for pivotally .
coupling said lower area of the said back shell to the back frame include a biasing device for

biasing the central area of the back shell in a forward direction. — - —_—
o ' This Sheet Has Been R

e

L



362 includes an outer surface 364 with a slot therein for engagi ng an inner
end 365 of SAi <20 spring 303A." The outer end 365 is pepjsotimped tO
securely erﬁggg&{ﬁ‘lsﬁ 317 on the belt bracket 132. A??nger-l i ke
stud 366 extends laterally fromthe outer end 367 of driver 298A

Lever 306A includes a body with a hole 368.for pivotally engaging pin 361,

and a sl ot M it lifa '&M@S%ﬁél@ih%é’sa%B%gamlo?tﬁ)@&u}ﬁtcﬂ%?o )

ext ends from 1Tever engagli ng a ral” cam's
an inside smchnlesfm‘ivandlpet&hh@ﬂmigmdiwtaﬂy&éupléd toothe bec’bid atachimentsrof e back

306A is postlone stud .366 on driver 298 Hol e 372 on h dIe
310A ot at aFFPe nd ssid BIASHENeyibs dnelides 3 OrOn ARrng SBoraNY RicEPoBRerELip &
Handge 310Afdr@af@§g§ﬁiﬁ%ﬂaqe§\een a low tension position (Figs. 12L and —

12LL) and a i gh tension position (Figs. 12Mand 12MV).
Specifically, as handle 310A is rotated, pin 370" ri des al ong

sl ot 313A cysi nepueast (3ARA il Gndhe B G aPEe Hoklbs BlibeTor /S

| ever RGOt at es engages pin river
298A about pdjosti@Othe Roctetsiomomthe torsion spring. dri ver 298A causes the inside
end 365 of spring 303A to rotate, thus wi nding (or unw ndi ng)

spring 303A. The arrangenent of driver .298A, |ever 360A, and handl e 310A

prodpgde a 98.  The chair defined in claim 91 wherein the lower area of the back shell includé8 -
forWard extending flanges forming an axis of rotation at the pivotal second attachments of -
the back frame, said axis of rotation being located at or rearward of a rear of the seated
_ adult user’s pelvic bone so that when the seated adult user flexes their lower back
| rearwardly, the lower portion of the back shell moves downwardly and rearwardly, and the
15 central portion of the back shell flexes genera_lly rearwardly ‘to form a more planar

arrangement with the lower portion.
99 The chair defined in claim 91 wherein the said back frame defines a curvilinear arch.

20  100. The chair defined in claim 91 wherein the said back frame comprises an internal

metal reinforcement encased in a resilient polymeric covering.

101.  The chair defined in claim 91 including a seat operably mounted on the base

assembly, the seat forming a link interconnecting the back suf)pon to the energy source.

25
102. - A chair comprising: _ N
‘ _a base assembly including a control housing having an energy source theréin; and
- a back assembly movably suﬁported on the back assembly and including a back
support operably interconnected to the energy source, said béck support including a back
30 . frame and a back shell, said back shell coxhprising a resiliently flexible polypropylene sheet

shaped to support a back area of a seated adult user thereon, with a lower area disposed

. generally behind at least a portion of the pelvic area of a seated adult user, a central area
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nmechani cal advantage of about 4:1, so that the spiral spring 303Ais
adj ustably wound with a desired anount of adjustnent force on the
handl e 310XO%#3145fe i|lustration, a rotation of about TUSPBERM | of
t he handl e 310A produces a spring tension adjustnent w nding of about
80[err]. disposed above said lowépirezoasl geperafly beliind anleast ahortivnadfithe luynbanarea of

vertical adjustable | unbar stem 35 (Fig. S .. i S prtovid that.'
Vel udes ot it sinlreat and f2 ybper gres dispboncaton? said opre pish o 8°

includes  pehind at leasE£PEHE 1Bh ohaehﬁ&aélah&ab?&@&ma%dﬁmag& §Hﬁs§1ﬁﬁ€bn a“fowaaave
| unbar support sheet 1 Flg. 16) of flexible material such as .

spring st eeface atthgback @eﬂl vertically adjustabledumbptsuppert iacated infroakefithe hack

e e i s

s heet 152 i eertieal mdﬁbthnenatongeseshapheéa fropr susfiace bﬁﬂ:ecback invthe hunsbar axel off dek

or.t res ur es, flect un |I |t .ma S the shape of- the back
sheII benea’?ﬁwptus a %“F‘Pgtla FF§ B £ngfes AL
force acr osgadkh@ith Q%Bnﬁgﬂi‘écﬁpﬁlﬁ!{étdﬂﬁe of ﬂl‘éQfacH\’sﬁéﬂ 4l cahsmﬁféatté brmb@ engage

| ocal i zed back support, regardless of the f|exural shape of the user's
back. Thus, thetv y gdistable lumbar supRoricio merrait iheshaneles ta adiest in anskout o fabigw

hei gt adj u EHE” t forcmgauser into a particular . . ; rlgld
bacgl;wposturlglte ur’ \ﬁ%r, "he fabric or upholstery on the back is al ways held
taunt, such that 15 winkles are elimnated. Stretch fabric can -

al so be used to elimnate winkles. A user may al so use

this device for a second reason, that reason being to nore
conpl etel y .adapt- the back -shell shape. to. his/her:own -uni que back shape

Especially in the - . lower l|unbartpelvic:region, hunans.vary
dramatically in back shape. User's with nore : extrene shapes
will benefit by sliding the device into regions where their back does not
solidly 20- : contact the shell. The device wl I effectively change
its shape to exactly "fill in the gap and
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provi de good_support in this area. No other known |unbar hei ght adjustor

does this iiobbRiase manner described bel ow. our.
tips 154 on fi ngers 153 formretention tabs that are partlculgqusg\med
to securely engage the hooked tabs 151 to retain the sheet 152
to the shdb?raﬁech?ab remai ning tips 155 of the fingers 153
slidably engage %eqmﬁ I tral orti o_n
156 of the concaégﬁg oivvarﬁl @éan éd\:/\;gy P&Hﬁ}l}%ﬁ gs?ﬂl’a&?“%rfkﬁéeﬁg'&g
slide edges andrlabmoﬁS@apssattaeh&d mﬁiewmd; edges oif ¢he Boritivd hoasilg, Sthé'lhbrﬁ:laus

F 16 d the bac he] | 31 bet th
back shel 1P I ie DR PerBes BRCISR ek o Aldably eoeAEing acuide SIRTcd | hat

the slide frame d5¥hckdrdntk Piroleacia!thel vasy ¥RERbl R PBAK HiveioR r]n@\;}ﬁleﬂf‘ggtw[eﬁge

uphol stery 30 covering the back 22, of even on a front face _
back 22 out ¥prghtiend repbined pesitionss adk covering the back 22. By

adj usting the slig t - a,.seat use 0
adj ust the shape %# sﬁﬁﬁeotrf Etr?#) @Qﬁf&{@%ﬁg E %%é%ﬁgvgim‘ﬁm&&g%@?‘%ﬁ %ﬂn%
hi gh degr eeinsfuding a slide member slidably engaging the control housing for generally horizontal
29
sliding movement and including a seat carrier pivoted to the slide member at a front seat
10 - - pivot and also pivoted to the back frame at a rear seat pivot.

104. The chair defined in claim 103 1nclud1ng a seat shell attached. to the seat support
. structure, the seat shell including a rear. section conﬁgured to comfortably support thighs of a -
typlcal seated adult user, a front section conﬁgurcd to support buttocks of the seated adult user

15 and to comfortably support a majonty of the welght of the seated adult user, and a flexible zone
connecting the rear section and the front section.

105. The chair defined in claim 104 including a gas spring extending between the seat
support structure and the front section, the gas spring being a releasable self-locking type
20 device. |

106. The chair defined in claim 105 including a bent rod axle pivoted to the seat support
structure and the front section and opefably connected to the gas spring.

25 - 107. 'The chair defined in claim 104 mcludmg a leaf spring operably suppomng the front
section on the seat support structure.

108. The chair defined in claim 103 including a spring mechanism positioned in the '
control housing, the spring mechanism being operably' connected to the slide member.
109. The chair defined in claim 108 wherein the spring mechanism includes a spring

positioned transversely in the cq_ntrol_ hoﬁsing, and further includes a lever operably pivoted
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confort. A laterally-extending guide 157 (Fig. 19) is fornmed at each of the

ends of the slide ~frame 150. The gui des 157 include oppdsin
f1anges 15%¥X¥AH3y i nwardl y-faci ng grooves. Mol deBCHAISI8/22847 59
(Fig. 20) each include a |l eg 160 shaped to nazeably tel escopingly engage
t he gui des tb3Ke cohtpsl. hoin'ﬁngnmeJlS?er havinghorizcnd Ssopbfadly erigaiag the another

C-shaped 1ip 160 t | d sl i'ong the -
cdge 11 dge S PPETRN CIEAEEfi st SPRBY SEHERE. 31 11 s oo e

contenpl ated that other nmeans can be provided foor guiding the vertical
novenent of the slide frame 150 on back shell 31, such as a
“cord, a trabtl® noAFMITLOBRESIBEt | nward of the edge of the back

shel and t he | d%ﬁkn‘ﬁﬁir Cﬂﬁﬁ?% ion 161 of handl e 159 extends
| at e'}r’al ly b bse out wa g{y - m rmtﬂ%gga&fiﬁagttﬁdl e 159. Notably, the end

portion 161 is relhbk\fmmp pivoted a0 the baseadssemiblyl Gt a back pivot Gor movemelit dictvegn
out board of _th c&e 60,. sa.that the handl e 159 can be extended through a
rel atively THIE® cURed PGSHONS: si de edge of the back 22 when a cushi on and

uphol stery sheet sea gup rt structure o?éﬂaﬁl‘i%ﬁpéﬂbdt&?thg%& 338mbly3dnd the back frame

The illustrated back 2 of Fig 2 includes a novel constriction
i ncor por at | inglugingea #ljde member shdablmngegmmh% eoniral thousiog tfon igemayally borizantaher

edgg of t he f Kk
22 e oo r S pRivEhtoc R Shottite oo BElel Bobalfor i shte momber & i 4B,
403 of pivot and aldorpiedted & thelback frame atig bean seqp @ivopr opyl ene or

pol yet hyl ene. The extrusion 403 is. attached to ortion
404 of the back gmgﬁmg'?"%cﬁﬂs é’ gg“%‘?ﬁaﬂh‘?ﬁp é‘!eﬁ)l‘\%‘%ﬂ“ emg

hook-in.  operably coﬁfe&t@&h&@i&tshdé'rﬂﬂb%r aﬁ&'itﬁ:ﬂ?lmgoiglﬂ{ng MC@inst s iehe. -
or ot herr nmeans for secure_ attachnent. he foam cushi on 405 of - -

‘the back 22cenwgl honsinge ard fugthes ingluding e deyer opersttiy,piveted pothe corpel dieusie, Siedevey
Pho St ot chif ApE Pl ohf ey apfip e Sitng® it bnotfer, i b3p R oiBIGR' 6P sht™'
100% -wi t h suppexstrestyrepéandat | east 90% upon rel ease.

a pivot member, the pivot member and the lever having interfacing surfaces, at least
one of which is curvilinear so that the arrangement operates like a rack-and-pinion, the pivot
member being adjustable to vary a fulcrum point on the lever to adjust a length of a moment -

20 arm over which the spring acts to.

111.. The chair defined in claim 103 including a back stop positioned in the: control

housing, the back stop being configured to engage the seat support structure to limit recline

_ of the back frame.
25
. 112. The chair defined in claim 111 wherein the back stop includes a cam pivoted to the
control housing for rotation about a vertical axis, the cam including a plurality of Stcps that
can be seléétively positioned to'engage the seat support structure.
30 113. A chair comprising: ' L TTTT—
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The stretch fabric 400 and sheet 402 are sewn onto the back 22 in a

t ensi oned wé9hiisgn, so that the sheet 402 does peirydokA¥dse OF -
pucker despite the large flexure of the |unbar region 251

toward a planar c on. . The stretch fabr 400 oW Vi SI

position, but céh gﬂ% égne tePa':%’l BeRpse ?mfycg‘l Brha‘g'f P{‘ﬁ’g fle T fovenen al&‘f’%é’d
It 1S notegy tmammmﬁbs{ﬁaﬁscan be extended to -cover the rear
of- back 22 gggﬁell as its front. i mary Seat Moyvement .

Seat Under carri £§8 SSEBOFS Strugtize epegahly B&WF%"A@%NQW?‘“”Y and the back frame

The seat 2 ' ;@gﬁ dﬁfgat'
front sli dénc(lfd;ﬂg adfile xhém%ézt%ﬁﬁﬂﬁf éh?%%%l%ogr% V\%er e 32? eptﬂ1
adj Jst ment mevedesi anddncleding:a seak tayrricepivhted 3nthe slide membef] mlsmwpmtandm

163 is slidabl ed on_the seat carrier 124 (as is shown in Figs. 4B
and 21- 30) Wé"@ﬁ%{ﬁcﬁ ﬁ‘&dﬁﬁh‘f& a?‘inot desired, the features of the
seat frame 163 agiGeat- shell slidably Suppbrié®dn GR" Sdabsugpbit aeictbe fdC Selntive t degth

into a si ngle conponent, such as Is illustrated in _Fig.
30 adjustment, whereby a depth of the seat shell can be selectively adjusted relative to the back
frame.
10

114. A chair comprising:
a base assembly including a control housing with sidewalls defining a track;
" a seat having a front pomon with bearings slidably engaging the track and havmg a
rear pomon the seat including a seat shell havmg a flexibly supported front pomon
15 a back pivoted to the base assembly and separately pivoted to the seat for movement
between an upright position and a reclined position, the rear portion of the seat being pivoted to
the back so that the seat moves forwardly and the seat rear portion moves forwardly and
downwardly with a synchronous motion as the back is reclined;
a spring mechanism poSitioned in the central housing and operably connected to the seat
20 for biasing the seat rearwardly, the spring mechanism including an extendable/compressible
spring positioned in the control housing and a lever pivoted to the control housing and defining
a moment arm with the spring for transrmttmg energy from the spring to the seat to bias the
back to the upright pos1t10n and _
a gas spring operably connected betweenthe front portion of the shell and a
25 remaining portion of the seat adapted to carry the weight of a typical seated adult user, the
gas spring being operable to adjust. a position of the front portion relative .to the remaining
portion of the seat. |

_' 115.  The chair defined in claim 114 wherein the gas spring is self-locking and releasable.
30
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29 by frame nenber 163'. A seat shell 164 (Fig. 4B) includes a ] '
butt ock- supporting rear section 165 that is positio n e
seat carriV¥P992MS6 The buttock-supporting rear section 165 p&efﬂsg%/zz@)g”i es
nmost of the weight of the seated user, and acts somewhat like a perch in
tEi shregar d1e. Tl}e'chair Befincak cidiml Eliﬁﬂclﬁdiﬁ% fua][cohml wimectadl to the seatf andh
t hi gh-suppqrting front sectjon 166 that extends, forwardly 5 .0 e
seat frame ‘&‘é‘éﬁ_ﬂ“&r"o S@Efq%bh coppecied O theogascspring for releating e, 8p8SPHYS aft"r

resilient %aﬁvfgﬁ‘%‘- 167 strategically located generally under and |
slightly forward of a seated user's hip joint. The resilient
section 167 has a plurality of transverse slots 168 therein. The slots 168
are gelati y . .short and are staggered across the seat shell
164,5rbut a\rﬁBSpe{%gBmff%tﬁﬁlﬂgé)'edges of the seat shell 164, such
that the band ofa bmkasseaiblylinSludingta conadbheusing wiktesidewdlls lefihing dGrhckenmai ns

i ntact and 10 ni.nterrupted, The bands 169 secure]y connect e.front
and rear secti orfsSeBb ‘aﬂaafwﬁfe&&wﬁhbﬁms slidably, gngaging the ff @‘Agar"éﬂﬂ?

toward a pll‘eﬂaﬂ bd 3 ' : § S Pty . .
frame 163 and iosrﬁ ﬁﬁe]’ftgé_?%eﬂc?ce ysﬁgﬁigpg{%gl}lgqs%ez%wgﬁr@f g?&grgﬁgpsﬁ?’or t he
li ke. a back pivotedsta the bagpassembly and)sepanateiyivoted toothe seatdor mpyemgnt h

[ iy 1 et R i it B0 Eteines ponivon BEVENT DGt B e W e O

26 and a nygliveted heahe gckl 46 thae diet seabenbvies Soteardly 4xds Hrepesdt seatepdrtiomgnered 72
for sl i dab en ing the Jubricous cap 173, In this way, the
slide 162 ifef‘ﬁ%fs’cylﬂnédj%‘f?“ta?fﬁgwe ngﬂwmus motion asghe Backyig r lipest aft sliding

movenerit . . The s eatpritelichfilsr paéitéea e Lot Ao Aﬁa%semsx?%oﬁ&em to the:seat -~

panel.” 171 .and is l'ocated to operate w th the back-stop mechani sm 36. An
axl e 174" |for diasinghibe seat rearwardly, the spring) enechanispn insludingl am extendablelcgmpressible

175,4¢ hat | aL. l. f t sli 20 . : . .
carl 02 S HorRg pbalilel i the' T MRE wfifa 1O pibSted 10 the control poysine #8%efining |
from a momefhami widitthd sprivigofon transmigingederpggftbm el spiing ta thiecseat tovVisiasythe

wi de rear secfion 176 and .a narr.ower : front section 177.

Embossnent P26k (hths SreghpositoR) a8fnossment s 178, 179, and 180 are formed
} Ina?\eCt i (igz _176 2Nehf %B?in%'ﬁb@iﬁoﬂ\éd Betbesle an® WkilldnBHa6Spokdrly #RR0frSihtdRckich and a
ges to stiffen the _
remaining portion of the seat. _
20
118. A chair comprising: _
a base assembly including a control housing with sidewalls defining a track;
a seat having a front porti'on.with Beaﬂngs slidably engaging the track and having a rear
portion, the seat including a seat shell and a depth-adjustment structure for adjusting a depth of .
25 the seat shell relative to the back; |
a back pivoted to the base éssembly and separately pivoted to the seat for movement
between an upright position and a reclined position, the rear portion of the seat being
pivoted to the back so that the seat moves forwardly and the seat rear portion moves
forwardly and downwardly with a synchronous motion as the back is reclined; and
30 a spring mechanism pbsiﬁdned in the c;ént'ral housing and operably connected to the
seat for Dbiasing the seat rearwardly, ihe .spring mechanism including an

extendable/compressible spring positioned in the control housing and a lever pivoted to the
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conponent. Two spaced-apart stop tabs 183 and a series of latch apertures
184 are f qpEwenidde25 the front section 177 for reasonsparasYSIR0N :
bel ow. The wel ded studs 123 are-attached to side- up flanges 182

Sggt _e?;[ letn dﬁéz?téo? rh%lxéng an'AHS de 3 Cé? %ﬁ%@%m@gﬁe Sslgrlfggsfo%z@é)’angnelfttliﬁqgeeécrx]gysge om the

frame 163 Gﬁi@to%séﬁﬂbﬁ@@%kw&hdpﬁmﬁd%ﬁioﬁeat carrier 124, but seat-
frame 163 is shaped nore Iike a pan and is generally |arger
than the seat carrier 124 so that it is better 30 adapted to

support th eat | : I ' a
front | 8eamiE i kA ERaRPh YRR (e s ke Rar iy bR,
i nclsudes a theogeapshel|and Sitieasibicaringsvfor slidably engaging fieashgl onthd8seat cartisr.si des.

Hol es 189 at the front of down flanges 188 forma pivot axis for the

31 active thigh flex device 190 descri bed bel ow. O her

hol es 191 gp@cecrHecchaitdetithed B cidiiel 1PinBRding a latch operabfPe Betwéentké Seat
t hat extends | ateral I% and supports a nulti-functional control 192 for
carrier and the shell for holding the shell m a selected depth position. -

10  121.  The chair defined in claim 120 including a control connected to the seat for operating.
' the latch. ' | ' | '

- 122. A chair éomprising: -
-a base -assenibly including a control housing;
15 ' a reclineable back frame pivoted to the base assembly for movement between upright
and fully reclined poéitions; _
a seat slidably supported on the control housing and pivotally supported on the back
frame; and , ' : :
. a variable back-stop mechanism operably supported on the base assembly for engaging
20 th_e seat to stop the seat and coxicurrently stop recline of the baék at selected positions prior to
reaching the fully reclined position, the variable back-stop mechanism including a seat-engaging
member and an actuator lever for adjustably moving the seat-engaging member, the seat-:
‘engaging member and :the lever including intermeshing teeth for providing slip-free

engagement.
25 | | | |
123, The chair defined in claim 122 wherein the seat-engaging member includes a
movable cam with steps shaped to selectively engage the seat.
124.  The chair defined in claim 123 wherein the variable back-stop mechanism includes a
30 spring detent for holding the cam in a selected stopping 'position where a particular one of

the steps is positioned to engage the seat.
This Sheet Has Been Replaced
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controlling the seat depth adj ustment and for controlling the actjve thigh
fl ex device 190. The center of front portion 185 | and
defines aVOMR¥4P§ 193 (Fig. 23) having three apertures éﬁ}é&a?@l 196
that cooperate to pivotally and operably support a depth Iatch 197.. A
depressi on1398 The chair defined ihoclaiad 124 ihtladiag incactadtor Eonticcted o tha chiib famd
a slot 200 is cutout in the center of the depression 198. A .
T-shaped sTng the cam tq select the parenlar oneI°p: | oned in the depression 198 and
screw attached therein, with the stem 201 of the limter 199 extendi ng
downwar dl y through the slot 200 (Figs. 26 and 26A). An inverted
Ushaped bﬂ&@ketAmmmtstIQChed to the wide rear 10 section 176. The

acket 203 (F R ;g pivotally supporting one end
§ gas spri ng use upwg‘gﬁ%g??@e&t% gh®f | ex support device 190

descri bed bel owa rétlineaileback frame pivotedtoahe base af@mbly for B&jemencbareiesn wpright

U- shaped channel ction, 205 that extends around its perineter

and an outm%&%ﬁ SHODB] ange 206, both of which serve to stiffen the
rear section. 176 ¢eh ﬁfdablyostlpported o@ﬁ@%ﬁn@&ﬁmuﬁhﬁaﬁ& f%&l@r&uﬁm'dﬂh&b‘dﬁé

of the rear section 176 I'i dably engagi ng the top of rear
beari ngs 26&me; Seat Depth Adj ust nent

Pglr]trﬁa?]ul Ear attel %l"‘ﬁm%;‘teag‘ﬁ%@;h‘%g‘ égllagyf é@%’?@ %Iaped ea"f"jtbanne s);ect I on

205 for sl ieflpdpangy tireusgaons istp thecseaahd concurrently stopr fottind ©B the) batle as selected
carrier 124. The el ong ategq Z-brackets, 207 fqorminwardly-facing G 20
shaped gui ®OSLERS RPIIQLR Le4c] %m?g‘ﬁytrﬁ%ﬁnegﬂ’%ﬂﬂ‘fore to-aft under the seat

frame 163. A begpd Rgrjable back-sto rﬂ&'ﬁhﬂ&n‘ ﬁcﬁﬁﬁ?cﬁ"%vhﬂﬁ'&ﬁ) Wil ﬁébsdﬁﬁp@df to.

bracket 207 .to provide for srm eration destred
spaced- apasselettivehy engage ﬂhRg@aBO@d( er ingjudingda spuings getentcfon paldingr @arcam in a

Deal nas 5 3aeRef siooping. position® WhalE NeParbAR: bAE P IR b I Sicbita «f Pfiplee e

beari ngs 2@Bathbamdig attached to rear section 176. The rear bearings 209 are
configured to 25 slid th I des in brackets
furt hgr i ncl ude ¥ %é’oﬁ‘fﬁma f\i’ e‘i??‘b tagngghj’ cam to select the amcﬁar ne Step’

the actuator including a lever pivoted to the control housing, the lever and the cam including

intermeshing teeth.
20 '
127. The chair defined in claim 126 wherein the actuator includes a rotatable handle

operably connected to the lever.

128. The chair defined in claim 127 wherein the actuator includes a rod connectixig the
25 - handle to the lever.

129. The chair defined in claim 127 wherein the handle includes a radially-extending
protrusion, and is connected to the lever by a pivot/slide joint that permits the handle to
rotate about a first axis and permits the lever to rotate about a second axis that is skewed and

30 non-parallel the first axis, with the handle driving rotation of the lever without binding.

130. A chair comprising: . L ' _ This Sheet Has Been Replaced
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inwardly into the G shaped portion of the 'C-shaped gui des. The tongue 210

captures %(ﬁﬁ frame 163 so that the seat frangctiGSeseanyot be
pul | ed upwardly away fromthe seat carrier 124, : The front

beari ngs 208 sI| abI rhq g_‘ﬂthe underil de .of the front section 187 at
spaced- apart aseassem b feBHR&:hear i ngs 208 can al so be nade

to capture the §r&iihedble bacRTrahe mteaeathe'ﬂ&se assembly’ foFPnokeient WA upright S
is not deemed necessary due to the thigh flex device which provides
t hi s functangrfully reclined positions;

ﬁtzanual |y <t s%iu rs]lédaé)l afupip%terr% oﬂgt%e%‘gﬁ%& lﬂo&qhé' g‘t’{gﬁ’faﬁg § ﬁ%ﬁ‘%ﬁ’d{ @8 S’ra% hgglgt by
car§ier 12dhdbetween a rearward position for mninumseat depth
* a variable back-stop ‘mechanism operably supported on the base assembly for engaging
the seat to stop-the seat and concurrently stop recline of the back at selected positions prior to
reaching the fully reclined position, the variable back-stop mechanism including a movable cam
with steps shaped to selectively engage the seat; the cam further including an undulated surface
10 adapted to engage a detent for selectively holding the steps in position to engage the seat, and
. still further including teeth adapted 10 engage mating teeth on an actuator for operating the cam.

131. A seat conmstruction for a chair compnsmg
a resmently-ﬂemble seat shell nmludmg a front secnon conﬁgured to comfortably
15 support thighs of a typical seated adult user, a rear section configured to comfortably support
buttocks of a seated adult user and to comfortabiy support a majority of the weight of the seated
adult user, and a flexible intermediate section connecting the front and rear sections, the front
section being located about midway or forward therefrom on the seat shell and genérally
forward of the expected location of a seated aduit user's hip joint so that the seated adult user's
20 weight is substantially carried by the rear section for most adult users; '
a seat cushion supported on the seat shell;
a pan-shaped seat carrier supportmg the rear secnon of the shell, the seat carrier
including a forwardly-extending section extending under the flexible intermediate section
and that is characteristically spaced below and not connected to the flexible intermediate .
25 section; and - |
' an adjustable thigh-flex support mechanism opefably supporting the front section of the
seat shell on the forwardly-extending séction of the seat carrier, so that the front section is
adjustable relative to the rear section to provide optimal thigh pressure and support to the seated

adult user, the adjustable thlgh-ﬂex support mechamsm including a pretensioned, transverse
30 leaf spring. ' '
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(see Fig. 24) and a forward position for maximum seat dept h (see Fig. 25).
The stem 201 (Fig. 26A) of limter 199 engages the_ s 183
in seat C_XYQP&?“%M to prevent the seat 24 from5 bei %&ﬁ@?’@éﬁgﬁ t 00
far forwardly or too far rearwardly. The depth latch 197 (Fig. 23) is T-
shaped and i ncl wdesiligityofiexitdd Seat 1sheR rifickiding 20 froft Sectibn | cofififire® t6 ltdinfortably

pi votally engages, apertures 194 and 195 in seat frape 163. The
dept h | at cFRPPOTE thighs plo PR} Srated adul B3eTw 3 T63n Seption-Goafigyred to comfortably syppart g

tooth 213 Ghindckor ifed sk hleR bmcPit! St Qiple AABAH B H3Sudh t%gﬁ{ezsézgtafﬁ |

163 into a sel ected one of the s ts 214 [Fi

the seat cadulf eser,1and a flexibie inermefliatelsectinmednnddling the frogtzand irear 3ctions gthe 2Rt

ext gnds | ater.al l,v. out b d incl udes _an tuation b 215 '

Vil o1 < uncbeein being foeal Spdlipldhey 8 Rl SBbRH Fn 4B s 3o, g0 gperally
supports t kawaRi of e sxpRoed Ietaidn 6fcseated fathulf UsRE's hipljoint so that the seeidult usex@®e
of these conponents is an inner sleeve 218 rotat ablé nmount ed on axle 217.

The ~  weightissubyantisycarded by, the rear deqtion for wost adulew®™Sof t he i nner sl eeve
218 and a protr Ssithh%l On | ' ected to an inner end of the '
I nner- sl eeve 21%. T eg%r%tk‘?pggﬁ%og%ﬁp%gghect ed to the 15 actuation
tab 215, such t lhaparrshiaped sgat garrich supportihg tie] Seanseationt dfethp rshell utheoseal egriend

pivats the. . | at.ch 7 about |atch. pivats 19 195 | n nd
ol i s cofeiadine . forarhibfring SRithe Rleidiof Wote? s A Mmoo
rel eased f afdnthdi€s Shiidac@ristically @paced Isklovs And vt chiriec@ad Bé feXibld éntehhedidted
to a new desired depth. A spring on inner sleeve 218 biases the latch 197
to a nor maffsHion; and engaged position. It is contenplated that a

variety of diffepnetsild m%haﬁéxggrhgg% Hethaibn Wperably sagg?mgg%ﬁ%ﬂp&caéﬁ By

i ncluding an internal spring op ‘connected to’in eeve 218 or.to -

| at ch the seat shellgin the forwardly-extending sectioBexftthesstat oazrighisgithatth¢ front section
Adj st nment . (W, finkt el Lustable Gas.Sprin .
PRt o it Ml ileSto el SLCABY B0 BRSdR i snigh pressuce and sapmpst 197t
t hi gh- seated adult Gsepthe djagrable aigh-fleg supportl Meciahisaeiatiudingld behbfod 4xle and
Z-shaped bracket 221 is_attached to plate 222 25 and a_bushi ngéﬁ%
i s secur ed 30REISAEANIF - IRekaBleagas Pring 1for, refating: the) bang rod axle and thereafier %
IS bent rod axle in a selected orientation. o -

20 133. A seat construction coniprising:

a flexible seat shell including a front section configured to support thighs of a typical
seated adult user, a rear section configured to comfortably support thighs of the seated adult
user and to comfortably support a majérity of the weight of the seated adult user, and a flexible

_ intermediate section; . L
25 ' a T-shaped seat support pan having a bottom panel defining a full-width rear section
and a paljtial-width_ front section that has a width less than the full-width rear section and that
extends forwardly from a center of the rear section, the full-width rear section being
configured to support the rear section of the fshell' with the partial-width front section
extending under and spaced below the front sé;tion; and -
30 an édjustable thigh-éupport mechanism adjﬁstably connecting and supporting the
front section on the partial-width front section. -
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rotatably supported in bushing 223 and includes end sections 225. and 226

t hat extenq,d h&h and are pivotally supported ipoposysideas -
190 of down flanges 189 of seat frane 163. The end section 226-
includes a flat side, and a ed_hracket 227 is non-rotatably attached
Lo the ena 134 The st copapcdn ARBaFd AR SUBbASH APSTHRCHE. SHUSRRC JHiemePessh,

The U-shapggedpbmisiGhciddes d pre@@hsibnidtamdiersleaf sprin an angle to a portion_of
the bent rod axle 224 that” extends toward bUShI ng 22 such that the U

shaped bracket 227 acts as a crank to raise and Iovver the thigh-supporting

ext ondbd ortPst r SIS dfFt <qpmyion JoRGEA i Bl 3, RGN e b’ A Sigport

33 5 mechanism includ¥34 beat mnambhud aatleisable hedkabie pab sprinee for ré@iing e B,
so that when extended, the fiont thi [ting section 166

of seat shm%@"fl@eﬁmﬂhﬂﬁ%ﬁm ?’E?dﬁ"lﬁﬁ‘éée]&ﬁﬂql %R"’&P“thl gh support.

Not abl'y, the thigh-supporting section 166 provides some flex even when the
gas sprlng 204 is
136. In a chair having a reclineable back and a movable seat operably supported for

synchronous movement with the back, an improvement comprising:

10 a seat carrier having a T-shaped body including front and rear sections and including .
- . a linear bearing positioned on each side of the front section and. each side of the rear section;
the seat carrier mcludmg pivots adapted to pivotally mount the seat carrier to a

support for movably supportmg the movable seat relative to the rechneable back; _

a pan-shaped seat frame constructed to support a seat cushion and a seated user, the :

15 seat frame including a bottom panel with flat surfaces slidably engaging associated ones of

the linear bearings, whereby the seat frame is depth-adjustable on the seat carrier.

137. The chair defined in claun 136 wherein one of the seat carrier and the seat frame
including a series of notches extendlng in a fore/aft du'ectwn and the other one of the seat

20 carrier and the seat frame include a latch for selectively engaging the notches.

138. The chair defined in claim 137 wherein seat carner includes upwardly formed stop
tabs, and including a top-mounted stop limiter attached to the seat frame, the stop limiter
having a protrusion that extends downwardly through the seat frame and that is shaped to
25 - engagé thé stop tabs to define a makimum depth position and a minimum depth position of

. the seat frame on the seat carrier.

139. The chair defined in claim 136 wherein the seat frame includes flanges capturing at
least two of the bearings to prevent the seat frame from being lifted vertically off of the seat

30 carrier. -
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| ocked in a fixed extension, so that a person's thighs are confortably
supported at all tinmes. 5 Nonet hel ess, the infinite ! Llad Y
of this aéY?\?gmc"ﬁfgh support system provi des an i nproved féii'/ﬁﬁs%bb'
adjustability that is very useful, particularly to people with shorter
| egs. a base assemBlpeingladingpa icontrdl Oousing chavitig) ati least &ink -upo flkmgegaming
I ncludes a rel ease button 233 at its rear end that is attached
tq the braéﬂ%‘?c%gww ' ??g"é’ ring 204 so that its extendable

rod ~ 1 $pied AamePivordd 1d el Bisk AdetblyPut B HAAS pRet fdimovéideri (Hetween
wel | -known in the art. The nulti- 10 functional "control 192 (Fig. 3)

i ncl udes arvpaightiandoveckinnd posidions;iasg t he rel ease button 233. |
Speciéfically, th i - f ' 92 | ' ol at.ab!

ol ecve 220 {Fi g Sebybeort diichie BLrabi b s Eefinly il 6 bhcCHARE
and a handliaclidingf® slideo retribey) slidebly ehgaging ¢ bzieSus bearing of each Aipc flamgecfopr
231 extends radially, from.an inboard enq of quter sleeve 229. A  cagble, 232
ext ends. 1 HFPETY cBsiizonel lide Beveghes, and Delpding b e Garier; BIVRted.top 6 e
233 (Fi 9. Z@imbdti alffont seat gi\%@%&aﬁ@ ivOR 18 thehik FraBla0f @ FestGeht Fivorhen

outer sleeve 229 is rotated, the cable 232 pulls on the rel ease
button 233 causing the internal |ock of the gas spring 204 to rel ease. The

rel gase . o : : ] ri ' 0, , .
e, 4y T AT GRS L BRI o RGP Mt Kt o
system by opaealdd] isidg flahgeshomnitie eotiid) Hoosing| ease the gas spring 204. The

seat ed user then presses on (or raises their legs away fron) the
t hi gh-supporting front portion 166 of the 20 - seat shell 164 causing

the gas SPri4y® 23fe ERiO8SHRE 9n EBEn 18D WhiRsh A%/ 18briclobs bRarifys@di '&dmprites t hi gh-
supporting front portion 166. Notably, the active thigh support system 190 -
provi des f opolymetiqymembers attached to a top| pdge ofthe side flangesa gi ven range of

adj ygt nent . Al so shown on the control 192 (Fig. 10) is a
second rotatabl e handl e 234 operably - - connected to a pneumatic .
vertical hel4ht dtg chdindefinedun ohivh 340 fwherein jthesbase gsseinblyrintladeghd bdsy franeShat
Bowden cabl g 5, .sl.eeve 235 .and side bracket 235 '. The defails of. chair
hei ght adj uBFHdf the housing, and fafiber, Bhfudeisids ARt TRBOR, %‘E?&fﬁ%ﬁ%ﬁ a&th%@%

not need topfet.di scussed herein. - '

- 20 144. The chair defined in claim 103 where in the base assembly includes a base frame that
includes the housing, and further includes side arms that support the back frame at the back

pivot.

145.  The chair defined in claim 110 wherein the base assembly includes a base frame that
25 includes the housing, and further includes side arms that support the back frame at the back
pivot. ' '

146. The chair defined in claim 113 wherein the base assembly includes a base frame that
~ includes the housing, and further includes side arms that support the back frame at the back
30 pivot. T '

—————
i ——
e

as Been Replaced

"

* c L L] $ *



The seat shell 164 and its supporting structure (Fig. 4B) is configured to

flexibly wooeeniase support a seated user's thighs. For thipciRa5€E3041 he -
seat cushion 170 1 ncludes an indentation 170A located slightly-

forvvardly of the seated user's hip joint (Fig. 12). The uphol stery 30
covering t H47sed chAAITISIDEDB | ncl udes a tuck or fold at the indentation.

170A to allow t b ads d or stretch during downward
zw assembly ummdﬂik%kbéﬁnééhﬁa g z
fl-exing of the t support regron since t results in a

stretching or e@mufr@nehamcmﬁmrqdamdmcmm pivotedty thasidet draas at frack pivots

surface of gh
34 : fE)r?otanonabogt%ba}cléfuétr?uﬁS spaced above the hi nge axis of flexure

of tshe seat sheld sehbpivoiitenimatonfighed end sections at seat ipivane forfrabation about a seat-
separated front and rear uphol stered cushi ons can be used.

Seat Passi JBY#41688| e Thi gh Support (without Gas Spring) :
A passive thigh jl 1%%:%%'%33%&(':;}1%&%% the GetdfiRod ﬁ&hﬁfr@rQ'raﬁtaBieaBé‘arﬁx%S

attached to
element and a support element flexibly supporting the bearing element for rotational

movement misaligned with the tilt axis associated with the at least one pivot so that the
10 ~ bearing element rotates about the stud without binding even when the stud is misaligned w1th .
the associated ult axis. '

148. The chair . defined in claim 147 wherein the support element includes resilient .
material. '
15

149. The chair defined in claim 148 wherein the support element includes rubber.

150. The chair defined in claim 147 wherein the back pivots include first studs fixed to
the opposing side arms that extend inwardly. o

20 _
151.  The chair defined in claim 150 wherein the seat pivots include second studs fixed to
the opposing sides of the seat that extend outwardly.

152.  The chair defined in claim 151 wherein the first studs are welded in place, and
25 wherein the configured end sections define pockets for receiving the first studs at the back
pivots and second studs at the seat pivots.

153. The chair defined in claim 152 wherein the second studs are welded in place, and
wherein the back frame is resiliently flexible for flexing to permit the configured end

30 sections to be positioned on on the first and second studs.

154.  he chair defined in claim 153 wherein the pockets are frustoconically shaped.
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5 the underside of the thigh-supporting front portion 166 of seat

shel |l 164 A pair of L- shaped stop tabs 239 F| 5 29)
are bent d%%ﬁ‘gﬁ% fromthe body of the plate 238. The L- PCT/USY '
shaped tabs 239 include horizontal fingers 240 that extend rearwardly to a

posi tion where the : fingers 240 overlap a front edge 241 of the
seat frane hlns 2 0 ed |nS|d t he L-shaped
tabs 239 and>rhcl Q’ﬁ%‘g’ﬁd %3% “&’5’%@‘?‘? tpl%gndzwgtpgxots each include
curvilinear Icme ofthe rotatablé clenidntSatidl i of e ubb&Qrhépged transversely
under the reinforcing plate 238 with the ends 245 of the | eaf

spring 244 engaging recesses in the top of the bushings 242. The | eaf

when T theﬁﬁeseﬁ?é‘ﬁiﬁﬁ’%éﬁ‘”ﬁ%rwﬁ**@ﬁ% e

user pressedindoflangafominga potket fori méteahly pevelvingothé rbber plefreon 166
with their-thighs, the | eaf spring 244 bends in the m ddl e causing the
reinforcing plate 238 to 15 nove toward the front edge 241 of the

seat frame 1B7. Wigschal defined il Slaint msstvhaeﬁme%&mgék ded al y
fromtheir resg}gctlve bushi ngs 242 (Fig. 31) en e gsrgg%tmé eusae? re ggésigs

t he Hwnwar d pressure on the thigh-supporting front portion 166,
the gpring 244 flexes toward its : nat ural bent shape causing the
bushings 242 to nove back into engagenment with the fingers-240

(Fig. 30). Nc-ﬁtsabl'ljhe ehairsdefined iv elainn 1§ wheeein devpackets frntdcomiBallynshapédtsind te

flex the |at |de supporting front portion 166
of the seat rgl i fsnsk'@?)(é)in@émtﬁp%?ngggﬁgletgp&ﬁ’éﬁusl y. The -

degree.of. fl exure of the passive thigh flex device 237 is linmited by the
di stance that - bushings 242 .can be noved i n L-shaped tabs 239." -
In the foregit#ng 'B&@Pi‘fp@qf@ﬁd in ¢laifn 147 yeherein dhe gondigpredoindtsectiang onheack side of

skiligd in the s bre fRfioned b?tween d0diehy § g%ée?lpiss Xteg gnggocﬁhé Qab rﬁ?xﬂ%?réq the

invention w thout departing fromt e co
Such rnodi f i cides ofithesseat. t o be consi dered as i ncl uded in the follow ng
clai ns, unless these clains by their |anguage expressly state
ot her wi se.
160. A chair comprising:

a base assembly including'side arms;

20 a back frame having configured end sections pivoted to the side arms at back pivots
for rotation about a back-tilt axis, the back frame being flexible enough to permit the
configured ends to be flexed apart dunng assembly, the conﬁgured end sections and the side |
arms having adJacent faces, one of which has a recess therein; and

a bearing arrangement at each back pivot pivotally connecting the side arms to the

25 | respective configured end sections, the bearing arrahgement including a stud that extends
into the recess, and a bearing rotatably engaging the stud, the bearing being removable from
the recess but held therein in part ’ey the proximity of the adjacent faces.

| 161. The chair defined in claim 160 wherein the bearing includes a bearing element

30 rotatably engaging the stud and a resilient element flexibly supporting the bearing element s0
that the bearing element is self-adjusting to align with the stud to prevent binding during
rotation of the back frame about the back-tilt axis. T

———
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The invention clainmed is:

WO 99121456 | : PCT/US98/22047

162. The chair defined in claim 161 wherein the recess defines a frustoconically-shaped
pocket, and wherein the bearing is configured to mateably engage the pocket. |

163. A method of assembling a chair comprising steps of:

providing a chair component with laterally-extending oppositely-facing protrusions;

providing a back frame with-configured end sections having recesses therein;

flexing the configured end sections of the back frame and simultaneously positioning
the recesses of the configured end sections on the protrusions; and

releasing the back frame so that the back frame resiliently returns to an original
shape which holds the back frame in place and pivotally connects the back frame to the chair

component.

164. - The method defined in claim 163 wherein the chair component comprises a seat, and

including providing a base assembly with side arms, and further including flexing the
configured end sections to position the configured end sections between side portions of the .
seat and the side arms of the base assembly. '

165. The method defined in claim 164 wherein the side arms include oppositely facing
second protrusions, and wherein the configured end sections include second recesses, and

including positioning the second recesses on the second protrusions.

166. The method defined in claim 165 wherein the first mentioned protrusions and the

second protrusions on each respective side of the chair face in opposite directions.

167. The chair defined in'claim 147 wherein the base assembly includes a base frame

comprising a housing, with the opposing side arms extendlng laterally and upwardly from
the housing. '

"168. The chair defined in claim 160 wherein the base assembly includes a base frame

comprising a housing, with the opposing side arms extending laterally and upwardly from
the housing.
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1. A chair conprising: a base assenbly including a
control housing having opposing side flanges and a side 5 ° .« Pivot

| ocat ed prweiasRe4ssone of the side flanges; PCHUS§%/32047
pivoted to the base assenbly for novenent between upright and reclined
posi tions; a seat operably supported on the base
assenbly and connected to the back for coor di nat ed synchronous

movenent wi t169¢ helligamethod defined in claim 164 whergin tha basp aspemabiy inciudes 8/bass Hameg

mgl Bgfﬁgt gwgﬁgabﬁ%“?‘ggmifd@?&%n nglqﬁ)g‘éi‘?ndﬁnﬁelatefmgnsve&myil Nt he

control the housing)) and imlydmgtﬂmsmomng gk amﬁgﬁfeﬂébﬂd gectioneinsidetanaippercend of the - - -

pi VoD o ISARAH R0t BEEALY RIS A BBV e BRI cngaging a free end of

the spring and al so having a seat-biasing portion operably
connected to the seat; and 15 - the side pivot, the

spri ng-engagi ng portion, and the seat-biasing portion being spaced

from each other and arranged so that the spring.biases the | ever about a

fulcrum | ocat ed generally at the side pivot to bias the back
toward the upright position, wherein the side pivot i ncl udes an
adj ust abl e pivot- menber constructed to change a |ocation of the fulcrumon.
the ~ © - - - lever when the pivot menber is -adj usted. 20 N 2. -
Cancel | ed. 3. The chair defined in claim1l wherein the

pi vot nmenber and the | ever include interfacing - surfaces, at

I east one of the interfacing surfaces being curvilinear.

e
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25 4. The chair defined in clained 3 wherein the i nterfacing

surfaces i nt er meshi ng teet h. P@Tmsgsﬁm-,
chai r def |"g§3w|1ﬁ4sszl aim4 wherein the |ever conprises an L-shaped bel

crank, and 3 the ful¢crumis |located generally along an i nterrredl ate
portion of é%é I@g%fﬁwr}f’%aped bel | crank. .
36 - a base Oassembl¥ hﬁr%ﬁﬁ%dmﬂﬁiﬂ&&ﬁ:ﬁ@nﬁ'ﬁﬁo?‘sﬁrﬁé@ﬁﬁﬂ@ al feBtell A& is
and the pivot nenber are pivoted out vertical axes and are

novabl e i n pedfomming tasks:i zont al pl ane that provides conpact positioning
a back frame pivoted to the base assembly at a back pivot for movement between a
S plurality of working positions including upright and reclined working posmons and
a seat pivoted to the back frame at a seat pivot spaced rearwardly and below the back
pivot, the seat being slidably supported at a front portion of the base assembly for horizontal
movement, the back pivot and the seat pivot being interconnected and arranged to move the
seat generally forwardly and also move a rear portion of the seat downwardly with a-
10 synchronous pivoting motion as the back frame is reclined, whereby a _seated user. is
- comfortably supported in tﬁe upright and reclined working positions, and whereby the seated
user is able to continue working while moving between the upright and reclined working
positions without constantly having to move and adjust ﬁhe base assembly back and forth
relative to a stationary worksurface. ' -
15 o
171. The chair defined in claim 170 wherein the base assembly includes a control housing
with an energy mechanism positioned therein that operably engages one of the back frame

and the seat for biasing the back frame to the upright position.

20 172. The chair defined in claim 171 wherein the base assembly includes side arms that

extend upwardly generally adjacent the seat for supporting the back frame and a portion of
the seat.

173.  The chair defined in claim 172 wherein the back frame is pivoted to the side arms.
25 | | | |

174. The chair defined in claim 173 wherein the seat is pivoted to the back frame in a

location generally prdxilhate the side arms.

175. The chair defined in claim 174 wherein the energy mechanism includes a spring

30 positioned transversely in the control housing, and includes a lever operably connecting the
spring to the one of the seat and the back frame. . e
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within the control housing. 5 7. The chair defined in claim1
wherein the spri is supported by the control housing and °

engaged b%WPHBnPﬁger in a configuration that causes the freerﬁﬂnﬁwﬁaqu .
spring to sinultaneously nove toward the one supported end and
al so nove ajm§g ahé@nﬁf définedi maﬁdmomsdmmaﬂg ra@Cddjusnedt mechanism for adjistifig the

back. 10 A chal r ri a base

assenbl y .nmrcrpﬁg%aém % %&my%%@mﬂmw
- side | 4O Epﬁﬂt&éﬁnﬁi;%;dﬂ bR Fofbntlal ot @18 1dveR RiFSjustably biasi

a back pivot e&‘dmg ﬂeevbase asse rmverrer#\tag@et ween uprigh {us 3 e

reclined  theback frampwardMslpngmposmon _ a seat operably supported

on the base assenbly and connected to the back for - - coordi nat ed

synchronous novenent with the back; an energy mechani sm

for biasingiyhe IThelchiie\defined ineclaipy 1Thincludingtd springtpieitioned iinsversely within the
mechani sm.i ncl ud| ng .an ext endabl e/ corrpreSS| bl e spring gnél tioned

t ransver sel 9°mrp theasing, and further ingluding) a jeyex PPRYaRIY A fhe spring dp opg of the
one of the gld Hﬁnﬁ d further including a 20 | ever pivoted to
t he side plvot t ever having a spring-engagi ng portion engaging a free
end of the spring and al so haV|ng a seat-biasing portion operably connected
to the seat;

and Bhe SoadT8 e gtpis 4ot A 177 SulteotRlee ol B QRPEARAR { el 4"

arranged sowithod fir§teendPérigagin®ithes srirghend &\sedondlxmdt opardbly eomuidtted to the seat for
biasing the seat reatwardly and in turn biasing the back frame to the upright posmon

179, The chair defined in claim 171 wherein the control housing includes opposing side

15 . flanges, and the seat includes bearings slidably engaging the side flanges.

180. The chair defined in claim 171 wherein the seat includes a seat slide member that

slidably engages the control housing, and further includes a seat support carrier pivotally

engaging the seat slide at first pivots and pivotally engaging the back frame at second pivots.
20 | '
' 181. The chair defined in claim 180 wherein the seat includes a flexible seat shell having
a rear section adapted to support buttocks of a seated adult user, and further includes a front
section adapted to support thighs of the seated adult user and that is flexibly connected to the

rear section, the rear section being carried and supported by the seat support carrier.

182. The chair defined in claim 170 wherein ‘the seat includes a seat support carrier
slidably connected to the base assembly and pivotally- connected to the back frame, and
further includes a seat shell sl_idably'supported on the seat support carrier for manually-
adjustable depth adjustment. - |

30 : S o : T | U
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| ocated generally at the side pivot to bias the back toward the upright
posi ti-on; wWo 99121456 the spring being supported by thecrarsoseios7
housi ng and engaged by the lever ina configuration that causes-
the free e of the ri.ng to.simultaneousl,y nove .toward the one _
support ed 2&8 "an °af"§ Hﬁﬁﬁeda%ﬁl&nﬂ rlélfulifiﬁlgdﬁi &3@?’?‘8& X atached, g dhe.
t he back; ajagtrol housing and configured it eelbfmeg pape tien@at toolimi foward héveasnt of
the spring and causi ng t.he spring tQ bend, _ laterally in a

non- 1 i near A& #%AtANY aFcOFlngly stlectively impsegling of thgppack frame. 9. In a chair
havi ng a control housing including a pivot.nmenber, a reclineable back

operably connected to the control housing for novenent between upright and
reclSned 184, The chaisdefinedsn claimt B0 inclbdigg ascompliant backhassenobly rattachied e i they

for biasingt back toward. the [.i ght . posi t.i 0 he .

| opr ovenensbask Tutas fp g8 Y e SeitBiiend lospionsy tehBhiaRh §ack Sssembly being
37 constructed to flex betweefi @hd iav¥ Mast"BAD Gertiedlyighacell Wehiidilsto prodide optimal
a lever englagi ng the energy source and the pivot nenber, the |ever being
operably lumbarsuppoonnected to the back for biasing the back toward the
upright position, the lever and the pivot ' menber havi ng non-slip
interfacing surfaces, at |east one of which is curvilinear, so that the 5
i nt 80 f aci ngl&ur f Tbeshainglefived in ¢hfimnnb84a whisreln ithey cémpliant rback assembly\includes a

rotated dur r'eQi‘i’ieﬁti’yChéﬂgle%ne piece shell.

186. The chair defined in claim 184 wherein the compliant back assembly. inchide_g a
- multi-piece assembly of components, each having a surface for supporting a portion of a

15 human's back.

187. A chair comprising:
a mobile base assembly;
a back pivoted to the base assembly for movement between upright and reclined
20 positions; _
a seat operably supported on the base assembly and connected to the back for movement
between a substantially rearward working position and a forward working position;
" the seat including a front pbﬁion that is slidably connected to the base assembly to
move horizontally forwardly upon recline of the back so that a seated user's legs are not
25 undesirably lifted from a floor surface during recline; and
the seat further including,_a rear _porﬁon-ﬂeﬁbly connected to the front portion and
that is operably connected to the back to move downwardiy ahd forwardly upon recline so
that the seated user is comfortably and posturally supported during recline with an angular . '
synchronous movemenf of the seat and the back, and so that a maximum forward movement
30 of the seat and maximum angular movement 6f the back are limited to sirokes that keep the

hands of a seated user relatively constant during recline, whereby the seated user can easily

and comfortably continue to work in all seated positions.
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t he back, and further so that the ful crum changes |ocation as the pivot

menber adjusted to change a noment arm over which«the: ener gy
sour ce ope?"’zgt%"éz.“s6 10. The chair defined in claiBGTdUSIREPYT

the | ever conprises a bell crank having a leg that 10 IS plvotally '
engaged at an interrredi ate | ocation by the pivot nenber to define the

ful crum The chai r defined in claim1Q0 wherein the | ever

pivots in a 188 zmﬁ%a“rﬂegﬁﬁdﬁb@%@a wherein the byse assembly includes aiconispliousiog
for conpact ﬁ@ﬁxﬁ}tah%b%g%hﬁxg (i?é}%%r ﬁﬁﬁg'ﬁ%backloﬁvardﬂt upr tPosTtlikﬁ).Cha' r

defined in 11 nk and eat - engagi ng operably
connected to the lever by the link so that the | ever biases the

seat ngagi ket.. .seaf. . SN a rear | i

$79°0 Mo el oA A58 198, e e SRR et S s s
t he control ;ﬁ@otany suppbnmse begkat adodative genepdlbi Aliphed pithake deadusére
I nterfacing surface of the pivot nenber, the : I nterfacing surface

of the pivot member being arcuately shaped and defining a constant radius
from t he pi v@p, | OPRd &1k defined in claim 187 including a spring mechanism positioned transversely

in the control housing, and further including a lever pivotally engaging the spring
10 mechanism and operably connected to the seat for biasing the seat toward the rearWard '

working position and simultaneously biasing the back toward the upright position.

191, "The chalr defined in claim 190 including a spring resmently suppomng the-front secuon K
for flexural movement to provide increased comfort for the seated user. |
15 _
192. The chair deﬁned in claim 191 Wherein the seat further includes a releasable lockable
| gas spring operably adjustably supporting the front section for ad_;ustable movement to
| provide adjustable comfort to the seated user.

20 - 193.  The chair defined in claim 190 wherein the control housing includes side arms, and

wherein the seat includes bearings that slidably engage the side arms.

194. The chair defined in claim 189 wherein the rear portion is configured to support the
buttocks of an adult seated user and a majority of the adult seated user” 's weight, and the
25 front portion is configured to flexibly and comfortably support the thighs of the adult seated

user without lifting the legs of the adult seated user during recline of the back.

195. The chair defined in claim 189 whetein the seat includes a seat support carrier
slidably supported on the base assembly and pivotally engagmg the back, and further
30 includes a seat shell that is manually depth ad_]ustable on the seat support carrier.

196. A chair comprising: et Has Been Replaced '
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14. The chair defined in claim13 wherein the interfaci ng surfaces have

‘teeth thaiw@osgi@ass 25 15.  The chair defined i n PCRUSYS2047
wherein the interfacing surface of the | ever also has a

curvilinear shape The chair defined in claim?9

i ncl udi ng an adj %E?ﬁ?ﬁﬁen?%‘/cw&md%‘?%er%gul arly adjusting 30 t he

pi vot menber to £badkdfrafe pivigdditoothet fase ABREbly & back pivots for movemén . betwebhied
chair defined in claim 16, wherein_the adjustnent .mechani sm includes an

over t or que Riesaligreofiworking pesitions jashyding, #Rd Techined working pasfions: Ay t he
pivot member. g geat pivoted to the back frame at seat pivots and slidably supported at a front pomon?‘8

5 of the base frame, the back frame including right and left configured end sections posmoned on
opposite sides of the seat and between the sides of the seat and associated ones of the side arms,
the configured end sections supporting first pivot bearings at the seat pivots and second pivot
bearings at the back pivots, whereby the seated user is able to continue working while moving
between the upright and reclined working positions.
10 '
197. A chair comprising: _
a mobile spider—legge& base assembly including a control housing and upwardly-
extending side arms; ' _
' an inverted U-shaped back frame having couﬁgured end sections posmoned adjacent
15 associated ones of the side arms and pivoted thereto at back pivots, the back pivots each
comprising a first stud and a rotatable first bearing engaging the first stud;
a seat slidably supported ozi the control housing, the seat including a seat carrier
pivoted to the configured end sections at seat pivots, the seat pivots each comprising a
second stud and a rotatable second bearing engaging the second stud, the seat pivots and
20 back pivots being spaced apart; and
an adjustable energy mechanism including a transverse spring, a lever operably
engagmg the spring and the seat for biasing the Seat toward a rearward position and in turn
b1as1ng the back frame toward an upnght posmon, and an adjustment pivot member
adjustably engaging the lever to define a fulcrum that moves during recline and that is
25 manually adjﬁstably changeable to relocate the fulcrum for adjustably controlling a force of
the spﬁng on the seat.

198. A base assembly comprising:
a control housing including a bottom, opposing side flanges, and a front flange

30 defining a compartment for receiving an energy mechanism, a rear flange of the housing

defining a transverse channel;
This Sheet Has Been Replaced
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18. The chair defined_in claim9 wherein the chair includes a seat
operably positioned oh THIS SHEET HAS BBE ¢ontrol housing and ' ted
bet ween tﬁg%’ggﬁﬁ and{ t he B CED 19. The chair §5s? ne
claim9 wherein the interfacing surfaces have teeth that engage.

20. A chair camigid stpright structure including a transverse ipthadar sectionirhateably engagmg the

o Tho basdaerss'cidudi? S loefich ieresh™ R Beié B e abiR 4Ptk Expitle Rke?

posi tions; ofki tishsverse tubular section titat amnd@at/\pib&s @A andfitsbafd 5 Eﬁceﬂadtrpﬂ/dt@ on
base assenbly and anot her end opera connected to the

conponent , anifaithasrd pidentheissat EEV‘I’tér?gflﬂ’a‘élﬁ Bivolmbsing pdaptednioarisotally SUDROTR seat .
frorg the f'ﬁ%&&?'&%ﬂ%&\?y thg second position, being sinultaneously
sse

I ong| tudi nal Ty conpr al ong the I ength and also laterally
bent in a directa mmfbrcammecmeldmg trhasvemselytdnd weldesd to the tradsverse fibalac bection

s R e
component . jncl vertically mgned hble adbpted t6leddeiveth verticdlB ddjudiabldesnfir pokhén a

| ever is pivoted to the base assenbly.
chair base.

10 ) _ S
199. The base assembly defined in claim 198 wherein the side flanges of the control
housing include linear bearings adapted to slidably support the seat.

' 200. The chair defined in claim 181 wherein the seat further includes a spring resiliently

15 supporting right. and left sides of the front section for independent flexural movement to

 provide increased comfort for the seated user.

201. The chair defined in claim 181 wherein the seat further includes a releasable lockable
gas spring operably adjustably supporting the front section for adjustable ‘movement to

20 provide adjustable comfort to the seated user.

202. A chair comprising:
a base assembly including a control housing;
an energy source located within the control housing;
25 a seat operably'supportcd' on the base assembly for generally horizontal movement
' between forward and rearward positions, with the seat operably interconnected to said -
~ energy source;
a back support including a back shell and a back frame supporting the back shell,
wherein the back frame includes a first pivot wherein the back frame is pivotally coupled to
30 the base assembly fbr movement of the back support between upright and reclined positions,

and a second pivot wherein the back frame is pivdtally coupled to the seat; and
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20 23. The chair defined riSEdR BAs Wighe] n t he conponent
conpri ses WO®9zDasEh| e seat . REPLAGED The| chair def POTASON22M43i M-
23 including a back franme operab b seat for simultaneous ~

movenent ther ew Gerein g stored ené‘?y soyrce Bidkd the BB hippB into an upright go%ttion by

a base assenbly . mg uding a control housl ng;

slidingly sorging thedeareatward,osaid tﬁatwgndsmnmment of the seat inducing the hackaauppcmm
pi'voted to the base as Ve ween upright and reclined
positions a '85%?55‘??5&%@%8%‘51)%‘%5@% PPt hat pivotal novenent of the
back frame and 30 sliding novenent of the seat are synchronized; and
an energy mechanl sm I ncl udi n prin haV| n | engt h and an .L-shaped .
t or gfe 203 :demqﬁmac 2q gxgﬁwgpyﬁt a¥ig approxpmately comgides 4
a second Ie gqﬁ #dxﬂtofaseatedad tRaal el the Iength of the
spring, the |rst eg p vot y engagi ng the control housing at a location

spaced fromthe end of the spring, and the second | eg bei ng operably

gg & hect ed t 208"¢ T%]:a chan' defined in claim 202 wherein the seat comprises a seat front slide adapted

to slide forward and rearward on the control housing, a seat carrier pivotally interconnected
10 to said control housing and said front slide, a seat frame in sliding engagement with said seat

carrier, and a seat shell adapted to support buttocks and thlghs of a seated adult user.

205. The chair defined in claim 204 wherein the seat shell includes a rear section

configured to support the buttocks of the seated adult user and to support' a majority of the
15 seated adult user’s weight, and further includes a front section adapted to support the thighs

of a seated adult user, and still further includes a flexible zone connecting the rear section

and the front section, and including an adjustment device connected to the fr_bnt section and

configured to angularly adjust the front section of the seat shell relative to the rear section,

wherein the adjustment device is attached to an underéide of the front section of the seat
20 shell.

206. The chair defined in claim 202 including 2 variable back-stop mechanism supported
' .on the base assembly and operably eﬁ'ga'ging'the. seat, the variable backstop mechanism being
configured to concurrently stop the seat and stop recline of the back support at a plurality of
25 selectable positions between the upnght and reclined position.

207. A chair éomprising:
a base assembly including a control housing;
an energy source located within the control housing;
30 a seat operably -supf_:ort'ed on'the base assembly for generally horizontal movement
bet\-ween forward and rearward positions, with the seat being operably interconnected to said

energy source, the seat including a seat shell having a rear section adapted to support
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seat and the back frane socthat I sEENDilases the torque member in.a

manner bi s} THI § ¢ towgrd the uprightg§¥ﬁj‘

26. The%?:?glﬂ%ﬁggfi ned iniclai A j he first leg inc ud§e§8893047
curvilinear surface that 5 ~both rollingly and pivotally en?ages
structure dutocks ofohseated swlisuser apd a¢frent seetions adapied g \support thighs of theyeptgden
upright an dﬁﬁﬁ&in posi tions. 27. The chair defined in -

cl.aim 26 wherein the structure on the control housing including a
pi vot nmenber wi tdback sipport inclnding artiagk shelhanid abagk drmet swpparting ithe backishelltheace-

on the first t.h 0 .surfaces bei conf.igured to posjtivel
engage to }a@%gtﬁ{l‘edﬂ*‘g‘é@;é&fﬁﬂl Xherein theenacrigfrax.nexsg@? ygovgﬁgﬂot'he%a% o
conps i Si NY:assembly, and a second pivot pdid ¥dRreis SR Bk ﬂaﬂﬁliygiva&ns\ coipled & thB@edi NY;

a seat slidingly supported on the control housing; 1 - a back
frame pivoted to the base assenbly for novenent between upright and

reclined positions and operably attached to the seat so that
pi votal novenent of the back frame and . slidi ng novenent. of the
seat are synchroni zed, t he control housing defining a

relatively thin, horizontally extending Corrpar_t ment under
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the seat; and 20 an adj ustabl e energy mechani sm operably
posi t i oweabngdshe conpartnent, the adjustable EPET/YSIIR204TANI SM

i ncludi ng an extensi ble energy source, a |lever operably connected between

t he energy source and the seat, and an iﬁi;st ment nenber adj ustably
pivotally supporting the lever for adju ly controlling force transmtted
fromthe energy source through the lever to the seat, the energy
source, the lever, and the adjustnent nbg bei ng novabl e in horizontal 25
directions only so as to operaye\withip the,relatively thin, horizontally

ext endi ng conpartnent .. 4 29. The chair defined in claim28
wherein tge adj ust ment nber hde . OPEr abl y
attached ®o controgmou' no\ fop~SHLAt i Ng; 7@1 ful crum
of the |ever. 30 30. Cslcel I S : Rncl | ed.

32. Cancel | ed. _ .

40

20

39



33.  Cancel l ed. 34.  Cancell ed. 5 35.  The chair
defi nedwb%ﬁll%iﬁm 1 wherein the base assenbly includes a baggniso@bRet hat

I ncor por at’es e housi ng. _ 36. The chair defined 1n claim20
wherein the base assenbly includes a base frane that

I ncor porates the housing. 10 37. The chair defined in claim
25 wherein the base assenbly includes a base franme that
i ncor porates’ t he housi ng. 2/3838. The chair defined in claim28

wherein the base assenbly includes a base frane that

20




15 | ncor porafes the housing. _ 39. Cancel | ed.

40. CAvQ 9921486 20 41. A chair conprising: PCTMS98/22047

a base assenbly including a control housing; a single
'stored energy source positioned in the control housing providing a
conpressi ve force; 25 a back support operably

I nterconnected with said.single ener%AB&source for novenent, :
bef ween upright and reclined positions, S-Sl ;Préa.energy source
bot h exerting pr et ensi o upport toward the

upri ght positigrs Nelng regl stan tilting of the back -
support when er for regul ating

- contro

~the pretengfon of the stored enelgy source and tilg d=gog0 N
back suppgft, the controller includNng aTader et N\ adj ust abl e
ful crum ppint that can be ad] Y9 om ng the

42.
§ i nterconnegting

conpr essi
The chai'r
t he back

e force of the said single$tored energy/sd
defined in claim4l includijg a seat engagaa
S upport to the endrgy source. &/

~u,

S
~
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41 43. Cancel | ed. 44. Cancel | ed.. 5 ..
45, GVFRkh s 46. A chair conpri sing: X

PCT/US9822047
a base assenbly; a seat supported on the gg%%“ﬁ?éenbly;_
10 a back frane pivoted to the base assenbly for novenent

bet ween upright and reclined . 4/g§
' ck

a conpliant back connected to the
and to the

King posi tions;
at | east one top connection




chair at bottom connections vertically spaced fromthe at |east one top
connect iwame9/iiags bot't om connecti.ons bei ng | ocat g@rpisdsdgmbe a

rear of the seat and in front of a bottom of the conpliant 15 back so
‘that the bottom connections define an is that is adapted to be generally
aligned with an area assod%ed wWith a seated user's hip bone
and | ower spine, the conpliant back being flexible so that the
conpl i ant back undergoes controlled flexure between the top and bottom -

- connections upon flexure of a seated adult user's back; and

the seat having a front portion slidably supported on the base :;?eﬁgly and-

a rear 20 . portion pivotably connected to the -back franme sogythat the
seat noves forwardly in a ~__synchroni zed notion w th e back
frame during recline of the back frame. 47. hai r

he
defined in claim46 wherein the conpliant back includes 'pid/gnd | ower
sections operably connected together for counter-rotatighal /npvenent, the
upper section being 25 pi vot edggo the back franme p 0P~ 34
connection and the [ ower section including forwardly ext endi ng
fl anges pivoted to the back frane at t\he bottom conne a rearward
di st ance fromthe bottom coynections to a v ffont surface of
the | ower section being about equal to ned di stance
cal cul ated froman average seated adult e ‘average
seated adult user's rear/|lower spine bones, so that iant back is
adapted to flex and 30 si mul t anéousl y provide bl e postyr al

’
support upon flexure of the seated adult user's . ;n ower— B&Sk
"": —30

\




42 48. The chair defined in claim46 wherein the

conpli I ncl udes a back shell having upper _and | .ower
stiff %ﬁ%ﬁgﬁconnect ed by a flexible zone | ocated gener%’ysqsﬁzﬁﬂl unbar
area of a seated adult user. 5 49. The chair defined

in claim48 wherein the flexible zonsl3mcludes a plurality of
hori zontal slits extending generally across the conpliant back but

termnating to | eave an uni nterrupted band of material at
opposite side edges of the |unbar area. 50. The chair
defined in claim49 including a torsional |unbar support nechamsm operably:
10 . attached to the back shell, the torsional |unbar_ Auppprt chani sm
bi asing the shell toward a L forwardly protrudyng gonvex sfape
- for optimal |unmbar support. ) —_—
)
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51. The chair defjned in claim50 including a vertically adjustable
| unbar sWRRIf22456t t ached to the conpliant back porusesteserl
adj ust ment to change a shape of a front surface of the 15 conpl i ant
back in the lunmbar area of the g¢38ed user. 52. The chair
defined in claimb51 wherein the vertically adjustable |unbar support
i ncl udes | ateral |y extending handl'es constructed to engage and
track with a perineter edge of the conpliant b 20nd -
constructed to slidably engage the vertically adjustabl unmbar support to
20 permt the handke€S to adjust in and~sy to follow the perineter
edge. . 53. The chair defined in clai™46 including a
torsional |unbar suppoft nechani sm attached to one of the bottom
connections for biasifig the conpliant back toward a fQrwardly protruding
convex shape.. 25 54. The chair defined iy claim46 including a
vertically adjustabl g | unbar support  operably at hed to a
~front surface of the fonpliant back, the vertically adfustable | unbar
support being - - configured to change a force pf support at the
front surface of the &sapliant back in a Iunbar o area of a seated
user. 30 f b4 i ncluding at | east




vertically adjustable |unbar support in a generally horizontal direction,
t he han ' ' configured to follow al ong a perineter edge of
t he conﬁ"sgﬁﬁ‘ggck for vertically adjusting the ngSP?%Ty
adj ust abl e | unbar support.

43 56. The chair ¢438”ed in claim46 wherein the top
connection includes a top pivot connecti on. 57.
The chair defined it claimb56 wherein the top pivot connection includes a
protruding T- 5 shaped connector on the back frame and a mating
recess in the conpliant back, the recess being configured to
receive and frictionally engage the T-shaped protrudi ng connector to attach
t he conpl fant bdqffito t he back frane. 58. The
chair defined in clgym 46 hgkei n the conpliant back includes a belt
bracket 10 ' attlached alllghg a bot 28m edge of the conpliant back, the
bel 't bracket inchdin fIaT definin _
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a part of the bottom connectors. 59. The chair defined in

cl ai m 5o 9szd1esé ng an adj ust abl e torsional |unbar support pCT/US98/22047 .
mechani sm attached to one of the bottom connectors. 15 60. The
chair defined in claim46 wherein 9,33 back frame defines an inverted

curvilinear " arch. 61. The chair defined in claim
46 wherein the back frame includes an internal nmetal 20 rei nf or cenent
and an exterior polyneric covering that- covers all sides of an internedi ate
section of the internal netal reinforcenent. 62. The chair

defined in claim46 wherein the back frane includes configured ends
posi ti oned on opposing sides of the rear portion of the seat, the

configured ends defining first 25 pivots for pivotal connection to
t he back frame and second pivots for pivotal connection to the

seat . 63. A chair conpri sing: a base
assenbl y; P -~.\,§\




30 a back frane pivoted to the base assenbly for novenent between

upri ght @@% I ned wor ki ng positions; and : ¥ : a
n 3@§&%perably attached to the back franme at a t&ﬁm§§W%¥?Von and

conplia

oper abl y attached to the chair at bottom connections, the
conpl i ant back including a forwardly e4m23uing fl ange generally
| ocated along its |ower edge form ng an axis of rotation at the bottom
44 . connections, the axis being |located proximte a rear-.’
section of the seat and in front of the - - conpliant back, the
conpliant back including a thoracic portion, a pelvic portion, and a
flexible | umbar portion constructed so that when a seated user
‘flexes their | ower back rearwardly, a - pel vic portion of the

conpliant back noves pivotally dowwardly and rearwardly about the 5
axi s, the lunbar portion of the conpliant back flexibly noves generally

rearwardly to forma nore planar arrangenent wth the pelvic
portion, and a thoracic portion of the back pivots about the top
connection, whereby the conpliant back, in conbination with the back frane
and base assenbly, is adapted to provide postural support for a
seated user's back that is flexing and novi ng of the seated '
user's torso and spine. 10.




64. The chair'defjned in claim®63 including an adjustabl e torsional

| unbar sywpReRiesEP’ | NY mechani sm for torsionall yl,gi.,ﬁggsp%ﬂhhe -
conpliant back to a forwardly protrudi ng convex shape or
opti mal |unbar support for the seated user. 15 65. The chair

defined in claim64 wherein the conph‘fgg back includes a nol ded shell '
having a resilient |unbar section. 66. The chair defined in
claim65 including a belt bracket attached to a bottom edge of the -
nol ded shell. 20 67. The chair defined in claim®66 including a
vertically adjustable | unbar support operably attached to a
front of the conpliant back. 68. The chair defined. in claim
63 wherein the top connection includes a protrusion on the 25 base
frame and a mating recess on the conpliant back, the recess being
configured to receive _ and frictionally engage the protrusion

69. The chair defined in claim63 including a vertically adjustable

| unbar support attached - to the conpliant back in a |unbar area
of the seated user, for changing a shape of a front

Fig. 9A



30 surface of the conpllant back in the |unbar area. -70.
The chair defined in claim®69 including handl es operably engaglng t he

verti caf¥®p9/21456 adj ust abl e | umbar support and conf iREWUESPSREM4To| | ow a
perimeter edge of the conpliant back during vertical adjustnent
of the vertically adjustable | unbar support.

45 ?an defined in claimé63 wherein the back

frame has configured ends positlone on opposite sides of the

conpliant back, the .configured ends defining a back-tilt axis, a seat-tilt
axis, and a back-shel | bottomtilt axis that is |ocated rearwardly of the

back-tilt axis and the _ .seat-tilt axis, the back-shel
bottomtilt axis being |ocated generally at the adjustable torsional 5
| unbar support spring nechani sm 72. The chair defined in

cl aim 63 wherein the conpliant back includes a covering sheet, at
| east a stretchable portion of which is stretchable materi al for
mai nt ai ni ng the covering sheet in

Fig. 9B



tension on the conpliant back during flexure of the conpliant back. 10
73. The chair defined in claim72 wherein the stretchroraspizadton _
i ncl UWEI9RI&IG i p of stretch fabric sewn to a | ower edge of the
covering sheet. 74. chair defined in claim73 wherein
t he conpliant back includes a back s & and 15 I ncl udes- an
extrusion attached to the strip of stretch fabric, the extrusion being-’
secured to a | ower edge of the back shell. 75.
The chair defined in claim74 wherein the extrusion includes a notch for
receiving an edge of the strip of stretch fabric and is sewn to
the strip of stretch fabric along the notch. 20 o 76. In a chair
having a base, a seat,. a back frame rotatably attached to the base, and a
first energy mechani smfor biasing the back frane toward an
upright position, the inprovenent conpri si ng:
a conpliant back that is flexibly bendable to define different curvilinear
shapes for 25 synpat hetically supporting a seated user's back, and a
belt bracket with forwardly extending , ~ flanges-pivotally '
connecting the conpliant back to the back frane at a first connection, said
conpliant back including a second connection pivotally connecting the
conpliant back to the back frane at. a .second | ocation spaced’

' £ conpl i ant

‘-o"\“\ the first and second




30 and ' a second energy nechanisn1rncluding a force
generati g nechani sm | ocated general |y ' at one of the-first and

second MBS ns and constructed to bias the bracket anbtCHYSHERY pias a
| unbar portion of the conpliant back forward with respect to the chair.

46 77. The chair defined in claim76 wherein the belt
bracket includes side flanges positiofd the first connection
generally at a rear of the chair's seat at a | ocation where the first -
connection is adapted to be generally aligned with a pelvic bone
of a typical seated adult user so that, when the seated adult
user flexes his/her |ower back rearmardly, a pelvic portion of the back
noves 5 downwardly and rearwardly, a lunmbar portion of the back
noves generally flexibly rearwardly to forma nore planar

arrangement with the pelvic portion, and a thoracic portion of the back
pi vots about the second connection, the pelvic portion and the thoracic

portion being flexibly i nt erconnected by the |unbar portion and
adapted to nove i?a manner hi ghly synpat hetl cto ~ novenents of
User's back.

t he seated adult
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10 78. . A chair construction conprising: a
base as sg&ﬂ%?;“s‘ a seat; ' PCTAISIB(2304T r ane
pivoted to the base assenbly for novenent between upright and reclined 15
posi tions; and 1§L§ conpliant back pivoted to the back
franme at a fixed top connection I ncl udi ng forwardly

extendi ng fl anges pivoted to one of the back frame, the seat, and the base

assenbl y at bottom connections, the bottom connections being
spaced laterally froma lower front central rface of the
conpliant back whereby, upon flexure of a seated adul ¥ eer's spine and

| ower 20 back, the conpliant back is adaptedfto flex .
synpat hetically and follow fl exure of the seated — adult user's
back and spi ne. 79. The chaj ons tionf defined i n\¢l i 78 wherein
t he bottom connecti ons connegt the | anges of t ke \coypliant back
to the back frane. 25 ' 80. chafr constructiyn\dafined in
claim79 wherein the conpl Jant conpr fses refaty Vely stiff
upper and | ower sections iXerconnected bfy a fl¥gxible sectign

81. Cancel | ed. 30
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82. Cancel | ed. 83. A chair conpri sing: o

a_base awooRi4ss PCT/US98/23047

47 a seat; an 1 nverted
U-shaped back frame having an intergzgﬁate top section and a pair of
configured end sections pivoted to‘ base assenbly, a T-shaped top
connector protruding fromthe top section and a pair of bottom
connectors in the configured end sections; 5 a conpliant’
back including a top recess configured to receive and frictionally engage
the top connector, and further including a belt bracket along a | ower edge
w th opposing fl anges " .that extend forwardly a distance for
connection to the bottom connectors; and .
mechani sm pi votal |y connecting the opposing flange;_to'th
connectors at a location proximate a rear of the seat. by

26



84. The chair defined in claim83 wherein the conpliant back includes.a

f1 exi bl &9 JHpi4p6 section, and wherein the di st FEHUSNRWMThe
flanges extend forwardly is a few inches so that the di st ance
is calculated to be about equal to g_distance froma hip joint of a seated
adult user to a | ower sdigaﬂbone of the average seated adult
user, such that the conpliant back, when flexed, 15 flexes in a
synpat heti c manner that provides contiguous and confortable support to a
seat ed ‘adult user's spine.NT 85. A back

construction for a chair conprising: a back franme; 20
a highly conpli =V a forwardly Rrotruding | unbar support

seécti-on that i} 4 D yhdabl e,

such that the ¢onpliart—TEs == Bt | ' of

different convgx ¢ _ t op and Bo SSEaect. dns
pivotally conndctifffjg the conplia W'Dack to the back fraie; \ and
25 an adj ust abl e ffloer ce- generati ng nmecha ts r afiil §

. attached ‘to at jl edst one of the conplia t/\;/’\ ?ck
frame, the forde-generating nech% snrbeigg eOR &
provi de an adj bl e biasing forjgé that | ust a %r
support sectio or war dl y for opti nal 27 o ey IR ER
seated adult ug _ force-gener at i Qg 180 . '
characteristica ) Ne it asing force wthout 5 Ape
change in the { [ back.

94 A

384

386



86. A back construction for a chair conprising: : a back

frame;, wo 99221456 : :

a highly conpliant back having a forwardly producing Iunbarcgﬁggggﬁhgection
that is : flexibly novable to lurality of different convex
shapes, with each shape bei ng adapted 16?35 provi de postural and
confortable support to a back of a seated adult user;

top and bottom connections pivotally connectj#g tieggonpliant back to the’
back frame; 5 and , # an adj ust™gbl e torsional

force-generating nechani smoperably attaclfed to one or\both of

the conpliant back and the back frane tthtﬁs the | §nbdr section forwardly
for . optimal |unbar support fof seated uger's back, the
torsi onal force-generating nechani sm be g\c,=r=§y§ / nount ed at
the bottom connection to the back frane & h¢swsanrpt/l ant back. 10

87. The back construction defined in c
i ncludes a




relatively stiff thoracic support section and arelatively stiff pelvic
support WQ:9923456 whi ch are interconnected by the | unbar supETrUSIs2IV4T ON.
" The back construction defined in claim87 wherein the |unbar

15

support section.
89. The back construction deflnqg
force-generating
handl e being rotatable to wind and unw n
the spring belng_operab
and the back frame to bias the Iunb
toward a forwardly
construction defined in claimqgdd wher}
mechani smincludes a |l ever to DFOVId
the tension of the

t he spring,

88.

conpri si ng:

assenbl y;

104
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Fig. 12B
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| : _ 30 .
havi ng -an ener gy sourEB\gQFreln;

conprlses a flexible sheet of material.
§ claim 86 wherein torsional _
es a spring and a handle, the.

adj ust a tension-of

n -cted Ztmeen t he conpliant back
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1!3? i back

vgjge rating 25.
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a back support operably interconnected to the energy source fof.apvenentz
bet weenyayye upright position and a reclined posjtii zal d back
support incleljfﬁsng a back franme and a back shel*’t,tf{l'glg?%‘cl ck shell
conprising a resiliently flexible polyneric sheet shaped to and adapted to
support a back of a seated adult user, with a sem-rigid |ower area

di sposed generally in a :
49. pel vic area on gﬂlzghair, a flexible central area .-
di sposed above said | ower area and generally in . a lunbar area
on the chair, and a sem-rigid upper area di sposed above said central area
ina thoracic area on the chair; ' sai d back
frame having a first attachnent coupling said upper area of said back shel
to 5 the back frame, and a plurality of pivotal second attachnments
for pivotally coupling said | ower ' area of the said back shel

to the back franme, the second attachnents constrai ni ng novenent of
the lower area to force flexure to occur in a contrg 865 ¢ manner
in the |unbar area i n. order to adapt upport to assure
continuous and confortabl e support of the seated ‘adul t user's
0 adult user's spine
shel | conprising, a

in said sheet """
the central area of

while 10. seated, said central area of sai
plurality of vertically spaced-apart slots - '
extendi ng generally horizontal IX across a portig
sai d back 31

30

23.



support, said slots terminating prior to the perineter edge of said sheet,.
wher eby WO992348% sl ot s define a plurality of elperassssosr .;
horizontal resilient straps in said central- area, each of said straps
bei ng di mensi oned and adapted to provide resilient support for the seated
adult user when 15 sitting on-the chair; and t he

| ower area of the back shell including‘ﬂggeinforcenent havi ng forward .
extendi ng _ fl anges pivotalTy upled to the second attachnents
of the back franme, said reinforcenent and pi votal attachnment
bei ng adapted to provide novable firm support for at |east a portion of the-
pelvic area of the seated user. 20 _ 92. The chair defined in
-claim91 wherein the back frame includes a first pivot and the back

frame is pivotally attached to the base assenbly for novenent of the back
support .between the upright and reclined positions, with the first_pivot
approxi mately coinciding wwth an axis | ocated - at . a ;.r2  the
seat so that the axis is adapted to be | ocated generg j
the seated-. 25 adul t user. : 93.
94. Cancel I ed. 30 95. A chair conpr
a base assenbly including a control housing having
therein; .

30

23



a seat on the base assenbly; _ e
50 W - a back support operably inter ed-1 0 the
ener gy sogfggtfgr novenent between an upri ght Q@@P@%@ﬁggﬁd a .
reclined position, said back support including a back frame and a

back shell, said back shell conprisiggzﬁnfESiliently fl exible polyneric
sheet shaped to and adapt support a back of a seated adult.
user, with a sem-rigid |ower area disposed 5 - generally in a pelvic
area on the chair, a flexible central area di sposed above said | ower

area and generally in a lunbar area on the chair, and a sem -rigid upper

area di sposed above said central area in a thoracic area on the
chair; and said back frame having a first attachnent
coupling said upper area of said back shell to the back frane,

e@q4@ attachnents for pivotally coupling said

and a plurality167
O said back shell to the-back franme, the second

10 | ower

pi vot al

attachne?g%.co‘ novenent of the area to force
fl exure 0 | 0.4 | |.ed synpat hetic manner t he
| unbar area i n\\Qx%e A t he back support to j e continuous and

--31C

107




support of the seated adult user's spine in the |lunbar area during flexure
of the sWBL46u| t user's spine while seated, POIASINCAT - -
second attachnments for pivotally coupling sai-d | ower area 15 “of the
sai d back shell to the back frane iggyaﬂing a biasing device that biases
the central area of the B shell in a forgggd directigp.

96. The chair defined in claim95 wherein the said | r a

back shel | i ncl udes forward extending flanges pivo
to the second attachnents of the back 20 fesdmeE\and sai

device includes a torsion spring operably interqgnnec ed t0 S '
ext endi ng fl anges. %zé The chai.r def} ) I n
t he sai d biasing device includesgyeans for '

. . . . {7~ T - .
pretension on the torsion sprjg®N25 98\ QNP :
a base assenbly including a %/ol hgusi ng havi ng \ h\_ 5 8 gﬂ

t herei n;

back support operably ingi
=281 ¢/ back N
sai d pack shel|

X he energy SoUNS
@ reclined posi
back shell
: sheet shaped t .
adapted to s rworﬂz v s ser, with a segi-rigid Iomet,)
area di sposeds™ | ™ i Pli area on the chair, a E::

bet ween 30 an upri
support including a back frans




51 area and generally in a lunbar area on the chair, and. a
sem -ri giglodHikey area di sposed above said cent Eéﬁm?ﬁﬁfz“ din a
thoracic area on the chair; and ' sai d bac rane havi ng a
first- attachnment coupling said upper area of said back shell to
the back frame, and a-plurality of pivotal second attachnments for pivotally
coupling said 5 | oner area ofznrQSSajd back shell to the back frane,
the second attachnents constrai ning novenent of the |ower area
to force flexure to occur in a controlled synpathetic manner in

the lunbar area in order to adapt the back support to-assure continuous and

confortable _ support of the seated adult user's spine in the

| unbar ‘area during flexure of the seated adult, user's spine
whil e seated, the |ower area of the back shell including forward exténdi ng
flanges 10 formng an axis of rotation at the pivotal second
attachrents of the back frame, said axis of rotation being

| ocated at or rearward of a rear of the seat so that the axis is generally
adapt ed - for location proximate a seated-adult user's pelvic bone
so that when the seated adult user flexes their |ower back rearwardly, the
| ower portion of the back shell noves downwardly and : rearwardly,

and the central portion of the back shell flexes generally rearwardly to
forma nore 15 -~ - planar arrangenment with the [ower pofrtion. -~ o




99. A chair, conpri sing: . a base assenbly including a

control YO¥Z#6havi ng an energy source therein; PCT/US98/22041 seat
on the base assenbly; 20 a back support operably '
i nterconnected to the energy source for novenent between -an
upright position and a reclined positi(2§[3gaid back support including a
back frame and a back shell, said back shell conprising a _
resiliently flexible polynmeric sheet shaped to and adapted to -
support a back of a seated adult user, with a sem-rigid |ower area

di sposed generally in a pelvic area on the chair, a flexible
central area disposed above said | ower 25 area and generally in a

| unbar area on the chair, and a sem -rigid upper area disposed o
above said central asga and nerally inwh thoracic ar €& on the chair; and'g
sai d back frane havigb_a firgf att achnmensd coupl i ng sai ckaupper arf&a of sai dgy
back shell ™®to thegack frame, gand a plurali tg of pi vgal secondpz

attachments for pivotjally coupling&said @© &ai d O
condkat t achnent s =
flexgre to o L

he | un@hr- ar ©
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100. The chair defined in clainigl wherein the said back frane conpri ses..an

i nt er nadyg§i2akse rei nforcement encased in a resgggﬁﬁﬁrl JMeFi C
coveri ng. 101. The chair defined in claim including a -
seat operably nounted on the base assenbly, 5 ' the seat fomng a link
i nterconnecting the back support to tﬂgﬁﬂgergy sour ce. : 102. A
chair conpri sing: a base assenbly including a control
housi ng havi ng an energy source therein; and a back .-
assenbly novably supported on the back assenbly and including a back
support 10 operably interconnected to the energy source, said back
support including a back frame and a - Rack_shel |l connected to the

back frame by at |east one connection, saidJBR ‘ﬂﬁil conprising a

resiliently flexible polyneric sheet  adapt 5\ J',‘_.f, a back of a seated -

adult user, the sheet i-ncl udi ng £ S I! ea di sposed generally

in a pelvic area on a chair, a central arep “ﬁﬁ; : above said
1Y

N
CNCSVDS
| oner area and generally in a lunbar areafgRXM\ghair, and an upper area °
il s-‘;/ally'in a thoracic area
\ i}/ of the back shell; and a

di sposed 15 above said central ares
vertically adjustable | unbar support | ods ¥4 ont of the back shell

on a chair; a cushion on a forward face
the | unmbar support being novably _suppor_t ,'f back support and
configured for vertical =~~~ ° K\\(i S . AN

oy

402

35

405
406

403

Fig. 12N “'7 0



adj ustnent to change a shape of a front surface of the back in the | unbar
area, sWQPN2as6 cally adj ust abl e | umbar suppor tPCEUSISRReAT

| ateral |y extendi ng handl es construct-ed to engage and 20 fol |l ow
configured non-parallel opposing perineter edges of the back shell and
constructed to slidably engage the vertically adjustable |unbar
support to pernit the handles to adff 8I ateral ly in and out to
folfl ow the perineter edges. 103. A chair conprising: 25 o
a base assenbly including a control housing having opposing flanges with
upper edges and | ubricous caps attached to the upper edges of
the control housing, the |ubricous caps i ncl udi ng upper surfaces

defining tracks for slidably engaging a slide menber; a

back frame pivoted to the base assenbly at a back zyot f0f1anvenent
bet ween upright and reclined positions; gnd 30

13/17and t he back

frame i ncluding a slide nmenber slidably : gag| Ei8ont r of
housi ng f-or generally horizontal sliding : a20i nc4di ng
a seat carrier pivoted to the slide nenber 331- froyg w‘ [
pi voted to the back frane at a rear seat pivot. -§f?, - i
33 o _ . 119 fbﬁﬁip“' s
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104. The chair defined in claim103 including a seat shell attached to the
seat SURRPéI21456 structure, the seat shell incl udipegsso ,Section
configured to confortably support thighs of a typl cal seated

adult user, a frot section configured to support buttocks of the seated

adul t user and to confgaﬂg?ly support a mgjority of the weight
of the seated adult user, and a fl e zone 5 connecting the rear
section and the front section. -

105. The chair defined in
claim 104 including a gas spring extending between the seat

support structure and the front section, the gas spring being a rel easable
sel f -1 ocking. type . device. 10 L 106. The chair
defined in claim105 including a bent rod axle pivoted to the seat support
structure and the front section and operably connect@d tdl144 gas spri ng.

107. The chair defined in claim104 including a | edf spri PPEr ably
supporting the frant 15 section on tﬁq1§gat syppor t r q%gge.
49
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108. &P’Fﬁ' r defined in claim103 including a spring nechani sm

posi ti ow 4he control housi ng t he spri ng RERHN2LBMbei ng
operably connected to the slide nenber. 109. The chair
defined in claim 108 wherein the spr§ ?ﬁq] chanl smincludes a spring
positioned transversely in the contro ousing, and further includes a

| ever operably pivoted to the c %ol the | ever having
~one end operably engagi ng the sprlng and aﬁﬁ? /4 Jgr abl y engagi ng the
seat support structure. 25 318 AMNai i sing

a base assenbly including a control hougt a back
frame pivoted to the base assenbly at N pvenent between
upri ght- and reclined positions; Rl supp 32ructure
operably supported on the base 4§8% ia25/68L+-

i ncludi-ng a slide nenber slidably @& WA sing for
generally horizontal sliding 128 /1 i R ) uding a seat
carrier pivoted to the slide nmenbe p 3 f355~uvt and al so
pi voted to the back frame at a éﬁal/‘- ‘ 3 a spring
mechani sm position in the contr *", uh s i3 -chanlsn1be|ng
operably connegied to |de Ay ; % d a sadgm positioned
transversely |¥: 'ij.A y _




control housing, and further including a Iever.dperably pivoted to the

control yeyshiags the | ever havi ng one end opergiysdaRIe9 N9 the
spring and anot her end operably engagi ng the seat support
structure; and a pivot nenber, the pivot nmenber and the
| ever havi ng |nterfaC|ng surf aces, 3Beast 5 one of which is
curvilinear so that the arrangenment operates |ike a rack- =p3hi on, the

pi vot menber bei ng adj usta m poi nt on the."

| ever to adjust a length of a arm over the spring
acts to. 111. e chair defined in claim 110 incl uNnhg a

back stop positioned in thg control hou5|ng 10 t he back stop\bei ng
configured to engage the geat support stru §re tolimt recline of tYe

back frane.

112. The chair dg
i housing fo

rotation about -a vertic axis, the '\y of steps it hat
can 15 be selectively positiom puppor t
structure. ' ' NG f
. % 1 25“ .
126 o/ _ e
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113. A chair'conprising: a base assenbl inclugingfa

controlﬂ;ggﬁg a back frane pivoted® PREH e
asseny| % back pi vot for novenent between 20 upright and
reclined positions; seat support structure operably
supported on the base assenbly and the back frane . including a-
slide nmenber slidably engaging tr@1£§5“r0| ‘housing for generally horizontal
sliding novenent and including a carrier pivoted to the slide nenber
at a front seat pivot and al so - pivoted to the back frame at a
rear seat pivot; and 25 a seat shell slid@®ly supported on
the seat support structi § for é@lectlve d adjustnent
whereby a depth of the t she can be sglectively adjusted relatj to
t he back159 " A chair gconprising: 3

a base assenb\y includi laaidierrb=trry mpe 1_,.:‘, | s defining a
track; } 4P all purtldx\v"';n<

slidably en i yseat

including a fat shel | having a fle 'ny supported front portfon 4
a back pivoted to the base asséh@?y and separately pivoted to the seat for

novenment between an upright position and a reclined position,
the rear portion of the s ei voted to
55 ngss Df'7" - . .35

159 1567 158 159 154 155 154 I//;51 167 159
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the back so that the seat nmoves forwardly and the seat

rear
forvvardlwogﬂ.g“s‘ downwardly with a synchronous
is reclined a spring nechani sm positione

central hou3|ng and operably connected to the seat
the seat rearwardly, the3ﬂgsgng nechanlsn1|nclud|ng an

Ol’t I on noves.

not%@i(?ug;s,# “back _'

for blasing '

ext endabl e/ conpr essi bl e . d §1c ened in the control housing

and a | ever pivoted to the con
armwith thé spring for '
bi as the

gas spring operal g t§ he f o) t port
a 158 Len@i ni seat adgpfed to’
typi cal seat ed\ A SArj ng berir
a position of g¢=g
of the seat.

Lr defipged in cl

e to tHel remai ni

a nonent

ing to the seat to

Sinm— .

PV 2P-- |
\VAVIR LN Avavaapvav y

nected to the

i ncluding a
rel easi ng the oy

| ust rrent
1
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117. -A chair conprising: a base assenbly including a

cont rol MOWEI#E with sidewal | s defining a track; 20 PCT/US98/22047 seat
having a front portion with bearings slidably engaging the track and havi ng
a rear portion, the seat including a seat shell having a

flexibly supported front portion; a back pivoted to the
base assenbly and separately pivoted to t_wgeat for novenent between an .
upfight position28& a recli ned pasidggn, the rear portion of the seat -

bei ng pivokggd to ack SO th he seat noves forwardly and
t he seat ig port and %Dé downvvardly with a

synchr onous mdt ._ e i ng
mechani & Y posi t /{ " 1 nd ‘operably conne ‘ggéo the
seat or £ / «cs. the spring chani sm

. : 4

I ncl udi ng a eptiab) /corrpre55| ble - \. posi Pt oned in the
control hgh ng ahgFa | ever pivoted to the ntrol -.\ g and defining
a noment & PFthe spring for Hom m'tti ng exregrgy f
seat to bi a W€ 30 -%to Qg upright pOSN{
a | eaf spri noRPoshy Aﬁd betueen }\/. liently suppo
section and a -~ /enal NTag ‘nrr‘ on of the seat.
56 ,

!
vt/

C

X -
208 207 178

208. : ’) . :
177 ' . 208

SUBSTITUTE SHEET (RULE 26)



118. A chair conpri sing: a base assenbl y i ncl uding a
control wovspigeW th sidewal | s defining a track; PCT/US98/23047 @ Seat .
having a front portion with bearings slidably engagi ng the track and havi ng
a rear portion, the seat including a seat shell and a
dept h-adj ustnent structure for adj us:u % a depth of 5 ~ the seat shell-
relative to the back; ’ a. back pivoted to the base .
assenbly and separatel y pivoted to the seat for novenent -
bet ween an upright position and a reclined position, the rear -portion of.
the seat being pivoted to the back so that the seat noves
forwardly and the seat rear portion noves forwardly and _
downwardly with a synchronous notion as the back is reclined; and 10
a spring mechani sm p03|t|oned in the centgl housing and operably connected
to the seat ! ng..t he t rearwardly, the spring
mechani sm i ncl udi ng an /... rf: e/ cgnpressi bl e spring N

it [ . g &’ pivoted to the control .
pent, Pmwith the spring for o))

transmtting energy fffo rlngtotta_seat to bias the o
back to the upright | i 15 119. rx Tarr de inedum
claim 118 wh@ein thh teat i
the seat sheffsand | on t he
seat carrier. \
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120. The chair defined in claim119 including a Iatch operably extendi ng.
bet ween woe92uss 20 carrer and the shell for holdi ng POTAISIRRR047I a
sel ect ed depth position. 121. The chair defined in claim 120
i ncluding a control connected to the seat for operating t he

| at ch. 25 122. A chair conprising: a base
assenbly including a control hou5|ng%dL a reclineabl e back
frame pivoted to the base assenbler enment between upri ght and
fully reclined positions; a seat slidably supported on
the control housing and pivotally supported on the back 30 frame; and
a vari abl e backst op nechani sm operably supported on the base assenbly for .

" engagi ng the seat t top the seat and concurrently stop recline
of the back at selected positi@gns prior to reaching the fully
reclined position, the \ati=sisFe= FrCRST UD TTEC FTer Sk

seat-eng@yang menber and an actuator |l ever 1O

t he seat - g menber, the seat:-.

57 / R~

Fig. 26A
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engagi ng nenber and the |ever including intermeshing teeth for providing.

sl i p-fr &0 99121456 engagenent . . 123. The ] i ned.-i n
clai m 122 wherei n the seat-engagi ng nenber includes a novg§?255ﬂ§£%&Fa
camwi th steps shaped to selectively engage the seat. 124.
The chair defined in claim 123 wherein the variabl e backstop nmechani sm

i ncl udes a spring detenu3q138 hol ding the camin a selected

st oppi ng position where a particul ar one of the _ steps is .o
positioned to engage the seat. 10 125. The chair defined in
claim 124 including an actuator connected to the camfor rotating

the camto select the particul ar one step. 126. A chair |
conprising: 15 a base assenbly including a control housing;

a reclineable back franme pivoted to the base assenbly for novenment between
upri ght- '




and fully reclined positions; _ a seat slidably supported
on the WORMs6housSi ng and pivotal ly supported on the bacKPCT/US98/22047 :
frame; 20 : a vari abl e backst op nmechani sm operably supported
on the base assenbly for engagi ng the seat to stop the seat and
concurrently stop recline of the bacQTT?%selected positions prior to
reaching the fully reclined position; e vari abl e backst op nechani sm

i ncluding a novable camwith steps shaped to ~ selectively engage
the seat, and further including a spring detent for holding the camin a 25
sel ect ed stopping position m;re a particular one of the steps is

positioned to engage the seaf! 223 224 and 222 an act uat or
connected to the camfor rptating fhe Jcampt@1Fel et the particul ar one

st ep, e eekudi/ngsa | ever Aivoted to t control -
housi ng, = ”TE““-"*'-“!]ﬂai*’*ﬂi\\\ i g teeth. 30
127. ThgZeAt A @&;;;F"" ‘includes a

r ot at abl Nt e '
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128. The chair defined in claim 127 wherein the actuator includes a rod

connecty ' handl e-to the | ever. : o4 1N€E
chair JZP?EZ@ﬁ?n claim 127 wherein the handl e i.ncludes aPﬁgﬂiﬁﬁ%?” '
extending 5 protrusion, and is connected to the |ever by a
pivot/slide joint that permts the handle to rotate - about a
first axis and permts the |lever to rotate about a second axis that is
skewed and non- par al | el 2@8irst axis, with the handl e -
driving rotation of the |lever w thout binding. 130. A chair
conprising: 10 - a base assenbly including a congg housing;
a reclineable back frame pivoted to the base assenbly for2ggvghrent between
upri ght . and 33Ty reclined positions; . - a seat
slidably supported on the oggppl housi2dt and pi vot al | » jorted on the
back frame; and 245 '

supported on t

seat and concurrR V=]
to T
mechani sm i €T LePTTONR

sel ecti velf#€
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o ed etont for sel ectivelv hol dina th ’uiil!b'iagl G099
adapte tO engage a et ent or selective y holding the st mg RCPB '
ettt

engage the seat, and still further including

engage nmating teemmnmmigr for operating the cam 20

131. A seat construction for a chair conprising: a
.resiliently flexible seat shell including a front section configured to
~confortably 4 chair thighs of a typical seated adult user, a
‘rear section conff‘gureﬁ@%ﬁ ortably support buttocks of a
-seated adult usera bast dssembhyrinchiding| a/contgop housing lawingroppysing sitid) danges gnd acfide
"the sgated 25 adul t use and.a flexible internmedi ate section
'-?connegtl ng tﬂ&%lwpm é@? F'gﬁgangf'ﬁe f r ont section being

*l ocat ed about mdmpgl V\@rﬁetm Qbsefiblyofort MBvenRat beRRkY upHEhtOBIIE redlihed
~ forward of the expected |ocation of a seated adult user's h| p Joint so that
“the seated aPASitioDSiser' s wei ght is substantially carried by the

Lo TEch! o £ 3k iy 44 oo 0o bue sy SR RRRE S Bk

“_supporting tdcverdised synchiromems nfovetht siith the, batlo;e seat carrier

i ntelffedtat e seot Mofeiy mechanisih or bigsfig T 5ach pdat s SpigHE RopicRe BECTEETow

_'__ggd not conngedh@slsr Gndiiding h@é}ktbﬁ&blbl&bﬁb%l@rs&tfgeﬁ&itﬁﬁed transversely in tie"&ntrol

. housing with one end supported on one of the side flanges, and further including a lever pivoted

@ to the side pivot, the lever having a spring-engaging portion engaging a free end of the spring
and also having a seat-biasing portion operably connected to the seat; and

15 the side pivot, the spring-engaging portion, and the seat-biasing portion being spaced
from each other and arranged so that the spring biases the lever about a fulcrum located
generally at the side pivot to bias the back toward the upright position, wherein the side pivot
includes an adjustable pivot member constructed to change a location of the fulcrum on the
lever when the pivot member is adjusted.

20

2. Cancelled.

3. The chair defined in claim 1 wherein the pivot member and the lever include interfacing
surfaces, at least one of the interfacing surfaces being curvilinear.

25
4. The chair defined in claimed 3 wherein the interfacing surfaces include intermeshing
5. The chair defined in claim 4 wherein the lever comprises an L-shaped bell crank, and
30 the fulcrum is located generally along an intermediate portion of one leg of the L-shaped bell
crank.
36
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. S ~TUliUY 70/ caU%
an adj ustabl e thigh-flex support nechani sm operably suppormsgg)ma 1999

section of the seat shell on the forwardly ex .
of the seat @arri The chmir defined infvhaithriowherein dli¢ leveriand the pivot member adjiviidddbott

relative to th ear section tpo .provide tjmal. thigh pressure and support
to the seate cal &xEs and are mﬁ@&t‘gﬂs@ﬂm@ﬁg’%‘ﬂﬁ%l {PrOVades CPBRACE poss

~mechani sm i nwimﬂimoﬂnﬂrmgﬂéi oned, transverse 5 | eaf spring.
- 132. A seat construction for a chair conprising: _ _ a .
=resiliently flexible seat shell including a front section configured to

nf okt abl . i fqa typical seated.adult yser, a
?gar Ogegt i gn7'conf'|nglgeu?hgg @Wﬂ?ﬁéﬁw&%@ﬁ& liéupporteé Ey ﬂ:ﬁm apd
aSoat od adult b leo%mlnm‘ e fl &e{fﬁie@ﬁdtibvﬂﬁgpgitigé section Y
- the seated adul t user, an exi bl e internmed a > ]
connecting tT&&PEAM te e @5’”’%‘%&@&93,3?59%0‘13 a fore/aft direction guxing teslimgoofig

il ocat ed abouhe Baciway or forward therefromon the seat shell ~and general l'y
“forward of the expected location of a seated adult user's hip joint so that

‘“the seated adult user's 1\g/ei ght is substantiall yt carr ih_egnby t he
. rearygectiong for . . .Users; ~a seat cushi _
"s_upp})?ted onns't he gg:g%"%{“& a pan-shaped seat carrier

ssupporting the repbaseasdedly Rtutig attrbl hdumeaw difg si flanges and a side
3 nEPudi ng a forwar dIP/ ext endi nguglgct | on ext eﬁlgl ngfngg)gg? l%eld? e BI e

i nt er nedi at PiEd praximate one of the side flanges;s characteristically spaced

o : . : {ion: | .

pel ggand not COPBEACHivbRa"t0 the bk Msémbly 1of Moverent between Upright and reclined
positions;

15 a seat operably supported on the base assembly and connected to the back for

coordinated synchronous movement with the back;

an energy mechanism for biasing the back toward the upright position, the energy
mechanism including an extendable/compressible spring positioned transversely in the
control housing with one end supported on one of the side flanges, and further including a

20 lever pivoted to the side pivot, the lever having a spring-engaging portion engaging a free

end of the spring and also having a seat-biasing portion operably connected to the seat;

 the side pivot, the spring-engaging portion, and the seat-biasing portion being
spaced from each other and arranged so that the spring biases the lever about a fulcrum
located generally at the side pivot to bias the back toward the upright position;

25 the spring being supported by the control housing and engaged by the lever in a
configuration that causes the free end of the spring to simultaneously move toward the one
supported end and also move along a fore/aft direction during recline of the back; and

the lever both longitudinally compressing the spring and causing the spring to bend
laterally in a non-linear manner during recline of the back.

30
9. In a chair having a control housing including a pivot member, a reclineable back
operably connected to the control housing for movement between upright and reclined
positions, and an energy source in the control housing for biasing the back toward the upright

position, the improvement of an adjustable back tension control comprising:
37
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20 g an ‘adj ust abl e thigh-fl ex support mcﬁ%% ég&qébg

supporting the front section of the seat shel rwar dl

ext endi ng sect i otheGfivdt ifentbefbeifsdjistible; aad t hat the front section is

adjustable relative to the rear section to provide optinmal thigh, pressure

and support to tﬁée%mmetmawr@m@a@mwabmﬁw%ﬁ H@XQ@&)MW
rrechanismipsﬁdé&h'&l tﬁg‘g{ I tGwar ioht positioh & ggje{a dﬁx‘é"éﬁmte

.gas spring tor rot%fﬁﬁg t %&%gasnfﬂéged@ggle a(riléhet ge__a?q[s{er ’h%? |ngmt1he ent

“rod 25 membex havingnen-slipl interfacing suracesatat deast one of which is curvili®ar, so/thatcthe

.. ;opfgmjctsgglri\q Cﬁgﬁri sifag: t%ﬁ?ﬁp?&at].ﬁ. F!a flagﬁie IB‘({%Ezﬁeaﬁ 5{1 ! irgccﬁngej%ifng

seat ed adul theltsk, andl fofthér soatfiti B ful il diihiged 16catiGDAN Be pivot YneRbRIPRI ddjusted 36 S

. of the seated adult 30 user and to confortably support a majority
= of the wei gﬁlm’BF a gemegbaLever which %msymomr@ﬁs-m e

“internmedi ate section; a T-shaped seat support pan having
“a bottom panel defining a-full-width rear section and a

© partial -w dif. fr dhe chaicdéfimed ithelaint® whereini thie fevereomprrisesa bdllecrank havingck leg thetir
- sect,jon and.,t hat extends forwardly froma center. of, t rear
- Sectlodn AT s il sngesed atan oiBedia LR e pivBtTndinber B 8and e fferds

60
' 11.  The chair defined in claim 10 wherein the lever pivots in a horizontal plane about a
generally vertical axis to provide for compact positioning in the control housing.

15 12.  The chair defined in claim 11 including a link and a seat-engaging bracket operably
connected to the lever by the link so that the lever biases the seat-engaging bracket and the seat

in a rearward direction.

13.  The chair defined in claim 10 wherein the pivot member is pivoted to the control
20 housing at a pivot location spaced from the interfacing surface of the pivot member, the
interfacing surface of the pivdt member being arcuately shaped and defining a constant radius

from the pivot location.

14.  The chair defined in claim 13 wherein the interfacing surfaces have teeth that engage.

25
15.  The chair defined in claim 14 wherein the interfacing surface of the lever also has a
e ear ] o TTE———
16.  The chair defined in claim 9 including an adjustment mechanism for angularly adjusting
30 the pivot member to change a length of the moment arm.

17. The chair defined in claim 16 wherein the adjustment mechanism includes an
overtorque device to prevent overtorquing by a user when adjusting the pivot member.
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to support the rear section of the shell with the partial-%ééﬁqﬁ
section extendi ng under and spaced bel ow the fr & ion; an
an adj ust ablig t hingh- QO¥ided ioSWheaéth Y deb p@m, SSARnkd
the front 18 ﬂQCE%{chOnr%%Btﬂﬂe partlﬁﬁtlﬁa%ﬁatc se tion.ﬁ 5 o
134. The sémtcontroittonsing amghintéedonmacted betwebmthelevegaidshebaskn t he adj ust abl e

t hi gh- support mechani smincludes a pretensioned transverse | eaf
. Spring. 135. The seat construction defined in claim 134

~ wherein the19d] ughehsir Géfined inSdlAMY Whekin the interfacifiie Qiifabéstiave ethuhif engagbent

. rod axle and a rel easabl e | ockabl e gas spring for rotating the bent

“rod axl e and thereafter hol di ng the bent rod axle in a selected
sorientationsy A chai camgu&xﬁ? In a chair having a reclineable back and a
i novabl e seat oper a%lmr supported for synchronous novenment wth

. the back, an i npradasmassgmblysnpri si ng: 15 a seat carrier

“ having a T-shaped body i ncl udi ng.front d.rear sections and.including a
2 linear bear iancé’%lygg@? i%ﬁgﬂs% 03%1%5 ad :eg‘ﬁe ﬁdts)ﬁtm%v@{éif i %}"QME%FP%’%
Fof the rear a50mblyd0i movement between first and sedoh@ pSsitins:Cadd | er i ncl udi ng pi vots
~adapted to pivotally nount the seat carrier to a suppor

t f
“nova® y supporti RgSPrRg with gpe end supparted o the base ¢ c pd, @apgher EHQCRPGC%;MY

Dser. the < cqegh td Mot Bk Sprle n AR Rlcogth 0 el T P Te HERLE

-slidably engmgi the firstqmsitien el thersesondfpositien, | beingesimultaneously longitudinally compressed

along the length and also laterally bent in a direction transverse to the length.
15 21.  The chair defined in claim 20 including a lever having a first end contacting the another

end of tue spring and a second end linked to the component.
22.  The chair defined in claim 21 wherein the lever is pivoted to the base assembly.
20 23.  The chair defined in claim 22 wherein the component comprises the movable seat.

24.  The chair defined in claim 23 including a back frame operably connected to the seat for

simultaneous movement therewith,

25 25. A chair comprising:
a base assembly including a control housing;
a seat slidingly supported on the control housing; T
a back frame pivoted to the base assembly for movement between upright and reclined
positions and operably attached to the seat so that pivotal movement of the back frame and
30 sliding movement of the seat are synchronized; and
an energy mechanism including a spring having a length and an L-shaped torque
member with a first leg engaging an end of the spring and a second leg extending generally
parallel the length of the spring, the first leg pivotally engaging the control housing at a location

spaced from the end of the spring, and the second leg being operably connected to one of the
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Bear'nts', wher eby t he ééat frame is de th-éd' stable on th r
e ther LS eherern SEAPR 13

137. The chair defined in claim136 wherein one of the se

the seat fr%@ﬁmdmemkﬁwsdmﬁswbwﬁ torqileGl&Rbe? i AN HANRGr bidsiAg the
fore/aft direction, and the other one of the seat 25 carrier and
the seat _fr dwmek frawe teveard theaprghtiesitions| ect i vel y engagi ng the not ches.

~138. The chair defined in claim 137 wherein seat ¢ «carrier includes
~upwardly forned stop tabs, and including a top-nounted stop
~limter attaﬂﬂwd Tlmttliaﬂ'deﬁﬂédhrdaim 25 Wwhereinahe Kirstildgeinclndesi gnrvilinear surface that

_protrusion th nds do rdly through the sea frarre dt
: shapeltl to e E’ &l piv mgégeéﬁ"l’%é Lh Sé-qqnemoves

61

“ position an thefweh MpARtiPafE Riclinddokitib) of the seat frame on the
 seat carrier.
27.  The chair defined in claim 26 wherein the structure on the control housing including a
pivot member with an interface surface that engages the curvilinear surface on the first leg, the
10 surfaces being configured to positively engage to prevent undesired slippage.

28. A chair comprising:
a base assembly including a control housing;
a seat slidingly supported on the control housing;

15 a back frame pivoted to the base assembly for movement between upright and reclined
positions and operably attached to the seat so that pivotal movement of the back frame and
sliding movement of the seat are synchronized;

the control housing defining a relatively thin, horizontally extending compartment under
. the seat; and
20 an adjustable energy mechanism operably positioned in the compartment, the adjustable

energy mechanism including an extensible energy source, a lever operably connected between
the energy source and the seat, and an adjustment member adjustably pivotally supporting the
lever for adjustably controlling force transmitted from the energy source through the lever to
the seat, the energy source, the lever, and the adjustment member being movable in horizontal
25 directions only so as to operate within the relatively thin, horizontally extending compartment.

A
ORCE XN
By
5%
€.

29.  The chair defined in claim 28 wherein the adjustment member includes a pivot member
operably attached to the control housing for shifting the lever to adjust a fulcrum of the lever.

30 30. Cancelled.
31. Cancelled.

32. Cancelled.
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1'39. The= chair defined in claim 136 wherein the seat frane %2;—@%89%
capturing at | east two of the bearings t

seat franme f3zpm bgmguddlfted vertically off of the seat
carrier. '~ 140. A chair conprising: a base assenbly

I ncluding a control hou5|ng having at |east one up flange and a

lubricous b ing‘aadg&grted atop each up fl ange; . a
- back frame Slﬁ{}ote 0 the base assenbly at a back pivot for novenent

-bet ween upright and reclined positions; and 10

St

.seat gupport,sStrugtur.e.o abl. upRoried. o he base assenbly and t he back
Frams PO tastt e b Sefndl a aleh TCpheTein e et SPeubIE ieiude SR e that
*l ubri cous bentorpaates theasising? f | ange for general |y

“horizontal sliding novement and including a seat carrier pivoted to the
.slide nmenber at a front seat” pivot and al so pivoted to

:the back frage at th b1a§e I The chal
zidefined in clai m140 ere| n t e at eas ong up s%rﬁlé mckxcﬁﬁ&e%as?mme

';_,ipar al | el incorporates the housingsi de f| anges on the control housing.

10
37.  The chair defined in claim 25 wherein the ‘base assembly includes a base frame that
incorporates the housing.

.38.  The chair defined in claim 28 wherein the base assembly includes a base frame that

15 incorporates the housing.
39.  Cancelled.
40. Cancelled.

20

41. A chair comprising:
a base assembly including a control housing;

a single stored energy source positioned in the control housing providing a compressive

force;

25 a back support operably interconnected with said single energy source for movement
between upright and reclined positions, said single stored energy source both exerting
pretension to bias the back support toward the upright poSifion and providing resistance to
tilting of the back support when reclining; and

a controller for regulating the pretension of the stored energy source and tilt rate of the

30 back support, the controller including a lever defining an adjustable fulcrum point that can be

adjusted without overcoming the compressive force of the said single stored €nergy source.

42.  The chair defined in claim 41 including a seat engaging and interconnecting the back

support to the energy source.

41
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~in cIa|m103 whereé ' n

i42. _'I:he chair defined in claim 1_41 wherein the lubricio 9&% %%%gg

conpri ses pol yneric nenbers attached to

side flanges3. Cancelled. 143. The chair defined in claim

140 wherein the base assenbly includes a base frane that

~includes the housing, and further includes side arns that support the back

“franme at th bac pi vot . 25 144. The chair defined
eflhe base assenbly includes a base frane that

- includes the housing, and further includes side arns that support the back

Cframe at t he,cbac pi vot . 145. The
> chalnEs defi ne é | nk‘?PS?“ﬁf‘uo wherein the base assenbly includes a base frane
“t hat 30 i ncl udes the housing, and further includes side arns
. that support the back frane at the back pi vot .
.2 62 46. A chair comprising:
a base assembly;
a seat supported on the base assembly;
10 a back frame pivoted to the base assembly for movement between upright and reclined
working positions;
a compliant back connected to the back frame in at least one top connection and to the
@ chair at bottom connections vertically spaced from the at least one top connection, the bottom
connections being located proximate a rear of the seat and in front of a bottom of the compliant
15 back so that the bottom connections define an axis that is adapted to be generally aligned with

an area associated with a seated user’s hip bone and lower spine, the compliant back being
flexible so that the compliant back undergoes controlled flexure between the top and bottom
connections upon flexure of a seated adult user’s back; and
the seat having a front portion slidably supported on the base assembly and a rear
20 portion pivotably connected to the back frame so that the seat moves forwardly in a
synchronized motion with the back frame during recline of the back frame. .

47.  The chair defined in claim 46 wherein the compliant back includes upper and lower

sections operably connected together for counter-rotational movement, the upper section being
25 pivoted to the back frame at the top connection and the lower section including forwardly
extending flanges pivoted to the back frame at the bottom connections, a rearward distance
from the bottom connections to a lower front surface of the Tower section being about equal to a
predetermined distance calculated from an average seated adult user’s hip joint to the average
seated adult user’s rear/lower spine bones, so that the compliant back is adapted to flex and
30 simultaneously provide comfortable postural support upon flexure of the seated adult user’s

lower back.
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‘base frane that . includes the housing, and furtl
arnms that sugfor t Théchaixodelfinéd frotaimt46 wieréifi ¢he compliaiit back inclidysod back shelbhaving
147. Cancel | ed. ) . 148. tgf cel | ed. ) 149. Cancel | ed.
10 uppesand lewer Siff segtions connected by a flexible zonedgeated geggrally in a lumbar area of
a seated adult user.
5 49.  The chair defined in claim 48 wherein the flexible zone includes a plurality of

horizontal slits extending generally across the compliant back but terminating to leave an
uninterrupted band of material at opposite side edges of the lumbar area.

50.  The chair defined in claim 49 including a torsional lumbar support mechanism operably
10 attached to the back shell, the torsional lumbar support mechanism biasing the shell toward a
forwardly protruding convex shape for optimal lumbar support.

51.  The chair defined in claim 50 including a vertically adjustable lumbar support attached
' to the compliant back for vertical adjustment to change a shape of a front surface of the
15 compliant back in the lumbar area of the seated user.

52.  The chair defined in claim 51 wherein the vertically adjustable lumbar support includes

laterally extending handles constructed to engage and track with a perimeter edge of the

compliant back and constructed to slidably engage the vertically adjustable lumbar support to
20 permit the handles to adjust in and out to follow the perimeter edge.

53.  The chair defined in claim 46 iﬁcluding a torsional lumbar support mechanism attached
to one of the bottom connections for biasing the compliant back toward a forwardly protruding

convex shape.

25
54, The chair defined in claim 46 including a vertically adjustable lumbar support operably
attached to a front surface of the compliant back, the vertically-adjustable lumbar support being
configured to change a force of support at the front surface of the compliant back in a lumbar
area of a seated user.

30

55.  The chair defined in claim 54 including at least one handle that slidably engages the
vertically adjustable lumbar support in a generally horizontal direction, the handle being
configured to follow along a perimeter edge of the compliant back for vertically adjusting the
vertically adjustable lumbar support.
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i5 - 152. Cancel |l ed. - 153. Cancell edg%ﬁé«ﬁﬁﬁ&% -

Cancel | ed. 20 155. Cancel | ed. o
ég e 587 THenamlr 8&kined in claim 46 whekeif: the 3P Cénh&%on includes a top piver9-
ncel | ed. _
connection. S
57.  The chair defined iii claim 56 wherein the top pivot connection includes a protruding T-
5 shaped connector on the back frame and a mating recess in the compliant back, the recess being
configured to receive and frictionally engage the T-shaped protruding connector to attach the
compliant back to the back frame.
58.  The chair defined in claim 46 wherein the compliant back includes a belt bracket
10 attached along a bottom edge of the compliant back, the belt bracket including flanges defining
a part of the bottom connectors.
@ 59.  The chair defined in claim 58 including an adjustable torsional lumbar support
' mechanism attached to one of the bottom connectors.
15

60. The chair defined in claim 46 wherein the back frame defines an inverted curvilinear

arch.

61.  The chair defined in claim 46 wherein the back frame includes an internal metal
20 reinforcement and an exterior polymeric covering that cuvers all sides of an intermediate
section of the internal metal reinforcement.

62. The chair defined in claim 46 wherein the back frame includes configured ends
positioned on opposing sides of the rear portion of the seat, the configured ends defining first
25 pivots for pivotal connection to the back frame and second pivots for pivotal connection to the

seat,

63. A chair comprising:
a base assembly;
30 a back frame pivoted to the base assembly for movement between upright and reclined working
positions; and
a compliant back operably attached to the back frame at a top connection and operably
attached to the chair at bottom connections, the compliant back including a forwardly extending
flange generally located along its lower edge forming an axis of rotation at the bottom
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30 160. Cancel | ed. | 161. CanceI‘IA 28 APR'|999

63 162. Cancel |l ed. 163
assenbl i ng @omreetions,CtheTuxisSheig Ricsted pfoximate a rear section of the seatpiml\/indfrw of the

chair conponent_wth Iaterally ex endl ng opposj t el faC| ng protrusjo 5
providing a &(ﬂzﬁ\j rpgftg:pnand Hexible

"the regesseliir W%ﬁ“?‘%"ﬂe eﬁﬁqﬁé{?ﬁ?ﬁ%ﬁ%ﬁ?’%ﬁﬁﬁwﬁy“g
: pelvic portion of the compliant back moves pivotally downwardly and rearwardly about the
5 axis, the lumbar portion of the compliant back flexibly moves generally rearwardly to form a-
more planar arrangement with the pelvic portion, and a thoracic portion of the back pivots
about the top connection, whereby the compliant back, in combination with the back frame and
base assembly, is adapted to provide postural support for a seated user’s back that is flexing and

moving of the seated user’s torso and spine.

10
64.  The chair defined in claim 63 including an adjustable torsional lumbar support spring
mechanism for torsionally biasing the compliant back to a forwardly protruding convex shape

@ for optimal lumbar support for the seated user.

15 65. The chair defined in claim 64 wherein the compliant back includes a molded shell
having a resilient lumbar section.
66.  The chair defined in claim 65 including a belt bracket attached to a bottom edge of the
molded shell.

20

67.  The chair defined in claim 66 including a vertically adjustable lumbar support operably
- attached to a front of the compliant back. '

68.  The chair defined in claim 63 wherein the top connection includes a protrusion on the
25 base frame and a mating recess on the compliant back, the recess being configured to receive

and frictionally engage the protrusion.

69.  The chair defined in claim 63 including a vertically adjustable lumbar support attached

to the compliant back in a lumbar area of the seated user, for changing a shape of a front
30 surface of the compliant back in the lumbar area.

70.  The chair defined in claim 69 including handles operably engaging the vertically
adjustable lumbar support and configured to follow a perimeter edge of the compliant back
during vertical adjustment of the vertically adjustable lumbar support.
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rel easi ng the back frame so that the back frame resilientl 1999
ori gi nal shape whi ch hol ds the back frane in pl IR'

connect s t heyoackrhe @R defindd 8 QAR 63 Wherein the b&RPRAERIs configured ends smé&ﬂl

The method defined in claim163 wherein the chair conponent conpri ses a

seat, and on opposite side of theicogplianbbacki thg aback-tily axis, 4rspay-til

“ and secti ons él#’éé%.%&ﬁ%onsﬁ?% e enfA egﬁ“’#‘??ﬂ“eﬁ%

i base assenblsgat-tilt axis, the back—shélBBotto‘ﬁhﬁlt rords bebhg dedatedegbnérally lanihe: atifustable gomsional
the sipde ar Lncl ude, oppositely facing second protrusions, and
- wheretn the%m%wgﬁgmg‘n%econd recesses, and including

% positioning the second recesses on the second protrusions. 20

“166. The method defined in claim 165 wherein the first nmentioned

" protrusions &ad tHe chair defined in claira §3 vhsrein the soeplians hack-iaeludes aroveringeshegtat

5 Of the chal nefag gl thaBRriRRlducor ik ufiShable material for mainthirg maReAhy ket 55

7 168. Cancel

tension on the compliant back during flexure of the compliant back.

10
73.  The chair defined in claim 72 wherein the stretchable portion includes a strip of stretch
fabric sewn to a lower edge of the covering sheet.

~ 74.  The chair defined in claim 73 wherein the compliant back includes a back shell, and

15 includes an extrusion attached to the strip of stretch fabric, the extrusion being secured to a
lower edge of the back shell.
75.  The chair defined in claim 74 wherein the extrusion includes a notch for receiving an
edge of the strip of stretch fabric and is sewn to the strip of stretch fabric along the notch.

20

76.  In a chair having a base, a seat, a back frame rotatably attached to the base, and a first

energy mechanism for biasing the back frame toward an upright position, the improvement
comprising:

a compliant back that is flexibly bendable to define different curvilinear shapes for

25 sympathetically supporting a seated user’s back, and a belt bracket with forwardly extending

flanges pivotally connecting the compliant back to the back frame at a first connection, said

compliant back including a second connection pivotally corihécting the compliant back to the

back frame at a second location spaced vertically from the first connection, such that the

compliant back is constrained to move over a range limited by the first and second connections;
30 and
a second energy mechanism including a force generating mechanism located generally
at one of the first and second connections and constructed to bias the bracket and so as to bias a
lumbar portion of the compliant back forward with respect to the chair.
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169. The nethod defined in claim 164 wherein the base ass%a@@lﬁﬂ ]ggg
base franme conprising a housing, wth the opposi | ar

ext endi ng | &7er alThe chaifl defined it tigini 76 wherein tBObelt bracke: inicludes side flamges positioniig ng

positioning the configured end sectio I nsi,de an er end 0 he si de,
brns but ger G BEneEA 258 6196 Of e A petat & Iocason S She Ars€ cotmection

64 isadagmdmbégéﬁermﬁaﬁgﬁhmamﬁémrofatypica: seated adult user so tht, WieE
- assenbly for supporting the chair on a floor surface while a seated user is
“perform ng tthesseated adult user fléxes his/her lowerzbagla tearwardlye a pelvist postionooft the: bagksmoves

% wor king posi B EraF s iyt 1GHPA podnl i Sook rabves generBlfefy afiardly
to form a more planar arrangement with the pelvic portion, and a thoracic portion of the back
pivots about the second connection, the pelvic portion and the thoracic portion being flexibly
interconnected by the lumbar portion and adapted to move in a manner highly sympathetic to
movements of the seated adult user’s back.
10
78. A chair construction comprising:
a base assembly;
> a seat;
a back frame pivoted to the base assembly for movement between upright and reclined
15 positions; and
a compliant back pivoted to the back frame at a fixed top connection and including
forwardly extending flanges pivoted to one of the back frame, the seat, and the base assembly
at bottom connections, the bottom connections being spaced laterally from a lower front central
_ surface of the compliant back whereby, upon flexure of a seated adult user’s spine and lower
20 back, the compliant back is adapted to flex sympathetically and follow flexure of the seated
adult user’s back and spine.

79. The chair construction defined in claim 78 wherein the bottom connections connect the
flanges of the compliant back to the back frame.

25
80.  The chair construction defined in claim 79 wherein the compliant back comprises
relatively stiff upper and lower sections interconnected by 2 flexibie section.
81.  Cancelled.
30
82.  Cancelled.

83. A chair comprising:

a base assembly;
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a seat pr voted to the back frarre at a seat pivot spaced rear

bel ow t he back pi vot, the seat being slidably s Bﬂgg m
front portion of abkeatbase assenbl y for horizontal

back pivot and the $ea nt et cqQnnect ed angd arranged to nove the
seat 0eed § peiE ok Ao v foB, R A lmeof

- seat domwareﬂnﬁgm'eartnas&ﬁaﬁ@ RoRASo the base senﬂ'l ﬂﬂ%fq@& 'bcﬁﬁecgﬁ
“frame is reclined, whereby a bseat ed user |ass co orta dogporte ep
.in the upri gﬁ?méhmtwmwmoﬁl@mmmmmmmyndm@at ed user

b t
“and rocl | ned wor ki harpint beck inctylfl § B riids Gpyed S RELVE Sl bGonlly dgsee

imove and ad] the toptdosndstos camdsfarthdy linchiinga belicbricked doriged loivenigt ith oppSHrgOMENEs

--wor ksur f ace; base asserrbl i ncl uding a control
“housing wit h“’i’r?‘?ﬂ&fwawé%&ﬁmqﬁb the bot ttom connegtpis; @dn t hat

wzoperably engages #®romkting) enedRdmisni Wmuimamh&ﬁnﬁtﬁé opPssiry fisigdas tﬁhﬁ

#frame to the upright position; eat
% nel udi ng a <oBBgetars alalopation proximate a sear @ @p)‘leaé-ngages the control housing,
“and 19 further including a seat support carrier pivotally engaging
“the seat slide at first pivots and 20 pi votal ly engagi ng the back
frame at sed¥nd p'I'l!rmlnir defined in claim 83 ivhérﬁm lgammbhmd bngci,k mclud?s %I ﬂemblég&nbar

~ The chair def ned | aj 170 whey e e base y. includes side arms
~that 25 ﬁ%‘&i&r |‘B§/ ardly-is afew mches sp that the

t he %Ck f ranstanwrk aldmwdlt@rbeasmﬂ@almamsmce fréif @thip joint of a seated adult user to a
= lower spine bone of the average seated adult user, such that the compliant back, when flexed,
15 flexes in a sympathetic manner that provides continuous and comfortable support to a seated

adult user’s spine. |

85. A back construction for a chair comprising:
a back frame;
20 a highly compliant back having a forwardly protruding lumbar support section that is
characteristically very flexible and bendable, such that the compliant back can be flexed to a
plurality of different convex shapes;
top and bottom connections pivotally connecting the compliant back to the back frame;

and
25 an adjustable force-generating mechanism operably attached to at least one of the .
compliant back and the back frame, the force-generating mechanism being constructed to
provide an adjustable biasing force that adjustably biases th&"Tamibar support section forwardly
for optimal lumbar support for a seated adult user’s back, but the force-generating mechanism
characteristically providing the biasing force without forcing a shape change in the compliant
30 back. :

86. A back construction for a chair comprising:

a back frame;
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| i73 The chair defined in claim 172 wherein the back franT | 98/2204 ‘
: i i i i i
t he side arnms. 30 174. The chair defined in clai mzﬂ AEB 1999
seat is pivoted wdighhe compliant backehavinga forwardly protriding: hriban support rsedtion that is
proxi mat e t%e tS)f de %&{;s L . w1th n . to
: 65 exibly movaplecto a,plupality. of diffrent coqyex shapes, each shape being 3anted
- assenbl y f oprovideiposthtaland dbenfériable subporfitold Rk of &' sdattdadiifiide; @ Seated user is

.j perform ng tasks; . . a_back frame pivoted to the base
2 assenbly at a ba&i Fd\hgtomsennestienspivotallycppresting the compliant back to the back frame;
: 5 and

an adjustable torsional force-generating mechanism operably attached to one or both of
the compliant back and the back frame to bias the lumbar section forwardly for optimal lumbar
support for the seated user’s back, the torsional force-generating mechanism being operably
mounted at the bottom connection to the back frame and the compliant back.

10
87.  The back construction defined in claim 86 wherein the compliant back includes a
relatively stiff thoracic support section and a relatively stiff pelvic support section, which are
@ interconnected by the lumbar support section.
15 88. The back construction defined in claim 87 wherein the lumbar support section
comprises a flexible sheet of material.
89. The back construction defined in claim 86 wherein torsional force-generating
mechanism includes a spring and a handle, the handle being rotatable to wind and unwind to
20 adjust a tension of the spring, the spring being operably connected between the compliant back
and the back frame to bias the lumbar support section of the compliant back toward a forwardly
convex shape.
“ 90. The back construction defined in claim 89 wherein the torsional force-generating
25 mechanism includes a lever to provide mechanical advantage when adjusting the tension of the
spring.
91. A chair comprising: _
a base assembly including a control housing having an energy source therein;
30 a seat on the base assembly;

a back support operably interconnected to the energy source for movement between an
upright position and a reclined position, said back support including a back frame and a back
shell, said back shell comprising a resiliently flexible polymeric sheet shaped to and adapted to
support a back of a seated adult user, with a semi-rigid lower area disposed generally in a
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“~ the side

‘ - Pulive 706/ 24UR 1
5 plurality of working positions including upright a '

wor ki ng positions; _ a seat pivoted to thmgﬁe%RJm
seat pivot pelviccatea enthechaif,\a flexibldedntral arbedisposed above said losder preaand gereeallycnt

bei ng sl i dabl upported at a front portion of thge base,assenbly for .

ot | Sont al - AdYERELAES oF heisla. b tentiieid ibed asre GORR AT G RAAL BRI Bed

. and arr angeghoracic area on thelchsiffove the seat generally forwardly and al so nove

“a rear portion of the seat downwardly 10 Wi th a synchronous pivoting

- notion as the badridibagkframe having 3 fiestattaghmentiopupling said appirega qf said back shell to

. confoytably gsipnorted | I H.ﬁ; r!g Gkl i L1 .
Wnergby t he ’hﬂshe%pe seeﬁl%staa eto cont%}éﬁl\?\or% %b%?%d%fng
+ bet ween t he argarof dket saidwck elellito @ back frame, the second attaghment$ constraining nfovement of

" constantly having to e d adj ust t.he bas sse . back an

Tortn el a ielopg iyl JElorestfion b Wt i § cBiiFdled Sipathebic nter" the pphag area
- assenbly i nen belieP & adapOthe batk Spport i) asshnieoBimBRE il corifoRiable SUPpBA of theoRaed
“therein that operably engages one of the back frane and the seat for .

_ bi asi ng t he 288 Nserso§pine in the lumbar arep dpgng, Bexusm of Haps seated pdult user’s spine while

“ the fgase asSgy Yail ' %aﬂ?b t p gﬁa[c@b-

adj afgja‘nt t he ,Xax&@éﬂn‘éfiésrgg?{s or %Eg%gr‘{a?ﬁg t%g%gg%@?rgénrgcﬂﬁ a p(lggatlﬁs(%?]tsof
- the seat; 20n said sheet extending genérally horizontatiynacrioss ayportion of te central ageasofchaidaback ;
. the seat belnd B Y38 G OmtiGnE 356r o' B Berlrietét ¢ %ﬁééagcﬂg%gg,,”%{ehﬁﬁ&;“ds’f&ée

i ncl gdi ng a defirie I'luibity of clongsled heridoH@l fesilivntistrapsiif s4i0 Béritl aled Usich of said straps
and %}* udi ng-a | ever operably connecting the spring to the one of the seat
and the bac/eing glimensioged and adapted to] provide Tpsiliqnt, sppogtefor they seatedcadyityser; avhen
_inclyuding a@iﬁ%dﬁ@&%- geghani sm for adjusting the | ever to
vary a biasing force transnmitted fromthe spring to the seat, the

adj ust nent necharheslower area of the back shell including a reinforcement having forward extending

flanges pivotally coupled to the second attachments of the back frame, said reinforcement and
pivotal attachment being adapted to provide movable firm support for at least a portion of the

pelvic area of the seated user.

20

92.  The chair defined in claim 91 wherein the back frame includes a first pivot and the back
frame is pivotally attached to the base assembly for movement of the back support between the
upright and reclined positions, with the first pivot approximately coinciding with an axis located

at a rear of the seat so that the axis is adapted to be located generally at a hip joint of the seated
25 adult user.

93.  Cancelled. e —
94.  Cancelled.

30
95. A chair comprising:

a base assembly including a control housing having an energy source therein;

a seat on the base assembly;
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h | udi t he | d defi ni an adj ustabl e rmrrentl arm ‘1%98/ 204
i ncl udi ng e lever an ef i ni ng ju

adj ust ably biasing t he back franme toward the upmfs ﬁR ]QQC
30 178 bacK ssppoltedperably inftszcoringcted & the Ealrgyfsonret forl movenet Ggtween

mechani smincl udes a sprr positioned. transversely within the

~control houdhwgrightRes ?ﬂgra Teglined posigion, said, back sypparh ingluding a back frame and 2
: ggnnectr N9 HR&k Sk Qﬂg%&%@%&&%ﬁﬁ%ﬁ%ﬁ@ﬁl&ﬁﬂ@m&t shaped to and

rrsing

cassenbly foadgpsbe kipportt §Gackhof b sested afihilo asers wiflns sembiigil Rwee airex dispesed i S
perform ng tasks; a back, frarre |voted to t he base

. assembly at ganesally ima pelvig area am, thechairpa dlexible abavesaisk lower

T 4 M e T R s

< bel ow the above said centralCdrepin/dthordcivcareon tHeahniy; aid dabl y supported at a
o front portion of the base assenbly for . horizontal npvenent, the
" back pivot and t seiddack framedavieg afiyst avachracnt ceupling said #pRer aeaefisaid back shell

“to nove the tgﬁgtbagﬁlﬁ%hfél, ad b PG of pivbithr 3bcihd Ttk hrert R pRLly°Dupling Ld

= seat downwar d

10 lower area of the said back shell to the back frame, the second attachments constraining

movement of the lower area to force flexure to occur in a controlled sympathetic manner in

the lumbar area in order to adapt the back support to assure continuous and comfortable

support of the seated adult user’s spine in the lumbar area during flexure of the seated adult

user’s spine while seated, the pivotal second attachments for pivotally coupling said lower area

15 of the said back shell to the back frame including a biasing device that biases the central area of
the back shell in a forward direction.

96.  The chair defined in claim 95 wherein the said lower area of the said back shell
includes forward extending flanges pivotally coupled to the second attachments of the back

20 frame and said biasing device includes a torsion spring operably interconnected to said forward
extending flanges.

97.  The chair defined in claim 96 wherein the said biasing device includes means for
adjusting the pretension on the torsion spring.

25
98. A chair comprising: et
a base assembly including a control housing having an energy source therein;
a seat on the base assembly;
a back support operably interconnected to the energy source for movement between
30 an upright position and a reclined position, said back support including a back frame and a

back shell, said back shell comprising a resiliently flexible polymeric sheet shaped to and -
adapted to support a back of a seated adult user, with a semi-rigid lower area disposed

generally in a pelvic area on the chair, a flexible central area disposed above said lower
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10 with a synchronous pivoting notion as the back fr 5

whereby a seated user is confortably supported m 8gﬂph19w
and recl i nedreaodnd geherallyi ini 2 hambar rdeavbs rthd yhdilieand a semi-rigid uppetmbwdsposed

able to contjnue working while, nDV|ng bet ween the upright and reclined
~wor ki ng posib9 W@Wﬂ'@ﬂﬂ% M@G%@@nd adj ust the base

. assenbly back an m{,ﬂg e‘hﬁE | AShen 1°
- the base assenbly HPafu I'ng a contro ousr ng ﬁh"@ﬁa{gy meé%za%ésm i

: pozl t |honed to%hebagk &mhwﬁa@ém%yfdwwlmdmemf?hmmhﬂgm
and the seat or I asl ng t he pac rane to the upri t pOSI_t,I on,;
| wier & n ¢ oM AR hackotiel o e bask: et secokaachmedls Gopgrgning

Z W thin the emﬁ'g ﬁth%tfé’ﬁlﬁnner .

7 operably conngcextmng t'%% Spri ngr{?o one ?%e sea an%tr?l}?gsggg rane, tﬁ%
= | ever bei ngthe lnatbab lareasincortieratovadapt thel bask isappurt to assﬁﬁeramumnﬂlsmngagimfgm&m

s spring and a second. end op bly, connected tqQ the sea,t for biasing the seat
“rearwardly SPRPOFLP r} adgf ‘%;' }y.n?b 0? teH

Z position. l;

“control hou5| ng s|pnc %ﬁ”%‘ﬁ%@?%.‘&ﬁq%m%* thef 'ﬁﬂaﬂgﬂ’ gggltlges

;_ i ncliddes be formings ars hxisl @b rogtationga ghenpivotalsesomiattaklaments of the back frame, smdaﬂs of

- Cancel | ed. rotation being located at or rearward of a rear of the seat so that the axis is generally adapted

for location proximate a seated adult user’s pelvic bone so that when the seated adult user flexes

their lower back rearwardly, the lower portion of the back shell moves downwardly and
rearwardly, and the central portion of the back shell flexes generally rearwardly to form a more
15 planar arrangement with the lower portion.

99. A chair comprising:
a base assembly including a control housing having an energy source therein;
a seat on the base assembly;
20 a back support operably interconnected to the energy source for movement between
an upright position and a reclined position, said back support including a back frame and a
back shell, said back shell comprising a resiliently flexible polymeric sheet shaped to and

adapted to support a back of a seated adult user, with a semi-rigid lower area disposed

generally in a pelvic area on the chair, a flexible central area disposed above said lower

25 area and generally in a lumbar area on the chair, and a semi-rigid upper area disposed
above said central area and generally in a thoracic area on-the-ehair; and

said back frame having a first attachment coupling said upper area of said back shell

to the back frame, and a plurality of pivotal second attachments for pivotally coupling said

lower area of the said back shell to the back frame, the second attachments constraining

30 movement of the lower area to force flexure to occur in a controlled sympathetic manner in

the lumbar area in order to adapt the back support to assure continuous and comfortable

support of the seated adult user’s spine in the lumbar area during flexure of the seated adult

user’s spine while seated, said back frame defining a curvilinear arch.
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0 s e chair def i ned | o o 'h'T’U!!UE‘}H/Z_dU#(
181. The chair defined in claim 17 ereintem eR |

fl.exi ble seat shell having a rear section adapt g ?;grgpk 1999

but t ocks of 160. seﬂﬂ:e@had&ﬁnédmclamaﬂhmmhho' sdidh backfeamencompgises an internal metal

secti on adapt to support.thi .ed adult user and that is

flexibly co mo&%mamﬂ}w%&@? ‘on, the rear section being

carried and supported by the seat support carrier.

- 67 182. The.chair_def] ned |n cla1m170 erej n the se
“includes a 48kt T shaix defingd icrlaim 91 meinging a seat é’b‘ﬁ'ﬁé@ base gssepiye

~ asse ol y angheait @ﬂll m‘ﬁ‘ﬂ‘*&ﬁ% bit &' ertigly ;dﬁ;éeher i ncl udes
va seat shel I sl 3& supported on The seatﬁ{ﬁgupport carrier tor manual ly

adj ust abl e depth adj ust nment . 183. A chair

~ conpri sing: . .. . a base asserrbl y for supporting the chair on a
.. floor surfacgzv\,hﬁ halarogmgfngaguser IS perform ng tasks;

# a back franme pi vatbafbaseemﬁnpmbladnﬁgasemrhMglmvtmg@heﬂergptsodrwmminemt

- between a 10 IuraI |t of vvorkl n g&)&etba‘g(ns udj n and
"reclined working? ably suppo @%%‘a’ %a Paport

- frang at a gpahbip 'u&t&tcoﬁiaéte&d) fhe By W%ﬁd%&kﬂ&ﬁpwﬁ including a back frame and a
| back shell connected to the back frame by at least one connection, said back shell comprising a
resiliently flexible polymeric sheet adapted to support a back of a seated adult user, the sheet
including a lower area disposed generally in a pelvic area on a chair, a central area disposed
above said lower area and generally in a lumbar area on the chair, and an upper area disposed
15 above said central area and generally in a thoracic area on a chair; a cushion on a forward face
of the back shell; and a vertically adjustable lumbar support located in front of the back shell,
the lumbar support being movably supported on the back support and configured for vertical
adjustment to change a shape of a front surface of the back in the lumbar area, said vertically
adjustable lumbar support including laterally extending handles constructed to engage and
20 follow configured non-parallel opposing perimeter edges of the back shell and constructed to
slidably engage the vertically adjustable lumbar support to permit the handles to adjust laterally

in and out to follow the perimeter edges.

NS0T

103. A chair comprising:

25 a base assembly including a control housmg having opposing flanges with upper edges
and lubricous caps attached to the upper edges of the control housing, the lubricous caps
including upper surfaces defining tracks for slidably engaging a slide member;

a back frame pivoted to the base assembly at a back pivot for movement between
upright and reclined positions; and

30 seat support structure operably supported on the base assembly and the back frame
including a slide member slidably engaging the control housing for generally horizontal sliding
movement and including a seat carrier pivoted to the slide member at a front seat pivot and also
pivoted to the back frame at a rear seat pivot.
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Back pi.v'ot, the seat being slidably supported at a front ) ' '
base assenbly for hori zontal novenent, the bac ahc§ mR 1999
seat pivot Hhe4.ng Thetchafrodbfiéied @t cRiifl 108" @aclodiflc a seat shell attatlied®ovthetseat support

generally forwardly and al so nove a rear portion of the seat down ly 15

with a synci§rectegs theisoa:shell)including  rear segtion,eontigyred to comfortably jsppport r 8h% a
'_ e . | ! ; e
vor ki ng. pos sk sested adult usdt Tkl @Bioh CHARAEA Xsubor Biftolk 41, oA atF ich

. wor ki ng posiTi ~where s a ¢
conti nue worahd togcondfortablyrsupport a inefority of thiaveight ofithe seated adualtuseneand a flexible zone

wor King positions w thout constant havi ng to nove and adj ust the base
asser‘ﬁgl y bamg%emmw;ﬁ%%ﬁqqo% to a stationary worksurface; 20
-+ the base assenbly including a control housing with an energy mechani sm

. positioned therein_ that operahly engages one of _.the back frane
“and the seatl®for Thewisglefined i cleim rlﬁf‘réml“‘{“g a"gas spripg texiending jbgtween Jbs spabn;

-4 and ém‘ 1 C j g
= and confi gur%p(}m{tos%ug ec??@gﬁ/m '%ég?lﬁg%g@t ﬁe ésgaltkﬁtgsgsﬁrgr%ﬁ?&fl%%u d
inovenent of deviee.seat and accordingly selectively limt recline 25 of
“the ck frane. 184. The chair defined in claim 170 including
~~a conpliant back assenbly attached to the back frame in at |east

. two verticallbg. S[TheaHair defiiedCii claiiOSGATRdiMG AtbeBOFIE B pivbled td Eiengat support
constructed to flex hetween the at |least two vertically spaced |locations to
: provi de opt iStagturg@nd the fronf section and gpergbly connected to the gas spYing. The chair

def i@%d in claim 184 wherein the conpliant back assenbly includes a
S

107. The chair defined in claim 104 including a leaf spring operably supporting the front
15 section on the seat support structure.

108.  The chair defined in claim 103 including a spring mechanism positioned in the control
housing, the spring mechanism being operably connected to the slide member.

20 109. The chair defined in claim 108 wherein the spring mechanism includes a spring
positioned transversely in the control housing, and further includes a lever operably pivoted to
the control housing, the lever having one end operably engaging the spring and another end
operably engaging the seat support structure.

25 110. A chair comprising:
a base assembly including a control housing;
a back frame pivoted to the base assembly at a ‘back pivot for movement between
upright and reclined positions;
seat support structure operably supported on the base assembly and the back frame
30 including a slide member slidably engaging the control housing for generally horizontal sliding
movement and including a seat carrier pivoted to the slide member at a front seat pivot and also
pivoted to the back frame at a rear seat pivot;
a spring mechanism position in the control housing, the spring mechanism being

operably connected to the slide member and including a spring positioned transversely in the

54

(T ————




. : SVUHOUR 707 4 US
resiliently flexible, one piece shell.

82
68 186. The chair defined in claim184 wherein t%e PR 1999
conpl i ant bawintrelkhonsing yandrfofthed dechaling d kever operably pivoted to HhecsvntralSiicusing ythe lever

conponents, gach having a syrface,for supporting @ portion of a human's
back. g baving one; et oferahly, epgaging. fie| g and aiiotherend operably engaging fhecseat

“ base assenbl guppdre stkifthipg aadcont r ol housi ng; . ~a back pivoted
.to the base safllgts)enbl y for novenent between upright and reclined
‘posi tions; . a pivot grember, tagpivetymemberAnd rtheevemhaving interfacing surfioes; ahehst

..connegted tog wia&k; féﬁhriﬂﬁéé? . bstantial | .
.Efjrearwgrd vvorﬂe% posi ;[si on an g@%}*gr%epﬁnggﬁ%%{]yﬁoi?wia%pmm,%pwm
Zthe seat i nchendberdeingfadnstabledo tvaxyna fdlaumll |1;oimlondgél)leyemrudjnst lecbngm_ ?Mtamhe Bt
assenbly to .. Jove horizontally forwardly upon recline o

SO thatya s EPQyef, ¥hich the spring agts o o undesirably lifted froma

floor surface during recline;
111, The chair defined in claim 110 including a back stop positioned in the control housing,

10 the back stop being configured to engage the seat support structure to limit recline of the back
frame.
@ 112.  The chair defined in claim 111 wherein the back stop includes a cam pivoted to the
5/
- control housing for rotation about a vertical axis, the cam including a plurality of steps that can
15 be selectively positioned to engage the seat support structure.

113. A chair comprising:
a base assembly including a control housing;
. a back frame pivoted to the base assembly at a back pivot for movement between
20 upright and reclined positions;
seat support structure operably supported on the base assembly and the back frame
including a slide member slidably engaging the control housing for generally horizontal sliding
movement and including a seat carrier pivoted to the slide member at a front seat pivot and also

pivoted to the back frame at a rear seat pivot; and

25 a seat shell slidably supported on the seat support structure for selective depth
adjustment, whereby a depth of the seat shell can be selectively adjusted relative to the back
frame- B e

114. A chair comprising:
30 a base assembly including a control housing with sidewalls defining a track;
a seat having a front portion with bearings slidably engaging the track and having a rear
portion, the seat including a seat shell having a flexibly supported front portion;
a back pivoted to the base assembly and separately pivoted to the seat for movement
between an upright position and a reclined position, the rear portion of the seat being pivoted to
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the seat further includi ng a rear portion flexibly connec e rR
portion and that 15 S operabl y .connected to the back to nove

downwar di y 4heibackr sethat gheysest mowes forwardly anhthet seat rear portion moves forwardly cand;

confortably g%; sé] Yol 'P&ﬂ’q ﬂﬁc ]ﬁ‘&' wi th an angul ar
- synchr onous dw'q ‘%EL P&I CeLg?é aﬁﬁ% back, and so that a
- maxi mum f or war d mxpﬂngmhd:xsnﬂmsmemdmrﬂtéeemﬂhousmgamhopeuthtednomesem
novenment of ths bacléiare limt t.o strokes,that . he han f a_se

Zuser relati et Sret rarvardly, e saning mgchaniey lfecggwreég
and opnf ort%Ebn{g ﬁ&mmedmmee&mdmdgmn&erpwaieht@eetceﬂmm #fd defining
a

.. a spring nmechanism positioned transversely in the contro|l housing, and

. further amoment armcyithifhecfDHng & dFangmifeAS,FIeTEYCliefe hin BPring o dhe Feakto bias the

~ mechani sm a gpé ﬁ!lfﬁ&%& gy to the seat for biasing the
- seat towardrbq%e rear wor ki ng position and sinultaneously biasing
 the back toward tagasspringyiperablysionnested betweer the front portion oft the shell rand a

“ housi ng incl udin S|de ar an rein t e se ncl.u es ngs that
sl dablgy engs'a@"ﬁﬁ ﬁ%%“a%@% °I’§ ‘8556?}"&‘{“?(}%"

- 189.10 The chgpjih iﬂaﬁg apsiiaméltd:d@isfm pEsftion 6 the &oﬁmrﬁdndﬁlaﬁw'ﬁo {he Y&hahin¥ portion

- support the at a | ocation at a rear of the seat where the
- axis is adarﬂf %¥- be generally aligned with a hip joint t he
o seated user.

115. The chair defined in claim 114 wherein the gas spring is self-locking and releasable.

G5

15 116. The chair defined in claim 115 including a control connected to the seat and including a

link operably connected to the gas spring for releasing the gas spring for adjustment.

117. A chair comprising:
a base assembly including a control housing with sidewalls defining a track;
20 a seat having a front portion with bearings slidably engaging the track and having a rear
portion, the seat including a seat shell having a flexibly supported front portion;
a back pivoted to the base assembly and separately pivoted to the seat for movement

between an upright position and a reclined position, the rear portion of the seat being pivoted to

the back so that the seat moves forwardly and the seat rear portion moves forwardly and
25 downwardly with a synchronous motion as the back is reclined;

a spring mechanism positioned in the central housing and operably connected to the seat
for biasing the seat rearwardly, the spring mechanism inchmding an extendable/compressible
spring positioned in the control housing and a lever pivoted to the control housing and defining
a moment arm with the spring for transmitting energy from the spring to the seat to bias the

30 back to the upright position; and

a leaf spring positioned between and resiliently supporting the front section and a

remaining portion of the seat.

56

A O | mESEET

IS

t ed
ly



’ ncel | ed ullve 706/ 24U%
igg Tﬁgngﬁais defi ned in claim 187 wherein the spring WCM%&@R&IQQQ

spring 118. A chajscomprisiigy supporting the front section of the seat for
flexural novement ide jinerease Y o rt. for the seated
user. 5 aﬁﬁi%%‘?’ﬁ%‘%‘ﬁ%f@&ﬂ'ﬁ%’&%ﬁm@l% _ raeqaﬁ * he seat
further includes mseathavitgahirent portion Wit bearings slidably engﬁéngﬁuhéhﬁﬂcm&ﬁh)érear

-adj ustably supporting the front section for adjustable novenent to provi dfe

- adj ust abl e B the; $5at ipeluding, 2 sept shellyand a depth-adjustment strugtyre foradjusting ddepthoo
.194. 5The chfi beafl@eil PaStVeo Hea; 189 Wherein the rear portion is configured
~and adapted to ] support the buttocks of an adult seated user and
“Ya majority of thea bavklpivateshtocthe bassrassembly gid separately pivoted to the seat for movement
B between an upright position and a reclined position, the rear portion of the seat being pivoted to
the back so that the seat moves forwardly and the seat rear portion moves forwardly and
downwardly with a synchronous motion as the back is reclined; and
10 a spring mechanism positioned in the central housing and operably connected to the seat
for biasing the seat rearwardly, the spring mechanism including an extendable/compressible
spring positioned in the control housing and a lever pivoted to the control housing and defining

a moment arm with the spring for transmitting energy from the spring to the seat to bias the

back to the upright position.
15
119.  The chair defined in claim 118 wherein the seat includes a seat carrier for supporting
the seat shell and linear bearings for slidably engaging the shell on the seat carrier.
120.  The chair defined in claim 119 including a latch operably extending between the seat
20 carrier and the shell for holding the shell in a selected depth position.

121.  The chair defined in claim 120 including a control connected to the seat for operating
the latch.

25 122. A chair comprising:
a base assembly including a control housing;
a reclineable back frame pivoted to the base assemblyfor movement between upright
and fully reclined positions;
a seat slidably supported on the control housing and pivotally supported on the back
30 frame; and
a variable backstop mechanism operably supported on the base assembly for engaging
the seat to stop the seat and concurrently stop recline of the back at selected positions prior to
reaching the fully reclined position, the variable backstop mechanism including a seat-engaging
member and an actuator lever for adjustably moving the seat-engaging member, the seat-
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a-nd the' front portion is configured and adapted to fl exi bliy;g%uwfl Isg{zgﬁ(éﬁ%
support the thighs of the adult seated user wt g

| egs of the engaging smember wndr theulevery inchading) cintefméshingbeeeth a5 providing  slip-free

195. The chgi r defined in-cl-aim 189 wherein the seat includes a seat

support carr n&ageé’i'ﬁntiabl y supported on the base assenbly and

pi votally engagi ng the back, and further includes a seat shel |
~that is manually depth adjustable on the seat support carrier. 20

2196. A chai F3conphs chaifdefined in claim 122 wherein the sepi-engaging; member inpludes mgvableje
ar ns; : shsgsa ; @Ega% t to the base assenbly at back

. pi votg for rrcl?\%v#leﬂrl]t set er%pg&&u“@ éM%Isgzg'al Ity of working positions

-xi ncl udi ng upright and reclined working positions; and

a
..Seat pivoted,4,0 t f . S i votg and slidably supparted.atf a
.front portiolni425 e W“W%%%ﬂzi% ?{e B F’%éﬂﬁ%ﬂ&q‘d&fl\*f&sa
sright and | edpring degeitcfor holding dhesea@t inOd Seldefsdi stdppi@ hosition where a pRficulR RS idf the
:sides of the seat and between the sides of the seat and associ ated ones of
“the side steps is positigned-to engage e feitgur ed end sections supporting first
. pivoyjgbearings at the seat pivots and second pi vot bearings at
"the back pivots, whereby the seated user is able to continue working while
= movi ng bet weldd. t hEheghairglefinedid claim | 124 dnthudingkamaptyatos iconmeoted t@the cam for rotating
"197. A chai a nobil e spi der-|egged base

:_'-Eassenbl y inc u%ngg%?%{;ﬂépﬁrfi‘:%ﬂﬁﬁpand upwar dl y ext endi ng si de
ar rrs@

126. A chair comprising:

15 a base assembly including a control housing;
a reclineable back frame pivoted to the base assembly for movement between upright
and fully reclined positions;
a seat slidably supported on the control housing and pivotally supported on the back
frame;
20 a variable backstop mechanism operably supported on the base assembly for engaging

the seat to stop the seat and concurrently stop recline of the back at selected positions prior to
reaching the fully reclined position;

the variable backstop mechanism including a movable cam with steps shaped to
selectively engage the seat, and further including a spring detent for holding the cam in a

25 selected stopping position where a particular one of the steps is positioned to engage the seat;
and

an actuator connected to the cam for rotating the ‘camito-select the particular one step,
the actuator including a lever pivoted to the control housing, the lever and the cam including
intermeshing teeth.
30

127. The chair defined in claim 126 wherein the actuator includes a rotatable handle
operably connected to the lever.
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7-0 an inverted U shaped back franme
configured end secti on_5£osi tioned adj acent . ass Reg QP
the side ar #28.andhpichair si¢finedeincelainy 12 adirejn thet actuatos cingjudes 3 ragocepngeting the

U076/ 2a

conpri sing %aﬂdlét%tthéf&&. and a rotatable first bearing engaging the first

" stud;

the seat including a seat carrier pivoted 5

sections at

a rotat abl
back spi vot
- adj ustabl e

o position,

e
S

a

a seat slidably supported on the control housing,

138 o e st e a1 Vbl e cibile PRBIS 3 ol Fiehfe

gﬂﬁfu@ﬁn, and is connected fPHRE R¥ePByRh pivod§llie joint that permits the handle #'rotate

to the configured end

4
R

nergy nmechanismincluding & transversSe spring, a |ever operably
: engagi ng t habennaifirgt awisjand permiss thelever 0 sosate gbovt @ seeend axis fhatols skewed gnd npn-

- position an

el i, s o R TR e Gt Gty (60 07

“the lever to define a fulcrumthat noves during recline and that is
- manual | y adj g(?'t agM .. Changeable to relocate the fulcrumfor
“adj ustably d it r FOIPRFPEe of the spring on the seat.

10

15

20

25

30

a base assembly including a control housing;

a reclineable back frame pivoted to the base assembly for movement between upright
and fully reclined positions;
a seat slidably supported on the control housing and pivotally supported on the back frame; and

a variable backstop mechanism operably supported on the base assembly for engaging
the seat to stop the seat and concurrently stop recline of the back at selected positions prior to
reaching the fully reclined position, the variable backstop mechanism including a movable cam
with steps shaped to selectively engage the seat; the cam further including an undulated surface
adapted to engage a detent for selectively holding the steps in position to engage the seat, and
still further including teeth adapted to engage mating tecth on an actuator for operating the cam.

131. A seat construction for a chair comprising:

a resiliently flexible seat shell including a front section configured to comfortably
support thighs of a typical seated adult user, a rear section configured to comfortably support
buttocks of a seated adult user and to comfortably support a majority of the weight of the seated

adult user, and a flexible intermediate section connecting the front and rear sections, the front

section being located about midway or forward therefrom on the seat shell and generally
forward of the expected location of a seated adult user’s hip-joint-so that the seated adult user’s
weight is substantially carried by the rear section for most adult users;

a seat cushion supported on the seat shell;

a pan-shaped seat carrier supporting the rear section of the shell, the seat carrier
including a forwardly extending section extending under the flexible intermediate section and
that is characteristically spaced below and not connected to the flexible intermediate section;

and
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1;98. Cahcel | ed. 15 199. Cancell ed. _ e f §SeAPR ‘lgg

chair defined in claim 181 wherein the seat further i ncludesWi=Byis

resiliently an adjustable ukiplpflex Rppoit Glechamisth beirdb dnﬂ»gemﬁg:ﬁefﬁoﬁtmbnofme
provi de

section for ind ndent er ral npvement to i ncr eased
confort for éﬁ ‘ﬁl xtending section 26!!13 seqtiRarriera 8¢ that fthen frant; sectionais m

181 wher ei n g4 El@%élatidé&&ﬁﬁ&edr%@éﬂéﬂ%@ t%vfd‘étaﬁﬁ:ﬁﬁ Ckalfégﬁﬁfor support. 1o  the s seafdd>

spring operab adj ust ably supporting the 0
‘noverent to a@ﬂbme the adjustable thlaeﬂexsmpmmmwhm:snt inclndingea presensionads eransviafse

- 202. chalr si ng: a base assenbly |nplud|ng a
Zcont roI hous?aggﬁﬂ{é an energy source located within the
icontrol housing; a seat operably supported on the base

assenbly for,_generally horizontal npvenent 30 bet ween forward and

“rearward po§|3 i orﬁ“ﬁmgg hais CPMPRISING: nt er connected to said energy

. Sour ce; a resilient] ﬂeﬁbl@%l& SHRPREhdihg &cﬁ?xpégﬁiiﬁgﬁg'

frane supporting the bacyk %erel n rane | ngfﬁ

~a first piv&upPAFcthighs of h@nmbneatedadglt userpa vear skdtipn configusa toccontfertably support

: 10 buttocks of a seated adult user and to comfortably support a majority of the weight of the seated
adult user, and a flexible intermediate section connecting the front and rear sections, the front
section being located about midway or forward therefrom on the seat shell and generally

@ forward of the expected location of a seated adult user’s hip joint so that the seated adult user’s
weight is substantially carried by the rear section for most adult users;
15 a seat cushion supported on the seat shell;

a pan-shaped seat carrier supporting the rear section of the shell, the seat carrier
including a forwardly extending section extending under the flexible intermediate section and
that is characteristically spaced below and not connected to the flexible intermediate section;
and

20 an adjustable thigh-flex support mechanism operably supporting the front section of the
seat shell on the forwardly extending section of the seat carrier, so that the front section is
adjustable relative to the rear section to provide optimal thigh pressure and support to the seated
adult user, the adjustable thigh-flex support mechanism including a bent rod axle and a
releasable, lockable gas spring for rotating the bent rod axle and thereafter holding the bent rod
25 axle in a selected orientation.

LerTTTIITE

133. A seat construction comprising:

a flexible seat shell including a front section configured to support thighs of a typical

seated adult user, a rear section configured to comfortably support thighs of the seated adult

30 user and to comfortably support a majority of the weight of the seated adult user, and a flexible
intermediate section;

a T-shaped seat support pan having a bottom panel defining a full-width rear section

and a partial-width front section that has a width less than the full-width rear section and that

extends forwardly from a center of the rear section, the full-width rear section being configured
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71 ' basﬂe assenbly for novenent of the back MS%/ 2%3
upright and reclined positions, and a second pi VM' }tﬂtﬁ g
back frane its spppoetithé rear sextipd efithe chdlhwitls étpartial-width front section extendinigammdénanidhe

energy source biases the back. support into an upright position by urging
" the spaced rté%lﬁ%f UoR-T¢ r earward movenent of the seat inducing

 the back support inOadnidtableSthiph-sippoRt mechanism 2ARBEHIF coineefig S supPortihg @k fbnt
< the first pivot; and L. . a vari abl e backstop nmechani sm

- supported orfeetion ondhepastialavigthyfroahsectiper abl y engagi ng the seat,
~the variabl e backstop nechani sm being configured to concurrently stop

-, the seat and stop recline of the back support at a plurality of selectable
i positions belt3deerThe seat constructitre definedgint claiml ¥33civhereih fhes adjustable Ihigh-support

e Dol s o AL bl oL P 1o L

:.adapted to be generally aligned with a hip joint of a seated adult user. -
135. The seat construction defined in claim 134 wherein the adjustable thigh-support

10 mechanism includes a bent rod axle and a releasable lockable gas spring for rotating the bent
rod axle and thereafter holding the bent rod axle in a selected orientation.

136. In a chair having a reclinéable back and a movable seat operably supported for
synchronous movement with the back, an improvement comprising:
15 a seat carrier having a T-shaped body including front and rear sections and including a
linear bearing positioned on each side of the front section and each side of the rear section;
the seat carrier including pivots adapted to pivotally mount the seat carrier to a support
for movably supporting the movable seat relative to the reclineable back;
a pan-shaped seat frame constructed to support a seat cushion and a seated user, the seat
.20 frame including a bottom panel with flat surfaces slidably engaging associated ones of the linear
bearings, whereby the seat frame is depth-adjustable on the seat carrier.

137. The chair defined in claim 136 wherein one of the seat carrier and the seat frame
including a series of notches extending in a fore/aft direction, and the other one of the seat

25 carrier and the seat frame include a latch for selectively engaging the notches.

138. The chair defined in claim 137 wherein seat carri€r-includes upwardly formed stop
tabs, and including a top-mounted stop limiter attached to the seat frame, the stop limiter having
a protrusion that extends downwardly through the seat frame and that is shaped to engage the
30 stop tabs to define a maximum depth position and a minimum depth position of the seat frame

on the seat carrier.
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1% 204 The chair defined in claim202 wherein the T 98/2204(
a seat front si | de adapted to slide forward and m #m‘lgg'
control housi39y, The etadir defined @i chimQBelﬁlmrdimﬂermﬁaﬁé @ibhides flanges capturingsas d

control housjng and_said fr ont sl i de at i di n mant

with said s«-:jr‘}?s9 °°f§1° beariggs, 1o p é?"en‘a‘hﬁls%‘ d‘iﬁ?é{ ys%g}?
~but t ocks andegrfadsghs of a seated adult user. 205. The chalr
-defined in claim?204 wherein the seat shell i ncI udes a rear section

configured . to support the buttocks of the seated adult user and
;1o support g JO [ seated adul t user's wei ght, and
7;"-_L-furth5e)lro |ncI es éc?ﬂxr&}méec on adapted to support the thighs of a seated
Zadul t aidase, asserribly tincludihg! rat bontrol housigehaving b keadt! enez op eflange and a

‘connecting the.rear section d the front section, and incl udi ng
~an adj ust rrean é@“&‘g f‘@% é‘PgﬂBgﬁ’ 'section and configured to
~angul arly 25 a backAfthimé tpivol fo B tbase Gdsbfibly Odt o B&kSﬁ%t 1P ShdvenBht2bét¥éent ©

‘the rear section, wherein the adj ust nent device is attached to
an under si deupsight and reqlived pesitins:gndof the seat shel | . 206.

el 5t vt gt e oo BBkl SO e tase woemtly gy e peck Tl

. | ocat ed wi t hincludihg ac slider memberuslidably engaging the lubricous bearingSefatachpsy #lahge for
| h | t
- supported Ongeglgrgll)pﬁonzonse atsafsell[dﬁl)xlgymgvemegtor earh%rigcl grsela%ga{]rglgr prOteEg)etrllle slide member

% at a front seat pivot and also pivoted to the back frame at a rear seat pivot.

15 141.  The chair defined in claim 140 wherein the at least one up flange includes two parallel
side flanges on the control housing.

142.  The chair defined in claim 141 wherein the lubricious bearings each comprises
polymeric members attached to a top edge of the side flanges.

20

143.  The chair defined in claim 140 wherein the base assembly includes a base frame that
includes the housing, and further includes side arms that support the back frame at the back

pivot.

25 144.  The chair defined in claim 103 where in the base assembly includes a base frame that
includes the housing, and further includes side arms that support the back frame at the back

pivot. L rrrTm—
145.  The chair defined in claim 110 wherein the base assembly includes a base frame that

30 includes the housing, and further includes side arms that support the back frame at the back

pivot.
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between forward and rearward positions, with the seat bein I?{B APR

i nt-erconnected to said

72 146.  Thecchairflefinesd incalgimt H3 whexein jthec basel iassgmblysiacltudesaebase Hamierthata

.;ﬁgr asfe (r:fnln? qgée}g%gon a%ﬁmgéggfgﬁ‘g%};% ﬁﬂ#g@o%?@?gg}eg%cggﬁﬂeu%@;rjg”&nd

a back suppgitoti ncl udi ng a back shell and a back frame supporting the back
-shell, the back frame including a first pivot wherein the back
«frame is pivotally coupled to the base 5 assenbly, and a second pivot

poi nts wher eiq7t hechpaledf rame is pivotally coupled to the seat.

148. Cancelled.

149. Cancelled.
10

150. Cancelled.

151. Cancelled.
15 152. Cancelled.

153. Cancelled.

154. Cancelled.
20

155. Cancelled.

156. Cancelled.
25 157. Cancelled.

158. Cancelled. “ s m—

159. Cancelled.

30

160. Cancelled.

161. Cancelled.
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162. Cancelled.

163. A method of assembling a chair comprising steps of:

providing a chair component with laterally extending oppositely facing protrusions;

providing a back frame with end sections having recesses therein;

flexing the end sections of the back frame and simultaneously positioning the recesses
of the end sections on the protrusions; and

releasing the back frame so that the back frame resiliently returns to an original shape
which holds the back frame in place and pivotally connects the back frame to the chair

component.

164. The method defined in claim 163 wherein the chair component comprises a seat, and
inéluding providing a base assembly with side arms, and further including flexing the end
sections to position the end sections between side portions of the seat and the side arms of the
base assembly.

165. The method defined in claim 164 wherein the side arms include oppositely facing
second protrusions, and wherein the end sections include second recesses, and including

positioning the second recesses on the second protrusions.

166. The method defined in claim 165 wherein the first mentioned protrusions and the
second protrusions on each respective side of the chair face in opposite directions.

167. Cancelled.

168. Cancelled.

169. The method defined in claim 164 wherein the base assembly includes a base frame
comprising a housing, with the opposing side arms extending laterally and upwardly from the
housing, and including positioning the configured end sections inside an upper end of the side
arms but generally outside and above the housing.
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170. A chair comprising: :

a base assembly for supporting the chair on a floor surface while a seated user is
performing tasks;

a back frame pivoted to the base assembly at a back pivot for movement between a

5 plurality of working positions including upright and reclined working positions;

a seat pivoted to the back frame at a seat pivot spaced rearwardly and below the back
pivot, the seat being slidably supported at a front portion of the base assembly for horizontal
movement, the back pivot and the seat pivot being interconnected and arranged to move the seat
generally forwardly and also move a rear portion of the seat downwardly with a synchronous

10 pivoting motion as the back frame is reclined, whereby a seated user is comfortably supported
in the upright and reclined working positions, and whereby the seated user is able to continue
working while moving between the upright and reclined working positions without constantly

%@e having to move and adjust the base assembly back and forth relative to a stationary
worksurface;
15 the base assembly including a control housing with an energy mechanism positioned

therein that operably engages one of the back frame and the seat for biasing the back frame
to the upright position; and
the seat including a seat slide member that slidably engages the control housing, and
further including a seat support carrier pivotally engaging the seat slide at first pivots and
20 pivotally engaging the back frame at second pivots.

171. Cancelled.

172.  The chair defined in claim 170 wherein the base assembly includes side arms that
25 extend upwardly generally adjacent the seat for supporting the back frame and a portion of the

seat.

RTINS

173.  The chair defined in claim 172 wherein the back frame is pivoted to the side arms.

30 174.  The chair defined in claim 173 wherein the seat is pivoted to the back frame in a

location generally proximate the side arms.
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208. A seating unit conprising: a frane 928 APR ‘[ggs
a back bendable to different shapes for engagi ng and ergono ~
supporting a75. A chair compisifgt user's |unbar and torso; and 5

a belt bracket attached to the back, and having flanges that extend from

t he back, a basetaseembly dorosupporting the ghain on aclleorurface while atseated aiserr isme
menber at ageg{a.é npection and the back being pivoted to the
frame menberPEP econd connection spaced vertically fromthe

~first connection,a bdtk feifepiNelel %o BRBusE adsBRBlyat al Bk Ppivot ForffvenimP Between a

. connections and by the .. . Flanges so-that a lunbar portion of the
iiback ¥s adappiemlityofeverkipg pesitions includiag wprjghiamid redimed working pesitionsiif or t abl e
| unbar support to t ser . 209, The seatin i

e ined | h ol ai me bR pRRRCE 18 Rack frame, o 4,909t PPl Spocrd frafatcydad Beow he
material.  bhbk pivot, theZskft being) SlidabBt suwoﬁézul %t 8 Sfdnf pdrtion 6f ik Hasd) BsseBRY firn

+the back conprjses a sheet. . . The seating unit defined in
“clai m208, hesizental mpverent«thg dacky piyotand, thei seatrpivot beingeinterconnected and asranged

“shape, and i he.flanges.extend formardly fromthe cupvilinear
~sheet-like s %@e%& seat ge&rﬁ?y forwgr%[]y and 2186 move a rear portion of 'thé'seat ownwardly
’ 10 with a synchronous pivoting motion as the back frame is reclined, whereby a seated user is

comfortably supported in the upright and reclined working positions, and whereby the

seated user is able to continue working while moving between the upright and reclined

@ working positions without constantly having to move and adjust the base assembly back and
forth relative to a stationary worksurface;

15 the base assembly including a control housing with an energy mechanism positioned
therein that operably engages one of the back frame and the seat for biasing the back frame
to the upright position;

the base assembly including side arms that extend upwardly generally adjacent the
seat for supporting the back frame and a portion of the seat;
20 the back frame being pivoted to the side arms;
the seat being pivoted to the back frame in a location generally proximate the side

arms; and

the energy mechanism including a spring positioned transversely in the control housing,
and including a lever operably connecting the spring to the one of the seat and the back frame.

25
176. The chair defined in claim 175 including an adjustin€nt tnechanism for adjusting the
lever to vary a biasing force transmitted from the spring to the seat, the adjustment mechanism
including the lever and defining an adjustable moment arm on the lever for adjustably biasing
the back frame toward the upright position.

30

177. The chair defined in claim 170 wherein the energy mechanism includes a spring
positioned transversely within the control housing, and further including a lever operably

connecting the spring to one of the seat and the back frame.
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20 212. The seating unit defined in claim , 1 ncludi r
nmechani sm generating a _ force that biases the | urﬁ%gg ﬁpR 1gg

forwardly wiit.re ir comprisisgseat ed user. 213 e seating
unit defined in cI i m 208 rein the es_pogi.tion.the first
~connection at a |® %WW% '&"c“g%ﬁ fof %M‘B’G 4 pappd user is
~general ly aly  fafksa 25 pel vi c bone of t he seated user, the back
bei ng construct ed so that when the seated user flexes their

I ower back rear waa bk frame pivoted tpdhe basa assfembﬂnealtmbackrmwsfonlmemgrtlbptma
- rear rdIy ar ,portion of e back enera xi bly

rear rdI y t@“ﬂ)‘b né; positions %@%W@H‘f‘?f’@@ﬂﬁﬂ‘ ﬂ’és’pel vic
zportion, and a t hpkaigivaled td @i talck ifienedRCK siit \WNob spaced rwrwardli‘tiﬁﬂtbeid%@the
second connection, the pelvic portion and the thoracic portion” being

“flexibly 30 back pivot; thecseatheing istidablyy supperted rab ar frems portion ofithechisp tasséntbly rfmve

“ '72 a manner ﬁ&f%attapgfo'vgm&% the back pivot and the se%ntS pl%t ltaet}ﬁag fn%e%an%ecteg : 3 BacK ged

- to move the seat generally forwardly and also move a rear portion of the seat downwardly

10 with a synchronous pivoting motion as the back frame is reclined, whereby a seated user is
comfortably supported in the upright and reclined working positions, and whereby the

seated user is able to continue working while moving between the upright and reclined

working positions without constantly having to move and adjust the base assembly back and

forth relative to a stationary worksurface;

15 the base assembly including a control housing with an energy mechanism positioned
therein that operably engages one of the back frame and the seat for biasing the back frame
to the upright position;

~ wherein the energy mechanism includes a spring positioned transversely within the
control housing; and

20 a lever operably connecting the spring to one of the seat and the back frame, the

lever being pivotable about a vertical axis with a first end engaging the spring and a second end

operably connected to the seat for biasing the seat rearwardly and in turn for biasing the back

frame to the upright position.

25 179.  The chair defined in claim 170 wherein the control housing includes opposing side
flanges, and the seat includes bearings slidably engaging the-side-flanges.

180. Cancelled.

30 181.  The chair defined in claim 170 wherein the seat includes a flexible seat shell having a
rear section adapted to support buttocks of a seated adult user, and further includes a front
section adapted to support thighs of the seated adult user and that is flexibly connected to the -

rear section, the rear section being carried and supported by the seat support carrier.
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214, The seating unit deflned in claim208 wherein the flan % ﬁ%
forwardly from t he back and position the first connection a
di st ance f orl&2r d Thechain défined in élamlmswhdremehe seat incliides a seht supporbcartier slidably s

an-ver age SoREERY B e e it ity 3o @B ek el e irndr Rges,

-spine bones.a seat shell slidably s@%&md‘rbﬂ tﬁe&éatrmpptﬁt fcardtief ifore ehanilally| adjustablis depth
. Wherein the back includes a back shell havi ng upper and | ower
stiff secti @AlSEEAect ed by a flexible zone, the flexible zone

.being adapted to be located generally in a |unmbar area of the seated user.
.10 216. The seating unit defined in claim215 wherein the flexible
3 zone includd83.a Achalrcompnqnig:lral ity of horizontal slits extending

< Bands of "t er  a/ BHee GRRBUR DoreumBorbiG 5 ghet ot oy sface wile 8 Sesled uidt °¢
%217. The Se%ffﬁﬁniﬂﬂ'ds@ef ined in cI aim 216 including a torsional |unbar
support a back frame pivoted to the base assembly at a back pivot for movement between a
10 plurality of working positions including upright and reclined working positions;
a seat pivoted to the back frame at a seat pivot spaced rearwardly and below the
back pivot, the seat being slidably supported at a front portion of the base assembly for
@ horizontal movement, the back pivot and the seat pivot being interconnected and arranged
to move the seat generally forwardly and also move a rear portion of the seat downwardly
15 with a synchronous pivoting motion as the back frame is reclined, whereby a seated user is
comfortably supported in the upright and reclined working positions, and whereby the
seated user is able to continue working while moving between the upright and reclined
working positions without constantly having to move and adjust the base assembly back and
forth relative to a stationary worksurface;
20 the base assembly including a control housing with an energy mechanism positioned
therein that operably engages one of the back frame and the seat for biasing the back frame
to the upright position; and |
a backstop mechanism attached to the control housing and configured to selectively

engage the seat to limit forward movement of the seat and accordingly selectively limit recline
25 of the back frame.

184. The chair defined in claim 170 including a compliant back assembly attached to the

back frame in at least two vertically spaced locations, the compliant back assembly being

constructed to flex between the at least two vertically spaced locations to provide optimal
30 lumbar support.

185. The chair defined in claim 184 wherein the compliant back assembly includes a

resiliently flexible, one piece shell.
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15 " nechani sm opérabl y attached to the back shell, t%g?s’A%%%g

| umbar support nechani sm bi asing the flexible zon hel’l

toward a for W dl Theehpin definedyinoalaimel84swhepein ther compliant back assermblyrimchidesr amulti-

support. . i : ag i Lt N in claim208 including a
‘torsional | u%frassupéﬁ)?c#&egg’ %las% g’%mﬁg"&mt é ﬁ’r‘?@t
--and second chagkecti ons for biasing the back . toward a :

. forwardl y-protrudi ng convex shape. 219. The seating unit
~defined in claim208 wherein the back includes a flexible back

..shell 5 and i pgy udARfiaif coipridiigd! | Y- adj ustabl e | unbar support operably
“attached to a surface 25 of the back shell, the

verti cal | y- adj ust&mobﬂﬁmaﬁsemblwwwdiwqt};@siﬂ?rpe i In f[hezlountv)\zr -
i ] i ' LN In,claim rei e
1I‘O|O;tslt Ocr:]onnect i on ?r?g?@uﬁg@teghﬁ &lgagaqu%&g{yr gogl IHS%%E«?SWSPH SR ¢ aa?ﬁ“ed

“frame and a pusitiong recess in the back, the recess being 30
configured to recei

attach the HaSeAt oper\alxglyasrﬁgpc];rgdf qtmla %gg%g fagsg%;gg'e a&c{] gon%gtgdr ltjod Ithr;gb:cg nfgre %o?rrémﬁ
10 between a substantially rearward working position and a forward working position;
the seat including a front portion that is slidably connected to the base assembly to
move horizontally forwardly upon recline of the back so that a seated user’s legs are not
% undesirably lifted from a floor surface during recline;
the seat further including a rear portion flexibly connected to the front portion and that
15 is operably connected to the back to move downwardly and forwardly upon recline so that the
seated user is comfortably and posturally supported during recline with an angular synchronous
movement of the seat and the back, and so that a maximum forward movement of the seat and
maximum angular movement of the back are limited to strokes that keep the hands of a seated
user relatively constant during recline, whereby the seated user can easily and comfortably
20 continue to work in all seated positions;

a spring mechanism positioned transversely in the control housing, and further
including a lever pivotally engaging the spring mechanism and operably connected to the
seat for biasing the seat toward the rearward working position and simultaneously biasing
the back toward the upright position; and

25 the control housing including side arms, and wherein the seat includes bearings that _
slidably engage the side arms.
188. Cancelled.

30 189.  The chair defined in claim 187 wherein the side arms pivotally support the back at a:

location at a rear of the seat where the axis is adapted to be generally aligned with a hip joint ¢
d-'

the seated user.

190. Cancelled.
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221. The seating unit defined in claim208 wherein the frane i R

an ' inverted curvilinear arch. 1 222. The .-usl .E?R 199
defined in cl¥i m 2hs chiir defisiedt ime clhina 87 | widrein cthe apﬂngtlmclmhsm ﬁxlnilude_sda Ispxﬁxfigl

r'ei nf orcement .and. an_ext.eri.or | ymeri ¢ .covering that covers all sides o
an tesily mpaHioE 18 Frdnt kPt of e, Sicioh, el apvesEn fo proile ficreased
223. The seaddnifort Y the skafedagst. i N cl ai m 208 wherein the frame includes .
~configured ends posi ti oned on opposing sides of a | ower portion

~of the back, the configured ends defining 10 ~first pivots for pivotal

connestion t @yt herid 4k @RtefRCARMH 11 \Wheteil B lif fubher BERAY reldaOBROGHLRH

-to sides of a seat.
gas spring operably adjustably supporting the front section for adjustable movement to provide

adjustable comfort to the seated user.

193. Cancelled.
10 ‘
194.  The chair defined in claim 189 wherein the rear portion is configured and adapted to
support the buttocks of an adult seated user and a majority of the adult seated user’s weight,
and the front portion is configured and adapted to flexibly and comfortably support the thighs of
the adult seated user without lifting the legs of the adult seated user during recline of the back.

15
195.  The chair defined in claim 189 wherein the seat includes a seat support carrier slidably
supported on the base assembly and pivotally engaging the back, and further includes a seat
shell that is manually depth adjustable on the seat support carrier.

20 196. A chair comprising:

a base assembly including side arms;
a back frame pivoted to the base assembly at back pivots for movement between a
plurality of working positions including upright and reclined working positions; and

a seat pivoted to the back frame at seat pivots and slidably supported at a front portion
25 of the base assembly, the back frame including right and left configured end sections positioned
on opposite sides of the seat and between the sides of the seat and associated ones of the side
arms, the configured end sections supporting first pivot beafings at the seat pivots‘ and second
pivot bearings at the back pivots, whereby the seated user is able to continue working while
moving between the upright and reclined working positions.

30
197. A chair comprising:
a mobile spider-legged base assembly including a control housing and upwardly
extending side arms;
70
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224. A back constructidh conpri si ng: : a back franme nenber;
15. a back having a forwardly-protruding |unbar support

section that is an inverted Ushiped bhdk frithé havihy chiffutddl éhdoseetions PpasitibRddhcent
configured to engage and)gggstur ally support a seat ed user, such

‘that the bacsogigfedenes jof the side agmpiand pivoted Geretq atr back pivats rthe baek, piyots: each

--top and bot tggmp- | ' E‘f‘ﬁbﬂ“ ' t he back frane;
- and ﬁ&ﬂg&%g@ﬁﬁ%_g e %%E%M-Wm oper abl y

“attached to the tma:sﬁdawpsﬁbpbmddmhacomnshmmmmtimludi;gmseaucmhapivotedd
- t tiqn, t f or ce- gener ati ng. nechani sm ei ng construct

o PR e i Bl e BSieR s o feal huOtE e Seaf Phvcts s corpeiitiog % sHEoH sl and
;support secta fofatdbls wRoid Yedridi capigding the! 4668 st3d) kRO séat pivots artPback pivots being

“force-generatin mechani sm characteristically providing the
“biasing for apastiand or ci ng a shape change in the back. 25

+:225. A back shel l,f g4 Yme-HRRSH il . . COOPlS N
faresiliently fl exi ﬁ’% po% ;éﬁng C nateria Qg(lhﬁ%ﬁ | nge{a%él V\ngg, glrjfeeg&ldi @pos}%d
“general |y i engagingl the spring-and the seattforbiasing thecieatptowend 2 lpeavward positiomand im wra
&and neral Ly in | umbar__area, .and an upper, area di spased . .abave
“sai d cent ra|b¥”§P8éhea??&kJ@FP833Y’?&9baP&P§g§cPW% ' ma%m&%&& member adjustably
~a cushi on orngaging'théleder 18 @efuief a fulturk &K md¥& during fééline and that is manually adjustably

: changeable to relocate the fulcrum for adjustably controlling a force of the spring on the seat.

198. Cancelled.
15
199.  Cancelied.
200. The chair defined in claim 181 wherein the seat further includes a spring resiliently
supporting right and left sides of the front section for independent flexural movemen't to provide
20 increased comfort for the seated user.

201. The chair defined in claim 181 wherein the seat further includes a releasable lockable
gas spring operably adjustably supporting the front section for adjustable movement to provide
adjustable comfort to the seated user.

25 _
202. A chair comprising:
a base assembly including a control housing; A
an energy source located within the control housing;
a seat operably supported on the base assembly for generally horizontal movement
30 between forward and rearward positions, with the seat operably interconnected to said energy

source;
a back support including a back shell and a back frame supporting the back shell,
wherein the back frame includes a first pivot wherein the back frame is pivotally coupled to the
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¥ conprfi sing:

' : CFUilue 787 L4
a verticall y adjustabl e | unbar support located in front of%zguﬂgR 13%

t he | umbar support bei ng novably supported on support
and conf i gubase assemblyafogmovement of the back supparpbetwéent uprightandtreclined ipesitionspand a

area as the lunpar support is vertigcally noved. S 226. The back
~shel | def i n¥8ORG PPy &aehvm%fvémsm mq%‘%l‘ﬂ“}e%ustabm | unbar
“ support includesyhereitid enbrddofifee bidSestBEBHCR ﬁsﬁtbuﬁhﬁﬂgmgogﬂ@ﬂgﬁu%m@me
o slidably

. foll ow edges of —t-he back shell and copstructed t

: engage the a8} rearwardy saidireaswaid| movementef e seasrinducing the back suppert fa ratle ok
. handkes to ng&ﬁ?ubﬁgﬁt%%ﬁ%@?@ﬁ?%ﬂd edges. 10 227. A back

1e shell having at |east one top and
# at | east one bot &ovariablenbadkstop mechanism suppoeted | e lthey baseaassemblyo and hoperdbly
“ | east one top connection [

_ t he hottaqm connectjons . being in front
< of a bot t onFREREEhE feal, the yaripble baclstap B Pri POIEERGk 10, RODSHFTently Stom oy

Wt oclp g Ryl BFORI Bk Ko QK picly e 385l YRR, et

“ having a st ihfuptightrandireclined position.a stiff pel vic secti on, and a
o un‘iﬁr section, the |unbar section characteristically being noticeably
= flexVble in a

203. The chair defined in claim 202 wherein the first pivot axis is located at a rear of the seat
where the first pivot axis is adapted to be generally aligned with a hip joint of a seated adult

%& user.

15 204. The chair defined in claim 202 wherein the seat comprises a seat front slide adapted to
slide forward and rearward on the control housing, a seat carrier pivotally interconnected to
said control housing and said front slide, a seat frame in sliding engagement with said seat
carrier, and a seat shell adapted to support buttocks and thighs of a seated adult user.

20 205. The chair defined in claim 204 wherein the seat shell includes a rear section configured
to support the buttocks of the seated adult user and to support a majority of the seated adult
user’s weight, and further includes a front section adapted to support the thighs of a seated adult

user, and still further includes a flexible zone connecting the rear section and the front section,
and including an adjustment device connected to the front section and configured to angularly
25 adjust the front section of the seat shell relative to the rear section, wherein the adjustment
device is attached to an underside of the front section of the seat shell.

206. Cancelled.

30 207. A chair comprising:
a base assembly including a control housing;
an energy source located within the control housing;
a seat operably supported on the base assembly for generally horizontal movement

between forward and rearward positions, with the seat being operably interconnected to said
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hori zontal f d directi h that the shell be Wﬂl]ﬂﬁ“ﬁ ;%Q%ﬂggg
ori zonta or war Irection, such that the she can pbe e R
, t

provi de different shapes for optimal |unbar sup

lunbar sect i€BPEY &PwEe.She seahincluding \a seat shell having a rrap sestion adapied tp isuppiortdittockss

toward the t rs@zﬁéf [ maé‘g? . .
‘section causdgg t he ﬁgﬁgﬁﬁé&gn E%H‘n C sSec ﬁﬁpﬂ%%ﬁgl%mﬂtm,md
.predet erm ned patabackisopport including a back shelltang acbadk ifiatre Goppostingethie ibacks shetl o the
“the lunmbar secti.on i.s . fl.exed;:such that, the back .. . . under goes
“control | ed %aé&&a@eblg?l 3 first piypt gﬂﬁ‘e’ﬁo‘g‘?&?aﬁgﬁﬁ'@c@ inW"ﬁpQ?HPWgQJP"eb@F
‘the 5 assertlb a 86hd PiRot it Sherih the Badk fPankf is PivoAYy BShpARD tie LACK.
325 228. he apparatus defined in claim 227 including a biasing
+.devi ce biasing the back to a shape in which the |unbar section
.protrudes forwardly, the biasing device characteristically
providing a biasing force but not forcing a shape change in the back.
%229, A seating unit conprising: 30 a back frame; and

-a back operably attached to the back frame at a top connection and operably
+attached to the back frane at bottom connections, the back including a
;stiff thoracic portion and a stiff pelvic portion connected by a
*flexible lunbar portion, the bottom '
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c_'o.nﬁections bei ng forward of tHe pel v'\i"C 'pc:)'_r-tion, the to ‘"R}?’Lg
cbnnecti ons and thoracic, pelvic, and | unbar ﬁ@’?g@rﬁiﬁﬂ
constructed so that when a seated user flexes [elr | ower bat

rearwardly, the pelvic portion of the back moves pivotalf yj ddihGiRiPsa2
and rearwardly, the |unbar portion of the back flexibly Jmo general ly
rearwardly 9g8. 5A seating ukiDtoiptisiige € pl anar arrangenent with the pelvic

portion, and the thoracic portlon of the back fpivofs_about the
top connection, wamempember; back, in conbination with the back

frame and base assenpl d r Vi

seated user's baé%nigb%malbﬁ:%(ﬁgér%ﬂ[ ‘h@g% R% eﬂgﬁg{#@@% B@fym&’&;ragl y
supports si géhtédﬁéﬁ&nﬁﬁtﬁi‘hﬂtﬂm?d%daﬁﬂ)w ng of t he seat ed user's
torso and spine. 10 30. The seating unit defined in claim 229,

wher é n the backafheltrhracket amhedatoum bagk, and having flaggey dhat gxignd Sromothethaek,
bet ween UPT e | a&d ivota 3'! Q(?n%eams 'tﬁe 4% to the frame member at a first connection and the

back being pivoted to the frame member at a second connection spaced vertically from the
first connection, the back being const_rained by the first and second connections and by the
flanges so that a lumbar portion of the back is adapted to engage and provide ergonomic’

10 and comfortable lumbar support to the seated user.
e : '
209. The seating unit defined in claim 208, wherein the back is made of a flexible
material.
15 210. The seating unit defined in claim 209, wherein the back comprises a sheet.

211. The seating unit defined in claim 208, wherein the back defines a curvilinear sheet-
like shape, and wherein the flanges extend forwardly from the curvxlmear sheet-like shape.

20 212. The seating unit defined in claim 208, including an energy mechanism generating a
force that biases the lumbar portion forwardly with respect to the seated user.

213. The seating unit defined in claim 208, wherein the flanges position the first
connection at a location where the first connection is adapted to be generally aligned with a
25 pelvic bone of the seated user, the back being constructed so that when the seated user
flexes their lower back rearwardly, a pelvic portion of the back moves downwardly and
rearwardly, the lumbar portion of the back moves generally flexibly rearwardly to form a
more planar arrangement with the pelvic portion, and a thoracic portion of the back pivots
about the second connection, the pelvic portion and the thoracic portion being flexibly
30 interconnected by the lumbar portion and adapted to move in a manner sympathetic to

movements of the seated user’s back.
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214. The seating unit defined in claim 208 wherein the flanges extend forwardly from
the back and position the first connection a distance forward from a lower front surface
of the back that is adapted to be about equal to a predetermined distance calculated from

an average seated user’s hip joint to the average seated user’s rear/lower spine bones.

215. The seating unit defined in claim 208 wherein the back includes a back shell
having upper and lower stiff sections connected by a flexible zone, the flexible zone

being adapted to be located generally in a lumbar area of the seated user.

216. The seating unit defined in claim 215 wherein the flexible zone includes a
plurality of horizontal slits extending generally across the back but terminating to leave
uninterrupted bands of material at opposite side edges of the flexible zone.

217. Thé seating unit defined in claim 216 including a torsional lumbar support
mechanism operably attached to the back shell, the torsional lnmbar support mechanism
biasing the flexible zone of the shell toward a forwardly-protruding convex shape for

optimal lumbar support.

- 218. The seating unit defined in claim 208 ‘including a torsional lumbar support

mechanism attached to one of the first and second connections for biasing the back

toward a forwardly-protruding convex shape.

219. The seating unit defined in claim 208 wherein the back includes a flexible back
shell, and including a vertically-adjustable lumbar support operably attached to a surface
of the back shell, the vertically-adjustable lnmbar support exerting a force in the lumbar

portion.

220. The seating unit defined in claim 208 wherein the first connection includes a
protruding connector on the back frame and a mating recess in the back, the recess being

configured to receive and frictionally engage the protruding connector to attach the back

to the back frame. .
REPLACERMENT SHFET
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221. The seating unit defined in claim 208 wherein the frame member defines an

inverted curvilinear arch.

222. The seating unit defined in claim 208 wherein the frame includes an internal
metal reinforcement and an exterior polymeric covering that covers all sides of an

intermediate section of the internal metal reinforcement.

223. The seating unit defined in claim 208 wherein the frame includes configured ends
positioned on opposing sides of a lower portion of the back, the configured ends defining
first pivots for pivotal connection to the frame and second pivots adapted for pivotal

connection to sides of a seat. REPLACEMENT SHEET

1 | 20 FEB 2662

224. A back construction comprising:

a back frame member;

a back having a forwardly-protruding lumbar support section that 1S
characteristically flexible and bendable and configured to engage and posturally support
a seated user, such that the back can be flexed to a plurality of different convex shapes; '

top and bottom connections pivotally connecting the back to the back frame; and

an adjustable force-generating mechanism operably attached to the back at
locations above and below the lumbar support section, the force-generating mechanism
being constructed to provide an adjustable biasing force that adjustably biases the lumbar
support section forwardly for optimal lumbar support, but the force-generating
mechanism characteristically providing the biasing force without forcing a shape change

in the back.

225. A back shell for posturally supporting a seated user, comprising:

a resiliently flexible polymeric materials including a lower area disposed
generally in a pelvic area, a central area disposed above said lower area and generally in
a lumbar area, and an upper area disposed above said central area and genérally in a
thoracic area;

a cushion on a forward face of the back shell; and
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a vertically adjustable lumbar support located in front of the back shell, the
lumbar support being movably supported on the back support and configured to change a

shape of the sheet in the lumbar area as the lumbar support is vertically moved.

226. The back shell defined in claim 225, wherein said vertically adjustable lumbar
support includes laterally extending handles constructed to engage and follow edges of
the back shell and constructed to sfidably engage the vertically adjustable lumbar support
to permit the handles to adjust to follow the perimeter edges.

227. A back comprising:
a flexible shell having at least one top and at least one bottom connection

vertically spaced from the at least one top connection, the bottom connections being in
front of a bottom of the shell so that the bottom connections deﬁne an axis that is
adapted to be generally aligned with a seated user’s hip bone when the seated user’s
torso is against the shell, the shell having a stiff thoracic section, a stiff pelvic section, -
and a lumbar section, the lumbar section characteristically being noticeably flexible in a
horizontal forward direction, such that the shell can be easily flexed to provide different
shapes for optimal lumbar support, but the lumbar section being substantially
incompressible in directions toward the thoracic and pelvic sections so that the lumbar
section causes the thoracic and pelvic sections to pivot along predetermined paths about
the top and bottom connections when the lumbar section is flexed, such that the back
undergoes controlled fiexure between the top and bottom connections upon flexure of the

lumbar section caused by flexure of a seated user’s back.

228. The apparatus defined in claim 227 including a biasing device biasing the back to
a shape in which the lumbar section protrudes forwardly, the biasing device
characteristically providing a biasing force but not forcing a shape change in the back.

229. A seating unit comprising:

a back frame; and

a back operably attached to the back frame at a top connection and operably
attached to the back frame at bottom connections, the back including a stiff thoracic

portion and a stiff pelvic portion connected by a flexible lumbar portion, the bottom

- | REPLACEMENT SHEET
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connections being forward of the pelvic portion, the top and bottom connections and .
thoracic, pelvic, and lumbar portions being constructed so that when a seated user flexes
their lower back rearwardly, the pelvic portion of the back moves pivotally downwardly
and rearwardly, the lumbar portion of.the back flexibly moves genérally rearwardly to
form a more planar arrangement with the pelvic portion, and the thoracic portion of the
back pivots about the top connection, whereby the back, in combination with the back
frame and base assembly, is adapted to provide postural support for a seated user’s back
that is very comfortable and yet posturally supports significant flexing and moving of the

seated user’s torso and spine.

230. The seating unit defined in claim 229, wherein the back frame defines a bottom

pivot and is movable between upright and reclined positions.
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